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GLOSSARY 

Action Area All areas to be affected directly or indirectly by the Covered 
Activities. The Action Area includes the Plan Area and extends 
1.3 miles outward from the Plan Area within the NSO range and 
1.0 mile outward from the Plan Area within the CSO range. 

Activity Center (AC) A location where a single or pair of owls is regularly detected 
and can be found in the daytime. This location is determined 
by surveys and/or nest detection. Across multiple years single 
or pairs have many ACs. SPI biologists review all recent ACs 
reported in the SPI, USFS and CNDDB data bases to designate 
the best single Occupied AC in each year representing clusters 
of past ACs. 

Additionally Retained Trees Conifers at least 10 inches dbh or hardwoods at least 6 inches 
dbh when a unit is harvested. 

Conservation Measure The full suite of minimization and mitigation measures. 

Core Use Area (Core Area) The area around the Activity Center that receives the most 
concentrated use within the home range is referred to as the 
core use area. 

Covered Activities Most timber operations as defined under the CFPRs, such as 
timber harvest, processing, transport, and salvage; construction 
and management of roads and watercourse crossings; water 
drafting; and site preparation. 

Covered Species Species for which incidental take is authorized in an incidental 
take permit and is adequately covered in a habitat conservation 
plan.  

Habitat Form (HF) Forest types on SPI land based on forest stand characteristics 
and habitat elements used by wildlife species. (See Table 4.3 for 
definitions of the Habitat Form types.) 

Habitat Retention Area A representative sample of the species and diameter classes 
present among co-dominant and dominant trees prior to 
harvest, retained at a rate of 2 percent of the total harvest unit 
area, excluding acres within WLPZs. 
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Harass An intentional or negligent act of omission that creates the 
likelihood of injury to wildlife by annoying it to such an extent 
as to significantly disrupt normal behavioral patterns, which 
include, but are not limited to, breeding, feeding, or sheltering. 

Harm An act that actually kills or injures wildlife. Such act may include 
significant habitat modification or degradation where it actually 
kills or injures wildlife by significantly impairing essential 
behavioral patterns, including breeding, feeding or sheltering. 

Home Range That area traversed by the individual in its normal activities of 
food gathering, mating and caring for young 

Incidental Take Any taking otherwise prohibited, if such taking is incidental to, 
and not the purpose of, the carrying out of an otherwise lawful 
activity. 

Legacy Tree Any hardwood tree ≥36 inches dbh or non-merchantable, live, 
green conifer ≥30 inches dbh. 

Nest Hexagon A hexagon containing at least one contiguous nest stand of at 
least 50 acres comprising at least 30 acres of HF4 and 20 acres 
of HF2H, and the hexagon must have at least 30 percent HF4 
and a combined HF4 and HF2H for a total of at least 50 percent 
of the hexagon area.  

Occupied AC The site where a diurnal detection (visual or audio) of a spotted 
owl occurs. (Appendix 5.4) 

Occupied Hexagon Hexagon containing one or more spotted owl Occupied 
Activity Centers (ACs). For SPI modeling they were those ACs 
that were occupied as of January 1, 2016 

Permit Area Same as Plan Area 

Plan Area All SPI lands in 16 counties listed in Table 1.2 where covered 
activities will occur within the range of the northern and 
California spotted owl. 

Potential Habitat Area At least one Nest hexagon with a contiguous Nest or Support 
hexagon (1,000 acres combined). 

Protected Activity Center 
(PAC) 

A USFS term for the 300 acres of the best nesting and roosting 
habitat centered around spotted owl locations. 
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Protection Zone (PZ) A 72- to 100-acre area surrounding an Occupied AC (see 
Appendix 5.2) 

Quadratic Mean Diameter The measure of average tree diameter in a stand conventionally 
used in forestry, calculated as the square root of the average 
squared diameter. 

Substantially Damaged 
Timberlands 

The result of unpredictable events, such as fire and pest 
infestation, that kill trees. 

Support Hexagon A hexagon containing a minimum of 50 percent HF2H or 
better. 

Take To harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, 
or collect, or to attempt to engage in any such conduct.  

Territory The area within the home range that it defends from other 
members of the same species.  

Wildlife Tree A hardwood ≥22 inches dbh or a non-merchantable, live, green 
conifer ≥30 inches dbh. Wildlife characteristics include: age, 
diameter, longevity/persistence, signs of previous use by 
wildlife (e.g., excavated cavities), indication of current or 
incipient heart rot (conks, natural cavities), species (hardwoods 
preferred), presence of large mistletoe broom, crooks, 
reformed tops, forks or large lateral limbs, etc. Known past nest 
trees outside retained nest stands will be included as Wildlife 
Trees. 

Yearly Activity Center 
(YAC[s]) 

A 500-foot-radius circle around the location of the nest site or 
the day roost site of the spotted owl(s) in a territory, creating 
an 18-acre circle. 
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LIST OF ABBREVIATIONS 
AC Activity Center 

AR anti-coagulant rodenticides 

BDOW barred owl 

BLM Bureau of Land Management 

BMP best management practice 

CAL FIRE California Department of Forestry and Fire Protection 

CCR California Code of Regulations 

CDFW California Department of Fish and Wildlife (formerly known as California 
Department of Fish and Game) 

CEQA California Environmental Quality Act 

CESA California Endangered Species Act 

CFPA California Forest Practices Act 

CFPRs California Forest Practice Rules 

CFR Code of Federal Regulations 

CI confidence interval 

CNDDB California Natural Diversity Database 

CSO California spotted owl 

dbh diameter at breast height 

EA environmental assessment 

EIS environmental impact statement 

ESA Endangered Species Act of 1973 (16 U.S.C. § 1531 et seq.) 

ESU Evolutionarily Significant Unit 

F&GC California Fish and Game Code 

FR Federal Register 

GNN gradient nearest neighbor 

HCP Habitat Conservation Plan 

HF Habitat Form 

HF1 Habitat Form 1 
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HF2H Habitat Form 2 Heavy 

HF2L Habitat Form 2 Light 

HF4 Habitat Form 4 

HRA Habitat Retention Area 

ITP Incidental Take Permit 

LSR late successional reserve 

MOU Memorandum of Understanding 

NEPA National Environmental Policy Act of 1969 (42 U.S.C. § 4321 et seq.) 

NFWF National Fish and Wildlife Foundation 

NHPA National Historic Preservation Act of 1966 (16 U.S.C. 470) 

NRF nesting/roosting and foraging 

NSO northern spotted owl 

NWFP Northwest Forest Plan 

PAC protected Activity Center 

PCT pre-commercial thin 

PHA Potential Habitat Area 

PRC California Public Resources Code 

PZ Protection Zone 

QMD quadratic mean diameter 

RPF registered professional forester 

SD standard deviation 

Service The United States Fish and Wildlife Service 

SMARA Surface Mining and Reclamation Act of 1975 (California) 

SPI Sierra Pacific Industries 

THP timber harvest plan 

U.S.C. United States Code 

USDA United States Department of Agriculture 

USDI Unites States Department of the Interior 

USFS United States Forest Service 

USFWS United States Fish and Wildlife Service 

WLPZ watercourse and lake protection zone 
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WSA watershed study area 

YAC yearly activity center 
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1. INTRODUCTION 
Sierra Pacific Industries (SPI) has prepared this Habitat Conservation Plan (HCP) to address the 
effects of its forestland management on the northern spotted owl (NSO; Strix occidentalis 
caurina) and California spotted owl (CSO; Strix occidentalis occidentalis) under the jurisdiction of 
the US Fish and Wildlife Service (USFWS, Service). This HCP was developed in consultation with 
the Service and the California Department of Fish and Wildlife (CDFW). The content of this 
document follows the most recent guidance in the Habitat Conservation Planning and Incidental 
Take Permit Processing Handbook (USDI and USDC 2016). 

1.1. OVERVIEW AND BACKGROUND 
SPI is the largest private forest land owner in the state of California, with approximately 
1.64 million acres of timberland in the northern part of the state. Land management activities on 
SPI lands have the potential to “take” spotted owls, as that term is defined under the 
Endangered Species Act (ESA; 16 United States Code [U.S.C.] § 1531 et seq. SPI has developed 
this HCP to support its application for an Incidental Take Permit (ITP) under Section 10(a)(1)(B) 
of the ESA. 

This HCP covers the NSO and the CSO. The NSO is listed as threatened under the federal ESA 
(55 Federal Register [FR] 26114; June 26, 1990). The Service is currently reviewing the status of 
the CSO to determine whether a listing under the ESA is warranted (80 FR 56423; September 18, 
2015). The regulatory status of these owl subspecies is summarized in Table 1.1. For the 
purposes of this HCP, both owl subspecies are treated as if they are listed under the ESA. This 
HCP will continue to use the existing regulatory distinction between the two subspecies (i.e., the 
NSO listing boundary will be used to differentiate between the two subspecies). 

Table 1.1. Spotted Owl Subspecies Covered Under the Habitat Conservation Plan. 
Species Scientific name Federal Status State Status 

Northern spotted owl Strix occidentalis caurina Threatened Threatened 
California spotted owl Strix occidentalis Under review None 

1.2. PURPOSE AND NEED 
This HCP contains the conservation plan SPI proposes pursuant to 50 Code of Federal 
Regulations (CFR) §17.32(b)(1)(iii) to support issuance of an ITP by the Service for two covered 
spotted owl subspecies that may occur on SPI’s ownership. The HCP establishes the methods 
and measures of success required to meet the conservation needs of covered owl subspecies 
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that could be affected by SPI’s land management activities. It also provides a stable and 
predictable operating and regulatory environment for SPI’s management activities. 

1.3. PLAN AREA AND ACTION AREA 
The HCP applies to all areas on SPI property where Covered Activities described in Section 2 will 
occur within the ranges of the NSO and CSO. These lands comprise the Plan Area and include all 
SPI lands in the 16 counties described below, totaling approximately 1,566,151 acres as shown in 
Figure 1.1 and Table 1.2. The Plan Area for the NSO includes 377,882 acres in the Trinity and 
Cascade Mountains of northern California. The Plan Area for the CSO includes 1,188,269 acres in 
the Modoc Plateau, Cascade Mountains, and Sierra Nevada Mountains in the northern and 
eastern portions of the state (Figure 1.1). 

Table 1.2. HCP Action Area and Plan Area. 

Species Countya 

Acres 

Action Area Plan Area 
Northern spotted owl Siskiyou 175,842 43,891 

Humboldt 6,049 439 
Trinity 589,135 193,231 
Shasta 498,684 140,321 
Total for northern spotted owl 1,269,710 377,882 

California spotted owl Siskiyou 34,520 17,601 
Modoc 205,834 98,742 
Shasta 339,843 117,659 
Lassen 446,149 172,801 
Tehama 207,388 116,760 
Mariposa 1,643 0 
Plumas 348,468 95,745 
Butte 275,979 136,649 
Yuba 28,103 3,892 
Sierra 181,383 51,086 
Nevada 200,873 43,412 
Placer 146,861 27,264 
El Dorado 389,200 134,667 
Amador 58,455 26,282 
Calaveras 154,475 73,303 
Washoe (Nevada) 1,643 0 
Tuolumne 224,364 72,406 
Total for California spotted owl 3,245,181 1,188,269 

Grand Total 4,514,891 1,566,151 
a Counties are in California unless indicated otherwise. 
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The Plan Area may increase or decrease over time due to the sale, purchase, or exchange of SPI 
lands as described in the Plan Implementation (Section 8). SPI will implement the minimization 
and mitigation measures described in this HCP (collectively referred to as conservation 
measures), on all newly-acquired properties that it elects to add to the Plan Area. Changes in the 
Plan Area will be addressed as described in Sections 7 and 8 of this HCP. 

Spotted owls that occupy sites on other nearby properties may be impacted by Covered 
Activities conducted by SPI. Therefore, this HCP identifies an Action Area that incorporates all 
areas to be affected directly or indirectly by the Covered Activities. The Action Area includes the 
Plan Area and extends 1.3 miles outward from SPI property within the NSO range and 1.0 mile 
outward from SPI property within the CSO range. These distances are based on radii of 
representative home ranges and are described further below. The Action Area encompasses 
4,514,891 acres (NSO: 1,269,710 acres and CSO: 3,245,181 acres) within 18 California counties 
and 1 Nevada county (Table 1.2). 

1.4. PERMIT DURATION 
The term of the proposed ITP is 50 years. Permit renewal and amendments are addressed in 
Section 8 of this HCP. 

1.5. ALTERNATIVES TO THE TAKING 
Section 10 of the ESA and its implementing regulations require that an HCP describe actions the 
applicant considered as alternatives to the take that would result from the proposed action, and 
the reasons why the applicant is not using any of those alternatives. SPI considered a number of 
alternatives for its forestland management activities with respect to the NSO and CSO. Those 
alternatives are identified below. They were rejected because they did not provide the desired 
conservation benefit for the NSO and CSO or a reasonable level of regulatory certainty for SPI 
over the proposed term of the ITP. 

1.5.1. No Permits/No Plan 

Under the No Permits/No Plan alternative, SPI would continue to engage in forestland 
management activities without developing an HCP and would not receive incidental take 
coverage for timber management activities. SPI’s forestland management activities would 
continue in accordance with existing state and federal regulations, several of which prohibit the 
take of listed species. SPI would operate to avoid take of the NSO, and the CSO should it 
become listed, but may not implement many of the proposed conservation measures described 
in Section 5.3 of this HCP. The No Permits/No Plan alternative was not pursued because it would 
not provide the level of regulatory certainty that SPI is seeking for its long-term forestland 
management activities. This alternative would not require conservation actions for CSO in 
advance of listing. 
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1.5.2. Shorter Permit Duration 

Under the Shorter Permit Duration alternative, SPI would develop an HCP with an ITP duration 
of 25 years. SPI rejected this alternative because its relatively short permit duration is 
inconsistent with other SPI planning efforts and would not provide the long-term regulatory 
stability sought by SPI. More importantly, the 25-year ITP duration would not reflect the amount 
of time needed to fully realize some of the conservation benefits from implementing the 
proposed conservation measures in the Plan Area. 

1.5.3. Listed Species Only 

SPI considered preparing an HCP that only addresses the federally and state-listed NSO. SPI did 
not pursue this alternative because if the CSO became listed, SPI may need to develop a second 
conservation strategy for SPI lands, resulting in a less efficient use of SPI and agency resources. 
In addition, omitting the CSO from the conservation planning process would result in fewer 
conservation benefits for this subspecies and would not provide long-term assurances to SPI 
that Covered Activities could continue if the CSO were to be listed under the ESA in the future. 

1.6. COORDINATION WITH FEDERAL AND STATE AGENCIES 
SPI began meeting with the Service in August 2016 to discuss developing this HCP and the 
proposed conservation strategy. The parties continued to meet on a monthly basis to discuss 
HCP development and various technical issues concerning the SPI conservation plan. 

In April 2017, the US Forest Service (USFS) began participating in the HCP development process 
as a cooperating agency under the National Environmental Policy Act of 1969 (NEPA; 42 U.S.C. 
§ 4321 et seq.). Representatives from the USFS commented on HCP drafts as they were 
developed to help ensure the plan considered all available relevant scientific information. 

In July 2017, SPI and the Service began meeting with the CDFW to coordinate HCP development 
because the NSO is listed under the California Endangered Species Act (CESA). SPI expressed an 
interest in coordinating HCP development with CDFW to enable the State to provide input early 
in the process, and to help inform an eventual CDFW CESA Consistency Determination for the 
NSO pursuant to California Fish and Game Code (F&GC) Section 2080.1. Representatives from 
CDFW commented on HCP drafts as they were developed to help ensure the plan considered all 
available relevant scientific information. 

Beginning in 2016, as a part of this HCP development, SPI voluntarily led an effort to include the 
USFS, the National Fish and Wildlife Foundation (NFWF), and the California Department of 
Forestry and Fire Protection (CAL FIRE) in discussions regarding landscape wildfire fuel reduction 
needs. With a sense of urgency resulting from recent large wildfires, SPI authored the initial draft 
of a Memorandum of Understanding (MOU). In August 2017, these parties entered into a MOU 
to coordinate the protection of spotted owl habitat on the SPI Action Area and surrounding 
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Federal and State responsibility areas (USFS Agreement #17-MU-11052007-096). With respect 
to California spotted owls, the purpose of that MOU is to help identify areas near owl Activity 
Centers (ACs) in need of fuel treatments to lessen potential impacts on owl habitat from large-
scale, high-severity wildfire and to coordinate fire suppression planning and response efforts on 
Federal, State, and SPI lands with an emphasis on preserving habitat. The MOU and its related 
actions are intended to augment conservation measures contained in this HCP by helping 
reduce the risks of wildfire that may diminish conservation plan goals and objectives. No 
statutory or regulatory authority requires SPI to undertake such measures. SPI’s implementation 
of the MOU is a Conservation Measure of this HCP (see Section 5.2.4). SPI has begun 
construction of fuel breaks detailed in the MOU; the remaining approximately 85 percent of the 
construction will be accomplished after the HCP is signed. 

1.7. PERMIT STRUCTURE 
The ESA and its implementing regulations governing ITPs allow for flexibility in how the HCP and 
ITP are structured. This HCP is for a single applicant, SPI, applying for one permit. 

1.8. SUMMARY OF RELEVANT LAWS AND/OR REGULATIONS 
This HCP was prepared to comply with the ESA, NEPA, and CESA. SPI’s forestland management 
activities will also comply with the California Forest Practices Act (CFPA) and the associated 
California Forest Practice Rules (CFPRs), which regulate timber harvest on private lands. The 
following sections summarize the processes and requirements for each of these laws. 

1.8.1. Federal Endangered Species Act 

The purpose of the ESA is to conserve threatened and endangered species and the ecosystems 
upon which they depend (Section 2(b)). The US Congress has amended the ESA several times 
over the years, including adding the authority to allow incidental take in 1982. Sections 9, 10, 
and 7 of the ESA are most relevant to HCPs and are briefly summarized below. 

1.8.1.1. ESA Sections 9 and 10 

Section 9 of the ESA prohibits the “take” of any fish or wildlife species listed under the ESA as 
endangered. Under federal regulation, take of fish or wildlife species listed as threatened is also 
prohibited unless otherwise specifically authorized by regulation. “Take,” as defined by the ESA, 
means “to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect a listed species, 
or attempt to engage in any such conduct” [ESA §3(19)]. 

Section 9 of the ESA also prohibits the removal and reduction to possession of any listed plant 
species “under federal jurisdiction,” as well as the removal, damage, or destruction of such 
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plants on any other areas in knowing violation of any state law or regulation or in violation of 
state trespass law. 

The 1982 amendments to the ESA established a provision in Section 10 of the ESA that allows 
for “incidental take” of endangered and threatened species of wildlife by non-federal entities. 
Incidental take is defined by the ESA as take that is “incidental to, and not the purpose of, the 
carrying out of an otherwise lawful activity” [50 CFR §402.02]. Under that provision, the Secretary 
of the Interior and Secretary of Commerce may, where appropriate, authorize the taking of 
federally listed fish or wildlife if such taking occurs incidentally to otherwise legal activities. The 
Service was charged with regulating the incidental taking of listed species under its jurisdiction. 

Section 10 of the ESA establishes a program whereby persons seeking to pursue activities that 
otherwise could give rise to liability for unlawful “take” of federally protected species, as defined 
in Section 9 of the ESA, may receive an ITP, which exempts them from such liability. Under 
Section 10 of the ESA, applicants may be authorized, through issuance of an ITP, to conduct 
activities that may result in take of a listed species, as long as the take is incidental to, and not 
the purpose of, otherwise lawful activities. 

The submission of an ESA Section 10(a) (1)(B) permit application requires the development of a 
conservation plan. Regulations pertaining to the development and issuance of an ITP are found 
at 50 CFR § 17.22 and 50 CFR § 17.32. 

1.8.1.2. ESA Section 7 

Section 7 of the ESA requires federal agencies conducting actions that may affect ESA-listed 
species to consult with the Service. Because issuance of an ITP under Section 10 is a federal 
action, the Service conducts an internal consultation under Section 7. The primary criteria under 
Section 7 of the ESA is that permitted actions must not jeopardize the continued existence of 
the species or adversely modify designated critical habitat. Definitions and criteria for Section 7 
consultation are found in 50 CFR Part 402, Subpart B. 

1.8.2. National Environmental Policy Act 

NEPA, as amended, requires federal agencies to evaluate and disclose the effects of their 
proposed actions on the natural and human environment. The NEPA process is intended to help 
federal agencies make decisions that are based on an understanding of potential environmental 
consequences and to take actions that protect, restore, and enhance the environment. NEPA 
regulations provide the direction to achieve that purpose. The issuance of an ITP by the Service 
constitutes a federal action subject to NEPA compliance and review. 

To evaluate the environmental effects of a proposed action, the Service typically prepares and 
provides for public review an environmental assessment (EA). If the Service’s EA finds that 
significant impacts to the natural and human environment are not expected as a result of the 
proposed action, a Finding of No Significant Impact (FONSI) is issued. If significant impacts are 
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anticipated, a comprehensive environmental impact statement (EIS) is prepared and distributed 
for public review. After the Service completes its review of an EIS, it issues a Record of Decision 
of its findings. The Service can issue an ITP only after the NEPA review process has been 
completed. 

In the present case, the Service issued a Notice of Intent to prepare an EIS for SPI’s proposed ITP 
(82 FR 40015; August 23, 2017). During the scoping period for the EIS, three public meetings 
were held to solicit comments and information concerning the proposed HCP. A total of three 
oral comments and eight written letters were received during the scoping period. SPI considered 
these scoping comments during the development of this HCP. 

1.8.3. National Historic Preservation Act (NHPA) 

The National Historic Preservation Act of 1966 (NHPA; 16 U.S.C. 470) authorizes the Secretary of 
the Interior to maintain a National Register of Historic Places and to approve state historic 
preservation programs that provide for a State Historic Preservation Officer with adequate 
qualified professional staff, a state historic preservation review board, and public participation in 
the state program. 

Section 106 of the NHPA requires federal agencies to consider the effects of their undertakings 
on historic properties. The procedures in Section 106 define how federal agencies meet these 
statutory responsibilities. The Section 106 process seeks to accommodate historic preservation 
concerns with the needs of federal undertakings through consultation among the agency official 
and other parties with an interest in the effects of the undertaking on historic properties. 

SPI complies with NHPA by following the CFPRs’ functional equivalent process that includes 
archeology surveys and training for timber harvest plan (THP) approval. 

1.8.4. California Forest Practices Act 

Timber harvest on private lands in California is regulated by the CFPA and its implementing 
regulations, the CFPRs. Those legal authorities require that landowners develop THPs for all 
commercial timber harvests (although some activities are exempt from this requirement). A THP 
is an environmental review document outlining what timber the landowner intends to harvest, 
how it will be harvested, and the steps that will be taken to reduce or prevent environmental 
damage. THPs are prepared by registered professional foresters (RPFs) licensed by the California 
Board of Forestry and Fire Protection. THPs are submitted to CAL FIRE for review and approval 
and must comply with all applicable state and federal regulations. The CFPRs act as best 
management practices (BMPs) that, when properly implemented, enable the THP to be certified 
as having no potential for significant adverse impacts. 

Prior to THP approval, CAL FIRE leads a multi-disciplinary review involving, at minimum, CDFW 
and Regional Water Quality Control Board staff. If special circumstances arise, the review can 
include the California Department of Mines and Geology, CAL FIRE Archeologist, the California 
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Department of Parks and Recreation, and potentially other agencies. CAL FIRE periodically 
inspects timber operations to ensure compliance with the approved THP and has the authority 
to shut down operations and to cite or fine RPFs, licensed timber operators, and landowners if 
forestry practices are out of compliance with the THP. 

In 2014, the California Board of Forestry and Fire Protection also established the Effectiveness 
Monitoring Committee to develop and implement a monitoring program to address both 
watershed and wildlife concerns and to provide a better active feedback loop to policymakers, 
managers, agencies, and the public. In combination, the entire CFPA and CFPRs, THP, multi-
disciplinary review, public comment, and official response have been certified by the California 
Resources Secretary as a functional equivalent of an environmental impact report under the 
California Environmental Quality Act (CEQA). 

Under CFPR Section 898.2(d), the Director of CAL FIRE may not approve a THP if 
“Implementation of the plan as proposed would result in either a “taking” or finding of jeopardy 
of wildlife species listed as rare, threatened or endangered by the Fish and Game Commission, 
the National Marine Fisheries Service, or Fish and Wildlife Service, or would cause significant, 
long-term damage to listed species. 

However, under the same section, the Director of CAL FIRE “is not required to disapprove a plan 
that would result in a ‘taking’ if the ‘taking’ is incidental and is authorized by a wildlife agency 
acting within its authority under state or federal endangered species acts.” 

The CFPRs (Sections 919.9/939.9 and 919.10/939.10) contain specific measures intended to 
avoid take of NSOs. No corresponding guidance is available for CSOs because the subspecies is 
not listed and, to date, has not been subject to regulatory restrictions relative to habitat 
modification. The Service (USDI 2009) provided additional guidance regarding take avoidance 
for use in CAL FIRE’s NSO review process under these CFPR sections. 

1.8.5.  California Fish and Game Code 

The F&GC establishes several processes relevant to the CFPRs and implementation of CESA that 
are relevant to this HCP. The most prominent is the Consistency Determination process in F&GC 
Section 2080.1, which allows an applicant who has obtained a federal incidental take statement 
(federal ESA Section 7 consultation) or a federal incidental take permit (federal ESA 
Section 10(a)(1)(B)) to request that the Director of CDFW find the federal documents consistent 
with CESA. 

Additional aquatic and riparian protections related to timber harvest are provided by the 
process set forth in F&GC § 1600 et seq, which provides for protection and conservation of the 
fish and wildlife resources of California. SPI is required to notify CDFW under Section 1600 for 
any activity that proposes to substantially divert or obstruct the natural flow of a river, stream, or 
lake; substantially change or use material from the bed, channel, or bank of any river, stream, or 
lake; or deposit debris, waste, or other materials that could pass into any river, stream, or lake. 
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CDFW can recommend additional minimization measures that may be incorporated into the 
F&GC Section 1600 Agreement and become enforceable requirements if agreed to by the 
applicant. Such measures may include timing restrictions, erosion control BMPs, and design 
criteria for water crossing structures, to protect water quality and fish life. For emergency 
projects that require immediate repair, the landowner is required to submit a notification for a 
F&GC Section 1610 permit from CDFW within 14 days of emergency repairs. 
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2. COVERED ACTIVITIES 
This section describes activities that are covered under this HCP (Covered Activities). They 
include the timber operations as defined under the CFPA and other activities. 

Timber operations as defined under the CFPA, include timber harvest, processing, transport, and 
salvage; construction and management of roads and watercourse crossings; water drafting; and 
site preparation. Such timber operations are included in an approved THP or Emergency or 
Exemption Notification in accordance with the CFPRs and their accompanying CEQA analyses. 

Other activities covered by this HCP are not timber operations per the CFPA, but they may be 
conducted as part of THP activities that are covered by a CEQA analysis or other statutes; they 
are specified in Section 2.1, below. Several other Covered Activities do not require THPs, 
notifications under the CFPRs, or specific CEQA analysis. Those activities are described in 
Section 2.2. 

The description of Covered Activities in this section does not include the potential effects on 
spotted owls or measures to avoid or minimize potential impacts. The avoidance and 
minimization measures are discussed in Section 5 of this HCP. Most Covered Activities are 
unlikely to affect NSOs and CSOs but are proposed for ITP coverage in the unlikely event of 
unanticipated impacts. Where specific activities have the potential to affect NSOs or CSOs, SPI 
has proposed numerous avoidance and minimization measures to reduce the potential impacts 
from such activities. These and other measures are described in Section 5.2 (Conservation 
Measures) of this HCP. 

In carrying out this HCP, SPI will follow all applicable requirements of the CFPRs. As noted 
above, the CFPRs (14 California Code of Regulations [CCR] 898.2(d)) provide that a THP that may 
result in incidental take of ESA-listed species may be approved by CAL FIRE if the taking is 
permitted under the authority of other agencies. 

2.1. MANAGEMENT ACTIVITIES COVERED BY CEQA 
ANALYSIS 

In the following subsections, Covered Activities are categorized with respect to their coverage 
under CEQA. The categorization is intended to reduce redundancy in analysis of impacts of this 
HCP by identifying those actions that have been or will be analyzed under other authorities. 

Forest practices under CFPRs are conducted under a “functional equivalent CEQA program” 
(CEQA 2017) and require significant adverse impacts to be mitigated to a level of insignificance. 
Timber operations and certain other management actions are conducted as part of this 
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functional equivalent program, as described in Section 2.1.1, below. Other management actions 
that are not defined as timber operations and that do not require a THP or notifications under 
the CFPRs are covered by CEQA analysis under other statutes as described in Section 2.1.2. 

2.1.1. Activities Conducted Under the CFPRs 

Timber operations and other management activities are conducted under a THP. Timber 
operations are defined by the CFPA (Division 4, Chapter 8 of the Public Resources Code). 
Operations are described in detail when they occur as part of an approved THP or Emergency or 
Exemption Notification, which satisfies CEQA analysis requirements. Activities conducted under a 
THP include: 

• Timber felling and bucking 

• Timber yarding 

• Loading and landing operations 

• Transportation of forest products and equipment 

• Chipping 

• Timber salvage 

• Road and landing construction, reconstruction, maintenance, decommissioning, and 
abandonment 

• Water drafting 

• Watercourse crossing facility placement, installation, and maintenance 

• Site preparation 

• Machinery maintenance, fueling, and fuel storage 

2.1.1.1. Timber Felling and Bucking 

Timber felling under THPs occurs while harvesting stands of commercial-sized trees. Felling 
timber involves cutting a standing tree and dropping it in a desired location. Bucking is the 
process of cutting a tree into desired log lengths. Such activities are typically performed using 
handheld chainsaws. On low to moderate slopes, felling may be accomplished using machines 
such as feller-bunchers or harvesters. Such machines can be tracked or wheeled and have an 
articulated boom capable of grabbing, cutting, and stacking a tree for yarding. 
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2.1.1.2. Timber Yarding 

Yarding, or skidding, is the movement of logs from the point of felling and/or bucking to the log 
landing, which is the area where forest products are concentrated prior to loading for 
transportation to a different location for further processing. Yarding can be done via ground-
based, cable, or aerial techniques. 

Ground-based yarding is usually done with tracked or rubber-tired tractors to skid or drag logs 
to the landing. The tractors have powered grapple attachments or winch lines to grasp the logs 
and require temporary logging roads or skid trails (also known as tractor roads), on which to 
operate. 

Cable yarding uses steel cables or wire ropes to skid logs to a road or landing using a yarder (an 
engine-powered system of winches and cables suspended from spars and/or towers used to 
haul logs). There are two classes of cable yarding: high lead and skyline. In high lead logging 
systems, a cable runs from a yarder through pulley blocks anchored to stumps at the far end or 
just beyond the timber harvest unit. Skyline logging uses a carriage that runs along a skyline 
cable that is anchored across a valley, providing vertical lift to the logs, increasing yarding speed 
and minimizing ground disturbance. 

Aerial logging is a logging system that fully suspends the logs such as done by helicopters. This 
logging system uses a utility-size or larger heavy-lift helicopter to lift logs, or whole trees, from 
the stump to the roadside landing drop site. The helicopter flies the logs/trees far off the 
ground, while suspended from a longline cable. 

2.1.1.3. Loading and Landing Operations 

Additional processing of logs may occur after they have been yarded to a landing or roadside. 
Logs are typically de-limbed, bucked into shorter segments, or cut to remove breakage. This 
work is usually done with handheld chain saws or a mechanical de-limber (a machine similar to 
an excavator mounted with a long boom and cutting head). Logs are then loaded onto trucks 
using a shovel (also known as a heel-boom loader) or front-end loader. 

2.1.1.4. Transport of Forest Products and Equipment 

Logs and rock are usually transported along roads by trucks and trailers. Logs are hauled from 
landings over private and public roads en route to mill sites. Rock is hauled from rock pits on SPI 
lands to road construction and maintenance sites. Rock may also be hauled into SPI property 
from commercial quarries outside the ownership. Equipment is hauled between SPI sites and 
onto SPI property from other areas. Water trucks may apply water to road systems for dust 
suppression and public safety. 
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2.1.1.5. Chipping 

Branches and tops of trees may be chipped to reduce the volume of post-harvest residue. 
Chipping takes place almost exclusively on landings but may also occur within harvest units. 
Chips may be hauled off site or left in place. 

2.1.1.6. Timber Salvage 

Timber salvage is the removal of trees that are dead, dying, or deteriorating due to damage 
from fire, wind, insects, disease, flood, or another injurious agent. Most salvaged timber comes 
from trees damaged by fire (by either prescribed burns or wildfire), drought, insects, or age. 
Salvage provides for economic recovery of trees. Any sized area may be salvaged as long as that 
work is conducted under a CAL FIRE process that conforms to the CFPRs. 

2.1.1.7. Road and Landing Construction, Reconstruction, 
Maintenance 

SPI constructs and maintains roads and landings in the Plan Area to provide site access and to 
transport logs and harvesting equipment. Roads and landings (including those portions of co-op 
roads1 on SPI lands) are designed, constructed, and maintained according to the CFPRs or other 
local ordinances to reduce environmental impacts, specifically adverse impacts on: 

• Fish and wildlife habitat and listed species of fish and wildlife 

• Water quality and the beneficial uses of water 

• Soil resources 

• Significant archaeological and historic sites 

• Air quality 

• Visual resources 

• Conditions increasing fire hazard 

• Local communities and traffic impacts 

The typical order of work for road construction is as follows: 

• Site preparation, entailing equipment mobilization, installation of temporary erosion and 
sediment control measures, and establishing limits for clearing and grading. 

                                                 
1 Cooperative (co-op) roads are roads cooperatively managed by SPI and the USFS. 
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• Construction access and staging, which involves clearing and grubbing of vegetation for 
new access roads and staging areas. The footprint for construction access and staging 
areas is kept as small as possible, and no equipment is staged in watercourse and lake 
protection zones (WLPZs). 

• Road construction, entailing clearing and grading the areas within the new road 
footprint. Timber along the road alignment is felled and yarded. Hillslope areas are 
excavated and/or filled as necessary to create the desired road width and grade. Roads 
also include vehicle turnouts and log landings. Roads and landings may be surfaced with 
rock, lignin, or other surface treatments to reduce maintenance needs and to limit dust 
and/or sediment dispersal. 

Roads and landings are designed to limit riparian impacts and sediment transport. Where 
feasible, roads and landings are out-sloped (sloped away from the upper hillside toward the 
downslope edge of the road) to disperse water evenly from the road surface and reduce erosion. 
Rolling dips (constructed breaks in the road grade designed to drain water from the road 
surface) are constructed at regular intervals. Stabilization measures, as stipulated in the CFPRs, 
are incorporated into road and landing design and construction. 

Road and landing maintenance refer to activities that do not require substantial changes to the 
road prism to maintain stable operating surfaces, functioning drainage conditions, and stable 
cut banks and fill slopes. Roads and landings are maintained throughout their useful life to 
provide site access and to reduce environmental impacts. Maintenance commonly includes 
adding rock or other material to the road surface, surface grading, localized shaping or out-
sloping, clearing rockslides and bank slumps, repairing slumping or sliding fills, restoring the 
functional capacity of ditches and cross drains, repairing or replacing culverts and bridges, 
installing or replacing rolling dips or other surface drainage structures, and dust abatement. 
Dust is controlled by spraying with water collected from nearby waterbodies (see Water 
Drafting, below). Road and landing maintenance also include control of vegetation growth, 
which may be accomplished by hand cutting or pulling, burning, steaming, or other mechanical 
control methods. Maintenance work is typically performed using graders, rock crushers, 
compactors, chip spreaders, backhoes, excavators, and dump trucks. 

2.1.1.8. Water Drafting 

Water drafting involves pumping water directly from a stream or other water body to fill tank 
trucks or trailers. The water is then used for minimizing road dust, road maintenance, road 
construction, surfacing, managing prescribed burning, and/or wildfire suppression. Water may 
also be obtained using gravity-fed systems that convey water directly to storage reservoirs or 
tanks. Existing drafting locations within or adjacent to watercourses are occasionally excavated 
and cleaned of debris to increase the in-channel storage area for drafting purposes. SPI typically 
uses 4,000-gallon water trucks for drafting operations. Most drafting occurs in summer and early 
fall. Measures to minimize impacts to the water body are described in the THP and the F&GC 
Section 1600 Agreement and are implemented by the licensed timber operator. 
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2.1.1.9. Watercourse Crossing Facility Placement and Maintenance 

Roads on SPI’s lands often cross watercourses, requiring the installation of culverts, bridges, 
and/or fords. In most instances, such crossings are included in a THP; crossings not covered by a 
THP are discussed in Section 2.1.2.2, below. The number of such crossings is kept to a minimum 
to reduce environmental impacts. Any in-water work necessary to construct road crossings is 
conducted during permitted in-water work periods specified in applicable CFPRs or F&GC 
Section 1600 Agreements. 

2.1.1.10. Site Preparation 

Site preparation refers to activities following timber harvest or salvage that improve site 
conditions for regeneration of planted tree seedlings. These activities help maximize timber 
productivity, reduce fire hazards, prevent substantial adverse effects on soil resources and fish 
and wildlife habitat, and prevent degradation of water quality. Site preparation activities are 
conducted as soon as possible after a site has been logged so that planting will not be delayed. 

Site preparation activities consist of slash management; control of weeds, brush, and 
undesirable tree species; and mechanical soil treatments. Note that site preparation is included 
as a timber operation under the CFPRs and is covered by the THP prepared for a specific 
harvest. Site preparation activities are subject to WLPZs and other resource protections defined 
in the CFPRs. 

Slash is residue such as branches, needles, and small logs remaining at a site after trees have 
been harvested and transported. Slash may be retained on site without treatment; treated by 
chipping, mastication (i.e., grinding or chopping slash or vegetation into small chunks), 
prescribed burning; or removed from the site for utilization as biomass. The CFPRs require that 
accidental deposits of slash within Class I and Class II watercourses be removed. Slash deposited 
into Class III watercourses must also be removed unless it is stable within the channel. Slash 
management may be required when accumulations of slash following timber harvesting 
constitute a fire hazard or present a physical barrier to effective planting. Insects can also breed 
in slash, increasing the risk of forest disease outbreaks. 

Prescribed fire may be used in site preparation to eliminate slash and to help control weeds, 
brush, and non-merchantable tree species that might outcompete planted seedlings. Burning 
for site preparation is usually conducted in the first spring or fall following a timber harvest 
when fuel and weather conditions meet the requirements of the prescribed burn plan. Timing of 
the burn is dependent on temperature, wind, humidity, and fuel moisture conditions that are 
conducive to low-intensity burns. Low-intensity fires allow for retention of large woody debris 
and organic material in the soil. Burns are designed and controlled to prevent fires from 
encroaching into WLPZs. 

Weeds, brush, and non-merchantable species can also be controlled using mechanical means. 
Vegetation removal methods include root raking (using a specialized bulldozer blade with 
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widely spaced teeth along the bottom edge to push logging debris into piles) and mulching 
(shredding or tearing vegetation with teeth on a roller attached to a bulldozer, skidder, bobcat, 
or mulching machine). 

Mechanical soil treatment uses machinery to loosen the soil to improve root penetration and 
water infiltration. Soil treatment methods include ripping or subsoiling (pulling a set of shanks 
through the soil at a depth of between 12 and 40 inches). 

2.1.1.11. Machinery Maintenance, Fueling, and Fuel Storage 

Per standards in the CFPRs, machinery may be maintained and fueled within the THP area, and 
fuel may be stored in the covered area. Maintenance, fueling, and fuel storage must be 
conducted outside WLPZs. Petroleum products and cleaning agents must be disposed of in 
permitted dumps or water treatment facilities. 

2.1.2. Management Actions Covered by Other CEQA Analyses 

Management actions covered by other CEQA analyses include: rock pit development and rock 
processing, watercourse crossing installations not covered by THPs, and construction of 
communication sites. CEQA analysis occurs under applicable regulatory frameworks relating to 
the Surface Mining and Reclamation Act of 1975 (SMARA; Public Resources Code, 
Sections 2710–2796), California Department of Pesticide Regulation, Regional Water Quality 
Control Board Waste Discharge permits or waivers, or F&GC Section 1600 Agreements. 
Government oversight of the implementation of those regulations is provided through the 
California Department of Conservation’s Office of Mine Reclamation, the State Mining and 
Geology Board, CAL FIRE, CDFW, and regional water quality control boards. SPI personnel and 
their contractors who are responsible for such management actions have the appropriate 
licenses from the State of California. An RPF must consult with other resource professionals in 
cases where additional expertise is required. Violations of the applicable regulations can result in 
civil and criminal penalties for the responsible party. 

2.1.2.1. Rock Pit Development and Rock Processing 

Rock pit development generates aggregate for use on SPI’s forest roads. SPI implements 
activities related to rock pit development and rock processing in compliance with CFPRs. If rock 
extracted on SPI lands is sold or used outside SPI forestland, a SMARA plan is required. Most of 
SPI’s rock pits are adjacent to existing roads. Rock pit development rarely requires tree removal 
because the depth of the soil over the rock layer being accessed is usually shallow and, thus, 
large, mature trees rarely grow in suitable rock pit sites. Rock pit development involves 
removing vegetation (if present), excavation of the overburden (soil), and then excavation of the 
aggregate. The average rock pit excavation generally disturbs less than 1 acre of land. SPI’s rock 
pits may gradually increase in size over time but generally do not exceed 5 acres. 
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Aggregate excavation may require ripping and pushing with a tractor crawler and/or digging 
with an excavator. Depending on the rock formation, aggregate extraction may require drilling 
and blasting. Mechanical crushing of extracted aggregate may also be necessary to achieve the 
desired size and uniformity. SPI uses rock aggregate of various sizes to strengthen road prisms, 
road surfaces, and crossing facilities. Rock pit development and reuse is intermittent. 

2.1.2.2. Watercourse Crossing Installations Not Covered by THPs 

In addition to watercourse crossings described previously, some crossings are installed and 
maintained (as needed) on SPI forestlands outside a THP. Activities that substantially alter the 
bed, bank, or stream channel of a watercourse require a Section 1600 notification to CDFW. As 
noted above, CEQA analysis occurs through the process for an F&GC Section 1600 Agreement. 

2.1.2.3. Communication Site Construction, Operation, and 
Maintenance 

Communication sites are built and maintained on SPI lands for various forms of electronic 
communication. The communication sites have one or more metal lattice or pole towers, 
multiple antennae, and one or more equipment shelters with a typical footprint area of 16 feet 
by 20 feet (each). Each communication site is equipped with one or more diesel-powered, 
electrical generators. Site perimeters typically have 8-foot-high cyclone fencing to control 
access. 

Communication sites are usually situated on high-elevation ridges or peaks that provide the 
desired coverage for a communications company. The sites are generally accessed by existing 
roads; however, new road construction may be necessary in some instances. Appropriate 
measures defined in the CFPRs address tree harvest at communication sites. Vegetation removal 
may be necessary to accommodate the construction and maintenance of a communication site, 
including overhead or underground electrical power distribution lines. Communication site 
maintenance includes vegetation management for clear access and for fire prevention using 
mechanical and/or herbicide treatments. Herbicide treatments are prescribed by a California 
Certified Pest Advisor, and applications are supervised by a California Certified Qualified 
Applicator under the authority of the California Department of Pesticide Regulation’s pesticide 
program. 

There are 32 communication sites on the Plan Area. Site construction requires a county-issued 
discretionary use permit, which triggers CEQA review. 
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2.2. MANAGEMENT ACTIVITIES COVERED BY THE CFPR 
PROCESS CEQA ANALYSIS 

Some Covered Activities have been considered over time in the California Board of Forestry and 
Fire Protection’s CEQA rule-making process and have been determined to not require additional 
permitting or approval by CAL FIRE. They include timber harvest preparation, pre-commercial 
thinning, conversion of brush fields to timber plantations, fuel break construction and 
maintenance, fire suppression, routine road maintenance, mastication of vegetation within road 
rights-of-way, transport of materials and heavy equipment, placement and use of water tanks, 
research and data collection activities, and harvest of minor forest products. These activities may 
be conducted by SPI employees, contractors, agents, or other assigns, and are described in the 
following subsections. 

2.2.1. Timber Harvest Plan Preparation 

Timber harvest plan preparation in the field consists of foresters driving to the THP area and 
then traversing the area on foot, flagging watercourse buffers, road alignments, and unit 
boundaries; performing archaeological reconnaissance and watercourse assessments; and 
marking timber. Virtually no impacts on the physical environment result from timber cruising or 
THP preparation activities. 

2.2.2. Conversion of Brush Fields to Timber Plantations 

Very few existing brush fields on SPI property are able to support commercial tree species, but, 
where appropriate, SPI may convert existing brush fields to timber plantations. In such instances, 
brush is treated and the ground is prepared for planting with combined mechanical methods 
and prescribed fire. The CFPRs do not govern such activities, and no THP filing is necessary 
unless commercial timber is removed. In conducting such activities, SPI will apply appropriate 
standard THP methods such as WLPZs, watercourse crossing standards, road and landing 
construction standards, and equipment management BMPs. 

2.2.3. Fuel Break Construction and Maintenance 

Fuel breaks that remove timber for commercial purposes must be covered by THPs. Other 
construction and maintenance of fuel breaks do not require a THP and, thus, do not include 
CEQA analyses. These activities include hand-cutting, mechanical methods, and prescribed fire. 
Some prescribed burning is done outside areas covered by THP site preparation standards. In 
conducting such activities, SPI will apply appropriate CFPR requirements such as WLPZs and 
standards for watercourse crossings, road and landing construction, and equipment 
management BMPs. Fuel break locations are based on numerous factors, including topography, 
natural and human resources at risk, ownership etc. For more information about fuel break 
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construction and maintenance, refer to Section 5.2.3 and the Fuel Reduction Strategy MOU in 
Appendix 5.6 

2.2.4. Pre-Commercial Thinning 

Pre-commercial thinning of conifer plantations occurs generally when the planted conifer trees 
are approximately 10 years old. Pre-commercial thinning involves felling of unwanted, small-
diameter (<5 inches diameter at breast height [dbh]) trees in the plantation to achieve a desired 
crop tree density, typically using chainsaws. Pre-commercially thinned trees are sawn into 
chunks (lopping) to prevent that material from becoming infested with pine beetles. Pre-
commercial thinning does not require approval of a THP because the operations are non-
commercial. Pre-commercial thinning on SPI lands occurs in either restored timberland that was 
substantially damaged in the past or in clearcuts. Clearcuts on SPI land average approximately 
17 acres in size and are scattered across the landscape. In every case, pre-commercial thinning 
targets trees that are too small to serve as spotted owl nest trees. 

2.2.5. Fire Suppression 

SPI hires contractors to control wildfires during an emergency to limit fire impacts within and 
adjacent to the property. Fire suppression actions seek to either directly or indirectly limit or 
stop the spread of fire across the landscape. Activities include building fire lines by hand or 
mechanically with crawler dozers, water drafting, spraying water or fire retardant, and lighting 
backfires. Fire suppression activities on SPI lands are coordinated with and most often carried 
out by state and federal agencies. Such activities by state and federal agencies are not covered 
by permits issued to SPI under this HCP. 

2.2.6. Road Maintenance 

Road maintenance is required under the CFPRs, both within active THPs and on other lands. 
Within THP areas, road maintenance is covered by the THP. Outside of THPs, the CFPRs do not 
require a specific permit or CEQA analysis for road maintenance because impacts are minimal. 
General maintenance is done by SPI on an as-needed basis to ensure the integrity of the road 
prism, road drainage, and associated watercourse crossing facilities and does not require 
substantial changes to the road prism. With exception of mastication for fuel breaks covered in 
Section 2.2.7, road maintenance does not require removing substantial amounts of vegetation, 
only small brush and tree seedlings, branches, or grass that has grown in the travel-way. 

2.2.7. Mastication of Roadway Rights-of-Way 

Mechanical mastication of vegetation along SPI roads reduces the flammability of fuels adjacent 
to the road and is done so the road can function more effectively as a fuel break, by. The 
operation uses a tractor with a masticator head, which extends roughly 25 to 30 feet from the 
edge of the road. Mastication of road rights-of-way targets limbs of larger trees, brush, and 
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trees up to 6 inches dbh. Such work usually does not require CEQA analyses, but a THP is 
required if masticated timber is to be sold commercially. 

2.2.8. Transportation of Materials and Heavy Equipment 

Except for activities governed by THPs, no CEQA analysis is required for general transportation 
of materials and equipment within the covered area. Transportation of rock pit aggregate and 
heavy equipment involves semi-trucks traveling to and across the road network on the Plan 
Area. Vehicles used for hauling materials and equipment include water trucks, end-dump trucks, 
low beds, and belly-dump trucks. Due to the alignments and grades of the roads typically used 
for such activities, hauling operations generally occur at speeds less than 25 miles per hour. 

2.2.9. Research and Data Collection Activities 

Research conducted on SPI land covers many topics and is done at varying scales, ranging from 
landscape-wide meso-carnivore inventories and water quality assessments to localized 
investigations of plant populations or wildlife use of a particular structure or site. The activities 
described below typically involve a crew driving to the Plan Area and, if necessary, walking to 
the point of interest to perform data collection. 

Research includes a network of weather stations located strategically throughout the Plan Area. 
Weather stations include both permanent structures and temporary installations. Permanent 
weather stations have a small footprint (typically 10 feet by 10 feet) and are designed to operate 
using solar panels for power. Tree removal may be necessary to improve the footprint of the 
facility and antennae effectiveness; clearings are generally smaller than one-half acre. Site 
perimeters typically have 8-foot-high cyclone fencing in place to control access. Temporary 
weather station installations require minimal removal of understory (brush and sapling) 
vegetation. 

Botanical surveys occur in areas where special interest plant habitat is located within a THP 
boundary. Botanical surveys are conducted throughout the spring and summer months, 
depending on the flowering or fruiting characteristics of the plant of interest. Botanical surveys 
involve a visual inspection of plant habitat and are conducted on foot. 

Wildlife surveys are conducted where THPs are within the range and habitat of special interest, 
threatened, or endangered species. Wildlife surveys require vehicle travel on existing roads and 
may include visual encounter surveys for amphibians, the placement of photo-stations or 
attractant/bait, or broadcasting calls to elicit response from the target species. If species of 
interest are detected, surveys also often involve site-specific efforts to find their reproductive 
locations in order to provide necessary protection for them. Whenever SPI works with animal 
species, all required permits are first obtained from CDFW and/or the Service. Because of limited 
area and intensity, other research activities conducted on SPI forestlands are unlikely to impact 
spotted owls. 
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Timber cruising involves crews driving to a particular road location within the Plan Area and then 
walking transects that traverse the ownership, stopping every 264 feet (4 chains; 
1 chain = 66 feet) and taking measurements of the forest vegetation using handheld equipment. 
Timber cruising does not require a permit. Typically, timber cruising activities are not likely to 
disturb spotted owls because the work is done in the daytime, generally generates very little 
noise, and disturbs virtually no vegetation. 

2.2.10. Harvest of Minor Forest Products 

SPI permits harvest of minor forest products on its timberlands. Minor forest products include 
burls, stumps, greenery (such as boughs, shrubs, and ferns), cones, firewood, Christmas trees, 
and mushrooms. Permits issued by SPI are conditioned to ensure that harvesting is conducted in 
a way that protects sensitive habitats and avoids and minimizes incidental take of covered 
species. Harvesting is allowed only in pre-designated areas and is generally subject to permit 
constraints such as WLPZs, slope limitations, weather conditions, and use of designated access 
roads. Firewood collection is primarily limited to firewood generated in otherwise authorized 
commercial harvests, which have met all required retention standards for wildlife and snags. SPI 
patrols its property to control firewood collection and to protect retained snags and live wildlife 
trees. 
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3. COVERED SPECIES 
This section provides an overview of the status, distribution, and habitat use of the NSO and 
CSO, particularly in relation to the Action Area. In 2018, there were 809 spotted owl ACs (see 
Glossary for definition) on or near (i.e., within 1 mile for CSO and 1.3 miles for NSO) SPI property 
(Figure 3.1). This estimated number of ACs is the result of 1) surveys for ACs on or within 
0.25 mile of the Plan Area and, 2) for those further away in the Action Area, SPI biologists’ review 
of all recent ACs reported in the SPI, USFS, and the California Natural Diversity Database 
(CNDDB) to designate the best single AC representing clusters of past ACs. 

Spotted owl management has been an element of SPI forest management activities since 1989. 
SPI initiated NSO surveys in 1989 and began CSO surveys in 1990. Management guidelines 
around ACs were implemented in 1990. More formal owl research, which is described in this 
section, began with the 2003 field season. 

In response to increasing regulatory and scientific interest in forest wildlife during the 1990s, SPI 
developed a classification system for forest wildlife habitat on its timberlands. The system was 
based on observations of key habitat features used by wildlife species on SPI lands, including 
the NSO and CSO. Called the Habitat Form system, it is similar to but more refined than the 
California Wildlife Habitat Relationships system (Mayer and Laudenslayer 1988). The basic 
Habitat Form system is described in Table 4.1, and the development and justification for the 
system is described in Appendix 4.1. In the following sections on the Covered Species, the 
Habitat Form system is used to describe habitat for the NSO and CSO. 

3.1. NORTHERN SPOTTED OWL 

3.1.1. Status, Distribution, and Habitat 

This section summarizes and cites relevant existing literature regarding NSOs across their three-
state range, which includes northwestern California. Information specific to SPI lands in 
California is presented in Section 3.1.2. 

NSOs are nocturnal, forest-dwelling birds that nest in mature and old-growth forests from 
southwestern British Columbia, Canada, southward through Washington and Oregon into 
northwestern California (55 FR 26114). The 1990 ESA listing of the NSO established the “Pit River 
area in Shasta County” as the dividing line between the subspecies’ ranges (55 FR 26114). This 
HCP uses the boundary shown in Figure 3.2 (derived from the boundary established by the 
Service and the Northwest Forest Plan (NWFP; USDA and USDI 1994) for the purpose of 
delineating the NSO and CSO ranges. The range of the NSO is divided into 12 physiographic 
provinces that reflect the physical, biological, and environmental factors of the broad-scale 
landscape features and natural plant communities in their range (Thomas et al. 1990).  
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The physiographic provinces are the basis for the recovery units designated in the Revised 
Recovery Plan for the Northern Spotted Owl (USDI 2011). The HCP Plan Area occurs within two 
of those provinces: California Klamath and California Cascades. In 2017, the CDFW Natural 
Diversity Database included 3,128 NSO ACs within the NSO range in California, of which about 
46 percent and 5 percent occurred within the California Klamath and the California Cascades 
Provinces, respectively. 

Threats to the NSO include habitat loss and degradation from wildfire, timber harvest, and other 
forms of disturbance; competition with barred owls (BDOW; Strix varia); effects of climate 
change on vegetation; habitat fragmentation; isolation of populations; and loss of genetic 
variation (USDI 2011). 

Recent demographic studies and meta-analyses indicated that NSO populations continued to 
decline across their three-state range from 2003 through 2013 (Anthony et al. 2006; Dugger 
et al. 2016) with a range-wide annual rate of decline of 3.8 percent. All three of the California 
study areas (Northwest California, Hoopa, and Green Diamond) showed declines from early 
1990s through 2012. However, where BDOW were removed (further discussed below) from a 
portion of the Green Diamond study area in coastal northwestern California, conclusions about 
local declines were uncertain. The study area nearest to SPI lands (Northwest California, about 
50 miles west of SPI’s lands in Trinity County) showed an estimated average annual decline of 
3 percent (Dugger et al. 2016). In a separate NSO study in managed forest in interior northern 
California, Farber and Kroll (2012) reported a decline in occupancy rates from 1995 through 
2009, with the rate of decline slowing during the final 5 years of the study. 

Barred Owls 

Originally native to eastern North America, BDOWs have occupied the entire range of the NSO 
during the past 40 years (USDI 2013), and now outnumber NSO throughout the Northwest 
Forest Plan area (Lesermeister et al. 2018). Details of the competitive interactions between 
BDOWs and NSO are thoroughly described in the Service’s Recovery Plan for NSO (USDI 2011). 
Basically, BDOW aggressively drive spotted owls from preferred habitat, occupy NSO breeding 
sites, and compete for prey resources. Numerous studies are underway regarding BDOW habitat 
use and efficacy of removal of BDOW in the NSO range (Wiens et al. 2017). 

As was the case elsewhere in the NSO’s range, presence of BDOWs was an important factor in 
declines at all three California NSO study areas described above (Dugger et al. 2016). However, 
the NSO showed rapidly improving rates of survival and population change in a portion of the 
Green Diamond study area where 73 of 81 (90 percent) detected BDOWs were removed from 
2009 through 2012 (Dugger et al. 2016; Diller et al. 2014, 2016). 
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Habitat Characteristics and Use 

The following descriptions of NSO nesting, roosting, and foraging habitat are quoted from the 
Service’s Critical Habitat designation (77 FR 71884–71885). 

“(1) Nesting. 

Nesting habitat is essential to provide structural features for nesting, protection from 
adverse weather conditions, and cover to reduce predation risks. Habitat requirements 
for nesting and roosting are nearly identical. However, nesting habitat is specifically 
associated with a high incidence of large trees with various deformities (large cavities, 
broken tops, mistletoe (Arceuthobium spp.) infections, and other evidence of decadence) 
or large snags suitable for nest placement. Additional features that support nesting and 
roosting typically include a moderate to high canopy cover; a multilayered, multispecies 
canopy with large overstory trees; large accumulations of fallen trees and other woody 
debris on the ground; and sufficient open space below the canopy for northern spotted 
owls to fly (Thomas et al. 1990, p. 164). Forested stands with high canopy cover also 
provide thermal cover (Weathers et al. 2001, p. 686) and protection from predators. 
Patches of nesting habitat, in combination with roosting habitat, must be sufficiently 
large and contiguous to maintain northern spotted owl core areas and home ranges, and 
must be proximate to foraging habitat. Ideally, nesting habitat also functions as roosting, 
foraging, and dispersal habitat. 

(2) Roosting. 

Roosting habitat is essential to provide for thermoregulation, shelter, and cover to 
reduce predation risk while resting or foraging. As noted above, the same habitat 
generally serves for both nesting and roosting functions; technically “roosting habitat” 
differs from nesting habitat only in that it need not contain those specific structural 
features used for nesting (cavities, broken tops, and mistletoe platforms), but does 
contain moderate to high canopy cover; a multilayered, multispecies canopy; large 
accumulations of fallen trees and other woody debris on the ground; and open space 
below the canopy for northern spotted owls to fly. In practice, however, roosting habitat 
is not segregated from nesting habitat. Nesting and roosting habitat will also function as 
foraging and dispersal habitat. 

(3) Foraging. 

Foraging habitat is essential to provide a food supply for survival and reproduction. 
Foraging habitat is the most variable of all habitats used by territorial northern spotted 
owls, and is closely tied to the prey base, as described below. Nesting and roosting 
habitat always provides for foraging, but in some cases, owls also use more open and 
fragmented forests, especially in the southern portion of the range where some younger 
stands may have high prey abundance and structural attributes similar to those of older 
forests, such as moderate tree density, subcanopy perches at multiple levels, 
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multilayered vegetation, or residual older trees. Foraging habitat generally has attributes 
similar to those of nesting and roosting habitat, but foraging habitat may not always 
support successfully nesting pairs (USDI 1992, pp. 22–25). Foraging habitat can also 
function as dispersal habitat. The primary function of foraging habitat is to provide a 
food supply for survival and reproduction. Because northern spotted owls show a clear 
geographical pattern in diet, and different prey species prefer different habitat types, 
prey distribution contributes to differences in northern spotted owl foraging habitat 
selection across the range. In the northern portion of their range, northern spotted owls 
forage heavily in older forests or forests with similar complex structure that support 
northern flying squirrels (Glaucomys sabrinus) (Carey et al. 1992, p. 233; Rosenberg and 
Anthony 1992, p. 165). In the southern portion of their range, where woodrats are a 
major component of their diet, northern spotted owls are more likely to use a variety of 
stands, including younger stands, brushy openings in older stands, and edges between 
forest types in response to higher prey density in some of these areas (Solis 1983, 
pp. 89–90; Sakai and Noon 1993, pp. 376–378; Sakai and Noon 1997, p. 347; Carey et al. 
1999, p. 73; Franklin et al. 2000, p. 579). Both the amount and distribution of foraging 
habitat within the home range influence the survival and reproduction of northern 
spotted owls.“ 

Dispersal Habitat 

Regarding dispersal habitat, USDI (2012) stated: “Northern spotted owls can utilize forests with 
the characteristics needed for nesting, roosting, foraging, and dispersal, and likely experience 
greater survivorship under such conditions. However, dispersing or nonresident individuals may 
also make use of other forested areas that do not meet the requirements of nesting or roosting 
habitat on a short-term basis. Such short-term dispersal habitats must, at minimum, consist of 
stands with adequate tree size and canopy cover to provide protection from avian predators and 
at least minimal foraging opportunities.” USDI (2011) stated “Although spotted owls can 
disperse through highly fragmented forested areas, the stand-level and landscape-level 
attributes of forests needed to facilitate successful dispersal have not been thoroughly evaluated 
or described.” Thomas et al. (1990) described dispersal habitat as conifer and mixed mature 
conifer-deciduous stands with a canopy cover greater than or equal to 40 percent and conifer 
trees greater than or equal to 11 inches average dbh. 

Territorial NSOs forage over a wide area, referred to as the home range, and return to a central 
location, referred to as the core use area (USDI 2012). An Activity Center (AC) is located centrally 
within the core use area. An AC is a nest site, a roost site, or an area routinely used by a single 
NSO over 1 or more years. The NSO Recovery Plan (USDI 2011) defines the representative size of 
the home range within the various physiographic provinces. In the California Klamath and 
California Cascades Provinces, where the Action Area for this HCP is located, the NSO home 
range is defined as a 1.3-mile radius circle around the AC (approximately 3,400 acres) within 
which a 500-acre circle (0.5-mile radius circle centered on the AC) represents the core use area. 
The 1.3-mile radius circle is also the distance designated in the CFPRs (14 CCR 919.9, 939.9). The 
1.3-mile and 0.5-mile distances are representative of areas used by individual pairs or resident 
single NSOs and include areas of overlap between home ranges of neighboring pairs. 
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Dugger et al. (2016) summarized mean nearest neighbor distances from several NSO studies as 
follows: Northwest California: 0.75 km (0.47 mile); Hoopa: 1.00 km (0.62 mile); Green Diamond 
(Coastal Northwest California) 0.6 km (0.37 mile). Circles based on these radii comprise areas of 
437 acres, 776 acres, and 279 acres, respectively. Circles based on nearest-neighbor distance 
radii may represent central areas with concentrated use by territorial NSO pairs (Dugger et al. 
2016). 

Within an NSO home range, the area around the AC that receives the most concentrated use is 
referred to as the core use area, which is described above (USDI 2012; Bingham and Noon 1997). 
NSO home ranges generally have a greater proportion of older forest within their core use areas 
and more diverse forest conditions on the periphery of their ranges (Swindle et al. 1999). 
Franklin et al. (2000) reported that, in California, where woodrats make up a high proportion of 
NSO prey, “fitness” (combined survival and reproductive output) was maximized where NSO 
territories contained a mosaic of older forest for nesting and shelter from weather and 
predation, along with edge habitat for foraging. 

The NWFP, which directs policies for NSO management on federal lands, established a network 
of late successional reserves (LSRs) where most nesting/roosting and foraging (NRF) habitat was 
protected. In “matrix” lands outside LSRs, the NWFP required protection of a 100-acre core use 
area around NSO ACs (USDA and USDI 1994). To provide avoidance of take due to timber 
harvest operations on private forest lands in California, the CFPRs require a 1,000-foot buffer 
around an AC during the breeding season for forest operations. Under the CFPRs, functional 
nesting habitat must be retained within a 500-foot radius (18 acres) around an AC year-round, 
and roosting habitat must be retained within a 1,000-foot radius (72 acres) around an AC, 
although vegetation management can occur within the 1,000-foot radius outside of the 
breeding season as long as roosting habitat is maintained. In addition, 500 acres of “owl habitat” 
must be retained within a 0.7-mile radius of an AC (i.e., 50 percent of the area). 

NSO Habitat Trend 

Davis et al. (2016) estimated changes as of 2012 in NSO nesting/roosting habitat across the 
subspecies’ range since implementation of the NWFP in 1994. They stated: “Results showed a 
net decrease from 9,089,700 acres to 8,954,000 acres (-1.5 percent) of nesting/roosting habitat 
on NWFP federal lands. This occurred despite gross losses from wildfire of 5.2 percent 
(474,300 acres), 1.3 percent from timber harvest (116,100 acres), and 0.7 percent from insects or 
other causes (59,800 acres), indicating that processes of forest succession have compensated for 
some of the losses resulting from disturbance. Dispersal habitat on NWFP federal lands 
increased by 2.2 percent (net change), but dispersal-capable landscapes experienced a 5 percent 
net decrease owing to habitat losses on the surrounding nonfederal lands. Large wildfires 
continue to be the leading cause for loss of NSO habitat on federal lands. Most of these losses 
occurred within the network of large reserves designed for NSO conservation.” 

In the Klamath and Cascades provinces of California, in which portions of SPI lands within the 
range of the NSO are located, Davis et al. (2016) used the “LandTrendr analysis” to estimate a 
combined loss of about 325,200 acres (12.9 percent) of NSO nesting/roosting habitat on the 
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combined federal and non-federal landscape during the period 1993 through 2012 (derived 
from Davis et al. 2016, Table 7). In order of importance, the causes of the loss were wildfire on 
federal land (63.6 percent of the total loss), non-federal land timber harvest (23.7 percent of the 
total loss), federal land timber harvest (5.4 percent of total loss), and non-federal land wildfire 
(3.6 percent of the total loss) (derived from Davis et al. 2016, Tables 4 and 7). 

Using a separate analysis (the “bookend maps”), Davis et al. (2016) estimated that net loss of 
NSO nesting/roosting habitat (91,100 acres, about 3.6 percent) across the Klamath and Cascade 
provinces of California between 1993 and 2012 (derived from Davis et al. 2016, Table 7) was 
substantially less than the losses attributed to various causes under the LandTrendr analysis. 
Unlike the LandTrendr analysis, the “book-end maps” recognized ingrowth of habitat. 

SPI considers these various analyses as indicative of general trend, but recognizes uncertainty 
associated with various methodologies. Also note that since 1990, all non-federal timber harvest 
under THPS in California has been subject to Service, CDFW, or CAL FIRE no-take determinations 
for NSO, and all federal timber harvest that may affect NSO has been conducted under Service 
ESA Biological Opinions. 

3.1.2. Presence and Habitat Use in the Plan Area and Action 
Area 

SPI’s HCP Plan Area includes 377,882 acres within the range of the NSO (Table 1.2 and 
Figure 3.3). Including the Plan Area, the Action Area contains 1,269,710 acres within the range of 
the NSO (Table 1.2 and Figure 3.3). This section summarizes and cites relevant existing literature 
and data regarding NSOs across their three-state range, including northwestern California. The 
data are further analyzed in Sections 4 and 5 of this HCP. 

The ownership pattern of SPI lands in California is generally discontinuous, with large areas of 
checkerboard ownership or irregular parcel configurations, which leads to NSO home ranges 
overlapping multiple landowners. As of 2017, there were 121 documented NSO ACs located 
either within the Plan Area or within a 1.3-mile-radius home range circle overlapping the Plan 
Area (Figure 3.3). Of those ACs, 17 were on SPI land, 88 were on USFS land, 10 were on USDI 
Bureau of Land Management (BLM) land, and 6 were on other private land ownership. 

Landscape Survey Strategy 

SPI has conducted surveys and inventories for NSOs using federal and state protocols since 
prior to the 1990 listing of the subspecies under the ESA. All SPI THPs implemented since the 
listing were conducted under the Service’s take avoidance guidance (USDI 2009) in place at the 
time of each THP. SPI also has conducted more intensive survey efforts (the Landscape Survey 
Strategy), especially in mixed ownership areas of Trinity County, California. The purpose of the 
landscape surveys was to gain a more comprehensive understanding of NSO ACs in relation to 
forest management activities. The survey area includes 307,408 acres in Trinity County, of which 
142,279 acres (46 percent) are SPI lands (Figure 3.4). Most of the neighboring lands are within 
the Shasta-Trinity National Forest.  
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During 2003 through 2007, SPI found 47 NSO ACs in the survey area, which usually included 
neighboring lands out to 1.3 miles from SPI boundaries. Intensive surveys were resumed in 2011, 
using more survey stations and improved techniques prescribed by the Service, along with 
annual banding and color-banding of all NSOs that could be captured. Banding enabled 
identification of individuals, so that if AC locations changed, researchers could determine 
whether the new site was established by previously uncaptured owls (from inside or outside the 
study) or by banded owls from other known ACs. The surveys from 2011 through 2016 located 
60 occupied ACs within the study area. Appendix 3.1 includes a detailed report on the survey 
results (SPI 2017). 

The ongoing Landscape Survey Strategy was developed to inform THP development and 
avoidance of take; it is not a long-term demographic study. Conclusions as to the observed 
numeric increase between the two survey periods (2003 through 2007 and 2011 through 2016) 
may be confounded by evolving survey methods between the survey periods. However, SPI saw 
no evidence of declines in the number of occupied sites between the first and second survey 
periods (Appendix 3.1). Baldwin and Raphael (unpublished data in Appendix 3.2) reported that 
there was no discernible trend in NSO occupancy rates in the survey area during the period from 
2011 through 2017. 

Analysis of Prey Remains 

SPI biologists have collected regurgitated owl pellets (n = 124) containing the remains of 
NSO/CSO prey at NSO/CSO nesting and roosting areas. The most common prey, based on the 
biomass of prey items identified in the owl pellets were northern flying squirrel (46 percent), 
followed by the dusky-footed woodrats (39 percent). Various other small mammals and birds 
made up the remaining 15 percent (Figure 3.5). Woodrat prey remains were more abundant in 
pellets found at lower elevations. Flying squirrel remains were most common at higher 
elevations. The apparent transition occurred in the 2,500- to 3,000-foot elevation zone. The 
prey-remains analysis is described in detail in Appendix 3.7. 
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Figure 3.5. Prey Remains Identified in Northern Spotted Owl Pellet Analysis. 
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Northern Spotted Owl Habitat Use in the Action Area 

SPI has described forest stand conditions within a 1-acre area surrounding reproductive sites for 
wildlife species (including NSO) that use high canopy large tree forests (Habitat Form 4 [HF4]) 
(Appendix 4.2). Results are summarized in Table 3.1. The descriptions of SPI nest sites and stands 
are similar to those described in USDI (2011), with the exception of lower stand diameters (i.e., 
quadratic mean diameter [QMD] of the stands) and basal areas. 

Table 3.1. Northern Spotted Owl Nest and Nest Site Data. 
NSO Cross Plots – Nest Site n = 26 

 

Percent 
Canopy 
Closure 

Quadratic 
Mean 

Diameter 
(inches) 

Basal Area 
(acres) 

Trees per Acre 
≥22 Inches DBH 

Elevation 
(feet) 

Nest Tree 
DBH 

(inches) 
Mean 94.8 16.7 213.6 19.5 3,246.2 38.2 
Median 96.2 15.1 195.3 20.2 3,300.0 42.8 
Standard Deviation 4.9 6.4 86.2 12.1 830.5 16.0 
Minimum 82.8 10.1 101.4 3.4 840.0 12.1 
Maximum 99.9 33.7 428.6 43.9 4,400.0 65.8 
Lower Bound 89.9 10.3 127.5 7.4 NA 22.2 

DBH = diameter at breast height 
NSO = northern spotted owl 

Gradient Nearest Neighbor Habitat Analysis 

SPI also described habitat conditions at several scales around 94 NSO ACs on multiple 
ownerships using a gradient nearest neighbor (GNN) analysis similar to that of Davis et al. 
(2016). About 11 percent and 88 percent of NSO GNN sites were in the Plan Area and Action 
Area, respectively. Also, about 99 percent of the ACs were on or within 1.3 miles of SPI land. The 
proportion of nesting habitat was greater at all scales (50, 500, 1,000, 3,398 acres) around ACs 
than at similar scales around random locations. At the 500-acre scale, mean proportion of 
nesting habitat was 0.39 (standard deviation [SD] = 0.16, median = 0.37). The proportion of 
nesting habitat in the 50-acre area around ACs was much greater than at other scales and was 
much greater than areas around random sites. The study is described in more detail in 
Appendix 3.4 (Spotted Owl Nesting Habitat GNN Analysis). 

Once the GNN habitat maps were produced for the model region, a group of 146 NSO ACs from 
the SPI occupancy analysis was intersected with the GNN habitats. For that dataset, at the 
500-acre scale, mean proportion of nesting habitat was 0.37 (SD = 0.14, median = 0.36). The 
sites had essentially level occupancy during the years 2011 through 2017 (Baldwin and Raphael, 
unpublished data in Appendix 3.2 Spotted Owl Trend Analysis). 

Geographic Positioning System Habitat Study 

In 2017, SPI studied NSO habitat use in Trinity County using global positioning system (GPS) 
telemetry (described in detail in Appendix 3.6). Twenty-one adult members of pairs and three 
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other NSOs were fitted with tail-mounted GPS receivers, which stored location data five times 
per night over a 6- to 8-week period during the breeding season. The NSOs with GPS receivers 
used mature, closed-canopy forest at a rate greater than availability at all scales evaluated 
around ACs and used very young forest and open areas less than availability. Use of several 
intermediate forest types was not different than availability. Use was concentrated at scales 
close to the nest site: the median 50 percent core use area comprised less than 11 percent of 
the total area of the median 95 percent kernel range; the median 25 percent kernel comprised 
4.5 percent of the median home range area, and the median 10 percent kernel constituted 
2.2 percent of the area of the median 95 percent kernel home range. 

The GPS habitat study corroborated high use of mature, closed-canopy stands reported by other 
authors (e.g., Solis et al. 1990; Dugger et al. 2005), and expanded upon information reported by 
Irwin et al. (2013) regarding the use of earlier (younger) successional vegetation as foraging 
habitat during the nesting season. 

Barred Owls in the Action Area 

BDOW were first detected on SPI’s Weaverville district at two different NSO ACs in 2003. By 
2011, the number of NSO ACs where BDOW were found had grown to 14. In 2012, SPI began 
surveying systematically for BDOW by playing a BDOW call for the last 5 minutes of all first pass 
surveys for NSO each season. Once a BDOW was detected, all calling was stopped to avoid 
calling NSO into a BDOW zone. 

By 2014 the number of NSO ACs affected by BDOW grew to 46, with most of those on SPI’s 
Weaverville district and neighboring lands. During 2014 and 2015, 50 BDOW individuals were 
collected. Subsequent surveys allowed us to determine that the number of affected NSO ACs 
was reduced to 17. These surveys also demonstrated that NSO reoccupied (or began to respond 
to surveys again from) ten ACs where BDOW had been removed from the vicinity. After the 
removal effort ended prior to the 2016 breeding season, BDOW again began to influence NSO 
sites. As of July 1, 2018, BDOWs were found occupying or near 35 NSO ACs in the former 
removal area. 

This collection was conducted under Migratory Bird Permits and Scientific Collection Permits 
from the Service and CDFW. The collection was designed to provide additional scientific 
information to researchers studying the genetics of the barred owl invasion. 

3.1.3. Critical Habitat 

The Service designated revised critical habitat for the NSO in 2012 (77 FR 71876). The 
designation included 2.1 million acres within California. No critical habitat was designated on 
private lands, so there are no critical habitat units on SPI land. However, many critical habitat 
units on federal land share property lines with SPI. Over 90 percent of critical habitat bordering 
SPI land is on USFS land (Figure 3.2). There are over 450 linear miles of shared border between 
the Plan Area and designated critical habitat. There are 228,641 acres of critical habitat within 
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1.3 miles of the Plan Area, comprising about 11 percent of the NSO critical habitat designated in 
California. 

3.2. CALIFORNIA SPOTTED OWL 

3.2.1. Status, Distribution and Habitat 

The California spotted owl (CSO) subspecies is closely related to the NSO subspecies, but the 
CSO is not currently listed under the ESA. CSOs occur from the southern end of the Cascades 
and northern Sierra Nevada, south through the Peninsular and Transverse Ranges of southern 
California and northern Baja California (Gutiérrez et al. 2017). They are also found in the coastal 
mountains north to Monterey Bay, but much less is known about owl numbers and locations 
along the coast (Gutiérrez et al. 2017). The range of the CSO is divided into two physiographic 
provinces: the Sierra Nevada Province and the Southern California Mountains Province 
(Gutiérrez et al. 2017). The ranges of the northern and California subspecies are immediately 
adjacent in the Southern Cascades and Sierra Nevada Provinces, and a zone of hybridization has 
been described by Gutiérrez and Barrowclough (2005) and Miller et al. (2017). The 1990 ESA 
listing of the NSO established the “Pit River area in Shasta County” as the dividing line between 
the subspecies’ ranges for regulatory purposes. Differentiating between the two subspecies is 
only possible via genetic analysis. For regulatory purposes, spotted owls north of the Pit River 
are considered NSO, and spotted owls south of the Pit River are considered CSO (55 FR 26114). 
This HCP uses the boundary shown in Figure 3.2 (derived from the boundary established by the 
USFWS and the NWFP) to delineate the regulatory boundary between the NSO and CSO ranges. 

CDFW has recorded 2,531 CSO ACs throughout the CSO range in the state (CDFW 2017). The 
Service (USDI 2006) estimated that the CSO population in the Sierra Nevada Province (which 
includes portions of the area of this HCP) included approximately 1,865 owl sites, with 
1,399 sites on USFS land, 129 sites on USDI National Park Service land, 314 sites on private land, 
14 sites on BLM land, 8 on State of California land, and 1 on Native American tribal land. 

In 2006, the Service determined that listing the CSO as threatened or endangered under the ESA 
was not warranted (71 FR 29886). The Service found in 2006 that there was not conclusive 
evidence of a population decline and that available measures to reduce risk of catastrophic 
wildfire would have long-term benefits. Currently, the CSO is again under review for potential 
listing under the ESA (USDI 2018). 

The CSO is listed as a Species of Special Concern by CDFW. The subspecies also is included on 
the USFS and BLM list of sensitive animal species and is, therefore, afforded a level of protection 
on USFS land through management practices. All national forests in the Sierra Nevada have 
designated, 300-acre, “protected ACs” (PACs) (USFS 2004). Berigan et al. (2012) tested the 
efficacy of 38 PACs in the central Sierra Nevada and found a high degree of overlap between 
PACs and confirmed diurnal CSO locations at several scales. 
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Threats to the CSO include habitat loss and degradation from wildfire, forest management 
practices, human development, and other forms of disturbance; competition from the invasive 
BDOW; effects of drought and climate change on vegetation; development of gaps in CSO 
distribution in the Sierra Nevada; expansion of West Nile virus into the CSO’s range; and 
secondary ingestion of rodenticides used on marijuana farms (USDI 2017; Gutiérrez et al. 2017). 

CSO Population Trends 

Several long-term demographic studies of the CSO have been conducted primarily on federal 
lands in the Sierra Nevada. Key findings from these studies are summarized in following 
paragraphs. Analyses in these studies were often complex and not amenable to brief summaries. 
For more detailed results and interpretation, the reader should examine the original works. 

The study areas included: 

• Lassen, primarily on the Lassen National Forest (Blakesley et al. 2005). This study area 
borders tracts of SPI lands in eastern portions of Tehama and Butte Counties. 

• El Dorado, primarily on the El Dorado and Tahoe National Forests. This study area lies 
between the Stumpy Meadows and Chalk Bluff CSO Watershed Study Areas maintained 
by SPI (Roberts et al. 2017) in El Dorado and Placer Counties, respectively. 

• Sierra, primarily on the Sierra National Forest. This study area lies about 60 miles to the 
south of the nearest SPI lands, which are in eastern Tuolumne County. 

• Sequoia/Kings Canyon, primarily within Sequoia and Kings Canyon National Parks. This 
study area lies about 100 miles to the south of the nearest SPI lands, which are in eastern 
Tuolumne County. 

Blakesley et al. (2010) conducted a meta-analysis of population trends from all four of these 
federal study areas using the finite rate of population change (lambda) between 1990 and 2005. 
They reported that lambda was stationary on the Lassen and Sierra study areas, and increasing 
after an initial decrease on the El Dorado and Sequoia/Kings Canyon study areas. 

Conner et al. (2013) estimated probabilities of various degrees of population declines from 1990 
to 2011 at the Lassen, Sierra, and Sequoia/Kings Canyon study areas. They concluded that CSO 
declines of greater than 20 percent at these study areas had probabilities of 0.54, 0.26, and 0.02, 
respectively. Conner et al. (2016) expanded the period of analysis to include the period 
1990 through 2013. They concluded that lambda was decreasing at the Lassen and Sierra study 
areas, and that population declines of greater than 30 percent had probabilities of 0.89, 0.53, 
and 0.0 at the three respective study areas. (See the original citations for more detail.) 

Several analyses of data from the long-term El Dorado study area provide relevant context to 
this HCP. The El Dorado study area lies among the SPI density study areas described in Roberts 
et al. (2017) and further discussed in Section 3.2.2 below. Tempel and Gutiérrez (2013) modeled 
demographic performance in the El Dorado study area over a different time period than 
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Blakesley et al. (2010), and, using different analysis methods, concluded that CSO population 
trend, occupancy, and territory colonization had decreased during the period 1993 through 
2010, while territory extinction had increased. Both Tempel and Gutiérrez (2013) and Jones et al. 
(2016) indicated that occupancy rates in the El Dorado study area were more stable in recent 
years. 

Tempel et al. (2016) conducted a meta-analysis of trends in CSO occupancy as related to habitat 
conditions using presence/absence data from the same four study areas (Lassen, El Dorado, 
Sierra, and Sequoia/Kings Canyon) included in the previous meta-analyses of population trend 
(Blakesley et al. 2010). They reported that “forests with medium (40 to 69 percent) and high 
(70 percent) canopy cover were the most important predictors of territory occupancy in all study 
areas, and that both canopy cover categories were positively correlated with occupancy.” They 
also stated that “In this post hoc analysis, occupancy declined sharply when territories contained 
more area with less than 40 percent canopy cover, and the amount of 50 to 59 percent and 
60 to 69 percent canopy cover had a more positive association with occupancy than did 40 to 
49 percent canopy cover.” 

Blakesley et al. (2005), Seamans and Gutiérrez (2007), and Tempel et al. (2014), reported that 
CSO occupancy, survival, and reproduction at the Lassen and El Dorado study areas were 
positively related to amount of mature forest with high degrees of canopy cover. Also, one of 
the most important of occupancy appears to be the intersection of dense canopy cover habitat 
with large-tree-dominated habitat (Jones et al. 2017; North et al. 2017a). 

None of these studies evaluated habitat areas with substantial amounts of even-aged forest 
management within CSO home ranges, such as occur on SPI lands. Tempel et al. (2014) found 
that the probability of territory extinction on the El Dorado study area was reduced in relation to 
larger amounts of high-intensity timber harvest, and that survival and population growth were 
positively related to the amount of edge between forested stands and areas of shrubs/saplings. 
However, only 5.4 percent of their study area consisted of areas of high-intensity timber harvest, 
so conclusions were limited. As noted by Roberts et al. (2017), CSO exist under a variety of forest 
conditions, and further analysis is needed to understand the effects of various management 
regimes. 

Barred Owls in the CSO Range 

Interactions between BDOWs and spotted owls are described in Section 3.1.1. Regarding the 
presence of BDOW in the range of the CSO, the Service’s Conservation Objectives for CSO (USDI 
2017) stated: 

“A barred owl was first detected in the northern Sierras in 1989 and in the central and 
southern Sierras in 2004 (Steger et al. 2006). As of 2013, there were 51 barred owls 
detected in the Sierra (Keane 2017). Currently there are over 140 barred owl detections 
recorded in CNDDB, although these records do not necessarily reflect unique individuals. 
However, no systematic surveys have been conducted and all detections are incidental; 
therefore, they may be at a low density throughout the region (Dark et al. 1998; Keane 
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2014). There have also been a number of sparred owl detections, hybrids between the two 
species. As their range continues to expand, barred owls will likely become a significant 
threat to CSO (Gutiérrez et al. 2017).” 

Keane (2017) reported that BDOWs were slowly expanding in the Sierra Nevada range of the 
CSO, stating as follows: 

“This is the pattern observed in the range of the northern spotted owl—a slow increase 
followed by a rapid one. The invasion of the barred owl into the Sierra Nevada poses a 
significant threat to California spotted owls. Based on the limited observations discussed 
above, it is possible that they will ultimately colonize the entire Sierra Nevada. Without 
control efforts, barred owls can potentially become a primary threat to the California 
spotted owl in the Sierra Nevada.” 

Habitat Characteristics and Use 

Habitat for the CSO is similar to that of the NSO. Studies that have specifically examined CSO 
habitat characteristics use the same three categories of NRF habitat, foraging habitat, and 
dispersal habitat. 

• Nesting, Roosting, and Foraging: NRF stands typically include a moderate to high 
canopy cover (≥75 percent); a multilayered, multispecies canopy with an abundance of 
large (greater than 24 inches dbh) trees, but numerically dominated by medium-sized 
trees (12 to 24 inches dbh); a high incidence of large trees with various deformities (e.g., 
large cavities, broken tops, mistletoe infections, and other evidence of decadence); large 
snags; large accumulations of fallen trees and other woody debris on the ground; and 
sufficient flying space below the canopy (citations summarized in Roberts [2017]). 

• Foraging Habitat: Similar to habitat of the NSO, CSO foraging habitat includes a mosaic 
of vegetation types and seral stages, including the ecotones between late- and early- 
successional forest. Continuous patches of mature, closed-canopy forests are important 
for foraging habitat (Williams et al. 2011), but CSO also have been found to forage more 
frequently near high-contrast edges than in interior patches, at least near areas burned 
at high severity (Eyes 2017). This is likely related to prey availability, as described above 
for NSO foraging habitat. A study conducted on SPI and USFS lands in the central Sierra 
Nevada found that canopy cover at foraging locations averaged 69 percent (Irwin et al. 
2007). 

• Dispersal Habitat: Dispersal habitat has not been specifically described for the CSO but 
is considered equivalent to NSO dispersal habitat; i.e., forested stands including NRF and 
other stands with mean diameter >11 inches and >40 percent canopy cover. 

Like NSOs, CSOs establish and defend large home ranges, but CSO home ranges typically 
contain higher habitat diversity than NSO home ranges (Roberts 2017). Because the CSO is not 
listed under the ESA or CESA, there is no regulatory definition for the representative size of the 
CSO home range or core use area. CSO home ranges are larger in the northern Sierra Nevada 
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than in the southern Sierra Nevada, and USFS guidelines accordingly indicate three different 
home range sizes (USFS 2004). 

At the northern end of the CSO range (the two northern districts of the Lassen National Forest), 
the representative CSO home range is 2,400 acres. In the central Sierra Nevada (near the Plumas, 
Tahoe, El Dorado, and Stanislaus National Forests, and southern district of the Lassen National 
Forest) and in the Modoc National Forest, the representative CSO home range is 1,000 acres. 
The SPI Plan Area does not overlap the southern Sierra Nevada, where the USFS uses 600 acres 
as the representative CSO home range (Roberts 2017). 

Gradient Nearest Neighbor Habitat Study 

SPI described conditions at several scales around 562 CSO ACs on multiple ownerships using a 
GNN) analysis similar to that of Davis et al. (2016). The study is described in Appendix 3.4. About 
20 percent and 61 percent of the 562 CSO ACs were within this HCP’s Plan Area or Action Area, 
respectively. About 81 percent were on or within 1 mile of SPI lands. In the entire study area, the 
proportion of nesting habitat was greater at all scales (50, 500, 1,000, 3,398 acres) around ACs 
than at similar scales around random locations. At the 500-acre scale, mean proportion of 
nesting habitat at ACs above 4,500-foot elevation was 0.50 (SD = 0.18, median = 0.50). Below 
that elevation, mean proportion of nesting habitat at the 500-acre scale was 0.45 (SD = 0.20, 
median = 0.44). The proportion of nesting habitat in the 50-acre area around ACs was much 
greater than at other scales. 

Once the GNN habitat maps were produced for the model region, a group of 67 CSO ACs from 
the SPI occupancy analysis was intersected with the GNN habitats. The resulting dataset, at the 
500-acre scale, had mean proportion of nesting habitat of 0.38 (SD = 0.16, median = 0.38). The 
sites had essentially level occupancy during the years 2011 through 2017. The GNN analysis is 
explained in more detail in Baldwin and Raphael (unpublished data, Appendix 3.2). 

3.2.2. Presence and Habitat Use in the Plan Area and 
Action Area 

SPI’s Plan Area includes 1,188,271 acres within the range of the CSO. The Action Area (including 
the Plan Area) included 3.2 million acres with (as of 2018) 688 documented CSO ACs: 182 ACs 
located on the Plan Area plus, within 1 mile of the Plan Area, another 438 ACs on USFS land, 
5 ACs on BLM land, 54 ACs on other private land, and 9 ACs on other public land (Figure 3.6). 

California Spotted Owl Habitat Use in the Plan Area and the Action Area 

SPI has described forest stand conditions using a 0.3-acre actual sampled area to represent a 
1-acre area surrounding reproductive sites for wildlife species (including the CSO) that use high 
canopy large tree forests (HF4) (Appendix 4.2). Results are summarized in Table 3.2. The 
descriptions of SPI nest sites and stands are similar to those described in literature, with the 
exception of lower stand diameters and basal areas. 
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Table 3.2. California Spotted Owl Nest and Nest Site Data. 
CSO Cross Plots – Nest Site n = 106 

 

Percent 
Canopy 
Closure 

Quadratic 
Mean 

Diameter 
(inches) 

Basal Area 
(acres) 

Trees per Acre 
≥22 Inches DBH 

Elevation 
(feet) 

Nest Tree 
DBH 

(inches) 
Mean 91 17.7 244 31 3,822 40 
Median 92 17.7 23.1 30 3,870 38 
Standard Deviation 7 3.2 78 14 779 14 
Minimum 61 10.5 104 0 2,440 17 
Maximum 100 29.8 48.5 74 5,900 85 
Lower Bound 84 14.5 166 18 NA 26 

CSO = California spotted owl 
DBH = diameter at breast height 

Combining data from Table 3.1 and Table 3.2 results in the following Table 3.3. Table 3.3 is 
provided because these two subspecies utilize similar habitats and SPI manages across the 
historically identified contact zone for these subspecies. Recent genetic testing has shown that 
there is an extensive hybrid zone overlapping most of the NSO range on SPI Plan Area lands 
(Miller et al. 2017). Adding the measured datasets together provides potentially more reliable 
estimates of the variables of interest. This table is provided to describe reproductive nest sites 
for “spotted owl” on or near SPI lands. 

Table 3.3. Combined Northern and California Spotted Owl Nest and Nest Site Data. 
NSO and CSO Cross Plots – Nest Site n = 132 

 

Percent 
Canopy 
Closure 

Quadratic 
Mean 

Diameter 
(inches) 

Basal Area 
(acres) 

Trees per Acre 
≥22 Inches DBH 

Elevation 
(feet) 

Nest Tree 
DBH 

(inches) 
Mean 90 17.5 238 29 3,708 39 
Median 92 17.3 226 27 3,730 38 
Standard deviation 7 4.1 80 14 819 14 
Minimum 61 10.1 101 0 840 12 
Maximum 100 33.7 48.5 74 5,900 85 
Lower Bound 83 13.5 158 15 NA 25 

CSO = California spotted owl 
DBH = diameter at breast height 
NSO = northern spotted owl 

Occupancy and Density Study 

In 2012, SPI began a long-term study of CSO occupancy and density within five watershed study 
areas (WSAs) within the Sierra Nevada Mountains from the southern end of the Cascades to just 
north of Yosemite National Park. The five WSAs are: Fall River, Chalk Bluff, Stumpy Meadows, 
South Fork Cosumnes River, and South Fork Mokelumne River (Figure 3.4). These WSAs average 
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about 42.5 square miles (ranging from 33 to 53 square miles) in area. Within each WSA, SPI 
owns an average of 52.5 percent (ranging from 26.8 to 68.8 percent) of the land and the 
remainder is primarily owned by USFS. Study results through 2016 were reported by Roberts 
et al. (2017). 

During the period from 2012 through 2016, Roberts et al. (2017) identified 67 CSO ACs. Of 
those, 41 were on SPI lands, 19 were on USFS lands, and 5 were on other private lands. Habitat 
analysis indicated that 82 percent of the habitat within a 1,000-foot radius of each AC consisted 
of primary habitat (HF2H and HF4) (defined as stands with ≥11 inches QMD and ≥50 percent 
cover); however, only 70 percent of the combined area of the five WSAs consisted of primary 
habitat. This finding indicated that CSOs are preferentially selecting areas with more primary 
habitat (HF4 and HF2H) for nesting locations (Roberts et al. 2017). 

Beginning in 2013, all CSOs in the five WSAs that could be captured were banded and color-
banded. Banding enabled identification of individuals, so that if AC locations changed, 
researchers could determine whether the new site was established by previously uncaptured 
owls (from inside or outside the study area) or by owls from other known ACs. 

The ongoing study in the five WSAs was primarily designed to evaluate occupancy and density; 
it is not a long-term demographic study. However, Baldwin and Rafael (unpublished data, 
Appendix 3.2) reported that CSO occupancy rates in the WSAs had essentially level occupancy 
during the period from 2011 through 2017. 

Analysis of Prey Remains 

SPI biologists have collected more than 488 regurgitated owl pellets containing remains of CSO 
prey at CSO nesting and roosting areas. The most common prey, based on the biomass of prey 
items identified in the owl pellets, were dusky-footed woodrats (57 percent), followed by the 
northern flying squirrel (30 percent). Various other small mammals and birds made up the 
remaining 13 percent (Figure 3.7). Woodrat prey remains were more abundant in pellets found 
at lower elevations. Flying squirrel remains were most common at higher elevations. The 
apparent transition occurred in the 4,500- to 5,500-foot elevation zone. The prey remains 
analysis is described in detail in Appendix 3.7. 
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Figure 3.7. Prey Remains Identified in California Spotted Owl Pellet Analysis. 

Global Positioning System Habitat Study 

The GPS telemetry study described in Section 3.1.3 (Appendix 3.8, and Atuo et al. 2018) included 
CSOs with ACs on or near SPI ownership in the Sierra Nevada. The study area included 
145,319 acres, of which 66,832 acres (46 percent) were SPI lands. Most of the neighboring lands 
were within the Lassen, Plumas, Tahoe, El Dorado, and Stanislaus National Forests. The purpose 
of the study was to improve SPI’s understanding of CSO habitat use in order to inform habitat 
conservation, as well as to gain a more comprehensive understanding of CSO behavior related 
to forest habitat conditions. SPI coordinated the study with Dr. Zach Peery (University of 
Wisconsin), who leads studies on the El Dorado study area. Combined, 56 adult or sub-adult 
CSOs were fitted with tail-mounted GPS receivers, which stored location data five times per 
night over a 6- to 8-week period during the breeding season. Twenty-three of those CSOs were 
within the five WSAs described in Roberts et al. (2017), 17 were on other SPI land, and 16 were 
associated with ACs on USFS land. 

The recorded locations were focused within forest stands near or within an owl’s AC, probably 
reflecting time spent in attending young and delivering prey. The GPS study corroborated high 
CSO use of closed-canopy stands of large diameter trees (HF4) at all scales, as reported by other 
authors (Laymon 1988; Zabel et al. 1992; Call et al. 1992; Moen and Gutiérrez 1994). CSOs used 
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closed–canopy stands of moderate diameter trees (HF2H) in approximately equal proportion to 
availability. The GPS study also expanded on information reported by Williams et al. (2011) and 
Irwin et al. (2013) regarding the use of earlier (younger) successional stands. While mean CSO 
foraging use of earlier successional stands (Habitat Form 1 [HF1] and Habitat Form 2 Light 
[HF2L]) was slightly less than the proportion of those habitats available, several individuals used 
these types more than they were available. Over 10 percent of the overall use was in HF1 and 
HF2L stand types, indicating at least some value to foraging CSOs. Detailed results of the GPS 
telemetry study are included in Appendix 3.8 and Atuo et al. 2018. 

Nesting Structure Inventory 

Spotted owls do not build nests—they nest in existing cavities (either natural or excavated by 
other wildlife), on platforms created by mistletoe brooms and other tree deformities, or on old 
nests created by other species such as northern goshawks (citations summarized in Roberts 
2017). The presence of such structures is key to the suitability of nesting habitat. SPI’s definition 
of nesting habitat (further detailed in Section 4.1) includes the presence of apparently suitable 
structures. As part of SPI’s Candidate Conservation Agreement for fishers (SPI 2017), SPI 
biologists sampled forestlands for visible cavities and platforms and located an average of two 
possibly-suitable structures per acre. This inventory is included as Appendix 4.4. 

Barred Owls in the Plan Area/Action Area 

SPI has not surveyed systematically for BDOW within the range of the CSO but has detected 
BDOW sporadically while conducting active audio surveys for CSO. In past years, follow-up 
searches did not locate BDOW ACs, and the BDOWs were thought to be transient. BDOW were 
repeatedly located during 2013 through 2015 at one location on the El Dorado National Forest 
within the Action Area. BDOW were not found at that location in subsequent years. 

In the spring of 2018, BDOW detections were increasing and social status becoming more stable 
on the following SPI districts (see Appendix 5.8 for a map of SPI districts) and nearby areas in the 
range of the CSO: 

• Burney: One BDOW pair. 

• Lassen: One BDOW pair, and three individual BDOW on USFS Plumas/Lassen Density 
Study Area. 

• Almanor: One BDOW pair, and one pair of a BDOW and a spotted owl crossed with a 
BDOW hybrid pair on USFS. 

• Stirling: Four BDOW singles, one nesting pair with BDOW male CSO female. 

• Camino: One BDOW pair in a CSO site, one non-nesting pair with CSO male and a 
spotted owl crossed with a BDOW hybrid female, and one resident single BDOW in a 
CSO site. 

• Sonora: One pair with male spotted owl crossed with a BDOW hybrid and a CSO female 
(present for several years). 
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4. ENVIRONMENTAL CONDITIONS 
This section provides a brief description of environmental conditions in the Plan Area and Action 
Area. The descriptions of conditions within the Plan Area are more precise because SPI has 
specific data for these lands. Information within the Action Area, but outside the SPI ownership 
may be more general because SPI often does not have site-specific data for lands they do not 
own. Since this document covers such a large area of California, the discussion spans several 
ecoregions each with distinctive characteristics. The California ecological classifications of Miles 
and Goudey (1997) summarize the regions; the specific summaries for regions relevant to the 
HCP are cited below. 

SPI’s Weaverville and Redding Districts cover lands in Trinity, Siskiyou, and western Shasta 
County, which fall in the Klamath Mountain range. This range consists of Paleozoic sedimentary 
and volcanic rocks with some inclusions of Mesozoic ultramafic, granitic, volcanic, and 
sedimentary rocks. Forest vegetation is primarily a Douglas-fir – ponderosa pine type with 
tanoak, black oak, Oregon white oak, canyon live oak, and some sub-alpine communities. Winter 
snow at high elevations with rain at lower elevations creates seasonally rapid flows in and 
streams. Natural disturbance regimes include frequent, lightning caused fires in dry months and 
mass soil movement, often during wet months. Fires in this region generally burned at mixed 
severity based on topography and climatic variables such as wind and relative humidity (Miles 
and Goudey 1997, p. 5-1 to 5-2). 

The Mount Shasta to the Lassen Peak area includes SPI’s Lassen, Burney, and Almanor Districts 
in the Southern Cascades range. Soils in this region have been variously eroded and derived 
from Cenozoic volcanic activity. Natural vegetation forest types are Mixed-conifer (ponderosa 
pine, Douglas-fir, white fir, sugar pine, and incense-cedar), ponderosa – Douglas-fir, ponderosa 
pine, and red fir. Precipitation is abundant, up to 80 inches annually, with much of it falling as 
snow. Natural disturbance regimes are fire, volcanic activity, and a wide range of climatic 
conditions, which include drought periods followed by above average moist periods (Miles and 
Goudey 1997). 

SPI’s Stirling, Tahoe, Camino, Martell, and Sonora Districts lie within the Sierra Nevada range. 
Largely composed of Mesozoic granitic rocks; there are also inclusions of Mesozoic ultramafic, 
Paleozoic and Mesozoic metamorphosed sedimentary, and Mesozoic metamorphosed volcanic 
rocks. Soils are generally very productive for growing trees. Vegetation is dominated by the 
Mixed-conifer forest type, and smaller components of ponderosa pine, white fir, red fir, and 
lodgepole pine types. Precipitation ranges from 10 to 90 inches in non-summer months, with 
snow generally falling above 6,000 feet. Rivers flow from east to west in deep incised channels 
with a bedrock base into the Central Valley. Natural disturbance regimes include fire at all 
elevations. Historical fires were frequent and burned at low and moderate intensity with small 
patches that burned at high severity. Recent burns are characterized as large, stand replacing 
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fires, primarily because the natural fire return interval has been altered and areas of heavy fuel 
accumulation now occur across much of the landscape. Wide fluctuations in year-to-year rainfall 
are also considered a natural disturbance. 

Throughout California, land use history including mining, settlements, water storage dams, 
livestock grazing, and logging have also shaped forest structure and vegetation types. (Miles 
and Goudey 1997) 

4.1. SPI HABITAT CATEGORIES 
This HCP uses SPI’s categorization of forests in Habitat Forms to provide standardized 
definitions of habitat types. Habitat Forms are defined based on five land classes, along with tree 
size class, large tree component, canopy cover, and suitable nest structures. Definitions of these 
parameters and a short description of methods for determining the parameters for a stand are 
provided in Table 4.1 and Table 4.2. 

Table 4.1. Definitions of Land Class Used to Develop Habitat Form Categories. 

Land Class Description 

Percent of 
SPI Ownership 
January 1, 2016 

Mixed Forest containing a mix of trees in various sizes and ages, often contains dbh of 
12–24 inches and canopy cover over 50 percent. The older Mixed stands 
contain significant numbers of trees in dbh classes 22–40 inches dbh. Rarely 
contain trees ≥42 inches dbh. Includes presence of hardwoods, large snags, 
downed logs, and understory brush. 

64 

Inoperable Forests not available for economic management due to location, condition, or 
physical constraints (e.g., un-roaded areas, areas with poor soils, or areas with 
low tree density). (Inoperable Land Class is counted as additional Mixed forest.) 

5 

Non-Forest Lands that do not support conifer species (e.g., rock outcrops, talus slopes, 
quarries, grasslands, lakes, and wet meadows). 

2 

Regen Regenerated forest stands, replanted with usually two or more conifer species. 
Generally, under 25 years of age. Trees in the stand are generally the same age 
and height, except for retained trees left behind after logging. As this land class 
ages, it moves into the Even land class. 

28 

Even After Regen stands are mature enough to cruise for standard timber inventory, 
they are considered to be in the Even class. Typically, they are commercially 
thinned at 30–60 years and clearcut at 60–80 years of age. 

1 

dbh = diameter at breast height 
SPI = Sierra Pacific Industries  
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Table 4.2. Definitions and Methods for Determining Forest Stand Parameters 
for Habitat Form Categories. 

Parameter Measurement Definition Method 
Tree Size Class Quadratic Mean 

Diameter (QMD) 
Mean diameter of trees in a 
stand, not including stems 
<5 inches dbh 

Derived from SPI’s intensive 
sampling system of actual tree 
diameters 

Large Tree 
Component 

Number of trees per 
acre exceeding large 
tree size threshold 

Number of trees per acre 
≥22 inches dbh 

Estimated from SPI’s intensive 
sampling system 

Canopy Cover Modeled Vertical 
Projected Canopy  

Percent canopy cover The cover value is derived from 
modeled vertical projection of 
canopy using tree inventory data 
from SPI’s intensive sampling 
system 

Suitable Nest 
Structure 

N/A Hardwood tree or snag 
≥22 inches dbh, or one green 
conifer or snag ≥30 inches dbh. 
Trees of these size classes are 
potentially large enough and old 
enough to have been subjected 
to the processes that could cause 
a nest structure to develop. 

Assumed that suitable nest 
structures exist if the stand 
includes trees meeting either one 
of the definitions. 
The SPI structure inventory from 
the Fisher Candidate 
Conservation Agreement with 
Assurances (Permit TE09082C-O) 
is included as Appendix 4.4. 

DBH = diameter at breast height 
N/A = not applicable 
SPI = Sierra Pacific Industries 

Virtually all nesting habitat for spotted owls on SPI property today is in the Mixed land class, 
existing as a legacy of past management. Prior to 1999, various owners harvested the lands 
currently owned by SPI using selection methods that removed large individual trees in repeated 
harvests during the past 50 to 100 years. Since 1999, SPI has been implementing an even-aged 
management strategy (clearcutting and regeneration of forest stands). The Mixed land class 
currently comprises about 69 percent of SPI’s ownership. 

SPI began its current practice of converting the Mixed land class over time into even-age stands 
with well-spaced trees as guided by the sustained yield plan approved in 1999 (see Appendix 4.5 
for an example of the current publicly available SPI Option A document for the CAL FIRE 
Northern District). Because the conversion began less than 20 years ago, very few of the existing 
stands have yet grown from the Regen land class into the Even land class at this time. It is 
anticipated that regeneration harvest of trees in the Even land class will begin around 2060 as 
the earliest established plantations reach harvestable age (60 years). Since 1999, approximately 
20 percent of the SPI land base has been planted to forest stands ranging from 0 to 17 years old 
(Ed Murphy, Sierra Pacific Industries, Anderson, California, personal communication). This 
includes all even-aged regeneration, both planned and as a result of wildfire. Approximately 
9 percent of the land base was planted by prior owners as a result of planned even-aged 
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harvests, wildfire rehabilitation, insect infestation or disease. As of January 1, 2016, these planted 
stands range in age from approximately 1 to 40 years of age. 

At SPI’s currently projected rate, approximately 55 percent of the land base will comprise even-
aged timber stands with controlled stocking levels and spacing by the end of the 50-year permit 
term. Another 7 percent of the land base comprises older planted stands from prior owners 
where little effort was undertaken to control spacing. Approximately 14 percent of the Mixed 
forests, non-timber values, such as aesthetics, soil resources, wildlife, archeological sites, and 
water quality, will constrain intensive even-aged management. In these areas, the Mixed land 
class will be managed more slowly using techniques such as shelterwood steps or group 
selection2. An additional 12 percent of the entire SPI land base will never be harvested using 
even-aged management. These areas are predominantly located in watercourse and lake 
protection zones where long-interval, uneven-aged silviculture methods will be used. SPI 
generally reenters these areas on a 20-year cycle, except for WLPZs, which will be timed with 
adjacent even-aged entries at 40 to 50 years. In total, 30 to 35 percent of the SPI land base will 
not be subject to clearcutting and approximately 43 percent of the existing Mixed stands will be 
retained throughout the permit period. These estimates do not precisely match values presented 
in Appendix 4.3 where planned even-aged percentages are presented because those planned 
areas are maximum allowed and actual harvest areas commonly result in less than planned 
acreage. 

SPI measures forest stand parameters during the intensive stand inventories conducted across 
the ownership. The inventory system consists of one sample point approximately every 4 acres 
on a predetermined grid, resulting in a total of about 400,000 plots (Figure 4.1). The example 
map shows SPI’s grid-based inventory, with one sample point every 4 acres across the Plan Area. 
This density of sampling allows for the data driven approach to Habitat Form development, 
mapping, and forest management. 

                                                 
2 Shelterwood techniques involve removing mature trees in two or more cuttings to establish a new stand 
under the protection of the overstory. Group selection techniques involve removing trees in small groups 
within a stand to mimic natural, small-scale disturbance. 
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Figure 4.1. Example Map of SPI Inventory Plot Grid. 
(Outlined square is a Section, approximately 1 square mile). 

Using the land class and the forest stand parameters measured through the inventory system, 
SPI classified forest types based on habitat elements used by wildlife species. These Habitat 
Form classifications are described in Table 4.3. The forested Habitat Forms range from Habitat 
Form 1 (young forest) to Habitat Form 4 (high canopy cover, large tree forest). Derivation of the 
habitat form classification system is described in Appendix 4.1. This system was based upon the 
California Wildlife Habitat Relationships system (Mayer and Laudenslayer 1988) and further 
refined using inventory data on SPI lands and with data collected at reproductive sites of six 
wildlife species associated with large tree, closed canopy forest stands (Appendix 4.2). The 
relationship between these habitat classes and the definition of NSO and CSO habitats is 
described in Sections 4.2 and 4.3. 
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Table 4.3. Habitat Forms Definitions and Spotted Owl Habitat (January 1, 2016). 

Habitat Form Minimum QMD and Percent Canopy Covera 
Spotted Owl 

Habitat 

Percent of Plan Area 
(by E and M; and 

by E and M within the HF) 
Early Seral 

Forest (HF1) 
HF1 stands usually result from even-aged clearcut harvesting, brush field conversion, or 
reforestation following wildfire. The HF1 persists for 10 to 20 years depending on soil 
classification. HF1 stands gradually grow to HF2 following pre-commercial thinning at 
age 8 to 15. HF1 Even is composed of planted forests. HF1 Mixed is composed of 
montane chaparral or early seral conditions (not planted; no age). 

No NR habitat. 
Prey species 

associated with HF1. 

13% (11% E, 2% M); 
within HF1: 88% E, 12% M 

Small Tree, 
High Canopy 
Cover Forest 

(HF2L) 

Mixed, Regen, or Even land class with a stand QMD 6 to 10.9 inches dbh and ≥40 percent 
canopy cover. HF2L stands in Mixed class vary between 30 to 90 years old and contain 
large trees, especially hardwoods and, based upon sampling, contain potential nesting 
structures for spotted owls. HF2L in Even class are between 15 and 30 years old. 

Dispersal. 
Prey species 

associated with 
HF2L. 

28% (14% E, 14% M); 
within HF2L: 49% E, 51% M 

Medium Tree, 
High Canopy 
Cover Forest 

(HF2H) 

Mixed or Even class with a stand QMD of 11 to 12.9 inches dbh and ≥50 percent canopy 
cover. HF2H stands in Mixed class may have trees greater than 22 inches dbh but not 
enough to reach a stand QMD of 13 inches dbh. HF2H stands grow into HF4 over time 
when left uncut. HF2H stands in Mixed class average >100 years old and contain many 
large trees, especially hardwoods and, based upon sampling, contain numerous potential 
nesting structures for spotted owls. HF2H in the even land class are between 25 and 
40 years old. 

NR, foraging, and 
dispersal. 

Prey species 
associated with 

HF2H. 

26% (3% E, 23% M); 
within HF2H: 11% E, 89% 

M 

Open Forest 
(HF3) 

Mixed or Even land class with a stand QMD ≥6 inches dbh and canopy cover of 10–
39 percent. HF3 stands may have trees ≥22 inches dbh, but not enough to exceed 
40 percent canopy cover. HF3 dominant trees vary in age from 60 to 120 years old 

Foraging and likely 
dispersal. 

Prey species 
associated with HF3. 

7% (0% E, 7% M); 
within HF3: 0% E, 100% M 

Large Tree, 
Closed 

Canopy Cover 
Forest (HF4) 

Mixed 
>120 years old 

Canopy cover 
≥60 percent 

QMD ≥13 inches 
dbh 

At least 9 trees 
≥22 inches dbh/acre 

At least 1 suitable 
nest structure per 
stand 

NR, foraging, and 
dispersal. 

Prey species 
associated with HF4. 

23% (0% E, 23% M); 
within HF4: 1% E, 99% M 

Even projected 
>35+ years old 

Canopy cover 
≥60 percent 

QMD ≥13 inches 
dbh 

At least 20 trees 
≥22 inches dbh/acre 

Non-Forest 
(HF5) 

Non-forest areas, cliffs, caves, talus slopes  2% (100% M) 

a Age of Mixed land class in this table are reasonable estimates. SPI does not measure age on Mixed inventory plots; age in Even land class is established from planting date. See 
Table 4.1 for land class definitions. 

dbh= diameter at breast height E = Even 
HF = Habitat Form M = Mixed 
NR = nesting and roosting QMD = quadratic mean diameter 



 

December 2018 

HCP for Northern and California Spotted Owl—SPI Forestland Management Program 53 

4.2. NORTHERN SPOTTED OWL HABITAT IN THE PLAN AREA 
AND ACTION AREA 

Since 1990, SPI has provided a minimum of 18 acres of no harvest protection around all 
documented NSO ACs and modified harvest levels for the 72-acre area that included this nest 
protection. These protections increased over time under the direction of the Service. These 
current limitations are found in USDI (2009) (the NSO take guidance document). The 
combination of the Service’s guidelines and the requirements of SPI’s state-approved sustained 
yield plan, such as restrictions on harvest on adjacent lands, protection of watercourse zones, 
and requirements for sustainable harvest levels, has resulted in acreages of NSO nesting habitat 
around NSO ACs even greater than those resulting from the Services guidance (USDI 2009). 
Much of the USFS land within the Action Area has not been harvested to a significant degree in 
the last 20 years (Davis et al. 2016). 

4.2.1. Habitat Form 4 and NSO 

Habitat Form 4 (HF4) comprises approximately 56,808 acres of the Plan Area within the range of 
the NSO. This area accounts for roughly 15 percent of the total acreage of the Plan Area within 
the range of the subspecies. 

The HF4 stands have a minimum of 60 percent canopy cover (using SPI’s vertical projection 
methodology; see Appendix 4.1). The HF4 stands have a threshold QMD of 13 inches and a 
threshold of 9 trees (in the mixed land class) or 20 trees (in the even land class) per acre greater 
than 22 inches dbh. By comparison the Service’s NRF definition uses a 60 to 80 percent canopy 
cover, and an average dbh of 16.5 to 24 inches with large trees defined as ≥30 inches dbh (USDI 
2009). SPI criteria for HF4 habitat are based in part upon the attributes of stands where NSO 
nests are known to occur on SPI lands (Appendix 4.2). 

On SPI lands, 26 NSO reproductive nest sites examined had an average canopy cover at nest 
sites of 95 ± 5 percent, an average QMD of 16.7 ± 4.9 inches, and an average of 19 ± 12 trees 
per acre that were greater than 22 inches dbh (Appendix 4.2). This indicates that SPI lands 
classified as HF4 consistently have many locations within them that exceed the minimum 
requirements for the category and provide suitable NRF habitat for NSO. 

NSO are known to forage in mature stands with high degree of canopy cover, and therefore, 
based on the Services’ criteria, HF4 stands provide foraging habitat. Use of HF4 as foraging 
habitat was documented by a GPS study (Appendix 3.6 and Appendix 3.8, and Atuo et al. 2018). 
NSO dispersal habitat has 40 percent canopy cover and an average dbh of approximately 
11 inches (Thomas et al. 1990; USDI 2011), and therefore HF4 stands also provide for dispersal 
habitat. 
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4.2.2. Habitat Form 2 Heavy and NSO 

The SPI Plan Area includes approximately 113,690 acres of Habitat Form 2 Heavy (HF2H) within 
the range of the NSO, which accounts for 30 percent of the total acreage of the Plan Area within 
the range of the subspecies. 

The HF2H stands have a minimum of 50 percent canopy cover and a threshold QMD of 
11 inches. The HF2H stands in the mixed land class have low numbers of large trees (≥22 inches 
dbh) that may provide nesting and roosting structures, and NSO nests are known to occur in 
this type on SPI lands (Table 4.6). In addition, HF2H stands provide for foraging and dispersal 
habitat. Based on canopy cover and QMD, HF2H provides “low quality foraging habitat” under 
Service guidelines (USDI 2009). The NSO GPS study found that HF2H was used in approximate 
proportion to availability at the 25 percent, 50 percent, and 95 percent kernel scales. 

4.3. CALIFORNIA SPOTTED OWL HABITAT IN THE PLAN 
AREA AND THE ACTION AREA 

Since 1999, SPI has provided a minimum of 18 acres of no harvest protection around all CSO 
ACs located by surveys near operations. The requirements of SPI’s state-approved sustainable 
yield plan, such as restrictions on harvest on adjacent lands, protection of watercourse zones, 
and requirements for sustainable harvest levels, has resulted in additional nesting habitat 
around CSO ACs. Commercial thinning associated with CSO guidelines, a focus on forest 
thinning to meet fuels reduction objectives, and post-fire salvage logging were the dominant 
prescriptions on USFS lands in the Sierra Nevada between 1999 and 2014 (North et al. 2017b). 

4.3.1. Habitat Form 4 and CSO 

An estimated 299,294 acres (about 25 percent) of the Plan Area within the range of the CSO are 
in HF4. Studies of CSO habitat (as described in Section 3.2.2) indicate that nesting habitat has a 
high amount (75 percent) of canopy closure, large trees greater than 24 inches dbh, and stands 
composed predominantly of 12 to 24 inches dbh trees (citations summarized in Roberts 2017). 
SPI’s HF4 threshold definition matches closely with these parameters, as HF4 stands have a 
minimum of 60 percent cover (as measured by SPI’s vertical projection method; see 
Appendix 4.1), a QMD of at least 13 inches, and a threshold of 9 trees (Mixed land class) or 
20 trees (Even land class) per acre greater than 22 inches dbh. In addition, the stand must 
contain at least one tree or snag that is large enough to provide a nest structure to qualify as 
HF4. Within SPI lands, 106 CSO reproductive nest sites examined had an average canopy cover 
91 ± 7 percent, an average QMD of 17.7 ± 3.2 inches, and an average of 31 ± 14 trees per acre 
that were greater than 22 inches dbh (Appendix 4.2). This indicates that SPI lands classified as 
HF4 consistently have many locations within them that exceed the minimum requirements for 
the category and provide suitable NRF habitat for CSO. 
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Studies of CSO foraging behavior have indicated that CSO select mature forest with medium 
and high canopy cover for foraging as well using younger stands (Irwin et al. 2007; Williams 
et al. 2011; Atuo et al. 2018; Raphael et al. unpublished data in Appendix 3.8). HF4 stands 
include the parameters described by these studies and provide CSO foraging habitat. HF4 also 
meets the criteria for spotted owl dispersal habitat described by Thomas et al. (1990). 

4.3.2. Habitat Form 2 Heavy and CSO 

HF2H comprises an estimated 295,861 acres (about 25 percent) on the Plan Area within the 
range of the CSO. HF2H stands have a minimum of 50 percent canopy cover and a minimum 
QMD of 11 inches. Some HF2H stands in the mixed land class have large trees (SPI’s definition of 
22 inches dbh), and some CSO nest sites are known to occur within this type. In addition, HF2H 
stands provide for foraging habitat within stand parameters as described by Irwin et al. (2007), 
Williams et al. (2011), and Raphael et al. (unpublished data in Appendix 3.6). HF2H also meets 
the criteria for spotted owl dispersal habitat described by Thomas et al. (1990). The CSO GPS 
study found that HF2H was used in approximate proportion to availability at the 25 percent, 
50 percent, and 95 percent kernel scales (Atuo et al. 2018). 

4.4. SPI BASELINE HEXAGON ANALYSIS 
In order to evaluate distribution of existing NSO and CSO suitable habitat, and to project and 
track these quantities over the 50-year term of the HCP, SPI developed a hexagon analysis tool. 
Since adjacent hexagons share a side and are comparable to circles, the use of hexagons is 
warranted to avoid overlap or gaps in any area analysis. The same tool is in use in 
implementation of SPI’s Fisher CCAA (SPI 2017). SPI will briefly describe the hexagon analysis 
method in this section, along with the results of analyses relevant to the description of the 
Environmental Baseline for the HCP. Rationale for various criteria used in the hexagon analysis 
are described in Appendix 4.3. More detailed description and results of projections of future 
habitat using this analytical tool are provided in Section 5, The Conservation Strategy. 

Based on rationale described in Appendix 4.3, SPI established a network of 500-acre hexagons 
across the entire SPI ownership and areas adjacent ranging from 0 to 0.5 miles from SPI lands. 
After intersection with the Plan Area, hexagons with no SPI ownership were removed from 
further analysis. Forest stands on SPI lands that fell within analyzed hexagons were delineated, 
and aggregated data from SPI’s forest inventory point plots were integrated into the hexagon 
analysis areas. The use of a hexagons network avoids overlap (which would result in double-
counting errors) and gaps (which would cause omission errors). To describe the baseline 
condition, hexagons were then evaluated based on the amount of existing suitable spotted owl 
habitat (HF4 and HF2H), as further detailed below. The available data on adjoining ownerships in 
the hexagons were not sufficient to use in classification. 

Hexagons in the analysis were categorized as Nest hexagons or Support hexagons, or as 
currently below threshold hexagons. Nest and Support categories were based on the criteria in 
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Table 4.4, using only SPI lands within the hexagon. The rationale for these criteria is described in 
Appendix 4.3. 

Table 4.4. Definitions of Spotted Owl Nest and Support Hexagons. 
Hexagon 

Type Habitat Conditions Requirements 
Nest a) At least 30 percent HF4 Must meet all three conditions (a, b, and c) 

under Habitat Conditions. 
Support b) At least 50 percent HF4 and/or HF2H Must meet one of the following options from 

the Habitat Conditions: 
• Conditions a and b. 
• Conditions b and c. 
• Condition b only. 

c) at least one contiguous area (a potential 
nest stand) of at least 50 acres that includes at 
least 30 acres of HF4 and 20 acres of HF2H 

HF4 = Habitat Form 4 
HF2H = Habitat Form 2, Medium Tree, High Canopy 

At the hexagon scale, the thresholds for the Habitat Forms (Table 4.4) are the approximate 
minimum amounts of suitable habitat to begin to function as spotted owl nesting sites. These 
threshold criteria are not management goals; instead they provide a means of accounting for 
current and future habitat conditions. As further described in Section 5 and Appendix 4.3, 
current habitat amounts within hexagons average substantially higher than the defined 
minimum thresholds. 

To qualify as a Nest Hexagon, on SPI land there must be at least one contiguous area (a 
potential nest stand) of at least 50 acres that includes at least 30 acres of HF4 and 20 acres of 
HF2H; and at least 30 percent HF4 and a combined HF4 and HF2H for a total of at least 
50 percent of the hexagon area. Habitat in a Support Hexagon provides support for nest 
hexagons by including surrounding high canopy cover, occasional use for nesting and roosting, 
and stands that will grow into nesting habitat in a relatively short period. To qualify as a Support 
Hexagon, on SPI land there must be a combined HF4 and HF2H for a total of at least 50 percent 
of the hexagon area. 

Two adjacent hexagons with these conditions constitute a unit called a Potential Habitat Area 
(PHA). Thus, a PHA at a minimum is composed of one Nest Hexagon and one Support Hexagon, 
for a total of 1,000 acres, of which 50 percent meets the thresholds for the two hexagon types 
described above. SPI used these definitions to estimate the number of PHAs in the following 
steps: 

1. Define the spatial extent of each habitat component; 

2. Describe the characteristics and amount of suitable habitat at each at the three scales: 
nest stand, nest hexagon, and PHA; and 

3. Estimate the present number of PHAs based on SPI’s contribution of such habitat 
configurations in hexagons on the Plan Area. 
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To establish the correspondence of the hexagon system to the actual presence of spotted owls, 
the 207 known ACs located on SPI lands were evaluated with respect to their occurrence in 
hexagons qualified as “Nesting” or “Support.” Table 4.5 indicates that 83.9 percent of the two-
subspecies’ current ACs occur in either Nest or Support Hexagons, as defined by the thresholds. 
The remainder of the ACs occur in hexagons with less habitat than the thresholds. 

Table 4.5. SPI Hexagon Class Versus Spotted Owl Activity Center Intersection Analysis 
(January 1, 2018). 
Northern Spotted Owl 

Hexagon Class  AC Count Percentage Nesting and Support Combined 
<50 Acre of SPI Hexagon 0 0 58.8 percent 
Currently Below Threshold 7 41.2 
Support 4 23.5 
Nesting 6 35.3 

NSO Total 17 100  
California Spotted Owl 

Hexagon Class AC Count Percentage Nesting and Support Combined 
<50 Acre of SPI Hexagon 4 2.2 86.3 percent 
Currently Below Threshold 21 11.5 
Support 25 13.7 
Nesting 132 72.5 

CSO Total 182 100  
All Spotted Owls 

Hexagon Class AC Count Percentage Nesting and Support Combined 
<50 Acre of SPI Hexagon 4 2.0 83.9 percent 
Currently Below Threshold 28 14.1 
Support 29 14.6 
Nesting 138 69.3 

NSO and CSO Total 199 100  
AC = Activity Center 
CSO = California spotted owl 
NSO = northern spotted owl 
SPI = Sierra Pacific Industries 

The hexagons containing the 17 NSO ACs that are on SPI lands are described in Table 4.5. Only 
35.3 percent of the NSO ACs are in hexagons that qualify as nesting. This condition is driven 
primarily by the checkerboard ownership pattern and the different management histories on 
those areas (Figure 4.2). SPI’s methodology likely underestimates the actual number of hexagons 
that might qualify as nest and support hexagons, because SPI does not include lands outside its 
ownership in the calculation of habitat types and quantities, as described in more detail in 
Appendix 4.3. 
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In Figure 4.2, the left image has SPI land mixed in a checkerboard pattern; the image on the 
right has a more contiguous ownership pattern. 

 

Figure 4.2. Hexagons and Ownership Pattern. 

Table 4.6 describes the 199 ACs on SPI lands in terms of the Habitat Form at the AC, and the 
Hexagon Class within which the AC resides. Despite the differences in sample size for NSO and 
CSO, they are quite similar in terms of the combined HF2H and HF4. Combining NSO and CSO 
ACs, 93.0 percent of the ACs occur in HF4 or HF2H. The additional 7.0 percent of the ACs occur 
in locations where the nest or AC is located in an area where QMD of the entire stand is not 
large enough to classify stands as HF2H or HF4. 

The most recent complete habitat dataset for the entire ownership has been updated to 2016. 
That dataset was used to establish the baseline condition for PHAs in the Plan Area (and edges 
of the Action Area). In the Plan Area in 2016, there were 147 PHAs in the range of the NSO, and 
723 PHAs in the range of the CSO. The combined total of 870 PHAs represents the starting 
condition of the metric for monitoring the trend in HCP Conservation Measure 1. 
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Table 4.6. Habitat Forms at Activity Centers Grouped by Hexagon Type and Species 
(January 1, 2018). 

NSO ACs by Habitat Forms 

Hexagon Class HF1 HF2L HF3 HF2H HF4 Total 
<50 Acre of SPI Hexagon 0 0 0 0 0  

Currently Below Threshold 0 2 0 4 1 7 
Support 0 1 0 3 0 4 
Nesting 0 0 0 3 3 6 

Total 0 3 0 10 4 17 
Percentage 0% 18% 0% 59% 24% 100% 

 Combined HF4 and HV2H 82.4% – 

CSO ACs by Habitat Forms 

Hexagon Class HF1 HF2L HF3 HF2H HF4 Total 
<50 Acre of SPI Hexagon 0 0 0 0 4 4 

Currently Below Threshold 0 6 1 3 11 21 
Support 0 1 1 13 10 25 
Nesting 0 1 1 12 118 132 

Total 0 8 3 28 143 182 
Percentage 0% 4.4% 1.6% 15.4% 78.5% 100.0% 

 Combined HF4 and HV2H 93.4% – 

ALL Spotted Owl ACs by Habitat Forms 

All ACs HF1 HF2L HF3 HF2H HF4 Total 
<50 Acre of SPI Hexagon 0 0 0 0 4 4 

Currently Below Threshold 0 8 1 7 12 28 
Support 0 2 1 16 10 29 
Nesting 0 1 1 15 121 138 

Total 0 11 3 38 147 199 
Percentage 0% 5.5% 1.5% 19.1% 73.8% 100% 

 Combined HF4 and HV2hv 93.0% – 
AC = Activity Center 
CSO = California spotted owl 
HF1 = Habitat Form 1; HF2L = Habitat Form 2, small trees; HF3 = Habitat Form 3; HF2H = Habitat Form 2, large trees;  

HF4 = Habitat Form 4 
NSO = northern spotted owl 
SPI = Sierra Pacific Industries 
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5. CONSERVATION STRATEGY 
This section describes a detailed conservation strategy that SPI proposes to implement in the 
Plan Area during the term of the ITP. 

The intent of SPI’s conservation strategy over the permit term is to: 

1. Maintain landscape-scale habitat conditions equivalent to habitat currently used by 
spotted owls on SPI lands, 

2. Increase opportunities for spotted owl occupancy, 

3. Recover lands degraded by catastrophic events to provide future owl habitat, and 

4. Minimize and mitigate impacts to spotted owls that result from the Covered Activities. 

SPI will maintain or enhance habitat for both the NSO and CSO by protecting habitats at known 
ACs and maintain or increase habitat at the landscape scale with the goal of increasing PHAs for 
spotted owls over time. The conservation strategy also will contribute to the scientific 
knowledge base for the potential future management of spotted owls as well as BDOW. 

The biological goals and objectives of an HCP may be either habitat or species based (HCP 
Handbook, USFWS 2016). SPI expresses biological goals in this plan in terms of quantities and 
quality of habitat (expressed in number of PHAs). Research on spotted owls has found that 
variations in demographic performance may be related to temporal, geographic, and physical 
variations in prey availability and weather, as well as amounts and quality of habitat types 
available (Franklin et al. 2000; Blakesley et al. 2005; Dugger et al. 2005; Tempel et al. 2016). Some 
of these variables are outside SPI’s control. 

The primary biological goal of the plan is to maintain and create amounts of habitat 
contributing to territories for spotted owls that include nesting/roosting stands, territory core 
areas, and territory support areas, with sufficient foraging habitat to support reproductive 
spotted owls and their offspring. SPI will evaluate future suitable habitat using currently 
occupied ACs to guide evaluation criteria. The ACs in SPI study areas have a history of 
occupancy and reproduction, and recent analyses have indicated that these populations had 
“essentially level” occupancy in recent years (2011–2012 through 2017) (Baldwin and Raphael, 
unpublished data, Appendix 3.2). 

The State CESA and Federal ESA prohibitions against take exist only for the NSO, either directly 
or via habitat modification. Current NSO take avoidance guidance from the Service and CFPRs 
requires direct protection of nest sites and prescribed habitat amounts near nest sites and within 
representative home range circles; surveys are necessary to locate these sites for protection. If 
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the CSO is listed, similar prohibitions and protections will likely come into effect for that sub-
species. Most of the HCP Conservation Measures that SPI is committing to under this HCP 
provide protections that exceed the take avoidance measures or address subjects that are not 
included in the present State and Federal statutory and regulatory requirements regarding take 
of listed spotted owls. 

A portion of the Conservation Measures of this HCP (Retention Standards, found in Section 5.2.7 
and Section 5.2.3) arise from the voluntary decision SPI made to sign the fisher CCAA 
(Permit TE09082C-O). These specific measures are enforceable as permit conditions until 
November 2026. Including them in this HCP extends these requirements for the HCP 50-year 
permit period. 

5.1. BIOLOGICAL GOALS AND OBJECTIVES 
The biological goals set forth below define the expected outcome of this conservation plan. 
These goals are broad, representing the guiding principles for operation of the conservation 
approach and forming the basis for the avoidance, minimization, and mitigation strategies 
employed. The biological objectives represent the means through which the biological goals will 
be achieved and provide a basis for measuring progress toward and achievement of those goals. 
The biological goals and objectives of this conservation plan are: 

• Goal 1: Increase the amount and distribution of habitat contributing to survival and 
reproductive capacity of CSO and NSO on the Plan Area over the permit term. This goal 
should promote population growth of both subspecies. The primary objective for this 
goal is to implement habitat management and protection strategies that will identify, 
maintain, restore, and increase aggregations of habitat measured in NSO and CSO PHAs 
on the Plan Area. A corresponding objective is to decrease the likelihood of harm (take 
due to habitat modification) to owls at existing occupied ACs as measured by projected 
and actual reduction of condition of Occupied Hexagons and to increase the quantity 
and distribution of PHAs, thus offsetting the impacts that may result from timber harvest. 
This goal and accompanying objectives will be accomplished through Conservation 
Measures 1, 2, 3, and 4, further discussed below in Sections 5.2.1, 5.2.2, 5.2.3, and 5.2.4. 

• Goal 2: Minimize direct CSO and NSO mortality related to timber harvest and illegal 
activities on the Plan Area and the surrounding Action Area. The objective of this goal is 
to implement protective measures that will minimize the likelihood of killing or injuring 
CSO and NSO. This Goal and accompanying objectives will be carried out through 
Conservation Measures 5 and 6, further discussed below in Sections 5.2.5 and 5.2.6. 

• Goal 3: Protect habitat elements in current stands and provide key owl habitat needs and 
specific habitat elements in future timber stands. The objective for this goal is to 
implement habitat management and protection/retention measures during timber 
harvest to facilitate accelerated development of foraging habitat and nesting/roosting 
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habitat for spotted owls. This goal and accompanying objectives will be achieved 
through Conservation Measure 7 further discussed below in Section 5.2.7. 

• Goal 4: Implement a BDOW research program that examines important aspects of the 
BDOW invasion of spotted owl habitat in California. The objective for this goal is to 
implement a research program under appropriate permits from state and federal 
agencies, carried out through Conservation Measure 8 and discussed below in 
Section 5.2.8. 

The approach outlined above is based on three important biological requirements: (1) sufficient 
prey resources will be available on the Plan Area within habitats at various ages and 
management histories; (2) sufficient structures for nesting and roosting will be available on the 
Plan Area in forest stands of certain types; and (3) the amount and spatial arrangement of 
habitat in both Mixed and Even land classes at scales relevant to owl territories will be available 
and accurately estimated at the present time, projected with reasonable accuracy into the future, 
and monitored with sufficient accuracy to verify performance in the future. 

An important element of the HCP land management strategy is the assumption that prey 
species exist in Mixed, Even and Regen land classes on SPI lands. Prey remains collected in 
spotted owl ACs on and near SPI lands include several prey species known to inhabit habitat 
types consistent with these land classes (see Spotted Owl Prey Analysis, Appendix 3.7). SPI 
telemetry studies found both NSO and CSO using nighttime locations in a variety of habitat 
types (thus assuming the prey found in pellets is available in areas where owls were presumably 
foraging) (Appendix 3.6 and Appendix 3.8, and Atuo et al. 2018, GPS Telemetry Studies). Mixed, 
Even and Regen land classes will remain abundant during the permit term (Appendix 4.3). 
Another key element of the HCP land management strategy is that nesting structures are and 
will be available in Mixed stands of HF4 and HF2H (Appendix 4.4, SPI Structure Inventory). This 
conclusion is supported by descriptive data from nest sites on SPI lands reported in Section 3, 
Tables 3.1, 3.2, 3.3, and in the inventory reported in Nesting/Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas (Appendix 4.4). Even origin stands are 
also expected to provide nesting structures as a result of the Conservation Measure 7 
(Section 5.2.7, Element Retention) and further described in Appendix 4.6 (Even Narrative). 

Distribution of existing habitat is described in the results for the GNN research project as well as 
in the GPS tracking research on owls conducted in the 2017 field season in conjunction with the 
USFS (Atuo et al. 2018; Appendix 3.4, Appendix 3.6, and Appendix 3.8). Section 3 of the HCP 
describes size of spotted owl core use areas and territories derived from analysis by other 
researchers and by SPI. 

The estimation of the representative size and characteristics of potential nest stands, nesting 
hexagons, support hexagons, and PHAs is for the purpose of producing a quantified estimate of 
the number of opportunities to contribute to spotted owl territories that SPI will support 
through its proportional contribution within each qualifying hexagon. This method of 
accounting for spotted owl habitat also provides a means of estimating potential future harm 
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and annual tracking of harm by habitat modification supported by pre-project spotted owl 
surveys (Appendix 4.3). 

5.2. CONSERVATION MEASURES 

5.2.1. Conservation Measure 1: Increase Potential Habitat 
Areas (PHAs) Across the Landscape Over the Permit 
Term 

This primary Conservation Measure provides that SPI will increase the amount and distribution 
of habitat contributing to survival and reproductive capacity of CSO and NSO on the Plan Area 
over the permit term. SPI will implement habitat management and protection strategies that will 
identify, maintain, restore, and increase aggregations of habitat accounted for by NSO and CSO 
PHAs i+n the Plan Area. Over the permit term, SPI will increase aggregations of habitat (as 
measured by the number of PHAs and the proportion of SPI lands contained within PHAs) 
composed of at least 50 percent nesting habitat (HF4 and HF2H) (described in detail in 
Appendix 4.3). Habitat acres qualifying as a PHA are projected to nearly double (from 589,642 to 
1,135,604 acres) during the permit period. The number of PHAs is projected to decrease by 
approximately 4 percent from 870 down to 832 over the first 2 decades, followed by an upward 
trend that will result in a final total of 1,729 (199 percent of the starting PHA count), over the 
permit term (Table 5.2, Figure 5.3, and Figure 5.4; for more detail see Appendix 4.3). As a key 
part of this process, habitats for prey species will be produced and maintained through time. 
Other habitat elements also are important for potential habitat use by spotted owls and are 
discussed under additional specific Conservation Measures below. 

Implementation of this Conservation Measure will be monitored through annual updates of 
habitat changes and PHA counts via hexagon analysis and the quantification of actual annual 
harvesting. An overview of the results of the projected PHA analysis is presented in Section 5.3 
in Table 5.2, Table 5.3, Figure 5.3, and Figure 5.4 (See Appendix 4.3 for more detail). 

5.2.2. Conservation Measure 2: Protection of Habitat at 
Known Spotted Owl ACs and Surrounding Areas 

Conservation Measure 2 also contributes to achieving the first biological goal, by minimizing the 
potential to take spotted owls by habitat modification. While Conservation Measure 1 provides 
for maintenance and increase of habitat at the landscape scale regardless of presence of spotted 
owl ACs, Conservation Measure 2 provides direct protection of habitat around known spotted 
owl ACs by controlling habitat modification near nesting sites and in larger areas around ACs. 

Protections at the AC Scale 

Under this Conservation Measure, all known and newly discovered occupied NSO and CSO ACs 
will receive a Protection Zone (PZ). For the analysis in this HCP, SPI already has drawn PZs at 



 

December 2018 

HCP for Northern and California Spotted Owl—SPI Forestland Management Program 65 

428 occupied spotted owl ACs on or within 0.25 mile of the Plan Area. Justification, standards, 
and methods for designating PZs are presented in Appendix 5.2 (Protection Zones), which was 
reviewed by the Service and CDFW during HCP development. The PZs are drawn without 
considering ownership at a minimum of 72 acres. Of the 367 PZs that overlap SPI lands, SPI 
ownership averages 59 acres (60 percent of the average 98-acre PZ). Most vegetation-disturbing 
activities will be precluded in all PZs. If an AC has been determined to be unoccupied by 
3 consecutive years of protocol surveys, the AC PZ is removed. As designated, these 367 PZs 
contain 21,706 acres of SPI lands. Exceptions related to potentially increasing numbers of PZ 
designations are described in Section 7 of this HCP (Changed Circumstances). If ACs move off 
the Plan Area or decline substantially the total SPI acreage designated for PZ type protection will 
be maintained at 80 percent of the baseline value (see Table 6.2). 

Protections at Hexagon Scale 

Around present and future occupied CSO (367 in 2018) and NSO (61 in 2018) ACs (i.e., in 
Occupied Hexagons as described in Appendix 4.3), reduction of HF4 and HF2H below prescribed 
threshold levels will be assessed as incidental take (harm). These thresholds are described in 
Section 5.4 and in greater detail in Appendix 4.3. Since a limited amount of incidental take will 
be authorized under the ITP, these thresholds will act as a limit on the overall amount of habitat 
modification at the landscape scale as provided by Conservation Measure 1. 

Conservation Measure 2 will also provide several different levels of protection and management 
specific to NSO in the Action Area. These measures are designed to reduce take of NSO that 
may occur on or near SPI lands. As described in greater detail in Appendix 5.3, the different 
levels of protection for NSO are termed “Tiers.” To inform assignment of NSO ACs to various 
Tiers, SPI developed a ranking system for all valid NSO ACs within the HCP Action Area. This 
ranking system was refined using input from the Service’s Yreka Fish and Wildlife Office and 
US Forest Service (USFS) staff biologists. Data were compiled for each of the 164 NSO ACs that 
fall within the Plan Area and Action Area, and each NSO AC was placed in one of four tiers 
based on the qualities of the site. All Tier 1 ACs and their best available habitat designations 
were individually reviewed by Service and CDFW staff and are included in Appendix 5.3 (Tiering 
Analysis). The Tiers were classified and assigned as follows: 

Tier 1 ACs receive the highest level of protection. Within the 1.3-mile circle representing 
the home range (“home range circle”) surrounding the AC (USDI 2009), the best available 
habitat was identified for retention up to a target of 1,336 acres regardless of ownership. 
These areas were then intersected with SPI ownership to determine SPI’s proportional 
amount of the areas identified. The portion of these lands on SPI are designed to serve 
as a long-term habitat refugia in the HCP. There are 11,762 acres of this habitat on the 
Plan Area and other portions are on the Action Area. Among the 34 ACs in this Tier, the 
average Plan Area acreage designated is 345 non-overlapping acres (minimum = 
69 acres; maximum = 1,106 acres). In the 11,762 acres of habitat designated around 
Tier 1 ACs, SPI will not conduct harvest regardless of occupancy status within these 
designated areas for the duration of the permit, except for minor modification of habitat 
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following analysis of potential impacts of such modification and Service review as 
described in Appendix 5.3 (Tiering Analysis). 

Tier 2 ACs will be maintained within the habitat objectives described in Conservation 
Measure 1 (i.e., a landscape that will maintain, increase, or make progress toward 
consisting of 50 percent combined HF4 and HF2H on SPI land, as measured by the PHA 
process described in Appendix 4.3). PZs will be designated for all occupied Tier 2 ACs. 
Habitat modification in occupied hexagons that include Tier 2 ACs will be subject to the 
threshold levels for HF4 and HF2H, and will be subject to the limits of the ITP. 

Tier 3 ACs are established where the amount of SPI land within the home range circle 
surrounding the AC is insignificant. NSOs at such ACs are considered not likely to be 
taken by Covered Activities because habitat modification by SPI could have only a minor 
effect on the home range circle. If an NSO AC meeting Tier 3 standards moves onto or 
within 0.25 mile of the Plan Area, a PZ would be designated, and habitat modification 
around the AC would be subject to the limits of the ITP. 

Tier 4 ACs were considered low conservation value in the context of this HCP. Several 
circumstances, either alone or in combination, led to the determination that Covered 
Activities are not likely to result in take of NSO that may be associated with ACs in Tier 4. 
If a Tier 4 AC is determined to be reoccupied and is on or within 0.25 miles of the Plan 
Area, a PZ will be designated, and habitat modification around the AC would be subject 
to the limits of the ITP. 

5.2.3. Conservation Measure 3: Mitigation of Substantially 
Damaged Timberlands 

Conservation Measure 3 establishes retention standards that apply during the salvage 
harvesting of Substantially Damaged Timberlands (defined in CFPRs 14 CCR 895.1) to ensure 
functional forest structures remain available to spotted owls in these areas. Substantially 
Damaged Timberlands are the result of unpredictable events that kill trees. Under the CFPRs, all 
dead, dying, or damaged trees may be harvested immediately to recover their economic value 
before deterioration sets in. SPI typically conducts an Emergency Notice of Timber Operations 
on Substantially Damaged Timberlands as soon as possible. 

Under this conservation strategy, harvest under an Emergency Notice of Timber Operations on 
Substantially Damaged Timberlands will include the retention standards in Sections 5.2.7.1 
through 5.2.7.4, and retention of all undamaged green trees within the Substantially Damaged 
Timberland. If all the trees are dead, the retention standards will be met with dead trees. 

As in the regeneration harvest standard, Habitat Retention Areas (HRAs) will be established at a 
frequency of 0.4 acre in every 20 acres salvaged, excluding required WLPZs. HRAs will be 
established around individual Wildlife Trees where available and will include undamaged green 
trees that are most likely to persist. The dead, dying, damaged or diseased conifer trees in 
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Substantially Damaged Timberlands usually have >25 percent merchantable wood, and are not 
defined as snags in the HCP and would not be retained. 

The standards for Additionally Retained Trees (Section 5.2.7.5) will not be applied in a fire-killed 
environment. Fire-killed conifers will not grow or persist over time. When available, the fire-killed 
hardwood trees in a burn area will be retained at a density of one per 2 acres. Depending on fire 
intensity, many burned hardwoods will sprout back from the base after the fire. The target 
diameter for hardwood retention is 12 inches dbh or greater. If larger hardwoods are available 
(>22 inches dbh), they will be preferentially retained. This provision is an exception to 
Section 5.2.7.5. 

Reforestation is not a CFPR requirement for an Emergency Notice of Timber Operations on 
Substantially Damaged Timberlands. Because it is voluntary, reforestation is not a condition of 
this HCP. The retention of habitat elements in harvest of Substantially Damaged Timberland 
provided in Conservation Measure 3 is mandatory and is a benefit to both NSO and CSO 
regardless if reforestation occurs. Voluntary reforestation while beneficial to CSO and NSO into 
the future beyond the permit term is not a benefit considered under the HCP. Under long-
standing internal policy, SPI has voluntarily reforested the timber-capable areas where salvage 
harvest operations occurred in the past and will continue to do so voluntarily in the future. 
Although the amount of retention in these past wildfire salvage harvests is unknown, the 
contribution of past reforestation efforts to increasing future amounts of spotted owl habitat is 
partially responsible for the projected increase in PHAs (Appendix 4.3). If SPI discontinues its 
program of reforestation of Substantially Damaged Timberland, such an occurrence would 
constitute a Changed Circumstance in Section 7 in this HCP, triggering an evaluation by the 
Service. 

Conservation Measure 3 has retention standards that are the same as Conservation Measure 4 in 
SPI’s Fisher CCAA (Permit #TE09082C-0). Under that permit, these specific measures are 
enforceable until November 2026. Including the Fisher CCAA permit measures in this HCP 
extends these requirements for the HCP 50-year permit period. Under the CFPRs, there are no 
retention standards for Emergency Notice of Timber Operations on Substantially Damaged 
Timberlands. 

5.2.4. Conservation Measure 4: Reduction of Potential for 
Catastrophic Fire 

Catastrophic fire is a stand replacing fire that alters forest habitat at a scale that can threaten the 
persistence of a species that is not widely distributed or may cause a significant barrier to gene 
flow if the species does not emigrate easily. A threat to a species can occur where loss of habitat 
due to catastrophic fire outpaces the regrowth of habitat. Davis et al. (2016) reported that 
wildfire was the most important factor in recent declines of NSO habitat in the Klamath Province 
of the NWFP area, which includes the NSO range on SPI lands. 



 

December 2018 

68 HCP for Northern and California Spotted Owl—SPI Forestland Management Program 

In this HCP, SPI proposes to reduce the risk of catastrophic fire consuming suitable owl habitat 
by the continued use of even-age management, establishment of a systems of fuel breaks and 
fuels reduction strategies across the landscape. Even-aged forest management creates patches 
of forests of different ages that respond differently to fire as clearcutting, growth, and thinning 
occur. The following paragraphs discuss the relationship between various forest stages and 
wildfire intensity and spread, as well as fire suppression. 

Depending on environmental conditions (weather, fuel moisture, etc.), many SPI Mixed stands 
are at high risk of intense wildfire and may contribute to high rate of spread. In the absence of 
fuel breaks, fire suppression activities may be difficult or impossible near a forest composed of 
Mixed stands. Although they have been selectively harvested in the past, these stands typically 
have a high degree of canopy cover and understory ladder fuels that can carry crown fires. This 
is essentially a permanent condition in the absence of harvest or fuel-break construction. From 
the standpoint of available areas of high-risk fuels, such areas will be reduced as the area of 
Mixed stands declines. 

An SPI clearcut removes Mixed stands and creates an area of approximately 20 acres that for a 
few years will provide only light flammable vegetation in the form of grass, sprouting brush, and 
newly planted trees. A newly stocked clearcut may burn rapidly and suffer almost complete 
mortality among the small trees. However, because fuels are near the ground, the fire may not 
contribute substantially to crown fire in surrounding stands. In this stage, the clearcut opening 
may slow the overall rate of spread across a landscape. Also, with short notice and access, 
bulldozers can quickly convert a young plantation to an area of bare soil ahead of advancing fire 
where crews can stage, fuel breaks and fire lines may be anchored, and back-burning can be 
started. 

A landscape with a substantial percentage of young clearcuts may resemble a landscape with 
intentionally-created patches where vegetation has been modified with the objective of 
interrupting the spread of wildfire. This concept was introduced and modeled by Finney (2001). 
Later, Finney et al. (2007) modelled and compared systems of patches that were designed based 
on landscape characters with systems of patches chosen randomly. 

The modelling by Finney et al. (2007) included areas on the Stanislaus National Forest, California, 
near the southern portion of the Plan Area. For this area, the study predicted that using 
optimally-placed treatment unit on about 10 percent of the landscape per decade for two 
decades could reduce the rate of wildfire spread by a factor of 0.8. Using random placed units, 
about twice the area of treatment would be required to achieve the same result. 

Hypothetically, a landscape with a substantial portion of young clearcuts might reduce the rate 
of wildfire spread. The continuing creation of new openings through SPI’s even-aged 
management might resemble the random treatment areas described by Finney et al. (2007). The 
area in clearcuts under 10 years old is currently roughly two times greater than the modeled 
treatments evaluated by Finney et al. (2007). Over the permit an average of about 10 percent of 
the plan area will be in new clearcuts, the same proportion of the landscape as the modeled 
treatments evaluated by Finney et al. (2007). 
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As planted stands grow in height and density, their flammability may increase. Zald and Dunn 
(2018) reported a higher severity of burns in mixed ownership study area in Douglas County, 
Oregon, which implies mixed ownership areas are a higher source of risk to adjacent forest 
ownerships. Zald and Dunn (2018) also found that “[after] accounting for fire weather, 
topography, stand age, and pre-fire biomass, intensively managed private industrial forests 
burned at higher severity than older federal forests managed by the BLM.” Zald and Dunn (2018) 
also noted that the wide variety of management techniques used in industrial forestry may limit 
widespread applicability of their findings. 

In contrast to un-managed forests with continuous ladder fuels, or un-thinned plantations, 
even-aged stands may grow out of this state of flammability when planned thinning creates 
spacing and crown structure much less susceptible to crown fire. Zald and Dunn (2018) did not 
describe the age, size, or spatial arrangement of the managed forest units evaluated, but noted 
that increasing tree size and promoting spatial heterogeneity could reduce fire severity. SPI 
plantations will gradually transition through stages in which danger of high severity fire is 
relatively low (approximately 0 to 10 years of age), then relatively high (approximately from 
10 to 20 years of age, post-PCT), eventually changing to a state of very low (starting at 
approximately 20-plus years of age). Overall, SPI expects that the continued presence of 
distributed young clearcuts and thinned plantations will result in a net reduction of risk of high 
severity fire at the landscape level. It should be noted that no forest with high canopy closure is 
completely resistant high intensity fire under extreme fire weather conditions (high temperature, 
high winds, and low humidity). 

Given many other constraints, the rate at which the landscape can be converted into these even-
aged conditions is limited. To reach a more resilient state more quickly and provide time to 
arrive at landscape conditions as described above, this approach will be supported by the 
systematic construction of a network of fuel breaks. Fuel breaks provide some reduction in 
spread of low-intensity fire, but often are not effective in reducing spread of high intensity wind-
blown fire on their own. Their primary objective is to limit the advance of wildfires by providing 
a functional space and safety zone for conducting fire suppression operations, including an 
already-prepared area from which to conduct backfires. Fuel breaks can be effective because 
they strategically address sources of ignition (lightning and human-caused) and focus on 
locations with access for suppression forces. 

In evaluating the application of fuel breaks, land managers analyze the environmental and 
investment resources at risk, regional historical fire patterns, regional climate patterns, forest 
type, topography, usefulness to fire suppression resources, and how the project may be 
incorporated into a larger landscape scale fire risk management strategy. Where fuel breaks are 
deemed appropriate, the THP process is used to incorporate reduction of surface and ladder 
fuels and create wide spacing between live tree crowns to prohibit an advancing crown fire from 
continuing to propagate in the crowns through the fuel break. 

SPI estimates that fuel breaks will compose approximately 2 to 3 percent of the Plan Area over 
the term of the permit. This estimate is supported by analyses that have been submitted to CAL 
FIRE on SPI fuel break THPs (e.g., Line THP, THP #02-14-102TEH). Investment in a fuel break will 
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only be made when its potential effectiveness is commensurate with the values at risk. HCP 
retention standards will not be applied in fuel breaks. 

In combination, regeneration or even-aged units and the fuel breaks is expected to reduce the 
ability of large crown fires to spread rapidly across large areas, as the tree crowns are generally 
discontinuous in relation to the adjoining stands at a landscape scale. 

In August 2017, SPI, the USFS, the National Fish and Wildlife Foundation (NFWF), and CAL FIRE 
entered into a Memorandum of Understanding (MOU) to coordinate the protection of spotted 
owl habitat on the SPI Plan Area and neighboring lands (USFS Agreement 
#17-MU-11052007-096). The purpose of this MOU is to help identify areas near owl ACs in need 
of fuels treatment to lessen potential impacts on owl habitat from wildfire, and to coordinate fire 
suppression planning and response efforts on lands managed by the signatories. Planning and 
implementation of projects as a result of the MOU is resulting in many fuel reduction activities 
across the range of the CSO and NSO. The MOU and examples of fuel reduction efforts are in 
Appendix 5.6. Within the HCP’s first decade, SPI commits to complete its portion of the range 
wide system regardless of the contribution of the MOU partners (an estimated 425 miles of fuel 
breaks on the SPI land base on the Plan Area). The fuel break system on the Plan Area will be 
maintained by SPI as necessary over the permit period. 

While SPI’s portion of the fuel reduction strategy is a significant contribution to the protection 
of CSO on the Action Area, the potential value to the sub-species of a range wide system is even 
greater, as it could relieve a substantial stressor facing the sub-species’ long-term survival (USDI 
2017). 

5.2.5. Conservation Measure 5: Reduction of Potential 
Impacts at Reproductive Sites 

Conservation Measure 5 addresses the second biological goal of minimizing the potential for 
spotted owls to be killed, injured, or harmed by timber harvest activities. The objective will be 
addressed in several ways. Direct killing or injuring will be avoided and minimized by conducting 
pre-harvest surveys and designating seasonal buffers around all active nest sites as described in 
Sections 5.2.5.1, 5.2.5.2, and 5.2.5.3. The likelihood of harm (take by habitat modification) will 
also be reduced by designating no-harvest protection zones surrounding the three most recent 
Yearly Activity Centers (YACs). Avoidance and minimization measures are described below and in 
Appendix 5.2 and Appendix 5.4. 

5.2.5.1. Pre-Operational Survey 

SPI has surveyed for NSO since 1989 and for CSO since 1992. As a result of those efforts, SPI 
estimates that the surveys by qualified biologists have a greater than 97 percent probability of 
detection of occupied ACs (Roberts et al. 2017). SPI will continue to conduct THP pre-
operational surveys to provide information on AC movement and seasonal protections at 
occupied ACs. Appendix 5.4 provides the details of the SPI Survey Protocols developed from 
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current SPI survey methods and based upon USFWS (2012) survey protocol conducted to 
discover and protect ACs. Surveys are currently required for NSO as part of take avoidance for 
timber harvest. and including this previously voluntary policy for the CSO in this HCP makes it a 
requirement for the HCP 50-year permit period. 

There is no required survey protocol for the CSO. SPI presently implements an existing CAL FIRE-
approved, survey protocol for NSO; USFWS has been involved in the development of this 
protocol over a period of several years. The differences between the Service’s Standard Protocol 
(USFWS 2012) and the SPI Protocol (Appendix 5.4) are outlined in Attachment 5 of Appendix 5.4. 
Key differences between the Standard Protocol and the SPI’s current implementation of existing 
survey methodologies are as follows: 

1. Delineating Survey Area. The Standard Protocol requires a 1.3-mile radius survey 
boundary for NSO which SPI implements. For CSO, SPI presently implements a 0.25-mile 
survey boundary around harvest units and increases this survey area to 0.5 miles around 
a known AC if one occurs within 0.5 miles of a proposed timber harvest. For all occupied 
ACs, SPI maintains a 0.5 mile “no vegetation disturbing buffer” for the spotted owl 
breeding season until the status is determined. 

2. Number of Complete Surveys. The Standard Protocol for naïve landscapes (areas with 
few or no recent previous surveys have been conducted and where there is little or no 
data regarding spotted owl locations) requires two seasons of surveys, with six night 
time outings (passes). SPI presently conducts two seasons of three-pass surveys (or six 
pass surveys where a barred owl has been detected within 1.3 miles within the last 
2 years (a BDOW zone). 

3. Barred Owl (BDOW) Call Sequence. Under the Standard Protocol, playing a BDOW call 
sequence is optional. SPI presently implements the BDOW call sequence on survey 
stations outside 0.5 to 0.7 miles of occupied NSO ACs, and outside known BDOW zones 
within the range of the NSO. 

Based upon discussions with USFWS during the development of the HCP, SPI proposes to apply 
the following procedures when conducting spotted owl surveys: 

1. Delineating Survey Area. The Standard Protocol requires a 1.3-mile radius survey 
boundary. Based on a long history of previous surveys on its lands, SPI proposes to 
conduct project level surveys of all spotted owl habitat (Habitat Form 4 and Habitat Form 
2H or equivalent off SPI ownership) out to 0.5 miles from the proposed harvest footprint 
in the Plan Area. 

2. Number of Complete Surveys. The Standard Protocol for naïve landscapes requires two 
seasons of surveys, and six-pass surveys. SPI presently conducts two seasons of three-
pass surveys (or six surveys within a BDOW zone). Ten years after ITP issuance, the 
parties will meet to confer. The Service will determine if, based on the best available 
science applicable to the Plan Area, moving to one season of three-pass surveys (or six 
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surveys within a BDOW zone) is sufficient to achieve an adequate probability of 
detecting spotted owls. 

3. BDOW Call Sequence. SPI is proposing to continue to not play BDOW calls on the CSO 
range and stop playing and maintain the BDOW calls as optional for the NSO as part of 
their spotted owl survey procedure once the HCP is finalized. Five years after ITP 
issuance, and annually thereafter, the parties will meet and confer to determine if 
inclusion of a specific BDOW survey protocol is necessary to accomplish the desired rate 
of detection of spotted owls. If the Service determines in writing based on available 
scientific data that BDOW calls are necessary to increase the probability of detecting 
spotted owls, SPI will include such calls. 

For the purpose of a 50-year ITP, SPI may implement the 2012 Standard Protocol with the three 
procedures A–C outlined above. Alternatively, SPI is considering applying the survey protocol 
contained in Appendix 5.4 including the procedures A–C outlined above. SPI and the Service will 
collaboratively determine the appropriate survey protocol for NSO and CSO through further 
discussions prior to permit issuance. Through the duration of the permit, SPI and the Service will 
apply the best available science in discussing the survey protocol and may incorporate new 
technology as it becomes available. Ultimately, the Service is responsible for determining the 
most appropriate survey protocol. 

5.2.5.2. Spotted Owl Take Minimization Seasonal Restrictions Within 
0.25 Mile of Nesting/Reproductive ACs. 

SPI will continue to implement 0.25-mile seasonal buffer around occupied ACs during the 
Critical Period (March 15 until August 31), with no harvesting or vegetation-disturbing activity 
within the buffer. The seasonal buffer may be suspended if there is conclusive evidence that 
nesting has failed (no young produced or adults no longer attending the nest). A more detailed 
description of the surveys and restrictions are provided in Appendix 5.4. Nest site protections 
are currently required for NSO as part of take avoidance for timber harvest. Including this 
previously voluntary policy for the CSO in this HCP makes it a requirement for the HCP 50-year 
permit period. 

5.2.5.3. Sighting Spotted Owls During Harvest Operations 

SPI has operated under a raptor policy (Appendix 5.7) for many years and will continue to do so. 
This effort trains woods personnel and logging contractors to recognize large raptors and stop 
vegetation disturbing activities until an SPI forester or biologist can assess the discovery (see SPI 
Raptor Policy in Appendix 5.7) and including this previously voluntary policy for both NSO and 
CSO in this HCP makes it a requirement for the HCP 50-year permit period. 



 

December 2018 

HCP for Northern and California Spotted Owl—SPI Forestland Management Program 73 

5.2.5.4. AC Protections 

Under Conservation Measure 2, SPI will establish no-harvest zones, called PZs (see Section 5.2.2) 
at all occupied spotted owl ACs on or within 0.25 mile of the Plan Area. These areas will provide 
protection to all ACs, which will provide this protection at reproductive ACs. Including this 
protection in this HCP increases the current take avoidance protection area for NSO (USDI 2009) 
and creates a larger protection zone than the previous voluntary zone for the CSO, making each 
a requirement for the HCP 50-year permit period. 

5.2.6. Conservation Measure 6: Reduction of Potential Impact 
from Illegal Activities 

Illegal uses of the property may negatively impact spotted owls. Among the known illegal 
activities, toxicants associated with the cultivation of marijuana perhaps pose the largest risk. 
Presence of anti-coagulant rodenticides (ARs) has been widely documented at illegal marijuana 
cultivation sites (Gabriel et al. 2012). Owls may be directly or indirectly exposed to toxicants 
when they consume contaminated prey animals. Detection of ARs in animals requires necropsy, 
and few spotted owls have been analyzed; however, 7 out of 10 NSOs that were 
opportunistically collected when found deceased in northwestern California tested positive for 
one or more AR (Gabriel et al. 2018). In a different case study, one female NSO that was found 
deceased in northwestern California had ARs detected in her liver (Franklin et al. 2018). 

Due to the overlapping diets of BDOW and spotted owls, BDOW necropsy results are often used 
as a surrogate for spotted owls due to low numbers of spotted owls available for necropsy. 
Higley (2015) reported that 50 percent of 155 samples from barred owls collected in 
northwestern California contained AR residues, and Gabriel et al. (2018) detected the presence 
of one or more ARs in 34 out of 84 liver samples from BDOWs collected in Humboldt County. It 
is likely that spotted owls are also exposed where these compounds are used. Gabriel et al. 
(2018) stated “This study demonstrates environmental contamination within occupied Northern 
Spotted Owl habitat and that Barred Owls can be used as adequate surrogates for detecting 
these pollutants in a rare species such as the Northern Spotted Owl.” 

All fisher mortalities found in the SPI’s Stirling Management Area translocation project were 
provided to Mourad Gabriel for necropsy. Results have not shown toxicants to be a significant 
threat to fishers (A. Facka, primary investigator, personal communication). We suspect this result 
may be due to access control and cooperative law enforcement activities. Illegal marijuana 
planting sites on SPI lands are uncommon, cover small acreages, and are usually at the outer 
periphery of SPI ownership. 

SPI maintains a system of gated roads, daily patrols and camera surveillance on its lands to 
control public access, both legal and illegal, to minimize resource damage to roads, vegetation, 
wildlife and watercourses. Public camping is not allowed on SPI lands and motorized use is 
strictly limited to existing roads. These currently voluntary control activities will be implemented 
and maintained as a requirement of the HCP for the life of the permit. SPI cooperates with local, 
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state, and federal law enforcement agencies to eradicate marijuana plantations found on SPI 
lands. In 2017 SPI and law enforcement agencies eradicated 6 marijuana sites on the Plan Area. 

A secondary risk to spotted owls from the cultivation of marijuana can result from the cutting of 
a nest tree by growers preparing a site or tending their plants. The nest/den structure inventory 
suggests that there is approximately 1 potential nesting structure on every acre of HF2L, HF2H 
and HF4 so there is little proportional impact to this threat (Appendix 4.4). Given this 
distribution, it is unlikely that the loss of a nesting structure in this manner is a significant threat, 
as marijuana cultivation on SPI property is infrequent and eradicated as soon as possible, 

Another illegal use of SPI property that is a risk to spotted owls is firewood cutting. Illegal 
firewood cutting tends to target snags and green hardwood trees that are near access roads. 
This activity can remove important habitat elements and increase the risk of human caused 
wildfires. 

Illegal use of the property is limited by controlling access and patrolling land areas where 
feasible. Illegal use of the property is reported wherever it is evident. Foresters, biologists, 
loggers, and patrolmen are vigilant for suspicious trails, road use, illegal firewood cutting, and 
altered vegetation that is not part of a THP. When an illegal activity is identified, the appropriate 
law enforcement personnel will be promptly contacted, and recorded for inclusion in the Annual 
Report. 

5.2.7. Conservation Measure 7: Management for Habitat 
Elements and Operational Standards 

Conservation Measure 7 supports the third conservation goal for this HCP (to provide key owl 
habitat needs and specific habitat elements in future timber stands) by incorporating provisions 
for retention and recruitment of Habitat Elements into harvest planning and operations. These 
retention standards are intended to allow the Mixed land class to continue as prey producing, 
spotted owl foraging, and nesting/roosting habitat, and for the Regen and Even land class to 
develop these characteristics by retention and through growth as quickly as possible. 

Prey species for owls rely on snags, down logs, brush, and hardwoods capable of significant 
mast production (citations summarized in Roberts 2017). In the Mixed land class, these habitat 
elements are currently represented in HF4, HF2H, and HF2 stands. By retaining habitat elements, 
this measure ensures that many of these elements persist immediately after harvest or continue 
to be produced through time. This retention and recruitment of elements will enable the planted 
Regen and Even land class stands to better function as habitat associated with spotted owl prey 
as they develop through HF1, HF2, and HF2H. As these young stands mature, the elements 
retained from the previous stands, or that develop naturally through time from climatic forces 
and biological processes, will not only provide prey habitat, but also provide nesting structures 
within future stands of HF2H and HF4. These future HF2H and HF4 habitats will contribute to the 
owl PHAs during the term of the HCP. 
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The operational standards of this Conservation Measure are provided in a list below, with 
additional discussion of each measure in a subsequent section. Standards are provided for 
regeneration harvest units (even-aged silvicultural prescriptions) and for non-regeneration 
harvest areas (selection, salvage, and intermediate silvicultural prescriptions). Road construction 
and rock pit development will not include the management of habitat elements. These activities 
remove all the vegetation and overburden from a site making habitat element retention 
infeasible. 

CFPRs provide a general guidance stating: “Retain or recruit late and diverse seral stage habitat 
components for wildlife concentrated in the watercourse and lake zones and as appropriate to 
provide for functional connectivity between habitats.” There are no specific standards mandating 
specific quantities, sizes or locations. In this light, the HCP requirements described below in 
Sections 5.2.7.1 through 5.2.7.7 are much more specific and protective for the covered species 
and apply to all harvest methods and terrestrial locations as well. 

Conservation Measure 7 standards are the same as Conservation Measure 3 in SPI’s Fisher CCAA 
(Permit #TE09082C-0). Under that permit, these specific measures are enforceable until 
November 2026. Including them in this HCP extends these requirements for the HCP 50-year 
permit period. 

SPI commits to the standards in 5.2.7.1 through 5.2.7.7 of Conservation Measure 7 by 
incorporating the standards into THP language, which also makes them enforceable by CAL 
FIRE. 

An overview of these standards are as follows: 

1. SPI will retain all spotted owl nest structures for the permit period (i.e., trees where 
spotted owls are known to have nested currently or in the past) wherever they exist (see 
Section 5.2.7.1). 

2. SPI will retain HRAs (defined in Section 5.2.7.2) at a rate of 2 percent of each harvest 
area. In regeneration harvest areas HRAs will occur at a rate of 2 percent of the 
regeneration area. 

3. SPI will retain Wildlife Trees (defined in Section 5.2.7.3), where available, at a rate of one 
per 5 acres, in all regeneration units, non-regeneration harvest, rehabilitation areas, and 
fire salvage areas. 

4. SPI will retain Legacy Trees (as defined in Section 5.2.7.4), wherever they exist. 

5. SPI will retain Additionally Retained Trees (small hardwoods or conifers, further defined 
in Section 5.2.7.5) in regeneration harvest units such that there are no locations that 
exceed a distance of 150 feet from other retained elements (HRAs, Wildlife Trees, Legacy 
Trees). 
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6. SPI will retain and recruit Hardwoods (defined in Section 5.2.7.6). In all non-regeneration 
harvest areas, SPI will retain at least two hardwoods greater than 22 inches dbh per acre, 
when available. If unavailable, the next largest diameter hardwoods will be retained at a 
rate of two per acre. In regeneration harvest units, SPI will retain small hardwoods 
(<6 inches dbh) or regenerate (recruit) stump-sprouting hardwoods at a rate of two per 
regenerated acre where they exist. 

7. SPI will retain Snags and Green Culls (non-merchantable snags and green culls 
≥15 inches dbh, further defined in Section 5.2.7.7) during all regeneration or non-
regeneration harvest activities, as feasible, unless determined to be a safety hazard or a 
regulation requires their removal. 

8. Thinning in Plantations (defined in Section 5.2.7.8) Portions of plantations will not be 
thinned, in order to maintain density induced mortality processes. 

5.2.7.1. Management for Spotted Owl Nest Structures 

Since the mid-1990s trees containing spotted owl nesting structures known to have been active 
were identified with a SPI wildlife tag. This process will continue for all newly discovered nesting 
structures. SPI will retain all spotted owl nest structures for the permit period (i.e., trees where 
spotted owls are known to have nested currently or in the past) wherever they exist. Such nest 
trees shall be retained in HRAs, except the additional HRA area will not be designated in the rare 
circumstance where other required HRAs around nest trees and Legacy Trees would exceed 
3 percent of the unit area (e.g., 0.6 acre in a 20-acre unit). This circumstance has not occurred 
prior to the writing of this HCP. 

5.2.7.2. Habitat Retention Areas 

The primary measure to maintain and recruit habitat elements into future stands will be the 
establishment of HRAs in all regeneration harvest units. HRAs will preferentially contain one or 
more Wildlife Trees, Legacy Trees, and, if available, large woody debris that contributes towards 
owl habitat. An HRA will consist of a representative sample of the species and diameter classes 
of trees present prior to harvest, retained at a rate of 2 percent of the total harvest unit area, 
excluding acres within WLPZs. HRAs will be retained for the rotation length of the regeneration 
and rehabilitation or fire salvage areas and thus are intended to become potential nesting or 
roosting sites within those stands over the next rotation as the crop trees grow larger and the 
stand becomes denser. HRAs in regeneration and rehabilitation or fire salvage areas will not be 
entered for salvage harvesting over the rotation length. 

In non-regeneration harvest areas larger than 20 acres, the distribution of HRAs will occur at a 
rate of 2 percent per each 20 acres. In all harvest areas of greater than 2.5 acres and fewer than 
20 acres, HRAs will occur at 2 percent of the harvest area. No HRAs are required in harvest areas 
less than 2.5 acres. Acreage of required retained WLPZs is excluded from the calculation of the 
unit area and the 2 percent retention standard is based upon the non WLPZ harvest area only. 
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The overall acreage of retention of mature trees will be much greater than the 0.4 acre per 
20 acres of the HRAs due to WLPZ retention. HRAs will preferentially contain one or more 
Wildlife Trees, Legacy Trees, and, if available, large woody debris that contributes elements of 
owl habitat. HRAs will consist of a representative sample of the species and diameter classes of 
trees present before harvest. In non-regeneration harvest areas, the HRAs will remain un-
entered for harvest until the next harvest entry, at which time they will be either retained or re-
designated. 

The cross-plot inventory SPI conducted on known nest sites in its forests (Appendix 4.1 and 4.2), 
as well as other literature (Thome et al. 1999; Blakesley et al. 2005), demonstrates that a nest site 
is often a small stand of large trees surrounding the nest structure. Known nesting trees, and 
whenever possible Wildlife Trees (potential nest structures), will be included within an HRA. The 
arrangement of HRAs will be variable. For example, in a 20-acre harvest area there will be one to 
four small groups ranging in size from 0.1 to 0.4 acre, which will consist of a representative 
sample of the species and diameter classes of trees present before harvest. These small groups 
of trees are expected to persist, grow, and develop age-related defects during the stand’s 
rotation period. The HRAs in regeneration areas will be retained for the entire stand rotation 
period and not be thinned or salvage harvested. Figure 5.1 provides photographs of example 
HRAs and Wildlife Trees. 

Retention of HRAs will provide elements of older forest structure, ensuring management options 
at the end of the rotation period. Those options may include continued retention of the entire 
HRA, or any portions thereof, or designation of other stand elements of higher wildlife value 
(e.g., recruited hardwoods), as replacement for these structural components. 

5.2.7.3. Wildlife Trees 

The retention of Wildlife Trees where available, at an average rate of one per 5 acres, is 
specifically intended to provide potential nest and roost structures in all future stands outside 
WLPZs. A Wildlife Tree is a hardwood ≥22 inches dbh or a non-merchantable live green conifer 
≥30 inches dbh with the characteristics described below. Such trees are within the size range of 
existing spotted owl nest trees and will grow to even larger diameters over time as the 
surrounding stand grows up around them. Wildlife Trees will be selected from among the oldest 
and largest available. These Wildlife Trees should be selected for their potential to function as a 
nesting structure either presently or in the future. If Wildlife Trees of the requisite minimum 
diameters are unavailable, preference will be given first to hardwoods that have the next highest 
wildlife value, because of their value to prey species and as potential nest trees, and second, to 
conifers below the target diameter that exhibit wildlife characteristics. Wildlife characteristics 
include: age, diameter, longevity/persistence, signs of previous use by wildlife (e.g., excavated 
cavities), indication of current or incipient heart rot (conks, natural cavities), species (hardwoods 
preferred), presence of large mistletoe broom, crooks, reformed tops, forks or large lateral limbs, 
etc. Known past nest trees outside retained nest stands will be included as Wildlife Trees. Prior 
to the regeneration unit being harvested, Wildlife Trees will be marked for retention or 
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designated by description. Wildlife Trees will be preferentially retained within or at the edge of 
an HRA (Figure 5.1). 

 

Figure 5.1. Example Habitat Retention Areas and Wildlife Trees. 
Photo credits: Phil Detrich 

Regardless of harvest type, Wildlife Trees may be unevenly distributed prior to harvest. For this 
reason, we cannot establish a mandatory standard for the distribution of Wildlife Trees. It is still 
SPI’s intent to reach the objective of leaving an average of four per 20 acres. In the unlikely 
circumstances where the requisite numbers of Wildlife Trees are not available, Wildlife Trees will 
not be designated, but retention of existing trees will still occur in Habitat Retention Areas 
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(HRA). Given the protection afforded to HRAs, these trees will likely develop characteristics of 
wildlife trees over time. Age and tree density are the most significant contributing factors for 
trees to develop the characteristics of wildlife trees. The existing HF4 and HF2H stands generally 
have trees in the 120-year age class and if left in an HRA, many of these trees will likely persist 
for the rotation length (60 to 80 years), reaching a total age of 180 to 200 years. Over that time 
period, standing at high density in a shorter and younger growing stand, they will experience 
more wind, lightning, and other exposures that aid in creating wildlife tree characteristics and 
potential snags. 

5.2.7.4. Legacy Trees 

A Legacy Tree is any hardwood tree ≥36 inches dbh or non-merchantable live green conifer 
≥30 inches dbh. HRAs will be preferentially placed to include Legacy Trees within or at the edge 
of a HRA. The only exceptions to this retention standard are if the Legacy Tree has been 
determined to be an OSHA safety hazard, other regulation requires their removal, or under the 
exception specified in Management for Nest Structures (Section 5.2.7.1). Prior to the unit being 
harvested, Legacy Trees will be marked for retention or designated by description. 

5.2.7.5. Additionally Retained Trees 

The spatial distribution of structural elements and areas of dense cover are important 
components of spotted owl foraging habitat. SPI’s GPS transmitter study located spotted owls 
using many scattered perch trees within various foraging habitats, including lower successional 
stands (Appendix 3.6 and Appendix 3.8, and Atuo et al. 2018). In order to provide for perch trees 
in regeneration units, additional trees will be retained during harvest, such that there are no 
locations that exceed a distance of 150 feet from other retained elements (HRAs, Wildlife Trees, 
Legacy Trees) in or adjacent to the unit, or between a retained element and the existing forest 
edge. For this purpose, a forest edge is an edge between a proposed harvest unit and stands of 
HF2, HF3, HF2H, or HF4. Where such a forest edge does not exist, additional small hardwoods or 
conifers shall be retained along that edge every 300 feet to meet the desired spacing that there 
are no locations that exceed a distance of 150 feet from retained elements. Preference will be 
given to hardwoods. These additionally retained trees can be conifers at least 10 inches dbh or 
hardwoods that are at least 6 inches dbh at the time the unit is harvested (approximately one 
per 2 acres). 

When available, hardwoods are preferred, and in practice, the minimum diameters will likely be 
exceeded due to the irregular distribution of candidate trees in a given harvest unit. The 
retention of these trees will provide conservation benefits for spotted owls both immediately 
following harvesting and into the future as the retained trees and the surrounding forest stands 
mature. These additionally retained trees will provide perch trees for foraging in younger stands 
and may develop nest tree characteristics over time. If additionally retained conifers persist in an 
exposed “open grown” condition, they are more likely to develop characteristics often found in 
spotted owl nest trees, such as large lateral branches, high live crown ratios, and low height to 
diameter ratios (Sensenig et al. 2013). Habitat for spotted owls will be further enhanced, as these 
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additionally retained trees create another scattered height class to promote vertical 
heterogeneity in the regenerating stand. 

5.2.7.6. Hardwood Retention and Recruitment 

In all non-regeneration harvest areas, SPI will retain at least two hardwoods greater than 
22 inches dbh per acre, when available. If unavailable, the next largest diameter hardwoods will 
be retained at a rate of two per acre. 

In regeneration harvest units, SPI will retain small hardwoods (<6 inches dbh) or regenerate 
stump-sprouting hardwoods at a rate of two per regenerated acre where they exist and 
maintain them as co-dominants for the rotation of the stand. These retained/regenerated trees 
may be clumped within the harvested area. When maintained as co-dominants, these 
hardwoods will provide mast production during the life of the stand and recruit potential Legacy 
hardwoods or wildlife replacement trees through time for retention in the next rotation. This 
retention/recruitment standard will be demonstrated (after PCT) by the implementation 
monitoring reporting requirement. 

5.2.7.7. Snags, Green Culls, Down Logs 

In addition to individual Wildlife Trees, other structural elements will be retained to provide 
late/mature legacy structures in the Even and Mixed land classes. During all regeneration or 
non-regeneration harvest activities, SPI will retain, as feasible, non-merchantable snags and 
green culls (≥15 inches dbh) unless determined to be a safety hazard, obstructions to timber 
operations or a regulation requires their removal. The term “feasible” refers to the fact that some 
snags and green culls are accidentally knocked over or must be felled to carry out harvest 
operations. A non-merchantable conifer contains <25 percent merchantable volume that can be 
recovered as lumber. SPI does not pay loggers for the falling, yarding, or delivery of non-
merchantable conifers. The result has been an increase in the number of non-merchantable 
conifers being retained standing in the forest for the benefit of wildlife, including owls. If felled 
for safety reasons or knocked down during operations, trees or snags will be left on site or, if 
necessary, moved to a nearby safe location. Retention will not occur in any road right-of-way. 

Hazardous or obstructive snags ≥15 inches dbh that are felled (or toppled by operations) will be 
left on the ground as operationally feasible for the purposes of providing down wood for prey 
base production. Wherever they exist, large non-merchantable logs (≥20 inches large end) will 
be retained during harvesting and site preparation activities. 

A non-merchantable log contains <25 percent merchantable volume that can be recovered as 
lumber. To the extent practicable, these logs will be left undisturbed. If accumulations of snags 
and down wood create excessive fuel loading and preclude meeting the purposes of CFPR 14 
CCR §915/935/955 (Site Preparation), the RPF may propose treatments to remedy those 
conditions. In such cases, the RPF must balance snag and log retention with management of 
excess fuels and increased fire risk. 
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Large cull logs or trees may be removed if they are a safety hazard or carry pathogens 
detrimental to the future health of the plantation. Green cull trees felled due to the multiple 
risks they represent (e.g., shading, disease vectors, safety hazard) would then be treated as down 
logs and retained or treated as described above. 

5.2.7.8. Thinning in Plantations 

During pre-commercial and commercial thinning of plantations, SPI will leave 2 percent of the 
area un-thinned, which will remain until the next harvest entry. Preferentially, such areas would 
contain previously retained habitat elements. 

During the pre-commercial thin (PCT) the typical outcome is an 18-foot by 18-foot tree spacing. 
Two percent of the treated stand (or 0.4 acre per 20 acres) will be retained at the 13-foot by 
13-foot planting spacing. This retention is intended to promote natural density-induced 
mortality, which will increase the likelihood of recruitment of snags. Tree diameter estimated by 
the University of California Research Cooperative G-space (G-space) tree growth model is 
projected to be 16 inches to 18 inches dbh, the point when mortality is expected to begin to 
occur. While snags of this size may be of limited value as spotted owl nest sites, they will provide 
habitat for spotted owl prey species and important forest ecosystem function. PCT also will 
maintain the regenerating hardwood trees (two per acre) in a codominant/dominant crown 
position. 

Eventual commercial thinning is timed to avoid tree mortality predicted to occur by the G-space 
tree growth model. During the commercial thin, 2 percent of the treated stand (or 0.4 acre per 
20 acres) will be retained at the 18-foot by 18-foot PCT spacing. Tree diameter estimated by the 
G-space tree growth model is projected to be 24 inches dbh, at which point mortality is 
expected to begin to occur. The reason for this retention is to promote natural density-induced 
mortality. This retention will increase the likelihood of recruiting snags projected to be 24 inches 
dbh or larger in each of the retained islands. 

Due to the numerous factors that cause mortality, the models do not attempt to quantify 
mortality; they only estimate when such mortality will begin. Snags produced by high densities 
and those caused by other stochastic events will produce a continued supply of downed wood, 
in addition to the amount of smaller downed wood generated by harvesting. Such down wood 
provides habitat and foraging locations for spotted owl prey. 

5.2.7.9. Enhancement of Heterogeneity to Promote Spotted Owl 
Habitat 

Implementation of all the above retention measures will allow nest trees/structures, habitat for 
prey production, and stand structural complexity to be maintained or developed across the Plan 
Area. Retention and recruitment of habitat elements that provide cover or are known to support 
prey production can also enhance the reproductive output and survival of spotted owls. Many 
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owl researchers have suggested that within limits, such heterogeneity is beneficial to spotted 
owls (Franklin et al. 2000; citations summarized in Roberts 2017). 

5.2.7.10. Results of Retention in a Regeneration Unit 

This section summarizes the numerical effect of the above retention standards, from Legacy 
Trees, Wildlife Trees, HRAs, Regenerating Hardwoods and additionally retained trees. 

On SPI lands the most common hardwoods are black oak, red alder, aspen, tanoak, live oaks, 
madrone with miscellaneous other hardwood species also occurring. As described elsewhere in 
this HCP, hardwoods are important to owls for nesting/roosting structures and for promoting 
prey production. All mature hardwoods retained as individual Wildlife Trees, Additionally 
Retained Trees, and within the HRAs will, over time, contribute to meeting the large hardwood 
retention goal of supplying nesting and roosting structures and mast production. Regenerating 
sprouting hardwoods may or may not be evenly distributed within harvest units but will 
generally reflect their distribution prior to harvest. In other words, where hardwoods are found 
in a clumpy distribution, they will be regenerated in a clumpy distribution. Alternatively, where 
hardwoods are more evenly distributed across the landscape, they will be regenerated in a 
generally even distribution. The retained or regenerated sprouting hardwoods will be in addition 
to HRAs. 

The total number of trees per acre retained by each of the above measures is shown in 
Table 5.1. The estimate for the number of trees ≥12 inches dbh per unit that will be found in 
HRAs at 2 percent area retention was based on inventory plot data from HF4 and HF2 Mixed 
land class stands within the entire the Plan Area, covering approximately 1.5 million acres. The 
retention standards will result in an average of 4.34 to 4.64 trees per acre (87 to 93 retained 
trees in an average 20-acre unit) and will contribute to future stand structural heterogeneity (see 
Appendix 5.8, Diameter Frequency Distributions). These trees will be retained for the entire 
80-year rotation. These values are based on retention standard minimums, which are often 
exceeded in practice, and do not include existing adjacent WLPZs, retained snags and other 
scattered residual trees of various sizes and ages (Table 5.1; see Figure 5.2 for an example). 

Table 5.1. Estimated Trees (per acre) Retained in an Average Even-Aged Harvest Units. 

HRA Wildlife Trees 
Regenerated 

Hardwood Trees Legacy Trees Additionally Retained Trees 
Trees per acre 
≥12 inches dbh 
averaged over 
20-acre unit 

Total number of 
(4) averaged 
over 20-acre 
unit, per acre 

Hardwood 
<6 inches dbh or 
stump sprouting 
per acre 

Hardwoods 
≥36 inches dbh or 
Conifer Wildlife Trees 
≥30 inches dbh 

A maximum of 300 feet apart, 
approximately one per 2 acres 
(6 inches dbh hardwood or 
10 inches dbh conifer) 

1.64 0.2a 2 0 to 0.3 0.5 
a The distribution of Wildlife Trees is unknown prior to the field work being completed, but this standard is expected to lead to 

approximately 0.2 trees per acre (4/20 acre = 0.20) retained (averaged over the unit). Adding all retention averages 4.34 to 
4.64 trees/acre (87 to 93 trees in a 20-acre harvest unit). 

HRA = Habitat Resource Area 
dbh = diameter at breast height 
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While these elements are expressed in average tree per acre values as shown in Table 5.1, their 
actual distribution within the harvest units will be highly variable, depending on the pre-harvest 
distribution of key elements within those units. 

Figure 5.2 is an example of harvest unit with HRA, Wildlife Trees, Legacy Trees, additionally 
retained trees, scattered residuals and regenerated hardwoods (not visible at this scale). 
Section 6, Monitoring and Adaptive Management, will detail how these retention standards will 
be monitored and reported. 

 

Figure 5.2. Example of Retention in a Harvest Unit. 

5.2.7.11. Exemption Logging and Retention 

SPI will include the retention of HCP habitat elements described above in the standard THP 
language, which also makes them enforceable by CAL FIRE. However, a small percentage of SPI’s 
harvested volume and area occur under the CFPR’s Exemption process (CFPR Section 1038), 
which does not require advanced review or approval. The following briefly describes the 
“Exemption” process in general, SPI’s recent implementation of the process, and proposed 
application of the standards of the HCP. 

In 1973, the Board of Forestry under its legislative authority determined that certain harvests 
were considered de minimis and authorized such harvests to be “Exempt” from the THP process 
(the CEQA equivalent analysis). Trees harvested under the Exemption process are normally very 
recently dead trees or showing signs of pathogens that reduce forest health conditions. Large 
old trees (>48 inches dbh) are generally allowed to be harvested only if certain conditions are 
met (CFPR, 14 CCR 1038(h). As described in Section 5.2.7.3 (Wildlife Tree) and 5.2.7.4 (Legacy 
Tree), trees of this size likely meet the Wildlife Tree and Legacy Tree definitions. Because of past 
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harvesting, such trees are very rare on the Plan Area. Most trees remaining in this size class have 
the characteristics that result in them being protected by the described retention requirements. 

The CFPRs limit exemption harvests to less than 10 percent of the total volume per acre. Per the 
CFPRs, exemption harvests must be conducted by a Licensed Timber Operator (LTO) under the 
supervision of an RPF, who is responsible for filing the exemption forms and for ensuring that 
the harvest complies with all applicable regulatory standards. All other operational CFPRs must 
be followed and CAL FIRE does inspect these operations for compliance. CFPR exemption 
harvests have been conducted over the present SPI land base since the early 1970s. Despite past 
exemption harvesting, SPI 2012 structure inventory (Appendix 4.4, the Wildlife Structure 
Inventory) found on average one potential nesting/denning structure per acre in HF2L, HF2H 
and HF4 stands. 

This salvage effort is SPI’s way of keeping disease and insect damage from becoming epidemic. 
During 2015 through 2017, SPI harvested an average of about 3.9 percent of its total annual 
volume using the Exemption process. While only 3 years of data were immediately available for 
review in the SPI accounting system, this estimate is an accurate representation of exemption 
harvests over the past decades and into the future. SPI reports all exemption volume harvested 
as part of SPI annual harvest limits under Option A, but does not update stand level inventory 
estimates due to the very small impact these have on any stand volume estimate. While the 
exemption area itself may be large (in order to provide flexibility in identifying small patches of 
timber where pathogens may be affecting stands), the areas harvested often consist of 
individual trees or groups of trees and are so small that they are not mapped. 

The HCP will incorporate measures to protect occupied ACs from potential impacts of 
exemption harvest. As detailed in Appendix 5.4 (Spotted Owl Survey Methodology), SPI surveys 
have a 97 percent probability of detection of owls at occupied ACs. SPI has surveyed all suitable 
nesting habitat over the Plan Area in the past 5 years. Under the HCP, all future THPs will be 
surveyed in advance of operations, covering the Plan Area approximately every 5 to 10 years. 

Given the high probability of detection, the past and future survey coverage of all suitable 
nesting habitat, and the walk-in search of retired PZs, the likelihood of exemption harvest 
encountering a previously unknown active nest is so small as to be discountable. To further 
minimize the potential for take, in any retired PZ that is more than 0.5-mile from an existing 
occupied PZ, SPI will conduct a walk-in search prior to exemption harvesting during the period 
March 15 to May 30 (Fledging period is defined as beginning in late May, USDI 2012, Survey 
Protocol, Section 17.5). This is because retired PZs (described in Appendix 5.2, have 
3 consecutive years of non-occupancy) might be a likely location in an unoccupied area for a 
new AC to be established. If an occupied owl AC is detected it will be afforded the same 
protections as other occupied ACs (including a new PZ designation). 

Since January 1, 2016, SPI exemption harvest operations have been subject to the retention 
standards of the SPI Fisher CCAA, which are identical to those proposed in this HCP. Under the 
HCP, exemption harvest will be subject to all the protection and retention standards listed above 
in Section 5.2.2 (PZs), 5.2.5.2 (0.25-mile seasonal buffers), 5.2.5.3 (raptor policy) and 5.2.7 (habitat 



 

December 2018 

HCP for Northern and California Spotted Owl—SPI Forestland Management Program 85 

element retention). SPI will treat PZs for spotted owls as “known sites” per CFPR 14 
CCR 1038(b)(7) which states these sites shall not be disturbed, threatened, or damaged. Except 
as provided in Appendix 5.2 (which limit operations in PZs), exemption timber harvests will not 
occur in PZs. To this end, maps (including digital maps) of all PZs within the area covered under 
the exemptions shall be available and provided to LTOs and these PZs shall be clearly identified 
(including digital mapping) prior to operations. In addition, the following standards will apply: 

1. In areas where retention standards have not been applied and specific trees have not 
been designated, the responsible RPF will ensure that the exemption harvest does not 
remove trees qualifying as Wildlife trees, spotted owl nests/fisher dens, or Legacy trees. 

2. Inside previously harvested even-age units, no trees dead or alive that are within HRAs or 
otherwise designated for retention may be harvested under exemption salvage until the 
next rotation harvest (60 to 80 years from planting). 

Given the very limited and scattered nature of Exemption harvests and the HCP restrictions on 
these harvests, they are unlikely to have a significant impact on habitat element retention under 
the HCP. 

5.2.8. Conservation Measure 8: Addressing BDOW as a 
Stressor on NSO and CSO 

Sections 3.1.1 and 3.1.2 described the invasion of the Pacific Northwest range of the NSO and 
the Action Area by the BDOW. Sections 3.2.1 and 3.2.3 described what are apparently the early 
stages of a similar invasion of the Sierra Nevada range of the CSO. In the range of the NSO, 
extensive experiments are underway in which hundreds of BDOW are being removed to evaluate 
the response of NSO (Wiens et al. 2017). In the CSO range, the Service (USDI 2017) has 
recommended active monitoring and development of “a comprehensive barred owl 
management study and/or plan … before full barred owl expansion occurs within the range of 
CSO.” 

In implementing this Conservation Measure, SPI anticipates scientific information needed to 
further understand and help inform how to address BDOW as a stressor on NSO and CSO 
populations. With the apparent increase in BDOWs observed at former CSO sites in 2018 
(described in HCP Section 3.2.2), the need for data to inform potential management is becoming 
more evident. In addition to continued monitoring of the occurrence of barred owls on the 
Action Area, we are proposing to conduct several studies with four primary objectives: (1) assess 
the genetic differentiation of BDOW populations across northern and central California, 
(2) analyze allele frequency changes on the front of the range expansion, (3) estimate the 
amount of spotted owl – BDOW admixture in each population, and (4) identify wildlife species 
that BDOW prey upon in California. These studies would be carried out under agreements with 
the University of California San Francisco, the University of California Berkeley Museum of 
Vertebrate Zoology, and the California Academy of Sciences. These studies would require 
collection of up to 300 barred owls during the first 6 years of the HCP, if possible. Collections 
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would be carried out under all required permits from the Service and the CDFW. The proposed 
studies are described in detail in Appendix 5.5. 

Based upon the results from SPI’s BDOW research and other BDOW studies, SPI and the Service 
will jointly determine the appropriate level of effort required to further address BDOW as a 
stressor to NSO and CSO during the remainder of the HCP. Such efforts may include, but are not 
limited to, designing further studies that build upon the current research, additional monitoring, 
and reviewing the survey methodology to include BDOW specific calls. As applicable, SPI will 
seek the necessary Service and CDFW permits to implement future conservation efforts. If 
collection continues at the current rate of 50 per year, a potential total of 2,500 BDOWs might 
be collected over the permit term. However, if BDOW populations increase as found in other 
areas this estimate could rise to 100 to 150 per year (Diller et al., 2016). 

5.3. HEXAGON ANALYSIS SUMMARY 

5.3.1. Hexagon Modeling Results: Landscape PHA Distribution 

For the purposes of the HCP modeling, SPI used the 2016 habitat dataset for the entire 
ownership, which is based on SPI’s most recent updated plot inventories. That dataset was used 
to establish the baseline condition for PHAs in the Plan Area (and edges of the Action Area). In 
2016 in the Plan Area, there were 147 PHAs in the range of the NSO, and 723 PHAs in the range 
of the CSO. The combined total of 870 PHAs represents the starting condition of the metric for 
monitoring the trend in HCP Conservation Measure 1. 

The number of PHAs is projected to decrease by approximately 4 percent from 870 down to 
832 over the first 2 decades, followed by an upward trend that will result in a final total of 
1,729 (199 percent of the starting PHA count), over the permit term (Table 5.2, Figure 5.3, and 
Figure 5.4; for more detail see Appendix 4.3). As a result of SPI management, these habitats will 
be well distributed across the landscape and the amount of SPI land that qualifies to be included 
in PHAs will increase from 37.6 percent to 72.5 percent (Figure 5.3 and Table 5.3). The 
rehabilitation of past wildfire areas will result in 130 PHAs (25 in NSO range, 105 in the CSO 
range; 7.5 percent of the 2066 PHA count) developing over the permit term (Figure 5.4). (It 
should be noted that most of these fire origin PHAs included many of the proposed 
Conservation Measure 7 retention standards). 
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Table 5.2. Potential Habitat Area, Nest Hexagon, and Support Hexagon Numbers and 
Quality Rank Over Time. 

Year 
Potential Habitat Areas 

(number) 
Nest Hexagons 

(number) 
Support Hexagons 

(number) Quality Rank 
2016 870 1,287 453 7.9 
2021 852 1,267 437 7.9 
2026 852 1,251 455 7.9 
2031 873 1,289 457 7.9 
2036 832 1,231 433 7.9 
2041 906 1,292 520 7.7 
2046 968 1,344 592 7.6 
2051 1,270 1,726 814 7.4 
2056 1,402 1,950 854 7.6 
2061 1,543 2,256 830 7.8 
2066 1,729 2,704 754 8.3 

 

Table 5.3. Habitat Form Presence in Potential Habitat Areas, 2016 and 2066. 

Habitat Form 

2016 2066 Change, 2016 to 2066 

Acres 
Percent of 

PHAs Acres 
Percent of 

PHAs Acres 
Percent of 

PHAs 
HF5 6,510 1.1% 15,282 1.3% 8,692 0.2% 
HF1 46,539 7.9% 40,410 3.6% (6,129) (4.3%) 
HF2L 102,914 17.5% 135,517 11.9% 32,603 (5.6%) 
HF3 12,873 2.2% 16,268 1.4% 3,395 (0.8%) 
HF2H 150,482 25.5% 344,792 30.4% 194,310 4.9% 
HF4 270,322 45.8% 583,334 51.4% 313,012 5.6% 
HF2H and HF4 420,805 71.4% 928,127 81.7% 507,322 10.3% 
Net SPI 589,642 37.6% of SPI 1,135,604 72.5% of SPI 545,962 34.9% 

HF1 = Habitat Form 1; HF2L = Habitat Form 2, small tree; HF2H = Habitat Form 2, medium tree; HF3 = Habitat Form 3;  
HF4 = Habitat Form 4; HF5 = Habitat Form 5 

PHAs = Potential Habitat Areas 
SPI = Sierra Pacific Industries 
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Figure 5.3. Northern Spotted Owl (NSO) and California Spotted Owl (CSO) Potential 
Habitat Area (PHA) Change Over Time (includes the subset of PHAs from 
fire rehabilitation areas). 
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Figure 5.4. Year 0 and Year 50 Potential Habitat Area (PHA) Distribution within SPI Plan 
Areas. 

Additional descriptive statistics for the resulting PHA distribution are provided in Appendix 4.3, 
Table 4.3.11, which has overall data for all PHAs (including both CSO and NSO subsets). 

Important results from Appendix 4.3, Table 4.3.11: 

a. Average SPI ownership within individual PHAs exceeds 657 acres over the permit 
term (i.e., 65.7 percent of the 1,000-acre PHAs). 

b. Of all hexagons included in PHAs over the permit term, 68 percent to 78 percent are 
projected to be Nest hexagons. 

c. Average Nest hexagon’s proportion of HF4 is 46 percent or greater throughout the 
permit term. 

d. Minimum average size of the connected stand (HF2H & HF4) in Nest hexagons in 
PHAs is projected to be 204 acres at the end of the second decade and increases 
thereafter (ranging from 204 to 265 acres), indicating that SPI’s management does 
not fragment or isolate stands capable of providing necessary cover for spotted owls. 
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e. Total Plan Area acres qualifying as a PHA is projected to nearly double (from 
589,642 to 1,135,604 acres) during the permit period. 

In Section 4.4 and Appendix 4.3, we described the thresholds that determine when a hexagon 
begins to meet the Nest or Support status. As described in Appendix 4.3, SPI has developed 
quality ranking categories that give the highest values to PHAs composed of two Nest 
Hexagons. 

As with the PHA count, average PHA quality rankings are projected to remain stable for two 
decades, decrease slightly, then increase over the permit term. This outcome results from 
retention of a portion of existing Mixed and an increasing amount of Even HF4 that maintains 
the average ranking of PHAs at 7.4 or higher. The increase in Even HF4 is projected to be well 
distributed over the Plan Area resulting in the PHA distribution shown in the map (Figure 5.4 
above). The projected quality ranking and the total acres of HF2H and HF4 are displayed in 
Table 5.2. Detailed discussion of quality ranking and PHAs with maps and 50-year results can be 
found in Appendix 4.3. 

5.3.2. Trend of All Spotted Owl PHAs 

As of 2016, there were 870 PHAs (723 CSO and 147 NSO) on the Plan Area and portions of the 
Action Area. The hexagon analysis indicates the projected harvest would cause approximately 
28.8 PHAs per year (144 “lost” divided by 5 years) (3 percent of total period PHAs per year) to 
fall below threshold during the first 5 years (Figure 5.6). Modeling harvest, applying annual 
growth of stands, and recalculating the PHA status for the first 5-year period indicate that there 
will be a projected net reduction in PHAs of 28 (870 minus 852 or 3 percent). Over the first 
20 years of the permit period (i.e., harvest through 2035), the estimated net loss would be 
38 PHAs (870 minus 832 or 4 percent) of the starting PHA number (Figure 5.5). Detailed 
discussion of modeling PHAs, maps, and 50-year results can be found in Appendix 4.3. 

Importantly, the net increase in PHAs is projected to occur throughout the range of both CSO 
and NSO on the Plan Area. As shown in Table 4.3.12 (Appendix 4.3) the proportional increase in 
high density areas is greater than the proportional increase in low density areas. In areas where 
owls are presently at low density, it is possible that density may increase in the future, 
particularly if owl habitat develops in response to climate change. PHAs in such areas may have 
greater value in the future (see Figure 4.3.13 and Table 4.3.12 in Appendix 4.3). 
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Figure 5.5. Projected Trend in Northern Spotted Owl (NSO) and California Spotted Owl 
(CSO) Potential Habitat Areas (PHAs) Trend of CSO PHAs. 

As of 2016, there were 723 CSO PHAs on the Plan Area and the portion of the Action Area within 
0.25 miles of the Plan Area. The hexagon analysis, modeling only harvest, would project 
approximately 22.1 PHAs per year (111 “lost” divided by 5 years) (3 percent of total period PHAs 
per year) to fall below threshold during the first 5 years (Figure 5.6). Modeling harvest, applying 
annual growth of stands, and recalculating the PHA status for the first 5-year period indicate 
that there will be a projected net reduction in PHAs of 28 (723 minus 695 or 4 percent). During 
the first 20-year period this analysis projects a net reduction of 72 PHAs (10 percent); 90 percent 
of the starting PHA number will persist over the first 2 decades before increasing substantially 
due to ongoing growth in Mixed stands and ingrowth of Even stands in the latter decades of the 
permit. 
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Figure 5.6. Projected Trend in California Spotted Owl (CSO) Potential Habitat Areas 
(PHAs). 

5.3.3. Trend in NSO PHAs 

As of 2016, there were 147 NSO PHAs on the Plan Area and the portion of the Action Area 
within 0.25 miles of the Plan Area. The hexagon analysis, modeling only harvest, would project 
approximately 6.6 PHAs per year (33 “lost” divided by 5 years) (4 percent of total period PHAs 
per year) to fall below threshold during the first 5 years (Figure 5.7). Modeling harvest, applying 
annual growth of stands, and recalculating the PHA status for the first 5-year period, indicates a 
net gain of 14 PHAs (+9 percent). The analysis projects relatively steady increase over the first 
25 years to 182 PHAs (24 percent above the starting PHA number) before increasing 
substantially in the later decades of the permit period due to ongoing growth in Mixed stands 
and ingrowth of Even stands in the latter decades of the permit. The projected number of NSO 
PHAs over time under the HCP is shown in Figure 5.7. 
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Figure 5.7. Projected Trend in Northern Spotted Owl (NSO) Potential Habitat Areas 
(PHAs). 

5.3.4. Conclusion: Landscape PHA Trend 

This modeling effort and analysis of trend in PHAs indicates that based upon the best estimate 
of a modeled future, including all projected harvest and growth, SPI’s proposed management 
will meet the objectives of Conservation Measure 1. This primary Conservation Measure provides 
that SPI will increase the amount and distribution of habitat capable of contributing to survival 
and reproductive capacity of CSO and NSO on the Plan Area over the permit term. PHA 
distribution maps for Year 0 start, 0 to 20 change, 0 to 50 change, and the end of the 50-year 
term of the HCP are provided in Appendix 4.3. 

5.4. HEXAGON MODELING METHODOLOGY FOR OCCUPIED 
HEXAGON TAKE ACCOUNTING 

SPI has developed a methodology for projecting an estimation of the amount future take. The 
method analyzes projected harvest in Occupied Hexagons. SPI maintains a database of the 
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locations of all ACs for both NSO and CSO that can be intersected with the hexagon network. As 
described in the PHA accounting methodology (Appendix 4.3), individual hexagon status over 
the permit term can be defined according to percentages of HF4 and HF2H by intersecting the 
HF type map with the hexagon network (Table 5.4). This intersection is done at the beginning of 
a given modeling period, again after harvest, and then again after modeled growth for each 
period throughout the HCP term. A hexagon may change status because of changes in HF 
composition. Post-growth values become the following period’s starting condition. Tracking 
harvest impact across the 500-acre hexagon network in each model period allows assessment of 
the projected impact on every AC in Occupied Hexagons. 

Table 5.4. Definitions of Spotted Owl Nest and Support Hexagons for Take Estimates. 
Hexagon 

Type Threshold Habitat Conditions Requirements 
Nest a) At least 30 percent HF4 Must meet all three conditions (a, b, and c) and be 

based upon minimum 100 acres SPI land. 
Support b) At least 50 percent HF4 and/or HF2H Must meet one of the following options: 

• Conditions a and b 
• Conditions b and c 
• Condition b only 

c) At least one contiguous area (a 
potential nest stand) of at least 50 acres 
that includes at least 30 acres of HF4 
and 20 acres of HF2H 

Below 
Threshold 

None: This category is for all hexagons 
currently below Nest or Support 
thresholds. 

Fails to meet either a or b; may or may not meet c 

HF4 = Habitat Form 4; HF2H = Habitat Form 2, medium trees. 
SPI = Sierra Pacific Industries 

The projected status of an individual AC in an Occupied Hexagon is derived from the answers to 
the following questions regarding modeled harvest in each period: 

1. Did SPI harvest in the hexagon? (If no, “No Take” is estimated.) 

2. Did that harvest cause the hexagon status to drop from Support or Nest to below those 
thresholds? (If yes, an instance of “Habitat Take” is estimated.) 

3. Did that harvest occur in a hexagon that was Below Threshold at the beginning of the 
period? (If yes, an instance of “Habitat Take” is estimated.) 

For the purposes of quantifying potential “take” over the permit term, SPI uses the known 
occupied AC locations as of January 1, 2016, as the starting conditions for the modeling effort. 
ACs are not projected to move from their starting location for the purposes of this modeling 
effort. SPI considered other methodologies for projecting “movement” of ACs through time and 
determined that no methodology could simulate such movement without introducing 
significant speculation and uncertainty. 

Throughout the permit term, individual Occupied Hexagons will sometimes be projected to fall 
below established thresholds (see Table 4.3.7 in Appendix 4.3) due to modeled timber harvest. 
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The modeled occurrences of such future events are the basis for the projected amount of 
potential (modeled) take resulting from habitat changes that is proposed for authorization 
under the incidental take permit (i.e., a habitat-based surrogate for take via harm). In addition to 
projections, such events will be tracked as they occur in real time (based on actual harvest rather 
than projected harvest and continually updated AC locations determined by pre-operational or 
monitoring surveys) and will be counted annually as actual instances of potential take 
authorized under the permit. The annual analysis of take will identify and count the occupied 
hexagons where harvest occurred in below-threshold hexagons or where harvest resulted in the 
number of habitat acres falling below thresholds as a result of SPI harvest. 

5.4.1. Potential Sources of Error in Estimating Potential Take 

Two primary sources of error may occur using the analysis of projected take. Both generally tend 
to contribute to an overestimation of potential take. 

1. Overestimation of incidental take in the form of harm may result because habitat on 
non-SPI lands near SPI lands is not counted as habitat in the projections. The GNN 
analysis (Raphael et al. unpublished data, Appendix 3.4) found high amounts of 
combined nesting and marginal nesting habitat in 500-acre areas around CSO and NSO 
ACs (at 267 CSO low elevation sites: mean 78 percent, SD = 15 percent; at 295 CSO high 
elevation sites: mean 80 percent, SD = 12 percent; at 94 NSO sites: mean 74 percent, 
SD = 15 percent). That analysis of habitat was independent of ownership. When it is on 
other ownerships, such habitat is not included in the projection. Where present in 
occupied hexagons and around nearby ACs on other ownerships, it could serve to limit 
the actual effect. In such a case, projected estimation of NSO and CSO habitat amounts 
on SPI lands may indicate that harvest will reduce habitat to a level below the take 
threshold (and be projected as an instance of take), even if habitat on neighboring 
ownerships is sufficient for the hexagon as a whole to remain above the threshold. 

While SPI’s decision not to project habitat provided by other owners avoids speculation 
and reliance on habitat SPI doesn’t control, it will likely result in instances of 
overestimation of take projected for future periods. SPI’s annual reporting of harvest 
activity in Occupied Hexagons, including analysis of remote imagery of all habitat in the 
hexagons, will allow the Service to evaluate actual take (i.e., reduction below threshold or 
harvesting in a below-threshold hexagon) on an annual basis and compare actual take 
against the authorized amount. 

2. The model used to predict future growth and harvest may introduce some error into take 
projections due to the modeling interval used for these activities (a 5-year period). 
Harvest is modeled as occurring at the beginning of each 5-year period while growth is 
calculated at the end of each period. This may artificially inflate the projected estimate of 
habitat loss in relation to take thresholds during a given period. However, actual harvest 
and observed growth near ACs, with related changes in amount of Habitat Forms, will be 
reported to the Service each year. This will enable the Service to evaluate actions against 
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the take thresholds on an annual basis and compare actual take against the authorized 
amount. 

5.4.2. Analyzing Take in Spotted Owl Occupied Hexagons 

As described in Section 3, there are 809 ACs (121 NSO and 688 CSO) in the Action Area (i.e., out 
to 1.3 miles from SPI lands in the NSO range and 1.0 miles from SPI lands in the CSO range). 
During the first 5-year modeling period (starting in 2016), 66 spotted owl ACs (28 on SPI and 
38 others within 0.25 miles of SPI) were in hexagons where any projected harvest would meet 
the criteria for “habitat take.” These actions would be counted as instances of projected take in 
the form of “harm.” The projected take via harm would occur annually on average at 13.2 ACs 
(1.6 percent; 13.2/809) of the Plan Area/Action Area ACs. Whether this take actually occurs 
would be confirmed and potentially reduced from this estimate in the annual review of actions 
and conditions (see Section 6.3, Monitoring of Actual Take). Other factors also may reduce the 
likelihood that the projected amount of take would actually occur. For instance, the application 
of a PZ (as described in Appendix 5.2) in each occupied hexagon will withdraw habitat from 
access for harvest. 

The potential instances of take described above are the basis for the proposed amount of take 
that would be authorized in the permit. The actual amount of take that would be counted 
against the permitted amount is expected to be less, as a result of the temporal and site-specific 
application of the other conservation measures. Habitat accounting associated with the annual 
monitoring will identify stands that have grown into threshold condition; this actual annual 
accounting will find more habitat in most years than was projected as growth is occurring 
annually and the modeled impact on ACs is based upon harvest only. Further, pre-project 
surveys will identify ACs currently inhabited by spotted owls prior to timber operations. SPI’s 
modeled estimate is that habitat in 24 (36 percent) of the 66 hexagons where take could occur 
(and included in the estimate) will grow back above the threshold values in the same 5-year 
modeling period. The required annual monitoring will account for the actual location of PZs. 
Therefore, it is likely that the actual number of instances of habitat take will be less than those 
modeled. 

5.4.3. Potential Take of CSO in Occupied Hexagons 

This discussion considers the CSO as a subset of the discussion of all ACs above. There are 
367 CSO ACs (86 percent of the total of 428 ACs identified above) on or within 0.25 mile of the 
Plan Area. Thirty-two are in hexagons with less than 50 acres of SPI ownership and are therefore 
not included in the projected take accounting procedures. All Occupied ACs will be included in 
the annual take accounting process. Thus, 335 CSO ACs (367 minus 32 = 335) are within the 
range of the CSO in the Plan Area and Action Area out to 0.25 mile from the Plan Area. Using 
the same analysis described above, we estimated that take would occur at 56 CSO ACs over the 
first 5-year period (26 on the Plan Area, 32 in the Action Area), an estimated average annual 
impact of 11.6 ACs (1.9 percent of the 688 CSO ACs in the Action Area). 
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5.4.4. Potential Take of NSO in Occupied Hexagons 

This discussion considers the NSO as a subset of the discussion of all ACs above. There are 
61 NSO ACs (14 percent) of the 428 ACs of both subspecies identified above) on or within 
0.25 mile of the Plan Area. Seven are in hexagons with less than 50 acres of SPI ownership (and 
thus not included is the projected take accounting, but all Occupied ACs will be included in the 
annual take accounting process); all the remaining are in the hexagon network. Fifty-four NSO 
ACs are within the evaluated Plan Area and the Action Area out to 0.25 mile from the Plan Area. 
Using the same analysis described take is estimated to occur at 8 ACs over the first 5-year 
period (two in the Plan Area, six in the Action Area), an estimated average annual impact of 
1.6 ACs (1.3 percent of the NSO ACs in the Action Area). 

5.4.5. Summary of Projected Instances of Incidental Taking 

Summarizing the types and amount of incidental take projected to occur under the HCP: 

The distribution of modeled take by habitat modification over the permit term is shown in 
Table 5.5 (See Appendix 4.3, Hexagon Analysis). 

Table 5.5. Modeled Take by Habitat Modification by Decade over the Permit Term. 
Decade Decadal CSO Total Average/Year CSO Decadal NSO Total Average/Year NSO 

1 136 13.6 18 1.8 
2 150 15.0 29 2.9 
3 173 17.3 31 3.1 
4 119 11.9 21 2.1 
5 71 7.1 16 1.6 

Average 130 13.0 23 2.3 
CSO = California spotted owl 
NSO = northern spotted owl 

Direct killing or injuring of adult spotted owls at ACs: Negligible, as result of pre-project surveys, 
seasonal restrictions around ACs, PZs (all in Section 5.2.5), the SPI raptor policy (Appendix 5.7), 
and the ability for adults to escape harvest activities, we estimate its effect to be discountable. 

Direct killing or injuring of eggs or flightless juvenile spotted owls at ACs: Negligible, while there 
is an insignificant small chance that this might occur, we estimate its effect to be discountable. 

Direct killing or injuring of adult or fledged juvenile spotted owls away from ACs: Negligible, 
because these mobile birds are capable of avoiding timber operations, habitat exists nearby in 
500-acre cores and home ranges, and dispersal habitat exists throughout the Plan Area, we 
estimate its effect to be discountable. 
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In summary, the potential take via harm of spotted owls due to habitat modification based on 
the criteria of impacts on Occupied Hexagons is as follows: 

• For CSO, 649 projected instances over 50 years, on average 13.0 per year. 

• For NSO, 115 projected instances over 50 years, on average 2.3 per year. 

• The total annual instances of take are estimated to be 15.3 ACs (13.0 + 2.3) for CSO and 
NSO. 

5.5. IMPACT OF INCIDENTAL TAKING AT VARIOUS 
POPULATION SCALES 

Criteria in the federal ESA require an HCP applicant to evaluate the impact of the proposed 
taking (HCP Handbook, USDI 2016). To assess the potential importance of the taking in the 
context of regional and range-wide populations, the take projections were compared with 
spotted owl numbers known at various scales. Estimates of population change have been 
calculated based on demographic studies for both NSO and CSO. Prediction of spotted owl 
populations in future decades on the Plan Area, Action Area, or across the range of the two 
subspecies would be conjectural. Therefore, SPI compares the projected instances of incidental 
take with populations known at the present time and assumes that impacts will remain roughly 
proportional into the future. 

As reported above, there are 688 CSO ACs within the Action Area, which for the CSO includes 
the Plan Area and a 1-mile surrounding area. The 50-year average of 13.0 projected annual 
instances of incidental take would constitute about 1.9 percent of those ACs. As reported in HCP 
Section 3.2.1, approximately 1,865 CSO sites were known in the Sierra Nevada as of 2006 
(USFWS 2006); the projected annual instances of AC incidental take would constitute about 
0.7 percent of the Sierra Nevada CSO population. 

As reported above, 121 NSO ACs were in the Plan Area or within the Action Area, which for the 
NSO includes a zone of 1.3 miles around the Plan Area. The projected 2.33 average annual 
instances of incidental take would constitute about 1.9 percent of the ACs in the Action Area. As 
reported in HCP Section 3.1.1, there are approximately 3,128 NSO ACs in California. About 
1,595 (51 percent) of those are in the Klamath and the California Cascades Provinces, which 
include SPI lands. The 2.3 projected annual instances of AC incidental take would constitute 
about 0.14 percent of the NSO ACs in the Klamath and Cascades Provinces of California. 

As described in Appendix 4.3, several factors indicate that these annual rates of potential take at 
ACs are likely overestimated; the proportional projected impact at various scales is also likely 
overestimated. The actual amount of take that is counted against the permitted take is expected 
to be less, as a result of the temporal and site-specific application of the other conservation 
measures. Annual monitoring will identify where stand growth has moved hexagons into the 
threshold condition; this annual accounting will likely find more habitat in most years than was 
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projected since growth is occurring annually and the modeled impact on ACs is based upon 
harvest only. As detailed in Appendix 4.3, harvest is modeled for a 5-year period, projected take 
is assessed, and then growth for that 5-year period is added. 

The required annual monitoring of actions that might result in harm will account for the actual 
location of PZs and annual growth. Annual reporting and analysis of those ACs potentially 
impacted will assess the actual contribution of habitat outside of SPI ownership. Therefore, it is 
likely that some of the modeled take estimates will be not be realized in actual annual takes. 
Given that the present ratio of ACs to PHAs is approximately 50 percent, there would appear to 
be available habitat for dispersers or floaters. If the birds on these ACs do move, it is a 
reasonable assumption that they should find available habitat on the Plan Area (Appendix 4.3 in 
Figure 4.3.7). This is further supported by the fact that the average estimate of the starting 
condition in each period for all PHAs is never less 63.4 percent combined HF2H and HF4 
(Appendix 4.3 in Figure 4.3.8). 

SPI assumes that two adult spotted owls are associated with each occupied AC, and that both 
will be taken when an action creates an instance of projected harm. 

The amount of take in the form of harm will be offset by the overall increases in PHAs over time. 
During the permit term, the increase in the number of PHAs is projected to substantially exceed 
the loss of PHAs to timber harvest. The PHA numbers are projected to decrease by about 
4 percent over the first 20 years and then increase by almost 200 percent in the permit term 
(Figure 5.4). In the latter decades of the permit term, the number of PHAs are projected to 
increase substantially due to ongoing growth in mixed stands and ingrowth of planted stands 
(Even). Through the increase in PHAs, the potential benefit to the spotted owl is expected to 
exceed the impact over the life of the HCP. The expected increase in the number of PHAs is the 
direct result of an increase in the total amount and distribution of SPI land consisting of stands 
of high-canopy-closure larger trees. These stands will be accompanied by significant retention 
of older forest elements, as a result of the retention conservation measures. 

Outside of SPI lands, progress on recovery actions (USDI 2011) is not within SPI’s control. During 
the permit term, SPI would make proportional contributions toward these improved conditions, 
including aggressive fuels and fire risk reduction that will benefit adjacent landowners, and 
cooperation with agencies in amelioration of sites where contaminants are present in trespass 
marijuana growing operations. Research conducted by SPI on BDOW may enable progress 
toward the Services’ NSO Recovery Plan (USDI 2011): 

• Recovery Action 30: Manage to reduce the negative effects of barred owls on spotted 
owls so that Recovery Criterion 1 can be met. 

• Recovery Action 31: Develop mechanisms for landowners and land managers to support 
barred owl management using a collaborative process. 
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• And from the Service’s CSO Conservation Objectives Report (USDI 2017): 

o Barred Owl Conservation Objective: Establish and implement a monitoring and 
management study. 

The benefits to spotted owls from successful implementation of this HCP will exceed the 
projected impacts and minimize or mitigate to the maximum extent practicable the impacts of 
the taking resulting from the covered activities. 

5.6. BENEFITS OF THE HCP 
SPI has concluded that this HCP should meet the statutory and regulatory requirements for 
issuance of incidental take permits under the federal ESA and CESA. SPI has the most extensive 
industrial forest ownership in the California range of the NSO and CSO. In SPI’s opinion, the 
benefits to spotted owls from successful implementation of this HCP will exceed projected 
impacts and minimize or mitigate to the maximum extent practicable the impacts of the taking 
resulting from the covered activities. An even broader conservation benefit will occur with the 
ensured establishment of this overall habitat management on these important fractions of the 
subspecies’ ranges. The HCP provides conservation benefits for both the federally protected 
NSO and the CSO if CSO becomes listed under the federal ESA. In addition, the HCP measures 
go beyond what is assured under existing take-avoidance protections for federally protected 
NSO. 

Extensive conservation benefits associated with the HCP are briefly reviewed below. 

Over the Permit term, the number of PHAs is projected to increase from 870 to a final total of 
1,729 (199 percent of the starting PHA count). A PHA is based on important component parts of 
a potential territory for a reproductive pair of spotted owls and their offspring. These 
components include nest stands, the surrounding core use areas, and central portions of the 
home range that receive high use relative to other portions of the territory and home range. The 
net increase in PHAs is projected to occur throughout the range of both CSO and NSO on the 
Plan Area. 

This HCP would also result in a significant net increase in nesting habitat of medium-tree-high-
canopy and large-tree-closed-canopy Habitat Forms (HF2H and HF4) over the permit term. 
Forty-three percent of today’s Mixed stands will be retained throughout the permit period, and 
the planting, management, and growth of even-aged crop trees will combine with volunteer 
understory conifers to create multi-storied stands averaging more large trees than in today’s 
Mixed stands. Continued harvest and growth will create a variety of forest conditions that can 
reasonably be expected to provide habitat for important prey species. 

With respect to the NSO, the HCP would bring benefits beyond the existing protections under 
the take avoidance standards of the CFPRs and the Service’s take avoidance guidelines. In 
particular, 11,762 acres of the best nesting and roosting habitat surrounding 34 NSO ACs will be 
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removed from the harvest rotation for the permit period regardless of its occupied status, to 
serve as a habitat or habitat that may be re-occupied in the future. 

Other important benefits will include all of the mandatory retention and limits described in 
Section 5, including AC PZs, HRAs, Legacy Trees, Wildlife Trees, former spotted owl nest trees, 
additionally retained trees, hardwood recruitment, retention in thinned plantations, retention of 
snags, green culls, and cull logs, and retained elements in salvage harvest of burned areas. In 
combination, these measures will contribute to earlier formation of owl habitat as planted 
stands grow into medium-tree high-canopy and large-tree closed-canopy Habitat Forms (HF2H 
and HF4) over time. The PZ designations currently include 21,706 acres and will vary with 
movement of Occupied ACs. SPI has committed to maintain approximately 80 percent of this 
value over the permit term (see Section 5.2.2 and Table 6.2). 

The HCP would ensure implementation of key scientific studies that would be voluntary without 
an HCP. These include continued monitoring of owl occupancy in the NSO Landscape Study 
Area and in the CSO Watershed Study Areas, with establishment of adaptive management 
triggers for annual, 5-, 10-year, dynamic and multi-state occupancy monitoring and detection of 
declines. The HCP also would ensure the implementation of key scientific studies related to the 
invasion by BDOW. The regulatory stability of the HCP will contribute to SPI’s ability to continue 
providing 5,150 family wage jobs and renewable carbon-friendly wood products to society. 
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6. MONITORING AND ADAPTIVE 
MANAGEMENT 

SPI’s monitoring strategy will: 

3. Monitor landscape-scale habitat conditions across the Plan Area; 

4. Annually track and report the number and spatial distribution of PHAs; 

5. Report annually estimated potential take from that year’s projected harvest, and from 
the previous year’s actual harvest; 

6. Continue to monitor and report spotted owl occupancy trend in six monitoring density 
study areas distributed across the range of each subspecies; 

7. Monitor movement of spotted owl ACs in response to timber harvest; 

8. Monitor implementation of retention standards; 

9. Early in the third decade, meet with the Service and CDFW to review monitoring results 
over the first 20 years and determine the necessity of and potential methodologies to 
evaluate spotted owl use of planted forests that have developed with the retention 
standards described in Section 5 of this HCP; 

10. Monitor compliance with the HCP; 

11. Monitor barred owls; and 

12. Report to the Service on these monitoring efforts by June 30 of each year. 

Each item in the above list will be further discussed under the subsections of this section below. 

As feasible, SPI will continue to gather detailed data and to apply the most recent technologies 
and statistical methods to gain more insights to meet SPI commitments in this HCP. These 
combined monitoring efforts will inform SPI and the Service and CDFW if there is any trend 
towards exceeding the estimated level of authorized incidental take, and if necessary, trigger a 
process with the Service to develop and implement adaptive management actions to reduce 
potential take for the remaining term of the ITP. Further, this monitoring will provide important 
information to SPI and the Service regarding the implementation of the Conservation Measures. 



 

December 2018 

104 HCP for Northern and California Spotted Owl—SPI Forestland Management Program 

6.1. MONITORING HABITAT CONDITIONS ACROSS THE 
PLAN AREA 

SPI will annually update the base Habitat Form polygons for all changes in the Plan Area. This 
will include scheduled timber harvest, any unplanned land disturbance, and tree growth. A 
detailed summary of forest inventory procedures conducted on SPI timberlands can be found in 
Appendix 4.3. 

SPI maintains all the necessary GIS data layers for all stand boundaries and uses these stand 
boundaries to accumulate the plot data into the average values needed to categorize stands 
into Habitat Forms. A planted stand survey will be used to provide information to describe each 
planted stand, and then all data used to develop Habitat Form categories. SPI’s cruise manual 
and regeneration survey procedure are in appendixes (Appendix 6.2, Cruise Manual and 
Appendix 6.3, Regeneration Survey Procedure). 

The amount of Habitat Forms will be summarized by spotted owl subspecies range in the annual 
report. The report will include a narrative that describes the Mixed- or Even-origin status of the 
total Habitat Forms. 

6.2. MONITOR POTENTIAL HABITAT AREAS 
Each year after the update of the inventory and the Habitat Forms is completed, SPI will re-
intersect the fixed hexagon set with the Habitat Forms and reevaluate each hexagon according 
to the hexagon class rules and aggregate them into PHAs. The number of PHAs lost/gained and 
the total number of PHAs will be reported annually to the Service. Spatially explicit maps along 
with a descriptive narrative of PHA change will be provided. Amount of Habitat Forms will be 
summarized by PHA in the annual report. The report will include details as to Mixed-origin or 
Even-origin status of the Habitat Forms in the PHAs and changes in quality ranking. Reports also 
will provide narratives describing the subtotals for high- and low-density areas by subspecies. 

6.3. MONITORING POTENTIAL AND ACTUAL INCIDENTAL 
TAKE 

On an annual basis, SPI will intersect its projected harvest units with the hexagon-based Habitat 
Forms and evaluate the projected change in habitat conditions under the standards for take 
from habitat modification for all occupied hexagons. These standards are described in Table 5.4 
in Section 5.4. After the first year of plan implementation, the proposed take estimates for the 
coming year will be reported to the Service annually prior to the breeding season, including a 
narrative description, list and map of each occupied hexagon where take is projected to occur 
via habitat modification. This potential take report will be submitted to the Service by 
February 28 of each year. A summary of the previous year’s accounting of potential take, 
including a process narrative, maps and data, will be provided in the June 30 complete annual 
report. At the second biannual meeting (see Section 6.10, Reports and Annual Meetings) each 
year, this complete annual report will provide the basic information for the Service’s final 
determination of actual take for each previous calendar year of the permit term. 
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6.4. MONITORING STUDY AREAS 
SPI currently maintains five density study areas representing the high-density area within the 
range of the CSO in the Plan Area along a north-south transect on the west slope of the Sierra 
Nevada (Figure 6.1). Another large study area in Trinity County represents the high-density area 
within the NSO range on the Plan Area (Figure 6.1). 

The amount and relative percentage of SPI lands in existing and proposed study areas for this 
monitoring program are shown in Table 6.1. These studies will continue the ongoing occupancy 
monitoring started in 2012 for CSO (Roberts et al. 2017) and in 2003 for NSO (as shown in 
Appendix 3.1). 

Table 6.1. Monitoring Study Areas: Size and Percentage of HCP Activity Centers. 

Monitoring Study Areas 
SPI Acres in 
Study Area 

SPI Total 
Acres in 

Study Are 

Percent 
SPI Land 
in Study 

Areas 
Sub-

species 
Map Label 
(Figure 6.1) 

South Fork Mokelumne River 17,637 30,147 59% CSO CSO 1 
South Fork Cosumnes River 22,237 33,518 66% CSO CSO 2 
Stumpy Meadows 18,953 28,444 67% CSO CSO 3 
Chalk Bluff 5,646 29,972 19% CSO CSO 4 
Fall River 14,514 21,900 66% CSO CSO 5 
Proposed Antelope Creek 26,489 34,082 78% CSO CSO 6 
Weaverville 142,442 307,408 46% NSO NSO 1 

Total 247,917 485,471 51% 
 

Study Areas Summary 

SPI acres in 
Study Areas 
by Density 

Area 

SPI Total 
Acres by 
Density 

Area 

Percent 
SPI in 
Study 
Areas 

HCP ACs 
on SPI or 

Within 
0.25 Mi. 

HCP 
ACs in 
Study 
Areas 
(2018) 

Percent 
of HCP 
ACs in 
Study 
Areas 

CSO High Density Area 105,476 841,692 13% 349 56 16% 
CSO Low Density Area – 346,579 0% 18 0 0% 
CSO Study Areas Total 105,476 1,188,271 9% 367 56 15% 

NSO High Density Area 142,442 200,275 71% 56 53 95% 
NSO Low Density Area – 177,607 0% 5 0 0% 
NSO Study Area Total 142,442 377,882 38% 61 53 87% 

Study Areas Total 247,917 1,566,153 16% 428 109 25% 

AC = Activity Center 
CSO = California spotted owl 
NSO = northern spotted owl 
SPI = Sierra Pacific Industries  
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Figure 6.1. 
SPI Lands - Current and Proposed 
Density and Occupancy Study Areas.

Legend
CSO - High Density
CSO - Low Density
NSO - High Density
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SPI NSO boundary
Density study area
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Basemap source:  USGS The National Map: National Boundaries Dataset, National Elevation Dataset,
Geographic Names Information System, National Hydrography Dataset, National Land Cover Database,
National Structures Dataset, and National Transportation Dataset; U.S. Census Bureau - TIGER/Line; HERE

Note: CSO 6 is a proposed new study area.
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If improved technologies or modeling systems become available and are economically feasible, 
SPI and the Service will confer to amend the monitoring proposal to enhance the ability to 
evaluate the trends in these subspecies. Loss of study areas ACs to wildfire or other disturbance 
to the extent that prevents meeting the statistical goal of the occupancy study will constitute a 
changed circumstance (HCP Section 7, Changed Circumstances). 

SPI does not propose monitoring the CSO or NSO in the low-density areas (see Figure 6.1) 
because these areas are at the edge of each subspecies’ range. At this time, monitoring at the 
range edge is unlikely to provide information regarding trends that would inform adaptive 
management. If owl distribution changes with potential climate change, SPI will confer with the 
Service regarding necessary changes in monitoring areas. 

A sixth study area may be established near the northern end of the Sierra Nevada, in an area 
that is primarily SPI property (Figure 6.1). This study area will not be added to the existing 
dataset as there is currently no existing population to monitor occupancy. This is an area that 
has lacked spotted owls for several decades but appears to be on the leading edge of re-
occupation (J. Kelley, biologist with 25 years of experience in this area, pers. comm.). It is the 
intention to monitor the advance in understanding of the reoccupation process. This additional 
study area may provide a potential replacement for one of the five study areas, should that 
become necessary. After 20 years, SPI will consider whether to include it into the complete 
occupancy analysis or to discontinue. 

Comparison of Study Areas to SPI Lands 

Comparisons of elevation, percent ownership and percent Habitat Form are provided for the 
CSO study areas and the NSO study area in Figure 6.2 and Figure 6.3, respectively. 

Elevation is compared between the study areas and the Plan Area in the high-density zones for 
each of the Covered Species. Over the elevation range from 2,000 feet to 6,000 feet in 500-foot 
increments, the percentage of study areas and the SPI Plan Area within each elevation increment 
does not differ by more than 10 percent. 

Percent ownership in study areas is compared to the percent ownership of the entire high-
density zones for each Covered Species. In both cases the percent of Plan Area ownership 
exceeds the percentage in the high-density areas (by 23 percent for CSO and 15 percent for 
NSO). This is to be expected since the study areas were selected on a contiguous area basis and 
intended to study SPI management impacts. 

Habitat Form percentage in the study areas is within 4 percent of the proportional amounts in 
the high-density zone, except for HF4 in the CSO study areas, which is about 9 percent higher 
than the Plan Area. The percentage of Habitat Form 4 in the various CSO study areas ranges 
from 32 percent to 56 percent, which is similar to conditions across the Plan Area. 
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Figure 6.2. California Spotted Owl (CSO) Study Area Comparisons. 
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Figure 6.3. Northern Spotted Owl (NSO) Study Area Comparisons.  
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The occupancy study areas provide valid areas for comparison because they are representative 
of the Plan Area in terms of spatial distribution, proportion of elevation, percentage of SPI 
ownership, amount of Habitat Forms, and amount of timber harvest. The similarities between 
the occupancy study areas and the remainder of the Plan Area are discussed below. 

The spatial distribution of the study areas within the Action Area is shown on the map in 
Figure 6.1. The NSO study area comprises over 70 percent of the NSO high-density area. The 
five CSO study areas comprise 13 percent of the Plan Area in the CSO high-density area and are 
arrayed from north to south across the central portion of the Plan Area in the CSO range. 

Within the spotted owl monitoring study areas, SPI monitors the following owl metrics annually: 
AC locations, presence/absence of owls from known sites; density of population within study 
areas based on complete survey of study area; occupancy (daytime detection); social status 
(absence, single, resident single, pair, nesting pair, reproductive pair); reproductive status 
(nesting/not nesting), and reproductive success (number of young). From these data, additional 
analyses of the sampled population can occur regarding the probability of detection, fecundity, 
productivity, and movement of ACs. Additionally, all owls that can be captured in or near the 
study areas are banded for potential re-sighting in the future, which will aid in the long-term 
understanding of the studied population. 

6.5. MONITORING SPOTTED OWLS 

6.5.1. Monitoring Occupancy of Spotted Owls 

The purpose of monitoring habitat occupancy by Covered Species is to detect changes in 
Covered Species populations in high-density areas in the Action Area over the 50-year permit 
term. Several methods and time intervals will be used to detect trends and provide insight as to 
whether any observed trends are related to the Covered Activities. As described in more detail 
below, occupancy monitoring will include 1) review of annual and rolling 5-year changes in 
occupancy as an early-warning system for substantial changes, 2) statistical trend analysis of 
occupancy data at 10-year intervals, 3) multi-state modeling of occupancy at 5-year intervals to 
corroborate the trend analysis, and 4) a habitat use study at the 15-year interval to evaluate 
potential changes in habitat use. 

Analytical Framework 

SPI has established an analytical framework using the annual survey data from the study areas to 
test for and detect declines in spotted owl occupancy rates. A tiered monitoring approach will 
be implemented to identify both short-term and long-term changes in population status over 
the next 50 years. The proposed process will entail annual occupancy determination, 5-year 
rolling assessments and decadal evaluations. 

The primary quantitative goal for these occupancy study areas is to have sufficient statistical 
power to detect a 25 percent decline in occupancy over a 10-year period if it occurs, similar to 
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the Mexican Spotted Owl (MSO) Recovery Plan (USDI 2012). The MSO strategy is referenced 
because it recommended the desired level of statistical power to detect declines, whereas the 
NSO Recovery Plan did not [USDI 2011]). SPI’s goals for the statistical power to detect declines 
for this HCP is as follows: 

1. For each Covered Species (i.e., NSO and CSO), a statistical power of 1-β = 0.80 to detect 
a 25 percent relative decline in occupancy over a 10-year period at α = 0.10 1-tailed; 

2. For the combined Covered Species, a statistical power of 1-β = 0.90 to detect a 
25 percent relative decline in occupancy over a 10-year period at α = 0.10 1-tailed. 

As explained below, SPI will use Covered Species occupancy trend estimates (a, above) for one 
of the Adaptive Management thresholds. Given the number of sites available for the NSO, in the 
future it may not be possible to maintain the 80 percent statistical power, since all available sites 
are already in the study. 

Annually, the most recent 5 years of occupancy data will be used to identify significant short-
term declines. Over 5 consecutive years, there is only a 6.25 percent { �1

2
�
4

= 1
16

= 0.0625 } 
probability of detecting a 5-year trend of declining occupancy by chance alone (Appendix 6.1, 
Monitoring Study Power Analysis). 

Annual Review of Occupancy Monitoring Data 

In advance of each 5-year assessment, (as described in Appendix 6.1) SPI will also compare 
annual occupancy estimates against average occupancy rates over the term of data collection. 
SPI has estimated annual spotted owl occupancy rates on its ownership since 2013. The average 
occupancy rate has been slightly increasing at a rate of 1.2 percent (SE = 0.013) over this time 
period. If in any given year, the annual occupancy rate for either Covered Species declines by 
more than 5.0 percent, such a result could reflect regional variation, signal environmental 
changes, or indicate that SPI’s management strategy may not be providing sufficient habitat to 
support spotted owl occupancy. 

Response to Annual Occupancy Monitoring Results 

If such a decline is observed, SPI will conduct a further evaluation of individual Covered Species 
populations among each of the monitoring study areas to assess factors that may be potentially 
influencing the decline. SPI will then evaluate the potential causes of the decline to determine if 
it is consistent with regional variation, might be attributed to Covered Activities, or other 
environmental factors. SPI will submit this analysis to the Service at the next scheduled biannual 
meeting. SPI will then confer with the Service to consider if observed occupancy parameters 
trends could be related to habitat modification by Covered Activities. If there is such a 
relationship, in cooperation with the Service, SPI will consider additional monitoring to evaluate 
the decline. A single year’s monitoring result will not trigger the need for additional action. 
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Response to 5-Year Occupancy / Multi-State Monitoring Results 

Information gained from annual assessments will be used to assess if cumulative changes 
exceeding 10 percent over a 5-year period have occurred. The 5-year occupancy analysis will be 
conducted following the power analysis developed by Skalski (2018) (Appendix 6.1, Monitoring 
Study Power Analysis). In addition to this assessment and analysis, trends will also be 
determined using a multi-state/multi-season occupancy model approved by the Service and 
using the SPI-collected study area monitoring dataset. An example is the model used by 
Hobart et al’s. unpublished manuscript (the comparative El Dorado National Forest/SPI 
occupancy dataset, 2018). The Hobart effort was modeled using the program PRESENCE. 

SPI will provide a proposed multi-state / multi-season model to the Service within one year after 
issuance of the permit. Thereafter, the Service will approve the model for SPI’s use prior to the 
end of the second year after permit issuance. SPI will maintain and run the model every 5 years 
during the term of the permit. SPI will notify the Service of any proposed changes to the multi-
state / multi-season model based upon new information obtained by SPI. The Service will 
approve any model changes prior to use by SPI. 

If there is a substantial difference between the results of both models, the difference will be 
discussed at the next bi-annual meeting. If either model indicates a decline (cumulative 
>10 percent), SPI will provide an analysis to the Service assessing whether the trend could be 
related to SPI Covered Activities, regional variation (e.g., based on the monitoring study areas), 
or environmental factors. 

At the next biannual meeting, if the trend is mutually determined to have a significant 
relationship between observed occupancy parameters and habitat modification by Covered 
Activities, SPI and the Service will confer under Adaptive Management (Section 6.11). Together 
the parties will evaluate potential changes to Covered Activities or thresholds for estimating 
take, to address whether management actions could reverse negative population trends, and 
how those actions might be implemented by SPI. In addition, the parties will consider whether 
to initiate the planned 15-year habitat use study at an earlier date. 

If the trend is mutually determined not to have a significant relationship between observed 
occupancy parameters and habitat modification by Covered Activities, SPI and the Service will 
confer under Adaptive Management (Section 6.11) to evaluate other mutually-agreed-upon 
potential remedies that could reverse negative population trends and how those actions might 
be implemented by SPI. 

Response to 10-Year Occupancy Monitoring Results 

In Year 11 of the ITP, SPI will prepare two analyses of Covered Species occupancy using the 
power analysis developed by Skalski (2018) (Appendix 6.1, Monitoring Study Power Analysis), 
and the Service-approved multi-season/multi-state occupancy model. SPI will submit these 
analyses to the Service for review. These analyses will assess whether the trend could be related 
to SPI Covered Activities, regional variation (e.g., based on the demographic study areas) or 
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environmental factors. If there is a substantial difference between the results of both models, the 
difference will be discussed at the next bi-annual meeting. 

If a significant negative trend is detected in occupancy modeling results, defined as a 
>25 percent relative decline from the starting occupancy of a Covered Species over a decadal 
period, SPI will meet and confer at the next scheduled biannual meeting with the Service to 
discuss appropriate Adaptive Management (Section 6.11) responses. 

If the Service determines that it is reasonably certain a significant relationship exists between 
observed occupancy parameters and habitat modification or other impact by Covered Activities, 
SPI and the Service will evaluate potential changes to Covered Activities or thresholds for 
estimating take, to address whether management actions could contribute to the reversal of 
negative population trends, and how those actions might be implemented by SPI. The Service 
will then notify SPI of any changes or addition to Covered Activities that are reasonably 
necessary to aid in reversing or slowing these negative trends. In addition, if the Service 
determines that cumulative changes have a significant relationship between observed 
occupancy parameters and habitat modification or other impact by Covered Activities, the 
Service will consider whether the planned 15-year habitat use study should be initiated at an 
earlier date. 

If the Service determines that the negative occupancy trend in Covered Species is unlikely to 
have a significant relationship between observed occupancy parameters and impacts resulting 
from Covered Activities, SPI and the Service will then meet and confer, and identify mutually-
agreed-upon actions that SPI could take to contribute to the reversal the negative trend, and 
how those actions might be implemented by SPI. 

Habitat Use Study 

In the Year 15 of the permit term, SPI will conduct a habitat use study comparable to the studies 
in Appendix 3.6 (Northern Spotted Owl Telemetry), Appendix 3.8 and Atuo et al. 2018 (California 
Spotted Owl Telemetry). Given the expense and potentially duplicative nature, additional habitat 
use studies will only be undertaken if there is declining occupancy performance in a 10-year 
review that could be related to the Covered Activities under the HCP. 

6.5.2. Monitoring Spotted Owls in Response to Harvest 
Operations 

As described in Sections 5.2 (PZs) and 5.5 (Pre-Operational Surveys, seasonal buffers, raptor 
policy), numerous surveys and protection measures will result in a very low likelihood of take of 
breeding spotted owls and their young at ACs. Based on locations of ACs, PZs will be updated 
annually (as new YAC information is collected). Updated PZ location information will be 
provided to SPI personnel and contractors as relevant to Covered Activities and amended into 
THPs as necessary. If Covered Species are accidentally killed or injured during Covered Activities, 
the Service will be notified within 72 hours and a written report of the event will be transmitted 
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to the Service within 10 business days from such an occurrence. All such incidents also will be 
documented in the annual report. 

SPI expects that the establishment of PZs and the measures for preventing disturbance will 
minimize the effects of timber harvest activities. To confirm this, movements of ACs and 
continued spotted owl use of PZs will be included in the detailed monitoring of the Study Area 
ACs near both harvested and unharvested areas in the occupancy study areas. The study area 
ACs (76 NSO, 67 CSO) as of 1/1/2018 represented a 33.4 percent sample of the 428 ACs in the 
Plan Area and the portion of the Action Area out to 0.25 miles. At the first biannual meeting 
each year, SPI will report results of this AC movement monitoring for the previous survey 
season. SPI and the Service will confer and jointly decide if additional monitoring or changes in 
this monitoring are necessary. It is assumed that if negative impacts from harvest near ACs are 
discovered they will cause effects and be addressed as detailed in Section 6.5.1 (Occupancy 
Monitoring). 

Several of the measures in this HCP present a new approach to conserving spotted owls, and 
validating this approach is important. The study areas, as described, will provide information 
regarding trends in occupancy in the long-term. However, information regarding owl response 
at the local level and in the short-term is needed as an early pulse check on the validity of these 
measures. 

Owl PZs outside the study areas (subject to SPI harvesting within 0.5 miles) will receive 
additional post-harvest monitoring.  SPI and the Service will work collaboratively to prioritize the 
monitoring locations.  SPI and the Service will also collaboratively examine data resulting from 
this additional monitoring and determine if adaptive management actions are needed. 

6.6. MONITOR IMPLEMENTATION OF RETENTION 
STANDARDS 

SPI will retain habitat elements per Section 5.2.7 as a part of its harvest activities during 
implementation of this HCP. Under CAL FIRE authority for regulating timber harvest, the 
retention of elements is ensured by making them enforceable in the THP process and they will 
be monitored annually by third party Sustainable Forestry Initiative (SFI) audits. NAIP imagery 
will also be utilized to assess and ensure retention standards are being met. In the proposed 
biannual meetings SPI, will provide opportunity for field review of both completed retention and 
proposed retention in unharvested units. Many of the retention elements can only be accurately 
assessed for compliance after PCT is completed. PCT generally occurs in the first 10 years post 
planting. In Year 11 of the permit term (estimated to be 2030), in cooperation with the Service, 
SPI will develop a statistically reliable post-PCT subsample inventory of retained elements using 
visual evidence (e.g., drone video) as an additional compliance monitoring component. 
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6.7. MONITOR SPOTTED OWL USE OF EVEN-ORIGIN 
HABITAT 

The occupancy studies described in Section 6.5 above will provide information over time as to 
how SPI’s conversion to Even-origin habitat may be affecting the spotted owl. As shown in 
Figure 4.3.11 in Appendix 4.3 (Hexagon Analysis), in the third decade of the permit term the 
average amount of Even-origin HF4 in PHAs is projected to increase from 8 percent to 
18 percent and begin to potentially play a more significant role in providing habitat. In the 
21st year of the permit term (estimated to be 2040), SPI will meet with the Service to review 
monitoring results over the first 20 years and the Service will determine the necessity of and 
jointly develop additional methodologies to specifically evaluate spotted owl relationships to 
and use of planted forests that incorporate the retention standards described in Section 5.2.7 
(Habitat Element Retention). If the study determines there is a negative relationship between 
Occupancy and Covered Activities, adaptive management responses might include, but not be 
limited to, conducting an AC ranking analysis for either subspecies (to potentially change 
protection measures for high rank ACs), increasing the threshold for take estimation, increases 
to Conservation Measure 7 (Retention) standards, reduction in the size of clearcuts, implement 
group selection silviculture for some portion of even aged silviculture, or increases in riparian 
buffer widths in clearcut silviculture. 

6.8. COMPLIANCE MONITORING 
Compliance monitoring is intended to ensure that all Conservation Measures and other HCP 
commitments are being fully implemented during the term of the ITP. Compliance monitoring 
will be ensured by requiring that the annual report include 1) an advance certification by an RPF 
that Covered Activities as planned will comply with the requirements of the HCP, and 2) a 
certification by a RPF with direct knowledge of the HCP that implementation was consistent with 
the HCP and all Conservation Measures during the past year. 

Compliance monitoring and reporting requirements for each individual Conservation Measure 
are described in Table 6.2 below. Each annual reporting requirement will include a narrative of 
what is being presented or reported along with any necessary supporting maps, lists, tables. 

If SPI identifies any failures to comply with the terms of the ITP during its compliance 
monitoring, SPI will place these on the agenda for the biannual meetings and propose a plan to 
remedy any non-conformity. In doing so, SPI will also identify steps the company will take to 
avoid similar issues in the future. The Service may request additional information or a site visit at 
any time if the Service identifies any concerns regarding implementation or compliance. 
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Table 6.2. HCP Reporting Requirements 
and Adaptive Management Triggers. 

CM 
No. 

Conservation 
Measure Annual Reporting Requirement Adaptive Management Trigger 

1 

Increase PHAs 
across the Plan 
Area over the 
Permit Term 

1) Number of PHAs lost/gained. 
2) Number of PHAs will be reported 
annually. 
3) PHA reports will include narrative 
detail, tabular data and maps with 
spatial detail. 

1) SPI covered activities cause a decline of 
greater than 20 percent from the predicted 
PHA number at decadal intervals for the 
combined NSO/CSO. Wildfire PHA loss will be 
removed from 20 percent test. (The 20 percent 
standard arises from the fact that SPI has twice 
as many PHAs as Occupied Hexagons.) 

2 

Protection of 
Habitat at 
Known 
Spotted Owl 
ACs and 
Surrounding 
Landscapes 

1) Number of PZs. 
2) The total acres of PZs and percent of 
PZ acres that overlap with SPI 
ownership. 
3) Number of PZs—occupied, assumed 
occupied, new, retired. 
4) PZ reports will include tabular data 
and maps with spatial detail. 

1) 10 years after permit is issued, the total 
acreage of SPI lands in PZs will be established 
as the baseline. Trigger: SPI acres in PZs falls 
below 80 percent of the baseline value. 
Response to trigger: Total acreage designated 
for PZ type protection (no harvest per 
Appendix 5.2) will be maintained at the 
80 percent of baseline value. This acreage will 
be composed of all the then-occupied PZs plus 
the most recently retired PZs as needed to 
maintain the 80 percent target. At the first 
biannual meeting each year a standard agenda 
item will be to discuss the SPI annual report on 
PZ changes. 

3 

Mitigation of 
Substantially 
Damaged 
Timberlands  
(note: includes 
other 
operations 
outside of 
normal THP 
process—
exemptions, 
etc.) 

1) Number of acres of Substantially 
Damaged Timberland and the number 
of acres that were harvested under 
Emergency Notice. 
2) Number of acres replanted. 
3) Substantially Damaged Timberlands 
that exceed 2,500 acres will be 
reported and mapped annually. 
4) Maps of substantially damaged 
areas replanted and spotted owl 
survey points. ACs on or within 
0.25 mile involved and their PZs will be 
mapped. 

1) Trigger: if timber capable lands in 
substantially damaged timberlands are not 
being replanted. Response: SPI and the Service 
will meet and confer to determine if this 
change in voluntary planting will materially 
impact SPI’s ability to meet its conservation 
measures. See Section 7.1.2. 

4 

Reduction of 
Potential for 
Catastrophic 
Fire 

1) Number of SPI acres proposed, 
treated, and maintained. 
2) MOU report/summary. 
3) MOU reports will include maps with 
spatial detail. 

1) Trigger: Projects are not being 
implemented/maintained. Response: SPI and 
the Service will meet and confer to determine if 
this change in fuel break construction and 
maintenance will materially impact SPI’s ability 
to meet its conservation measures. See 
Section 7.1.2. 
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Table 6.2 (continued). HCP Reporting Requirements 
and Adaptive Management Triggers. 

CM 
No. 

Conservation 
Measure Annual Reporting Requirement Adaptive Management Trigger 

5 

Reduction of 
Potential 
Impacts at 
Reproductive 
Sites 

1) Number of times seasonal 0.25-mile 
buffer was implemented the previous 
breeding season, and maps of locations. 

1) A CAL FIRE report of a violation 
pertaining to operating within 0.25 miles of 
a reproductive AC during the breeding 
season will trigger a review of the cause. SPI 
will develop a mechanism to prevent such 
events in the future, which will be sent to 
the Service for review. 

6 

Reduction of 
Potential 
Impact from 
Illegal 
Activities 

1) a narrative including the number and 
spatial maps of marijuana sites located 
and mitigated. 
2) Number and spatial maps of PZs 
receiving substantial (>10 trees) illegal 
wood cutting that were observed, 
including brief write up of the event how 
it may have impacted the PZ. 
3) SPI Patrolman and/or Biologist 
monitoring reports. 

1) Substantial increase in number of sites 
without mitigation. 
2) A substantial increase in the annual 
report of PZs with illegal cutting. 
Either will trigger a review of the cause. SPI 
will develop a mechanism to prevent such 
events in the future, which will be sent to 
the Service for review. 

7 

Management 
for Habitat 
Elements and 
Operational 
Standards 

1) SPI third party audit report (will be 
turned in the following year). 
2) In Year 11, post PCT inventory sampling 
analysis. 

1) >5 percent of third party audited units do 
not meet the combined retention standards. 
2) >95 percent of complete NAIP imagery 
test meet the 2 percent HRA requirement. 
Either will trigger a review of the cause. SPI 
will develop a mechanism to prevent such 
events in the future, which will be sent to 
the Service for review. 

8 
Research on 
Barred Owl 
Invasion 

1) Number and spatial maps of occupied 
BDOW territories and number of adults 
known at territories. 
2) Number of collected. 
3) Number of Spotted Owl ACs affected 
by BDOW presence (within 1.3 miles). 
4) Migratory Bird and CDFW Scientific 
Collecting Permit report. 

1) There is no trigger or response, this 
conservation measure is just to collect 
information.  

All Owl Response/ 
Effectiveness 

1) Occupied Activity Centers, percent 
occupancy. 
2) As necessary updated maps of the 
study area ACs will be included in the 
annual reports. 

1) Numerous detailed triggers are defined 
in Section 6.5, and each has a detailed 
discussion of the response to these triggers. 

PHA = Potential Habitat Area 
PZ = Protection zones 
PCT = Pre-commercial thin 
BDOW = barred owl; NSO = northern spotted owl; CSO = California spotted owl 
NAIP = National Agriculture Imagery Program 
HRA = Habitat Retention Areas  
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6.9. MONITORING OF BARRED OWLS 
The Service (USDI 2017) has recommended immediate development of a BDOW monitoring 
program. Specific research data that could inform an effective BDOW monitoring plan includes 
the location of BDOWs collected for studies described under Conservation Measure 8 and 
described in Appendix 5.5. In the fall of 2018, SPI began collecting BDOWs under Scientific 
Collection Permits to help further evaluate the scientific issues regarding BDOW colonizing 
California, particularly the Sierra Nevada range. 

SPI will continue to use BDOW-specific surveys in BDOW zones in the range of the NSO and will 
add BDOW-specific surveys to CSO surveys if BDOW zones develop. SPI will report to the 
Service and CDFW annually the number of locations where BDOW have been encountered, the 
number of known adults present, the number of BDOWs collected, and the number of spotted 
owl ACs located within BDOW zones per SPI protocol (Appendix 5.4). 

SPI will actively participate in development of range-wide monitoring with state and federal 
agencies and academic institutions, including ongoing development of auditory BDOW 
sampling techniques. SPI’s participation will be summarized in the HCP annual report. 

6.10. REPORTS AND ANNUAL MEETINGS 
SPI will submit a monitoring report required under Sections 6.1, 6.2, 6.3, 6.4, 6.5, and 6.6 of the 
HCP to the Service by June 30 of each year after ITP issuance. 

During the first 10 years of the permit, SPI will meet with the CDFW and the Service biannually, 
(on dates mutually agreed upon, with an agenda agreed upon in advance) to review annual 
reports, conduct field review, and resolve any questions. At their discretion CDFW and the 
Service may invite other Agencies to participate. After the first 10 years of the permit, the parties 
will meet and at the Service’s discretion decide if the biannual meeting schedule can be changed 
to another schedule. If the Service determines the need to meet with SPI to discuss monitoring 
results and potential management actions, the Service may do so at any time. 

6.11. ADAPTIVE MANAGEMENT 
Using adaptive management SPI may modify operations outlined in the HCP to incorporate new 
information or changing conditions in order to minimize take and ensure conservation of 
Covered Species. SPI will use adaptive management to minimize take associated with its 
operations, and to promote the long-term survival of both CSO and NSO. For each Conservation 
Measure, a specific trigger has been established (Table 6.2) for when adaptive management will 
be implemented, in which case SPI will meet and confer with the Service. In cooperation with the 
Service, impacts will be analyzed using the best available scientific information at that time, 
including scientific advancements made after issuance of the ITP. 
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New scientific information triggering consideration of adaptive management may include, but 
would not be limited to, monitoring results, new information concerning habitat use, and habitat 
conditions in the Plan Area that will contribute to or impair species conservation. With the 
agreement of both Parties, additional or alternative conservation measures may be implemented 
if scientific research suggests that they may be successful in reducing the level of take of 
Covered Species in the Plan Area. Any changes to the HCP that are deemed adaptive 
management shall constitute minor modifications to the HCP as directed in the Service’s 
handbook Section 17.3 (USDI 2016). Changes to the HCP made through adaptive management 
will not increase the amount of take authorized in the ITP. 

Adaptive management could allow SPI to reduce the uncertainty associated with gaps in 
scientific information or biological requirements pertaining to spotted owls. Although the 
spotted owl has been studied extensively for more than 30 years, there are still questions about 
habitat conditions that affect demographic parameters and how forest management may 
influence population performance. Adaptive management will provide flexibility and allow the 
HCP to adjust to future research findings and consider new management strategies under the 
HCP. As part of SPI’s commitment to ongoing basic research related to spotted owl biological 
requirements, SPI, the University of Wisconsin, and the USFS Pacific Southwest Research Station 
have signed a 5-year Cooperative Research and Development Agreement (CRADA) to continue 
collaborative spotted owl research. SPI’s participation will be summarized in the HCP annual 
report. 

If monitoring determines there is a negative relationship between Occupancy and Covered 
Activities, adaptive management responses might include, but not be limited to, conducting an 
AC ranking analysis for either subspecies (to potentially change protection measures for high 
rank ACs), increasing the threshold for take estimation, increases to Conservation Measure 7 
(Retention) standards, and increases in riparian buffer widths in clearcut silviculture. 
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7. CHANGED CIRCUMSTANCES 
This HCP is a mandatory element of the permit application and its implementation is a condition 
of the permit. This HCP is designed to be self-implementing, providing the requirements for 
Covered Activities, as well as required avoidance, minimization, and mitigation measures. 

The applicant requests the benefits of the Federal No Surprises Rule, 63 FR 8859 (February 23, 
1998) (codified at 50 CFR §§ 17.3, 17.22(b)(5), 17.32(b)(5)). It generally provides assurances to 
ESA Section 10 permit holders that, as long as the permittee is properly implementing the HCP, 
and the ITP, no additional commitment of land, water, or financial compensation will be required 
with respect to Covered Species, and no restrictions on the use of land, water, or other natural 
resources will be imposed beyond those specified in the HCP without the consent of the 
permittee. The “No Surprises” Rule has two major components: changed circumstances and 
unforeseen circumstances. 

The term “changed circumstances” means changes in circumstances affecting a species or 
geographic area covered by an HCP that can reasonably be anticipated and that can be planned 
for (e.g., the listing of new species or a fire or other natural catastrophic event in areas prone to 
such events). If additional conservation and mitigation measures are deemed necessary to 
respond to changed circumstances, and such measures were provided for in the HCP, the 
permittee will be required to implement such measures. 50 CFR 17.22(b)(5)(i), 17.32(b)(5)(i). If 
additional conservation and mitigation measures are deemed necessary to respond to changed 
circumstances, and such measures were not provided for in the HCP, the Services will not 
require any additional measures beyond those provided for in the HCP, without the consent of 
the permittee, provided the HCP is being properly implemented (50 CFR 17.22(b)(5)(ii); 
17.32(b)(5)(ii)). As outlined below in the response to each identified changed circumstance, 
where the Service and SPI have met and conferred and agreed upon the specific necessary 
additional actions to be performed, those actions are considered to have been provided in the 
HCP and shall be implemented by SPI. 

With respect to changed circumstances, the HCP should identify potential changed 
circumstances, the specific response to each, the costs of implementing the response, and the 
funding assurances for those responses, where appropriate. In doing so, potential problems can 
be identified in advance and specific strategies or protocols for dealing with them can be 
incorporated into the HCP, to avoid having to amend the HCP in the future. In this HCP, SPI has 
identified both negative and positive conditions that may constitute changed circumstances. 
These include effects due to climate change, impacts of wildfire or disease on habitat availability, 
changing usage of the Plan Area by covered species, effectiveness of planted habitat, elevated 
annual take due to spotted owl population increases, the listing of new species, and changed 
technologies/techniques as foreseeable changed circumstances triggering additional action. 
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7.1. EFFECTS DUE TO CLIMATE CHANGE 
The gradual increase of potential effects related to climate change may warrant consideration in 
this HCP. As a potential driver of increased wildfire intensity and size, fire season length, and as a 
cause of the additional stressors of drought or storm intensity, climate effects may impact 
habitat availability. These impacts also may result in changes in prey availability, and even direct 
physiological effects to spotted owls themselves. The general scope and range of effects 
precludes the establishment of a specific threshold beyond which changes in climate becomes 
an identifiable changed circumstance in this HCP. Therefore, we will address the impacts as the 
potential results of the specific changed circumstances described below, while recognizing that 
each of these effects may also occur independent of climate change. 

7.2. IMPACTS OF FIRE AND DISEASE ON HABITAT 
AVAILABILITY 

The occurrence of wildfire, insects, and disease constitute foreseeable changed circumstances 
that warrant consideration in this HCP. Wildland fires, in particular, have increased in size and 
intensity in California (Westerling et al. 2006; Abatzoglou and Williams 2016). Disease outbreaks 
and insect infestations have occurred on areas of the Plan Area, which could result in removal of 
the Plan Area from productive habitat potential. Each of these events have the potential to 
reduce the amount of PHAs available to Covered Species in a given year, or over the term of the 
ITP. In addition, they all could be early indicators of changes in climate change due to increased 
ambient temperatures, lack of rainfall, and more frequent occurrence of drought conditions. 

The largest fire that has affected the Plan Area to date was the 2018 Carr Fire, which severely 
affected multiple patches totaling over 30,000 acres of Plan Area. Consequently, a loss of habitat 
of up to 25,000 contiguous acres on the Plan Area is reasonably foreseeable in view of past fire 
events. On 1.5 million acres of land, the destruction of habitat on 25,000 contiguous acres of 
land could materially impact whether SPI achieves the biological goals of this HCP, whereas fires 
of a smaller size are unlikely to do so. Over the last 20 years SPI has experienced many large 
wildfires, but throughout that time period the annual harvest limits of the Option A 
(Appendix 4.3.4, Hexagon Analysis), have never been exceeded. The primary reason is that SPI 
moves most of its green tree harvest operations as soon as possible and feasible to the wildfire 
area. 

As a result, of the potential fire risk in California, SPI has entered into an MOU (described in 
Section 5.2.4) to coordinate with adjacent landowners on fire management activities. SPI 
believes that the MOU, and actions taken pursuant to it by MOU parties, will help reduce the risk 
of large-scale fire events on the Plan Area. The MOU is part of Conservation Measure 4, which is 
intended to address the risk of fire in the Plan Area. 

A changed circumstance will be triggered if a single fire or disease or insect outbreak results in: 
(1) the creation of more than 25,000 contiguous acres (1.6 percent of the Plan Area of 
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Substantially Damaged Timberland on the Plan Area during the term of the ITP; or (2) during the 
term of the ITP, multiple fires or disease or insect outbreaks result in the cumulative creation of 
more than 100,000 acres (6.2 percent of the Plan Area) of Substantially Damaged Timberland on 
the Plan Area. If such a loss occurs, then SPI and the Service will meet and confer to agree upon 
additional actions that SPI shall implement in response to this as a changed circumstance to 
achieve the biological goals of this HCP. As the initial response to this changed circumstance, 
SPI will move most of its green tree harvest operations to the wildfire area as soon as feasible. 
Other additional actions may include, but are not limited to, expediting reforestation activities 
on specific parcels in affected areas, further modifying fire management activities to prevent 
additional fire risks, and modifying actions identified in the MOU to coordinate fire management 
activities among other landowners. SPI shall implement agreed upon actions identified as 
necessary to respond to this changed circumstance. 

Wildfire or other disturbance may affect monitoring areas if it destroys ACs that are part of the 
long-term density study areas. Loss of ACs to disturbance in a monitoring study area to the 
extent that prevents meeting the statistical goal of the occupancy study will constitute a 
changed circumstance. Within 6 months of such a disturbance, SPI will modify the study 
methodology or will relocate or redesign the study area to include additional nearby ACs and 
will meet and confer with the Service on modifications. The remaining density study areas will 
continue to support this HCP until data are available from the modified study. SPI will 
implement actions identified as necessary to respond to this changed circumstance. 

Although not required by State law, SPI currently reforests land areas that can support 
commercial timber production after a fire event, disease outbreak, or other catastrophic event to 
enhance the economic value of lands within the Plan Area, as described in Section 5.2.4. In 
certain cases, however, SPI may not reforest small land areas because they will not support 
commercial timber production, or they are land areas that are prone to repeated fire losses. SPI 
will continue its current reforesting activities during the term of the HCP and will report SPI 
reforestation activities to the Service on an annual basis occurring as a result of a catastrophic 
event. In the event SPI elects not to reforest certain HCP lands after a catastrophic event, SPI will 
notify the Service of this occurrence, and explain in writing why such lands have not been 
reforested. It is possible that discontinuation of reforestation will not materially alter SPI’s ability 
to achieve the goals of this HCP, depending on when and where such an action occurs during 
the term of the ITP. If the Service determines SPI’s lack of reforestation may negatively impact 
SPI’s ability to achieve the goals and objectives of the HCP, then the parties will meet and 
confer, and agree upon adjustments or additional actions to address this situation. Such 
adjustments or additional actions may include, but are not limited to, conducting more focused 
reforestation activities on specific parcels, modifying fire management activities to prevent 
additional fire risks, or modifying actions identified in the MOU to coordinate fire management 
activities among other landowners. SPI shall implement actions identified as necessary to 
respond to this changed circumstance. 
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7.3. CHANGING USAGE OF THE PLAN AREA BY COVERED 
SPECIES 

As discussed in Section 6.5, SPI has maintained five occupancy study areas, representing the 
range of the CSO on the Plan Area, along a north-south transect on the west slope of the Sierra 
Nevada (Figure 6.1). Another study area represents the Plan Area range of the NSO. The purpose 
of the study areas is to monitor trends in CSO and NSO occupancy on the Plan Area and 
portions of the Action Area during the term of the ITP to determine how land management 
practices might be affecting populations of the Covered Species. 

As described in Section 4, CSO and NSO occupancy on the Plan Area, as monitored in the 
density study areas, has remained essentially level during the years 2012 through 2017. The 
monitoring results support SPI’s proposed habitat management strategy for the Plan Area. It is 
reasonably foreseeable that Covered Species populations will remain stable or will increase in 
the Plan Area based on data collected to date. However, if CSO or NSO occupancies decline in a 
statistically significant manner within the occupancy study areas, such declines could indicate a 
need to revise the habitat management strategy. Section 6.5 (Monitoring Occupancy of Owls) 
and Appendix 6.1 (Monitoring Power Analysis) describe the methodologies for measuring CSO 
and NSO occupancy declines. 

In the case of a statistically significant decline in Covered Species occupancy as detailed in 
Section 6.5, SPI will notify the Service of this occurrence, prepare an analysis of Covered Species 
occupancy using the power analysis developed by Skalski (2018) (Appendix 6.1, Monitoring 
Study Power Analysis), and submit this analysis to the Service for review. Such an analysis will 
assess whether the trend could be related to SPI Covered Activities, regional variation (e.g., 
based on the demographic study areas) or environmental factors. If a significant negative trend 
is detected in occupancy modeling results, defined as a >25 percent decline from the starting 
occupancy of a Covered Species over a decadal period, SPI will meet and confer at the next 
scheduled biannual meeting with the Service to discuss appropriate Adaptive Management 
(Section 6.11) responses. 

If the Service determines that it is reasonably certain a significant negative relationship exists 
between observed occupancy parameters and habitat modification by Covered Activities, SPI 
and the Service will evaluate potential changes to Covered Activities or thresholds for estimating 
take (and therefore affect PHA counts as well), to address whether management actions could 
reverse negative population trends, and how those actions might be implemented by SPI. The 
Service will then notify SPI of any changes or addition to Covered Activities that are reasonably 
necessary to reverse these negative trends. Such changes may include, but are not limited to, 
conducting more intensive occupancy studies to verify population trends, undertaking 
additional radio/GPS tracking studies to evaluate changing spotted owl behaviors and habitat 
usage in the Plan Area, increasing BDOW research efforts to the extent Covered Species declines 
are shown to be due to BDOW incursions, or modifying the habitat management strategy over 
the remaining term of the ITP. In addition, if the Service determines that cumulative changes 
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have a significant relationship between observed occupancy parameters and habitat 
modification by Covered Activities, the Service will consider whether the planned 15-year habitat 
use study should be initiated at an earlier date. SPI shall implement actions identified as 
necessary to respond to this changed circumstance. 

If the Service determines that the negative occupancy trend in Covered Species is unlikely to 
have a significant relationship with habitat modification resulting from Covered Activities, SPI 
and the Service will then meet and confer, and identify mutually-agreed-upon actions that SPI 
would reasonably take to reverse the negative trend, and how those actions would be 
implemented by SPI. Such actions may include, but are not limited to, SPI coordinating with 
other adjacent land managers and researchers on available data to assess the cause of the 
declining trends and identifying research actions to be taken to address uncertainties regarding 
such declines. SPI will implement agreed-upon actions as necessary to respond to this changed 
circumstance. 

7.4. CHANGED CIRCUMSTANCE FOR EFFECTIVENESS OF 
PLANTED HABITAT 

While anecdotal evidence exists that spotted owls appear to be using even-aged forests planted 
in reforestation of wildfire areas in the 1930s, 1950s, and 1960s, there is still a question as to 
whether spotted owls will utilize such planted landscapes in the future. In the hexagon modeling 
effort, SPI projected the Even vs. Mixed origin of the Habitat Form classes through time. As 
shown in Figure 4.3.11 in Appendix 4.3 (Hexagon Analysis), in the third decade of the permit 
term the average amount of Even-origin HF4 in PHAs is projected to increase from 8 percent to 
18 percent and begin to potentially play a more significant role in providing habitat. This 
projection indicates that landscapes may have enough planted HF4 stands to begin to 
determine its use by spotted owls during the third decade. 

The occupancy studies described in Section 6.5 above will provide information over time as to 
how SPI’s conversion to Even-origin habitat may be affecting the spotted owl. If the trend in 
spotted owl AC occupancy begins to decline simultaneously with the increased availability of 
planted HF2H and HF4, and evaluations demonstrate a negative relationship between the trend 
and habitat characteristics, this would constitute a changed circumstance. To prepare for the 
potential for such a changed circumstance, in the 21st year of the permit term (estimated to be 
2040), SPI will meet with the Service to review monitoring results over the first 20 years. If the 
Service determines more study is necessary, the parties will jointly develop methodologies to 
specifically evaluate spotted owls use of planted forests that incorporate the retention standards 
described in Section 5.2.7 (Habitat Element Retention). 

This process will include development of metrics to assess whether there is a negative 
relationship between a potential decline in AC occupancy and habitat characteristics. SPI has not 
attempted to design such an evaluation now because the projected landscapes do not yet exist. 
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SPI anticipates that the likely analytical and technological advances capable of informing such an 
evaluation warrant waiting to design the evaluation. 

If the Study determines there is a negative relationship between Occupancy and HF2H/HF4 from 
planted stands, adaptive management responses might include, but not be limited to, 
conducting a tiering analysis for either species, increasing the threshold for take estimation, 
increases to Conservation Measure 7 (Retention) standards, increases in riparian buffer widths in 
clearcut silviculture, reduced size of clearcut units, and conversion of clearcut silviculture to 
group selection silviculture. SPI shall implement actions identified as necessary to respond to 
this changed circumstance. 

7.5. ELEVATED TAKE DUE TO INCREASING SPOTTED OWL 
POPULATIONS 

A biological goal of this HCP is to increase available habitat over the term of the ITP as 
measured by increasing numbers of PHAs. Given uncertainties about the potential expansion or 
alteration of the Covered Species’ range, or possible changes in habitat utilization as a result of 
climate change, the distribution and occurrence of Covered Species on the Plan Area could 
increase over the term of the ITP (e.g., spotted owls may be attracted to the Plan Area from 
outside the Plan Area due to habitat quality and increasing PHAs, or juveniles fledged from 
existing territories in the Plan Area could colonize within the Plan Area). Increasing numbers of 
nesting areas on the Plan Area could cause additional land areas to be taken out of timber 
production and protected due to owl usage. 

If CSO or NSO densities increase in a statistically significant manner within the study areas (see 
Appendix 6.1 for Methodology), SPI will notify the Service of this occurrence and will develop an 
analysis of species trends and habitat usage to assess whether changes in Covered Activities are 
warranted. Thereafter, SPI will provide its assessment to the Service and will meet to discuss 
whether changes to this HCP are warranted. 

If the assessment determines there is a positive relationship between Occupancy and Covered 
Activities, adaptive management responses might include, but not be limited to, provide for a 
limit in the continued increases in the total amount of PZ acreage or the size of PZs, allow for an 
increase in the number of authorized take allowances, and allow the removal of the harvest 
restrictions on Tier 1 NSO habitat. SPI, will implement actions identified as necessary to respond 
to this changed circumstance. 

7.6. LISTING OF SPECIES NOT COVERED BY THIS HCP 
In the event of any future ESA listing of species not covered under this HCP, SPI will confer with 
the Service over the need to pursue an amendment to this HCP and the ITP. In the event of a 
future candidate species designation, SPI will similarly confer with the Service over whether an 



 

December 2018 

HCP for Northern and California Spotted Owl—SPI Forestland Management Program 127 

amendment to this HCP to include them as Covered Species and incorporate appropriate 
conservation measures is needed. 

7.7. CHANGED TECHNOLOGY OR MANAGEMENT TECHNIQUES 
Over the 50-year term of the ITP, it is reasonably foreseeable that advances in scientific 
information concerning spotted owl biology will occur and that feasible changes in 
management techniques to avoid or minimize the take of Covered Species may be necessary. 
Examples include advances in spotted owl monitoring technology and increased knowledge of 
the relationship between habitat components and spotted owl reproduction. 

Any changes in management techniques or technologies will only be considered if: (1) such 
techniques and technologies have been demonstrated to be feasible and effective in an 
acceptable, scientifically based study; (2) the results of such studies are found by the Service to 
constitute the best available science; and (3) implementation of such technologies and 
techniques will not require an increase in the take authorized for Covered Activities. 
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8. PLAN IMPLEMENTATION 
This HCP is designed to be self-implementing, providing the requirements for implementation 
of Covered Activities are followed, and all required avoidance, minimization and mitigation 
measures are implemented. The following subsections are intended to provide further guidance 
on the implementation of the HCP over the permit term. SPI enters the HCP and ITP based on 
the understandings outlined below. 

8.1. NO SURPRISES ASSURANCES 
SPI requests the benefits of the Federal ESA “No Surprises” assurances (codified at 
50 CFR §§ 17.22(b)(5), 17.32(b)(5)). As further detailed in the rule and Federal Register notice 
adopting the rule, if SPI is properly implementing the HCP and the ITP, then no additional 
commitment of land, water, or financial compensation will be required with respect to Covered 
Species, and no additional restrictions on the use of land, water, or other natural resources will 
be imposed beyond those specified in the HCP without the consent of the SPI. With respect to 
unforeseen circumstances, USFWS bears the burden of demonstrating that they exist using the 
best available scientific and commercial data available while considering certain factors as 
specified in 50 CFR §17.22(b)(5)(iii)(C), 17.32(b)(5)(iii)(C). 

Notwithstanding these assurances, nothing in the No Surprises Rule will be construed to limit or 
constrain the USFWS, any federal agency, or a private entity, from taking additional actions, at 
its own expense, to protect or conserve a species included in a conservation plan. 

8.2. UNFORESEEN CIRCUMSTANCES 
Unforeseen circumstances are defined as changes in circumstances affecting a species or 
geographic area covered by this conservation plan that could not reasonably have been 
anticipated by plan developers and the USFWS at the time of the negotiation and development 
of the plan and that result in a substantial and adverse change in the status of the covered 
species (50 CFR § 17.3). 

The USFWS bears the burden of demonstrating that unforeseen circumstances exist using the 
best available scientific and commercial data available while considering certain factors as 
specified in 50 CFR §§ 17.22(b)(5)(iii)(C) and 17.32(b)(5)(iii)(C). In deciding whether unforeseen 
circumstances exist, the USFWS will consider, but not be limited to, the following factors 
(50 CFR §§ 17.22(b)(5)(iii)(C)): 
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1. The size of the current range of the affected species; 

2. The percentage of the range adversely affected by the conservation plan; 

3. The percentage of the range that has been conserved by the HCP; 

4. The ecological significance of that portion of the range affected by the HCP; 

5. The level of knowledge about the affected species and the degree of specificity of the 
conservation program for that species under the HCP; and 

6. Whether failure to adopt additional conservation measures would appreciably reduce the 
likelihood of survival and recovery of the species in the wild. 

In negotiating unforeseen circumstances, the USFWS will not require the commitment of 
additional land, water, or financial compensation or additional restrictions on the use of land, 
water, or other natural resources beyond the level otherwise agreed upon for the species 
covered by the HCP without the consent of the permittee (50 CFR §§ 17.22(b)(5)(iii)(A)). If 
additional conservation and mitigation measures are deemed necessary to respond to 
unforeseen circumstances, the USFWS may require additional measures of the permittee where 
the HCP is being properly implemented only if such measures are limited to modifications within 
conserved habitat areas, if any, or to the HCP’s operating conservation program for the affected 
species, while maintaining the original terms of the plan to the maximum extent possible 
(50 CFR § 17.22(b)(5)(iii)(B)). Additional conservation and mitigation measures will not involve 
the commitment of additional land, water or financial compensation or additional restrictions on 
the use of land, water, or other natural resources otherwise available for development or use 
under the original terms of the conservation plan without the consent of SPI. 

8.3. PERMIT AMENDMENTS 
The HCP and/or ITP may be modified in accordance with the ESA, the USFWS’s implementing 
regulations and this section. HCP and permit modifications are not anticipated on a regular 
basis; however, modifications to the HCP and/or ITP may be requested by either SPI or the 
USFWS. The USFWS also may amend the ITP at any time for just cause, and upon a written 
finding of necessity, during the permit term in accordance with 50 CFR § 13.23(b). The categories 
of modifications are administrative changes, minor amendments, and major amendments. 

The HCP Handbook (USFWS and NMFS 2016) indicates that an ITP should be amended when 
the permittee significantly modifies the covered activities, the Project, or the conservation plan 
as described in the original HCP. Such modifications may include changes in the Project area, 
changes in funding, addition of species to the ITP that were not addressed in the original HCP, 
or adjustments to the HCP due to changes in strategies developed to address changed or 
unforeseen circumstances. 



 

December 2018 

HCP for Northern and California Spotted Owl—SPI Forestland Management Program 131 

8.3.1. Administrative Changes 

Administrative changes are internal changes or corrections to the HCP that may be made by SPI, 
at its own initiative, or approved by SPI in response to a written request submitted by the 
USFWS. Requests from the USFWS will include an explanation of the reason for the change, as 
well as any supporting documentation. SPI will notify USFWS in writing of any proposed 
administrative changes to the HCP and confirm receipt by the appropriate USFWS personnel 
implementing the HCP. Thereafter, the USFWS shall have 30 business days to respond in writing 
to the proposed change. In the event USFWS does not respond within this period, the change 
shall be deemed approved. 

Administrative changes are those that will not: (a) result in effects on a Covered Species that are 
new or different than those analyzed in the HCP, NEPA EIS, or the USFWS BO; (b) result in take 
beyond that authorized by the ITP; (c) negatively alter the effectiveness of the HCP; or (d) have 
consequences to elements of the human environment that have not been evaluated. SPI will 
document each administrative change in writing and provide the USFWS with a summary of all 
changes, as part of its annual report, along with any replacement pages, maps, and other 
relevant documents for insertion in the revised document. 

Administrative changes include, but are not limited to, the following: 

• Corrections of typographical, grammatical, and similar editing errors that do not change 
intended meanings; 

• Corrections of any maps or exhibits to correct minor errors in mapping; and 

• Corrections of any maps, tables, or appendices in the HCP to reflect approved minor 
modifications, as provided below, to the HCP or ITP. 

8.3.2. Minor Modifications 

Minor modifications are changes to the HCP the effects of which on Covered Species, the 
conservation strategy, and SPI’s ability to achieve the biological goals and objectives of the HCP 
are either beneficial or not significantly different than those described in this HCP. Such 
modifications will not increase impacts to species, their habitats, and the environment beyond 
those analyzed in the HCP, EIS, and BO or increase the levels of take beyond that authorized by 
the ITP. 

Minor modifications to the HCP may also require changes to the ITP. A proposed minor 
modification must be approved in writing by both USFWS and SPI before it may be 
implemented. A proposed minor modification will become effective on the date of the joint 
written approval. 

SPI or the USFWS may propose minor modifications by providing written notice to the other 
party. The party responding to the proposed minor modification should respond within 30 days 
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of receiving notice of such a proposed modification. Such notice shall satisfy the provisions of 
50 CFR § 13.23, as well as include a description of the proposed minor modification; the reasons 
for the proposed modification; an analysis of the environmental effects, if any, from the 
proposed modification, including the effects on and an assessment of the amount of take of the 
Covered; an explanation of the reason(s) the effects of the proposed modification conform to 
and are not different from those described in this HCP; and any other information required by 
law. When SPI proposes a minor modification to the HCP, the USFWS may approve or 
disapprove such modification, or recommend that the modification be processed as a major 
amendment as provided below. The USFWS will provide SPI with a written explanation for its 
decision. When the USFWS proposes a minor modification to the HCP, SPI may agree to adopt 
such modification or choose not to adopt the modification. SPI will provide the USFWS with a 
written explanation for its decision. The USFWS retains its authority to amend the ITP, however, 
consistent with 50 CFR § 13.23. 

Provided a proposed modification is consistent in all respects with the criteria above, minor 
modifications include, but are not limited to, the following: 

• Updates to the land cover map or to Covered Species occurrence data; 

• Decreasing the scope of the Plan Area in the HCP; 

• Minor changes to the biological goals or objectives; 

• Modification of monitoring protocols for HCP effectiveness not in response to changes 
in standardized monitoring protocols from the USFWS; 

• Modification of existing, or adoption of new, incidental take avoidance measures; 

• Modification of existing, or adoption of additional, minimization and mitigation 
measures that improve the likelihood of achieving HCP goals and objectives; 

• Discontinuance of implementation of conservation measures if they prove ineffective; 

• Modification of existing or adoption of new performance indicators or standards if 
results of monitoring and research, or new information developed by others, indicate 
that the initial performance indicators or standards are inappropriate measures of 
success of the applicable conservation measures; 

• Modification of existing or the adoption of additional habitat objectives for the Covered 
Species, where such changes are consistent with achieving HCP goals and objectives; 

• Minor changes to survey or monitoring protocols that are not proposed in response to 
adaptive management and that do not adversely affect the data gathered from those 
surveys; 
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• Day-to-day Project implementation decisions, such as maintenance of erosion and 
sediment control devices; 

• Conducting monitoring surveys in addition to those required by the HCP and ITP; 

• Modifying HCP monitoring protocols to align with any future modifications to the 
protocols by the USFWS; 

• Adopting new monitoring protocols that may be promulgated by the USFWS in the 
future; and 

• Minor changes to the reporting protocol. 

8.3.3. Major Amendments 

A major amendment is any proposed change or modification that does not satisfy the criteria 
for an administrative change or minor amendment. Major amendments to the HCP and ITP are 
required if SPI desires, among other things, to modify the Projects and Covered Activities 
described in the HCP such that they may affect the impact and take analyses or conservation 
strategy of the HCP, affect other environmental resources or other elements of the human 
environment in a manner not already analyzed, or result in a change for which public review is 
required. Major amendments must comply with applicable permitting requirements, including 
Section 7 of the ESA. 

In addition to the provisions of 50 CFR § 13.23(b), which authorize the USFWS to amend an ITP 
at any time for just cause and upon a finding of necessity during the permit term, the HCP and 
ITP may be modified by a major amendment upon SPI’s submission of a formal permit 
amendment application and the required application fee to the USFWS, which will be processed 
in the same manner as the original permit application. Such application generally will require 
submittal of a revised HCP, and preparation of an environmental review document in 
accordance with NEPA. The specific document requirements for the application may vary, 
however, based on the substance of the amendment. For instance, if the amendment involves an 
action that was not addressed in the original HCP, or NEPA analysis, the documents may need 
revision or new versions prepared addressing the proposed amendment. If circumstances 
necessitating the amendment were adequately addressed in the original documents, simply 
amending the ITP may be sufficient. 

Upon submission of a complete application package, the USFWS will publish a notice of the 
receipt of the application in the Federal Register, initiating the NEPA and HCP Amendment 
public comment process. After the close of the public comment period, the USFWS may approve 
or deny the proposed amendment application. SPI may, in its sole discretion, reject any major 
amendment proposed by the USFWS. 
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Changes that would require a major amendment to the HCP or ITP include, but are not limited 
to: 

• Revisions to the Plan Area or Covered Activities that do not qualify as a minor 
amendment; 

• Addition of a new Covered Species that is not analyzed in the HCP or NEPA document 
and is likely to be taken by the Covered Activities; or 

• A renewal or extension of the permit term beyond the original term of the ITP, where the 
criteria for a major amendment are otherwise met, and where such request for renewal is 
in accordance with 50 CFR § 13.22. 

8.3.4. Changes Due to Adaptive Management or Changed 
Circumstances 

Unless explicitly provided in Section 6 (Monitoring and Adaptive Management) and Section 7 
(Changed Circumstances) of this HCP, the need for and type of amendment to deal with 
Adaptive Management or Changed Circumstances will be determined by the Service, in 
coordination with SPI, at the time such responses are triggered. In general, most changes in the 
HCP or ITP in response to Adaptive Management or Changed Circumstances are expected to 
qualify as minor modifications to the HCP or ITP, however, there may be changes that do not 
qualify as minor modifications and would require an amendment to the HCP or ITP. 

8.4. PERMIT RENEWAL 
SPI requests that the ITP associated with this HCP be renewable pursuant to 50 CFR § 13.22. If 
SPI seeks to renew the ITP, then SPI will file in writing a renewal request at least 30 days prior to 
the permit expiration of the ITP in accordance with the requirements of 50 CFR § 13.22. 

8.5. FINANCIAL ASSURANCES 

8.5.1. Expenditure of Funds 

SPI warrants that it has, and shall expend, such funds as may be necessary to fulfill its 
obligations under the ITP and the HCP. SPI’s demonstrated capability and commitment to fund 
the Projects and studies during development of the HCP provides assurances that commitments 
under the HCP will be completed when needed. SPI shall promptly notify the Service of any 
material change in SPI’s financial ability to fulfill its obligations under the HCP and the ITP. 
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8.5.2. Financial Assurances 

The ESA implementing regulations provide that an applicant for an ITP must establish that 
sufficient funding will be available to implement the HCP, including the requirements to 
monitor, minimize, and mitigate the impacts from the taking. 

Measures requiring funding in an HCP typically include onsite measures during project 
implementation or construction (e.g., monitoring, surveys, research), as well as onsite measures 
required after completion of Covered Activities (e.g., retention of habitat elements, 
Section 5.2.7). For relatively small to medium-sized projects involving only one or two applicants, 
the funding source is usually the permittee and funding is provided immediately before project 
activities commence, immediately after, or in stages. 

SPI shall ensure full performance of the Conservation Measures in Section 5, the monitoring 
obligations contained in Sections 6 and 7 of the HCP, and the financial assurance obligations 
contained in Section 8 of the HCP. SPI will submit a written assurance by June 1 of each year of 
the ITP that it will carry out all its obligations under this HCP. In that submission, SPI will provide 
a summary of expenditures made in the prior year of the ITP, and a scope of work and budget 
for all monitoring actions, including BDOW research, and any other HCP implementation actions 
SPI will undertake in the following year. The estimated annual budget and budget for the term 
of the ITP are identified in Table 8.1. A responsible corporate official with authority to commit 
SPI’s financial resources shall certify that funds to implement this HCP has been budgeted and 
will be committed for use in the following year, as well as any material changes in cost estimates 
provided below based upon actual work performed. 

All reports will include the following certification by a responsible company official who 
supervised or directed preparation of the report: 

Under penalty of law, I certify that, to the best of my knowledge, after appropriate inquiries 
of all relevant persons involved in the preparation of this report, the information submitted 
is true, accurate, and complete. 

SPI, and any successor in interest, will notify the Service if the permittee’s funding resources 
have materially changed, including a discussion of the nature of the change. 
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Table 8.1. Funding Assurances Budget for External Costs of HCP Implementation. 
(Note: Cost estimates in 2018 dollars. Future cost estimates may be adjusted based on actual costs incurred.) 

Task 

Estimated Cost 

Major Assumptions/Cost Basis Per Year Total 
(1) Annual habitat 

assessments 
$6,000 $300,000 Producing the report for updates to polygons 

as a result of actual harvest activities. 
(2) Adaptive management 

monitoring 
$6,000 $300,000 During season triggered, based on changed 

circumstances or adaptive management. 
(3) Annual monitoring and 

field verification  
Years 1–50 

$220,000 $11,000,000 Surveys to keep ACs current and to provide PZs 
near harvest activities under the HCP. Also, 
density study area surveys for monitoring 
trends. 

(a) AC/PZ Surveys $100,000 $5,000,000 Surveys to keep ACs current over permit term. 
(b) Density Area Surveys $100,000 $5,000,000 Surveys to evaluate density study areas. 
(c) Data analysis  $20,000 $1,000,000 Cost estimates using outside consultants. 

(4) Annual meetings 
Years 1–50 

$6,000 $300,000 Conducted on an annual basis with the Service. 

(a) Annual report 
preparation 

$2,500 $125,000 Prepared with involvement of SPI. 

(5) Barred owl Research 
Program 

$55,000 $1,125,000 Retaining contractors UC Berkeley and UC San 
Francisco and other actions that may become 
required due to adaptive management. 

(a) Initial Barred owl 
research program (3 to 
5 years) 

$35,000 $175,000 This will be included in above spotted owl 
survey efforts. 

(b) Annual O&M training $10,000 $500,000 Annual training for operators to follow 
requirements of HCP. 

(c) Additional studies or 
measures in response to 
adaptive management 

$35,000 $1,575,000 After initial studies, further actions may be 
needed over the 50-year permit term after the 
first 5 years of the permit. 

(6) Planted forests evaluation 
starting at Year 20 
(5-year effort) 

$150,000 $750,000 Design and implement a habitat use and 
effectiveness for spotted owl use of planted 
forest. 

(7) Fire risk management $20,000 $1,000,000 Construct and/or maintain fuel breaks on HCP 
lands; implement Fire MOU actions including 
mapping and coordination actions. Greater 
than $1,000,000 of fuel break work has been 
completed as of 2018. 

(8) Administrative costs $100,000 $5,000,000 Internal management and implementation of 
HCP and related monitoring efforts by SPI staff. 
The cost of responding to adaptive 
management actions is included in 
Administrative costs because such changes 
would likely entail changing harvest 
management plans to increase or decrease 
protective areas for covered species. 
Monitoring costs associated with adaptive 
management are addressed under (2) above.  
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Table 8.1 (continued). Funding Assurances Budget for 
External Costs of HCP Implementation. 

(Note: Cost estimates in 2018 dollars. Future cost estimates may be adjusted based on actual costs incurred.) 

Task 

Estimated Cost 

Major Assumptions/Cost Basis Per Year Total 
(9) Changed circumstances $140,000 $700,000 Consultant expenses; studies; contracting; up to 

five (5) events. 
(a) Climate change NA NA Included in other plan costs. 
(b) Fire and Disease $100,000 $500,000 Modifying priorities within Fire MOU; modifying 

tree replanting schedule. Costs partially 
covered by administrative costs. 

(c) Change of covered 
species use in the Plan 
Area 

$5,000 $25,000 Majority of costs resulting from monitoring 
covered in other plan costs. 

(d) Change in 
effectiveness of habitat 

$20,000 $100,000 Majority of costs resulting from monitoring 
covered in other plan costs. 

(e) Elevated take of 
covered species 

$5,000 $25,000 Costs associated with permit amendment 
partially covered by administrative costs. 

(f) Listing of new species NA NA Costs associated with permit amendment 
covered by administrative costs. 

(g) Changed Technology $10,000 $50,000 Implementation of feasible technology. Costs 
partially covered by administrative costs. 

Totals $1,060,500 $32,225,000 Total Estimated Costs 
All costs are in 2018 dollars, not adjusted for inflation. 
ACs = Activity Centers; HCP = Habitat Conservation Plan; O&M = operations and maintenance; PZs = Protection Zones;  
UC = University of California 

8.6. PROPERTY RIGHTS RETAINED 
SPI and USFWS agree that SPI has entered the ITP and the HCP on a voluntary basis. Except as 
otherwise specifically provided herein, nothing in the HCP or ITP shall be deemed to restrict the 
rights of SPI to manage its lands. Covered Activities may provide multiple benefits beyond 
conservation of Covered Species, including, but not limited to, renewable benefits, pollution 
benefits, tax benefits, environmental benefits, carbon benefits, clean water benefits, and open 
space benefits (“Additional Benefits”). Nothing in the HCP or ITP is intended to limit SPI’s rights 
to participate in any program or enter into any agreement to recognize the full financial value of 
these Additional Benefits if SPI complies with the ITP. 

The terms hereof are not intended to run with the land and will not bind the existing owners of 
Plan Area or subsequent purchasers of the Projects or Permit Area unless such parties agree in 
writing to become bound by the HCP and the ITP. Such parties that are not bound the ITP shall 
not benefit from the Service’s authorization of incidental take coverage or assurances. 
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8.7. REMEDIES AND LIABILITY 
Except as set forth below, each Party shall have all remedies otherwise available (including 
specific performance and injunctive relief) to enforce the terms of the ITP and the HCP. Nothing 
contained in the ITP is intended to limit the authority of the United States government to seek 
civil or criminal penalties or otherwise fulfill its enforcement responsibilities under the ESA or 
other applicable law. 

No Party shall be liable in damages to any other Party for any breach of the HCP or ITP, any 
performance or failure to perform a mandatory or discretionary obligation imposed by the HCP 
or ITP, or any other cause of action arising from the HCP or ITP. 

8.8. DISPUTE RESOLUTION 
The Parties recognize that good faith disputes concerning implementation of, or compliance 
with, or suspension, revocation or termination of the HCP or the ITP may arise from time to time. 
The Parties agree to work together in good faith to resolve such disputes, using the dispute 
resolution procedures set forth in this Paragraph or such other procedures upon which the 
Parties may later agree. However, if at any time any Party determines that circumstances so 
warrant, it may seek any available remedy without waiting to complete dispute resolution. 

If the Service has reason to believe that SPI may have violated the ITP with respect to any 
Covered Species, it will notify SPI in writing of the specific provisions that may have been 
violated, the reasons the Service believes SPI may have violated them, and the remedy the 
Service proposes to impose to correct or compensate for the alleged violation. SPI will then have 
sixty (60) days, or such longer time as may be mutually acceptable, to respond. If any issues 
cannot be resolved within thirty (30) days, or such longer time as may be mutually acceptable, 
after SPI’s response is due, the Parties will consider non-binding mediation and other alternative 
dispute resolution processes. 

The Parties reserve the right, at any time without completing informal dispute resolution, to use 
whatever enforcement powers and remedies are available by law or regulation, including but not 
limited to, in the case of the Service, suspension or revocation of the ITP and civil or criminal 
penalties. 

8.9. REFERENCES TO REGULATIONS 
Any reference in the HCP or the ITP to any regulation or rule of the Service shall be deemed to 
be a reference to such regulation or rule in existence at the time an action is taken, except that 
SPI may reference federal regulations in effect at the time the ITP became effective to protect its 
rights under the HCP and the ITP. 



 

December 2018 

HCP for Northern and California Spotted Owl—SPI Forestland Management Program 139 

8.10. ASSIGNMENTS AND TRANSFERS 
Assignments or other transfers (in whole or in part) of the ITP shall be governed by the federal 
regulations located at 50 CFR 13. In accordance with 50 CFR § 13.25, the Parties agree that the 
ITP may be transferred in whole or in part to a new party through a joint submission by SPI and 
the new party to the Service field office responsible for administering the ITP describing: (1) each 
party’s role and responsibility in implementing the HCP, (2) each party’s role in funding the 
implementation of the HCP, and (3) any proposed changes to the HCP reasonably necessary to 
effectuate the transfer and implement the ITP. 

The Service may approve a proposed transfer of the ITP in whole or in part to a new party in 
accordance with the regulations, which approval shall not be unreasonably withheld or delayed, 
provided that the Service field office responsible for administering the ITP determines that: 
(1) the proposed transferee meets all of the qualifications to hold an ITP under 50 CFR § 13.21; 
(2) the proposed transferee provides adequate written assurances that it will provide sufficient 
funding for the HCP, and that the proposed transferee will implement the terms and conditions 
of the ITP, including any outstanding minimization or mitigation requirements; and (3) the 
proposed transferee has provided such other information that the Service determines is relevant 
to the processing of the submission. No new conditions will be added to the HCP or the ITP by 
the Service if the proposed transferee meets these conditions for transfer. 

8.11. REPORTING AND INSPECTIONS 

8.11.1. Reporting and Annual Meeting 

SPI will provide the Service with the reports described in Section 6 of the HCP at the notice 
address then in effect for the Service and will provide any available information reasonably 
requested by the Service to verify the information contained in such reports. SPI will provide the 
Service, within 30 calendar days, any additional information requested to determine whether SPI 
complies with the ITP and HCP. 

SPI and the Service shall conduct semiannual meetings during the months of April and 
September commencing the first April after the first year the ITP is issued to discuss, the results 
of HCP implementation and monitoring, and selection of mitigation projects under the HCP. 
Nothing in the ITP or HCP shall prevent the parties from meeting more frequently. 

8.11.2. Inspections 

SPI agrees that the Service may inspect the Permit Area in accordance with its applicable 
regulations and law. Except where the Service has reason to believe that SPI may be acting in 
violation of applicable laws or regulations or in breach of the ITP, the Service will provide 
reasonable advance notice (24 hours) of its inspection, and in such cases will adhere to SPI’s 
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safety procedures, which require representatives of the Company to escort the Service’s 
representatives making such inspection. 

The Service shall ensure that any individual conducting an inspection regarding implementation 
of this HCP on its behalf performs such inspection in compliance with all regulations and 
statutes applicable to the Service, and the requirement of this section for advance notice, where 
applicable. Any representative of the Service conducting such inspections shall use reasonable 
efforts to promptly brief SPI on the information learned during any such inspection. 

For the purpose of this paragraph, the Service is intended to mean agency employees and 
contractors. Service law enforcement agents acting in their official capacity are not subject to 
these noticing or information requirements. 

8.12. NOTICES UNDER THE HCP OR ITP 

8.12.1. Required Notices by SPI 

SPI shall notify the Service in writing within 10 days of the occurrence of any of the following: 
(1) any change in the registered name of SPI; (2) the dissolution of SPI; (3) the sale or 
conveyance of SPI or any of the Projects; (4) bankruptcy proceedings by SPI as well as whether 
SPI is in receivership; (5) when SPI will no longer perform the Covered Activities in the Permit 
Area; (6) the revocation or suspension of SPI’s corporate authorization to do business in the 
state or states in which it is registered to do business and, (7) SPI is disqualified from performing 
Covered Activities under the ITP for either of the disqualifying factors circumstances listed in 
50 CFR § 13.21(c) and (d), as may be amended, or under any future Service regulation. 

SPI notices must be sent to: Field Supervisor SFWO and Field Supervisor YFWO at: 

Field Supervisor SFWO 
2800 Cottage Way, Room W-2605 
Sacramento, CA 95825 

Field Supervisor YFWO 
1829 South Oregon Street 
Yreka, California 96097 

8.12.2. Required Notices by USFWS 

The USFWS shall notify SPI within a reasonable timeframe if: (1) for any reason (court ruling or 
lack of appropriated funds), the Service is unable to fulfill any obligation associated with the 
HCP or ITP; (2) any lawsuits filed against the Service related to this HCP or ITP, requests for 
disclosures of documents received under the Freedom of Information Act pertaining to this HCP 
or ITP, or written notices or letters expressing an intent to file suit against the Service 
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challenging the issuance of, or SPI’s compliance with, the ITP. The Service will provide notice to 
SPI of any such events by telephone, email or other appropriate means to a party designated in 
writing to USFWS by SPI. 

8.13. PERMIT REVOCATION, SUSPENSION, OR 
RELINQUISHMENT 

8.13.1. Permit Revocation and Suspension 

The ITP may be revoked by the Service as to one or both Covered Species only in accordance 
with 50 CFR §§ 13.28 and 17.22(c)(8). In accordance with 50 CFR § 13.28, the Service may revoke 
the ITP in whole or in part if SPI willfully violates any Federal or State statute or regulation, 
Indian tribal law or regulation, or any law or regulation of a foreign country that involves a 
violation of the conditions of the ITP or of the laws or regulations governing the Covered 
Activities. The ITP also may be revoked if SPI fails, within 60 days, to correct deficiencies that 
were the cause of suspension of the ITP; unless the Service determines and notifies SPI in writing 
that a longer period of time is necessary to correct the deficiencies, or SPI becomes disqualified 
under 50 CFR § 13.21(c), or because a change occurs in the statute or regulation authorizing the 
ITP that prohibits continuation of the ITP. Pursuant to 50 CFR §§17.22(b)(8) and 17.32(b)(8), the 
ITP also may be revoked if continuation of the Covered Activities would be inconsistent with the 
criterion set forth in 16 U.S.C. § 1539(a)(2)(B)(iv) and the inconsistency has not been remedied. 

When the Service believes there are valid grounds for revoking the ITP, it will notify SPI in 
writing of the proposed revocation by certified or registered mail. The notice, which may be 
amended by the Service at any time, will identify the ITP, whether the revocation is as to part or 
all of the ITP, the Covered Activities and Covered Species as to which the revocation applies, the 
reason(s) for the revocation, and the proposed disposition of the wildlife, if any. The notice also 
shall inform SPI of its right to object to the proposed revocation. Upon receipt of the proposed 
notice, SPI may file a written objection to the proposed action within 45 calendar days of the 
date of the notice providing its reasons for objecting to the proposed revocation as well as any 
supporting documentation. 

The Service will issue a written decision on the revocation within 45 days after the end of the 
objection period. The written decision will include the Service’s decision and its reasons for such 
as well as information concerning SPI’s right to request reconsideration of the decision under 
50 CFR § 13.29 and the procedures for doing so. Upon notification that the ITP has been 
revoked and after all appeal procedures have been exhausted, SPI must surrender the ITP to the 
Service. 

The Service may suspend the ITP, in whole or in part, in accordance with its regulations located 
at 50 CFR § 13.27. The procedures for requesting reconsideration of the Service’s decision to 
suspend an ITP are located at 50 CFR § 13.29. 
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8.13.2. Permit Relinquishment 

SPI reserves the right to relinquish the ITP as to each Covered Species prior to expiration by 
providing thirty (30) days advance written notice to the Service as provided by 50 CFR § 13.26. 
The ITP shall be deemed canceled only upon a determination by the Service that any 
outstanding monitoring, minimization and mitigation measures have been implemented. 

8.14. POST-TERMINATION OBLIGATIONS 
SPI and the USFWS acknowledge that SPI’s compliance with the HCP and ITP will result in SPI 
having fully mitigated for any incidental take of any Covered Species if SPI has fully funded the 
Plan in accordance with the HCP and implemented the HCP in accordance with the ITP. 

If SPI is in compliance with the terms of the HCP and ITP upon the date of termination, 
relinquishment, or revocation of the ITP, then SPI shall have no further obligations pursuant to 
the ITP with regard to Covered Species or Permit Area, and no further post-termination 
mitigation shall be owed by SPI if the ITP is terminated, relinquished, or revoked prior to the end 
of the permit term. The USFWS will determine if SPI complies with the terms of the HCP and ITP 
in accordance with applicable regulations consistent with the HCP and ITP prior to any 
relinquishment or termination. 

8.15. LAND TRANSACTIONS 
If SPI acquires any additional Projects, SPI may elect to include such Projects in the HCP and ITP 
in accordance with the Amendment Process. Upon such election, SPI shall provide notice to the 
Service of its desire to include additional lands, along with a specific description of the location, 
legal description, and conditions of such additional property. 

SPI may not sell or dispose of any Projects included in Plan Area, or exchange any portion 
thereof, to any new party during the term of the HCP unless: (a) the HCP or ITP is modified to 
delete such lands in accordance with Section 8.13.2 (Relinquishment); or (b) the lands are 
transferred to a third party who has agreed to be bound by the terms of the HCP, in accordance 
with Section 8.10 (Assignment and Transfer). 

8.16. NO RECORDING 
The HCP, the ITP, or any obligations thereunder, will not be recorded on Plan Area, and will not 
run with Plan Area. 
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Introduction 
 
In 2003, Sierra Pacific Industries (SPI) coordinated with the US Fish and Wildlife Service 
(Service) to design a comprehensive multi-year survey of northern spotted owls (NSO), which 
we called the Landscape Survey Strategy (LSS).  It was designed to survey all suspected 
spotted owl nesting/roosting habitat within SPI lands and extending out to 0.7 miles from SPI.  
The total area within the LSS was 307,408 acres, of which 142,279 acres (46%) belong to SPI.  
Most of the neighboring lands are under the control of the Shasta-Trinity National Forest.  This 
strategy established 474 permanent survey points (Figure 1) that were surveyed for five 
consecutive years from 2003 through 2007.   
 
In years previous to the 1990 listing of the NSO under the U.S. Endangered Species Act, SPI 
surveyed much of their ownership in Trinity County to the north and south of Weaverville to 
determine how many NSO activity centers were present.  Surveys were done using protocols 
existing at the time, but may not have been comprehensive in area coverage, and negative 
results were not compiled.  In addition, activity centers in older California Natural Diversity 
Data Base records were included in the SPI database.   
 
Thus, while we had a good general idea of the extent and numbers of sites on SPI lands, we 
knew that we did not have an accurate estimate of the number of NSO occupied activity 
centers.  During the 1990s, our approximate estimate of activity centers on or near the 
property was 52 (Figure 2), but that estimate was subject to several sources of error, 
especially inclusion of older sites from over a decade earlier (some from as early as 1974).  
We could not estimate how many of these met the protocol definition of occupied. 
 
In the decade following the 1990 federal listing of the NSO, the activity centers recorded prior 
to the listing were not surveyed systematically.  Instead, most surveys during that period were 
project based (i.e., during THP prep for the THP area only).  Through the 1990s and early 
2000s, all THPs were surveyed and harvested under no-take guidance, according to the 
Forest Practice Rules (FPR) and to whichever agency process was in place at the time.  We 
occasionally found occupied sites in new areas, but many older sites were not revisited over a 
period of several years.  Birds were not marked (by banding), so we could only speculate as to 
movements.  
 
Also during the early 1990s, the Service designated five sites as abandoned.  Three of these 
ACs had been subject to more extensive timber harvest prior to the listing, and they had not 
been found to be occupied at any time since the listing of the NSO (Figure 3). 
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Results 
 
The number of occupied activity centers found during the 2003 - 2007 surveys was 47 (Figure 
3), of which nine were not previously known.  Coincidentally, nine older activity centers were 
not occupied during this five-year survey period.  Most of the new activity centers established 
by this LSS effort were near older, unoccupied activity centers. 
 
In 2011, we began annual re-surveys of the LSS stations which is continuing to this day.    
During this survey effort, we found 60 occupied activity centers within the original LSS area, 17 
of which were in new locations (Figure 4).  One activity center occupied during the 2003-2007 
surveys was destroyed by wildfire prior to 2011.  In addition, one occupied AC has continued 
to make minor movements throughout the re-survey period and has since been relocated 
outside the LSS boundary.  Due to this bird originally being located within the LSS boundary 
and since it was included in the baseline and 2003-2007 analysis, it was included in the 
density calculations for this survey period even though it now falls just outside the LSS 
boundary.   

Again, new activity centers were usually near older activity centers now unoccupied.  
Despite the single AC lost to wildfire, the estimated population density seems to be increasing 
within the study area.   The raw density of 60 occupied ACs found on the 173,316 acre survey 
area between 2011-2016 results in 0.2216 occupied ACs per square mile; up from 0.1736 in 
2003-2007 based upon 47 occupied ACs and up from an estimated 0.1551 occupied ACs per 
square mile in 1989 based upon an estimated 42 occupied ACs (80% of 52 known ACs).  See 
table below: 
 
Year 1989 80%  (Recovery) 1989 - 2003 2003 - 2007 2011 - 2016 
Occupied 
ACs 

52 (max 
known 
1974-1989) 

42 47 (max) 47 60 
 

Crude 
Density1 

Not 
Applicable 

0.15512 
 

0.17362 
 

0.1736 
 

0.2216 
 

Comment Assumed 100% 
occupancy 
since actual 
surveys were 
not conducted. 

Assume the 
population was a fully 
recovered population.  
(80% occupancy per 
2008 NSO Recovery 
Plan) 

Max estimate.  
Assumed all ACs 
occupied. (Removed 
5 abandoned sites 
with USFWS 
concurrence) 

Occupancy 
determined at all 
sites 

Occupancy 
determined at 
all sites 

1 Note: Crude density is based upon the 173,316 acre area within .5 mile of a survey station, since the larger area inside the 
general survey boundary includes the town of Weaverville and a significant area that as a result of wildfires or site quality 
would never be considered potential habitat.  See Figure 7 for the estimated effective survey area. 
2 Grey highlighted numbers are the result of assumptions not actually measured/calculated. 
 
In both of these survey periods, some ACs were determined to be unoccupied due to lack of 
responses and historically would have been declared abandoned by the Service.  Service 
direction changed in this time period, and the 2012 protocol no longer included a definition for 
abandoning sites.  Thus, ACs generated from owls that may have moved on the landscape 
continue to increase in number while numbers of occupied ACs and density of owls increased. 
 
In response to the Service’s revision of the survey protocol in 2011, we switched to using 
electronic calling machines for these surveys, and also added over 180 new calling stations, 
extending geographic extent of the survey effort by about 40 percent, most of which is US 
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Forest Service land within 1.3 miles of SPI ownership.  This resulted in location of still more 
activity centers outside the original LSS area; these sites have not been included in the 
summary previously mentioned (Figure 5).  Also, in 2011, we began banding all NSO on the 
ownership, so that in the future we will be able to ascertain whether birds in new locations are 
residents that have relocated, or whether they are immigrants.  Since 2011, we have banded 
197 NSO (122 adults/sub adults and 75 juveniles). 
 
Reproduction 
 
During this recent 2011- 2016 effort we were able to determine that 31 of these 60 occupied 
activity centers were reproductive, producing a minimum of 109 fledglings (Figure 6). This 
represents 68 individual successful nesting attempts as many of these AC’s reproduced two to 
five times during this six year survey. 
 
Summary and Conclusion 
 
In summary, the uncertainty associated with the estimate of territories extant at the time of 
listing precludes precise comparison of numbers over the past 27 years.  However, while we 
have seen some change in the location of occupied activity centers, we see no indication of a 
population decline in the LSS area during the period between the 2003 - 2007 LSS surveys 
and the surveys being conducted now.  While we recognize that this is a very small portion of 
the California population and our work is not a demographic study; it is worth noting that the 
LSS area apparently is not showing a similar decline as reported from the NSO demographics 
studies.  The Willow Creek Study area (referred to as NWC) is the nearest USFS demographic 
study area to the LSS and they have an estimated annual decline of 3.0%.  The current range 
wide demographic average is an estimated annual decline of 3.8% (Dugger et al, 2016).    
 
Compared to those values our numbers of occupied ACs and density of owls appears to be 
increasing.  If our study area NSOs were following these rates and assuming that our original 
1989 AC count of 52 (minus those the Service declared abandoned) we would have a 1989 
starting estimate of 47 ACs. Then assuming 100% occupancy, applying the NWC study 
estimated rate of decline our study area should have a reduction to only 20.7 occupied ACs 
and based upon the NSO range wide estimated rate we should have only 17.5 occupied ACs 
today. 
 
Since the listing, over the past 27 years, all THPs have been conducted under no-take 
guidance in effect at the time of harvest.  The increased survey effort, improved protocols, and 
initiation of banding should improve our understanding of the owl population in this area in the 
future.  
 
In conclusion, to our knowledge, our LSS effort to determine the number of occupied ACs on a 
fixed area of land is the only existing dataset upon which to assess potential impacts over time 
of FPR - guided management on NSO density.  This study shows that for the period from 2003 
through 2015, despite active timber harvest, there has been only an increase in population 
density for this portion of the range of the NSO.  While our current efforts have demonstrated 
movement of owls around this landscape, as described above, this has resulted in an increase 
in the number of ACs and a misleading percent occupied estimate.  This resultant increase in 
overall AC count obscures the fact that actual numbers of “occupied” ACs and the density of 
owls have increased substantially since the listing of the owl.   



4 
 

References 
 
Katie M. Dugger, Eric D. Forsman, Alan B. Franklin, Raymond J. Davis, Gary C. White, Carl J. 
Schwarz, Kenneth P. Burnham, James D. Nichols, James E. Hines, Charles B. Yackulic, 
Doherty,Paul F. Jr., Larissa Bailey, Darren A. Clark, Steven H. Ackers, Lawrence S. Andrews, 
Benjamin Augustine, Brian L. Biswell, Jennifer Blakesley, Peter C. Carlson, Matthew J. 
Clement, Lowell V. Diller, Elizabeth M. Glenn, Adam Green, Scott A. Gremel, Dale R. Herter, 
J. Mark Higley, Jeremy Hobson, Rob B. Horn, Kathryn P. Huyvaert, Christopher McCafferty, 
Trent McDonald, Kevin McDonnell, Gail S. Olson, Janice A. Reid, Jeremy Rockweit, Viviana 
Ruiz, Jessica Saenz, and Stan G. Sovern (2016) The effects of habitat, climate, and Barred 
Owls on long-term demography of Northern Spotted Owls. The Condor: February 2016, Vol. 
118, No. 1, pp. 57-116.. 



!
!

!
!
!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

! !
!

!

!

!
!

!
!

!

!

!

!
!

!

!
!

!

!

!
!

!

!
!! !

!
!!

!

!

!

!!

!

! !

!

!

!
!
!

!

!

!!

!

!

!

!

!!

! !
!!

!
!

! !

!
!

!

!

!

!

!
!

!
!

!
!

!

!

!!

!
!

!

! !
!

!
!!

!

!

!

!

!

!
!

!

!
!

!

! !

!

!

!

!

!

!

!

!
!

!!

!
!
!

!
! !

!!

!

!

!
!

!

!

!

!
!

!
!

!

!

!

!
!

! !
!

!

!

!

!

! !

!

!

!

! !

!!

!!

!

!

!

!

!

!

!

!
!
!

!

!
!

!

!
!

!

!

!

!

!!

!

!

!

!

!
!

!

!

!

!
!

!
!

!

!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!
!

!

!

!

!

!

!
!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!
!

!

!

!

!

!

!

!

!!
!

!

!

!

!
!

!

!

!

!
!

!

!

!

!
!

!
!

!

!

!
!

!

!
!

!

!
!

!
!

!

!

!
!

!

!

!
!!

!

!

!

!

!
!

!

!

!

!

!

!

!
!

!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

!
!

!
!!

!
!

!

!
!

!
!!

!

!
!

!
!
!
!

!
! !

!

!

!

!

!

!

!
!

!

!

!!
!!

!

!

!

!

!
!

!

!
!

!

!
!

!

!

!

!

!

!

! !

!

!
!

!

!

!

!!
!

!

!
!

!

!
!

!

!
!

!!

!

!!

!

!

!

!

!!

! !!

!

!

!

!

!
!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!!

!
!

!

!

!
!

TRINITY RIVER

COFFEE CREEK

HAYFORK CREEK

EAST FORK TRINITY RIVER

CL
EA

R C
RE

EK

SA
CR

AM
EN

TO
 RI

VE
R

SOUTH FORK SALMON RIVER

SPRING CREEK

NORTH FORK TRINITY RIVER

BACKBONE CREEK

FLAT CREEK

BO
UL

DE
R C

RE
EK

SOUTH FORK SA
CRAMENTO RIVER

MOTION CREEK

NORTH FORK SQUAW CREEK

SLICKROCK CREEK

CLEAR CREEK

CLEAR CREEK

¬«3

¬«299

¬«5

¬«36

¬«299

Figure 1 - LSS Overview 
Ownership Distribution & 
LSS NSO Call Stations

! 2007 NSO Calling Stations

LSS Boundary

SPI Ownership

USFS Ownership

Other Ownership

This map is a copyrighted document; it may not
be copied, republished or used in any other work

without the express written permission of
Sierra Pacific Industries (the copyright holder).



!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

TRINITY RIVER

COFFEE CREEK

HAYFORK CREEK

EAST FORK TRINITY RIVER

CL
EA

R C
RE

EK

SA
CR

AM
EN

TO
 RI

VE
R

SOUTH FORK SALMON RIVER

SPRING CREEK

NORTH FORK TRINITY RIVER

BACKBONE CREEK

FLAT CREEK

BO
UL

DE
R C

RE
EK

SOUTH FORK SACRAMENTO RIVER

MOTION CREEK

NORTH FORK SQUAW CREEK

SLICKROCK CREEK

CLEAR CREEK

CLEAR CREEK

¬«3

¬«299

¬«5

¬«36

¬«299

Figure 2
1989
LSS AC Occupancy

! Valid AC (n=52)

Valid Territory (n=52)

LSS Boundary

SPI Ownership

This map is a copyrighted document; it may not
be copied, republished or used in any other work

without the express written permission of
Sierra Pacific Industries (the copyright holder).



!

!

!

!

!

!

!

!

!

!

!

! !

"

!

!

!

"

!

!

"

!

!

!

!

!

!

!!
!

!

!

!

!

!

!

!

"

!

!

"

!

!

!

"

!

!

"

!

" !

!

!

!

!

G
G

G

G

G

"

TRINITY RIVER

COFFEE CREEK

HAYFORK CREEK

EAST FORK TRINITY RIVER

CL
EA

R C
RE

EK

SA
CR

AM
EN

TO
 RI

VE
R

SOUTH FORK SALMON RIVER

SPRING CREEK

NORTH FORK TRINITY RIVER

BACKBONE CREEK

FLAT CREEK

BO
UL

DE
R C

RE
EK

SOUTH FORK SACRAMENTO RIVER

MOTION CREEK

NORTH FORK SQUAW CREEK

SLICKROCK CREEK

CLEAR CREEK

CLEAR CREEK

¬«3

¬«299

¬«5

¬«36

¬«299

Figure 3
2003 - 2007
LSS AC Occupancy

! Occupied AC (n=38)

" New AC (n=9)

! Unoccupied AC (n=9)

G Abandoned AC (n=5)

LSS Boundary

Occupied Territory (n=47)

Unoccupied Territory (n=9)

SPI Ownership

This map is a copyrighted document; it may not
be copied, republished or used in any other work

without the express written permission of
Sierra Pacific Industries (the copyright holder).



!>

!

!

!

!

!

!

!

!

!

! !

!

"

!

!

!

!

!

!
!

!

!

!

"

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

"

"

"

"

!

"

"

!

!

!

"

"

"

!

!

!

"

"

!

!

"

"

!

"

!?¬«3

¬«36

¬«3

¬«36

¬«5

¬«299

¬«299

¬«3

SOUTH FORK SALMON RIVER

GR ASSVALLE Y CREEK

SOUTH FORK SALMONRIVER

H AYFORK CREEK

SA
CR

AM
EN

TO
RIV

ER

NORTH FORK COTTONWOOD C REEK

SLICKROCK CREEK

CLEARCRE EK

SPRING CREEK

COFFEE CREEK TRINITY RI VER

LITTLE GRASS VALLEY CREE K

MOTION CREEK

TRIN ITY RIVER

BACKBONE CREEK

TRINITY RIVER

FLAT C REE K

NORTH FOR K S ALMO N RIV ER

BO
UL

DERCREEK

NORTH FORK SQUAW
C R EEK

MI

DDLE FORK COTTONWOOD CREEK

CLEARCREEK

EAST FORK TRINIT Y RIVER

SOUTH FORK SACRAMENTO
RIVER

NORTH FORK SACRAMENTO RIVER

SO
UTH

FORK SCOTT RIVER

N O RT
HF

OR
K

TR
IN

IT
YR

IV
ER

Figure 4 - 2011 - 2016
LSS NSO AC Occupancy

! Occupied AC (n=44)

" New AC (n=16)

! Unoccupied AC (n=11)

!? Declared Abandoned by USFWS in '14 (n=1)

!> Historic AC (n=1)

Occupied Territory

Unoccupied Territory

LSS Boundary

SPI Ownership

This map is a copyrighted document; it may not
be copied, republished or used in any other work

without the express written permission of
Sierra Pacific Industries (the copyright holder).



!>

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!
!

!

!

! !

!

!

!

!
!

¬«36

¬«36

¬«3

¬«36

¬«3

¬«5

¬«299

¬«299

¬«3

GR ASSVALL EY CREEK

SO UTH FORK SALMON RIVER

MIDD L E F
OR

K
CO

TT
ONWOOD CREEK

HA
YF

O R
K C

RE
EK

NORTH FORK COTTONWOOD CREEK

SLICKROCK CREEK

CLEARCR EEK

SPRINGCREEK

COFFEE CREEK

LITTLE GRASS VALLEYCREE K

MOTION CREEK

TRINITY RIVER

BAC KBONE CREEK

TRINITY RIVER

S ACRAMENTO RIVER

S A
CR

AM
EN TO

RI
VE

R

FLAT C RE E K

COT T ONWOO D CREEK

NORTH FORK SQUAW
C

R EEK

BO
UL

DERCREEK

CLEAR C REEK

EAST FORK TRINITY RIVER

SOUTH FORK SACRAMENTO
RIVER

NO
RTH

FO
RK

TR
IN

ITY
RI

VE

R

Figure 5 - 2011 - 2016
Weaverville Dist. NSO AC Occupancy

! Occupied AC (n=83)

! Unoccupied AC (n=11)

!> Historic AC (n=1)

Occupied Territory

Unoccupied Territory

LSS Boundary

SPI Ownership

This map is a copyrighted document; it may not
be copied, republished or used in any other work

without the express written permission of
Sierra Pacific Industries (the copyright holder).



!>

!

"

"

"

"

"

"

!

"

"

!

"

"

!
"

"

!

" "

"

"
"

!

!

!

"

!

"

!

!

!

!

!

!

!

! !

"

!

!

"

"

"

!

!

"

"

"

"

!

!

!

!

!

!

!

"

"

!

!

¬«3

¬«36

¬«36
¬«3

¬«5

¬«299

¬«299

¬«3

GR ASSVA LLE Y CREEK

SOUTH FORK SAL MON RIVER

SA

CRAMENTO RIVER

HAYFORK
CREEK

NORTH FORK C OTTONWOOD CREEK

SLICKROCK CREEK

CLEARCRE EK

SPRING CREEK

COFFEE CREEK

SA
CR

AM
E N

TO
RIV

E R
LITTLE GRASS VALLEY CREE K

MOTION CREEK

TRINITY RI VER

BA CKBONE CREEK

NORTH

FORK SA LMO N RIVER

TRINITY RIVER

FLAT C REE K

BO
UL

DER

CREEK

NORTH FORK SQUAW
C R EEK

C LEAR CREEK

EAST FORK TRINITY RIVER

SOUTH FORK SACRAMENTO
RIVER

NORT H FORK SACRAMENTO RIVER

SO
UTH FORK SCOTT RIVE R

N
ORTH

FORK
TR INITY RIVER

Figure 6 - 2011 - 2016
LSS NSO AC Reproduction

! Reproductive AC (n=31)

" Non-reproductive AC (n=29)

!> Historic AC (n=1)

LSS Boundary

SPI Ownership

This map is a copyrighted document; it may not
be copied, republished or used in any other work

without the express written permission of
Sierra Pacific Industries (the copyright holder).



!
!

!
!
!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!
!!

!

!

!

!
!

!
!

!

!

!

!
!

!

!
!

!

!

!
!

!

!
!! !

!
!!

!

!

!

!!

!

! !

!

!

!
!
!

!

!

!!

!

!

!

!

!!

! !
!!

!
!

! !

!
!

!

!

!

!

!
!

!
!

!
!

!

!

!!

!
!

!

! !
!

!
!!

!

!

!

!

!

!
!

!

!
!

!

! !

!

!

!

!

!

!

!

!
!

!!

!
!
!

!
! !

!!

!

!

!
!

!

!

!

!
! !

!

!

!

!

!
!

! !
!

!

!

!

!

! !

!

!

!

! !

!!

!!

!

!

!

!

!

!

!

!
!
!

!

!
!

!

!
!

!

!

!

!

!!

!

!

!

!

!
!

!

!

!

!
!

!
!

!

!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!
!

!

!

!

!

!

!
!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!
!

!

!

!

!

!

!

!

!!
!

!

!

!

!
!

!

!

!

!
!

!

!

!

!
!

!!

!

!

!
!

!

!
!

!

!
!

!
!

!

!

!
!

!

!

!
!!

!
!

!

!

!
!

!

!

!

!

!

!

!
!

!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!

!
!
!

!
!

!

!
!

!
!!

!
!

!

!
!

!
!!

!

!
!

!
!
!
!

!
! !

!

!

!

!

!

!

!
!

!

!

!!
!!

!

!

!

!

!
!

!

!
!

!

!
!

!

!

!

!

!

!

! !

!

!
!

!

!

!

!!
!

!

!
!

!

!
!

!

!
!

!!

!

!!

!

!

!

!

!!

! !!

!

!

!

!

!
!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

! !

!
!

!

!

!
!

TRINITY RIVER

COFFEE CREEK

HAYFORK CREEK

EAST FORK TRINITY RIVER

CL
EA

R C
RE

EK

SA
CR

AM
EN

TO
 RI

VE
R

SOUTH FORK SALMON RIVER

SPRING CREEK

NORTH FORK TRINITY RIVER

BACKBONE CREEK

FLAT CREEK

BO
UL

DE
R C

RE
EK

SOUTH FORK SACRAMENTO RIVER

MOTION CREEK

NORTH FORK SQUAW CREEK

SLICKROCK CREEK

CLEAR CREEK

CLEAR CREEK

¬«3

¬«299

¬«5

¬«36

¬«299

Figure 7 - LSS Stations
Buffered 1/2 mile
173,316 acres

! 2007 NSO Calling Stations

LSS Boundary

Station buffer

SPI Ownership

USFS Ownership

Other Ownership

This map is a copyrighted document; it may not
be copied, republished or used in any other work

without the express written permission of
Sierra Pacific Industries (the copyright holder).



 

 

APPENDIX 3.2 

Spotted Owl Trend Analyses 
  



 

 

 



Appendix 3.2 - SPI NSO/CSO HCP    
 

1 
 

Appendix 3.2 – Spotted Owl Trend Analyses for Sierra Pacific 
Industries Study Areas 

 
 

 
Jim Baldwin, Pacific Southwest Research Station, U.S. Forest Service 

Martin G. Raphael, Raphael Ecological Consulting, LLC 

 

Sierra Pacific Industries 

 

2/15/2018 

__________________________________________________________________ 

Population Trend Analysis 

Several models were used to evaluate site occupancy data for Northern spotted owls (NSO) and 
California spotted owls (CSO). These data representing occupancy at spotted owl activity centers were 
obtained through surveys by Sierra Pacific Industries (SPI) on their California ownership and surrounding 
ownerships within 1.3 miles for NSO and 1.0 miles for CSO.  Sites and surveys in the data included: NSO: 
n = 147 sites, up to 9 visits per year, 2011 through 2017) and California spotted owls (CSO: n = 67, up to 
4 visits per year, 2012 through 2017).  We also analyzed a subset of the NSO data from SPI's Landscape 
Survey Strategy (LSS) area in Trinity Co., CA (n=76), because these sites are proposed for long term 
monitoring by SPI (B Dotters, SPI, pers. comm.).  

We used the pcountOpen function in the unmarked R package.  A list of the possible models is found 
in Hostetler and Chandler (2015).  The programs included in this package were modified by Michelle 
Reilly, USFWS, and by Jim Baldwin.  Habitat attributes of sites included in these models are given in 
Appendix 1. 

Below is a summary of the top models: 

Data 

Mean annual change in # of 
owls per site Detection 

probability 
model 

Probability 
mixture 
model Dynamics Immigration AIC AICWt Estimate 

95% Conf. 
Limits 

CSO 0.047 -0.054 0.149 Constant Poisson Constant No 2,730.490 0.290 
NSO 0.070 -0.012 0.152 BDOW ZIP Gompertz Yes 4,927.371 0.969 
NSO LSS 0.031 -0.062 0.123 BDOW ZIP Gompertz Yes 2,719.845 0.277 
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From the 95% confidence limits of the mean annual change in the number of owls per site, it appears 
that while all estimates of mean annual change are positive, none are statistically significant.  In any 
event, there is no evidence of a downward trend. 

Figures 1, 2, and 3 depict the predicted values for each data set along with the approximate 95% 
confidence limits for each annual prediction.  These figures also justify the summary of the change, with 
a single value being the mean annual change in the number of owls per site (given that there is little 
noticeable curvature of the predictions over time). 

 

Figure 1.  Northern spotted owls - top model predictions (all sites). 
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Figure 2.  Northern spotted owls - top model predictions (LSS monitoring sites only) 
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Figure 3.  California spotted owl - top model predictions. 
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Occupancy Analysis 

For comparison with the more robust population trend analyses reported above, we also ran dynamic 
occupancy models (using the COLEXT package in R) based on the presence or absence of spotted owls at 
each site at each visit (see Appendix 2 for details).  For the full NSO dataset (n = 147), the results show 
that occupancy was essentially level during the years of study, 2011 through 2017 (slope = 0.0094, SE = 
0.0088, 95% C.I = -0.0079, 0.0266).  During this period, occupancy averaged about 0.43, as shown in 
Figure 4. 

 

            NSO dataset (n = 147) 

Figure 4.  Mean annual occupancy on the NSO study areas.  See App. 2 for details.  

For the NSO LSS monitoring sites dataset (n = 76), the results show that occupancy was essentially level 
during the years of study, 2011 through 2017 (slope = 0.0197, SE = 0.0109, 95% C.I. = --0.0017, 0.0411).  
During this period, occupancy averaged about 0.49 as shown in Figure 5: 
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Figure 5.  Mean annual occupancy on the NSO LSS monitoring sites.  See App. 2 for details. 
 

For the CSO dataset (n = 67), the results show that occupancy was essentially level during the years of 
study, 2012 to 2017 (slope =- -0.0102, SE = 0.010995% C.I. = -0.0377 to 0.0172).  During this period, 
occupancy averaged about 0.83 as shown in Figure 6: 

CSO dataset (n=67) 

Figure 6.  Mean annual occupancy on the CSO study area.  See App. 2 for details. 

NSO LSS dataset (n = 76) 
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Discussion 

We note that in the COLEXT modeling, the occupancy rate at the CSO sites is nearly twice the rate at the 
NSO sites.  According to SPI, this is because the NSO data contain 38 sites within the NSO data set 
(including 11 sites within the LSS) that were recorded many years (in some cases decades) prior to the 
analyzed survey period but were never occupied during the survey period (B. Dotters, SPI, pers. comm.).  
When NSO sites that had not been occupied for five consecutive years were removed from occupancy 
estimations, estimated occupancy was 0.61 for 2017 (B. Dotters, SPI, pers. comm.). 
 
The outcomes of the COLEXT modeling were similar to the outcomes of the R modeling.  Because of the 
simplicity of use, this may warrant consideration for use of COLEXT methods for future modeling of 
trend in these populations. 
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Appendix 1.  Summary of forest cover attributes (proportion of each type within a 500-acre 
circle surrounding each activity center) for each of the three sets of data described above.  Note 
that sample sizes differ slightly from the models above because these attributes were not 
available for each of the sites used in the population models.  Methods of deriving these habitat 
attributes are given in Raphael et al. (2018), unpublished report on file with SPI.  (SPI HCP 
Appendix 3.4) 
 

  Nesting  Non-
nesting 

Nesting 
support 

Nesting 
plus 

nesting 
support 

CSO Mean 0.375 0.310 0.315 0.690 
Median 0.382 0.276 0.316 0.726 
N 67 67 67 67 
Std. 
Deviation 

0.164 0.157 0.089 0.157 

Minimum 0.04 0.04 0.07 0.15 
Maximum 0.86 0.85 0.54 0.96 

NSO Mean 0.367 0.296 0.336 0.704 
Median 0.357 0.285 0.331 0.715 
N 146 146 146 146 
Std. 
Deviation 

0.145 0.141 0.123 0.141 

Minimum 0.05 0.02 0.03 0.29 
Maximum 0.95 0.71 0.86 0.98 

NSO LSS Mean 0.328 0.341 0.331 0.659 
Median 0.318 0.338 0.328 0.662 
N 75 75 75 75 
Std. 
Deviation 

0.116 0.136 0.087 0.136 

Minimum 0.11 0.05 0.12 0.29 

Maximum 0.69 0.71 0.52 0.95 
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Appendix 2.  Additional details for the NSO and CSO occupancy models. 
Jim Baldwin, Pacific Northwest Research Station, U.S. Forest Service 
 

 

NSO, NSO HCP, and CSO data were used to fit 5 different models using colext (dynamic occupancy) in 
the unmarked R package. 

The five models in terms of the colext terminology are as follows: 

  m1 = colext(~1, ~1, ~1, ~1, umf) 
  m2 = colext(~1, ~1 + yr, ~1 + yr, ~1, umf) 
  m3 = colext(~1, ~1 + yr, ~1, ~1, umf) 
  m4 = colext(~1, ~0 + year, ~0 + year, ~0 + year, umf) 
  m5 = colext(~1, ~0 + year, ~0 + year, ~1, umf) 
  m6 = colext(~1, ~1 + yr, ~1 + yr, ~0 + yr, umf) 
 

“year” is a categorical variable taking on the values “2011” through “2017” for the NSO and NSO HCP 
data and “2012” through “2017” for the CSO data.  “yr” is a continuous variable ranging from 1 to 7 for 
the NSO and NSO HCP data and 1 to 6 for the CSO data. 

Using AIC to rank the models, the best models were 1, 3, and 4 for NSO, NSO LSS, and CSO, respectively.  
Below are the figures showing the estimates for all of the annual occupancy, extinction, colonization, 
and detection probabilities. 
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Figure A2-4.  NSO top occupancy model 

 

Figure A2-5.  NSO LSS top model 
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Figure A2-6.  CSO top model 

 

We have 7 estimates of annual occupancy for NSO and 6 estimates for CSO.  We would like to 
summarize the overall linear change over those time periods.  One such summary statistic is 
characterized by the formula for the least squares estimate of slope.  That formula applied to the true 
occupancies over  years is as follows: 

 

where  is the occupancy for year ,  is the mean occupancy,  is year  (2011, 2012,…), and  is the 
mean of the surveyed years.  For NSO this simplifies to be 

 

Note that because the mean of the years is 2014 for NSO,  drops out of the formula because 

 

For CSO with just six years we have 
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None of the  values drop out for CSO because the mean of the years is 2014.5.  (In general, the middle 
year will drop out for an odd number of consecutive years.) 

These slopes are in terms of the mean annual change in the number of birds per site.  We can plug in 
our estimates and use the Delta Method to estimate the associated standard error.  Below is the 
summary table. 

Data Estimate Std.Err. 
95% Conf. Limits 
Lower Upper 

NSO 0.0094 0.0088 -0.0079 0.0266 
NSO LSS 0.0197 0.0109 -0.0017 0.0411 
CSO -0.0102 0.0140 -0.0377 0.0172 

 

The estimates of the mean annual change in the number of birds per site are all very small and all three 
of the confidence intervals include zero. 

 

Note:  Some will immediately state “You can’t do statistics on statistics”.  That is not what this process is 
about.  We start with a formula that combines the parameters (not the estimates) into an interpretable 
summary (the slope).  This summary is also a parameter.  It’s just a function of several other parameters.  
Then we plug in estimates of those parameters and in estimating the associated standard error we 
account for the covariances among the parameter estimators (using the Delta Method).  The estimate of 
the slope is exactly what one would obtain by using a linear regression program.  However, the resulting 
standard error for the slope will be incorrect/inappropriate because the linear regression program 
wrongly assumes that the observations are independent. 

colext
 
Call: 
colext(psiformula = ~1, gammaformula = ~1 + yr, epsilonformula = ~1,  
    pformula = ~1, data = umf) 
 
Initial: 
 Estimate    SE     z P(>|z|) 
    -0.56 0.177 -3.17 0.00151 
 
Colonization: 
            Estimate     SE     z  P(>|z|) 
(Intercept)   -1.182 0.2644 -4.47 7.78e-06 
yr            -0.134 0.0753 -1.78 7.48e-02 
 
Extinction: 
 Estimate    SE     z  P(>|z|) 
     -1.5 0.138 -10.9 1.47e-27 
 
Detection: 
 Estimate     SE    z  P(>|z|) 
    0.569 0.0572 9.94 2.73e-23 
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AIC: 2889.049 
 

colext
 

Call: 
colext(psiformula = ~1, gammaformula = ~1, epsilonformula = ~1,  
    pformula = ~1, data = umf) 
 
Initial: 
 Estimate   SE     z P(>|z|) 
   -0.418 0.24 -1.74  0.0816 
 
Colonization: 
 Estimate    SE     z  P(>|z|) 
    -1.25 0.162 -7.72 1.14e-14 
 
Extinction: 
 Estimate    SE     z  P(>|z|) 
     -1.4 0.173 -8.12 4.67e-16 
 
Detection: 
 Estimate   SE    z  P(>|z|) 
    0.815 0.08 10.2 2.35e-24 
 
AIC: 1526.679 
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colext
 

Call: 
colext(psiformula = ~1, gammaformula = ~0 + year, epsilonformula = ~0 +  
    year, pformula = ~0 + year, data = umf) 
 
Initial: 
 Estimate    SE    z  P(>|z|) 
     1.92 0.422 4.56 5.09e-06 
 
Colonization: 
         Estimate    SE      z P(>|z|) 
year2012  -0.9432 0.989 -0.954  0.3402 
year2013  -0.0587 0.611 -0.096  0.9235 
year2014   0.4225 0.594  0.712  0.4766 
year2015  -3.0829 3.962 -0.778  0.4365 
year2016  -1.4989 0.787 -1.905  0.0568 
 
Extinction: 
         Estimate    SE     z  P(>|z|) 
year2012    -1.98 0.471 -4.21 2.53e-05 
year2013    -2.12 0.484 -4.39 1.16e-05 
year2014    -3.11 0.839 -3.71 2.09e-04 
year2015    -2.64 0.523 -5.05 4.44e-07 
year2016    -1.98 0.419 -4.73 2.29e-06 
 
Detection: 
         Estimate    SE    z  P(>|z|) 
year2012    0.948 0.246 3.86 1.14e-04 
year2013    0.680 0.203 3.34 8.28e-04 
year2014    1.103 0.194 5.67 1.40e-08 
year2015    1.593 0.214 7.44 1.00e-13 
year2016    1.246 0.174 7.17 7.28e-13 
year2017    1.529 0.205 7.45 9.68e-14 
 
AIC: 1311.26 

 

 

 

 



 

 

APPENDIX 3.4 

Spotted Owl Nesting Habitat GNN Analysis 
  



 

 

 



Appendix 3.4 SPI CSO/NSO HCP 

 
 

Appendix 3.4 - Occurrence of California and Northern Spotted 
Owls in Relation to Amount and Pattern of Nesting Habitat in 
Mixed Ownership Forests of California 

 

Martin G. Raphael 

Raphael Ecological Consulting, LLC 

 

Brian P. Dotters 

Kevin N. Roberts 

Glen Rouse 

Sierra Pacific Industries 

 

Phillip J. Detrich 

PJD Environmental Consulting, Inc.  

 
August 17, 2018 

______________________________________________________________________________  



2 
 

Introduction 

Nesting habitat and habitat characteristics have been thoroughly described for both the 
northern (Strix occidentalis caurina, NSO) and California (Strix occidentalis occidentalis, CSO) spotted 
owls (referred to hereafter as spotted owls) over the last three decades (Thomas et al 1990, Bias and 
Gutiérrez 1992, Moen and Gutiérrez 1997, North et al. 2000, Courtney et al. 2004, Blakesley et al. 2005, 
Chatfield 2005, Seamans 2005, Carroll and Johnson 2008, Roberts et al. 2011).  Throughout the range of 
both subspecies, the amount of older forest and associated characteristics (e.g., larger trees, higher 
canopy closure) were found to have a strong effect on occupancy, reproduction and other demographic 
parameters (Bart and Forsman 1992, Dugger et al. 2005, Dugger et al. 2016, Tempel et al. 2016).  Other 
studies found that a mosaic of older forests intermixed with various other seral stages and vegetation 
types may provide higher quality habitat than large, uniform blocks of older, more mature forests 
(Franklin et al. 2000, Franklin and Gutiérrez 2002, Zabel et al. 2003, Irwin et al. 2012, Roberts et al. 2017, 
Jones et al. 2017, North et al. 2017).    

Understanding and ranking the “suitability” and/or “quality” (sometimes interchangeable, Thomas et al. 
1990) of nesting habitat throughout the species’ range is of high importance and can further guide 
managers into management strategies that benefit the owls.  Thomas et al. (1990) stated, “discussions 
of an organism’s habitat usually include assessments of its relative “value” or “suitability.” For any 
species, habitat suitability for various life functions—breeding, feeding, and cover—is not identical in all 
possible habitats. Suitability of different types of habitat can be graded from excellent to poor, which 
means that habitat suitability values tend to be continuous as opposed to discrete.”    Our objective was 
to produce a map of forest stands depicting their level of similarity to stand conditions known to be 
used by NSO and CSO for nesting in California and to use these maps to evaluate the amount and spatial 
distribution of nesting habitat in proximity to territorial owls at varying scales.  This knowledge could 
have wide application in conservation planning by large landowners such as Sierra Pacific Industries (SPI) 
and the U.S. Forest Service, and by regulatory agencies. 

To model relative suitability of spotted owl nesting habitat, we used the habitat suitability modeling 
software Maxent (version 3.4.1, Phillips et al. 2006, Phillips and Dudík 2008) following methods 
documented by Davis et al. (2016).  Maxent uses a machine learning process to estimate the most 
uniform probability of occurrence at unobserved locations (maximum entropy) given known constraints 
(observations of presence data).  In other words, it estimates probabilities of occurrence at unobserved 
locations by using information from observed locations, assuming as little as possible about background 
sites for which there is not information (Baldwin 2009). It uses species presence-only data, similar to 
Biomapper software (Hirzel et al. 2002), which is based on Ecological Niche Factor Analysis, and which 
was used to develop the habitat maps for the federal Northwest Forest Plan (NWFP) Effectiveness 
Monitoring Program (Raphael et al. 2006, Davis et al. 2016).    
 
Comparisons between Maxent and other recent habitat modeling approaches are available in the 
literature.  In most cases Maxent performed as well or better than other methods (Elith et al. 2006, 
Hernandez et al. 2006, Phillips et al. 2006).  The Maxent approach has been criticized (e.g., Royle et al. 
2012) because some authors found that presence-only models do not perform as well as presence-
absence models.  Others found problems with those models as well, primarily due to issues with false 
absences (Hirzel et al. 2002). Raphael et al. (2011) compared Maxent with other modeling platforms and 
concluded that Maxent performed better; we found no compelling reasons to adopt another modeling 
platform for the current analysis.   
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Analytical Methods, Phase 1 
 
In Phase 1 of this analysis, our objective was to classify the individual pixels within the study area into 
levels of nesting habitat suitability.  In this case, the output is the relative likelihood that each pixel will 
have characteristics associated with nesting/roosting habitat.   

Model Area 

               The model area (Fig. 1) was established using the spotted owl range layer (CWHR B270) 
available on the California Department of Fish and Wildlife’s BIOS website 
(ftp://ftp.dfg.ca.gov/BDB/GIS/BIOS/Public_Datasets/800_899/ds897.zip), which represents the entire 
range of both subspecies of spotted owl in California, and bisecting the range with different elevations 
and physical features to further refine the model area.  The Merced River was used as the boundary for 
the model area to the south, because it represents the southern end of forests owned by SPI in the 
Sierra Nevada. On the west side of the Sierra Nevada, the 2,000-foot elevation contour was used to 
establish the model boundary because the CSO rarely nests below this elevation (Verner et al 
1992).  The eastern boundary of the model area was defined by the 7,000-foot elevation contour along 
the west side of the Sierra Nevada, because CSO rarely nests above this elevation (Verner et al. 
1992).  To the north, the model area extended across the Pit River toward Mt. Shasta and continued 
west toward the Trinity Alps following the same 2,000-foot and 7,000-foot contour lines.  Where the 
upper elevation dropped below 7,000 feet, natural ridges or the CWHR B270 layer were used to define 
the boundary.  The model area's western boundary was established along the east side of the Trinity 
Alps Wilderness encompassing all known home ranges associated with SPI’s NSO Census (SPI 2017) area, 
extending east to the 2000’ contour line and south to the southern end of SPI's lands along the Shasta-
Trinity Divide.  

The federal regulatory range line between the CSO and NSO at the Pit River (55 Federal Register 26114) 
and as defined by the Northwest Forest Plan (USDA/USDI 1994) was used to divide the model area 
between the two subspecies.  The model area was further refined within the range of the CSO, using the 
4,480-foot elevation contour as the boundary between low and high elevation areas, based on prey 
remains analysis (SPI unpublished data). These data suggest that 4500 feet is the approximate lower 
elevation of the elevational zone where the biomass percentage of CSO diets transitions from woodrats 
to a higher proportion of flying squirrels. These divisions resulted in three distinct modeling regions: CSO 
high elevation, CSO low elevation, and NSO (Figure 1). 
 

Spotted Owl Presence Data 

Owl presence data (activity centers, ACs) were compiled from three major databases: SPI, California 
Natural Diversity Data Base, and U.S. Forest Service Region 5.  Data associated with these databases 
were collected by biologists following standardized survey protocols used to determine spotted owl 
occupancy and reproductive status (USFWS 1992, USFWS 2012).  Owl presence data were combined and 
displayed in geographic information system (GIS) format and all data were checked for spatial accuracy 
by overlaying the GIS points on digital ortho-photos and following the methods described below.  Each 
presence location represented an observed owl location.  In most cases, multiple adjacent locations 
recorded in the data bases were combined by data managers coordinating with field staff to designate 
one AC.  Social and reproductive status for each AC, if available, were evaluated for the years 2008 
through 2016 and one location was chosen to train and test the models described below (Figure 2).  

http://landsat.usgs.gov/science_an_impulsenoise.php
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Although the data bases assign some ACs based on presence of territorial single owls, only ACs with a 
social status of paired owls were used for our analysis.  AC locations were designated based on a social 
hierarchical order of: 1) reproductive pair, 2) nesting pair, 3) pair diurnal location, and 4) pair nocturnal 
location. Because our habitat data (described below) represented conditions from 2012, detection data 
from that year were given highest priority for AC placement, followed by the next closest year (e.g., 
2012 reproductive pair over 2011 reproductive pair, 2011 reproductive pair over 2010 reproductive pair) 
to represent the habitat conditions selected by the owls for the year, or closest year, the GNN data was 
collected. This screening process resulted in a total of 562 CSO ACs and 94 NSO ACs (Figure 2) used for 
the analysis in the Plan Area.  

 
GNN Covariates 

All of the covariates used in our habitat-suitability models were based on gradient nearest neighbor 
(GNN) maps of forest composition and structure (Ohmann and Gregory 2002).  GNN maps were 
developed specifically for landscape and regional scale analysis and monitoring in forest ecosystems 
(Ohmann and Gregory 2002; Moeur et al. 2005, 2011; Spies et al. 2007).  As part of the NWFP 
Effectiveness Monitoring program, scientists mapped detailed attributes of forest composition and 
structure for all forested land in the NWFP area using GNN imputation.  The GNN method integrates 
vegetation measurements from regional grids of field plots, mapped environmental data, and Landsat 
imagery to ascribe detailed ground attributes of vegetation to each pixel in a digital landscape map 
(Ohmann and Gregory 2002; Ohmann et al. 2014).  GNN also provides a suite of diagnostics detailing 
model reliability and map accuracy (see appendix 5 in Davis et al. (2016) for a summary).  For this study, 
we obtained GNN attribute maps derived from 2012 Landsat imagery.   See the GNN website 
https://lemma.forestry.oregonstate.edu/data/structure-maps  

Covariate Selection and Screening  

From the literature (especially Davis et al. 2016) and our professional experience, we selected a 
candidate set of environmental covariates (see the GNN website 
https://lemma.forestry.oregonstate.edu/data/structure-maps for definitions of all covariates): 

 

https://lemma.forestry.oregonstate.edu/data/structure-maps
https://www.fws.gov/yreka/ES/2012RevisedNSOprotocol-2-15-12.pdf
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Our intent was to use the available data to produce the strongest predictive accuracy of habitat 
suitability; we were less interested in describing the relative contributions of environmental drivers of 
owl distribution and habitat (Jim Baldwin, personal communication; Merow et al. 2013).  For this same 
reason, we used the same full set of covariates for each modeling region.  

We considered each of the potential variables and settled on CANCOV_CON, DDI, MNDBH_CON, 
STNDHGT, TPHC_GE_50, TPH_GE_50.  We included QUKE_BA in the LOW CSO model region. 

Following is a brief explanation of why we excluded or included the potential variables.   

CANCOV_CON 

Because hardwoods, more specifically black oak, are a low percentage of most SPI forest stands, we 
decided to use CANCOV_CON instead of CANCOV_HDW or plain CANCOV.  CANCOV_CON has the 
highest plot accuracy of the three canopy cover variables.  Although owls use black oak about one-third 
of the time as nest trees, these trees represent usually less than 10% of forest stands.  We observed that 
owls are good at finding black oaks to nest in, but these nest stands are not pure black oak stands.  
Because of this, we concluded that CANCAOV_CON would be a better choice than the other two canopy 
cover variables. 

DDI 

We included Diameter Diversity Index because it is an indicator of stand structural diversity and was an 
important predictor of owl habitat suitability in Davis et al. (2016).   

MNDBHBA_CON 

We decided to use Basal-area weighted mean diameter of all live conifers because weighting by basal 
area gives more emphasis to larger trees.  MNDBHBA_CON has higher plot accuracy than plain 
MNDBHBA. 

TPHC_GE_50 

Davis et al. (2016) found that density of large conifers (in their case large conifers greater than 75 cm) 
was a strong predictor of habitat suitability.  We considered a number of possible diameter breaks but 
chose TPHC_GE_50 [all large conifers greater than or equal to 50 cm (20 in.)].  We felt TPHC_GE_75 
would discriminate against SPI lands which generally have a lower average diameter than USFS lands.   

STNDHGT 

Davis also used Stand age with no remnant AGE_DOM_NO_REM.  We considered using an age related 
variable but choose the stand height variable STNDHGT as a better surrogate of stand age.  Davis 
(personal communication) said with mixed forest stands it is sometimes difficult to attribute an age to a 
particular stand because you have multiple aged trees.  He felt the height of a stand was a better 
indicator of a stand’s relative age.  The plot accuracy for STNDHGT is higher than AGE_DOM. 

QUKE_BA 

We wanted to test the possible contribution black oak as a variable (QUKE_BA) might make to the 
model directly.  Everyone recognized that black oak is sparse in forest stands, but nevertheless owls use 



6 
 

it for nesting up to one third of the time.  Black oak generally begins to fall out of forest stands as 
elevation increases.  To test the relationship of black oak to owl nesting habitat we picked QUKE_BA as a 
variable to test in the LOW CSO model region. 

Like Davis et al. 2011 page 34, “We considered, but did not use any GNN variables for snags and down 
wood because of low plot accuracies for those types of variables.”  The plot accuracies for potential snag 
and down wood variables within our GNN model regions ranged from a low of 0.1748 and 0.0903 
respectively to a high of 0.4866 and 0.4061 respectively; not very good. 

 

 

 

The resulting GNN vegetation attribute data for year 2012 provided the source of covariates used for 
our habitat modeling and mapping, and covered the entire breadth of the study area (Figure 1).  We 
used the 98-feet (30-meter) resolution GNN products.  GNN covariates used in our models (Table 1) 
included CANCOV_CON (conifer canopy cover), DDI (diameter diversity index), MNDBHBA_CON (basal-
area weighted mean diameter of conifers, TPHC_GE_50 (density of conifer trees ≥ 50 cm dbh), and 
STNDHGT (stand height). 

All covariates were processed as ArcGIS (ESRI 1999-2013) raster data at 30-meter resolution, the native 
resolution of the GNN data.  All covariate raster data were converted to ASCII files for input into Maxent 
and Maxent ASCII output back to raster data using ArcGIS.   

Accuracy Assessment 

When screening potential GNN covariates, we considered accuracy assessment data provided by the 
GNN project available at http://lemma.forestry.oregonstate.edu/data/structure-maps.  These 
assessments used a form of ground-truthing, by qualitatively comparing observed values from a grid of 
field inventory plots with the GNN-predicted (modeled) values for those same plots.  These accuracy 
data were consulted directly for the five GNN attributes in our models (Table 2).  

Model refinements 

After selecting our final set of covariates, we conducted a series of Maxent model runs to evaluate 
model performance.  To evaluate model performance, we used training and test model gain, and area 
under the curve statistics (AUC; Fielding and Bell 1997, Boyce et al. 2002).  Gain is closely related to 
deviance, a measure of goodness of fit used in generalized additive and generalized linear models and is 
available as part of the model output in Maxent (Phillips et al. 2006).  The lowest value of gain is 0 and 
gain usually increases towards an asymptote as the fit between the model and the training data 

http://lemma.forestry.oregonstate.edu/data/structure-maps
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improves.  During a run, Maxent is generating a probability distribution over pixels in the grid, starting 
from a uniform distribution and repeatedly improving the fit to the data.  The gain is defined as the 
average log probability of the presence samples, minus a constant that makes the uniform distribution 
have zero gain.  At the end of a run, the gain indicates how closely the model is concentrated around the 
presence samples; for example, if the gain is 2, it means that the average likelihood of the presence 
samples is exp(2) ≈ 7.4 times higher than that of a random background pixel (Phillips, unpublished 
tutorial, available at http://www.cs.princeton.edu/~schapire/maxent/).  For a given model run, separate 
gain statistics were generated for the training (75 percent) and a randomly selected subset of test (25 
percent) portions of the available presence sites. 

The other measure of model performance, AUC, is the area under a ROC (receiver operator 
characteristic) curve (Boyce et al. 2002, Hirzel et al. 2006).  AUC is a measure of model performance that 
illustrates how well one can distinguish presence sites from the available background sites (some of 
which are likely to be occupied by and/or suitable for owls).  Values range from 0 to 1.0 and location 
data that cannot be distinguished from the background with any greater probability than a random coin 
toss would yield an AUC score of 0.5.  We present AUC values generated using test data, which is data 
held back during model development and then used to test model fit and accuracy.  Test AUC provides a 
measure of model performance in classifying an independent set of presence points. 

Maxent also provides a choice of covariate relationships to include in a model, called “features.”  
Feature types include Linear, Quadratic, Threshold, Hinge, and Product.  These features set the possible 
shapes of the relationship between a covariate and the response (i.e., the Maxent probability 
distribution) or allow for covariate interactions (product features).  A user can select any combination of 
these feature types.  A model with linear features requires the fewest parameters, as only 1 parameter 
(slope) is estimated for each covariate.  Quadratic relationships require both a slope and exponent 
parameters for each covariate.  Hinge features create a piece-wise approximation to any distribution.  
The number of parameters for any one covariate increases for each “hinge” in the modeled distribution, 
and a complex distribution can result in many parameters.  The Product feature allows for interactions 
among all pairs of covariates.  The total number of parameters for any model depends, therefore, on the 
types of features selected and the complexity of the response curves between the covariates and the 
probability scores.  In addition, Maxent has a “regularization” constant that can be specified.  Increasing 
the regularization value above the default has the effect of smoothing the response curve, thereby 
reducing the number of parameters in the model (see Phillips and Dudik (2008) for a thorough 
examination of the regularization settings).  Within each model region we systematically varied the 
regularization setting from 0.5 to 5.0 in increments of 0.5 and selected the setting that resulted in the 
highest test gain with consistent area-adjusted frequency index (AAF, Boyce et al. 2002, Hirzel et al. 
2006) results. 

We ran 10 Maxent models, each time varying the regularization setting starting with 0.5 and increasing 
by increments of 0.5 to a maximum of 5.0.  We then plotted AUC and gain for each model against the 
total number of parameters required by the model.  One would expect greater gain and greater AUC in 
models with larger numbers of parameters, just as a regression model with more covariates will 
generally explain more variance in a dataset than a model with fewer covariates.  The penalty for large 
numbers of parameters can be overfitting the data.  If the model is overfitted to training data, then it 
will perform badly when applied to new data (i.e., test data that were not used to create the model).  
We used this method to refine models for each of the three model regions, and in each case the Linear 
plus Quadratic plus Product features performed best relative to numbers of parameters required.  Based 
on results of the model selection process, all models reported here used those three features. (Results 
available from senior author on request.)  
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Summarizing Maxent Output 

For each model region, we ran the Maxent model by using the reduced set of ACs as training data.  Once 
we selected our final model structure, we used k-fold cross-validation to build our models in each 
modeling region and computed an AAF index from a set of 10 replicated model runs (per Davis et al. 
2016) for each region (Figure 3).  The primary output from the Maxent model is a logistic probability for 
each pixel in the model region.  The logistic probability can be interpreted as the relative likelihood of 
owl presence at that pixel given the set of environmental conditions (covariate values) at that pixel.   

To compute AAF indices, we subdivided the range of a Maxent model's logistic probability output values, 
which scale continuously from zero to one, into a set of overlapping probability value classes, each 
representing a subset of the full range.  We used a moving window of 0.30 width and a resolution of 
0.05 to perform these calculations (Boyce et al. 2002, Hirzel et al. 2006); thus, each overlapping class 
was 0.30 units wide and centered on points 0.05 units apart.  We calculated AAF for each of those 
classes as the relationship between the proportion of all owl locations (training sites) with estimated 
logistic probability values in that class divided by the proportion of the available landscape that is 
estimated to have probability values in that same class.  Values less than 1.0 indicate that the proportion 
of owl locations in those probability classes were less than the proportion in the landscape, whereas 
AAF values > 1 indicate the proportion of owl locations in those probability classes were greater than the 
proportion of the landscape in those same probability classes.  For example, if 1% of the landscape was 
estimated to fall within a logistic probability value class centered on 0.8, but 10% of the owl locations 
were estimated to have logistic probability values for that same class, the AAF value would be 10. This 
would indicate that owl pairs were much more likely to occur in the 0.8 probability class than expected 
by chance (that is, if responding at random to the environmental conditions in our covariate set). 

For each set of 10 replicated model runs, we set Maxent to partition the presence sites into 75 percent 
to be used to train the model, and withheld 25 percent for testing the performance of the resulting 
model.  We retained this approach for the final model runs for each modeling region because the 
replicated model iterations with randomly-partitioned presence sites provided data to assess the 
average behavior of the models; this also allowed for statistical testing of performance (see below).  
 

To evaluate the status of owl nesting habitat, we divided the logistic probability scores among 3 
categories. Using categories was necessary to convert the continuous scores into a form that allowed 
computation of acres of habitat.  To accomplish this categorization, we first computed the AAF values 
from the test data for each of the 10 runs, then computed a mean and SD for the AAF values across all 
Maxent logistic probabilities (Figure 3).  We subsequently used the point where the ratio of predicted 
probability of presence versus expected probability of presence (P/E) equals 1.0 (that is, where the 
predicted frequency of test sites equals the frequency of test sites expected by chance) as a threshold to 
separate higher suitability habitat from lower suitability habitat.  Following Davis et al. (2016), we 
performed a further separation of Maxent scores below the P/E threshold into two classes by calculating 
the mean score of all pixels with logistic scores below the P/E threshold, and using the mean to create 
two lower classes of suitability.  Thus, we created three classes of habitat suitability:  

• Non-nesting (lowest suitability):  includes all pixels with logistic probability values 
between (a) zero and (b) the mean logistic value for all pixels below the P/E=1 
threshold. 

• Marginal suitability nesting:  includes all pixels with logistic probability values between 
(a) the mean logistic value for all pixels below the P/E=1 threshold, and (b) the P/E=1 
threshold. 
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• Higher suitability nesting:  includes all pixels with logistic probability values above the 
P/E=1 threshold. One can think of this category as including those pixels for which the 
relative likelihood of owl pair presence exceeds that expected by chance, given the set 
of environmental conditions (covariate values) at that pixel. 

 
Analytical methods, Phase 2 

Circle composition --For this phase of the analysis, our objective was to evaluate how the amount of 
nesting habitat, as classified from the models described above, compared between circular areas 
surrounding ACs and the same size areas surrounding randomly located sites within each model region.  
Our intent was to assess whether amounts and patterns of each habitat class differed between ACs and 
amounts and patterns of habitat that are generally available within the study area.  To do this, we 
defined circular areas of 50, 500, 1000, and 3,398 acres and then computed the area (and proportion) of 
each habitat class within each area.   

Landscape Habitat Pattern – Edge versus Core —Spotted owls in the southern part of their range are 
known to forage from along forest edges and ecotones where they gain access to prey in adjacent early-
seral habitat (Sakai and Noon 1993, 1997; Zabel et al. 1995).  For that reason, we investigated the 
configuration of potential habitat by computing how much of that habitat occurred along edges versus 
within forest interior conditions.  We used the morphometric spatial pattern analysis (MSPA) tool in the 
GUIDOS (Vogt 2013) toolbox to characterize spotted owl nesting habitat configuration. MSPA is an 
algorithm that classifies pixels in a binary raster image based on their geometry and connectivity to 
other pixels. Following Davis et al (2016) and Raphael et al. (2016), we performed MSPA on the map of 
nesting and marginal nesting habitat for each model region. MSPA parameters included an edge depth 
of 90m, an 8-cell connection rule (i.e., ‘queen’s rule’), transitions (i.e., connecting elements inside of 
core areas) were enabled, and ‘intext’ was enabled (i.e., additional classes were distinguished within 
perforations of core areas). Classification using these settings produced 11 MSPA classes, which we 
aggregated into four classes, including: 

1. Core (only includes ‘core’ MSPA class).  We used this class to represent blocks of 
habitat.  Core pixels represent contiguous habitat surrounded by core-edge pixels to a 
depth of at least 90m, including within a patch if it is perforated by non-habitat. 

2. Core-edge (including MSPA classes ‘islet’, ‘loop’, ‘bridge’, and ‘branch’).  This represents 
edges bounding core areas.  

3. Edge (including MSPA classes ‘perforation’, ‘edge’, ‘loop in edge’, ‘loop in perforation’, 
‘bridge in edge’, and ‘bridge in perforation’).  This includes narrow ribbons of edge 
habitat which occur more than 90m beyond core pixels, or isolated patches too small or 
narrow to contain core pixels. 

4. Non-nesting – remaining area. 

Landscape model -- We used logistic regression to model the probability of AC occurrence given the 
attributes of forest cover and pattern in the 500-acre circles. 500-acre circles have been identified as 
representative "core" areas for spotted owls (Bingham and Noon 1997) and through nearest-neighbor 
analyses performed by SPI (SPI unpublished data). To build the model we coded ACs as “1” and random 
sites as “0”.  We used the proportions of the 500-acre circle that were non-habitat, nesting habitat, and 
nest support habitat as covariates, along with proportions of nesting and marginal nesting habitat 
classified as Core-Edge and Edge.  In Phase 1 of this analysis, our objective was to classify the individual 
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pixels within the study area into levels of nesting habitat suitability.  In Phase 2, the output is the relative 
likelihood that each pixel will have characteristics associated with nesting/roosting habitat.   

Results 

Model Performance 

We summarized gain and other model parameters for each model region in Figure 3 and contrasted test 
gain and training gain.  Training gain was estimated from the data used to build the model.  Test gain 
was estimated from the 25 percent of owl locations withheld in each Maxent model iteration.  If a 
model were overfit (that is, had an overabundance of parameters) then we would expect training gain to 
be much larger than test gain.  As shown in Figure 3, test gain was close to or larger than training gain in 
all three model regions.  Gain also indicates how markedly the model distinguishes the presence 
samples (owl ACs) from the available area, using the equation egain [also written as ‘exp(gain)'], where e≈ 
2.718.  For example, if the gain is 2, it means that the average likelihood of all the presence samples is 
exp(2), or about 7.4 times higher than that of a random background pixel.  As measured by test gain, 
model performance was strongest for the NSO model [gain = 0.751, and exp(0.751) = 2.1], indicating a 
somewhat stronger distinction between NSO sites and the background area in that model compared 
with the CSO models.  Test gain was slightly lower in the CSO-Low model [gain = 0.730, exp(0.730) = 2.1] 
and lower yet in the CSO-High model [gain = 0.352, exp(0.352) = 1.4].  This occurred because there is a 
smaller difference between the owl sites and random sites.  

Test AUC values were ranked among the model regions in the same pattern as gain:  AUC was slightly 
greater in the NSO model (AUC = 0.828) and lower in the models for CSO-Low (AUC = 0.820) and CSO-
High (AUC = 0.729) (Figure 3).  For all three models, the plot of P/E values against the mean habitat 
suitability of each class showed a monotonically increasing curve with high correlation value (Rs>0.99; 
P<0.001), indicative of strong model performance. 

Covariates 

Mean values of each covariate were substantially greater in ACs than in random locations for all 
covariates and in all model regions (Tables 2-4).  Maxent output includes estimates of the relative 
contribution of each covariate to the final model (Table 5).  These values are estimated by Maxent 
during the iterative model optimization process, and are based on the increase in training gain 
associated with each covariate.  The contribution values should be interpreted with caution for 
covariates that are highly correlated because there is an element of chance in how the percent 
contribution is divided among highly correlated covariates; one of a pair of such covariates may be 
assigned a high contribution and the other a low contribution when in fact both may be important to the 
species (Phillips, unpublished tutorial, available at http://www.cs.princeton.edu/~schapire/maxent/).  As 
described earlier, we included correlated variables in models because our intent was to use the available 
data to produce the strongest predictive accuracy of habitat suitability. 

Overall contributions of the covariates show that STANDHGT and DDI were the strongest contributors to 
the NSO model; CANCOV_CON and DDI were strongest for the CSO-High and CSO-Low models (Table 5). 
Combining the results from Tables 2-5, and focusing on the covariates with the greatest model 
contributions, we see that owl pair sites had, on average, much higher values for covariates indicative of 
higher canopy cover, greater diameter diversity, and larger-diameter trees compared to available 



11 
 

(random) forest. Plots of Maxent scores against each of the covariates (Figure 4) show that all have 
either positive linear relationships (increasing values of covariate have increasing Maxent scores) or 
quadratic relationships (as in TPHC_GT_50).   

Phase 1 - Habitat Suitability Classification 

Our models estimated the suitability of conditions for spotted owl occurrence based on a 2012 
vegetation map.  The final classification is depicted in Figure 5. As summarized in Table 6, most land is 
classified in the non-nesting classes (38-44% in the three model regions) with successively fewer acres in 
the marginal nesting class (30-36%) and in the nesting class (20-31%).  The proportion of land that was 
above the threshold and classified as nesting habitat was greatest in the CSO-High region (31%, and 
lower in the CSO-Low (22%) and NSO (20%) regions (Table 6).  Over all model regions, we estimated a 
total of 2.05 million acres of nesting habitat in 2012 (25% of all land, Table 6).  The GNN habitat 
classification was a good match to plot-based habitat typing, with a 76% correct classification (see 
Supplemental Information). 

Phase 2 – Landscape Pattern Analysis 

Proportions of habitat classes -- We superimposed circular areas of 50, 500, 1000, and 3,398 acres over 
each AC and an equal number of random locations within each model region (illustrated in Figure 6), 
and compared proportions of nesting habitat around ACs to proportions around the randomly located 
sites.   The mean proportion of nesting habitat around ACs decreased as circle size increased, 
approaching the proportion found in the random sites in the outer circle.  At random sites, the 
proportion of nesting habitat did not vary in relation to circle size (Figure 7).   

The frequency distributions of proportion of nesting habitat differed between the owl ACs and random 
locations, with distributions skewed toward greater proportions of nesting habitat in the owl sites 
(Figure 8).  Mean amounts of nesting and non-nesting habitat within these circular areas surrounding 
points differed significantly between ACs and random locations in each model region, for example as 
illustrated for the 500-acre circles for NSO (Figures 9, 10, Table 7) and CSO (Figures 9, 11, Table 8). Both 
NSO and CSO selected sites with greater amounts of nesting habitat than would be expected by chance 
(Table 9).  Amounts of marginal nesting habitat did not differ significantly between NSO and CSO-Low 
sites and random sites: mean values were only a few points apart and 95% confidence intervals 
overlapped (Table 9, Figures 10, 11).  Amounts of non-nesting habitat are essentially the inverse of 
nesting habitat since all proportions sum to 1 within circles.  Hence, proportions of non-nesting habitat 
were markedly greater in random sites than in owl sites for both NSO and CSO (Figures 10, 11).  

Proportion of nesting habitat for the CSO was about 5% greater in the CSO-High region than in the CSO-
Low region (Figure 11).  Proportions of nesting habitat in random locations were similarly higher in the 
CSO-High region than the CSO-Low region (Figure 11). 

Pattern of habitat classes —For both the NSO and CSO, the amount of nesting plus marginal nesting 
habitat that occurred as Edge habitat (small patches with no adjacent interior habitat) or Core-edge 
(edge habitat adjacent to core habitat) did not differ substantially between ACs and random sites (Figure 
12, Table 9). Amounts of core area were substantially greater in owl sites for CSO and marginally greater 
for NSO (Figure 12). 

Landscape model — For the NSO, proportion of nesting habitat and proportion of non-nesting habitat 
were significant contributors in predicting an owl AC or not (Table 10).  The edge variables did not 
contribute significantly to the final model, nor did proportion of marginal nesting habitat.  The 
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relationship of the final predicted occurrence with proportion of nesting habitat (Figure 13) shows an 
asymptotic increase in probability as proportion nesting approaches 1.0.  A quadratic curve is the best fit 
to this relationship (R2 = 0.89).  We found a similar pattern for the CSO in the High region:  proportion 
nesting and proportion non-nesting were the only significant predictors (Table 11).  As with the NSO, 
predicted presence increased asymptotically with proportion nesting habitat (Figure 13); a quadratic 
relationship was the best fit (R2 = 0.96).  For the CSO in the Low model region, all of the input variables 
with the exception of proportion marginal nesting habitat contributed significantly to the model (Table 
12).  The relationship of predicted probability of presence with proportion nesting habitat was more 
variable than in the other two models (R2 = 0.88, Figure 13). 

Discussion 

Until this work, understanding large-scale patterns of habitat selection by spotted owls in California has 
been hampered by the lack of consistent forest vegetation information covering all ownerships.  Our 
GNN-based map has overcome this limitation and will likely be of value to land managers seeking to 
better understand patterns of habitat selection, and to evaluate habitat trend in a manner similar to 
that used in the NWFP Effectiveness Monitoring Program.  We related amounts of habitat to probability 
of AC occurrence (defined by presence of owl pairs) over wide regions. Our analysis of these data shows 
a very clear pattern of selection of what we have classified as higher suitability nesting habitat over this 
landscape.  Given the overall distribution of the various habitat suitability classes we have defined, both 
CSO and NSO ACs were located where the proportion of nesting habitat was significantly greater than 
we observed in random locations that characterize the available landscape at several scales.  For 
instance, we found that ACs had roughly twice as much nesting habitat within the 500-acre circles than 
in random areas of the same size.    

One past study modelled probability of occurrence of NSO at a landscape scale in a manner somewhat 
similar to our study.  Zabel et al. (2003) modeled 1990-1991 sites of NSO presence/absence and habitat 
variables in northwestern California, using previously assigned vegetation typing and owl use 
classifications developed through professional opinion during the study. The study area included 
portions of the NSO range evaluated in our study, but lacking habitat data, they did not predict 
probability of occurrence on private land.  Their use of the term "occupancy" was similar to our use of 
"occurrence" or "presence," and like our study, they did not assess population trends over multiple 
years. They found "The best-fitting model for predicting owl occupancy was at the 200-ha (500-ac) scale 
and exhibited a pseudo-threshold relationship to nesting and roosting habitat and a quadratic 
relationship to foraging habitat." The maps of predicted probability of NSO occupancy from the two 
studies appear similar where they cover the same areas. This general outcome is not surprising, as the 
primary habitat types modeled were similar among the two studies, regardless of how they were 
named.  
 

Other attempts to describe habitat patterns for NSO and CSO have used different classification methods 
and scales of analysis, and typically have evaluated smaller areas.  In much smaller areas, several studies 
have reported similar patterns, with nesting sites found in areas of concentrated older, high canopy-
cover forests, and lower amounts of these characteristics at increasing distances from the nest site 
(Hunter et al. 1995, Blakesley et al. 2005, North et al. 2017.)   

We did not evaluate relationships between habitat and population parameters.  Several recent studies 
of NSO and CSO have examined habitat and occupancy relationships across multiple years at smaller 
areas than our modeling regions.  Seamans and Gutierrez (2007) and Tempel et al. (2014) reported 
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positive relationships between amount of mature forest and occupancy parameters in the Eldorado CSO 
study area at the scale of 400ha (1000 ac) territories. The territories they evaluated (66 and 70 
territories respectively), would represent about 12 percent of the population within the broad area 
evaluated in our study.  Seamans & Gutierrez (2007) did not describe amounts of habitat present; 
Tempel et al (2014) used graphical depictions.  Our study results, based on the 500-acre core use area, 
are not directly comparable.  These comparisons indicate that additional analyses of our data at other 
scales could be useful. 

Tempel et al. (2016) analyzed occupancy dynamics related to habitat variables at 275 CSO territories at 4 
study areas across the length of the Sierra Nevada.  They reported that occupancy across multiple years 
was maximized when amounts of forest with high and medium canopy cover (>70 percent and 40-69 
percent, respectively) each made up 50 percent of the area within CSO territories.  In each study area, 
occupancy declined with declining amounts of forest with high and medium canopy cover; declines were 
either curvilinear or linear (See Figure 3 in Tempel et al. 2016).  In our analyses, the model variable 
CANCOV CON representing conifer canopy cover was also the most influential variable for probability of 
occurrence of CSO ACs in both the High and Low modeling regions. Based on data in Tables 8a and 8b, 
few CSO core areas (500 ac) approached the proportions of high and medium canopy cover habitat 
modeled as optimum by Tempel et al. (2016).  

Based on LIDAR analysis of 316 CSO sites in 4 Sierra Nevada study areas, North et al. (2017) reported 
that  " Although total canopy cover was high in nest stands and PAC areas, the cover in tall (> 48 m) 
trees was the canopy structure most highly selected for, while cover in lower strata (2–16 m) was 
avoided compared to availability in the surrounding landscape....".and  "...results suggest that the cover 
of tall trees may be a better predictor of owl habitat than total canopy cover because the latter can 
include cover in the 2–16 m strata – conditions that owls actually avoid. "  
 
Based on their maps of the study areas, many of the sites evaluated by North et al. (2017) were included 
in our CSO modeling regions, and we suspect that many of their CSO sites were included in our 
modeling. The estimated mean values for stand height scale (GNN variable STNDHGT) at ACs and at the 
500-ac scale reported in our Tables 2, 3, and 4 were much lower than reported by North et al (2017), 
and the contribution of STNDHGT to our model was relatively low for the CSO.   The tree heights 
reported by North et al. (2017) exceed all but the maximums found in our study.  The contribution of the 
GNN variables CANCOV_CON and STNDGHT to our nesting habitat model varied considerably across 
subspecies and modeling area (Table 5), which we suspect is related to varying management history 
across the broad analysis area.  
 
Jones et al. (2017) evaluated occupancy parameters at 275 CSO territories at representative territory 
scales based on local data across multiple years at the Lassen, Eldorado, Sierra, and Sequoia-Kings 
Canyon demographic study areas, using GNN variables related to tree size among dominant trees 
(QMD_DOM) and canopy cover (CANCOV).  They found that "Local extinction rates were higher when 
owl territories contained less forest characterized by large trees (>61cm (24in) dbh) and high canopy 
cover (>70%)." Our model used a variable related to diameter (MNDBHBA_CON) that was not limited to 
the dominant trees, so comparability is limited.   Again, these comparisons indicate that additional 
analyses of our data at other scales could be useful. 

 
Because we report only the relationship between habitat amount and probability of occurrence of an 
AC, we are unable to convey any measure of fitness in relation to this gradient (sensu Franklin et al. 
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2000).  However, it is interesting to note that mean proportion of nesting habitat was around 50% in our 
sample of ACs, and this value is consistent with the findings of Franklin et al. (2000) that habitat fitness 
in NSO territories they examined in northwestern California was maximized when proportions of nesting 
habitat were in the 50% range.  Dugger et al. (2005) also found that owl territories with habitat fitness 
potentials >1.0 were generally characterized by 40%–50% old forest habitat (defined as >14" dbh and 
>40% canopy cover) in the 413-acre area (50% kernel) near the territory center, and moderate amounts 
of "non-habitat" in the home range outside the 50% kernel. 

Franklin et al. (2000) suggested that a mosaic of older forest interspersed with other vegetation types 
promoted high fitness because of the availability and abundance of prey (especially woodrats) 
associated with younger forest habitat.  Sakai and Noon (1997) found, for example, that woodrats were 
especially vulnerable to predation by spotted owls along the edges of older forest juxtaposed with 
younger forest.  In this situation, owls use the older forest not only for nesting but as perching locations 
from which to locate and pursue prey that may be in the adjacent younger forest or moving across the 
ecotone.  Because woodrats are prominent in prey remains studied by SPI (SPI unpub. data), we 
anticipated that edge variables might be important in the model, but this was not the case.  We are 
continuing to explore ways to evaluate the possible contributions of edge and ecotones.  

It is important to note the limitations of these results in application to fine-scale habitat assessment as 
noted by Davis et al. (2016). Remote sensing and broad-scale modeling is generally not appropriate to 
evaluate the variation in habitat suitability or habitat features that occur at fine scales.  For instance, 
several studies (e.g. Hunter et al. 1995, Moen and Gutierrez 1997, Blakesley et al. 2005) have noted that 
the presence of uncommon features such as large residual trees were key to occupancy and nesting, but 
that these features are not reliably identified by available remote sensing technologies.  Application of 
our model to fine scales such as individual territories or small study areas should proceed with caution.  

While they may not be applicable at fine scales, wide-range models may be valuable in application at 
intermediate landscape scales. Glenn et al. (2016) used Maxent to assess habitat variables and presence 
data for 2,809 NSO locations to develop a territory density model for entire range of the NSO.  In the 
Oregon/California Cascades and the Oregon/California Klamath Mountains modeling regions (of which 
our NSO modeling region constitutes a small fraction), nesting/roosting habitat was the most important 
predictor of occupancy by NSO.  Our results from a relatively small geographic area within the larger 
study area of Glenn et al. (2016) are very similar to their results at the larger scale.  Glenn et al. (2016) 
tested their model on the 396-sq mi (1026 km2) Tyee NSO Demographic Study area in Oregon and 
reported that " ...it provided accurate estimates for the maximum number of possible territories and the 
estimated number of occupied territories at time periods approximately two decades apart."  We look 
forward to future application and evaluation of our model at various landscape scales.   

 

Sources of Uncertainty 

All GNN analyses are subject to uncertainties related to various aspects of the methodology.  We 
acknowledge these uncertainties in this section.  We are not aware of any important sources of 
uncertainty unique to our analyses or exacerbated by our methods or data. 

Vegetation Mapping- First, there is uncertainty and error in the underlying GNN vegetation 
classification.  We have previously cited accuracy assessment information for the vegetation data (see 
Methods above).  Error rates in the original vegetation attributes such as tree diameter and canopy 
cover varied among modeling regions, but on average the accuracy assessments of the GNN covariates 



15 
 

indicated moderate to moderately high accuracy in predicting those attributes, as indicated by 
correlation coefficients.  However, at the scale of the GNN modeling region, reported correlations 
between GNN predictions and ground-based measurements for pixels sometimes fell below 0.5, 
indicating lower accuracy due to GNN model error in predicting certain vegetation attributes. In general, 
we can assume that finer-scale covariates (such as the count of stems in diameter classes) will be less 
accurate than more broadly defined covariates.   

Resolution is also a source of uncertainty.  In general, finer resolution data, such as the 30-meter 
resolution GNN data used here, will show more variation and detail than coarser resolution data.  Engler 
et al. (2004) found that models using higher resolution (finer-scale) habitat predictors performed better 
than models using coarser resolution data (82-ft versus 1,640-ft resolution raster data).  The lower 
model performances they observed at the 1,640-ft resolution (roughly 62 acres pixel size) were probably 
caused by a loss of information that is inevitable when aggregating environmental maps.  This 
aggregation may, in some cases, hide important combinations of habitat predictors which would be 
expressed with finer resolution data.   

Errors in GNN attribute data also could have resulted in some model covariate values that did not match 
the actual vegetation in the model regions.  For example, we checked GNN attribute data against aerial 
imagery for spotted owl sites used to train our model, and in some cases observed mismatches, where 
aerial photos showed older forest with large trees, but the GNN attributes for the site indicated forest 
with primarily small trees.  This kind of error in the vegetation characteristic data could introduce error 
into the Maxent models, by training the models on a broader range of ecological conditions at owl 
location sites than actually occurs. However, any such error would theoretically be present in both the 
random sites and the owl sites. 

An underlying source of error is noise in the LandSat imagery used by GNN.  Individual LandSat images 
can have ‘impulse noise’, which is a general term for single-pixel spots that are not authentic imagery 
(USGS http://landsat.usgs.gov/science_an_impulsenoise.php).  These can result in ‘salt and pepper’ 
patterns in which individual pixels are misclassified. 

Interpretation of Model Output - We have presented maps depicting relative suitability of nesting 
habitat for spotted owls at a resolution of 30 meters.  Predicted suitability at a single pixel can be far less 
reliable than predicted suitability at a larger scale, because small-scale errors are smoothed out by using 
average suitability over the larger area.  Such smoothing can also reduce the accuracy of some single 
pixels, but predictions at this larger scale more reliably match the larger-scale patterns on the ground.  
Further, the GNN metadata specifically advises users that the most appropriate use of that data is across 
landscapes, counties, large watersheds, or ecoregions (areas much larger than stands or patches).  For 
these reasons, we strongly caution users that our estimates of amount of suitable habitat should be 
applied on larger areas and not for individual sites or stands.  Patterns we described for our large 
samples of sites are likely fairly robust because of large sample sizes, even if the specific pattern at one 
circle may be subject to mapping uncertainty. In addition, using our maps to locate specific areas of 
suitable owl habitat on a specific ownership is inappropriate at any scale, unless combined with ground-
truthing or other form of verification.   

Model uncertainty - Projecting model results based on a set of environmental data collected in 2012 to 
another year can create uncertainties.  Projecting data in this way assumes that owls were selecting 

https://lemma.forestry.oregonstate.edu/data/structure-maps
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habitat conditions in the same way for each time period.  If owls change habitat preferences in relation 
to changing environments, then any such projections could be inaccurate.  We have no evidence that 
habitat selection has changed, but this possibility should be recognized when projecting our 2012-based 
model to the present. 

Because we performed 10 replicated model runs for each model region, we are able to portray some 
measure of uncertainly in our prediction of habitat suitability, as illustrated in Figure 3.  The magnitude 
of variation among model runs, represented by the 95 percent confidence interval around estimates, 
provides a useful way to judge model performance and helps interpret estimates of habitat suitability. 

We used presence-only species distribution modeling methods because of the nature of the spotted owl 
AC data that were available range wide.  Notably, adequate and well-distributed samples of absence 
locations for spotted owls are often lacking (Davis et al. 2016, but see Zabel et al. 2003).  Given the 
newness of presence-only methods such as Maxent, caution has been advised in their use (Royle et al. 
2012, Yackulic et al. 2013, Ahmed et al. 2015).  We exercised caution through the development of our 
modeling and calibration procedures, during consideration and critical examination of data sources and 
of modeled relationships between species occurrence and environmental covariates, and took steps to 
minimize potential sampling bias, within the time and resources available for estimating nesting habitat.  
In addition, we have provided information including response curves, model performance metrics, and 
other information that readers may use to critically evaluate our results.  

Notwithstanding these potential errors, our models all had very good classification skill as measured by 
the AUC and gain values, and also were well calibrated as evidenced by the P/E (AAF) plots and 
associated Spearman test results (available on request). The sources of uncertainty we mention should 
predispose the models to perform poorly, not better.  Despite these uncertainties, our models provided 
informative results.  
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1.  Variables used as input to Maxenta. 

Abbreviation Description Unit Sourceb Accuracyc 
CANCOV_CON Canopy cover of all conifers Percent GNN 0.793 
DDI Diameter diversity index: 

measure of structural 
diversity of a forest stand, 
based on tree densities in 
different DBH classes 

No units GNN 0.701 

MNDBHBA_CON Basal-area weighted mean 
diameter of all conifers 

Centimeters GNN 0.465 

STANDHGT Stand height Meters GNN 0.586 
TPHC_GE_50 Trees per ha of conifer 

stems >=50 cm DBH 
Count GNN 0.639 

 

aMaxent is the modeling software used in this study to model relative suitability of spotted owl 
nesting/rooting habitat. 

bGNN = gradient nearest neighbor (Ohmann and Gregory 2002). 

cCorrelation coefficient 
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Table 2.  Summary statistics for GNN covariates assessed at the 30-m pixel scale used in Maxent analysis 
for the northern spotted owl. 

Group CANCOV_CON DDI MNDBHBA_CO STNDHGT TPHC_GE_50 
Activity 
center 

Mean 64.4 6.0 59.3 23.8 46.4 
Median 67.8 6.1 56.2 22.2 44.6 
N 77 77 77 77 73 
Std. 
Deviation 

16.5 1.4 20.0 8.9 22.8 

Minimum 2.4 1.5 16.0 5.6 2.5 
Maximum 97.0 9.8 116.3 48.0 120.3 

Random Mean 46.5 4.3 44.1 16.1 27.3 

Median 50.8 4.4 42.5 15.1 19.4 

N 10000 10000 10000 10000 10000 

Std. 
Deviation 

26.0 1.9 21.9 8.5 29.4 

Minimum 0.0 0.0 0.0 0.0 0.0 

Maximum 98.8 10.0 149.4 50.3 205.5 
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Table 3.  Summary statistics for GNN covariates at the 30-m pixel scale used in Maxent analysis for the 
California spotted owl, High elevation model region. 

 

Group CANCOV_CON MNDBHBA_CON DDI STNDHGT TPHC_GE_50  
Activity 
center 

Mean 69.6 55.4 6.3 20.9 68.9  
Median 73.0 52.0 6.0 21.0 65.0  
N 295 295 295 295 295  
Std. 
Deviation 

16.8 18.6 1.7 7.8 47.1  

Minimum 0.0 0.0 1.0 5.0 0.0  
Maximum 94.0 112.0 10.0 39.0 208.0  

Random Mean 53.2 47.8 4.9 16.3 38.5   

Median 56.0 46.0 5.0 15.0 29.0   

N 9351 9351 9351 9351 9351   

Std. 
Deviation 

25.0 21.8 2.2 8.0 38.7   

Minimum 0.0 0.0 0.0 0.0 0.0   

Maximum 100.0 209.0 10.0 45.0 208.0   
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Table 4.  Summary statistics for GNN covariates at the 30-m pixel scale used in Maxent analysis for the 
California spotted owl, Low elevation model region. 

Group CANCOV_CON MNDBHBA_CON DDI STNDHGT TPHC_GE_50  
Activity 
center 

Mean 61.5 61.3 6.4 22.6 63.3  
Median 67.0 59.0 7.0 22.0 62.0  
N 266 266 266 266 266  
Std. 
Deviation 

19.8 20.8 1.6 8.5 36.3  

Minimum 0.0 0.0 0.0 0.0 0.0  
Maximum 92.0 112.0 10.0 44.0 199.0  

Random Mean 36.3 42.9 4.5 15.2 24.9   

Median 37.0 44.0 5.0 14.0 13.0   

N 9319 9319 9319 9319 9319   

Std. 
Deviation 

27.6 25.1 2.1 8.3 30.3   

Minimum 0.0 0.0 0.0 0.0 0.0   

Maximum 96.0 130.0 10.0 47.0 193.0   
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Table 5.  Percent contribution of each covariate to Maxent model in each model region.  Variable 
contributions should be interpreted with caution as the predictor variables are correlated. Values shown 
are averages over 10 replicate runs. 

 Percent Contribution 
Variable NSO CSO-high CSO-Low 

STNDHGT 47.0 11.5 5.9 
DDI 29.3 26.2 26.2 
CANCOV_CON 19.2 72.9 39.4 
TPHC_GE_50 3.2 11.2 8.5 
MNDBHBA_CON 1.3 1.1 19.9 
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Table 6.  Summary of total acres (percentages) in each habitat suitability class across each of three 
model regions for northern and California spotted owls based on 2012 GNN vegetation data. 

Model 
region 

Units Non-nesting Marginal 
nesting 

Nesting Total 

NSO  acres       950,232        780,436        434,629  2,165,297 
 percent 44% 36% 20% 100% 
CSO-High acres 1,240,287 1,042,690 1,022,513 3,305,490 
 percent 38% 32% 31% 100% 
CSO-Low acres 1,315,164 832,778 597,823 2,745,766 
 percent 48% 30% 22% 100% 
Total acres 3,505,683 2,655,904 2,054,965 8,216,552 
 Percent 43% 32% 25% 100% 
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Table 7.  Proportions of 500-acre circles in each habitat class surrounding northern spotted owl activity 
centers and random locations. 

Group Nesting 
Marginal 
nesting 

Nesting 
plus 

marginal 
nesting 

Non-
nesting 

Activity 
center 

Mean 0.39 0.35 0.74 0.26 
Median 0.37 0.35 0.78 0.22 
N 94 94 94 94 
Std. 
Deviation 

0.16 0.14 0.15 0.15 

Minimum 0.04 0.03 0.22 0.01 
Maximum 0.95 0.86 0.99 0.78 

Random Mean 0.19 0.33 0.52 0.48 
Median 0.16 0.32 0.55 0.45 
N 94 94 94 94 
Std. 
Deviation 

0.16 0.20 0.25 0.25 

Minimum 0.00 0.01 0.03 0.04 
Maximum 0.65 0.87 0.96 0.97 
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Table 8a.  Proportions of 500-acre circles in each habitat class surrounding California spotted owl, High 
region (CSO-High) activity centers and random locations. 

Group Nesting 
Marginal 
nesting 

Nesting 
plus 

marginal 
nesting 

Non-
nesting 

Activity 
center 

Mean 0.50 0.30 0.80 0.20 
Median 0.50 0.27 0.82 0.18 
N 295 295 295 295 
Std. 
Deviation 

0.18 0.13 0.12 0.12 

Minimum 0.06 0.03 0.32 0.02 
Maximum 0.89 0.78 0.98 0.68 

Random Mean 0.29 0.35 0.64 0.36 
Median 0.27 0.33 0.69 0.31 
N 295 295 295 295 
Std. 
Deviation 

0.19 0.17 0.23 0.23 

Minimum 0.00 0.00 0.00 0.02 
Maximum 0.80 0.90 0.98 1.00 

      
 

Table 8b.  Proportions of 500-acre circles in each habitat class surrounding California spotted owl, Low 
region (CSO-High) activity centers and random locations. 

Group Nesting 
Marginal 
nesting 

Nesting 
plus 

marginal 
nesting 

Non-
nesting 

Activity 
center 

Mean 0.45 0.33 0.78 0.22 
Median 0.44 0.33 0.81 0.19 
N 267 267 267 267 
Std. 
Deviation 

0.20 0.12 0.15 0.15 

Minimum 0.00 0.09 0.22 0.01 
Maximum 0.89 0.64 0.99 0.78 

Random Mean 0.21 0.32 0.54 0.46 
Median 0.15 0.31 0.60 0.40 
N 267 267 267 267 
Std. 
Deviation 

0.20 0.17 0.27 0.27 

Minimum 0.00 0.00 0.00 0.03 
Maximum 0.77 0.85 0.97 1.00 
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Table 9.  T-tests of difference between mean proportions of habitat and edge classes within 500-acre 
circles between owl activity centers and random locations for northern and California spotted owls, 
California. 

Habitat t df 
Sig. (2-
tailed) 

Mean 
Difference 

CSO-High     
Nesting -13.855 588 0.000 -0.221 
Non-nesting 10.404 457.8 0.000 0.157 
Nest support 4.261 543.5 0.000 0.054 
Core edge 2.511 588 0.012 0.011 
Edge 3.384 536.3 0.001 0.003 

CSO-Low     
Nesting -13.668 532 0.000 -0.232 
Non-nesting 12.882 412.1 0.000 0.243 
Nest support -0.844 463.0 0.399 -0.011 
Core edge -1.457 532 0.146 -0.007 
Edge 3.629 509.1 0.000 0.005 

NSO     
Nesting -8.826 186.0 0.000 0.204 
Non-nesting 7.442 153.0 0.000 -0.223 
Nest support -0.781 168.6 0.436 0.020 
Core edge 0.271 186.0 0.786 0.002 
Edge 3.677 186.0 0.000 0.007 
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Table 10.  Logistic regression statistics for northern spotted owl model (For definitions see:   
www.ibm.com/datastatistics/spss  

-2 Log 
likelihood 

Cox & 
Snell R 
Square 

Nagelkerke 
R Square 

187.21 0.323 0.431 

 

Variable B S.E. Wald df Sig. Exp(B) 
Nesting 5.866 1.503 15.235 1 0.000 352.788 

Non-nesting -2.473 1.169 4.476 1 0.034 0.084 

Core edge 6.923 4.652 2.214 1 0.137 1015.053 

Edge -25.409 18.660 1.854 1 0.173 0.000 

Constant -1.150 0.792 2.106 1 0.147 0.317 
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Table 11.  Logistic regression coefficients for California spotted owl, high region model.  (See definitions:   
www.ibm.com/datastatistics/spss   

. 

-2 Log 
likelihood 

Cox & 
Snell R 
Square 

Nagelkerke R 
Square 

650.232 0.247 0.330 

 

Variable B S.E. Wald df Sig. Exp(B) 
Nesting 4.961 0.697 50.727 1 0.000 142.761 

Non-nesting -1.570 0.807 3.781 1 0.052 0.208 

Core edge 2.734 2.317 1.392 1 0.238 15.400 

Edge -12.987 10.219 1.615 1 0.204 0.000 

Constant -1.704 0.480 12.633 1 0.000 0.182 
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Table 12.  Logistic regression coefficients for California spotted owl, low region model.  See definitions:   
www.ibm.com/datastatistics/spss   

 . 

 

 
-2 Log 

likelihood 
Cox & Snell R 

Square 
Nagelkerke R 

Square 
562.134 0.284 0.378 

 
Variable B S.E. Wald df Sig. Exp(B) 
Nesting 3.305 0.813 16.545 1 0.000 27.252 

Non-nesting -2.621 0.809 10.491 1 0.001 0.073 

Core edge 4.999 2.274 4.833 1 0.028 148.233 

Edge -25.211 7.787 10.483 1 0.001 0.000 

Constant -0.320 0.545 0.345 1 0.557 0.726 
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Figure 1.  Study area map showing extent of each model region: NSO, CSO-High and CSO-Low. 
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Figure 2.  Locations of training points (owl activity centers) used as input to Maxent model.  
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NSO  

  

CSO-Low 

 

Figure 3.  Maxent model performance and thresholds by model region with 95% confidence intervals. 
See Methods for definitions.   

CSO-High 
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NSO 

 

CSO – High 

 

CSO – Low 

 

Figure 4.  Response curves showing how each variable affects the habitat-suitability score In the NSO, 
CSO – High and CSO-Low model regions.  Redlines indicate mean response across 10 replicated model 
runs; blue shapes represent 1 standard deviation above and below the mean.  The curves show in 
relative terms how the suitability score (vertical axis) changes across the range of covariate values 
(horizontal axis). 
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Figure 5. Habitat suitability classification for overall study area, based on 2012 vegetation data.  Note 
that white areas depict lands outside of model region, including lands above the elevation threshold of 
7000 feet.  
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Figure 6.  Example of layout of 50-, 500-, and 3398-acre circles surrounding owl activity centers and 
random locations.  Map colors are as defined in Figure 2. 

  



40 
 

 

 
 

 
 
 
Figure 7.  Proportion of nesting habitat within 50-, 500- 1000-, and 3,398-acre circles surrounding owl 
activity centers and random locations.  Plots denote means and 95% confidence intervals. 
  



41 
 

 

 
 
 
Figure 8.  Frequency distributions of owl activity centers and random sites in relation to the proportion 
of nesting habitat within 500-acre circles surrounding each site for California (n = 562) and northern (n = 
94) spotted owls. 
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Figure 9.  Proportions of habitat categories within 500-acre circles surrounding northern spotted owl 
(NSO) and California spotted owl (CSO) activity centers and random locations, Klamath region, and Sierra 
Nevada, California.  Plots denote means and 1 standard deviation above and below mean. 
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Figure 10.  Proportions of habitat categories within 500-acre circles surrounding northern spotted owl 
activity centers and random locations, Klamath region, California.  Plots denote means and 95% 
confidence intervals. 
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Figure 11.  Proportions of nesting habitat categories within 500-acre circles surrounding California 
spotted owl activity centers and random locations in high elevation (n = 295) and low elevation (n = 267) 
regions, Sierra Nevada, California.  Plots denote means and 95% confidence intervals. 
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Figure 12.  Distribution of nesting plus marginal nesting habitat that occurs as isolated edge (other 
edge), edge adjacent to core patches (core edge), and core area within 500-acre circles surrounding 
activity center and random sites for northern spotted owls, Klamath region, California. Plots denote 
means and 95% confidence intervals. 
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Figure 13.  Predicted probability of a site being an activity center in relation to proportion of nesting 
habitat within a 500-acre circle for the northern spotted owl (upper panel) and California spotted owl 
(lower panels).  Lines indicate quadratic relationships. 
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Supplemental Information 

Habitat Forms Comparison with GNN Habitat Types 
 

To allow comparison between SPI Habitat Forms and GNN habitat types, we overlaid more than a million 
acres of ground-truthed plot-based Habitat Form typing with the GNN types.  Overall the GNN satellite 
typing correctly called the SPI Habitat Forms 76% of the area.  The GNN effort was unable to clearly 
distinguish HF2H as marginal nesting or HF4 as nesting. There was an 82% overlap between the 
combined SPI HF4 and HF2H and the combined GNN nesting and marginal nesting.  The 18% mis-typed 
land in these HF2H and HF4 Habitat Forms was ground-truthed, data driven typing, which is more 
accurate at fine scales than the regional GNN typing.  However, the high degree of overlap between 
these types indicates that the GNN data can be used to reasonably estimate combined HF2H and HF4 
Habitat Forms in areas without SPI plot-based typing. 

 
 
 
Table S.1.   SPI Habitat Forms (ground truth) Compared to GNN Types (see appendices 3.6, 3.8 for 
definitions of Habitat Forms). 

 

 

SPI 
Habitat 
Form

GNN   
Non-

nesting

GNN 
Marginal 
Nesting

GNN 
Nesting

GNN       
Total

SPI  
Total 

Habitat 
Form 

%

Percent of 
GNN Non-

nesting 
Overlapping 

SPI HF 
Types   

Percent of 
GNN 

Marginal 
Nesting 

Overlapping 
SPI HF 
Types   

Percent of 
GNN 

Nesting 
Overlapping 

SPI HF 
Types   

Percent 
GNN 

Combined 
Nesting & 
Marginal 
Nesting 

Overlapping 
SPI  

Combined 
HF2H & HF4

e ce t 
GNN 

Combined 
Nesting & 
Marginal 

Nesting Not 
Overlapping 

SPI 
Combined 
HF2H & 

HF4

SPI HF1,2,3 
(Non- 

Nesting) 
Typed GNN 
Nesting & 
Marginal 
Nesting

Weighted 
% of Area 
involved 
in clearly 

mis- 
match 
typing

1 153,758 30,316   17,581   201,656     19% 76% 15% 9% 24% 4%
2L 198,073 66,633   23,304   288,010     27% 69% 23% 8% 31% 8%
3 35,088   17,025   7,350      59,464       6% 59% 29% 12% 41% 2%

2H 61,166   100,550 80,165   241,881     23% 25% 42% 33%
4 30,684   132,195 103,010 265,889     25% 12% 50% 39%

2H & 4 91,850   232,746 183,175 507,771     48% 18% 46% 36% 82% 18% 8.6%
5 10,391   627         196         11,213       1% 93% 6% 2% 7% 0.1%

Total 489,160 347,347 231,606 1,068,113  100% over all % error = 24%
46% 33% 22% 100% expected results overall % match = 76%

unexpected results
Not sure

GIS based corrections made to help this comparison: GNN process due to small (<4 acres) patches being typed by GNN that 
would not make SPI minimum mapping units are removed from these acres and placed back into gis located type. (this is SPI 
HRA acreas as an example) Also updated to 2016 for SPI 2012 through 2015 harvest that would have been typed GNN 
Nesting or Secondary Nesting which has been removed from SPI estimate.



 

 

APPENDIX 3.6 

Northern Spotted Owl Telemetry 
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Appendix 3.6 -- Northern spotted owl habitat use in a mixed 
ownership forest during the early fledgling period, 2017 
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INTRODUCTION 
 
Since its listing under the Endangered Species Act (ESA) in 1990, the northern spotted owl (Strix 
occidentalis caurina, NSO) has been one of the most studied wildlife species in the Pacific Northwest.  
This subspecies of spotted owl exhibits strong affinities for older, more mature forests that usually are 
associated with federal ownership (Thomas et al 1990, Courtney et al. 2004) resulting in such forests 
being considered primary NSO nesting and roosting habitat.  Historic and recent research has indicated a 
decrease in population size across the range with the most recent meta-analysis reporting an estimated 
annual decline of 3.8% from the 1980s to 2013 (Dugger et al. 2016).  Those declines have been 
attributed to habitat loss from wildfire and logging practices, climate change, and the spread of the 
invasive barred owl. However, recent research (2011 to 2017) on NSO associated with mixed ownership 
areas with varying proportions of private industrial and federal forest lands in northern California does 
not indicate the same declining trends (SPI 2016, Baldwin and Raphael unpublished data).   
 
The United States Fish and Wildlife Service (USFWS, Service) described desirable parameters of NSO 
habitat (USFWS 2009) by compiling data from several research studies (Franklin et al. 2000, Zabel et al. 
2003, Olson et al. 2004, Dugger et al. 2005, Irwin et al. 2007 and unpublished data).  According to 
USFWS (2009), basal area, quadratic mean diameter (QMD), number of large trees, and percent canopy 
closure all contribute to classifying different forest stands into 4 functional habitat types: high-quality 
nesting/roosting, nesting/roosting, foraging, and low-quality foraging.  Although a breadth of scientific 
literature supports these mature forest habitat definitions and retention standards as important 
in sustaining a NSO territory (summarized in Thomas et al. 1990), few studies have described habitat 
conditions used by NSO in interior northern California (Zabel et al. 2003, Irwin et al. 2013).  Models of 
NSO habitat occupancy by Zabel et al. (2003) included US Forest Service lands in the interior, but did not 
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use data from non-federal lands.  In our study area, mixed ownership forests include industrial lands 
that currently support reproductive NSOs (SPI 2016).  
 
Within the study area (described below), varying historic management practices on alternating 
ownerships, along with elevation, slope, aspect, and other environmental factors, have contributed to a 
mosaic of forest structural conditions and cover types.  These mosaics have a similar mix of seral stages 
as the NSO habitats described by Franklin et al. (2000) and Irwin et al. (2012).  These authors found 
habitat conditions favorable to NSO that contained stands or patches of large diameter trees mixed with 
heterogeneous forest types that promoted prey producing habitat. The purpose of this study is to 
describe cover types used by NSO on a heterogeneous landscape during their early fledgling period 
(mid-May through July), when seasonal demand for prey is at its highest.   Our null hypothesis was that 
the NSO would use the various forest vegetation types in proportion to their availability. 

 
STUDY AREA 

This study was conducted in the Klamath Mountain ecoregion of northern California (Trinity County) 
associated with Sierra Pacific Industries (SPI) Weaverville District (Figure 1).  The landscape of this 
ecoregion features heterogeneous and intricate vegetation patterns resulting from diverse climate, 
topography, and parent materials (Sawyer et al. 1977).  Soil moisture regimes are xeric with soil 
temperatures varying from mesic to frigid and some cryic at higher elevations (Miles and Goudey 1997).  
The climate is considered Mediterranean, with hot and dry summers and cool wet winters (Skinner et al. 
2006). Land uses are predominately forestry, agriculture, tourism, and mining, with 83% of the 
ecoregion federally owned (Sleeter and Calzia 2008).  Historically, fire was the primary disturbance that 
shaped forest structure in this region (Mohr et al. 2000); the historical fire regime in this region is 
characterized as moderate frequency, mixed severity (Spies et al. in press).  Current broad scale 
disturbances include occasional wildfires and industrial forest management. Vegetation in this region is 
broadly classified as Douglas-fir (Pseudotsuga menziesii)–Ponderosa pine (Pinus ponderosa) (Miles and 
Goudey 1997), with industrial forests managed for Douglas fir, incense-cedar (Calocedrus decurrens), 
and ponderosa pine, and secondarily supporting diverse hardwoods including canyon live oak (Quercus 
chrysolepis), black oak (Q. kelloggii), and madrone (Arbutus menziesii). 

The study area consisted of the previously-established SPI NSO Census Area, with a focus on the original 
Landscape Survey Strategy (LSS) area (SPI 2016).  The LSS was designed to survey all suspected spotted 
owl nesting/roosting habitat within SPI lands and extending out to 0.7 miles from SPI ownership.  The 
total area within the LSS was 307,408 acres, of which 142,279 acres (46%) belonged to SPI.  An 
additional 37% is managed by the Shasta-Trinity National Forest; the remaining 17 percent was in other 
private ownerships.  The LSS established 474 permanent points that were surveyed for the five years 
from 2003 through 2007 and again for six years from 2011 through 2017 as part of an ongoing density 
study.    

 

METHODS 

GPS 

The main objective of this study was to describe habitat use of spotted owls during the early fledgling 
period (May through July).  We attached Lotek Wireless Inc. PinPointVHF-120 GPS receivers to 23 adult 
and 2 sub-adult NSO (which were a breeding pair).  Age classes were described per Moen et al. (1991).   
GPS location data recorded by each receiver (hereinafter, tags) could be remotely downloaded without 
recapturing the birds.  In selecting birds to tag, preference was given to pairs, males of pairs, and then 
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females of pairs, in hopes of obtaining data on foraging by nesting/reproducing owls.  Resident single 
owls were selected as a last resort. 

NSOs were located by broadcast calling conspecific calls from a high quality digital wildlife caller 
(Wildlife Technologies KAS-2030ML and MA 15).  Once located, the owls were captured and handled 
with approved techniques in compliance with USFWS Recovery Permit TE80705A-1, and were handled 
less than 20 minutes each.  The GPS tags were attached to the base of two adjacent central tail feathers 
using epoxy.  Each tag with attachment materials weighed less than 14.3 grams, less than 3% of the 
average body weight of NSO measured in previous banding efforts in the LSS.  

Due to permit handling restrictions for females, most tags were deployed prior to the breeding season 
(March 15th) and were programmed to start recording locational data May 13th.  Four tags were 
deployed later in the season and did not start collecting locational data until May 16th.  Receivers 
recorded location coordinates at 2200, 2300, 2400, 0100, and 0200 hours (24-hour period) (PDT) and 
continued to record data on this schedule until the battery life ended.  Field personnel downloaded data 
remotely during a pre-programmed daily period beginning June 14, 2017.  With the correct topographic 
alignment, successful downloads could be achieved at distances greater than 1.0 mile, but typically 
downloads were conducted within 0.5 mile. 

  
Activity center determination  

 
Standard spotted owl protocol procedures (USFWS 2012) were used to locate the owls and determine 
the yearly social and reproductive status.  The Activity Center (AC) was determined for the year of 
tagging, primarily by the location of a nest.  If the owls did not nest, the AC location was determined by 
finding the owls repeatedly at a roost location during the day, and/or the abundance of white wash 
(excrement) and regurgitated pellets in a specific area.   All owls in this study were located during the 
day using the above protocols.   

  

Habitat Typing 

Habitat typing was based on SPI’s systematic forest inventory, in which one plot was established every 4 
acres across SPI's land in the study area.  On the SPI lands, variable-radius plot cruise was used to 
sample all trees at each plot using Basal Area Factor (BAF) forestry prisms.  Tree species, diameter at 
breast height (DBH) (nearest 2-inch class), crown ratio, and crown class (live or snag) were recorded for 
each tree in various basal area categories.  Additionally, the first and third trees on each plot were 
measured in greater detail, which included DBH to the nearest tenth of an inch, two crown radii and 
total height to the nearest foot.  Every third or fourth plot, site tree (i.e., healthy, dominant/co-
dominant trees representative of unrestricted growth conditions) data (species, height, DBH, and age) 
were also collected.  Because home ranges encompassed lands not owned by SPI, and to maintain 
consistency of habitat typing across ownerships, additional ground plots were sampled (N=159) on 
federal lands (USFS and BLM).  Additionally, drone flights gathered local aerial imagery and videography 
of the land to ensure that habitat typing from most recent ortho-photos (2016 National Agriculture 
Imagery Program (NAIP) imagery) was accurate.  When ownership fell on private lands and plot data was 
unavailable, habitat typing was assigned by only ortho-photo interpretation with drone video 
verification and visual assessment by driving through such sites. 

Forest stand conditions were derived from tree inventory data. Canopy cover was estimated based on 
tree species and diameters from SPI's compilation of approximately 370,000 individual non-overlapping 
tree crown radii measurements from trees ≥5 in. dbh, and the vertical projection of the stand canopy 
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cover was then modeled using the inventory plot tree list and the canopy index (SPI unpublished 
data).   These data were then used to assign stands to 1 of 7 unique Habitat Forms (HF) categories (Table 
1). (Note: For the purpose of this paper, all HF2H and HF4 designations are in SPI's Mixed land class).  
The HF categories are very similar to, but with narrower categories than, the California Wildlife Habitat 
Relationship land classification system (Mayer and Laudenslayer 1988)  

 

DATA ANALYSES 

Home range 

The standard kernel method is widely recommended as the default home range/utilization distribution 
(UD) estimation method, and therefore used as the method in this study (Worton 1989).  The kernel 
method consists of merging individual components (i.e., kernels) formed for each point/location that 
have been evaluated across a grid that encompasses the observed locations and extends beyond them 
to allow for a low degree of probability of use outside the outer locations.  Points that are close together 
within the grid contribute more to the estimated density than points further away, creating a high 
degree of estimated utilization where there are many nearby observations and a lower degree of 
estimated utilization where there are fewer observations.   

 
We calculated home ranges for each owl using the kernel method in the package ‘adehabitatHR’ in 
Program R: Version 3.4.2 (Calenge 2006, R Core Team 2017).  We computed portions of home ranges at 
the 95%, 75%, 50%, 25%, and 10% isopleths of the kernel density using each owl’s GPS coordinate 
data.  The choice of a suitable bandwidth (smoothing factor) is the most critical factor involved in 
applying the kernel method (Silverman 1986).  As for the choice of bandwidth for the kernel 
calculations, alternative bandwidths were considered.  The least-squares-cross-validation (LSCV) method 
was considered, but not used as it performs well with points that mainly consist of tight clusters.  This 
however underestimates the home ranges as the LSCV method fits the isopleth more closely to the 
points/clusters.  In our case this results in numerous individual kernels that represent area of observed 
use (considered islands of use) rather than an actual home range.  We also considered using a more 
mechanistic model such as brownian bridges (Horne et al. 2007), which incorporates time into the 
model, and also fills in the space between sequential locations; however, this isn’t necessarily a “kernel-
based method”.  The strengths of this method are less over-smoothing and fewer “islands of use”; the 
bridge includes the space it took to move from point to point.  However, this method has been 
suggested to be better fit when analyzing migration patterns or certain mammalian species with large 
territories.  Here we used the reference bandwidth because our data distribution was bivariate normal 
(each owl had single centers of activity).  This method is easily calculated and minimizes discrepancy 
between true and estimated UD; however, it does over-smooth boundaries greatly, leading to potential 
over-estimates of home range sizes (Seaman and Powell 1996).   

 Habitat selection 

We created a set of polygons representing the 95% kernel home range of each owl, as described above 
(illustrated in Figure 2).  Within each home range, we created a vegetation layer comprised of polygons 
(stands) classified into cover types (Habitat Forms) as defined in Table 1.  We then recorded the Habitat 
Form at each NSO GPS location within each home range.  Using GIS tools, we estimated the planar 
distance from each owl location to various linear features within each home range, including distance to 
nearest stream, road, higher-canopy-cover forest stand (defined as HF2H and HF4, Table 1), and hard 
edge. In addition, we created a randomly located set of points with a sample size equal to the sample 
size of owl locations, and tallied the same attributes for these random points.  To estimate proportion of 
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each kernel occupied by each Habitat Form, we summed the total acres of each Habitat Form within the 
kernel and divided by kernel size.  To describe the area of each kernel range as a proportion of the 95% 
kernel range, we divided the acres of the kernel in question by the acres in the 95% kernel. 

To index habitat selection, we used the selection index described by Strauss (1979), which is simply the 
difference between the proportion of locations in each cover type minus the proportion of that type 
within a kernel range.  We computed the value of this index for each owl, and then computed the mean 
value of the index among all owls or among various subgroups of owls defined by sex and nesting status.  

While raising nestlings and fledglings, spotted owls are central place foragers, moving out to foraging 
areas, capturing prey, and returning to the nest to feed young (Forsman et al. 1984).  Because the adult 
birds frequently return to the nest, the number of locations near the nest site is expected to be high, 
which will affect the selection indices.  To assess this effect, we used the 25% kernel estimate of home 
range to reflect frequent use of a nesting stand, and compared selection in that range to selection in the 
rest of the 95% kernel. 

 

RESULTS 

Twenty four of the 25 deployed tags successfully collected data representing habitat use around 18 
unique ACs (Figure 1).  The 24 individuals included 17 members of confirmed nesting pairs, 4 members 
of non-nesting pairs, 1 resident single, 1 individual from a floater pair, and one floater single.  At 6 ACs, 
both members of the pair (5 of 6 pairs nesting) were tagged.  Battery life varied among tags due to 
satellite acquisition time for each point. Most tags lasting the duration of the study; data on tag 
performance is in Table 2.  The deployed tags successfully collected 7,566 nocturnal location points.  
Based on recommendations of the manufacturer, location points with a DOP score (a measure of 
location accuracy) greater than 5.0 were discarded, resulting in 5,462 location points used for analysis 
from the 24 tags that functioned properly (Table 2).  

Land ownership differed among individual home ranges, as did the representation of the various Habitat 
Forms (Figure 3).   Most of the higher-canopy-cover, larger-diameter forest (HF-4) within home ranges 
occurred on federal land.  Forest with higher canopy cover and moderate diameter (HF-2H) was about 
equally distributed in home ranges on SPI lands and federal lands.  Lower-canopy-cover forest occupied 
a greater proportion of home ranges on SPI than on other lands. 

Home ranges, as described by 95% kernels, averaged 3,965 acres among all owls (SD= 4,957, 
median=2,930 acres, Table 3) and averaged 2,750 acres (SD=1,692, median=2,695 acres) if the two 
floaters are excluded (Table 4).  Home range area, as defined by increasing kernel percentages, 
increased from an average of 63 acres in 10% kernels to 2,750 acres in 95% kernels (excluding floaters, 
Table 5).  Home range area was not correlated with number of locations (r = -0.05, p = 0.83).  Mean 
home range of males (3,253 acres SD=1,293, median=3,155) was larger than females (2,024 acres, 
SD=2,002, median=1,580) (Table 4).  Mean home range of nesting owls (2,489 acres, SD=1,621, 
median=2,120, n=17) was smaller than among non-nesting owls (3,637 acres, SD=1,804, median 2,877, 
n=5, Table 4).  Among the 22 owls (excluding floaters), forest with higher canopy cover (Habitat Forms 
2H and 4) comprised a mean of 60.0% (25%HF4, 35 2Hwithin the 95% kernel home ranges (SD=15.6%).  
Acres for these percentages are presented in Table 6.  Proportion of higher-canopy-cover forest (HF-2H 
plus HF-4) decreased at each step from the inner core (mean 81.7% in the 10% kernel) to the 95% range 
(Table 7).  

Among all owls, HF-2H was the most abundant cover type in the 95% kernel ranges (mean 34.6%); 
Habitat Forms HF-2L and HF-4 each comprised 25% of 95% kernel ranges; proportions of Habitat Forms 



Appendix 3.6 SPI CSO/NSO HCP 

 
 

6 

HF-1 and HF-3 were 11.2% and 10.3%, respectively (Figure 4, Table 7).  Use (proportion of locations) of 
HF-4 was higher than availability, but not significantly; use and availability of other Habitat Forms were 
very similar to each other (Figures 4, 5, 6). Within the 25% kernel ranges (illustrated in Figure 7), the 
proportion of HF-4 (48%) was greater than in the 95% kernel (25%) (Figure 6).  Use of all Habitat Forms 
was similar to availability in the 25% kernel area. 

Location data among ACs demonstrates that concentrated activity is associated with nest sites and that 
nest sites tend to be in the HF-4 cover type (Table 8).  Of the 13 pairs (in which 17 individual owls were 
tagged) that attempted nesting, 9 ACs were in HF-4, 2 were in HF-2H and 2 were in HF-2L stands.  The 
10% kernel encompassed 8 ACs; 2 ACs were encompassed by the 25% kernels, and 2 were in the 50% 
kernels (Table 8). 

In the 95% kernel ranges, mean selection index values among all 24 owls showed little evidence of 
selection except for HF-1 (use significantly less than availability) and HF-4 (use significantly greater than 
availability) in the 95% kernel ranges (Figure 8).  In HF-2L, HF-3, and HF-2H, the mean index values were 
close to zero and confidence intervals overlapped zero, indicating little evidence for preferential 
selection for or against those types.  These patterns of selection were similar within 25% kernel ranges 
(illustrated in Figure 7), although magnitudes of difference between use and availability were smaller 
than in the 95% ranges (Figure 6).  We observed strong selection of HF-4 cover by females and males, 
and by nesting and non-nesting birds (Figure 9).  Strength of negative selection for HF-1 was weaker in 
non-nesting birds, with confidence intervals overlapping zero for all other cover types (Figure 9). 

We pooled HF-4 with HF-2H to place emphasis on selection for higher-canopy- cover stands. Differences 
in use versus availability differed greatly among individual owls, as illustrated in Figure 10 for higher-
canopy-cover forest types (HF-2H and HF-4) and lower-canopy-cover types (HF-1, HF-2L, and HF-3).  Use 
generally increased as availability increased for males and females and for nesting and non-nesting owls.   
For example, two females showed positive selection for younger forest even though selection was 
negative for almost all other birds (Figure 11, right panel).  Similarly, even though most owls selected 
against forest with smaller QMD, 4 owls showed positive selection (Figure 11, right panel).  At the home 
range scale, patterns of selection were stronger for HF-4 (Figure 11), where use by all but 3 owls 
exceeded availability, while use of HF-1 was less than availability for all but 7 owls (Figure 11).   

We observed some differences between random locations and owl locations in distance to the various 
linear features within kernel ranges (Figure 12).  Mean distances to nearest road and to nearest stream 
did not differ between random locations and owl locations within home ranges.  Mean distance to edge 
was further for owl locations than random locations; mean distance of owl locations to HF-4 stands was 
closer than it was for random points.  

Home range area (95% kernel) showed no relationship to proportion of HF-4 forest within each range 
(Figure 13).  Only one half of one percent of the variation in home range size was explained by amount 
of HF-4.  

 

DISCUSSION 

Behavior at Locations 

Our location data could not identify the actual activity of the owls at the recorded locations, so we 
cannot assign the functional significance of use of cover types.  A location could represent foraging, 
nesting, roosting, resting, territory defense, or travel.  The likelihood of each of these behaviors is 
proportional to the time actually spent by each owl in each type of activity, but that is unknown.  To the 
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extent that owls spend time in transit, locations recorded at that moment would only describe points 
along the route from one stationary location to the next.  

However, we strongly suspect that a large proportion of the locations away from the nest 
location were sites of foraging behavior.  Spotted owls are "sit and wait" predators (Forsman et al. 
1984), so much of their active time is spent perched at a foraging location searching for prey.  All 
recorded locations were nocturnal and most were some distance from known nests or day roosts. 
Therefore, while we cannot be certain, it seems reasonable to assume that many of these locations 
involved foraging.  Other authors (e.g., Solis and Gutierrez 1990, Wagner and Anthony 1999, Irwin et al. 
2012 and 2013) have assumed that spotted owl nocturnal locations away from the nest site were 
foraging locations.  The concentration of locations near nest sites also suggests that owls spend 
substantial time in resting or attending young; they would probably forage opportunistically if a prey 
item became available during these times.  

 

Home Range Area and Habitat 
The 95% kernel ranges (mean=2750 ac, SD=1692 ac, median=2695 ac, Table 5) we observed during the 
May-July period of data collection are very similar in size to those observed by other researchers in the 
region.  As summarized in Thomas et al. 1990, median home range in other California studies ranged 
from 1,692 acres in the Willow Creek study area to 3,314 acres in the Ukonom study area. Those 
estimates were based on 100% MCP estimates for various periods, whereas we report 95% kernel 
estimates for a period of a few weeks.  Nonetheless our estimates are reasonably close to those (Tables 
3, 4).  More recently, Dugger et al. (2005) (whose study area was also in mixed ownership and similar 
vegetation types about 150 miles north of our NSO study area) used unpublished data from Wagner and 
Anthony (1999) from 15 adult NSO tracked for periods ranging from 7.5 months to 4 years that 
estimated a mean 95% kernel of 3,867 ac.  

The median amount of higher-canopy-cover, large-diameter forest (HF-4) within the 95% kernel 
home ranges in our study (mean=717 ac, SD=685, median 415 ac, range 64 to 2,546 acres, n=22) was 
less than among northern California study areas summarized in Thomas et al. (1990) (ranges 367 to 
5,654 ac, median 800 to 2,484). Variation in habitat definitions, season of data collection, and 
quantification methods may account for some of the difference among studies. 

 

Patterns of Use 

Numerous studies have reported that forest with high degree of canopy cover and large-diameter trees, 
regardless of the variations in typing methods, are very important in demographic success and 
occupancy by spotted owls, and are often selected for use in a manner greater than availability (Solis 
and Gutierrez 1990, Franklin et al. 2000, Zabel et al. 2003, Dugger et al. 2005).  Correspondingly, use of 
HF-4 was consistently greater than availability in our study.  As shown in Figure 11, HF-4 habitat varied 
from 8% to 60% within 95% kernel ranges and proportional use of that cover type exceeded proportion 
available in all but 3 home ranges.  That pattern also persisted in the outer portion of each home range, 
defined by removing the inner 25% kernel from the 95% kernel range (Figure 7, right panel).   

Our 320-acre mean 50% kernel range (SD=223, median =290) (Table 5) was considerably smaller 
than the 500-acre core area proposed by Bingham and Noon (1997) and the 413-acre 50% kernel 
reported by Dugger et al. (2005).  The latter was based on radio-telemetry data that ranged from 7.5 
months to 4 years for individual owls (Wagner and Anthony 1999), which may account for the larger 
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area observed.  Our median 50% core area comprised less than 11% of the area of the median 95% 
kernel range. 

The 25% kernel represented an area of very focused use.  The median area of the 25% kernel of 
use made up only 4.5.5 of the median home range area (Table 5).  The 25% kernel probably included 
nesting activities such as prey delivery and nest attendance in addition to foraging.  Within the 25% 
kernel ranges of the 22 paired owls, which had a median of 122 acres (Fig.7), use of HF-4 was very 
similar to availability, but the proportion of HF-4 cover was much greater (about 45%) than in the full 
95% kernel (25%).  

In the 10% kernel ranges of the 24 birds, higher-canopy-closure higher-diameter forest (HF-4) 
comprised a mean of about 46% of the area.  Use of this area was very focused: The 10 percent kernel 
constituted 2.2% percent of the area of the mean 95% kernel home range (Table 5). 

A primary finding of this study was that NSO used cover types HF-3, HF-2L, and HF-2H within 
their various kernel ranges in approximate proportion to availability over a broad range of variation in 
availability (Fig. 4, 5, 6.)  These types are extensive in the study area, comprising over half the total 
forest cover within 95% kernel ranges (Fig. 3). The degree of use of HF-2L in this study (over 20 percent 
of all locations in the 95% kernel, with use similar to availability) is perhaps our most unexpected result. 
The consistent degree of use would seem to indicate that owls find some value in these cover types 

NSO use of forest cover types with definitions similar to our HF-2L and HF-2H also has been 
reported by other researchers [Irwin et al. (2013), Wagner and Anthony (1999) cited in Dugger et al. 
(2005), Zabel et al (2003)]. Irwin et al. (2013) reported wide variation in use vs. availability of younger 
stands among several study areas and seasons.  Dugger et al. (2005) found that although "intermediate" 
forests (defined as forest between the sapling stage and mature stage, less than 14" dbh and greater 
than 40% canopy cover, (a typing description similar to our HF-2H and HF-2L; See Table 1 for Habitat 
Form descriptions).) were used by NSO (per Wagner and Anthony 1999), the amount of "intermediate" 
forest did not contribute to variance in survival or reproduction in models that identified older forest as 
the primary habitat factor in those demographic parameters.  However, habitat factors accounted for 
only 25% of the variance in demographic performance in that study.   

Zabel et al. (2003) found that forests they categorized as "foraging habitat" were an important 
positive factor contributing to models that successfully predicted occupancy of NSO in northern 
California.  They defined foraging habitat to include stands down to 12" dbh and greater than 40% 
canopy cover, or down to 10" dbh with canopy cover greater than 80 percent. These descriptions are 
roughly analogous to HF-2H and some HF-2L.  However, their study relied entirely on data from federal 
lands. 

Proportional use of the HF-1 cover type was less than the proportion available within 95% kernel 
ranges for all but 7 of the owls.  But even though use of HF-1 was less than available, there was 
considerable use of that type (mean among owls = 7%, range 0.5% to 29%).  Irwin et al. (2013) reported 
that some telemetered NSO in northern California and southern Oregon used forest types with low basal 
area to a degree greater than availability.  Other studies (e.g., Solis and Gutierrez 1990, Wagner and 
Anthony 1999, Zabel et al. 2003) regarded early successional stands or openings similar to HF-1 as non-
habitat.  Our observed use of H-1 could represent those HF-1 stands with vegetative conditions 
supporting spotted owl prey along with suitable owl perching spots facilitating access to prey (Fig. 14). 
Perching opportunities may be limited within many of these HF-1 stands, which probably reduces direct 
use of such stands even when they do contain prey.  Owls perched in neighboring stands of other types 
may prey on animals within the HF-1 stands or that are dispersing from HF-1 stands, so the degree of 
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use of HF-1 measured by our technique may be less than the actual degree of contribution from these 
areas.  

 

Implications of Habitat Availability   
 
It is important to realize our results are observational and we report correlations between habitat 
conditions and owl locations.  We do not infer cause and effect relationships nor are we able to say 
which habitat conditions are better or worse for owls.  Several studies have explored the relationship 
between forest conditions and NSO occupancy or demographic parameters in northern California and 
southern Oregon.  Each of these studies found that combinations of forest habitat types, with older 
forest in the range of most important, were associated with NSO performance.  Zabel et al. (2003) 
developed occupancy models based on existing habitat at several scales around NSO sites on federal 
land, and found that the best -fitting model was at the 500-acre scale with a pseudo-threshold 
relationship to nesting/roosting habitat and a quadratic relationship to foraging habitat.  Dugger et al. 
(2005) found that owl territories with habitat fitness potentials >1.0 were generally characterized by 
40%–50% old forest habitat (defined as >14" dbh and >40% canopy cover) in the 413-acre area (50% 
kernel) near the territory center, and moderate amounts of "non-habitat" in the home range outside the 
50% kernel.  Similarly, Franklin et al. (2000) reported high fitness potential in territories with a mixture 
of nesting habitat and other vegetation types (e.g., some degree of heterogeneity); they showed that 
fitness was generally greatest in territories with about a 50% mix of nesting habitat and other habitat 
types within their 392-acre analysis areas.  The results of our analyses of GPS location data reveal use of 
habitats in patterns similar to those described above, with broader use of lower successional forest 
cover types, but we have no information regarding fitness of the owls in our study.  Further analyses 
should provide more comparisons and insight.   
 
 
 Sources of Uncertainty 
 
There are sources of uncertainty in several aspects of this study.  First, we assume the cover types within 
owl ranges are accurately portrayed by the range of Habitat Forms as defined in Table 1.  In future work, 
we hope to further assess accuracy of the cover map; for the present, we have relied on the 
combination of plot data, remote imagery, and foresters’ experience in stand delineation.   
 

We also assume there are no biases in the GPS locations we obtained.  These data are not likely 
to be biased because locations are not dependent on observer search behavior; these locations result 
from timed satellite data.  It is possible that some amount of bias could be present to the extent that 
inaccurate locations (those which exceeded the accuracy threshold) are more common in one habitat 
form than another.  We believe this potential effect of cover on position accuracy is minor, as we 
observed many locations with high accuracy in closed-cover forest.  But this possibility deserves further 
scrutiny to understand its potential importance. 
 

Accuracy of GPS locations affects the designation of habitat form for each location.  If locations 
are close to an edge, an inaccurate location could place that point in the wrong stand and this would 
affect our designations of use.  To examine this risk, we conducted field tests to evaluate the position 
accuracy of the GPS locations.  Observers placed a sample of GPS tags in known locations and then 
compared the known location to the locations recorded by the tag.  Results showed that GPS locations 
were within 30 feet of true locations.  We looked at distance from edge of all locations in this dataset 
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and found that distance to edge averaged 230 feet and ranged from 131 to 369 feet.  These results 
indicate that risk of placing a point in the wrong stand is low. 

Future work 

This report represents a descriptive analysis of the GPS data.  We have not attempted more refined 
modeling that might include movement paths (as in Thurfjell et al. 2014) and discrete choice selection 
(as in Lorenz et al. 2016, McDonald et al. 2006).  Further work will also incorporate multivariate models 
to better evaluate the suite of covariates that might influence habitat choice, and which might more 
effectively incorporate the temporal sequence of observations. 
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Table 1.  Definitions of cover types (habitat forms) on northern California study area.   Note: For the 
purpose of this paper, all HF2H and HF4 designations are in SPI's Mixed land class 
  

HF – 0: Lakes, marshlands, wide streams 

HF – 1: The youngest HF and usually the result of harvest, or fire. 

HF -2L: Occurs in regen* or mixed** landclass, usually after precommercial thinning; 6-11” QMD 
with >40% canopy cover. 

HF – 2H: Occurs in mixed or regen landclass; 11-13” QMD with >50% canopy cover. 

HF-3: Open forest, QMD >=5”, sparse/poor stocking, and <40% canopy cover; usually not Regen. 

HF – 4: Occurs in mixed land class that has >60% canopy, at least 9 trees per acre of 22” DBH or 
greater, and an overall 13” QMD; or in regen land class that has canopy cover >60% and at least 20 
trees per acre of 22” DBH or greater. 

HF – 5: Bare, exposed rock, cliffs, quarries 
* Refers to any regeneration unit where a plantation has been/will be planted following harvest, fire, 
etc. 
** Refers to all other stands, usually where historic selection harvest has occurred and regeneration is 
from natural seed fall 
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Table 2.  Gender, reproductive status, and number of sample locations obtained for Northern 
Spotted Owls, 2017. (For mate/pair identification, see Table 8.) 
 

Tag I.D. Sex Status Points 
Sampling 

period 
95% Kernel  

Range (acres) 
44158 Female Nesting Pair 158 5/16-7/10 838 
44159 Female Nesting Pair 226 5/16-7/10 1580 
44160 Male Floater Single 209 5/13-7/10 9716 
44161 Female Nesting Pair  219 5/16-7/10 1934 
44162 Female Non-Nesting Pair (Floater) 241   5/13-7/10 24930 
44163 Female Nesting Pair (Failed) 212 5/13-7/10 325 
44164 Female Non-Nesting Pair 267 5/13-7/24 2514 
44165 Male Nesting Pair 252 5/13-7/24 3187 
44166 Male Non-Nesting Pair 273 5/13-7/24 3545 
44167 Female Nesting Pair 276 5/13-7/28 594 
44168 Female Nesting Pair 259 5/16-7/25 676 
44169 Male Nesting Pair 261 5/13-7/25 2120 
44170 Female Nesting Pair 249 5/13-7/24 2983 
44171 Male Nesting Pair 240 5/13-7/19 3004 
44172 Male Nesting Pair 238 5/13-7/18 1359 
44173 Male Non-Nesting Pair 236 5/13-7/18 2877 
44174 Male Nesting Pair 252 5/13-7/26 3726 
44175 Male Nesting Pair (Failed) 239 5/14-7/19 3155 
44177 Male Nesting Pair 94 5/13-6/9 1986 
44178 Male Nesting Pair 177 5/13-6/29 6544 
44179 Female Resident Single 121 5/13-6/16 6771 
44180 Male Nesting Pair (Failed) 266 5/13-7/26 4200 
44181 Male Non-Nesting Pair 262 5/13-7/24 2478 
44182 Male Nesting Pair 235 5/13-7/19 4108 
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Table 3.  Area (acres) of 95% kernel home range of Northern Spotted Owls, by sex and nesting 
status, May- July 2017. 

Owl N Mean Median 
Std. 

Deviation Minimum Maximum 
SEX       
Female 10        4,314         1,757         7,485             325         24,930  

Male 14        3,715         3,171         2,128         1,359  
          

9,716  
STATUSa   

    

Nest 17        2,489         2,120         1,621             325  
          

6,544  
Non-Nest 7        7,547         3,545         8,127         2,478         24,930  
TOTAL 24        3,965         2,930         4,957             325         24,930  

 
a Status defined from Table 2 where Nest = Nesting Pair or Nesting Pair (Failed); Non-Nest = all 
other categories. 
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Table 4.  Area (acres) of 95% kernel home ranges of Northern Spotted Owls, by sex and nesting 
status, excluding floaters (see Table 2), May-July 2017. 

Owl N Mean Median 
Std. 

Deviation Minimum Maximum 
SEX       
Female 9        2,024         1,580         2,002             325         6,771  
Male 13        3,253         3,155         1,293         1,359         6,544  
STATUSa  

 
    

Nest 17        2,489         2,120          1,621             325          6,544  
Non-Nest 5        3,637         2,877          1,804          2,478          6,771  
TOTAL 22        2,750         2,695          1,692             325          6,771  

 
a Status defined from Table 2 where Nest = Nesting Pair or Nesting Pair (Failed); Non-Nest = all other 
categories. 
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Table 5.  Overall size of kernel ranges used by Northern Spotted Owls (excluding floaters, n=22), May-
July 2017. 

   Range Area (acres)  
Kernel Mean Median Std dev min max 
10%              63               63               50                 4             229  
25%            126             122               93                 8             404  
50%            320             290             223               19             963  
75%            650             551             420               55         1,848  
95%        2,750         2,695         1,692            325  6,771  
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Table 6.  Composition of kernel home ranges by Habitat Form (acres), Northern Spotted Owls (n 
= 22, excluding floaters), May-July 2017. 

Kernel   HF-1 HF-3 HF-2L HF-2H HF-4 
HF-2H+HF-

4 

10% 

Mean 2.8 4.3 7.5 15.6 33.0 48.6 
STD 6.3 17.6 10.0 17.2 32.8 34.0 
Min 0.0 0.0 0.0 0.0 0.0 4.0 
Max 26.4 84.1 31.3 67.4 107.7 116.6 

25% 

Mean 10.2 16.8 29.9 47.6 83.2 130.8 
STD 17.0 57.3 33.0 39.7 82.8 95.8 
Min 0.0 0.0 0.0 0.0 0.0 11.7 
Max 58.1 256.1 136.1 143.0 277.3 329.0 

50% 

Mean 35.6 36.8 97.1 134.0 202.9 336.8 
STD 39.2 117.5 88.7 84.6 201.3 243.8 
Min 0.0 0.0 0.0 3.3 3.8 23.5 
Max 143.3 477.6 371.9 303.2 673.1 854.6 

65% 

Mean 69.2 56.9 173.5 235.9 287.7 523.6 
STD 63.0 174.2 155.9 151.2 275.1 376.5 
Min 0.0 0.0 0.0 13.3 24.7 38.0 
Max 274.0 633.5 6.6.5 521.2 1004.7 1275.6 

75% 

Mean 100.8 81.2 255.7 340.1 374.1 714.2 
STD 79.0 235.0 198.7 213.1 350.4 497.0 
Min 0.0 0.0 0.0 21.3 31.1 66.5 
Max 367.0 876.3 797.7 761.3 1259.0 1705.0 

95% 

Mean 278.3 193.4 621.0 907.0 717.0 1624.0 
STD 185.8 518.2 412.3 520.1 685.2 1088.6 
Min 4.9 0.0 15.5 108.7 64.0 225.6 
Max 756.3 2115.0 1844.4 2401.7 2546.3 4947.9 

Note: Habitat Forms 0 and 5, which are scarce, are excluded from this table. 
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Table 7.  Percentage composition of kernel home ranges by Habitat Form, Northern Spotted Owls (n = 
22, excluding floaters), May-July 2017. 

Kernel   HF-1 HF-3 HF-2L HF-2H HF-4 HF-2H+HF-4 

10% 

Mean 2.3% 2.3% 13.5% 24.6% 57.1% 81.7% 
STD 4.4% 8.0% 19.4% 27.1% 35.3% 21.4% 
Min 0.0% 0.0% 0.0% 0.0% 0.0% 23.9% 
Max 15.1% 36.8% 76.1% 88.5% 100.0% 100.0% 

25% 

Mean 4.6% 3.9% 18.7% 24.1% 48.3% 72.5% 
STD 6.2% 12.3% 19.2% 19.3% 30.1% 22.1% 
Min 0.0% 0.0% 0.0% 0.0% 0.0% 29.4% 
Max 18.4% 44.8% 70.6% 71.8% 99.9% 100.0% 

50% 

Mean 6.7% 3.4% 21.4% 27.0% 41.2% 68.2% 
STD 6.2% 11.0% 15.3% 12.1% 23.8% 20.2% 
Min 0.0% 0.0% 0.0% 4.0% 0.5% 30.8% 
Max 22.1% 44.9% 54.1% 49.9% 84.9% 100.0% 

65% 

Mean 8.6% 3.5% 23.1% 28.5% 36.0% 64.5% 
STD 5.5% 11.0% 9.9% 9.7% 21.2% 20.5% 
Min 0.0% 0.0% 0.0% 9.9% 2.6% 27.5% 
Max 23.0% 46.5% 51.5% 47.1% 74.8% 100.0% 

75% 

Mean 8.8% 3.7% 24.8% 29.5% 32.8% 62.3% 
STD 4.6% 11.4% 15.3% 9.0% 19.7% 18.7% 
Min 0.0% 0.0% 0.0% 13.1% 3.6% 25.2% 
Max 21.3% 51.2% 53.3% 44.3% 75.2% 100.0% 

95% 

Mean 10.3% 4.0% 24.9% 34.6% 25.4% 60.0% 
STD 4.3% 11.2% 13.7% 8.7% 15.6% 15.6% 
Min 1.5% 0.0% 4.8% 22.7% 8.5% 31.2% 
Max 19.2% 50.4% 53.1% 47.7% 60.3% 93.7% 

Note: Habitat Forms 0 and 5, which are scarce, are excluded from this table. 
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Table 8.  Locations of activity centers in relation to Habitat Form, and distance to 10% and 25% kernel 
ranges. 

MALE FEMALE 
SOCIAL 
STATUS Status 

Habitat 
Form 

DISTANCE 
TO 10% (ft) 

DISTANCE 
TO 25% (ft) 

DISTANCE TO 
50% (ft) 

44175 44163 Pair Pair (Potential 
Nest, Failed) 4 0 0 0 

44169 44168 Pair Nesting Pair  4 0 0 0 
44165 44170 Pair Nesting Pair  2L 0 0 0 
44171 44159 Pair Nesting Pair  4 0 0 0 
44177 44158 Pair Nesting Pair  4 0 0 0 

 
44161 Pair  

Nesting Pair 
(Brood Patch 
Present)  

2H 0 0 0 

44172  Pair Nesting Pair 2H 421 0 0 
44180  Pair Nesting Pair 2L 1915 505 0 
44182  Pair Nesting Pair 4 0 0 0 
44178  Pair Nesting Pair 4 1350 3 0 
44174  Pair Nesting Pair 4 0 0 0 

  44167 Pair Nesting Pair 4 144 0 0 

44175 44163 Pair Pair (Potential 
Nest, Failed) 4 0 0 0 

 

  



Appendix 3.6 SPI CSO/NSO HCP 

 
 

22 

 

 
Figure 1.  SPI Northern spotted owl Landscape Survey Strategy area and GPS tagging locations   
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Figure 2.   Example of a 95% kernel range for one Northern Spotted Owl, showing GPS 
locations (black dots) and random locations (white dots) in relation to habitat forms (cover types) 
as defined in Table 1. 
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Figure 3.  Composition of 95% kernel ranges of Northern Spotted Owls (n = 24) by Habitat 
Form (as defined in Table 1) and by land owner, Northern California, 2017. Vertical bars denote 
95% C.I. 
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Figure 4.  Mean proportions of each cover type (habitat form, Table 1) within 24 northern 
spotted owl 95% kernel ranges (“Availability”) and proportions of locations within each home 
range (“Use”), northern California, 2017.  Vertical bars denote 95% C.I. 
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Figure 5.  Comparison of use (proportion of owl locations) and availability (proportion of kernel 
range) for each cover type (habitat form as defined in Table 1) for all Northern Spotted Owls (n 
= 24) in the 95% kernel range after removing the inner 25% kernel (see Figure 7).  Vertical bars 
denote 95% C.I. 
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Figure 6.  Comparison of use (proportion of owl locations) and availability (proportion of kernel 
range) for each cover type (habitat form as defined in Table 1) for all Northern Spotted Owls (n 
= 24) in the 25% kernel range.  Vertical bars denote 95% C.I. 
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95% Kernel with 25% Kernel removed   25% Kernel 

              
 
Figure 7.  Illustration of 95% Kernel range after removing the inner 25% Kernel and the 25% 
Kernel alone. 
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Figure 8.  Mean selection index (percent of locations minus percent availability of each habitat 
form) and 95% confidence intervals for 24 Northern Spotted Owl home ranges by habitat form 
(see Table 1), northern California, 2017.  Left panel represents the full 95% kernel range and 
right panel is the range with the 25% kernel removed; this figure represents conditions in the 
ring surrounding the 25% kernel (see Figure 8). 
 
  

All Owls 
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Figure 9.  Mean selection index (percent use minus percent availability) and 95% confidence 
intervals for male (n = 14), female (n = 10), nesting (n = 17), and non-nesting (n = 7) Northern 
Spotted Owl 95% kernel home ranges by habitat form (see table 1), northern California, 2017. 
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Figure 10.  Variation in use (percent of locations) and availability (percent of 95% kernel home 
range) in younger forest (habitat forms 1, 2L, and 3) and older forest (habitat forms 2H and 4) 
for male (n = 14), female (n = 10), nesting (n = 17), and non-nesting (n = 7) Northern Spotted 
Owls), northern California, 2017.  See Table 1 for definitions of habitat forms.  Diagonal lines 
indicate percent of locations = percent of range; points above that line indicate positive 
selection and points below the line indicate negative selection. 
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Figure 11.  Variation in use (percent of locations) and availability (percent of 95% kernel home 
range) in Habitat Form 4 (larger diameter, higher canopy closure) and Habitat Form 1 (early-
seral) forest nesting (n = 17), and non-nesting (n = 7) Northern Spotted Owls, northern 
California, 2017.  Diagonal line indicates percent of locations = percent of range; points above 
that line indicate positive selection and points below the line indicate negative selection. 
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 Figure 12.  Mean (and 95% confidence interval) of differences between owl locations and 
random locations within 95% kernel ranges of Northern Spotted Owls (n = 24).  The horizontal 
line denotes a difference of 0 feet; values below that line occur when owl locations are closer to 
a feature than random locations.  Values above the line occur when random locations are 
closer.  “Edge” is the distance to closest stand boundary; “Stand” is distance to HF-4 or HF-2H 
stand. 
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Figure 13.  Relationship between proportion of HF-4 forest and 95% Kernel range area for non-
floater (territorial) owls. 
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Figure 14.  Example of NSO locations displayed over a National Agricultural Imagery Program 
(NAIP) image showing use of perch sites. 
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Introduction 

In this Appendix, we provide detailed results from a study of spotted owl prey remains, and 
summarize the results of other studies of prey use and occurrence on SPI timberlands.  
Numerous studies in California and southern Oregon have reported the prey items found in the 
pellets of the California (CSO) and northern spotted owls (NSO) (Carey et al. 1992, Munton et 
al. 2002, and Zabel et al, 1995).  The northern flying squirrel (Glaucomys sabrinus, NFSQ) and 
the dusky-footed woodrat (Neotoma fuscipes, DFWO) have consistently been identified as the 
primary prey species, with a host of other species as minor contributors.  Here we report on 
analysis of prey remains collected at CSO and NSO sites that occur on or near SPI lands in 
areas with varying elevations and proportions of mixed ownerships (Fig. 1 and Fig. 2). 
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Figure 1.  Distribution of CSO pellets collected by elevation 
and proportion of SPI ownership within a 1.3 mile radius circle 
(~home range).  109 CSO sites where pellets were collected.
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Analysis of prey remains 

SPI biologists gathered 488 pellets from CSO (2012-2016) from 109 territories and 124 pellets 
from 31 NSO (2010-2014) territories at nest and roost sites. CSO sites were in the northern and 
central Sierra Nevada, and NSO sites occurred in the Klamath region of California. These 
pellets were dissected and the remains analyzed for species and age (adult or juvenile) 
identification.  For the CSO, 842 individual prey items were identified to species (n=12) or 
groups (n=8) (Table 1 and Figure 3). For the NSO, 232 individual prey items were identified to 
species (n=9) or groups (n=6) (Table 2, Figure 4).  Average biomass was assigned to each prey 
species based on the published estimated age (adult or juvenile) of each item (Burt and 
Grossenheider 1976, Jameson and Peeters 1988, Sibley 2000, and Williams et al. 1992). 
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Table 1.  Prey taxa identified in pellets collected at roost sites and nest sites of the 
California spotted owl in the northern and central Sierra Nevada. 

Table 2.  Prey taxa identified in pellets collected at roost sites and nest sites of the 
northern spotted owl in the Trinity, Siskiyou, and Shasta Counties, CA. 

CODE Genus species Common Name Age and Weight 
BAT Species unknown Bat 9-10g 

BIRD Various Bird Adult – 9-142g, juvenile – 8-30g 

NFSQ Glaucomys sabrinus Northern Flying squirrel Adult – 130g, juvenile – 75g 

INST Species unknown Insect 2g 

CAVO Microtus californicus California vole Adult – 43g 

HOMO Mus musculus House mouse Adult – 20g 

CRBV Myodes californicus California red-backed vole Adult – 23g 

DFWO Neotoma fuscipes Dusky-footed woodrat Adult – 285g, juvenile – 50-125g 

DEMO Peromycus maniculatus deer mouse Adult – 22g 

BFMO Scapanus latimanus Broad-footed mole Adult – 69g 

SHRE Sorex spp Shrew species Adult – 6g 

DOSQ Tamiasciurus douglasii Douglas squirrel Adult – 221g 

CHIP Tamias  Chipmunk species Adult – 83g 

THSP Thomomys bottae Botta's pocket gopher Adult – 95g 

VOMO Microtus spp Vole or mouse Adult – 20g 

RABB Lagomorpha Rabbit Juvenile – 200g 

CODE Genus species Common Name Age and Weight 
SNMB Aplodontia rufa Sierra Nevada mountain beaver Adult – 500g 

BAT Species unknown Bat sp. Adult – 10g 

BIRD Various Bird Adults and juvenile 8 –196 g 

VIOP Didelphis virginiana Virginia opossum Juvenile – 300g 

NFSQ Glaucomys sabrinus Northern flying squirrel Adult – 130g, Juvenile – 50-
 INST Species unknown Insect  0.5-4 g 

RABB Lagomorpha Rabbit  Adult – 900g, juvenile – 60g 

CAVO Microtus californicus California vole Adult – 30-43g 

LTVO Microtus longicaudus Long-tailed vole Adult – 56g 

VOSP Microtus spp Vole Adult – 30g 

HOMO Mus musculus House mouse Adult – 20-25g 

DFWO Neotoma fuscipes Dusky-footed woodrat Adult – 286g, juvenile 40-175 
 DEMO Peromycus maniculatus Deer mouse Adult – 22g, juvenile – 15g 

WGSQ Sciuris griseus Western gray squirrel Adult – 450-500g 

BFMO Scapanus latimanus Broad-footed mole Adult - 69g, juvenile – 50g 

SHSP Sorex spp Shrew Adult - 5g 

DOSQ Tamiasciurus douglasii Douglas squirrel Adult – 221g, juvenile -100g 

CHSP Tamias sp. Chipmunk  Adult - 50-83g, juvenile - 40g 

BPGO Thomomys bottae Botta's pocket gopher Adult - 142g, juvenile - 30-
 VOMO Microtus spp or Peromycus spp Vole or mouse Adult – 20-40g 
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These cumulative data support previous findings that the NFSQ and the DFWO are the two 
primary prey species of the CSO and NSO in the biomass and number of individuals consumed 
(Figures 1 and 2).  The yearly and combined 5 primary species taken by the CSO and NSO by 
biomass and individual count are provided below.  The DFWO and the NFSQ are consistently 
the two primary species taken for biomass (Tables 3 and 5) and individuals taken (Tables 4 and 
6) each year.  It is important to note that the smaller species (mice and voles) are included in 
the top 5 species taken by the spotted owls when considering the number of individuals as 
opposed to biomass. 
The proportions of total biomass represented by the DFWO and NFSQ changed with elevation.  
The DFWO was the predominant species taken at lower elevations and the NFSQ was 
predominant at higher elevations (Figures 3 and 4).  For the CSO the switch in majority of 
biomass between the DFWO and NFSQ occurred near the 4,500 ft. elevation, while for the NSO 
the switch occurred at about 2,700 ft. elevation. In both cases the actual transition was not 
abrupt but occurred over an elevational gradient. 
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Table 3.  Annual CSO pellets collections and top five prey species by biomass, 2012 – 
2016.  Species codes in Table 1. 

Year # of 
pellets 

# of 
prey 
items 

1o 

species 
and % of 
biomass 

2o 

species 
and % of 
biomass 

3o 

species 
and % of 
biomass 

4o 

species 
and % of 
biomass 

5o 

species 
and % of 
biomass 

2012 10 15 DFWO 
47.10% 

NFSQ 
21.41% 

WGSQ 
20.58% 

LTVO 
4.61% 

BFMO 
2.84% 

2013 72 117 DFWO 
54.63% 

NFSQ 
29.54% 

BIRD 
4.25% 

WGSQ 
2.82% 

DOSQ 
2.77% 

2014 120 223 DFWO 
48.11% 

NFSQ 
37.76% 

DOSQ 
3.61% 

BIRD 
3.50% 

BPGO 
3.25% 

2015 235 404 DFWO 
59.44% 

NFSQ 
28.64% 

BPGO 
2.18% 

BIRD 
2.17% 

RABB 
1.61% 

2016 51 83 DFWO 
70.46% 

NFSQ 
27.89 

BIRD 
2.94% 

DOSQ 
1.60% 

CHSP 
1.23% 

        
TOTAL 

All 
years 

488 842 DFWO 
56.86% 

NFSQ 
30.35% 

BIRD 
2.83% 

BFGO 
2.20% 

DOSQ 
1.73% 

 

 

Table 4.  Annual CSO pellets collections and top five prey species by count of 
individuals, 2012 – 2016. Species codes in Table 1. 

Year # of 
pellets 

# of 
prey 
items 

1o 

species 
and % of 

count 

2o 

species 
and % of 

count 

3o 

species 
and % of 

count 

4o 

species 
and % of 

count 

5o 

species 
and % of 

count 
2012 10 15 DFWO 

26.7% 
NFSQ 
26.7% 

LTVO 
13.3% 

DEMO 
13.3% 

VOMO 
6.7% 

2013 72 117 NFSQ 
32.5% 

DFWO 
26.5% 

BIRD 
9.4% 

SHSP 
7.7% 

BPGO 
3.4% 

2014 120 223 NFSQ 
44.4% 

DFWO 
25.6% 

BIRD 
6.7% 

VOMO 
5.4% 

DEMO 
4.9% 

2015 235 404 NFSQ 
34.7% 

DFWO 
33.2% 

DEMO 
7.4% 

VOMO 
4.7% 

BIRD 
4.5% 

2016 51 83 DFWO 
49.4% 

NFSQ 
30.1% 

BIRD 
7.2% 

CHSP 
3.6% 

DEMO 
2.4% 

        
TOTAL 

All 
years 

488 842 NFSQ 
36.3% 

DFWO 
31.7% 

BIRD 
5.9% 

DEMO 
5.6% 

VOMO 
4.2% 
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Table 5.  Annual NSO pellet collections and top five prey species by biomass, 2010 – 
2014. Species codes in Table 2. 

Year # of 
pellets 

# of 
prey 
items 

1o species 
and % of 
biomass 

2o species 
and % of 
biomass 

3o species 
and % of 
biomass 

4o species 
and % of 
biomass 

5o species 
and % of 
biomass 

2010 26 46 
DFWO NFSQ BIRD DOSQ RABB 
40.6% 39.5% 5.1% 3.7% 3.4% 

2011 41 81 
NFSQ DFWO BIRD DOSQ CRBV 
62.4% 16.4% 9.1% 5.7% 3.6% 

2012 16 31 
DFWO NFSQ BFMO DEMO BIRD 
64.8% 16.8% 16.2% 1.9% 0.2% 

2013 27 52 
DFWO NFSQ BIRD DEMO CRBV 
66.0% 25.9% 2.5% 2.2% 1.3% 

2014 14 22 
DFWO NFSQ BFMO CHSP NA 
52.8% 41.3% 3.7% 2.2%   

                
TOTAL 

124 232 
NFSQ DFWO BIRD BFMO DOSQ 

All 
years 45.8% 39.0% 4.3% 2.9% 2.4% 

Table 6.  Annual NSO pellet collections and top five prey species by count of 
individuals, 2010 – 2014.  Species codes in Table 2. 

Year # of 
pellets 

# of 
prey 
items 

1o species 
and % of 

count 

2o species 
and % of 

count 

3o species 
and % of 

count 

4o species 
and % of 

count 

5o species 
and % of 

count 

2010 26 46 
NFSQ DFWO BIRD CRBV DEMO 
39.1% 19.6% 10.9% 8.7% 8.7% 

2011 41 81 
NFSQ CRBV BIRD VOMO DFWO 
46.9% 14.8% 12.3% 8.6% 7.4% 

2012 16 31 
NFSQ BFMO DEMO DFWO BIRD 
54.8% 25.8% 9.7% 6.5% 3.2% 

2013 27 52 
DFWO NFSQ DEMO BIRD CRBV 
32.7% 26.9% 13.5% 7.7% 7.7% 

2014 14 22 
NFSQ DFWO BFMO CHSP NA 
54.5% 31.8% 9.1% 4.5%   

                
TOTAL 

124 232 
NFSQ DFWO BIRD CRBV DEMO 

All years 42.7% 17.7% 8.6% 8.6% 7.3% 
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Small mammal abundance studies 

In a small mammal study conducted on SPI’s Stirling District (Butte and Plumas Counties, CA) 
within the range of the CSO, the deer mouse and the dusky-footed woodrat were the most 
commonly captured species (Fraik et al., unpublished data).  Small mammals were trapped 
within three sampling plots based on age: forest stands less than 20 years, greater than 20 
years, and mature stands (not clear-cut in the last 100 years).  Seven small mammal species 
were captured (Table 7).  The deer mouse was the most common species captured, with the 
dusky-footed woodrat the second most common in all habitats sampled.  No differences in small 
mammal diversity or abundance were found between plots that had been and had not been 
clear-cut. However, the authors stated that “Results suggest that larger diameter trees are 
associated with conditions where generalist species (deer mouse and dusky-footed woodrat) 
are most abundant.”    
Table 7.  Species captured and studied by Fraik et al. (unpublished data) on SPI, Stirling District 
(Butte and Plumas Counties, CA). 
Common Name  Genus Species 
Deer mouse Peromycus maniculatus 
Dusky-footed woodrat Neotoma fuscipes 
California ground squirrel Otospermophilus beecheyi 
Douglas squirrel Tamiascriurus douglasii 
Shrew Sorex spp 
Chipmunk Tamias spp 
Gray squirrel Sciurus griseus 

 
Another small mammal study was conducted on the SPI Weaverville District, within the range of 
the NSO, to determine the occurrence and relative abundance of species within a harvested 
landscape (Gray et al. 2016).  Eleven small mammal species were captured (Table 8). 
Peromyscus sp. was the most numerous species captured.  They were captured within all 
habitat types sampled, and occurred at their highest abundance within the habitat retention 
areas within clearcuts.  Among various habitat types sampled, habitat retention areas had the 
highest abundance of all small mammals combined within the study area.  The authors 
concluded that, “…results emphasized the importance of downed wood, shrub cover, and forest 
litter to small mammals...”, and ”retention areas are an important component in sustaining small 
mammal populations.” (Gray et al. 2016).   
Table 8.  Species captured by Gray et al (2016) on SPI, Weaverville District (Trinity County,CA). 
Common Name  Genus Species 
Deer mouse Peromycus maniculatus 
Brush mouse Peromycus boylii 
California ground squirrel Spermophilus beecheyi 
Allen’s Chipmunk Tamias senex 
Dusky-footed woodrat Neotoma fuscipes 
Bushy-tailed woodrat Neotoma cinerea 
Trowbridge’s shrew Sorex trowbridgii 
Douglas squirrel Tamiascriurus douglasii 
Striped skunk Mephitis mephitis 
Western harvest mouse Reithrodontomys megalotis 
California vole Microtus californiacus 
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INTRODUCTION 

 

The California spotted owl (Strix occidentalis occidentalis, CSO) is currently listed as a California Species 
of Special Concern (California Department of Fish and Wildlife 2016), a U.S. Bureau of Land Management 
(BLM) and U.S. Forest Service (USFS) sensitive species (BLM 2010, USDA Forest Service 2013) and has 
been petitioned to be listed under the federal Endangered Species Act several times (USFWS 2016).  
Some recent research has demonstrated a decline in density and the number of occupied sites over the 
last 20 years (Blakesley et al. 2010, Tempel et. al 2014, Conner et al. 2016).  However, other recent 
research on CSO in areas with substantial amounts of private industrial forest lands found a range of 
density and occupancy rates, including some areas with density nearly twice that reported from other 
studies being conducted primarily on federal lands (Roberts et al. 2017).   This indicates the CSO might 
be utilizing landscapes that are different than those found on federal lands. 

Telemetry studies on federal lands have indicated that CSO use and select forests with high degrees of 
canopy cover and large mean diameters at rates higher than the actual availability of these forests on 
the landscape (Call et al. 1992, Zabel et al. 1992a and b), and that the CSO selected public lands over 
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private lands (Williams et al. 2014).  The purpose of our study was to determine the habitats used by the 
CSO on mixed ownership lands, during the season with the highest demand for prey, the early fledgling 
period (mid-May through June).  Our null hypothesis was that CSO use the various forest vegetation 
types in proportion to their availability.  

Within the study area (described below), varying historic management practices on alternating 
ownerships, along with elevation, slope, aspect, and other environmental factors, have contributed to a 
mosaic of forest structural conditions and cover types.   

 

STUDY AREA 

This study was conducted on the west slope of the north-central Sierra Nevada, between Lassen 
National Park and Yosemite National Park (Figure 1).  Lower-elevation areas were comprised of oak-
conifer forests, including Douglas-fir (Pseudotsuga menziesii), ponderosa pine (Pinus ponderosa), white 
fir (Abies concolor), black oak (Quercus kelloggii), live oaks (Quercus chrysolepis and Q. wislizeni), Pacific 
madrone (Arbutus menziesii), and incense-cedar (Calocedrus decurrens) and can largely be classified as 
Sierra Mixed Conifer (SMC) or Montane Hardwood Conifer (MHC; Mayer and Laudenslayer 1988). Higher 
elevation sites are dominated by ponderosa pine, black oak, white fir (Abies concolor), Jeffrey pine 
(Pinus jeffreyi), red fir (Abies magnifica), and sugar pine (Pinus lambertiana), and are predominantly 
SMC (Mayer and Laudenslayer 1988). 

The study area consisted of known and established CSO sites occurring within SPI’s CSO Occupancy 
Watershed Study Areas (WSAs) on and adjoining SPI properties (Roberts et. al 2017), along with CSO 
sites elsewhere on SPI lands and on nearby USFS lands (Figure 1).  

For 50 to 100 years prior to 1999, various owners repeatedly harvested the lands presently owned by 
SPI.  They primarily used selection methods that removed large individual trees in repeated harvests.  
Since 1999, SPI has been implementing an even-aged management strategy on these lands (clear-cutting 
and regeneration of forest stands). By 2016, approximately 26 to 28% of the overall SPI land base has 
been converted to forest stands ranging from 0 to 17 years old (Ed Murphy, Sierra Pacific Industries, 
Anderson, CA, pers. comm.). Since 1999, SPI has also consistently provided a minimum of 18 ac. of 
protection around all recorded CSO activity centers by not harvesting units where owl sites occur. Also, 
SPI’s implementation of the California Forest Practice Rules with their clear-cut adjacency limits has 
resulted in larger areas of unharvested forest around CSO activity centers. Much of the USFS land within 
the study area also has been selectively harvested to varying degrees in the past, but has not been 
harvested to a significant degree in the last 20 years (Sierra Nevada Ecosystem Project 1996; USDA 
Forest Service 2003, 2015). Only limited harvesting has occurred recently on the other private lands in 
the study areas (Long 2012). Prior to 2014, only minor fires (< 2500 ac) occurred within the study areas 
(CDF-FRAP 2014). In 2014, the King Fire burned about 9,500 ac (33.5%) of SPI's Stumpy Meadows Study 
Area (Roberts et al. 2017), primarily at high severity (USDA Forest Service 2014).  Forest management on 
USFS lands has primarily consisted of thinning for fuels reduction.  "Protected Activity Centers" of at 
least 300 acres with no timber harvest have been designated for CSO sites on USFS lands for over 20 
years (Berigan et al. 2012). 

 



Appendix 3.8 – SPI NSO/CSO HCP 

3 
 

METHODS 

GPS 

The main objective of this study was to describe habitat use of spotted owls during the early fledgling 
period (May through July).  We attached Lotek Wireless Inc. PinPointVHF-120 GPS receivers (hereinafter, 
"tags") to 56 CSOs (54 adults and 2 sub-adults. Age classes were described per Moen et al. (1991).      
GPS location data recorded by these receivers could be remotely downloaded without recapturing the 
birds.  In selecting birds to tag, preference was given to pairs, males of pairs, and then females of pairs, 
in hopes of obtaining data on nesting/reproducing owls.  Resident single owls were selected as a last 
resort.    

CSOs were located by broadcast calling conspecific calls from a high quality digital wildlife caller 
(Wildlife Technologies KAS-2030ML and MA 15).  Once located, the owls were captured and handled 
with approved techniques in compliance with State (Entity SCP #11963) and Federal (BBL #22568) 
permits, and were handled less than 20 minutes each.  The GPS tags were attached as backpacks or to 
the base of two adjacent central tail feathers using epoxy.  Each tag with attachment materials weighed 
less than 14.3 grams, less than 3% of the average body weight of CSO measured in SPI's previous 
banding efforts. Most tags were deployed prior to the breeding season (March 15th) and were 
programmed to start recording locational data May 13th.  Four tags deployed later in the season did not 
start collecting locational data until May 16th.  Receivers recorded location coordinates at 2200, 2300, 
2400, 0100, and 0200 hours (24-hour period) (PDT) and continued to record data on this schedule until 
the battery life ended.  Field personnel downloaded data remotely during a pre-programmed daily 
period beginning June 14, 2017.  With the correct topographic alignment, successful downloads could be 
achieved at distances greater than 1.0 mile, but typically downloads were conducted within 0.5 mile. 

  
Activity Center Determination  

Standard spotted owl protocol procedures (USFWS 1992) were used to locate the owls and determine 
the yearly social and reproductive status.  The Activity Center (AC) was determined for the year of 
tagging, primarily by the location of a nest.  If the spotted owls did not nest, the AC location was 
determined by finding the owls repeatedly at a roost location during the day, and/or the abundance of 
white wash (excrement) and regurgitated pellets in a specific area.   All owls in this study were located 
during the day using the above protocols.   

  

Habitat Typing 

Habitat typing was based on SPI’s systematic forest inventory, in which one plot was established every 4 
acres across SPI's land in the study area. On the SPI lands, variable-radius plot cruise was used to sample 
all trees at each plot using Basal Area Factor (BAF) forestry prisms.  Tree species, diameter at breast 
height (DBH) (nearest 2-inch class), crown ratio, and crown class (live or snag) were recorded for each 
tree in various basal area categories.  Additionally, the first and third trees on each plot were measured 
in greater detail, which included DBH to the nearest tenth of an inch, two crown radii and total height to 
the nearest foot.  Every third or fourth plot, site tree (i.e., healthy, dominant/co-dominant trees 
representative of unrestricted growth conditions) data (species, height, DBH, and age) were also 
collected.  Because home ranges encompassed lands not owned by SPI, and to maintain consistency of 
habitat typing across ownerships, additional ground plots were sampled (N=587) on federal lands (USFS 
and BLM).  Additionally, drone flights gathered local aerial imagery and videography of the land to 
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ensure that habitat typing from most recent ortho-photos (2016 National Agriculture Imagery Program 
(NAIP) imagery) was accurate.  When ownership fell on private lands and plot data was unavailable, 
habitat typing was assigned by only ortho-photo interpretation with drone video verification and visual 
assessment by driving through such sites. 

 

Using the combined collected tree inventory data, forest stand conditions were modeled. Canopy cover 
was estimated based on tree species and diameters from SPI's compilation of approximately 370,000 
individual non-overlapping tree crown diameter measurements from trees ≥5 in. dbh, and the vertical 
projection of the stand canopy cover was then modeled using the inventory plot tree list and the canopy 
index (SPI unpublished data).   These data were then used to assign stands to one of seven unique 
Habitat Forms (HF) categories Table 1. (Note: For the purpose of this paper, all HF2H and HF4 
designations are in SPI's Mixed land class). The HF categories are very similar to, but with narrower 
categories than, the California Wildlife Habitat Relationship land classification system (Mayer and 
Laudenslayer 1988). 

 

DATA ANALYSES 

Home range 
 

The standard kernel method is widely recommended as the default home range/utilization distribution 
(UD) estimation method (Worton 1989), and therefore was used as the method in this study. The kernel 
method consists of merging individual components (i.e., kernels) formed for each point/location that 
have been evaluated across a grid that encompasses the observed locations and extends beyond them 
to allow for a low degree of probability of use outside the outer locations.  Points that are close together 
within the grid will contribute more to the estimated density than points further away, creating a high 
degree of estimated utilization where there are many nearby observations and a lower degree of 
estimated utilization where there are fewer observations.   

We calculated home ranges for each owl using the kernel method in the package ‘adehabitatHR’ in 
Program R: Version 3.4.2 (Calenge 2006, R Core Team 2017).  We computed portions of home ranges at 
the 95%, 75%, 50%, 25%, and 10% isopleths of the kernel density using each owl’s GPS coordinate 
data.  The choice of a suitable bandwidth (smoothing factor) is the most critical factor involved in 
applying the kernel method (Silverman 1986).  As for the choice of bandwidth for the kernel 
calculations, alternative bandwidths were considered.  The least-squares-cross-validation (LSCV) method 
was considered, but not used as it performs well with points that mainly consist of tight clusters.  This 
however underestimates the home ranges as the LSCV method fits the isopleth more closely to the 
points/clusters.  In our case this results in numerous individual kernels that represent area of observed 
use (considered islands of use) rather than an actual home range.  We also considered using a more 
mechanistic model such as brownian bridges (Horne et al. 2007), which incorporates time into the 
model, and also fills in the space between sequential locations; however, this isn’t necessarily a “kernel-
based method”.  The strengths of this method are less over-smoothing and fewer “islands of use”; the 
bridge includes the space it took to move from point to point.  However, this method has been 
suggested to be better fit when analyzing migration patterns or certain mammalian species with large 
territories.  Here we used the reference bandwidth because our data distribution was bivariate normal 
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(each owl had single centers of activity).  This method is easily calculated and minimizes discrepancy 
between true and estimated UD; however, it does over-smooth boundaries greatly, leading to potential 
over-estimates of home range sizes (Seaman and Powell 1996).   

 

Habitat selection  

We created a set of polygons representing the 95% kernel home range of each owl, as described above.  
Within each home range, we created a vegetation layer comprised of polygons (stands) classified into 
cover types (Habitat Forms) as defined in Table 1.  We then recorded the Habitat Form at each CSO GPS 
location within each home range.  Using GIS tools, we also estimated the distance from each owl 
location to various linear features within each home range, including distance to nearest stream, road, 
higher-canopy-cover forest stand (defined as HF-2H and HF4, Table 1), and edge. In addition, we created 
a randomly located set of points equal to the sample size of owl locations, and tallied the same 
attributes for these random points.  To estimate proportion of each kernel occupied by each Habitat 
Form, we summed the total acres of each Habitat Form within the kernel and divided by kernel size. To 
describe the area of each kernel range as a proportion of the 95% kernel range, we divided the acres of 
the kernel in question by the acres in the 95% kernel. 

 
To index habitat selection, we used the selection index described by Strauss (1979), which is simply the 
difference between the proportions of locations in each cover type minus the proportion of that type 
within a kernel range.  We computed the value of this index for each owl, and then computed the mean 
value of the index among all owls or among various subgroups of owls defined by sex and nesting status. 
 
While raising nestlings and fledglings, spotted owls are central place foragers, moving out to foraging 
areas, capturing prey, and returning to the nest to feed young (Forsman et al. 1984).  Because the adult 
birds frequently return to the nest, the number of locations near the nest site is expected to be high, 
which will affect the selection indices.  To assess this effect, we computed the 25% kernel estimate of 
home range and then deleted that portion of the range form the full 95% kernel estimate.  We chose the 
25% kernel because that size appeared most likely to encompass the concentrated locations associated 
with a given AC.  The larger kernels should be less influenced by the frequent use near nesting stands. 

 

RESULTS 

Fifty-three of the 56 deployed tags successfully collected data representing habitat use around 42 
unique ACs (Figure 1, Table 2).  The 53 individuals included 22 members of confirmed nesting pairs 
(including the two sub-adult males), 29 members of non-nesting pairs, and 2 resident singles.  At 13 ACs, 
both members of the pair were tagged.  Battery life varied among tags due to satellite acquisition time 
for each point, with most tags lasting the duration of the study.  The deployed tags successfully collected 
11,275 nocturnal location points.  Based on recommendations of the manufacturer, location points with 
a DOP score (a measure of location accuracy) greater than 5.0 were discarded, resulting in 10,652 
location points used for analysis from the 53 tags that functioned properly (Table 2). 

 

Land ownership differed among individual home ranges, as did the representation of the various Habitat 
Forms (Figure 2).   Higher-canopy-cover, larger-diameter forest (HF-4) was the most abundant cover 
type and amounts of that type were similar on SPI and USFS lands (Figure 2).  Forest with higher canopy 
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cover and moderate diameter (HF-2H) was more abundant on SPI land, as was the 2-L cover type. HF-1 
was also more abundant on SPI land; HF-3 was very rare on all lands.   

Home ranges, as described by 95% kernels, averaged 2,742 acres among all owls (SD=1,898, 
median = 2,302 acres, Table 3).  Home range area was not correlated with number of locations (r = 0.15, 
p = 0.98). Mean home range of males (3,273 acres, SD=2088, median=2,982, n = 33) was larger than 
females (1,866 acres, SD=1,103, median=1,629, n = 20) (Table 3).  Mean home range of nesting owls 
(2,458 acres, SD=1,612, median=2,359, n=22) was similar to non-nesting owls (2,943 acres, SD=2,079, 
median=2,298, n=31, Table 3).  Acres for all kernel sizes by HF types are presented in Table 4. 

  Among all 53 owls, forest with higher-canopy cover and larger-diameter trees (HF- 4) 
comprised a mean of 50.6% of 95% kernel home ranges (SD = 17.9%, median=51%); mean proportion of 
the combination of HF-2H and HF-4 forest was 75.4% of 95% kernel ranges (SD= 9.0%, median=76.6% 
Table 5).   

Habitat Form HF-2H comprised about 25% and HF-2L about 14% of 95% kernel ranges; proportion of HF-
1 was about 9% and HF-3 was close to 0 (Figure 5, Table 5).  Use (percent of all locations) of HF-4 was 
significantly higher than availability Figure 5).  Use was lower than availability in HF-1 and HF-2L; use and 
availability of HF-3 and HF-2H were very similar to each other (Figure 5). Within the 25% kernel ranges, 
the proportion of HF-4 (61%) was greater than in the 95% kernel (51%) (Figure 6).  Use and availability of 
all other Habitat Forms were similar in the 25% kernel area.  Patterns of use and availability within the 
50-95% kernel range (i.e., the range surrounding the inner 25% kernel) were very similar to patterns for 
the entire 95% kernel (Figure 7). 

Location data near ACs demonstrate that concentrated activity is associated with nest sites and that 
nest sites tend to be in the HF-4 cover type (Table 6).  Of the 15 pairs for which an activity center was 
identified, 12 sites were in HF-4, and 3 were in HF-2H stands.  The 10% kernel encompassed 9 of the 
activity centers; 2 centers were encompassed by the 25% kernels, 2 by the 50% kernel, and 2 ACs by the 
75% kernels (Table 6). 

Mean selection index values in the 95% kernel ranges among all 53 owls showed strong evidence of 
selection against HF-1 and HF-2L (use less than availability) and positive selection for HF-4 (use greater 
than availability) (Figure 8).  In HF-3 and HF-2H, mean index values were close to zero and confidence 
intervals overlapped zero, indicating little evidence for preferential selection for or against those types.  
These patterns of selection were similar within the outer 25% to 95% kernel ranges (Figure 8), although 
magnitudes of difference between use and availability were smaller than in the 95% ranges (Figure 8).  
We observed similar patterns of selection among males and females (Figure 9). 

 
We pooled HF-4 with HF-2H to place emphasis on selection for higher-canopy- cover stands.  Differences 
in use versus availability differed greatly among individual owls, as illustrated in Figure 9 for the 
combined HF-4 and HF-2H and combined HF-1 and HF-2L cover types.  Use generally increased as 
availability increased for males and females.   For example, 3 females and 3 males showed positive 
selection for HF-1 forest even though selection was negative for almost all other owls (Figure 9).  
Similarly, even though most owls selected for the HF-4 cover type, 4 owls showed negative selection 
(Figure 9). 
 
We observed differences between random locations and owl locations in distance to most of the various 
linear features within kernel ranges (Figure 11).  Mean distances to nearest stream (mean difference = 
38 feet, p = 0.02), to roads, and to edge (distance to closest stand boundary) differed strongly between 



Appendix 3.8 – SPI NSO/CSO HCP 

7 
 

random and owl location (Figure 11); distances between random and owl locations did not differ for 
distance to nearest higher-canopy-cover forest stand (distance to HF-4 or HF-2H). 
 
Home range area (95% kernel) showed no relationship to proportion of HF-4 forest within each owl's 
range (Figure 12), and less than one tenth of one percent of the variation in home range size was 
explained by amount of HF-4. 

 
DISCUSSION 
 

Behavior at Locations 
 

Our location data could not identify the actual activity of the owls at the recorded locations, so we 
cannot assign the functional significance of use of cover types.  A location could represent perching, 
foraging, travel while searching for prey, nesting, roosting, resting, territory defense, or other travel.  
The likelihood of each of these behaviors is proportional to the time actually spent by each owl in each 
type of activity, but that is unknown.  To the extent that owls spend time in transit, locations recorded at 
that moment would only describe points along the route from one stationary location to the next. 
  

However, we strongly suspect that a large proportion of the locations away from the nest 
location were sites of foraging behavior.  Spotted owls are "sit and wait" predators (Forsman et al. 
1984), so much of their active time is spent perched at a foraging location searching for prey.  All 
recorded locations were nocturnal and most were some distance from known nests or day roosts. 
Therefore, while we cannot be certain, it seems reasonable to assume that many of these locations 
involved foraging.  Other authors studying CSO (Laymon 1988, Call et al. 1992, Zabel et al. 1992b, 
Bingham and Noon 1997, Clark 2002, Irwin et al. 2007) have assumed that CSO nocturnal locations away 
from the nest site were foraging locations.  The concentration of locations near nest sites also suggests 
that owls spend substantial time in nesting or attending young; they would probably forage 
opportunistically if a prey item became available during these times.  

 
Home Range Area and Habitat 
 

Home ranges reported by other researchers for the CSO have varied widely, as summarized by Roberts 
(2017). However, direct comparison with other studies is constrained by different analytical methods, 
sample sizes of owls and telemetry locations, analytical methods, seasons of analysis, and areas of 
study. For instance, Zabel et al. (1992a) summarized results from 3 different areas of the Sierra Nevada, 
obtained one location per night, and did not report home range data for owl pairs (n=9) with fewer than 
150 days of locations. Their reported 95% adaptive kernel breeding season home ranges for a portion of 
the Lassen National Forest east of Lassen National Park (elevations primarily >5000 ft.) averaged 7,061.2 
acres (S.D. ± 5,992.5). Bingham and Noon (1997) reported that the mean breeding season home range 
for 4 paired NSO in a Lassen study area was 10,534 ac (SD=4,829ac), but estimated that the mean 
breeding season core area of concentrated use was about 2009 ac (SD=744 ac) (19% of the mean home 
range area.).  These home range estimates are 2 to 3 times as large as the mean home ranges reported 
in our study, and due to methods and location, these results are of limited value for comparison to our 
study.  
 

Other past studies occurred in portions of our study area, and as such provide comparisons that 
are perhaps more valid, while still demonstrating the challenges in comparing studies using various 
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methods. Laymon (1988) used radio-telemetry to evaluate 12 mated CSOs on the Georgetown Ranger 
District and neighboring lands, which are within our study area.  Laymon's (1988) home ranges were at 
elevations ranging from 850 ft to 5800 ft. The study recorded multiple observations per night over 
periods of 3 weeks to 7 months during the summer and fall, generating up to 143 sites per owl, and 
analyzed home ranges by the minimum convex polygon (MCP) method.  The reported mean home range 
size was 1112 ac (range 306-3988 ac).  Call et al. (1992) analyzed telemetry data from 5 CSO, including 2 
mated pairs, on the Downieville Ranger District, within 15-miles of sites included in our study area and 
at similar elevations.  The number of locations per owl ranged from 104-321 collected over 154 days 
from June to December, and the mean home range estimated by the 95% kernel method was 3,168 ac 
(median=3,143).  Williams et al. (2011) studied CSO home ranges using radio-telemetry in a portion of 
the USFS El Dorado Study Area, near our study area.  Mean home ranges (both sexes) estimated with 
the 95% adaptive kernel were 1371 acres (SD=247 ac.)  However, none of the CSO bred in the year of 
the study, which may have affected home range size.  

 
In addition to variation produced by different data collection methods, caution is warranted in 

comparing results from MCP analyses (e.g. Laymon 1988) with our results of the 95% kernel method.  
Call et al.  (1992) found that the 95% kernel method produced home range estimates about 7.7% larger 
than the MCP method, but Williams et al. (2011) found that the MCP method produced larger estimates 
than kernel methods.   

 
As described in Table 3, the mean home range for 22 nesting CSO during the pre-fledging period 

in our study was 2,458 ac (SD=1612). The 95% kernel ranges we observed during the May-July  pre-
fledging period of relatively intense data collection are within the range of home range estimates from 
other studies.  We recognize that sampling across a wider range of dates might be expected to result in 
a larger estimate, but suspect that multiple observations per date, as implemented in our study, should 
give a more accurate picture of actual habitat use in the period described.   

 
The median proportion of higher-canopy-cover, large-diameter forest (HF-4) within the 95% 

kernel home ranges of 53 CSO in our study (mean=51.0%, SD=17.9%, median=50.6%, range 10 ac to 
6,289 acres, Table 4 and Table 5) was less than the proportion of similar stand types in similar-sized 
areas described in other CSO studies (Blakesley et al.  2005, Williams et al. 2011). Variation in habitat 
definitions, season of data collection, and quantification methods may account for some of the 
difference among studies.  
 

Patterns of Use 
Carey et al. 1990 found that the proportion of older forest in home ranges influenced NSO home range 
size; however, we found no relationship between proportion of higher-canopy-cover, large-diameter 
forest, and home range size.  Williams et al. (2011), in a study of CSO near our study area, found that 
home range size variation was most correlated with the number of patches within home ranges (i.e., 
increase in habitat heterogeneity was correlated with increase in home range size), rather than a 
predicted inverse relationship between home range size and proportion of mature vegetation.  These 
authors suggested that this result may have been due to overall paucity of older forest in the study area.  
 

Numerous studies have reported that forest with high degree of canopy cover and large-
diameter trees, regardless of the variations in typing methods, are very important in demographic 
success and occupancy by CSO and are often selected for use in a manner greater than availability 
(references summarized in Roberts 2017.)  Correspondingly, use of HF-4 was consistently greater than 
availability in our study.  As shown in Figure 11, HF-4 habitat varied from 8% to 60% within 95% kernel 
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ranges and proportional use of that cover type exceeded proportion available in all but 3 home ranges.  
That pattern also persisted in the outer portion of each home range (defined by removing the inner 25% 
kernel from the 95% kernel range (Figure 7, right panel), and in the inner portions of the home range.  

  
Roberts (2017) reviewed methods for designating CSO "core areas" (an area of concentrated use 

smaller than the home range) and estimating their size. Citing Blakesley et al. (2005), Seamans and 
Gutierrez (2007), and Tempel et al. (2014), Roberts (2017) concluded that "Occupancy, site colonization, 
adult survival, and reproductive success are positively associated with the proportion of the core area 
containing structurally complex forest with large trees and high canopy cover." She also noted that 
several studies have shown greater heterogeneity in core areas than in nest stands, citing Call et al. 
(1992) and Tempel et al. (2014), and discussed the core area concept as illustrated by Bingham and 
Noon (1997) and Berigan et al. (2012). 

 
However, the review by Roberts (2017) and the citations therein provide little opportunity for 

direct comparison with our results as related to actual concentrated use of a central area smaller than 
the home range and outside the nest stand itself.  Only one of the studies cited by Roberts (2017) (i.e., 
Bingham and Noon 1997) proposed a core area using actual locations identified by radio-telemetry.  The 
other cited study that used radio-telemetry (Call et al. 1992) did not designate a core area, but described 
only the estimated home range.  Most analysis areas cited by Roberts (2017) instead were based on 
selected circular plots around nest sites, informed by nearest-neighbor analyses and in some cases by 
concentrations of observations.  These are standard methods for evaluating habitat availability around 
nest sites, but they typically are not based on actual use locations of CSO, except for nesting and 
roosting locations. 

  
Our 50% kernel range (mean= 609 ac, SD= 501, median= 443 ac) was similar to the 500-acre 

telemetry-based core proposed by Bingham and Noon (1997).  Our median 50% kernel range comprised 
about 23% of the area of the median 95% kernel range, incorporating concentrated use per the core 
concept.  The median proportion of high-canopy-cover larger-diameter forest (i.e., combined HF-4 and 
HF-2H) in the 50% kernel was 81.2%. 

 
The 25% kernel range included about 9% of the median home range area (Table 7).  (Recall our 

suggestion that the 25% kernel probably includes nesting activities such as prey delivery and nest 
attendance in addition to foraging.) Within the 25% kernel ranges of the 53 owls, which had a mean=238 
acres (SD=204, median 212 acres) (Fig. 6), use of HF-4 was very similar to availability, but the proportion 
of HF-4 (mean 61.1% SD=27.3, median 66.8%) was greater than in the full 95% kernel (mean and median 
51%).  This finding suggests that owls were likely selecting HF-4 for their nest areas, and high use of that 
type likely reflects activity associated with the nest area.  Our data do not  provide for comparison with 
landscapes beyond the home range. 

  
 In the 10% kernel ranges, higher-canopy-closure higher-diameter forest (HF-4) comprised the 

largest portion among all the kernel areas (mean=66%, SD=29%, median 72%).  The 10 percent kernel 
constituted 3 percent of the area of the 95% kernel home range (Table 7). 

A primary finding of this study was that CSO used lower-successional cover types HF-1, HF-3, 
and HF-2L (definitions in Table 1) within their various kernel ranges less than their availability. The 
proportional use of these types was slightly higher in outer portions of the home range.  Proportional 
use of the HF-1 cover type was less than the proportion available within 95% kernel ranges for all but 7 
of the owls.  While use of HF-1 was less than available among most owls, there was some use of that 
type; 5 percent of the overall locations were in that type. However, 6 of the 7 owls that used HF-1 more 
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than available were non-nesting.  Other researchers using radio-telemetry (Call et al. 1992, Zabel et al. 
1992b) also described CSO use of similar types to minor degrees. Williams et al. (2011) found that forest 
patches typed "pole-sized" (5-11 inches dbh with canopy cover >40%) were selected for foraging more 
than available; this forest type is similar to HF-2L (per Table 1, QMD 6-11 in., canopy cover >40%.)  It also 
is possible that these types support prey species that are taken by owls perched in neighboring types 
with larger trees.  In this situation, a use location would not be recorded in the lower successional type 
even though the owl was actually foraging there. However, such hypothesized use was not corroborated 
by location data.  

 
 HF-2H, the forest cover type with high canopy cover but lower QMD than HF-4, was the second-

most-common type overall in the 95% kernel ranges, and was used approximately equal to availability 
(Fig. 3, Fig. 6). Several studies have recognized that similar forest types probably provide foraging 
habitat (Roberts 2017) and that they may be used for nesting if suitable structures are present 
(Blakesley 2005).  

  
Implications of Habitat Availability   

 
It is important to realize our results are observational and we report correlations between habitat 
conditions and owl locations.  We do not infer cause and effect relationships nor are we able to say 
which habitat conditions are better or worse for owls.  Several studies have explored the relationship 
between forest conditions and CSO occupancy or demographic parameters (Seamans and Gutierrez 
2007, Blakesley et al. 2010, Tempel et al. 2016.)  Each of these studies found that combinations of forest 
habitat types, especially including concentration of older forest near nest sites, were associated with 
CSO performance. For instance, Blakesley (2005) stated that habitat characters within the 500-acre area 
surrounding the nest was more important in affecting occupancy than habitat at the 2000-acre scale.  
Using a 988-acre area centered on the AC to represent a territory, Tempel et al. (2016) found "... 
consistently positive association between both medium (40-69%) and high (> 70%) canopy cover and 
territory occupancy metrics (i.e., increased colonization and decreased extinction of territories) and 
these vegetation variables explained a high proportion of variance in occupancy." The highest degrees of 
relative occupancy were achieved when over 50% of the territory had canopy cover values over 50 
percent.  In our study area home ranges, the median amount of HF-4 (canopy cover >60%) exceeds 50 
percent in all kernel range scales.  
 

Studies conducted on the northern spotted owl (NSO) may also be applicable here.   Zabel et al. 
(2003) developed occupancy models based on existing habitat at several scales around NSO sites on 
federal land, and found that the best -fitting model was at the 500-acre scale with a pseudo-threshold 
relationship to nesting/roosting habitat and a quadratic relationship to foraging habitat.  Dugger et al. 
(2005) found that owl territories in southwestern Oregon with habitat fitness potentials >1.0 were 
generally characterized by 40%–50% old forest habitat (defined as >14" dbh and >40% canopy cover) in 
the 413-acre area (50% kernel) near the territory center, and moderate amounts of "non-habitat" in the 
home range outside the 50% kernel.  Similarly, Franklin et al. (2000) reported high fitness potential in 
NSO territories in northwestern California with a mixture of nesting habitat and other vegetation types 
(e.g., some degree of heterogeneity); they showed that fitness was generally greatest in territories with 
about a 50% mix of nesting habitat and other habitat types within their 392-acre analysis areas.  The 
results of our analyses of GPS location data confirmed CSO breeding season use of habitats in patterns 
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similar to those described above, in the mixed-ownership situations common at lower elevations in the 
Sierra Nevada.  We have no information regarding long-term fitness of owls in this study. Further 
analyses should provide more comparisons and insight.   
 

Sources of Uncertainty 
 

There are sources of uncertainty in several aspects of this study.  First, we assume the cover types within 
owl ranges are accurately portrayed by the range of Habitat Forms as defined in Table 1.  In future work, 
we hope to further assess accuracy of the cover map; for the present, we have relied on the 
combination of plot data, remote imagery, and foresters’ experience in stand delineation.  
 

We also assume there are no biases in the GPS locations we obtained.  These data are not likely 
to be biased because locations are not dependent on observer search behavior; these locations result 
from timed satellite data.  It is possible that some amount of bias could be present to the extent that 
inaccurate locations (those which exceeded the accuracy threshold) are more common in one habitat 
form than another.  We believe this potential effect of cover on position accuracy is minor, as we 
observed many locations with high accuracy in closed-cover forest.  But this possibility deserves further 
scrutiny to understand its potential importance. 

 
Accuracy of GPS locations affects the designation of habitat form for each location.  If locations 

are close to an edge, an inaccurate location could place that point in the wrong stand and this would 
affect our designations of use.  To examine this risk, we conducted field tests to evaluate the position 
accuracy of the GPS locations.  Observers placed a sample of GPS tags in known locations and then 
compared the known location to the locations recorded by the tag.  Results showed that GPS locations 
were within 30 feet of true locations.  We looked at distance from edge of all locations in this dataset 
and found that distance to edge averaged 230 feet and ranged from 131 to 369 feet.  These results 
indicate that risk of placing a point in the wrong stand is low. 
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Table 1.  Definitions of cover types (habitat forms) on Sierra Nevada, California study area. Note: For the 
purpose of this paper, all HF2H and HF4 designations are in SPI's Mixed land class 

 
 

HF – 0: Lakes, marshlands, wide streams 

HF – 1: The youngest HF and usually the result of harvest, or fire. 

HF -2L: Occurs in regen* or mixed** landclass, usually after precommercial thinning; 6-11” QMD with 
>40% canopy cover. 

HF – 2H: Occurs in mixed or regen landclass; 11-13” QMD with >50% canopy cover. 

HF-3: Open forest, QMD >=5”, sparse/poor stocking, and <40% canopy cover; usually not Regen. 

HF – 4: Occurs in mixed land class that has >60% canopy, at least 9 trees per acre of 22” DBH or              
greater, and an overall 13” QMD; or in regen land class that has canopy cover >60% and at least 20 
trees per acre of 22” DBH or greater. 
HF – 5: Bare, exposed rock, cliffs, quarries 

* Refers to any regeneration unit where a plantation has been/will be planted following harvest, fire, 
etc. 
** Refers to all other stands, usually where historic selection harvest has occurred and regeneration is 
from natural seed fall 
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Table 2.  Gender, reproductive status, and number of sample locations obtained for California Spotted 
Owls, Sierra Nevada, California, 2017.  (For mate/pair identification, see Table 6.) 

 

     
95% 

Kernel  

Tag I.D. Sex Status Points 
Sampling 

period 
Range 
(acres) 

44043 Female Non-Nesting Pair 189 5/22-7/11 1,083 

44156 Male Non-Nesting Pair 223 5/30-7/19 5,545 

44184 Male Nesting Pair 236 5/13-7/17 7,683 

44185 Male Non-Nesting Pair 267 5/13-7/24 5,413 

44186 Female Nesting Pair 228 5/13-7/17 1,213 

44187 Male Nesting Pair 224 5/13-7/17 1,153 

44188 Male Nesting Pair 222 5/13-7/10 3,587 

44189 Male Non-Nesting Pair 191 5/13-7/10 2,067 

44190 Female Non-Nesting Pair 204 5/13-7/10 4,518 

44191 Female Non-Nesting Pair 176 5/13-7/3 1,644 

44192 Female Nesting Pair 221 5/13-7/17 492 

44193 Male Resident Single 235 5/17-7/18 5,181 

44194 Female Non-Nesting Pair 177 5/13-7/3 3,891 

44195 Female Nesting Pair 198 5/25-7/17 2,532 

44196 Male Non-Nesting Pair 196 5/13-7/10 4,522 

44197 Female Non-Nesting Pair 129 5/13-6/17 1,613 

44198 Male Nesting Pair 253 5/13-7/24 1,139 

44199 Male Nesting Pair 233 5/13-7/17 2,990 

44201 Female Non-Nesting Pair 255 5/13-7/20 1,066 

44202 Female Non-Nesting Pair 210 5/13-7/11 2,262 

44203 Male Non-Nesting Pair 185 5/13-7/3 785 

44204 Female Nesting Pair 180 5/19-7/11 963 
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44205 Female Non-Nesting Pair 250 5/13-7/20 1,128 

44206 Male Non-Nesting Pair 214 5/13-7/11 1,018 

44207 Male Non-Nesting Pair 171 5/13-6/29 3,555 

44208 Male Non-Nesting Pair 141 5/13-6/23 2,319 

44209 Female Nesting Pair 230 5/13-7/19 1,083 

44210 Male Nesting Pair 239 5/13-7/19 1,734 

44211 Female Nesting Pair 248 5/13-7/21 2,220 

44212 Male Resident Single 246 5/13-7/21 1,755 

44213 Male Non-Nesting Pair 189 5/13-7/6 3,050 

44214 Male Nesting Pair 246 5/13-7/21 2,416 

44215 Male Nesting Pair 250 5/13-7/20 2,302 

44216 Female Non-Nesting Pair 169 5/13-6/30 2,298 

44217 Male Nesting Pair 247 5/13-7/20 4,701 

44218 Male Nesting Pair 96 5/13-6/9 2,530 

44219 Male Nesting Pair 188 5/13-7/5 2,982 

44220 Female Nesting Pair 209 5/13-7/14 1,005 

44221 Male Non-Nesting Pair 186 5/13-7/5 2,266 

44222 Male Nesting Pair 238 5/13-7/20 2,848 

44252 Male Non-Nesting Pair 221 5/25-7/14 10,578 

44253 Male Non-Nesting Pair 19 4/12-6/18 4,092 

44255 Female Non-Nesting Pair 211 5/15-7/4 3,423 

44256 Female Non-Nesting Pair 213 5/15-7/4 1,949 

44258 Male Nesting Pair 199 5/25-7/14 3,218 

44259 Male 
Pair (Potential Nest, 

Failed) 229 5/15-7/4 4,032 

44260 Male Non-Nesting Pair 17 4/12-6/18 3,935 

44262 Male Non-Nesting Pair 210 5/15-7/4 5,074 

44333 Male 
Pair (Potential Nest, 

Failed) 225 6/9-7/29 1,249 
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44334 Female Non-Nesting Pair 140 6/8-7/10 2,443 

44335 Female Non-Nesting Pair 140 6/9-7/12 482 

44336 Male Non-Nesting Pair 216 6/10-7/28 1,613 

44337 Male Non-Nesting Pair 223 6/9-7/29 676 

 

 

 

 

Table 3.  Area (acres) of 95% kernel home range of California Spotted Owls, by sex, nesting status, and 
elevation, Sierra Nevada, California, May-July 2017. 

 

SEX Mean N 
Std. 

Deviation Median Minimum Maximum 

    Female  
         

1,866  
             

20         1,103  
       

1,629            482  
          

4,518  

    Male  
         

3,273  
             

33         2,088  
       

2,982            676  
       

10,578  

 STATUS  
      

    Nesting  
         

2,458  
             

22         1,612  
       

2,359            492  
          

7,683  

    Non- Nesting  
         

2,943  
             

31         2,079  
       

2,298            482  
       

10,578  

ELEVATION       

   <4,250 feet 
               

2,483   40  
                 

1,510  
               

2,300  
                     

482  
               

7,683  

   >4,250 feet 
               

3,538   13  
               

2,699  
                

2,319  
                   

1,005  
             

10,578  

TOTAL 
               

2,742  53 
                

1,898  
               

2,302  
                     

482  
             

10,578  
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Table 4.  Composition of kernel home ranges by Habitat Form (acres), California Spotted Owls (n = 53), 
Sierra Nevada, California, May-July 2017. 

Kernel   HF-1 HF-3 HF-2L HF-2H HF-4 HF-2H + 
HF-4 

10% 

Mean 4.9 0.0 5.8 14.6 57.7 72.3 
Median 0.0 0.0 1.4 10.7 43.1 60.7 
STD 7.7 0.0 10.4 16.2 55.9 61.8 
Min 0.0 0.0 0.0 0.0 0.0 5.7 
Max 30.8 0.0 56.8 63.9 312.1 350.4 

25% 

Mean 17.6 0.1 24.8 44.4 150.5 194.9 
Median 5.6 0.0 14.6 30.6 108.6 171.5 
STD 24.9 0.7 40.7 46.9 145.2 161.7 
Min 0.0 0.0 0.0 0.0 0.0 17.9 
Max 106.4 5.0 262.3 223.6 830.6 909.3 

50% 

Mean 49.8 0.3 75.6 126.1 354.4 480.6 
Median 23.1 0.0 53.7 87.3 278.7 435.5 
STD 72.0 1.6 102.4 124.2 334.3 379.3 
Min 0.0 0.0 0.0 0.0 0.0 50.3 
Max 429.0 11.3 681.3 563.2 1968.4 2163.9 

65% 

Mean 83.2 0.6 123.1 204.4 526.0 730.4 
Median 46.9 0.0 80.8 157.3 395.3 616.8 
STD 112.9 3.0 149.5 185.1 485.8 555.5 
Min 0.0 0.0 0.0 0.0 0.3 90.2 
Max 671.0 20.3 940.8 850.4 2943.4 3247.7 

75% 

Mean 116.1 0.7 168.0 282.1 686.8 968.8 
Median 59.0 0.0 120.3 209.8 545.7 835.5 
STD 150.2 3.3 188.0 238.8 614.1 710.5 
Min 0.0 0.0 0.0 1.4 3.1 138.5 
Max 875.5 21.0 1153.6 1040.9 3808.9 4233.3 

95% 

Mean 285.1 1.7 406.1 634.4 1387.1 2021.5 
Median 144.4 0.0 276.6 475.6 1056.3 1778.9 
STD 335.2 5.8 401.1 477.9 1052.2 1341.7 
Min 0.0 0.0 39.7 6.8 9.9 372.8 
Max 1740.27 31.63 2368.53 2343.83 6288.63 7701.67 

Note: Habitat Forms 0 and 5, which are scarce, are excluded from this table. 
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Table 5.  Percentage composition of kernel home ranges by Habitat Form, California Spotted Owls (n = 
53), Sierra Nevada, California, May-July 2017. 

Kernel   HF-1 HF-3 HF-2L HF-2H HF-4 HF-2H + 
HF-4 

10% 

Mean 4.7% 0.0% 6.4% 22.6% 65.9% 88.5% 
Median 0.0% 0.0% 2.4% 13.4% 71.8% 90.1% 
STD 6.6% 0.0% 11.0% 26.7% 29.0% 12.3% 
Min 0.0% 0.0% 0.0% 0.0% 0.0% 36.9% 
Max 24.1% 0.0% 60.6% 100.0% 100.0% 100.0% 

25% 

Mean 6.3% 0.1% 9.0% 23.3% 60.8% 84.1% 
Median 3.5% 0.0% 6.8% 14.0% 65.6% 82.2% 
STD 7.3% 0.6% 8.6% 24.1% 26.8% 10.5% 
Min 0.0% 0.0% 0.0% 0.0% 0.0% 64.2% 
Max 34.5% 4.7% 33.4% 100.0% 100.0% 100.0% 

50% 

Mean 7.2% 0.1% 11.0% 24.6% 56.7% 81.2% 
Median 5.9% 0.0% 10.7% 20.7% 59.5% 79.3% 
STD 7.0% 0.5% 7.2% 22.4% 24.2% 9.5% 
Min 0.0% 0.0% 0.0% 0.0% 0.0% 62.0% 
Max 28.4% 3.8% 23.8% 99.8% 100.0% 100.0% 

65% 

Mean 7.9% 0.1% 11.9% 25.0% 54.6% 79.6% 
Median 7.4% 0.0% 10.7% 19.8% 57.9% 80.3% 
STD 4.2% 0.7% 7.1% 20.8% 22.6% 9.6% 
Min 0.0% 0.0% 0.0% 0.0% 0.2% 52.3% 
Max 34.2% 4.5% 26.7% 99.2% 99.2% 99.4% 

75% 

Mean 8.2% 0.1% 12.4% 25.2% 53.4% 78.7% 
Median 7.0% 0.0% 11.8% 19.3% 54.1% 78.5% 
STD 7.1% 0.5% 6.8% 19.3% 21.0% 9.1% 
Min 0.0% 0.0% 0.0% 0.4% 1.7% 54.4% 
Max 34.8% 3.5% 27.6% 95.5% 94.2% 97.2% 

95% 

Mean 9.3% 0.1% 14.4% 24.8% 50.6% 75.4% 
Median 8.1% 0.0% 13.4% 21.3% 51.0% 76.6% 
STD 7.0% 0.3% 6.2% 14.2% 17.9% 9.0% 
Min 0.0% 0.0% 2.6% 1.4% 2.0% 55.1% 
Max 30.6% 1.9% 27.1% 73.7% 88.3% 92.5% 

Note: Habitat Forms 0 and 5, which are scarce, are excluded from this table. 
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Table 6.  California Spotted Owl activity center locations in relation to home range kernel size and stand 
type.  A distance of 0 indicates activity center is located within that range; other values denote distance 
of activity center to that kernel range. 

MALE FEMALE 
SOCIAL 
STATUS NEST STATUS 

HABITAT 
FORM 

DISTANCE 
TO 10% 

(ft) 

DISTANCE 
TO 25% 

(ft) 

DISTANCE 
TO 50% 

(ft) 
44187 44192 Pair Nesting Pair  2H 0 0 0 

NA 44186 Pair Nesting Pair  4 0 0 0 

44198 NA Pair Nesting Pair  4 1,517 931 191 

44188 NA Pair Nesting Pair  4 2,407 0 0 

44184 44195 Pair Nesting Pair  4 0 0 0 

44259 NA Pair 
Pair (Potential 
Nest, Failed) 4 3,450 1,345 0 

44210 44209 Pair Nesting Pair  4 0 0 0 

44214 44211 Pair Nesting Pair  4 0 0 0 

44333 NA Pair 
Pair (Potential 
Nest, Failed) 4 1,704 1,226 680 

44258 NA Pair Nesting Pair  4 127 0 0 

44217 NA Pair Nesting Pair  4 0 0 0 

44218 NA Pair Nesting Pair  4 0 0 0 

44222 NA Pair Nesting Pair  4 0 0 0 

44219 NA Pair Nesting Pair  2H 250 0 0 

44215 44220 Pair Nesting Pair  2H 0 0 0 
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Table 7.  Home range area (acres) in relation to kernel size for California Spotted Owls (n = 53), Sierra 
Nevada, California, 2017. 

Kernel Mean Median N 
Std. 

Deviation Minimum Maximum 

10% 
             

83  
             

74  
              

53  
             

72                 6  
             

407  

25% 
           

238  
           

212  
              

53  
           

204               18  
          

1,186  

50% 
           

609  
           

509  
              

53  
           

501               50  
          

2,944  

75% 
       

1,261  
       

1,101  
              

53  
           

952            146  
          

5,612  

95% 
       

2,742  
       

2,302  
              

53         1,898            482  
       

10,578  
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Figure 1.  SPI California Spotted Owl  study area area and GPS tagging locations.  
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Figure 2.  An example of the 95% kernel home range for a California Spotted Owl, Sierra Nevada, 
California, 2017. 
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Figure 3.  Sample 95% kernel home range after removing the 25% kernel, along with the 25% kernel of 
that same home range.  
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Figure 4.  Mean (and 95% Confidence Interval) composition of 95% kernel ranges of California Spotted 
Owls (n = 53) by Habitat Form (as defined in Table 1) and by land owner, Sierra Nevada, California, 2017. 
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Figure 5.  Mean proportions (and 95% Confidence Intervals) of each cover type (Habitat Form, Table 1) 
within 53 California Spotted Owl 95% kernel ranges (“Availability”) and proportions of locations within 
each 95% kernel home range (“Use”), Sierra Nevada, California, 2017. 
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Figure 6.  Mean proportions (and 95% Confidence Intervals) of each cover type (Habitat Form, Table 1) 
within 53 California Spotted Owl 25% kernel ranges (“Availability”) and proportions of locations within 
each home range (“Use”), Sierra Nevada, California, 2017. 
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Figure 7.  Mean proportions (and 95% Confidence Intervals) of each cover type (Habitat Form, Table 1) 
within 53 California Spotted Owl 50-95% kernel ranges (“Availability”) and proportions of locations 
within each home range (“Use”), Sierra Nevada, California, 2017. 
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Figure 8.  Mean selection index (percent of locations minus percent availability of each habitat form) 
and 95% confidence intervals for 53 California Spotted Owl home ranges by habitat form (see Table 1), 
Sierra Nevada, California, 2017.  Left panel represents the full 95% kernel range and right panel is the 
range with the 25% kernel removed; this figure represents conditions in the ring surrounding the 25% 
kernel (illustrated in Figure 3). 
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Figure 9.  Variation in use (percent of locations) and availability (percent of 95% kernel home range) in 
higher-cover (HF-4 and HF-2H) and lower cover (HF-1, HF-2L, and HF-3) cover types for male (n = 33), 
female (n = 20), nesting (n = 22) and non-nesting (n = 31) California Spotted Owls, Sierra Nevada, 
California, 2017.  See Table 1 for definitions of habitat forms.  Diagonal lines indicate percent of 
locations = percent of range; points above that line indicate positive selection and points below the line 
indicate negative selection. 
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Figure 10.  Mean selection index (percent of locations minus percent availability of each habitat form) 
and 95% confidence intervals for 53 California Spotted Owl home ranges by habitat form (see Table 1), 
Sierra Nevada, California, 2017.  Left panel represents 95% kernel ranges occurring below 4,250 feet (n = 
40); right panel represents ranges above 4,250 feet (n = 13). 
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Figure 11.  Mean (and 95% confidence interval) of differences between owl locations and random 
locations within 95% kernel ranges of California Spotted Owls (n = 53).  The horizontal line denotes a 
difference of 0 feet; values below that line occur when owl locations are closer to feature than random 
locations.  Values above the line occur when random locations are closer. 
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Figure 12.  Relationship between home range area (95% kernel in thousands of acres) and percentage of 
HF-4 cover within each home range of California Spotted Owls in the Sierra Nevada, California (n = 53). 
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Figure 13.  Examples of CSO locations displayed over a National Agricultural Imagery Program (NAIP) 
image showing use of perch sites. 



 

 

APPENDIX 3.9 

Core Use Area Determination 
  



 

 

 



Appendix 3.9 - SPI NSO/CSO HCP   2/15/2018 
 

1 
 

Appendix 3.9 -  Estimating spotted owl core area from kernel 
home range estimates 
 

Martin G. Raphael 

Raphael Ecological Consulting, LLC 

 

2/15/2018 

__________________________________________________________________ 

 

 

 

 

Bingham and Noon (1997) proposed a method of evaluating size of spotted owl core areas, that is, that 
area within the owl’s home range receiving concentrated use.  They proposed examining the 
relationship between increments of percent kernel range and the percent of the full 95% kernel range at 
each increment to identify the point at which an area is disproportionately used.  They compared a line 
denoting random use of home range area to the actual curve relating percent use to area.  The line 
describing actual use can be estimated using an exponential relationship.  I developed this relationship 
for Northern spotted owls and for California spotted owls (subdivided into those owls occurring below 
4,480 feet elevation and those above that elevation, per the subdivision used in habitat modeling).  I 
plotted the actual area of kernel home range for a sample of owls that had been fitted with GPS tags 
(described by Raphael et al. 2018, unpublished data App. 3.6 and App. 3.8 of SPI 2018 HCP).  For these 
plots, home ranges had been estimated at 10%, 25%, 50%, 75% and 95% kernels for each owl.  At each 
kernel increment, I plotted the actual area used at that kernel for each owl in the sample.  I then 
computed an exponential function fitting the data, and computed the home range area associated with 
the inflection point of the resulting curve, approximately corresponding to the 65% kernel. 
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NSO (Figure 1) 

Model Summary and Parameter Estimates       

Dependent Variable:   Acres  

Equation Model Summary Parameter Estimates 

  R Square F df1 df2 Sig. b1 

Exponential .881 808.433 1 109 .000 .095 

N = 22 (excludes floaters) 

The independent variable is Kernel.       

 

 
 
Using the formula, y = e0.95X 

At 65% the kernel area is 480 acres 
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CSO, High and Low combined (Figure 2) 

Model Summary and Parameter Estimates       

Dependent Variable:   Acres  

Equation Model Summary Parameter Estimates 

  R Square F df1 df2 Sig. b1 

Exponential .869 1716.383 1 259 .000 .096 

The independent variable is Kernel.       

N = 52 (excludes 1 extreme value) 

 
 
Using the formula, y = e0.96X 

At 65% the kernel area is 513 acres 
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CSO, High Elevation (Figure 3) 

Model Summary and Parameter Estimates       

Dependent Variable:   Acres  

Equation Model Summary Parameter Estimates 

 R Square F df1 df2 Sig. b1 

Exponential .878 425.626 1 59 .000 .101 

The independent variable is Kernel. 

N = 12  

 
Using the formula, y = e0.101X 

At 65% the kernel area is 710 acres  
  



Appendix 3.9 - SPI NSO/CSO HCP   2/15/2018 
 

5 
 

CSO, Low Elevation (Figure 4) 

Model Summary and Parameter Estimates         

Dependent Variable:   Acres  

Equation Model Summary Parameter Estimates 

  R Square F df1 df2 Sig. b1 

Exponential .869 1334.868 1 201 .000 .095 

The independent variable is Kernel. 

N = 40 (excludes 1 extreme value)      

 
 
Using the formula, y = e0.095X 
At 65% the kernel area is 480 acres  
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BACKGROUND (JUNE 2018): 
Sierra Pacific Industries (SPI) began to evaluate different systems for classifying wildlife habitat 
during the early 1990s.  At that time, SPI biologists were gathering data at locations of dens and 
nest sites of species of interest on SPI property and nearby public lands; those efforts continued 
and increased in subsequent years.  Those early data, along with published literature, were used 
to create a classification system initially called Life Forms, which later was renamed the Habitat 
Form system.   

The document that follows is an updated description of the Habitat Form system initially 
prepared in 2003.  In 2010-2011, SPI's interest in a potential multi-species Candidate 
Conservation Agreement with Assurances (CCAA) led to incorporation of more data on Pacific 
fishers, northern goshawks, and California spotted owls.  Consideration of those data resulted 
in the division of Habitat Form 2 into two subdivisions (further described below).  In 2015, an 
updated version of the overall document was included as an appendix in SPI's CCAA for West 
Coast Fisher.   

The document that follows (Spotted Owl HCP Appendix 4.1) has not been updated with more 
recent data on spotted owl nest sites or other species.  Instead, more recent data on spotted owl 
sites are included in the spotted owl HCP and its Appendices.  A few clarifying edits and 
interpretative comments have been made for this version.  The primary purpose here is to 
describe the derivation of the Habitat Form system and provide comparisons with the 
California Wildlife Habitat Relationships system and the US Forest Service timber strata system, 
both of which also have been used to categorize wildlife habitat in California.   

To better understand the species using its lands, SPI has updated the earlier data sets for 
California spotted owl that were introduced in this Habitat Forms document.  The new cross-
plot data through 2017 can be found in Spotted Owl HCP Appendix 4.2 “Cross Plots”. 
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INTRODUCTION: THE NEED TO DEVISE STANDARD HABITAT 
TYPES 
 
The concept of “grouping” forest stand conditions to predict wildlife use has been used in a 
number of forms in the past: Guilds e.g. wildlife species that feed in or near water (many 
species using many stand conditions); and Life Forms (i.e. groups of wildlife species that exhibit 
similar habitat requirements, for both feeding and reproduction, that are met by a specific plant 
community or successional stage., e.g. breed in a hole they excavate and feed in trees, in bushes, 
on the ground or in the air (woodpeckers).  However, these habitat “groupings” often include 
species in the same category that would have very different responses to forest management 
activities.  For instance, the guild described above would include most species of bats along 
with the tailed frog, American dipper and river otter.  These are very different species that 
would respond very differently to similar vegetation manipulations.  The habitat form described 
above would include the entire suite of woodpeckers, including those associated with mature, 
dense forest (pileated woodpecker) and those associated with open forest (Lewis’ woodpecker).  
Again, these species would respond very differently to the variety of forest management 
activities common to SPI forests. 
By associating individual wildlife species and groups of species with forest conditions quantified 
and managed by SPI on its ownership, the forest inventory data can be used to describe and 
quantify existing habitat, predict trends in habitat, define habitat objectives, and track progress 
toward meeting those objectives.  This document describes much of the origin and 
development of a system that SPI originally called “Life Forms” that has evolved to what SPI 
now calls “Habitat Forms”.   

DEVELOPING HABITAT CATEGORIES 
To improve the reliability of grouping across structural habitat conditions, we changed the 
concept of Life Form, to Habitat Form to address potential responses to management activities.  
Here Habitat Form is used to define a group of similar forest stand conditions that are known 
to be important to a number of wildlife species for breeding and feeding purposes. 

Starting with a set of habitat categories defined and described by Thomas et al. (1979), SPI 
biologists developed several categories of habitats specific to California by combining forest 
size and density classes from the California Wildlife Habitat Relationships system (CWHR) 
(Mayer and Laudenslayer 1988).  The resulting combinations were chosen based on the needs 
of the wildlife species and the vegetation structure classes expected to be created through SPI’s 
management activities.  Each species of wildlife expected to occur on SPIs forestlands in 
California was assigned to a habitat category based on what is known about its habitat needs for 
breeding and feeding activities.  

This was an iterative process that took several rounds of modifications to aggregate forest 
structure classes expected to be created by SPI’s management activities and associated with 
predicted species use.  In the process of developing habitat forms, SPI chose to generally use a 
seral stage approach.  In our inventory processes, we found habitat elements distributed across 
all seral stages in part due to decades of past management effects; for example, snags and 
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chunks (down logs - fallen snags) were found across all age stands.  As a result, the decision was 
made to treat certain habitat elements, such as snags, logs, and herbaceous layers, as individual, 
separate entities, and thus they were removed from habitat category definitions; species 
assignments were adjusted accordingly. 

Primary sources of information included local field data and the CWHR species notes.  The 
relevant scientific literature was also consulted.  In developing habitat categories and making 
species assignments, the following priorities were used: 

1. Species with a strong association with a specific CWHR size and/or density class (e.g. 
CWHR3M) for reproductive and/or feeding activities; 

2. Species with a strong association with a specific forest physical feature (e.g. snag, log) for 
reproductive and/or feeding activities;  

This paper does not address questions of how much habitat is needed by any given species, or 
how much will be provided over time.  Habitat quantity and landscape distribution are 
addressed in SPI’s sustained yield plan (referred to as “Option A”) 

GROUPING HABITAT CATEGORIES TO CREATE HABITAT FORMS 
The process described above initially developed 15 habitat categories (Table 1) to which each of 
the 246-wildlife species included in this process were assigned (Tables 3 through 6).  These 
habitat categories were then grouped by breeding and feeding preferences into seven Habitat 
Forms.  These Habitat Forms describe species habitats, as defined by feeding and breeding 
preferences, in terms of vegetation structure classes, so that SPI can optionally control relative 
percentages of available habitat through its forest management activities (Table 2). 

 A number of species were assigned to habitat categories that included different forest habitats 
for breeding and feeding (Habitat Forms 6, 9, and 10).  This presented a potential need to 
control for Habitat Form distribution over a very small area.  A review of these species found 
that all of them were highly mobile animals with relatively large home ranges (15 bird species, 3 
bat species, the black bear, and the ermine).  Given that most species can breed and feed in one 
Habitat Form and the rest are wide-ranging, landscape habitat distribution of the six Habitat 
Forms is controlled by providing for their amounts within each Biological Assessment Area 
(BAA), which average about 10,000 acres in size.  (The BAA is comparable to Planning 
Watersheds in current times). 

In addition, the decision was made to treat certain habitat elements, such as snags, logs, and 
herbaceous layers, as a separate management category as these elements can be present in most 
habitats as a result of specific management decisions to remove or retain the features and/or 
the processes for maintaining them on the landscape. 
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ADDITIONAL DETAIL FOR THE CREATION OF HABITAT FORMS 

As mentioned above, the Habitat Form system is based on the predicted habitat use by wildlife 
species of successional stages of predominantly conifer forests.  In this regard, the Habitat 
Form system relied significantly on the species analyses summarized by the CWHR system 
(Mayer and Laudenslayer 1988), but there are key differences.  It is important to note that the 
assignment of a stand to a SPI Habitat Form category does not use a “cross walk” process, 
following assignment of the area into a CWHR type.  Instead, Habitat Form category 
assignment is based solely on extensive on-the-ground sampling of stand characteristics.  As 
many readers may be familiar with CWHR and some scientists and agencies describe habitat in 
terms of CWHR categories, we provide comparisons of the two systems in later discussions of 
Habitat Forms and Covered Species. 

The primary parameters that define or delineate the Habitat Forms, as in other forest habitat 
classification systems, are 1) tree size class, as represented by the quadratic mean tree diameter 
(QMD) (i.e., the quadratic mean diameter of all trees >5 in. dbh) in a given stand; 2) large tree 
component, as represented by the number of trees per acre (tpa) of a specified size threshold; 
and 3) canopy cover classifications, as represented by the percent of the sky obscured by foliage 
when viewed vertically from below.  Measurement and description of forest parameters are 
subject to substantial error related to methodology and interpretation (Congalton and Green 
2008).  Also, studies often describe habitat use at a limited area and assign that description to 
existing classification systems.  As such, caution is required when comparing the numerical 
standards used by the Habitat Form system with the habitat descriptions produced in research 
studies of the various wildlife species.  The following sections include discussion of 
methodological differences and potential implications. 

In general, a measurement and classification system that depends on large numbers of samples 
in the field can be expected to provide more accuracy than systems with fewer field samples and 
greater dependence on interpretation of remote sensing images or other modeling methods.  
SPI’s stand inventory system is one of the most intensive in the field of forest management.  
This system consists of one plot approximately every four acres on a pre-determined grid, 
resulting in about 400,000 plots across the ownership.  For comparison, the Forest Inventory 
Analysis (FIA) sampling system used by the U.S Forest Service places a group of 4 sub-plots 
within individual fixed plots that are spaced at a density of one sample cluster per 6,000 acres 
(Bechtold & Patterson 2005).  In a similar-sized area, SPI’s system contains about 1,500 sample 
plots.  It is reasonable to expect that SPI’s descriptions of landscape stand conditions would be 
more accurate than those on neighboring federal lands.  

Average Tree Size Class 

Tree size is typically expressed in terms of the mean diameter of trees in a given area.  This may 
be accomplished by actual measurements at sample plots or estimated from the breadth of tree 
crowns viewed from above in aerial photos.  Because large numbers of small stems within a 
stand of larger trees can skew the statistical description of a stand, it is standard practice to 
exclude stems less than 5 in. dbh in the calculation of Quadratic Mean Diameter (QMD).  
Depending on sample size, actual measurement of tree diameters can provide substantially 
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more accurate QMD calculations than estimation using aerial photo interpretation.  However, 
when lumped into general size classes, this difference may become less important, except at the 
margins of the size classes, where some error is likely (Congalton & Green 2008).  SPI’s 
description of mean tree size is based on their intensive sampling system of actual tree 
diameters, so stands are assigned to classes with relatively high accuracy.   

Large Tree Component 

In the Habitat Form system, the number of large trees per acre (tpa) is estimated from sampling 
at the standard forest inventory plot system previously described.  The selection of tree size for 
inclusion as “large tree” is further described below.  For purposes of this discussion, the other 
important sampling method is the “cross plot” describing conditions within a 1.05-acre area 
around a reproductive nest or den structure (Note: The cross-plot methodology is described in 
the Spotted Owl HCP Appendix 4.2).   

Canopy cover 

SPI estimates canopy cover in a plot or stand by applying a canopy index based on tree species 
and diameter from a compilation of approximately 340,000 individual non-overlapping tree 
crown diameter measurements from trees ≥5 in. dbh (SPI Cruise Manual (available on request).  
The vertical projection of the stand canopy cover is modeled using the inventory plot tree list 
and the canopy index.  This methodology differs from estimation of canopy cover based on 
interpretation of aerial photographs or the use of sampling devices such as solar pathfinders, 
densiometers, densitometers, or “sight tubes”.  The use of non-overlapping crown 
measurements in this methodology results in conservative total canopy estimates. 

Various authors have described and compared methods for estimating canopy cover (e.g., 
Biging et al. 1991, Nakamura 2000, Gill et al. 2000, Congalton & Green 2008).  Error within 
and between methods is commonly reported.  Aerial photo interpretation for canopy 
estimations can have accuracy as low as 34% to 45% (Biging et al. 1991) and a standard error 
for exceptional work is no better than + 10% (Congalton & Green 2008).  When describing 
stands in terms of general categories, and lacking extensive and costly inventory data, the error 
may be deemed acceptable (Gill et al. 2000).  But when successful wildlife use of stands for 
specific life history stages appears to depend on a relatively narrow range of canopy cover 
conditions (e.g., Richter 2005, Blakesley et al. 2005), accuracy and comparability of 
measurement methods becomes more critical.  SPI’s method, which applies a canopy cover 
index to a dense grid of inventoried plots, is believed to substantially reduce error in assigning a 
value (Gill et al. 2000).  

SPI's modeled vertical projection of canopy using tree inventory data most closely resembles 
values attained using a vertical sight tube (densitometer) and generally produces lower canopy 
values than a densiometer (Ed Murphy, SPI, pers. comm.).  Because canopy cover is height 
independent, whereas canopy closure is dependent on the height of the vegetation, different 
stands that have the same canopy cover value can have different canopy closure values 
(Jennings et al. 1999).  Evaluating different methods at a given site, Nakamura (2000) reported 
that vertical cover measured by sight tube was 50%, while the measurements obtained by solar 
pathfinder and spherical densiometer were 80 to 90%.  Thus, vertical canopy cover of ≥60% 
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derived by SPI’s method generally corresponds with ecological or shade canopy cover of ≥85% 
reported in studies that used densiometers. 

It should be noted that SPI used densiometers in some early studies (including the site-specific 
cross plots at nest and den sites described in HCP App. 4.2) and continues to use them for 
measurements at specific sites.  The canopy projection method is more appropriate for general 
broad-scale description of stands and landscapes, because it is based on counts and 
measurement of trees at plots and reduces error in assignment of values.   

“Stands” as Areas of Measurement 

SPI Habitat Form Typing is an aggregation of SPI’s more detailed inventory stratification 
process, that results in classification of the land into broad groups.  These Landclass types are 
listed below: 

Landclass 
Type Description 

Hard 
Boundary 

M Mixed Stands No 
L0* “L” Inoperable Stands, non-commercial (Low 

Volume) No 
L1* “L” Inoperable Stands, commercial (High Volume) No 
N* Non-Timber Yes 
E Evenage (commercial-thinned regeneration stands) Yes 
R Regeneration Yes 

* Minimum landclass size for “M” or “L” is 4 acres, and “N” is 2 acres. 
 
 

Habitat Form classifications are applied at the stand scale.  Once specific inventory stands are 
delineated, the specific plot driven data from the stand are merged to assign a Habitat Form to 
the stand.  

SPI defines a forest stand as a forested area that has sufficient uniformity of composition, size, 
density, age, spatial arrangement, and/or condition that they can be distinguished, in a relatively 
precise way, from adjacent areas, either visually or through measurements.  SPI identifies and 
delineates stands using a combination of air photo analysis and inventory plot data.  Usually, a 
distinct stand can be easily identified within the surrounding forest due to different 
management histories.  This is particularly evident in areas in which intensive even-aged 
management has been applied, i.e., where clear-cut or variable retention harvest, brush field 
rehabilitation, past fire replanting and subsequent re-growth have created distinct stands with 
clear edges against surrounding stands of different ages.  In areas where even-aged management 
has been applied, the Regen stands average about 17 acres in size, as a result of California 
Forest Practice Rules (CFPRs) limitations on clear-cut size.  In Mixed stands with more varied 
management history, the stand may be defined by its recognizable borders with neighboring 
stands, or by the legacy of various harvest prescriptions or logging methods. 

Characteristics of the stand including species composition, average tree diameter, basal area, and 
components such as snags and hardwoods, are measured in SPI’s sample plot inventory system.  
The descriptive stand characteristics data are aggregated in databases and become the basis for 
estimates of existing amounts of Habitat Forms across wider areas.  Growth and harvest 
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models used in calculating sustained yield estimates also allow projection of the amount of 
Habitat Forms expected to be present at various intervals in the future. 

GENERAL DESCRIPTIONS OF HABITAT FORMS 
Cold Water Habitat Form (HF0) 

This habitat form represents wildlife species that breed and/or feed in forest stream habitats, 
including Class I and II watercourses under the CFPRs.  There are 35 different wildlife and fish 
species assigned to this habitat form.  Representative species include anadromous and resident 
salmonids and other in-stream fish species, tailed frog, southern torrent salamander, Cascades 
frog, red-legged and yellow legged frog, and American dipper.  These species breed in or near 
cold water systems and feed in or near cold-water streams.  They are generally negatively 
affected by excessive in-stream sediment loading or increases in water temperature.  As 
individuals and populations, they respond positively to stream systems that have a broad 
diversity of in-stream habitat conditions.  Management activities that reduce in-stream diversity, 
increase water temperatures or increase sediment loading generally reduce habitat capability for 
these species. 

Early Seral Habitat form 

This habitat form represents wildlife species that breed and/or feed in CWHR 1 and 2 size 
classes, regardless of density class.  These species are associated with ground vegetation, 
including the grass, forb, seedling and sapling stages of forest development.  There are 72 
wildlife species assigned to this habitat form.  Representative species include California and 
mountain quail, willow flycatcher, dark-eyed junco, dusky-footed woodrat, elk, western skink, 
and ring-necked snake.  These species find good breeding and feeding habitat within the early 
seral structural stage.  Management activities that remove tree cover from an area generally 
improve habitat for these species as ground vegetation re-grows.  Vegetation control activities 
can temporarily reduce the quality of this habitat condition.  Widely spaced tree planting and 
pre-commercial and commercial thinning can extend this habitat condition well into a stand’s 
development by providing sufficient light on the ground to support continued ground 
vegetation. 

Small-Tree, High Canopy Cover Forest Habitat Form (HF2) 

This habitat form represents wildlife species that breed and/or feed in CWHR 3MD.  These 
species are associated with dense pole-sized and small tree habitats.  There are 23 wildlife 
species assigned to this habitat form.  Representative species include the black salamander, 
ensatina, northern saw-whet owl, downy woodpecker, marsh shrew, ringtail, and the rubber 
boa.  These species find good habitat in relatively dense, shaded stands with a diversity of snag 
sizes and moderate amounts of woody debris and litter on the forest floor.  Presence of 
hardwoods and adjacent riparian areas enhance habitat for these species.  
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Open Forest Habitat (HF3) 

This habitat form represents wildlife species that breed and/or feed in CWHR 3SP, 4SP and 
5SP stands.  These species make significant use of trees in stands that also contain a significant 
amount of ground cover due to the open nature of the tree cover.  There are 55 wildlife species 
assigned to this habitat form.  Representative species include blue grouse, mourning dove, 
acorn woodpecker, hairy woodpecker, western tanager, golden-mantled ground squirrel, 
porcupine, and mule deer.  Management activities that serve to maintain a ground layer of 
vegetation within open stands of timber while maintaining snags, logs and oaks can improve 
habitat for these species. 

Medium-Tree High Canopy Cover Forest (HF2H) 

This habitat form was generated as a consequence of analyzing field data describing the 
variability and role of Habitat Form 2 for supporting species commonly associated with large-
tree, closed canopy forests (SPI HF4).  (See “Creating the Medium-Tree, Closed Forest Habitat 
Form” discussion below.)  In order to describe the forest stands on the larger end of the 
CWHR 3 range, HF2H was created.  By definition, QMDs of these stands are greater than 11 
but less than 13 inches and there is a minimum of 50% canopy cover.  There are 12 species 
assigned to this habitat form.  Representative species include long-eared owl, Williamson’s 
sapsucker, evening grosbeak, sharp-shinned hawk, and California red-backed vole.  Other 
wildlife species opportunistically use the large-tree component of these stands.  A significant 
assemblage of the HF4 species can be found breeding, nesting, denning in small inclusions of 
HF4 typed as part of this habitat form HF2H.  Management activities that maintain a variety of 
snag and log sizes and inclusions of hardwoods (oaks) can enhance this habitat for use by 
wildlife. 

Large-Tree Closed Forest Habitat (HF4) 

This habitat form supports wildlife species that breed and/or feed in larger tree size CWHR 
4MD, 5MD and 6 stands, specifically those that include more than nine trees per acre over 22 
inches in diameter and at least one tree or snag with attributes suitable as a nest or den.  Wildlife 
species make significant use of the large-tree component of these stands.  Quadratic mean 
diameters of these stands are 13 inches or greater, with the important inclusion of a number of 
trees greater than 22 inches in diameter.  (See “Defining “Large Tree”: Creating the Large-Tree 
Closed Forest Habitat Form” below.)  There are 35 species of wildlife assigned to this habitat 
form.  Representative species include clouded salamander, northern goshawk, wood duck, 
spotted owl, pileated woodpecker, Vaux’s swift, silver-haired bat, northern flying squirrel, and 
Pacific fisher.  Management activities that maintain a variety of snag and log sizes and inclusions 
of hardwoods (oaks) generally enhance this habitat for use by wildlife. 

Non-Forest Habitat 

This habitat form supports wildlife species that breed and/or feed in non-forest habitats.  There 
are 14 species of wildlife assigned to this habitat form.  Representative species include peregrine 
falcon, belted kingfisher, and fringed myotis.  Forest management activities generally will have 
little effect on these species. 
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CREATING THE LARGE-TREE CLOSED FOREST HABITAT FORM (HF4):  

Defining “Large Tree” 

Habitat Form 4 is important for providing reproductive habitat for a number of forest 
megafauna and their persistence that has generated heightened public concern.  SPI recognizes 
that in addition, HF4 is important from a management perspective; of all the Habitat Forms, it 
takes the longest time to develop.  If Habitat Form 4 is in limited supply, it cannot be created as 
quickly as earlier seral Habitat Forms.  The following paragraphs describe the characteristics of 
Habitat Form 4 and include a comparison of Habitat Form 4 with other classification systems. 

SPI’s Habitat Form 4 threshold criteria values are summarized in Table 4.1.1.  The values are 
derived from literature regarding large-tree closed canopy associated wildlife species and from 
data describing reproductive nest/den sites occupied by the six species, on or near SPI lands. 

Table 4.1.1.  Threshold Criteria Values for Habitat Form 4 
LAND 

CLASS 
CANOPY 
COVER TREE SIZE TREES /ACRE ≥ 22” dbh OTHER 

Mixed ≥ 60 % Stand QMD ≥13” dbh At least 9 trees 
 
 

At least one suitable 
Nest / Den structure 

per stand. 
 

Even ≥ 60 % Stand QMD ≥ 13” dbh At least 20 trees 

 

As shown in Table 4.1.1, the Habitat Form 4 threshold criteria for average tree size (QMD) and 
canopy cover are the same for Mixed and Even-aged stands.  Subsequent sections of this 
document describe how these values are consistent with habitat descriptions for the Covered 
Species used in other classification systems, and on SPI lands.  The important difference in the 
criteria for the two land classes is in the minimum threshold for tpa ≥22 in. dbh).   

The stands chosen by HF4 associated species across their respective ranges include un-
harvested, un-managed “late seral” forests (almost entirely on federal land), as well as forests 
that have been harvested and managed to various degrees (on both federal and private lands).  
Regardless of the specifics of past and future management, many HF4 species studied 
extensively in the last several decades show preference for stands that include some trees that 
may be substantially larger than the average.  Most studies that report habitat parameters for 
wildlife species dependent on large-tree closed canopy forests do not describe the range or 
diameter distribution of tree size measurements that exist within stands classified as habitat - an 
important parameter when managing for multiple benefits. 

The following sections describe the derivation of values specified in Table 4.1.1. 

Additional detailed Data Tables 7, 8, 9 are located at the end of this document.  Updated data 
from the cross-plot reproductive site samples are included in Appendix 4.2. 
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Canopy Cover 

Table 7 describes canopy cover values measured at the 1.05-ac. sites around 258 dens and nests 
of California spotted owls, northern goshawks, and Pacific fishers on SPI property.  The 
surrounding 1.05-ac. sites were described using a Wildlife Nest and Den cross plot sample 
(described in HCP Appendix 4.2) to quantify the structural attributes.  These measurements 
were taken with spherical densiometers.   

As shown in Data Table 7, densiometer-measured canopy at 258 den/nest sites averaged 
81.4%, a level similar to the 60% threshold from the SPI vertical projected canopy 
methodology. 

Average Tree Size 

Table 8 characterizes 258 individual nest/den trees and surrounding 1.05-ac. sites on SPI 
property.  Each of these structures was a reproductively successful den or nest used by the three 
species.  The surrounding 1.05-ac. sites were described using a cross plot sample (described in 
HCP Appendix 4.2) to quantify the nest/den site attributes.  There was a wide range in tree size 
among the nest/den structures, and the surrounding site generally included trees smaller than 
the nest/den tree.  The minimum diameter of structures used by any of the three species was 12 
in. dbh.  The lower bound of the mean minus one standard deviation for all sites used by the 
Covered Species included use of sites with a QMD as small as 9.9 in. dbh. 

The range of values for nest/den trees shown in Table 8 indicates that the QMD threshold 
criterion of ≥13 in. is appropriate for general application for the described species.  

Large Tree Component: Size and Number 

Large Tree Size 

Various studies report that these species establish nests and dens using structures and sites that 
include trees generally larger than those in the surrounding landscape.  In both managed and 
un-managed forests, this circumstance results in lower numbers of large tpa as distance 
increases from the nest/den structure.  A stand with a QMD of ≥13 in. can theoretically 
include very few large trees, especially in a developing stand created through even-aged 
management.  To ensure that a component of large trees exists in stands described as Habitat 
Form 4, a threshold number of large trees at the stand scale is required. 

Figure 1 contains histograms showing the presence of larger trees at den and nest sites for 
fishers, goshawks, and California spotted owls.  The percentage of sites with at least one tree 
larger than a given threshold value decreases as the threshold diameter increases.  Based on data 
depicted in Fig.1, 22 in. dbh was chosen as the size threshold.  As shown in Fig.1, less than ten 
percent of the sites did not include any trees 22 in. dbh or larger.  Approximately 90% of the 
sites known to be used for successful denning or nesting of these three species will include a 
criterion for inclusion of large trees defined as “22 inches or larger in dbh.  This data was 
analyzed on the basis of having a minimum of 1 tree per acre present, while SPI has set the 
HF4 criteria for Mixed stands at 9 tpa. 
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Figure 1  Percent of three HF4 species Nest or Den Sites with At Least One Tree Greater 
Than or Equal to an Indicated Threshold DBH (n=258). 

Large Tree Count 

The Habitat Form 4 definition also includes criteria for the number of tpa ≥22 in. dbh.  The 
threshold criteria for the number of tpa ≥22 in. dbh was derived from the tree data gathered at 
1.05-ac. cross plots at successful nest/den sites for the three species chosen as proxies for other 
wildlife species associated with large-tree closed cover forest habitats (HCP Appendix 4.2). 

Nine large trees (≥22 in. dbh) per acre is the threshold criteria for inclusion in Habitat Form 4.  
This threshold would allow for inclusion of most, though not all, of the 1.05-ac. sites around 
known Nesting / Denning (ND) locations of the representative three species on SPI lands 
(Table 4).  In a minority of the ND locations, there were no trees ≥22 in. dbh at the time the 
site was occupied.  By excluding the sites with only a few Large Trees (≥22in.dbh), the criterion 
of 9 tpa results in a degree of under-estimation of the current amount of habitat available for 
use by these species.  Based on the majority of the research results for the three species it 
appears that forests with few or no trees ≥22 in. dbh may be lower quality habitat.  For that 
reason, SPI has chosen a criterion that includes only those sites more typical of the conditions 
occupied by the three species across their range. 

A theme arose as SPI projected the growth of current early seral, small- and medium-tree stands 
on the landscapes it manages, i.e., those stands that will become HF4 in the future.  The growth 
and management of these stands is not expected to result in persistent stand conditions with so 
few as 9 tpa ≥22 in. dbh, so the criterion is not relevant as SPI predicts the trend for HF4 
habitat.  Growth models that predict the amount of HF4 stands that will be established over 
time as younger stands begin to meet the HF4 criteria indicate that these stands will contain 20 
tpa ≥22 in. dbh, resulting in the number of large trees per acre often described in the literature.  
20 tpa ≥22 in. dbh closely approximates the mean and median number of such trees in the ND 
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sites measured on SPI lands (HCP Appendix 4.2).  With 20 tpa ≥22 in. dbh as the criteria, 
approximately one-third of the dominant and co-dominant trees in the categorized stand will be 
of this size, ensuring these stands will contain a substantial large tree component. 

Nest / Den Structure Tree       

An additional stand requirement in order to qualify as Habitat Form 4 is that the stand must 
include at least one tree or snag large enough and with attributes that could provide a den or 
nest structure for the Covered Species.  As modeling the presence or future occurrence of these 
types habitat structures into the future is speculative, it is assumed that suitable nest/den 
structures exist if the stand includes either one hardwood tree or snag ≥22 in. dbh, or one green 
conifer or snag ≥30 in. dbh.  To test the assumption that HF4 stands meet this threshold 
without a specific action to create these structures, a survey evaluating the presence of nest/den 
structures in existing SPI HF4 stands was conducted (HCP Appendix 4.4).  The results indicate 
that, from a random sample of 81 stands that would meet every other criterion for HF4, 93% 
included at least one tree or snag with attributes apparently suitable to serve as a nest or den 
structure. 

Comparing Habitat Form 4 and CWHR Categories 

To enable a comparison, the CWHR categories for Tree Habitats (specifically conifer trees) are 
summarized as follows:  

Tree size classes: 1 (Seedling)(<1 inch dbh); 2 (Sapling)(1-5.9 in. dbh); 3 (Pole)(6-10.9 in. dbh); 4 
(Small tree)(11-23.9 in. dbh); 5 (Medium/Large tree)(>24 in. dbh); 6 (Multi-layered Tree in PPN 
and SMC) (Mayer and Laudenslayer 1988). 

Canopy Closure classifications: S=Sparse Cover (10-24% canopy closure); P= Open cover (25-
39% canopy closure); M= Moderate cover (40-59% canopy closure); D= Dense cover (60-
100% canopy closure). 

The CWHR system has provided a method of habitat categorization in California for several 
decades.  The system was established by first delineating various categories of tree size and 
canopy cover, and then describing wildlife species habitat use of the categories based on 
literature review (Mayer and Laudenslayer 1988).  Subsequently, Habitat Suitability models have 
been developed for all California birds, mammals, and herpetofauna describing potential species 
use based on habitat elements and seral stages included in the mapped CWHR categories.   

Although the CWHR system is widely used for general categorization of wildlife habitat in 
California, descriptions of wildlife species’ habitat in terms of CWHR’s general categories can 
be inaccurate.  Several authors have expressed dissatisfaction with CWHR as an accurate habitat 
descriptor for California spotted owls and northern goshawks (Keane et al. 2010, Richter 2005).  
In the case of these species, this problem particularly results from the broad range of canopy 
cover represented by CWHR Cover Class D, and in the broad range of tree sizes and potential 
size distribution corresponding to CWHR Size Class 4.   

Regarding nest sites used by northern goshawks, Richter (2005) found that “...goshawks in this 
study were concentrating on the upper 50% of the canopy closure class D (81-100%), the upper 
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33% of the size class 4 (50-60cm (20-24 in.)), and size class 5 (61 cm (24 in.) and over).  This 
points out that these two CWHR classes of size (4) and canopy (D) have much too large a range 
of values to accurately reflect what the goshawks are really using as nesting substrate.”  
Regarding nest sites of California spotted owls, Keane et al. (2010) stated “….  Of the 38 sites 
located in size class 4 polygons, 25 (66%) were in size class 4 polygons with a large tree 
component (i.e., presence of >24-inch dbh trees).”  

These examples indicated that CWHR Size Class 4 is simply too broad to accurately 
characterize suitable habitat for the species of interest.  It is unlikely that any generalized 
categorization system can capture all of the variability in wildlife habitat use.  With regard to 
tree size class, SPI’s Habitat Form 4 definition provides a more accurate representation of 
habitat for the Covered Species than CWHR, as the Habitat Form 4 definition requires that 
large trees be present in the stands along with a QMD ≥13 in. dbh and verified by an extensive 
field inventory; not inferred from aerial photography.   

Calculating the amount of canopy cover reveals an issue in comparing the Habitat Form 4 
criteria with the CWHR system.  Since reported values for canopy cover are obtained using 
different methodologies, comparisons between studies are difficult.  For instance, the values at 
sites near goshawk nests reported by Richter (2005), and near CSO nests by Blakesley et al. 
(2005), were estimated using a spherical densiometer.  Bond et al. (2004) reported values near 
CSO nest sites and random plots using a vertical densitometer.  Keane et al. (2010) estimated 
canopy cover at CSO sites using a crown cover index applied to measured tree diameters within 
stands.  The latter method is similar to that used by SPI. 

As reviewed in an earlier section, canopy cover estimates obtained using SPI’s method are as a 
rule, substantially lower than those obtained at the same site using spherical densiometers.  As 
detailed in earlier sections, SPI believes that application of the Habitat Form 4 canopy cover 
criteria of 60% or greater is commensurate with descriptions of higher canopy cover that were 
obtained with spherical densiometers.  Estimates reported using densitometers (sight tubes) 
should be similar to those obtained using SPI’s method.  In summary, stands described as 
Habitat Form 4 should provide habitat with canopy cover commensurate with the values for 
dense forest reported under the CWHR system. 

Habitat Form 4 and USFS Classification Systems 

(Note: All metric values have been converted to the English system for ease of interpretation.) 

The USFS often classifies timber stands using a “strata” system that provides more detail than 
CWHR, and some researchers (e.g. Bond et al. (2004); Blakesley et al. (2005)), have used this 
system to classify habitat used by California spotted owls.  In this system, Size Class categories 
are: zero (no trees), 1 (seedlings; <6 in. dbh), 2 (small trees; 6-12 in. dbh), 3 (medium trees; 12-
24 in. dbh), and 4 (large trees; > 24 in dbh).  Canopy Cover categories are: zero (<10%), S 
(sparse; 10–25%), P (poor; 25–40%), N (normal; 40–70%), and G (good; >70%).  Large tree 
density categories (number of trees ≥30 in. dbh per ac) are: zero (<1.2), 1 (1.2–4.9), 2 (4.9–
14.8), and 3 (>14.8).  (Note that in the large tree density category, the lower diameter limit is 
larger than the minimum for inclusion in the large tree size class.)  Thus, a forest stand 
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dominated by trees from 12 to 24 in. dbh with 50% canopy cover and 2 large trees ≥30 in. dbh 
per 3 ac. would be coded as 3N1. 

While the strata system does provide more detail than CWHR, it also contains what could be 
described as fairly broad categories.  Bond et al. (2004) found that while all CSO nest trees in 
their study were strata size class 4 (>24 in. dbh), all of those nest trees were actually above 30 
in. dbh.  Blakesley et al. (2005) commented: “Our use of broad canopy cover and dominant tree 
size class may have limited our ability to draw stronger inferences from our data.”  

Additionally, the ability to compare studies that describe habitat in terms of USFS strata may be 
limited by the low number of field plots used to describe habitat in the strata system.  Blakesley 
et al. (2005) noted that interpretation of air photos and photo ortho-quads underestimated the 
presence of large remnant trees over 30 in dbh.  SPI’s plot inventory system is more likely to 
locate trees of this size as the inventory is conducted at a much higher sample plot density.   

In summary, SPI’s Habitat Form system improves reported shortcomings of the CWHR and 
USFS strata habitat classification systems.  No system general enough to describe habitat at 
regional scales can precisely describe the amount of wildlife habitat on a smaller scale such as a 
ND structure and surrounding habitat.  SPI believes that the Habitat Form system, combined 
with their inventory plot system, provides a more accurate method of estimation than either of 
the other two systems alone.  

CREATING THE MEDIUM-TREE CLOSED CANOPY HABITAT FORM (HF2H)  
Habitat Form 2 (HF2) is the broad stand condition that is the precursor to HF4.  HF2 has 
moderate to dense canopy cover (40% - 100%) and a QMD of >6 in. dbh.  While a component 
of larger trees may be present in a stand designated as HF2 (i.e., QMD can be 11in. dbh (and in 
rare instances >13in. dbh), nevertheless, HF2 stands do not satisfy the criteria of HF4, a fact 
underscored by the range of wildlife species commonly associated with HF4. 

At present, most of SPI’s HF2 stands are in the Mixed land class, the legacy of various 
intensities of large tree selection harvest carried out over past decades by various owners.  As a 
consequence of the variety of management decisions reflected in their composition, the HF2 
stands in the Mixed land class sometimes do contain low numbers of large trees, especially 
hardwoods, and may contain some potential nesting/denning structures (Spotted Owl HCP 
Appendix 4.4).  However, many HF2 stands have QMD lower than stands typically used for 
nesting/denning by fishers, northern goshawks, or spotted owls, and in some cases, may have 
canopy cover <60%. 

Field data from dens and nests of forest wildlife species more commonly found in HF4 along 
with accurate stand description enabled by the intensive inventory system revealed that most 
use of HF2 stands by these species occurs in the portion of the HF2 class with the largest 
QMDs.  Therefore, SPI subdivided the HF2 category, and designated the portion that includes 
the larger QMDs and higher degrees of canopy cover as “Medium-tree closed forest” or 
Habitat Form 2 High (HF2H).  The QMD criteria for inclusion in this sub-category are ≥11 
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inches dbh and <13 inches dbh, with canopy cover >50%, as estimated by the vertical canopy 
projection method.   

Comparison of HF2H with Other Classification Systems  

The use of different habitat classification systems over time by numerous practitioners can 
make comparison across systems difficult.  Recognizing that classification of habitat occurs 
along a spectrum rather than as a discrete condition, common elements can, however, be 
identified.  The following discussion compares  

Comparison to California Wildlife Habitat Relationships (CWHR) System 

The overall categories of the CWHR system are described below (page 22).  CWHR HF2H falls 
within WHR size class 4, which includes QMD of 11-24 in. dbh, and within canopy cover 
classes M or D, which include canopy cover of greater than 40% and 60%, respectively.  Most 
acreage of existing HF2H falls within CWHR class 4M or 4D, but the lower and upper QMD 
thresholds for HF2H would describe the smaller QMD stands of that CWHR class.  

Comparison to U.S. Forest Service Timber Strata System 

The overall categories of the US Forest Service Timber Strata System are described below (page 
23).  The lower size threshold of HF2H falls near the boundary of USFS timber strata system 
size class 2 (QMD of 6 to 12 in.) and size class 3 (QMD 12 to 24 in.).  The canopy cover 
threshold falls within strata class N (40% to 70% canopy cover) or G (> 70% canopy cover).  
SPI inventory data show that most HF2H would fall within strata class 3N or 3G.   

The Role of HF2H for Representative Wildlife Associated with Large-tree, Closed Cover Forests 

The California spotted owl, the northern goshawk, and the Pacific fisher are wildlife species of elevated 
conservation interest that are associated with mature forests.  Here we discuss the application of HF2H to 
habitat classification for these species. 

Nesting Habitat: California Spotted Owl  

Numerous studies of CSO nesting habitat have been conducted in California.  These studies 
include descriptions of habitat at various scales, including nest sites, nest “cores”, and home 
ranges.  Most of these studies used methods not directly comparable to those that produced the 
SPI observations reported below, particularly with regard to the size of areas where habitat 
measurements took place.  Here we compare HF2H with CSO nesting habitat described by SPI 
and with descriptions that used CWHR and the USFS system. 

Within the 1.05-acre sites surrounding 35 CSO nest structures measured in cross-plots on SPI 
land (Table 8), QMD ranged from 10.5 to 22.3 in., with a mean QMD of 16.5 in., and a SD of 
±2.9 in.  Thus, the HF2H lower size threshold of 11in. QMD is below the mean QMD but is 
within the range of the observations.  At the same 35 sites, canopy closure measured by 
spherical densiometers ranged from 61% to 100% with a mean of 88% and a SD of ±8.7%.  
While the lower HF2H canopy cover threshold of 50% is lower than the mean and the lower 
extent of the SD of these observations, there is some overlap with the observed values.  As 
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discussed earlier, Habitat Form descriptions using a calculated index of canopy cover typically 
produce values about 20% lower than spherical densiometer readings in the same stands.  When 
this difference is corrected, the threshold values for canopy cover in HF2H approximate the 
range of conditions observed at CSO nest sites on SPI lands.   

According to Gutiérrez et al. (1992), approximately 30% of 148 CSO nests reported from USFS 
lands occurred in timber strata classes 3N and 3G, and less than 10 percent in classes with 
lower tree size and or canopy closure.  The majority of nests occurred in sizes classes with 
larger average tree diameters, such as 4N and 4G.  Many stands classified as HF2H by SPI 
would meet the criteria for classes 3N and 3G, though they appropriately would be included in 
the lower portion of the range of the size class.  Moen and Gutiérrez (1997) and Blakesley et al. 
(2005) noted the importance of relatively small numbers of large residual trees in providing nest 
structures within stands of USFS size class 3.   

Keane et al. (2010) noted that while 37% of 104 nests observed in the Lassen Plumas study area 
were in stands classed as CWHR 4, most of these nests occurred in the larger, upper portion of 
the class.  There is no criterion in HF2H for large trees, and QMDs at nest sites within the 
upper range of values in CWHR 4 are larger than the defined limits of HF2H.  

However, as noted in more recent data included in the spotted owl HCP, some CSO nests are 
found in stands that meet the definition of HF2H, though these represent a minority of the 
known CSO nests on both SPI and USFS lands.  As indicated by the cross-plot data describing 
the 1.05-acre area near the nest site, the nest site may in an area of trees that are larger than the 
surrounding HF2H stand, and nesting in these stands is often dependent on presence of 
residual structures that are not included in the habitat form definition.  

Nesting Habitat: Northern goshawk 

Within 1.05-acre sites surrounding 92 NOGO nest structures measured on SPI land, QMD 
ranged from 10.3 to 40.1 in., with a mean QMD of 17.4 in., and a SD of ±4.4 in.  The HF2H 
lower size threshold of 11in. QMD is lower than one SD below the mean QMD observed.  The 
threshold does, however, fall within the range of the observations.  At the same 92 sites, canopy 
closure measured by spherical densiometers ranged from 35% to 99% with a mean of 81.1% 
and a SD of 14.3%.  While the lower HF2H canopy cover threshold of 50% QMD is lower 
than the mean and the lower extent of the SD of these observations, there is some overlap with 
the observed values, as the Habitat Form assignments use a calculated index of canopy cover 
that typically produces values about 20% lower than field measurements using spherical 
densiometers.  Overall, the threshold values for HF2H fall within the lower bounds of the 
range of conditions observed at NOGO nest sites on SPI lands when considered in the context 
of the differences in methodology for calculating canopy cover.   

Data for NOGO nest sites on USFS lands in California is not directly comparable due to the 
use of different methods for data collection.  A summary by Hansen et al. (2012a, Table 9.9) 
indicates that NOGO nest sites on the Lassen National Forest, in the Lake Tahoe region, and 
in Yosemite National Park generally have larger numbers of trees >22 in. dbh and >30 in. dbh 
than sites on private lands, and that canopy cover measurements from these sites range from 
45% to 97%, with the average above 70%.  
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We conclude that some NOGO nest sites are found within stands meeting the definition of 
HF2H, but these represent a minority of the known NOGO nests on both SPI and USFS 
lands.  HF2H will not be relied upon as nesting habitat for NOGO; it may contribute as nesting 
habitat in a few situations.  As discussed below, it will be relied upon to contribute foraging 
habitat and stand contiguity   

Denning Habitat: Pacific Fisher 

Numerous studies of fisher habitat have been conducted in southwestern Oregon and 
northwestern California.  Most of these have focused on the structures used for denning and 
resting.  While these studies are of interest, they are not directly applicable to SPI’s habitat 
descriptions.  Those studies that did describe habitat at a range of geographic scales used 
various methods and areas of analyses that are not directly comparable.   

Our review of the summaries presented in Lofroth et al. (2011) indicate that the lower threshold 
values for SPI’s HF2H (i.e., QMD >11 in. dbh, and canopy cover >50%) fall within the smaller 
tree size classes observed at the sites of fisher den structures, and within the range of canopy 
cover observed.  ((See Lofroth et al. (2011): Table “Shasta-Trinity 2”, p. 62; and Table 
“Northern California Inventory 4”, p. 87)).  

Within 1.05-acre sites surrounding 131 maternal or natal fisher den structures measured on SPI 
land, QMD ranged from 6.2 to 33.3 in., with a mean QMD of 13.4 in., and a SD of +3.5 in.  
Thus, the HF2H lower size threshold of 11in. QMD is lower than the mean of these 
observations but falls within one SD of the mean QMD.  At the same 131 sites, canopy closure 
measured by spherical densiometers ranged from 11.5% to 99%, with a mean of 79.9% and a 
SD of +18.1%.  While the lower HF2H canopy cover threshold of 50% QMD is lower than the 
mean and the lower extent of the SE of these observations, they are actually probably 
equivalent, because SPI’s Habitat Form criteria use the calculated index of canopy cover that 
typically produces values about 20% lower than field measurements of the same stands using 
spherical densiometers.  Thus, the threshold values for HF2H fall within the bounds and at the 
lower end of the range of conditions in occupied fisher habitat observed on SPI lands.  

Note that the observations summarized above describe conditions within very small areas near 
den sites.  Numerous studies have noted that conditions at denning sites often include tree sizes 
and canopy cover that are higher than at random locations measured at broader scales (Lofroth 
et al. 2010, Lofroth et al. 2011).  We conclude that HF2H will provide structural attributes 
similar to those observed at actual fisher denning and resting sites, but representative of the 
lower portions of the observed distribution of tree sizes.  Thus, HF2H is appropriate habitat for 
supplementing larger amounts of HF4. 

Cover: A Component of Habitat for Spotted Owl  

Several studies of CSO and northern spotted owls (e.g. Franklin et al.  2000, Seamans 2005, 
Blakesley et al. 2005) have noted the importance of contiguous stands of mature forest with 
high degree of canopy cover in providing protection from weather and predation, and thus 
increasing the survival of adults and young.  These assessments varied in their use of forest 
classes for analysis.   
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Franklin et al. (2000) found that the presence of mature forest was associated with increased 
survival of northern spotted owls but did not include stands with QMD of 11 to 21 in. (i.e., 
corresponding to the definition of HF2H) in their definition of mature forest.  The potential 
role of these younger mid-seral stands was not assessed.    

Seamans (2005) found that the amount of “mature forest” (described as forest >70% canopy 
cover in size classes >12 in. and >24 in. dbh) was the best predictor of CSO demographic 
parameters.  This study in the central Sierra Nevada included sites down to 1200 ft. elevation.  
Prey was a combination of woodrats, flying squirrels, and mice, and hardwoods were an 
important component in some areas.  It appears that HF2H is of sufficient tree size and canopy 
cover to contribute to habitat evaluated by this study.  

Blakesley et al. (2005) found CSO site occupancy in 500-acre nest areas within and near the 
Lassen National Forest to be positively correlated with amount of forest with >24 in. dbh, but 
negatively correlated with amount of mid-sized forest 12-24 in. dbh.  Apparent adult survival 
showed a similar relationship.  These forests were above 4200 ft. in elevation, had very few 
hardwoods, and the primary prey was flying squirrels.  High elevation weather and prey base 
production differences may also be factors influencing these findings.  These results suggest 
that HF2H may not make the same habitat contributions at higher elevations where, for 
example, hardwoods are not an important component of stands.  

Despite their different methodologies and habitat classification systems, these studies indicate 
that stands with relatively large QMDs and high degree of canopy cover contribute to spotted 
owl survival and reproductive success, especially survival.  Seamans (2005) supports the 
inclusion of stands 11-24 in. dbh as contributing utilizable habitat.  The lands in the Seamans 
study area are similar in cover to SPI lands.  We conclude that it is appropriate to consider 
HF2H as supplementing cover habitat for CSO but recognize that this habitat is not sufficient 
in itself to provide for spotted owl life requisites.   

Foraging Habitat 

As detailed above, habitat meeting the definitions of HF2H is sometimes used as 
nesting/denning habitat by all three of the above-mentioned HF4 associated species, though 
generally it is the smaller end of the range of tree sizes making up stands where such use has 
been recorded. 

Detection of the use of HF2H stands for foraging by the above-mentioned species, as for any 
predator, is dependent on the presence of suitable prey species in sufficient availability to attract 
consistent foraging use.  Availability is further influenced by the prey species’ numbers and 
behavior and by vegetative conditions allowing access by the predator. 

Some stands documented as foraging habitat for CSO could be classified as CWHR 4M and 
4D, and USFS strata 3N and 3G, which at the small end, would describe HF2H.  Consistent 
with this, other researchers have documented use in even smaller stands.  Williams et al. (2011) 
reported non-breeding CSO foraging in stands 6 to 10 in. dbh.  Other researchers have 
generally identified foraging habitat as consisting of somewhat larger average tree size than the 
HF2H minimum QMD.  Irwin et al. (2007) found that foraging habitat on private land had an 
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average QMD of nearly 16 in.  Gutiérrez et al. (1992), summarizing findings of Laymon (1988) 
and Call (1990) regarding foraging locations identified with radio-telemetry, reported use of 
stands with av. dbh of 11-24 in. as less than or equal to availability, and use of stands >24 in. 
dbh at rates higher than availability.  (See Hansen and Woodbridge (2012, pp. 159-160) 
regarding limitations of radio telemetry and interpretation of “preference” of foraging habitats.) 

Numerous studies of foraging goshawks have noted their tendency to use stands of larger size 
and higher canopy cover than randomly available (Hansen and Woodbridge (2012, Table 7.1)   
Most studies find goshawks use all vegetation types available, dictated more by the presence and 
accessibility of prey than strictly the successional stage.  Goshawks are morphologically adapted 
to hunting in moderately dense forest, and their most common prey are found in such forest or 
in forest openings (citations summarized in Hansen and Woodbridge 2012). 

Similarly, studies throughout the fisher’s range consistently show selection for forests with high 
degrees of canopy cover that are often dominated by mid- to late successional forest stages 
where mid-successional is described as greater than 11 in. dbh.      

Prey Producing Habitats 

Prey for the above species may be categorized into diurnal and nocturnal species, in terms of 
typical behavior.  CSO primarily take nocturnal prey (although will capture diurnal prey 
opportunistically), Northern goshawks take diurnal prey almost exclusively, and fishers take 
prey from both groups.  Individuals prey on a wide variety of species, and while there is some 
overlap in prey taken by the three species, certain prey species are mostly taken by one or 
another.  Within the wide variety of prey taken by each of the three species examined herein, 
there are a few prey species that provide the majority of the energy consumed.  These species 
will be further reviewed below.  

In general, all habitat forms may provide various amounts of requisite cover for prey species 
and their predators, including the Covered Species.  The actual presence of prey in stands of 
this description has not been well documented and likely varies greatly depending on the 
management history and species composition of the stand.  Most of SPI’s existing HF2H stands 
have resulted from repeated entries using selection harvest.  Hansen et al. (2012b), noted that 
selection harvest may reduce some prey species in the short term, but in the long term, generally 
allows for higher prey diversity and numbers than even-aged management.  The presence of 
hardwoods and structural elements such as large legacy trees, snags and logs are important 
variables influencing the suitability of stands as habitat for prey species. 

The following discussion will review the natural history of several of the most important prey 
species and relate their natural history to the potential for occurrence in various Habitat Forms. 

Dusky-Footed Woodrat: The dusky-footed woodrat would be expected to occur in all Habitat 
Forms 1 -4, to varying degrees that are not yet completely understood.  The dusky-footed 
woodrat, which is largely nocturnal, is the most important prey species for CSO in the lower 
elevations of the CSO’s range (Williams et al. 1992).  It is also a prominent prey species for the 
northern spotted owl, and relevant research on woodrats has been conducted in the ranges of 
both spotted owl sub-species.  Woodrats are apparently much more important in fisher diets in 
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California coastal areas than in the interior, with remains occurring in less than 2% of fisher 
scats collected in the Shasta-Trinity area (Golightly et al. 2006).  They are probably taken 
opportunistically by NOGO but are not noted as a prominent prey item (Hansen et al. 2012, 
Fig 8.1).  Although most abundant in chaparral fields, where they would be inaccessible to CSO, 
dusky-footed woodrats also inhabit brushy young forest stands with high degrees of canopy 
cover over the rats’ nesting sites (Williams et al. 1992, Sakai and Noon 1993).  In both coastal 
and interior forests, mast-producing hardwoods such as tanoak, black oak, and live oaks are 
typically important components of forest woodrat nest sites, providing food, cover, and nesting 
material (Sakai and Noon 1993, Innes et al. 2007, Matell 1997).  For instance, in second-growth 
mixed-conifer stands on the Plumas National Forest, Innes et al. (2007) found numbers of 
woodrats to be positively related to density of black oaks >13 in. dbh.  The species’ presence 
would be expected only where sufficient numbers of acorn-producing hardwoods or understory 
brush species are available. 

Douglas Squirrel: The Douglas squirrel is a small diurnal tree squirrel primarily associated with 
mixed hardwood-conifer and coniferous forest.  It would primarily be expected to occur in 
Habitat Forms 2 and 4.  It is not an acorn-eater, but instead depends on conifer seeds, on 
terrestrial and arboreal fungi, and to a lesser extent other vegetative and avian food items.  This 
species is perhaps the most important food item for goshawks, except in east-side pine forests.  
It is not an important prey for CSO, although anecdotal information suggests it may be a 
supplemental prey item for CSO as Douglas squirrels do not hibernate and may be more 
available in winter than preferred species.  Rodents including squirrels made up almost half of 
the prey items recorded for fishers in northern California (Lofroth et al 2010, Table 6.9); 
presumably Douglas squirrels are consumed whenever they can be captured.  While the 
Douglas’ squirrel appears flexible in terms of use of managed forests; its numbers are 
dependent on cone crops, so extensive use of conifer stands below cone-bearing age is not to 
be expected (summary based on Steele (2012)). 

Western Grey Squirrel: The western gray squirrel is found in hardwood forest and mixed-
conifer forests with a substantial component of oaks or other mast-bearing hardwoods.  Its 
occurrence in forest habitats is primarily limited to areas with moderate or little snowfall and 
occurrence of large oaks.  It is an important food item for fishers, but because it is diurnal, is 
not an important food for CSO.  It primarily occurs in the lower elevations of the range of the 
NOGO, and thus provides prey for some of the nesting population and for seasonal down-
slope migrants.  The grey squirrel’s presence depends on trees of sufficient age to produce 
acorns, cones, or other seeds.  In addition, it primarily uses cavities in oaks as natal dens.  
Occurrence in a particular Habitat Form may be dependent on the age of the coniferous stand 
and the presence of large oaks in those stands (summary based on Krause (2012)).   

Golden-Mantled Ground Squirrel: The golden-mantled ground squirrel is a diurnal species 
associated with dry, rocky forest openings in mixed conifer and coniferous forest, generally 
above 4000 ft. elevation.  It is an important food item for NOGO at those elevations, but 
because of its range and diurnal behavior, is not an important food item for fishers or CSO.  
This species hibernates for about 2/3 of the year, so is not available as winter prey.  It is more 
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likely to be found in young clear-cuts and along forest edges than in closed-canopy stands such 
as HF2H or HF4.  (Summary based on Wilson (2012)). 

Chipmunks: About five species of chipmunks occur in the area covered by the CCAA.  As 
diurnal species, they occur as important food items of fishers and NOGO.  Although there is 
some variation in the natural history among the species, they generally inhabit a wide range of 
forest conditions, especially brushy areas amid open canopy forested and riparian habitat.  
Chipmunks appear to tolerate a wide degree of variation in canopy cover and logging 
disturbance and are abundant in thinned stands because of enhanced understory development, 
which is an important source of food and cover.  They consume a wide variety of plants, fruits, 
seeds, and fungi.  Thus, their presence in a Habitat Form is probably dependent on the 
conditions of canopy cover and understory brush within the stand (summary based on Innes 
(2012)).  

Northern Flying Squirrel: The northern flying squirrel is a nocturnal species that is of very little 
importance as prey for fishers or NOGO but is the most important prey for CSO in the upper 
elevation portions of the CSO’s range.  According to Williams et al. (1992), they are generally 
found above about 4,000 ft. elevation in the Yosemite region and down to about 3,000 ft. or 
lower in the northern Sierra Nevada.  They are found in a variety of forest communities.  
Northern flying squirrels consume a wide variety of vegetative and occasionally animal food but 
specialize on hypogeous (underground) fungi (truffles) during the snow-free period, and on 
arboreal lichens during winter.  They are largely arboreal but come to the ground especially for 
fungi.  Some studies have found much higher densities in late-seral forests than in other areas, 
but other studies have found the species in second-growth forests.  These differences are 
perhaps related to presence or absence of hypogeous fungi, and to the presence of logs, snags, 
and arboreal cavities required for denning (multiple studies summarized in Williams et al. 1992).  
Effects of forest management on truffles are poorly understood.  Waters et al. (2000) found 
truffle production was reduced in recently harvested stands, and truffle diversity remained 
reduced in stands ten years after thinning.  Correspondingly, flying squirrel abundance was 
significantly less in shelterwood-logged forests (5-7 years after harvest) than in unharvested 
mature forests.  Rosenberg and Anthony (1992) found the species in young stands of Douglas-
fir in western Oregon, but Manning et al. (2012) found that thinning reduced flying squirrel 
densities in that region for at least 12 years after treatment.  Further evaluation is needed 
regarded presence of truffles and flying squirrels in later seral stages of managed forests. 

Finally, on the topic of prey producing habitat for HF4 associated predators, Carey (2000) 
found substantial differences among populations of northern flying squirrels, Douglas squirrels, 
and chipmunks in mid-seral forests that had been managed under different harvest rotations 
and methods.  In general, chipmunks sometimes increased, Douglas squirrels showed little 
change, and flying squirrels declined.  Although these species responded quite differently to 
management, none reportedly achieved the population densities found in un-managed late seral 
forest.  These and other findings reported above strongly suggest that the presence of 
important prey species in young managed forests is a function of many interacting factors, 
especially the degree of retention and recruitment of key denning structures (large hardwoods, 
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down logs, and snags), of food-producing species of sufficient age (especially large hardwoods), 
and of grasses, forbs and shrubs some prey species depend on.     
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Table 1.  Wildlife Habitat Categories Developed According to Habitat Breeding and Feeding 
Preferences of Wildlife Species and Corresponding Habitat Form 

* Early seral = CWHR 1 SPMD, 2 SPMD 
** Open Forest = CWHR 3 SP, 4 SP, 5 SP 
*** Early Riparian Deciduous = early seral adjacent to semi-permanent or permanent water (Class I and II 

waters as defined in the Forest Practice Rules). 
† Forest Riparian deciduous = 3-6 MD dominated by aspen, alder, cottonwood, maple or other hardwoods 

adjacent to semi-permanent or permanent water (Class I and II WLPZs). 
†† Forest/large trees = CWHR 4–6 M and D stands where at least 2 percent of the dominant and co-dominant 

trees are > 22” dbh and the QMD of all trees > 5” dbh is > 13” dbh; or at least 20 TPA are >22” dbh. 
††† Nonvegetation-specific features include friable soil, caves, talus, cliffs, buildings, etc. 

Habitat 
Category 

Habitat Breeding Preference Habitat Feeding 
Preference  

Assigned 
Habitat 
Form 

1 In cold water In cold water 0 
2 In water Any terrestrial habitat 0 
3 Near water Any terrestrial forest 0 
4 Early seral (1–2 SPMD, 3 SP) Early seral/Open Forest** 1 

5 Early riparian deciduous*** (1–2 
SPMD, 3 SP) 

Early riparian deciduous 1 

6 Small tree habitat (3–4 MD) Early seral 2 
7 Small tree habitat Small tree habitat 2 
8 Forest Riparian deciduous† Forest Riparian deciduous 2 
9 Forest/large trees†† (4-6 MD) In water 4 
10 Forest/large trees Early seral 4 
11 Forest/large trees Forest/large trees 4 
12 Open forest Open forest 3 
13 Nonvegetation-specific feature††† Any terrestrial habitat 5 
14 Nonvegetation-specific In or over water 5 
15 Nonvegetation-specific Early seral 1 



Table 2.  SPI Habitat Form Definitions 
Habitat 
Form 
No. 

Habitat Form Name Habitat Form Definition 

0 Cold Water 

Meets anadromous fish needs: MWAT is less than 17.8°C 
(64°F); maximum temperature is less than 23°C (73°F); 

water temperature is less than 20°C (68°F) at least 90% of 
time between July 1 and Sept. 15 and less than 16°C (60°F) 

between Oct. 1 and Mar. 1. 

1 Early Seral Early seral (CWHR 1-2, SPMD); QMD of all trees <5 
inches, all canopy covers 

2 
Small-Tree, High Canopy 

Cover Forest 

Small-tree closed forest (CWHR 3, M.D); QMD of all trees 
≥5 inches and <11 inches DBH; all canopy covers (but 

usually >50%) 

2H 
Medium-Tree, High 

Canopy Cover Forest 

Larger, small-tree closed forest (CWHR 4, M.D); 
QMD of all trees ≥5-inch DBH, ≥11 inch and <13 inches 

DBH; with canopy cover ≥50% 

3 Open Forest Open forest (CWHR 3-5, SP); QMD of all trees ≥5 inches; 
canopy cover < 40% 

4 Large-Tree, Closed Forest 

Large tree, closed forest (CWHR 4-6, MD); 
≥9 trees per acre ≥22-inch DBH; and 

QMD of all trees ≥5-inch DBH ≥13-inch DBH); canopy 
cover ≥60%; ≥1 suitable nest/den structure 

5 Non-Forest Non-forest – (caves, talus, cliffs, buildings) 
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Table 3.  Terrestrial Species Considered in Detail  
CWHR No. Common Name Habitat Form Legal Status Elements* 

A002 northwestern salamander 0  D 
A003 Southern long-toed salamander 0  D,E,R 
A004 pacific giant salamander 0  D,L,R 
A005 Southern torrent salamander 0 S R 
A006 rough-skinned newt 0  D,R 
A007 Sierra newt 0 S  
A008 red-bellied newt 0  D 
A010 Del Norte salamander 5 S D,R 
A012 Ensatina 2 S,F D,L,R 
A014 California slender salamander 2  D,L 
NA Gregarious slender salamander 2  D,L 
A020 black salamander 2  D,R 
A021 clouded salamander 4  S,D,E,R 
A022 arboreal salamander 5  S,D,R 
A023 Mount Lyell salamander 5 S R 
A024 Shasta salamander 5 S D,E 
A026 tailed frog 0 S D 
A033 Yosemite toad 0 S,F E,R 
A040 red-legged frog 0 T,S,F  
A041 spotted frog 0 P,S,F R 
A042 Cascades frog 0 S,F R 
A043 foothill yellow-legged frog 0 P,S,F R 
A044 mountain yellow-legged frog 0 P,S,F L,R 
B051 great blue heron 4 S R 
B058 green heron 2  L,R 
B076 wood duck 4  S,L,R 
B103 bufflehead 4  S 
B105 common merganser 4  S,D,R 
B109 California condor 1 E,S S,L,E 
B110 osprey 4 S S 
B113 bald eagle 4 S S 
B115 sharp-shinned hawk 2H S S,L,E,R 
B116 Coopers hawk 4 S S,L,E,R 
B117 northern goshawk 4 S,F S,R 
B123 red-tailed hawk 4  S,L,E,R 
B126 golden eagle 3 S S,L,E,R,H 
B129 peregrine falcon 5 E,S L,R 
B131 prairie falcon 5 S L,E,R 
B134 blue grouse 3  D,L,E,R 
B136 ruffed grouse 1 S D,L,E,R 
B138 wild turkey 3  L,E,H 
B140 California quail 1  L,E,R,H 
B141 mountain quail 1  D,L,E,R 
B240 marbled murrelet 4 T,S  
B251 band-tailed pigeon 4  S,L,E,H 
B255 mourning dove 3  L,E,R,H 
B263 flammulated owl 2H  S,L,E,R,H 
B264 western screech owl 3  S,L,E,R,H 
B267 northern pygmy owl 3  S,L,E,R,H 
B270 spotted owl 4 T,S,F,B R,H 
B271 great gray owl 4 S,F S,E 
B272 long-eared owl 2H S L,E,R,H 
B274 northern saw-whet owl 2  S,L,E,R,H 
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CWHR No. Common Name Habitat Form Legal Status Elements* 
B277 common poorwill 1  D,L,E 
B279 black swift 0 S R,H 
B281 Vaux’s swift 4 S S,R 
B282 white-throated swift 5  E 
B287 Anna’s hummingbird 1  L,E,R,H 
B289 calliope hummingbird 3  L,E,R,H 
B291 rufous hummingbird 1  L,R,H 
B292 Allen’s hummingbird 3  L,E,R,H 
B293 belted kingfisher 5  S,R 
B294 Lewis woodpecker 3  S,L,E,H 
B296 acorn woodpecker 3  S,H 
B299 red-breasted sapsucker 2H  S,E,R,H 
B300 Williamson’s sapsucker 2H  S,H 
B303 downy woodpecker 2  S,L,E,R,H 
B304 hairy woodpecker 3  S,D,E,R,H 
B305 white-headed woodpecker 3  S,L,E 
B306 black-backed woodpecker 4  S 
B307 northern flicker 3 S S,L,E,R 
B308 pileated woodpecker 4  S,D,L,H 
B309 olive-sided flycatcher 3  S,E,H 
B311 western wood-pewee 3   
B315 willow flycatcher 1 E,S,F L,E,R 
B317 Hammond’s flycatcher 4  H 
B318 dusky flycatcher 1  L,E 
B320 Pacific-slope flycatcher 2  L,E,R,H 
B321 black phoebe 1  S,E,R,H 
B326 ash-throated flycatcher 3  E 
B338 purple martin 3 S S 
B339 tree swallow 2  S,R,H 
B340 violet-green swallow 2  S,L,E,R 
B345 gray jay 2H  L,E 
B346 Steller’s jay 4  L,E 
B350 Clark’s nutcracker 3  S,E 
B355 black-capped chickadee 2 S S,L,E,R,H 
B356 mountain chickadee 3  S,E,H 
B357 chestnut-backed chickadee 2  S,R,H 
B358 Oak titmouse 3  S,E,R,H 
B361 red-breasted nuthatch 2H  S,H 
B362 white-breasted nuthatch 4  S,E,R,H 
B363 pygmy nuthatch 4  S 
B364 brown creeper 4  S,H 
B368 Bewick’s wren 1  D,L,E 
B369 house wren 3  S,L,E,R,H 
B370 winter wren 2  D,L,R 
B373 American dipper 0  R 
B375 golden-crowned kinglet 2  L,E,H 
B376 ruby-crowned kinglet 3  L,E,R,H 
B380 western bluebird 3  S,L,E,H 
B381 mountain bluebird 3  S,LE,R,H 
B382 Townsend’s solitaire 3  D,E 
B385 Swainson’s thrush 1  L,E,R 
B386 hermit thrush 2  L,E,R 
B389 American robin 1  L,E,R,H 
B390 varied thrush 2H  L,E,R,H 
B391 wrentit 1  L,E 
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CWHR No. Common Name Habitat Form Legal Status Elements* 
B407 cedar waxwing 2  L,E,R,H 
B415 Cassin’s vireo 3  L,E,R,H 
B417 Hutton’s vireo 3  L,E,R,H 
B418 warbling vireo 3  L,E,R,H 
B425 orange-crowned warbler 1  L,E,R,H 
B426 Nashville warbler 3  L,E,R,H 
B430 yellow warbler 3 S L,E,R,H 
B435 yellow-rumped warbler 3  L,E,R,H 
B436 black-throated gray warbler 3  L,E,H 
B438 hermit warbler 4  E,R,H 
B460 MacGillivray’s warbler 1  L,R 
B463 Wilson’s warbler 1  L,E,R 
B467 yellow-breasted chat 1 S L,R 
B471 western tanager 3  E,R,H 
B475 black-headed grosbeak 3  E,R,H 
B477 lazuli bunting 1  L,E,R,H 
B482 green-tailed towhee 1  L,E 
B483 Spotted towhee 3 S L,E,R,H 
B489 chipping sparrow 3  L,E 
B504 fox sparrow 1  L,E,R 
B505 song sparrow 1 S L,E,R 
B506 Lincoln’s sparrow 1  L,E,R 
B510 white-crowned sparrow 1  L,E,R 
B512 dark-eyed junco 1 S L,E,R 
B532 Bullock’s oriole 3  E,R,H 
B535 pine grosbeak 3  L,E,R,H 
B536 purple finch 2  E,R,H 
B537 Cassin’s finch 3  L,E,R 
B539 red crossbill 3   
B542 pine siskin 3  L,E,R,H 
B543 lesser goldfinch 3  L,E,H 
B545 American goldfinch 2  E,R,H 
B546 evening grosbeak 2H  L,H 
M003 vagrant shrew 1 S D,L,E,R 
M004 dusky shrew 1  D,L,R 
M005 Fog shrew 1  D,L 
M010 water shrew 1  D,L,R 
M011 marsh shrew 2  D,L,R 
M012 Trowbridge’s shrew 2H  D,L 
M015 shrew-mole 2  D,L 
M016 Townsend’s mole 1  L 
M017 coast mole 1  L 
M021 little brown myotis 1 S S,R 
M025 long-eared myotis 3  S,L,E,R,H 
M026 fringed myotis 5  L,E,R 
M027 long-legged myotis 4  S,E,R 
M029 Western small-footed myotis 5  S,L,R 
M030 silver-haired bat 4  S,L,E,R,H 
M033 red bat 4 F S,E,R,H 
M034 hoary bat 4  S,L,E,R 
M036 spotted bat 5 S E,R 
M037 Townsend’s big-eared bat 5 S,F L,E,R 
M038 pallid bat 3 S,F L,E,R 
M039 Brazilian free-tailed bat 5  E,R 
M042  western mastiff bat 3 S L,E,R 
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CWHR No. Common Name Habitat Form Legal Status Elements* 
M043 American pika 1  L,E 
M045 brush rabbit 1 S D,L,E,R,H 
M046 mountain cottontail 1  L,E,R 
M049 Snowshoe hare 1 S L,E,R 
M050 white-tailed jackrabbit 3 S L,E 
M052 mountain beaver 2 E,S L,E,R,H 
M055 yellow-pine chipmunk 1  S,D,L,E 
M056 yellow-cheeked chipmunk 1  S,D,L,E 
M057 Allen’s chipmunk 1  S,D,L,E,R 
M058 Siskiyou chipmunk 3  S,D,L,E 
M059 Sonoma chipmunk 1  S,D,L,E,R 
M062 long-eared chipmunk 3  S,D,L,E 
M063 lodgepole chipmunk 3 F S,D,L,E 
M066 yellow-bellied marmot 1  L,E 
M070 Belding’s ground squirrel 1  L 
M075 golden-mantled ground squirrel 3  D,L,E 
M077 western gray squirrel 4  S,D,L,H 
M079 Douglas squirrel 4  S,D,L,R,H 
M080 northern flying squirrel 4 S,F S,D,R,H 
M081 Botta’s pocket gopher 1  L,E 
M084 western pocket gopher 1  L,E,R 
M085 mountain pocket gopher 1  L,E 
M105 California kangaroo rat 1 S L 
M112 beaver 1  L,R,H 
M113 western harvest mouse 1  L,E 
M117 deer mouse 1 S D,L,E 
M119 brush mouse 1  S,D,L 
M120 pinyon mouse 1  S,D,L 
M127 dusky-footed woodrat 1 S D,L,E 
M128 bushy-tailed woodrat 1  L 
M129 California red-backed vole 2H  D,L 
M130 heather vole 1  D,L,E 
M131 white-footed vole 2H S D,L,R 
M132 California red tree vole 4 S  
M133 montane vole 1  L 
M134 California vole 1 E,S L 
M136 long-tailed vole 1  D,L,E 
M137 creeping vole 1  D,L,E 
M143 western jumping mouse 1  D,L,R 
M144 Pacific jumping mouse 1 S D,L,R 
M145 common porcupine 3  S,L,E,R,H 
M147 red fox 1 E,S,F S,D,L,E 
M149 gray fox 3  S,D,L,E,R 
M151 black bear 4  S,D,L,E,R,H 
M152 ringtail 2 S S,D,L,E,R 
M153 raccoon 0  S,D,L,E,R 
M154 American marten 4 S,F S,D,L,E,R 
M155 fisher 4 P,S,F S,D,L,R 
M156 ermine 4  S,D,L,E,R 
M158 American mink 1  S,D,L,E,R 
M159 wolverine 3 S,F S,D 
M161 western spotted skunk 1 S S,D,L,E,R 
M163 northern river otter 0 S S,D,R 
M165 mountain lion 5 S L,E,R 
M177 elk 1  L,E,R 
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CWHR No. Common Name Habitat Form Legal Status Elements* 
M181 mule deer 3  L,E,R,H 
R004 western pond turtle 0 S,F D,R 
R023 sagebrush lizard 1  D,L 
R036 western skink 1 S D,L 
R037 Gilbert’s skink 3  D,L 
R039 western whiptail 1  D,L 
R040 southern alligator lizard 1  D,L,E,R 
R042 northern alligator lizard 1  D,L,E 
R046 rubber boa 2 S,F D,E 
R048 ringneck snake 1 F D,L,E 
R049 sharp-tailed snake 1  D,L,E 
R059 California mountain kingsnake 1 S,F D,L,E,R 
R063 western aquatic garter snake 0 T,S D,L,E,R 

* S = snags; D = Logs; L = shrub or herbaceous layer; E = shrub or herbaceous edge; 
R = riparian inclusion; H = mast-producing hardwoods. 

 

Table 4.  Fish Species Considered in Detail  

SPI 
Number Common Name Scientific Name 

Habitat 
Form 

Legal 
Status* 

F001 coho salmon Oncorhynchus kisutch 0 T,S 
F002 winter-, spring-, fall-, and late 

fall-run chinook salmon 
O. tshawytscha 0 E,T,S 

F003 bull trout Salvo confluentus 0 T,S 
F004 sea-run cutthroat trout O. clarki clarki 0  
F005 Lahontan cutthroat trout O. clarki henshawi 0 T 
F006 steelhead, resident, and 

anadromous 
O. mykiss 0 T 

F007 McCloud River redband trout O. mykiss stonei 0  
F008 mountain whitefish Prosopium williamsoni 0  
F009 speckled dace Rhinichthys osculus 0  
F010 Lahontan redside Richardsonius egregius 0  
F011 mountain sucker Catostomus platyrhynchus 0  
F012 threespine stickleback Gasterosteus aculeatus 0  
F013 prickly sculpin Cottus asper 0  
F014 Pit sculpin Cottus pitensis 0  
F015 riffle sculpin Cottus gulosus 0  
* T = federal threatened; E = federal endangered; P = federal proposed; S = California 
listed as rare, threatened, protected, or species of special concern; F = Forest Service 
sensitive; B = Bureau of Land Management sensitive. 
 

Species listed in Table 5 were initially evaluated but will not be further considered in the 
Wildlife Habitat Management Plan because it was determined that they would not be 
significantly affected by Sierra Pacific’s management activities for one or more of the following 
reasons: (1) they weren’t found in the vicinity of SPI lands, (2) they didn’t depend solely on 
forested habitats, (3) their main range fell outside the vicinity of SPI lands, or (4) they didn’t 
breed in the vicinity of SPI lands. 
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Table 5.  Terrestrial Species Considered but not Directly Included  

CWHR 
No. 

Common name Scientific Name Basis for 
Limited Review* 

A001 Tiger/calif. Tiger salamander Ambystoma tigrinum/californiense NF 
A009 Dunn’s salamander Plethodon dunni SA 
A013 Desert slender salamander Batrachoseps aridus NF 
A015 Black-bellied slender salamander Batrachoseps nigriventris NF 
A016 Pac./relictual slender salamander Batrachoseps pacificus/relictus NF 
A017 Kern canyon slender salamander Batrachoseps simatus NF 
A018 Tehachapi slender salamander Batrachoseps stebbinsi NF 
A019 Inyo mountains salamander Batrachoseps campi NF 
A025 Limestone salamander Hydromantes brunus NF 
A027 Couch’s spadefoot Scaphiopus couchii NF 
A028 Western spadefoot Scaphiopus hammondii NF 
A029 Great basin spadefoot Scaphiopus intermontanus NF 
A030 Colorado river toad Bufo alvarius NF 
A031 Black toad Bufo exsul NF 
A032 Western toad Bufo boreas UB 
A034 Woodhouse’s toad Bufo woodhousei NF 
A035 Southwestern toad Bufo microscaphus NF 
A036 Red-spotted toad Bufo punctatus NF 
A037 Great plains toad Bufo cognatus NF 
A038 California treefrog Hyla cadaverina NF 
A039 Pacific treefrog Hyla regilla UB 
A045 Northern leopard frog Rana pipiens NF 
A046 Bullfrog Rana catesbeiana UB 
B001 Red-throated loon Gavia stellata NF 
B002 Pacific loon Gavia pacifica NF 
B003 Common loon Gavia immer NF 
B006 Pied-billed grebe Podilymbus podiceps NF 
B007 Horned grebe Podiceps auritus NF 
B008 Red-necked grebe Podiceps grisegena NF 
B009 Eared grebe Podiceps nigricollis NF 
B010 Western/clark’s grebe Aechmophorus occidentalis/Clarkii NF 
B042 American white pelican Pelecanus erythrorhynchos NF 
B043 Brown pelican Pelecanus occidentalis NF 
B044 Double-crested cormorant Phalacrocorax auritus NF 
B046 Brandt’s cormorant Phalacrocorax penicillatus NF 
B047 Pelagic cormorant Phalacrocorax pelagicus NF 
B049 American bittern Botaurus lentiginosus NF 
B050 Least bittern Ixobrychus exilis NF 
B052 Great egret Casmerodius albus NF 
B053 Snowy egret Egretta thula NF 
B057 Cattle egret Bubulcus ibis NF 
B059 Black-crowned night heron Nycticorax UB 
B062 White-faced ibis Plegadis chihi UB 
B065 Fulvous whistling-duck Dendrocygna bicolor UB 
B067 Tundra swan Cygnus columbianus UB 
B070 Greater white-fronted goose Anser albifrons UB 
B071 Snow goose Chen caerulescens UB 
B072 Ross’ goose Chen rossii UB 
B074 Brant Branta bernicla UB 
B075 Canada goose Branta canadensis UB 
B077 Green-winged teal Anas crecca NF 
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CWHR 
No. 

Common name Scientific Name Basis for 
Limited Review* 

B079 Mallard Anas platyrhynchos NF 
B080 Northern pintail Anas acuta NF 
B082 Blue-winged teal Anas discors NF 
B083 Cinnamon teal Anas cyanoptera NF 
B084 Northern shoveler Anas clypeata NF 
B085 Gadwall Anas strepera NF 
B086 Eurasian wigeon Anas penelope NF 
B087 American wigeon Anas americana NF 
B089 Canvasback Aythya valisineria NF 
B090 Redhead Aythya americana NF 
B091 Ring-necked duck Aythya collaris NF 
B093 Greater scaup Aythya marila NF 
B094 Lesser scaup Aythya affinis NF 
B096 Harlequin duck Histrionicus NF 
B097 Oldsquaw Clangula hyemalis NF 
B098 Black scoter Melanitta nigra NF 
B099 Surf scoter Melanitta perspicillata NF 
B100 White-winged scoter Melanitta fusca NF 
B101 Common goldeneye Bucephala clangula NF 
B102 Barrow’s goldeneye Bucephala islandica NF 
B104 Hooded merganser Lophodytes cucullatus UB 
B106 Red-breasted merganser Mergus serrator NF 
B107 Ruddy duck Oxyura jamaicensis UB 
B108 Turkey vulture Cathartes aura UB 
B111 White-tailed kite Elanus leucurus NF 
B114 Northern harrier Circus cyaneus NF 
B119 Red-shouldered hawk Buteo lineatus UB 
B121 Swainson’s hawk Buteo swainsoni NF 
B124 Ferruginous hawk Buteo regalis UB 
B125 Rough-legged hawk Buteo lagopus UB 
B127 American kestrel Falco sparverius UB 
B128 Merlin Falco columbarius NF 
B132 Chukar Alectoris chukar NF 
B133 Ring-necked pheasant Phasianus colchicus NF 
B135 White-tailed ptarmigan Lagopus leucurus NF 
B137 Sage grouse Centrocercus urophasianus NF 
B139 Gambel’s quail Callipepla gambelii NF 
B143 Black rail Laterallus jamaicensis NF 
B144 Clapper rail Rallus longirostris NF 
B145 Virginia rail Rallus limicola NF 
B146 Sora Porzana carolina NF 
B148 Common moorhen Gallinula chloropus NF 
B149 American coot Fulica americana NF 
B150 Sandhill crane Grus canadensis NF 
B151 Black-bellied plover Pluvialis squatarola NF 
B154 Snowy plover Charadrius alexandrinus NF 
B156 Semipalmated plover Charadrius semipalmatus NF 
B158 Killdeer Charadrius vociferus NF 
B159 Mountain plover Charadrius montanus NF 
B162 Black oystercatcher Haematopus bachmani NF 
B163 Black-necked stilt Himantopus mexicanus NF 
B164 American avocet Recurvirostra americana NF 
B165 Greater yellowlegs Tringa melanoleuca NF 



Appendix 4.1 - Habitat Forms  

 9 

CWHR 
No. 

Common name Scientific Name Basis for 
Limited Review* 

B166 Lesser yellowlegs Tringa flavipes NF 
B168 Willet Catoptrophorus semipalmatus NF 
B169 Wandering tattler Heteroscelus incanus NF 
B170 Spotted sandpiper Actitis macularia NF 
B172 Whimbrel Numenius phaeopus NF 
B173 Long-billed curlew Numenius americanus NF 
B176 Marbled godwit Limosa fedoa NF 
B177 Ruddy turnstone Arenaria interpres NF 
B178 Black turnstone Arenaria melanocephala NF 
B179 Surfbird Aphriza virgata NF 
B180 Red knot Calidris canutus NF 
B181 Sanderling Calidris alba NF 
B183 Western sandpiper Calidris mauri NF 
B185 Least sandpiper Calidris minutilla NF 
B190 Rock sandpiper Calidris ptilocnemis NF 
B191 Dunlin Calidris alpina NF 
B193 Stilt sandpiper Calidris himantopus NF 
B196 Short-billed dowitcher Limnodromus griseus NF 
B197 Long-billed dowitcher Limnodromus scolopaceus NF 
B199 Common snipe Gallinago NF 
B200 Wilson’s phalarope Phalaropus tricolor NF 
B211 Bonaparte’s gull Larus philadelphia NF 
B212 Heermann’s gull Larus heermanni NF 
B213 Mew gull Larus canus NF 
B214 Ring-billed gull Larus delawarensis NF 
B215 California gull Larus californicus NF 
B216 Herring gull Larus argentatus NF 
B217 Thayer’s gull Larus thayeri NF 
B219 Yellow-footed gull Larus livens NF 
B220 Western gull Larus occidentalis NF 
B221 Glaucous-winged gull Larus glaucescens NF 
B226 Gull-billed tern Sterna nilotica NF 
B227 Caspian tern Sterna caspia NF 
B228 Royal tern Sterna maxima NF 
B229 Elegant tern Sterna elegans NF 
B231 Common tern Sterna hirundo NF 
B233 Forster’s tern Sterna forsteri NF 
B234 Least tern Sterna antillarum NF 
B235 Black tern Chlidonias niger NF 
B236 Black skimmer Rynchops niger NF 
B237 Common murre Uria aalge NF 
B239 Pigeon guillemot Cepphus columba NF 
B241 Xantus’ murrelet Synthliboramphus hypoleucus NF 
B243 Ancient murrelet Synthliboramphus antiquus NF 
B244 Cassin’s auklet Ptychoramphus aleuticus NF 
B247 Rhinoceros auklet Cerorhinca monocerata NF 
B248 Tufted puffin Fratercula cirrhata NF 
B250 Rock dove Columba livia UB 
B252 Ringed turtle-dove Streptopelia risoria NF 
B253 Spotted dove Streptopelia chinensis NF 
B254 White-winged dove Zenaida asiatica NF 
B256 Inca dove Columbina inca NF 
B257 Common ground-dove Columbina passerina NF 



Appendix 4.1 - Habitat Forms  

 10 

CWHR 
No. 

Common name Scientific Name Basis for 
Limited Review* 

B259 Yellow-billed cuckoo Coccyzus americanus NF 
B260 Greater roadrunner Geococcyx californianus NF 
B262 Barn owl Tyto alba UB 
B265 Great horned owl Bubo virginianus UB 
B268 Elf owl Micrathene whitneyi NF 
B269 Burrowing owl Speotyto cunicularia NF 
B273 Short-eared owl Asio flammeus NF 
B275 Lesser nighthawk Chordeiles acutipennis UB 
B276 Common nighthawk Chordeiles minor UB 
B278 Whip-poor-will Caprimulgus vociferus NF 
B286 Black-chinned hummingbird Archilochus alexandri NF 
B288 Costa’s hummingbird Calypte costae NF 
B290 Broad-tailed hummingbird Selasphorus platycercus NF 
B297 Gila woodpecker Melanerpes uropygialis NF 
B298 Red-naped sapsucker Sphyrapicus nuchalis NF 
B301 Ladder-backed woodpecker Picoides scalaris UB 
B302 Nuttall’s woodpecker Picoides nuttallii UB 
B319 Gray flycatcher Empidonax wrightii NF 
B323 Say’s phoebe Sayornis saya NF 
B324 Vermilion flycatcher Pyrocephalus rubinus NF 
B328 Brown-crested flycatcher Myiarchus tyrannulus NF 
B331 Cassin’s kingbird Tyrannus vociferans NF 
B333 Western kingbird Tyrannus verticalis UB 
B334 Eastern kingbird Tyrannus UB 
B337 Horned lark Eremophila alpestris UB 
B341 Northern rough-winged swallow Stelgidopteryx serripennis UB 
B342 Bank swallow Riparia NF 
B343 Cliff swallow Hirundo pyrrhonota UB 
B344 Barn swallow Hirundo rustica UB 
B348 Scrub jay Aphelocoma coerulescens UB 
B349 Pinyon jay Gymnorhinus cyanocephalus NF 
B351 Black-billed magpie Pica NF 
B352 Yellow-billed magpie Pica nuttalli NF 
B353 American crow Corvus brachyrhvnchos UB 
B354 Common raven Corvus corax UB 
B359 Verdin Auriparus flaviceps NF 
B360 Bushtit Psaltriparus minimus UB 
B365 Cactus wren Campylorhynchus brunneicapillus NF 
B366 Rock wren Salpinctes obsoletus UB 
B367 Canyon wren Catherpes mexicanus UB 
B372 Marsh wren Cistothorus palustris NF 
B377 Blue-gray gnatcatcher Polioptila caerulea NF 
B378 Black-tailed/california gnatcatcher Polioptila melanura/californica NF 
B393 Northern mockingbird Mimus polyglottos NF 
B394 Sage thrasher Oreoscoptes montanus NF 
B396 Bendire’s thrasher Toxostoma bendirei NF 
B398 California thrasher Toxostoma redivivum NF 
B399 Crissal thrasher Toxostoma crissale NF 
B400 Le conte’s thrasher Toxostoma lecontei NF 
B404 American pipit Anthus rubescens UB 
B408 Phainopepla Phainopepla nitens NF 
B409 Northern shrike Lanius excubitor NF 
B410 Loggerhead shrike Lanius ludovicianus NF 
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B411 European starling Sturnus vulgaris UB 
B413 Bell’s vireo Vireo bellii NF 
B414 Gray vireo Vireo vicinior NF 
B427 Virginia’s warbler Vermivora virginiae NF 
B428 Lucy’s warbler Vermivora luciae NF 
B437 Townsend’s warbler Dendroica townsendi NB 
B461 Common yellowthroat Geothlypis trichas NF 
B469 Summer tanager Piranga rubra NF 
B476 Blue grosbeak Guiraca caerulea NF 
B484 California towhee Pipilo crissalis UB 
B485 Abert’s towhee Pipilo aberti NF 
B487 Rufous-crowned sparrow Aimophila ruficeps NF 
B491 Brewer’s sparrow Spizella breweri NF 
B493 Black-chinned sparrow Spizella atrogularis NF 
B494 Vesper sparrow Pooecetes gramineus NF 
B495 Lark sparrow Chondestes grammacus NF 
B496 Black-throated sparrow Amphispiza bilineata NF 
B497 Sage sparrow Amphispiza belli NF 
B499 Savannah sparrow Passerculus sandwichensis UB 
B501 Grasshopper sparrow Ammooramus savannarum NF 
B509 Golden-crowned sparrow Zonotrichia atricapilla UB 
B514 Lapland longspur Calcarius lapponicus NF 
B519 Red-winged blackbird Agelaius phoeniceus UB 
B520 Tricolored blackbird Agelaius tricolor NF 
B521 Western meadowlark Sturnella neglecta UB 
B522 Yellow-headed blackbird Xanthocephalus NF 
B524 Brewer’s blackbird Euphagus cyanocephalus UB 
B525 Great-tailed grackle Quiscalus mexicanus NF 
B527 Bronzed cowbird Molothrus aeneus NF 
B528 Brown-headed cowbird Molothrus ater UB 
B530 Hooded oriole Icterus cucullatus NF 
B533 Scott’s oriole Icterus parisorum NF 
B534 Gray-crowned rosy-finch Leucosticte tephrocotis NF 
B538 House finch Carpodacus mexicanus UB 
B544 Lawrence’s goldfinch Carduelis lawrencei NF 
B547 House sparrow Passer domesticus UB 
M001 Virginia opossum Didelphis virginiana UB 
M002 Mt. Lyell shrew Sorex lyelli SA 
M006 Ornate shrew Sorex ornatus NF 
M008 Inyo shrew Sorex tenellus NF 
M013 Merriam’s shrew Sorex merriami NF 
M014 Desert shrew Notiosorex crawfordi NF 
M018 Broad-footed mole Scapanus latimanus UB 
M019 California leaf-nosed bat Macrotus californicus NF 
M020 Mexican long-tongued bat Choeronycteris mexicana NF 
M023 Yuma myotis Myotis yumanensis UB 
M024 Cave myotis Myotis velifer NF 
M028 California myotis Myotis californicus UB 
M031 Western pipistrelle Pipistrellus hesperus NF 
M032 Big brown bat Eptesicus fuscus UB 
M035 Southern yellow bat Lasiurus xanthinus NF 
M040 Pocketed free-tailed bat Nyctinomops femorosaccus NF 
M041 Big free-tailed bat Nyctinomops macrotis NF 
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M044 Pygmy rabbit Brachylagus idahoensis NF 
M047 Desert cottontail Sylvilagus audubonii NF 
M051 Black-tailed hare Lepus californicus UB 
M053 Alpine chipmunk Tamias alpinus SA 
M054 Least chipmunk Tamias minimus NF 
M060 Merriam’s chipmunk Tamias merriami NF 
M061 California chipmunk Tamias obscurus NF 
M064 Panamint chipmunk Tamias panamintinus NF 
M065 Uinta chipmunk Tamias umbrinus NF 
M067 White-tailed antelope squirrel Ammospermophilus leucurus NF 
M068 San joaquin antelope squirrel Ammospermophilus nelsoni NF 
M069 Townsend’s ground squirrel Spermophilus townsendii NF 
M071 Rock squirrel Spermophilus variegatus NF 
M072 California ground squirrel Spermophilus beecheyi UB 
M073 Mohave ground squirrel Spermophilus mohavensis NF 
M074 Round-tailed ground squirrel Spermophilus tereticaudus NF 
M076 Gray squirrel Sciurus carolinensis NF 
M078 Fox squirrel Sciurus niger NF 
M082 Townsend’s pocket gopher Thomomys townsendii NF 
M083 Northern pocket gopher Thomomys talpoides NF 
M086 Little pocket mouse Perognathus longimembris NF 
M087 San joaquin pocket mouse Perognathus inornatus NF 
M088 Great basin pocket mouse Perognathus parvus NF 
M089 White-eared pocket mouse Perognathus alticola NF 
M090 Yellow-eared pocket mouse Perognathus xanthonotus NF 
M091 Long-tailed pocket mouse Chaetodipus formosus NF 
M092 Bailey’s pocket mouse Chaetodipus baileyi NF 
M093 Desert pocket mouse Chaetodipus penicillatus NF 
M094 San diego pocket mouse Chaetodipus fallax NF 
M095 California pocket mouse Chaetodipus californicus NF 
M096 Spiny pocket mouse Chaetodipus spinatus NF 
M097 Dark kangaroo mouse Microdipodops megacephalus NF 
M098 Pale kangaroo mouse Microdipodops pallidus NF 
M099 Ord’s kangaroo rat Dipodomys ordii NF 
M100 Chisel-toothed kangaroo rat Dipodomys microps NF 
M101 Big-eared kangaroo rat Dipodomys elephantinus NF 
M102 Narrow-faced kangaroo rat Dipodomys venustus NF 
M103 Pacific kangaroo rat Dipodomys agilis NF 
M104 Heermann’s kangaroo rat Dipodomys heermanni NF 
M106 Giant kangaroo rat Dipodomys ingens NF 
M107 Panamint kangaroo rat Dipodomys panamintinus NF 
M108 Stephens’ kangaroo rat Dipodomys stephensi NF 
M109 Desert kangaroo rat Dipodomys deserti NF 
M110 Merriam’s kangaroo rat Dipodomys merriami NF 
M111 San joaquin kangaroo rat Dipodomys nitratoides NF 
M114 Salt-marsh harvest mouse Reithrodontomys raviventris NF 
M115 Cactus mouse Peromyscus eremicus NF 
M116 California mouse Peromyscus californicus NF 
M118 Canyon mouse Peromyscus crinitus NF 
M121 Northern grasshopper mouse Onychomys leucogaster NF 
M122 Southern grasshopper mouse Onychomys torridus NF 
M123 Hispid cotton rat Sigmodon hispidus NF 
M124 Arizona cotton rat Sigmodon arizonae NF 
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M125 White-throated woodrat Neotoma albigula NF 
M126 Desert woodrat Neotoma lepida NF 
M135 Townsend’s vole Microtus townsendii SA 
M138 Sagebrush vole Lemmiscus curtatus NF 
M139 Muskrat Ondatra zibethicus NF 
M140 Black rat Rattus NF 
M141 Norway rat Rattus norvegicus NF 
M142 House mouse Mus musculus UB 
M146 Coyote Canis latrans UB 
M148 Kit fox Vulpes macrotis NF 
M150 Island fox Urocyon littoralis NF 
M157 Long-tailed weasel Mustela frenata UB 
M160 American badger Taxidea taxus UB 
M162 Striped skunk Mephitis UB 
M164 Sea otter Enhydra lutris NF 
M166 Bobcat Felis rufus UB 
M167 Northern fur seal Callorhinus ursinus NF 
M168 Guadalupe fur seal Arctocephalus townsendi NF 
M169 Northern sea lion Eumetopias jubatus NF 
M170 California sea lion Zalophus californianus NF 
M171 Harbor seal Phoca vitulina NF 
M173 Northern elephant seal Mirounga angustirostris NF 
M174 Wild horse Equus caballus NF 
M175 Feral burro Equus asinus NF 
M176 Wild pig Sus scrofa NF 
M178 Fallow deer Cervus dama NF 
M179 Sambar Cervus unicolor NF 
M180 Axis deer Cervus axis NF 
M182 Pronghorn Antilocapra americana NF 
M183 Mountain sheep Ovis canadensis NF 
M184 Barbary sheep Ammotragus lervia NF 
M185 Himalayan tahr Hemitragus jemlahicus NF 
M186 Feral goat Capra hircus NF 
R002 Sonora mud turtle Kinosternon sonoriense NF 
R003 Pond slider Chrysemys scripta NF 
R005 Desert tortoise Gopherus agassizi NF 
R006 Spiny softshell Trionyx spiniferus NF 
R007 Switak’s barefoot gecko Coleonyx switaki NF 
R008 Banded gecko Coleonyx variegatus NF 
R009 Leaf-toed gecko Phyllodactylus xanti NF 
R010 Desert iguana Dipsosaurus dorsalis NF 
R011 Chuckwalla Sauromalus obesus NF 
R012 Zebra-tailed lizard Callisaurus draconoides NF 
R013 Colorado desert fringe-toed lizard Uma notata NF 
R014 Coachella valley fringe-toed lizard Uma inornata NF 
R015 Mojave fringe-toed lizard Uma scoparia NF 
R017 Desert collared lizard Crotaphytus insularis NF 
R018 Long-nosed leopard lizard Gambelia wislizenii NF 
R019 Blunt-nosed leopard lizard Gambelia silus NF 
R020 Desert spiny lizard Sceloporus magister NF 
R021 Granite spiny lizard Sceloporus orcutti NF 
R022 Western fence lizard Sceloporus occidentalis UB 
R024 Side-blotched lizard Uta stansburiana UB 
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R025 Long-tailed brush lizard Urosaurus graciosus NF 
R026 Tree lizard Urosaurus ornatus NF 
R027 Small-scaled lizard Urosaurus microscutatus NF 
R028 Banded rock lizard Petrosaurus mearnsi NF 
R029 Coast horned lizard Phrynosoma coronatum NF 
R030 Desert horned lizard Phrynosoma platyrhinos NF 
R031 Short-horned lizard Phrynosoma douglassi NF 
R032 Flat-tailed horned lizard Phrynosoma mcalli NF 
R033 Granite night lizard Xantusia henshawi NF 
R034 Desert night lizard Xantusia vigilis NF 
R035 Island night lizard Xantusia riversiana NF 
R038 Orange-throated whiptail Cnemidophorus hyperythrus NF 
R041 Panamint alligator lizard Gerrhonotus panamintinus NF 
R043 California legless lizard Anniella pulchra NF 
R044 Gila monster Heloderma suspectum NF 
R045 Western blind snake Leptotyphlops humilis NF 
R047 Rosy boa Lichanura trivirgata NF 
R050 Spotted leaf-nosed snake Phyllorhynchus decurtatus NF 
R051 Racer Coluber constrictor UB 
R052 Coachwhip Masticophis flagellum NF 
R053 California whipsnake Masticophis lateralis NF 
R054 Striped whipsnake Masticophis taeniatus NF 
R055 Western patch-nosed snake Salvadora hexalepis NF 
R056 Glossy snake Arizona elegans NF 
R057 Gopher snake Pituophis melanoleucus UB 
R058 Common kingsnake Lampropeltis getulus UB 
R060 Long-nosed snake Rhinocheilus lecontei UB 
R061 Common garter snake Thamnophis sirtalis UB 
R062 Western terrestrial garter snake Thamnophis elegans UB 
R064 Northwestern garter snake Thamnophis ordinoides SA 
R065 Checkered garter snake Thamnophis marcianus NF 
R066 Western ground snake Sonora semiannulata NF 
R067 Western shovel-nosed snake Chionactis occipitalis NF 
R068 Western black-headed snake Tantilla planiceps NF 
R069 Southwestern black-headed snake Tantilla hobartsmithi NF 
R070 Lyre snake Trimorphodon biscutatus NF 
R071 Night snake Hypsiglena torquata NF 
R072 Western diamondback rattlesnake Crotalus atrox NF 
R073 Red diamond rattlesnake Crotalus ruber NF 
R074 Speckled rattlesnake Crotalus mitchelli NF 
R075 Sidewinder Crotalus cerastes NF 
R076 Western rattlesnake Crotalus viridis UB 
R077 Mojave rattlesnake Crotalus scutulatus NF 
* UB = Ubiquitous, NF = Non-forest, SA = Reserved (wilderness or Park) and/or small area, NB = Does not 

breed in SPI lands 
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The fish species listed in Table 6 are infrequent visitors to the waters on SPI lands or normally 
are found in main-stem rivers, stream estuaries, lakes, reservoirs, and so forth, some distance 
downstream from SPI ownership.  They may be potentially affected by the quality of water 
leaving our land.  Sierra Pacific will ensure that this water meets state-mandated water quality 
requirements and does not believe their habitat requirements need to be further evaluated at 
this time. 

Table 6.  Fish Species Considered but not Directly Included  

Common Name Scientific Name Legal Status* 
RARE VISITORS 
pink salmon Oncorhynchus gorbuscha  
chum salmon Oncorhynchus keta  
DOWNSTREAM OCCUPANTS 
 Modoc sucker  Catostomus microps   S 
Tahoe sucker Catostomus tahoensis  
Cui-ui Chasmistes cujus E 
Pacific lamprey Lampetra tridentate  
river lamprey Lampetra ayresi C 
Pacific brook lamprey Lampetra pacifica  
white sturgeon Acipenser transmontanus  
green sturgeon Acipenser medirostris C 
Pacific herring Clupea harengeus pallasii  
delta smelt Hypomesus transpacificus  T,S 
eulachon Thaleichthys pacificus  
longfin smelt Spirinchus thaleichthys C 
Sacramento blackfish Orthodon microlepidotus  
hardhead Mylopharodon concephalus  
hitch Lavinia exilicauda  
Sacramento squawfish Ptychocheilus grandis  
Lahontan Lake tui chub Gila bicolor pectinifer  
Lahontan Creek tui chub Gila bicolor obesa  
thicktail chub (extinct?)  Gila crassicauda  
Sacramento splittail Pogonichthys macrolepidotus C 
California roach Hesperoleucus symmetricus  
topsmelt Atherinops affinis  
Sacramento perch Archoplites interruptus  
shiner perch Cymatogaster aggregata  
tule perch Hysterocarpus traski  
tidewater goby Eucyclogobius newberryi E 
arrow goby Clevelandia ios  
Pacific staghorn sculpin Leptocottus armatus  
rough sculpin Cottus asperrimus C,S 
coastrange sculpin Cottus aleuticus  
Paiute sculpin Cottus beldingi  
bigeye marbled sculpin Cottus klamathensis macrops  
starry flounder Platichthys stellatus  
* T= federal threatened, E= federal endangered, C= federal candidaate or proposed, S= California rare, 

threatened, protected, or species of special concern, F= Forest Service sensitive, B= Bureau of Land 
Management sensitive. 

 



Table 7. Spherical Densiometer - measured Canopy Cover at Den and Nest Sites 

  
  

Canopy Closure 
PAFI NOGO CSO All 

n= 131 92 35 258 
Average 79.9 81.1 88.0 81.4 
Median 85.4 84.1 90.0 86.1 
Std Dev 18.1 14.3 8.7 16.0 

Min 11.5 34.9 60.9 11.5 
Max 99.4 99.4 99.9 99.9 

 
 
 
Table 8. Den and Nest Structures and Den/Nest Site Characteristics 

Nest/Den STRUCTURE       

 Pacific Fisher Northern Goshawk California Spotted Owl 

Number 131 92 35 

Mean DBH 30.6 28.4 36.2 

Range 12.0 – 74.8 13.0 – 79.1 17.0 – 76.1 

Mean -/+1 SD 17.91 – 43.24 15.7 – 41.1 21.6 – 50.7 

Median 27.4 25.0 32.1 

Nest/Den SITE QMD data (1.05-ac. plot) 
 Pacific Fisher Northern Goshawk California Spotted Owl 

Number of 
1.05-ac. plots measured 131 92 35 

Mean QMD 13.4 17.4 16.5 

Range 6.2 – 33.3 10.3 – 40.1 10.5 – 22.3 

Mean -/+1 SD 9.9 – 16.9 12.9 – 21.8 13.7 – 19.4 

Median 13.0 17.4 16.2 

 
Table 9.  Trees per Acre ≥22 inches dbh at Den and Nest Sites 

  
  

TPA ≥22” dbh 
PAFI NOGO CSO All 

n= 131 92 35 258 
Average 15.1 31.3 28.7 22.7 
Median 13.5 30.4 27.0 20.2 

Std Dev 12.5 21.0 10.4 17.3 
Min 0.0 0.0 10.1 0.0 
Max 57.4 87.7 54.0 87.7 

 





 

 

APPENDIX 4.2 

Cross Plots 
  



 

 

 



Appendix 4.2 – SPI NSO/CSO HCP 

1 

Appendix 4.2 – SPI Cross Plot Data for Reproductive 
Nest and Den Sites 

SPI Staff Biologists 

Sierra Pacific Industries 

8/10/2018 

 

  



Appendix 4.2 – SPI NSO/CSO HCP 

2 

Starting in the early 1990s SPI began implementing reproductive nest, and den site 
measurements by a procedure we now call cross plots. As implemented by SPI these plots 
consist of measurements of the nest or den structure and the sample plot represents almost a 
33% sample of the surrounding one acres (nest or den site) (Pious 1990; unpublished; Louisiana-
Pacific Corporation, Calpella, California). Pious based his protocol on the sampling methods 
described by Bingham (1989; Redwood Sciences Lab, Arcata, California) and used perpendicular 
strips that are centered on the habitat element (nest tree, etc.). Further modifications have been 
made through the years by SPI to the Pious methodology to improve the efficiency of data 
collection while adequately describing the variables of highest priority. The specific cross plot 
measurement procedure is included as Exhibit A of this document. 

SPI has collected nearly 500 of these reproductive sites habitat plots including such species as 
marten, fisher, northern spotted owl, northern goshawk, silver-haired bats and California spotted 
owls. A summary of some of the attributes on the nest and den structures and the nest or den 
sites (the acre surrounding the plot) is show below in Table 4.2.1. 

Table 4.2.1. Cross Plot Reproductive Nest and Den Structures and Nest or Den Sites. 

2017 SPI Cross Plot Summary 
All Plots 

Measured 
Through 2017 

Marten – 
Maternal 

Fisher – 
Maternal 

Northern 
Spotted 

Owl 
Northern 
Goshawk 

Silver-
Haired Bat 

California 
spotted 

owl 
n 104 149 26 99 8 106 

DEN/NEST structure 
Mean dbh 32.8 31.5 38.2 28.2 29.5 39.7 
Std Dev 11.7 13.4 15.7 12.4 11.6 14.1 
Range 8.5–52.0 28.2–84.0 12.1–65.8 13.0–79.1 11.7–47.1 17.0–85.0 
Median 33.1 28.2 42.8 25.2 31.8 37.5 
Mean (+ and -) 1 
SD 21.2–44.5 18.1–45.0 22.5–53.9 15.9–40.6 17.9–41.2 25.6–53.8 
       

DEN/NEST Site data 
QMD 15.1 14.2 16.7 17.5 13.6 17.7 
Std Dev 3.69 4.6 6.4 4.3 2.9 3.3 
Range 8.0–30.0 6.2–33.5 10.1–33.8 10.3–40.1 10.7–18.6 10.5–29.8 
Median 15.2 13.6 15.1 17.5 12.8 17.7 
Mean (+ and -) 1 
SD 11.7–18.8 9.6–18.9 10.3–23.1 13.2–21.8 10.6–16.5 14.5–21.0 
       

A more detailed look at the 132 cross plot data for specifically NSO, CSO and NSO/CSO 
combined are presented below in Tables 4.2.1, 4.2.2, and 4.2.3. 
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Table 4.2.3 is provided because these two subspecies utilize similar habitats, and SPI manages 
across the historically identified contact zone for these subspecies. Recent genetic testing has 
shown that there is an extensive hybrid zone overlapping most of the NSO range on SPI Plan 
Area lands (Miller et al. 2017). Adding the measured data sets together provides potentially 
more reliable estimates of the variables of interest. This table is provided to describe 
reproductive nest sites for “spotted owl” on or near SPI lands.  

NSO Cross plots - Nest Site n=26
% Canopy 

Closure QMD BA
TPA               

≥ 22"DBH Elev.
Nest Tree 

DBH
mean 94.8 16.7 213.6 19.5 3246.2 38.2
median 96.2 15.1 195.3 20.2 3300.0 42.8
std dev 4.9 6.4 86.2 12.1 830.5 16.0
min 82.8 10.1 101.4 3.4 840.0 12.1
max 99.9 33.7 428.6 43.9 4400.0 65.8
lower bound 89.9 10.3 127.5 7.4 na 22.2

Table 4.2.1 NSO Nest and Nest Site Data

Note: QMD is Quadatic Mean Diameter, BA is Basal Area, TPA is Trees per Acre, 
Elev. is Elevation, and DBH is Diameter at Breast High.

CSO  Cross plots - Nest Site n=106
% Canopy 

Closure QMD BA
TPA               

≥ 22"DBH Elev.
Nest Tree 

DBH
mean 91 17.7 244 31 3822 40
median 92 17.7 231 30 3870 38
std dev 7 3.2 78 14 779 14
min 61 10.5 104 0 2440 17
max 100 29.8 485 74 5900 85
lower bound 84 14.5 166 18 na 26

Table 4.2.2 CSO Nest and Nest Site Data

Note: QMD is Quadatic Mean Diameter, BA is Basal Area, TPA is Trees per Acre, 
Elev. is Elevation, and DBH is Diameter at Breast High.

NSO and CSO cross plots - nest site n=132
% Canopy 

Closure QMD BA
TPA               

≥ 22"DBH Elev.
Nest Tree 

DBH
mean 90 17.5 238 29 3708 39
median 92 17.3 226 27 3730 38
std dev 7 4.1 80 14 819 14
min 61 10.1 101 0 840 12
max 100 33.7 485 74 5900 85
lower bound 83 13.5 158 15 na 25

Table 4.2.3 Combined Spotted Owl Nest and Nest Site Data

Note: QMD is Quadatic Mean Diameter, BA is Basal Area, TPA is Trees per Acre, 
Elev. is Elevation, and DBH is Diameter at Breast High.
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CROSS PLOT PROCEDURE 

Introduction: The purpose of this document is to describe the methods to be used in sampling 
the vegetation structure and composition of habitats important to wildlife. The emphasis will 
be on forested habitats, specifically the elements and areas of the forest chosen by individuals 
of a variety of species for important life functions such as nesting, resting, winter hibernation, 
etc. 

As described in A Guide to Wildlife Habitats of California (Mayer and Laudenslayer 1988), 
habitat elements are “specific physical and biological attributes of the landscape without which 
certain species are not expected to be present, or if present, are at relatively low population 
numbers.” More precise evaluations of wildlife habitat relationships are possible if information 
about elements is considered. Elements important to wildlife (nest trees, snags, den logs) may 
occur at non-random distributions and to include the data specific to them when 
characterizing the site may bias the description of the habitat setting in which they are found. 
For the purposes of this methodology, a distinction will be kept between the habitat element 
chosen by an animal and the habitat immediately surrounding the element, or the site. 

Therefore, in addition to collecting data on the feature itself (the nest, roost, resting structure, 
or den), characterizing the existing habitat will involve two scales of analysis. The first analysis 
will be at the scale of describing the element(s) of the forest with which the nest, roost, den, 
etc., is associated e.g., a tree, snag, log, or log complex. The second analysis is to quantify the 
area immediately surrounding the element of the forest chosen by the animal, i.e., the site. 

The sampling methods are derived from those developed by Pious (1990; unpublished; 
Louisiana-Pacific Corporation, Calpella, California). Pious based his protocol on the sampling 
methods described by Bingham (1989; Redwood Sciences Lab, Arcata, California) and used 
perpendicular strips that are centered on the habitat element (nest tree, etc.). Further 
modifications have been made through the years by SPI to the Pious methodology to improve 
the efficiency of data collection while adequately describing the variables of highest priority. 

This is not a stand-alone document for collecting habitat data to add to the SPI wildlife 
database. It is intended to be used in conjunction with individual field training in this 
methodology. Alternatively, it could be used simply as a reference for communicating how a 
variable was collected. 
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Equipment 

1. map, or better yet a guide, to the feature of interest 
2. HP95 handheld programmable calculator with cross (Pious) plot program (+ connecting 

cable if using two) 
3. one set of forms for the 1) Header information 2) the feature and 3) the habitat element 
4. > two sets of 6-page-data-sheets per plot + “cheat sheet” for codes and abbreviations 

(paper forms needed as backup) 
5. 75-foot-diameter tape 
6. compass 
7. clinometer 
8. spherical densiometer 
9. SPI wildlife tree tags 
10. aluminum nails 
11. flagging 
12. pencil 
13. increment borer (long) 
14. relaskop (if plot is centered on a tree e.g., a nest or a tree rest site; optional) 
15. binoculars or spotting scope (optional) 

Methods 

Please refer to the attached diagram. Using the approximate center of the habitat element (center 
of the tree, center of the log den, etc.) as the center of the plot, four strips (or arms), with three 
subplots per arm are established. Using the 75-foot-diameter tape, the centerline of each arm is 
identified. Use flagging (tied to vegetation, to a stick jammed in the ground, etc.) to mark the 
intersection of the centerline with the start of each subplot and the end of the third subplot. The 
dimensions of each subplot are 32.8 feet X 32.8 feet. A central subplot (32.8 feet X 32.8 feet) 
surrounds the habitat element where only data to complete the header(s)/cover sheet(s) is 
collected. Thus, the plot consists of four perpendicular arms of the dimensions 32.8 X 98.4 feet, 
each starting at a distance of 16.4 feet away from the approximate center of the habitat element, 
or wildlife structure, being described. Field personnel will collect data within a 16.4-foot distance 
from the centerline in each arm, according to the sampling protocol detailed below. 

Data Collected: All Den/Rest/Nest Sites 

o Site ID (or Tag No.) 
o T; R; S; QTR; of QTR the Township, Range, and Section legal location, to the nearest 

sixteenth section 
o Date 6-digit date for month, day, year: MM/DD/YY 
o Wildlife Species 
o Sex (Code) 
o Nest/Rest Type 
o Name – if wildlife feature being measured is an outcome of a study where individual 

animals are known by name, or other unique identifier, complete this item. 
o Owner SPI, USFS, BLM, PVT (other private landowner) 
o Slope 
o Aspect 
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o Elevation 
o Cruiser Initials 
o Structure Composition – brief description of structure being used by the animal when it 

was originally identified as a wildlife habitat element; for example: mistletoe broom, 
broken top, cavity with entrance halfway up the bole, limb, fork of tree, etc. 

o Dimensions: W/L/H 
o Aspect of Structure or Entrance 
o Height of Structure or Entrance 
o Position in Tree 
o Distance to Trunk 
o Overhead Closure at Structure or Entrance 
o Location Date 
o Comments – record information here regarding observations on the feature 

characteristics that are not covered by the data but you believe could be important 

Data Collected: Den/Rest/Nest Tree 

o Tree Species 
o Tree Diameter 
o Tree Height 
o Tree Age (if green 
o Canopy Class 
o Diameter at Structure or Entrance 
o Tree Condition 
o Bole Condition 
o Cavities 
o Position of Tree on Slope 
o Distance to Water Source 
o Permanence of Water Source 
o Water Source Class – from the California Forest Practices Rules 
o Distance to Human Disturbance 
o Type of Disturbance 
o Comments – record information here regarding observations on the habitat element 

characteristics that are not covered by the data but you believe could be important 

Data Collected: Physiography 

Physiography data should be collected in subplot 2 of each of the four arms of the plot; however, 
observations will be made throughout the arm for some variables, e.g., prescription. 

o Initials 
o Page __ of __ 
o Plot Tag # and Plot # 
o MM/DD/YY 
o Owner 
o Origin: M = Managed, N = Natural, P = Plantation 
o Prescription – management prescription previously applied to this stand 
o Moisture: W = Wet, M = Mesic, D = Dry 
o Topography 
o Elevation 
o Slope % 
o Aspect 



Appendix 4.2 – SPI NSO/CSO HCP 

Exhibit A – Cross Plot Procedure of Appendix 3.2 –  
Cross Plot Nest and Den Measurements 

8 

o P. Stream, A. Stream, Seep/Spr, Lake/Pond, Pri Road, Sec Road: for each item, enter a 
1 or 0 to indicate if that feature is visible or not visible from the plot; must be within 
400 feet of the plot; if the feature is present within the plot, enter a 3 

o Comments 

Data Collected: Logs 

A log is defined as a bole or piece of wood that is in contact with the ground at least at one end 
and as coarse woody debris, appears to function as a log, or more so than a snag. If any portion 
of the log is in the plot, the log is counted. Minimum size criteria are >10.0 in. at the large end 
and >6 feet length. Do not count a log twice if it extends into more than one arm of the plot. 

o Plot size is 98.4 X 32.8 feet 
o Species 
o Class – diameter class that describes the large end of the log. 
o Decay- decay class that describes the log 

Data Collected: Trees >15.75 inches dbh 

o Plot Size is 98.4 X 32.8 feet 
o Species 
o Dbh – nearest two-inch diameter class 
o Height Class 
o Canopy Class 

Data Collected: Snags >4.7 inches dbh 

A snag is defined as a standing, dead tree (or bottom portion of a tree) >3.3 feet in height. 

o Plot Size is 98.4 X 32.8 feet 
o Species 
o Dbh – nearest 2-inch-diameter class 
o Height Class 
o Decay Class 
o Origin: C = snag originated in the current stand 

 P = snag originated in the previous stand 
o Fire – presence or absence of exposure to fire 
o Cavities – presence or absence of cavities 

Data Collected: Trees 5.1–15.75 inches dbh (small trees) 

o Plot Size is 32.8 X 32.8; data is collected in subplots 1 and 3 of each arm 
o Subplot enter the letter-digit combination to designate the subplot; e.g., N1, N3, E1, etc. 
o Species 
o Dbh – nearest 2-inch-diameter class 
o Height Class 
o Canopy Class 

Data Collected: Trees <5.1 inches dbh and >6.6 feet tall (saplings) 

o Plot Size is 32.8 X 32.8; data is collected in subplots 1 and 3 of each arm 
o Subplot enter the letter-digit combination to designate the subplot; e.g., N1, S3, E1, etc. 
o Species enter the 2-digit code for species (attachment) 
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o Height Class enter the two-digit code indicating the height class that describes the tree 
(attachment) 

o No.: enter the number counted 
o Tally if there are more than a few saplings; this field is useful to keep a running tally of the 

trees in each species/height category 

Data Collected: Cover Class 

In each subplot 1 and 3, visually estimate the proportion of the area covered by each of the 
following categories of vegetation, cwd, litter or rock. If any of the elements is present, no matter 
how small a percentage of the ground cover it represents, 1–5 should be entered. Zero indicates 
true “absence.” 

o Plot Size is 32.8 X 32.8; data is collected in subplots 1 and 3 of each arm 
o Subplot designate the subplot in which the data is being collected, e.g., N1, N3, E1, E3, 

etc. 
o Conifer Trees – cover of conifer trees less than 6.6 feet tall 
o Hardwood Trees – cover of hardwood trees less than 6.6 feet tall 
o Evergreen Shrubs 
o Deciduous Shrubs 
o Ferns 
o Rock – (any material >2.8 inches diameter) 
o Coarse Woody Debris – (CWD) 2–6 inches 
o Litter <2 inches – (leaf, cone, fine twigs and other non-woody material) 
o Herbs – herbaceous plants excluding grasses 
o Grass 
o Moss – mosses and other bryophytes 
o Lichen – terrestrial species and epiphytic lichens that have fallen to the ground 

Data Collected: Total Canopy Cover 

Canopy cover is estimated twice in each arm of the plot, using a concave spherical densiometer 

At the intersection of the centerline of each arm with the beginning edge of subplot one and the 
outermost edge of subplot three, four densiometer readings are taken, in each of the cardinal 
directions, and averaged for the canopy cover estimate at that point. The densiometer is held 
away from the observer so that the reflection of the top of the observer’s head is even with the 
bottom of the grid. The grid etched in the densiometer consists of 24 squares. The observer is to 
envision four dots placed equidistant inside of each square and count the dots that are covered 
by the reflection of overhead vegetation. Another way to consider the technique is that the 
observer makes 96 yes/no decisions, in four directions for 384 decisions, to estimate canopy 
closure at that point. The correction factor suggested by the manufacturer of the densiometer is 
not incorporated in the canopy cover estimate for this methodology. The consensus in the 
scientific literature is that the spherical densiometer does not give a highly accurate measure of 
canopy closure and the correction factor does not improve this. Canopy closure information from 
the data collected by this methodology will generally be presented in ranges, e.g., 40–59%, which 
is the moderate canopy closure class in the California WHR system. The uncorrected readings 
from the densiometer are assumed sufficiently accurate in this context. 



Appendix 4.2 – SPI NSO/CSO HCP 

Exhibit A – Cross Plot Procedure of Appendix 3.2 –  
Cross Plot Nest and Den Measurements 

10 

Data Collected: Site Tree 

Increment-core three or more dominant or codominant trees per plot. Core more than three trees 
only if there is significant variation among the ages of the first three trees. Ideally, trees will be on 
the plot; however, on occasion trees close to but off the plot will be the most appropriate 
candidates. 

o Species 
o Dbh – nearest 0.1 foot 
o Height – nearest 1 foot 
o Canopy Class 
o Age increment cores, ring count; note whether age had to be approximated due to rot or 

extrapolated due to the size of the tree being larger than the increment borer 
o Comments 
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4.3.1 INTRODUCTION 
This appendix describes the process that Sierra Pacific Industries (SPI) has used to spatially 
estimate the current and future conditions of a large timberland ownership. The following are 
described herein: 

1. The forest inventory and stand typing process, 

2. The landscape planning process for future harvest, 

3. The growth modeling process, 

4. The hexagon network, 

5. The determination of habitat thresholds for tracking landscape trends in terms of 
Potential Habitat Areas (PHAs), along with the present and projected counts of PHAs,  

6. The determination of habitat thresholds for estimated take of occupied activity centers 
(ACs) for the 50-year permit term. 

4.3.2 FOREST INVENTORY AND STAND TYPING PROCESS 
SPI has an extensive grid of inventory plots covering its lands. Various forest stand parameters 
are measured at each plot to gather forest inventory information, and the results are “grown” 
with forest growth models between re-measurements. SPI re-measures these plots every 10 to 
12 years. The inventory system consists of one sample point on approximately every 4 acres on a 
predetermined grid, resulting in a total of about 400,000 plots (Figure 4.3.1). The density of 
sampling allows for the data-driven approach to Habitat Form development, mapping, and 
management.  
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(Outlined square is a Section, approximately 1 square mile). 

Figure 4.3.1. Example Map of SPI Inventory Plot Grid  

Figure 4.3.1 shows an example of stands, the grid-based inventory plots (one sample point every 
4 acres across the Plan Area) and the resulting habitat layer (with colors representing different 
Habitat Forms) from the process described below. 

SPI starts by delineating stands in GIS using aerial photography and satellite images. Land class 
(e.g., Mixed, Regen, Even) is then assigned to each stand based on stand history. Habitat Form is 
assigned based on inventory plot data from within the stand. (Land classes are described in 
Table 4.3.1 below, and the inventory parameters used in assignment of Habitat Forms are 
described in Table 4.3.2).  

SPI's Habitat Forms are defined based on the five land classes, using tree size class, large tree 
component, canopy cover (cc), and suitable nest structures. The Habitat Form classifications are 
summarized in Table 4.3.3.   

The forested Habitat Forms range from Habitat Form 1 (HF1; young forest) to Habitat Form 4 
(HF4; high canopy cover, large tree forest). Details of the derivation of the Habitat Form 
classification system is described in Appendix 4.1. This system was based upon the California 
Wildlife Habitat Relationships system (Mayer and Laudenslayer 1988) and further refined using 
inventory data on SPI lands and from data collected at reproductive nest and den sites. Habitat 
Form 2 Light (HF2L), 2 Heavy (HF2H), and 4 (HF4), which are predominantly in the Mixed land 
class, are currently the dominant Habitat Forms on the Plan Area. 
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Table 4.3.1. Definitions of Land Class Used to Develop Habitat Form Categories. 

Land Class Description 

Percent of 
SPI Ownership 

1/1/2016 

Mixed Forest containing a mix of trees in various sizes and ages, often contains dbh of 
12″–24″ and canopy cover over 50 percent. The older Mixed stands contain 
significant numbers of trees in dbh classes 22” to 40” dbh. Rarely contain trees 
≥42″ dbh. Includes presence of hardwoods, large snags, downed logs, and 
understory brush. 

64 

Inoperable Forests not available for economic management due to location, condition, or 
physical constraints (e.g., un-roaded areas, areas with poor soils, or areas with 
low tree density). (Inoperable Land Class is counted as additional Mixed forest.) 

5 

Non-Forest Lands that do not support conifer species (e.g., rock outcrops, talus slopes, 
quarries, grasslands, lakes, and wet meadows). 

2 

Regen Regenerated forest stands, replanted with usually two or more conifer species. 
Generally, under 25 years of age. Trees in the stand are generally the same age 
and height, except for retained trees left behind after logging. As this land class 
ages, it moves into the Even land class. 

28 

Even After Regen stands are mature enough to cruise for standard timber inventory, 
they are considered to be in the Even class. Typically, they are commercially 
thinned at 30–60 years and clearcut at 60-80 years of age. 

1 

 

Table 4.3.2. Definitions and Methods for Determining Forest Stand Parameters 
for Habitat Form Categories. 

Parameter Measurement Definition Method 

Tree Size Class Quadratic Mean 
Diameter (QMD) 

Mean diameter of trees in a 
stand, not including stems 
<5″ dbh 

Derived from SPI’s intensive 
sampling system of actual tree 
diameters 

Large Tree 
Component 

Number of trees per 
acre exceeding large 
tree size threshold 

Number of trees per acre 
≥22″ dbh 

Estimated from SPI’s intensive 
sampling system  

Canopy Cover 
(cc) 

Modeled Vertical 
Projected Canopy  

Percent canopy cover The cover value is derived from 
modeled vertical projection of 
canopy using tree inventory data 
from SPI’s intensive sampling 
system 

Suitable Nest 
Structure 

N/A Hardwood tree or snag ≥22″ dbh, 
or one green conifer or snag 
≥30″ dbh. Trees of these size 
classes are potentially large 
enough and old enough to have 
been subjected to the processes 
that could cause a nest structure 
to develop. 

Assumed that suitable nest 
structures exist if the stand 
includes trees meeting either one 
of the definitions. 
The SPI structure inventory from 
the fisher CCAA (Permit 
TE09082C-O) is included as 
Appendix 4.4. 
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Table 4.3.3. Habitat Forms Definitions and Spotted Owl Habitat. (1/1/2016) 
Habitat Form Minimum QMD and Percent Canopy Cover 

(Age of Mixed in this table are reasonable estimates. SPI does not 
measure age on Mixed inventory plots; age in Even is established 
from planting date). 

Spotted 
Owl 

Habitat 

(NR is nesting 
roosting) 

Percent of Plan 
Area 

(% by Even(E), 
Mixed(M); and the % 
E, M within the HF) 

Early Seral 
Forest Habitat 

Form (HF1) 

HF1 stands usually result from even-aged clearcut 
harvesting, brush field conversion, or reforestation 
following wildfire. The HF1 persists for 10–20 years 
depending on soil classification. HF1 stands gradually grow 
to HF2 following pre-commercial thinning at age 8 to 15. 
HF1 Even is comprised of planted forests. HF1 Mixed is 
comprised of montane chaparral or early seral conditions 
(not planted). (no age) 

No NR 
habitat. Prey 

species 
associated 
with HF1 

13% of Plan Area 
(11% E, 2% M); 

 
% within HF1 

(88% E, 12% M) 

Small Tree, 
High Canopy 
Cover Forest 
Habitat Form 

(HF2L) 

Mixed, Regen, or Even land class with a stand QMD 6 to 
10.9 inches dbh and ≥40 percent canopy cover. HF2L stands 
in the mixed class vary between 30 to 90 years old and 
contain large trees, especially hardwoods and, based upon 
sampling, contain potential nesting structures for spotted 
owls. HF2L in the even class are between 15 and 30 years 
old. 

Dispersal. 
Prey species 
associated 
with HF2L  

28% of Plan Area 
(14% E, 14%M); 

 
% within HF2L 

(49% E, 51% M) 
 

Medium Tree, 
High Canopy 
Cover Forest 
Habitat Form 

(HF2H) 

Mixed or Even class with a stand QMD of 11 to 12.9 inches 
dbh and ≥50 percent canopy cover. HF2H stands in the 
mixed class may have many trees greater than 22 inches 
dbh but not enough to reach a stand QMD of 13 inches 
dbh. HF2H stands grow into HF4 over time when left uncut. 
HF2H stands in the mixed class average >100 years old and 
contain many large trees, especially hardwoods and, based 
upon sampling, contain numerous potential nesting 
structures for spotted owls. HF2H in the even land class are 
between 25 and 40 years old. 

NR, 
Foraging, 

and 
Dispersal. 

Prey species 
associated 
with HF2H 

26% of Plan Area 
(3% E, 23%M); 

 
% withinHF2H 

(11% E, 89% M) 

Open Forest 
Habitat Form 

(HF3) 

Mixed or Even land class with a stand QMD ≥6 inches dbh 
and canopy cover of 10–39 percent. HF3 stands may have 
trees ≥22 inches dbh, but not enough to exceed 40 percent 
canopy cover. HF3 dominant trees vary in age from 60 to 
120 years old 

Foraging 
and likely 
Dispersal. 

 Prey 
species 

associated 
with HF3  

7% of Plan Area 
(0%E, 7%M); 

 
% within HF3 
(0%E, 100%M) 

Large Tree, 
Closed Canopy 

cover Forest 
Habitat (HF4) 

Mixed > 
120 years 
old 

Canopy 
cover 
≥60  
percent 

QMD 
≥13 in. 
dbh 

At least 
9 trees 
≥22 inches 
dbh / ac. 

At least 
1 suitable 
nest 
structure 
per stand 

NR, 
Foraging, 

and 
Dispersal. 

Prey species 
associated 
with HF4 

23% of Plan Area 
(0%E, 23%M); 

% of HF4 
(1%E, 99%M) 

Even 
projected
>35+ 
years old 

Canopy 
cover 
≥60  
percent  

QMD 
≥13 in. 
dbh 

At least 
20 trees 
≥22 inches 
dbh / ac. 

Non-Forest 
(HF5) 

Non-forest areas, cliffs, caves, talus slopes  2% (100% M) 
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4.3.3 THE LANDSCAPE PLANNING PROCESS FOR FUTURE 
HARVEST 
SPI uses the following guiding principles in our land management decisions: 

1. SPI’s overall management objective of providing for a sustainable, stable or increasing, 
predictable, and cost-effective supply of raw materials, for a variety of forest products, 
will primarily determine future landscape conditions. 

7. SPI believes that through planning and research the achievement of this overall 
management objective will result in healthy, fire resilient, and productive forests that will 
provide other forest values, including wildlife habitat. 

8. Disturbance is an inherent and required component to maintain resilient California forest 
stands and landscapes. 

9. Forest management activities can be conducted in a manner that trends current forest 
conditions toward the stand density conditions of pre-European forest disturbance 
regimes. 

10. Forests prior to European management influences were not subject to modern demands 
for wood products. 

11. Landscapes and stands that are capable of supporting a wide range of vertebrate wildlife 
species, including both species thought to be “at risk” and species thought “to benefit” 
from forest management activities, are key elements of what is termed a healthy forest. 

12. A management program that combines research and monitoring with effective 
management adaptation can describe and create the stand and landscape conditions of 
healthy and productive forests, over both the short and long-term. 

4.3.4 SPI OPTION A 
The intent of the California Forest Practices Act (CFPA) is to ensure the “maximum sustained 
production of high-quality timber products is achieved while giving consideration to values 
relating to sequestration of carbon dioxide, recreation, watershed, wildlife, range and forage, 
fisheries, regional economic vitality, employment, and aesthetic enjoyment.” (California Public 
Resources Code §4513). The CFPRs require timberland owners to demonstrate they are meeting 
their management objectives while achieving “Maximum Sustained Production of High Quality 
Timber Products” (14 California Code of Regulations §933.11) (MSP). SPI demonstrates its 
Maximum Sustained Production (MSP) using §933.11(a) or §953.11(a)(referred to as an “Option 
A”).  
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The SPI Option A is a long-term plan (100-year term) for managing the balance of timber 
growth and harvest from its ownership. The SPI Option A is considered a key component of the 
company’s overall business plan, which provides a sustainable, stable to increasing, predictable, 
and cost-effective supply of raw materials for manufacturing a variety of forest products. The SPI 
Option A is an existing California regulatory mechanism under which SPI conducts its operations. 
SPI is not contractually bound to this plan and thus has the discretion to modify or completely 
change its Option A plan. However, to exercise a change in the current Option A requires a new 
planning effort, a submission of a new Option A that includes a process of public disclosure and 
CALFIRE review and approval. 

The CFPR demonstration of MSP requires that the projected inventory resulting from harvesting 
over time shall be capable of sustaining the average annual yield achieved during the last 
decade of the planning horizon. In other words, harvest must generally not exceed growth over 
the long term. Meeting this definition of sustainability does not require a non-declining yield. 
The SPI Option A is a volume- and area-regulated model that demonstrates the balance of 
growth and harvest over time on a decade-by-decade basis. The currently approved SPI 
Option A is a conservative estimate of growth and yield as our on-going field measurements 
show that our measured growth and yield are exceeding the Option A projections. The SPI 
Option A recognizes and integrates the timber management constraints that limit the 
maximization of timber growth opportunities on the SPI ownership. Constraints that limit the SPI 
Option A include: watercourse buffers, visual aesthetics, botanical and wildlife sites, unit 
adjacency, and watershed cumulative effects. SPI also imposed three other constraints into its 
Option A: (1) non-declining yield, (2) Subsequent clearcuts generally are planned to adjoin a 
previous decade’s clearcut unit, and (3) a decadal planning adjacency for clearcut harvest units 
(generally harvest interval is planned for approximately 10 years but actual harvest timing may 
be longer or shorter due to operational issues). 

SPI has a conservative business philosophy, which is consistent with the non-declining yield and 
10-year planning adjacency constraint. SPI operates numerous lumber manufacturing facilities in 
California. The non-declining yield constraint provides an even-flow of materials for those 
manufacturing facilities to allow long-term business planning. By carefully constraining current 
harvest levels and investing significant capital in silvicultural systems that increase stand growth 
rates, our non-declining Option A projects the standing inventory volume will triple, in turn 
allowing harvest levels to more than double. The planning and investments over time will also 
sustain the 5,000 SPI employees and their families and are intended to lead to habitat conditions 
that benefit species like spotted owls. The choice of limiting harvest with a non-declining yield 
affects the distribution and harvest unit allocation across the entire property. Annual growth on 
the timberland will be at a much higher sustainable level after the first rotation on the available 
portion of the land base dedicated to even-aged management. 

The non-declining yield constraint causes the number of even-aged acres harvested to 
systematically decline in each decade of the first rotation across all land classes, without declines 
in yield. To reach maximum sustained production with a non-declining yield and adjacency 
constraints, harvest unit allocation must be done systematically such that the “average stand” is 
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harvested. In order to harvest the “average stand,” harvesting must be distributed across areas 
regardless of soil site classifications and volume per acre. Essentially, each representative stand 
condition needs to be harvested proportionally to its abundance across the ownership. 
Harvesting the soil site classes proportionally to their abundance will also allow for yield from 
the ownership to plateau at a relatively stable annual volume at the end of the first rotation 
(approximately 60 to 80 years). Harvesting timber stands with varying volumes per acre is 
necessary to avoid spikes and rapid declines in the annual harvest volume throughout the term 
of the plan. 

For example, if the Option A allowed the area allocated for harvest in the first 2 decades to 
contain disproportionately higher timber volume per acre than the average, the result would be 
a spike in harvested volume early in the planning period and then an eventual decline in volume 
during later decades when additional acres would not be available for harvest because of the 
area regulation constrained to 60 to 80 years. While this condition may be ameliorated at the 
end of the planning period, it would violate SPI’s self-imposed non-declining yield constraint 
that is central to its Option A. Another example would be if stands having a high soil site 
classification were harvested at a higher frequency than stands with a low soil site classification. 
This example would result in a peak in volume when those high soil site classification stands 
became commercially available to thin, and then following that peak, a reduction in available 
volume would occur as the lower soil site classification land continued to grow towards maturity. 
Harvesting a disproportionate amount of either high or low soil site classification stands or high 
or low volume per acre stands will cause an oscillation in the yield volume at the end of the first 
rotation. Therefore, the objective is to cut the “average stand,” which is achieved by harvesting 
proportionally across the full spectrum of stand conditions during each decade of the plan. 
Simply put, the “best owl” habitat is not cut first and harvest is not concentrated in one area or 
another.  

The constraint requiring even-aged units in subsequent decades to be placed so they adjoin the 
previous decade’s clearcut unit causes the distribution of units within a watershed to be 
repeated. It prevents the targeting of high soil site classification and high volume/acre areas 
disproportionately to their occurrence across the landscape and thus, perpetuates the 
harvesting of the “average” stand. The requirement that clearcuts in subsequent decades must 
adjoin a previous decade’s clearcut minimizes the fragmentation of the current Mixed land class. 

The 10-year adjacency constraint on clearcuts allows the regeneration in clearcuts to double in 
height, develop a larger canopy and root system, and also allows other vegetation within the 
clearcut to become fully established in the growing space between trees before another clearcut 
harvest occurs next to previously harvested unit. The 10-year adjacency constraint is a 
conservative approach to minimizing the potential peak flow effects in watersheds where 
clearcut silviculture is utilized. The SPI Option A harvest activities are generally implemented on 
a planning watershed basis, once every decade. Limiting SPI Option A harvest activities to 
approximately once every 10 years within a watershed allows for all planned harvesting to be 
analyzed comprehensively and provides an accurate assessment of potential watershed effects, 
since all harvesting planned for that decade has been identified. 
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SPI uses timber harvest of existing stands to create two types of stand structures, even-aged and 
multi-aged. Stands being managed for a multi-aged structure are generally constrained by site 
specific conditions that make even-aged management infeasible. Site specific constraints that 
cause a stand to be managed in a multi-aged structure include, but are not limited to: proximity 
to water, geologic instability, soil site classification, elevation, aesthetic values in highly visible 
landscapes, archeological features, sensitive botanical resources, conservation commitments, 
and wildlife resources. Constraints are initially identified remotely using GIS information layers 
including: digital elevation data, watercourse and lake data, digital ortho-photography, geology 
maps, soil data, wilderness and recreation area boundary information, tax parcel data (e.g., 
zoning). A project level assessment of these potential constraints is conducted by a Registered 
Professional Forester (RPF) at the time of THP preparation. Although this constraint on even 
aged management is generally known, it is modified (normally increased) by the site-specific 
analysis of the RPF. As of 2016 from our long-term modeling it is estimated to be 21% of the 
entire land base. (See Mixed HF types total in year 50 in Figure 4.3.11). 

The stands being managed for a multi-aged structure are generally harvested using the single 
tree selection and shelterwood preparatory silvicultural systems. Occasionally the group 
selection method will be utilized. Group selection harvest area openings are up to 2.5 acres in 
size and cannot constitute more than 20 percent of the designated group selection area. Group 
selection harvest areas will resemble the clearcut method, but at a smaller patch size. 

Multi-aged stands generally have a harvest entry once every 20 to 30 years. Multi-aged stands 
associated with a watercourse and lake protection zone (WLPZ) that are contiguous with an 
even-aged stand are entered only when the adjacent even-aged stand is harvested. This is 
expected to occur approximately once every 40 years based on present planning of future 
commercial thinning and rotation harvests. Harvest trees within a WLPZ are marked prior to 
timber operations by a RPF or a designee. In general, multi-aged stands do not have 
investments made in regeneration establishment or release, except in areas harvested by group 
selection or shelterwood prep methods. Although both such areas can be regenerated with 
trees naturally, SPI usually plants these units. 

The stands being managed for an even-aged structure have a projected average harvest age of 
60 to 80 years. Immediately following harvest, an even-aged stand area (called a “unit”) may 
require activities that prepare it for planting. Even-aged stands are regenerated by planting 
conifer seedlings. Seedlings generally come from seed produced within the same seed zone and 
elevation as the harvest unit. Within 10 years following planting, the plantation will be evaluated 
for conifer tree density. If the density of trees is greater than approximately 150 trees per acre, 
then pre-commercial thinning will be prescribed to reduce the tree density to approximately 
130 trees per acre. Pre-commercial thinning (PCT) usually involves workers walking through the 
plantation and cutting down excess trees in a manner that attempts to space the saplings evenly 
to 18 feet. Thinning can greatly increase understory plant density in ponderosa pine forests 
(Moore and Deiter 1992; Covington et al. 1997). Herbaceous plant growth, both grasses and 
forbs, and shade tolerant trees typically increases when additional light reaches the forest floor. 
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At the tree heights of either PCT or commercial thinning these plants do not substantially 
compete with remaining trees. 

When the even-aged stand is approximately 40 years old, it is commercially thinned to 
approximately 65 to 70 dominant trees per acre. At the time of commercial thinning, average 
diameter of trees in the stand is projected to be approximately 16 to 18 inches. Application of 
commercial thinning is dependent on the site quality and stand growth rather than a specific 
age. The next entry will be at or near rotation age and will involve either the final harvest or an 
additional commercial thinning that would reduce the stocking to 32 dominant trees per acre 
and allow the extension of the rotation age approximately another 20 to 40 years.  

Decade by decade, the acreage of even-aged stands created per decade through even-aged 
silviculture (clearcutting) of Mixed Land Class stands will decline through the first rotation of the 
SPI Option A Plan. Not harvesting in every stand every few years (as is the practice in multi-aged 
management) allows stands to accumulate more volume per acre; therefore, the sustainable 
volume target can be met from smaller acreages. As currently estimated, 20 percent to 
30 percent of the Plan Area will not be subject to even-aged silviculture during the term of this 
HCP. A fully regulated 60- to 80-year harvest rotation (which will start late in the 5th decade of 
the permit term) would lead to an annual harvest of 1.2 to 1.7 percent of the land available for 
even-aged silviculture.  

The relative proportion of SPI’s land subject to even-aged silviculture per decade has decreased 
from the first decade of the Option A as follows: 

• 22 to 25 percent in Option A decade 1 (1999 through 2009)  

• 16 to 18 percent in Option A decade 2 (2009 through 2018) 

The relative proportion of SPI’s land subject to even-aged silviculture per future decade is 
projected as follows: 

• 13 to 16 percent in Option A decade 3 (2019 through 2028) (HCP decade 1) 

• 11 to 13 percent in Option A decade 4 (2029-2038) (HCP decade 2) 

Starting in decade five of the Option A, much of the volume target is expected to be contributed 
by commercial thinning, and therefore the actual clearcutting in Option A decades 5 through 7 
(HCP decades 3 to 5) ranges from 1 percent to 3 percent annually. It should be noted that SPI 
has acquired lands (about 10% of current lands) subsequent to approval of the Option A. Those 
lands were amended in to the Option A but are currently being harvested at the rates shown for 
the 1st or 2nd decade of the Option A. 

As discussed earlier, the implementation of the SPI Option A requires that harvest decisions not 
discriminate for or against a certain site or stand type, and that units be evenly distributed over 
the ownership such that the “average stand” is harvested. This harvest allocation process is 
intended to achieve a volume and acreage regulated forest with a non-declining yield. The even 
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distribution of harvest units while accomplishing the harvest of the “average stand” also 
fragments the remaining Mixed land class. In order to minimize the fragmentation of the Mixed 
land class, SPI places sequential harvest units (e.g., second and third decade harvest units) so 
that they adjoin the prior decades’ harvest unit. Grouping units will cause individual 15 to 20-
acre even-aged stands to function as larger (40 to 60 acres) even-aged stands as they mature. 
These stands planted in the first and second decades of the Option A will grow back into HF2H 
and HF4 in the fourth and fifth decades, and begin to connect with other HF2 and HF4 stands, 
reducing long-term stand fragmentation (See Table 4.3.10(b) PHA descriptive statistics). The 
variability in the current distribution and abundance of Habitat Forms is the result of historical 
management, current and past wildfire events, and other practices implemented prior to the 
time the SPI Option A was approved. The projected future frequency of various Habitat Forms is 
described in detail in the Results of Analysis subsection in the Modeling Future Habitat section 
below.    

The SPI Option A favors even-aged management because those methods provide greater stand 
growth than a multi-aged system. The monetary investments made in even-aged silviculture 
(planting, vegetation management, pre-commercial and commercial thinning) will cause future 
SPI forests to have a significantly higher annual growth rate and eventually higher biomass 
volume per acre and increase the average diameter of the trees growing in those stands. The 
increases in stand volume and average tree diameter are primarily the result of controlling the 
density of trees within a stand.    

The initial increase in average tree diameter during the first 50 years of the Option A plan (and 
the first 30 years of the HCP) will result as remaining trees in the Mixed land class stands grow 
larger. During decades 6 and 7 (and continuing beyond) of the Option A plan (the last 2 decades 
of the 50-year HCP), the average size of trees will increase due to the increased volume 
contribution of Even land class stands. Larger tree diameters are achieved in even-aged stands 
because having fewer dominant/codominant trees per acre provides more growing space and 
resources (water, nutrients and sunlight) available for individual tree growth. Density control is 
more easily accomplished in an even-aged stand than in a multi-aged stand because the trees 
are of similar size. This allows silvicultural actions to be completed at only one or two intervals 
during the stand’s 60- to 80-year rotation, rather than repeatedly every 7 to 15 years.  

Repeated entries into a multi-aged forest makes achieving the optimum density and distribution 
of tree sizes difficult because harvesting requires use of heavy equipment. Heavy equipment can 
cause damage to the residual trees, including those that are intended to be future crop trees. 
The degree of damage will vary depending on the individual operator, but a degree of stand 
damage will occur. Stand damage causes a departure from the appropriate stand density and/or 
mix of tree sizes, tree growth rates will decline, regeneration goals are not met, and harvest rates 
therefore must decline or be set at much lower starting rates to remain sustainable. Due to the 
lack of sunlight, regeneration of the native shade-intolerant species like pines, and to some 
extent Douglas fir, also causes species shifts to more shade-tolerant species such as white fir 
and Incense Cedar in stands managed using multi-aged silvicultural prescriptions.  
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Riparian forests (in non-anadromous watersheds) on SPI lands are primarily found within the 
watercourse buffers associated with a perennial water source. Perennial water sources are 
defined by the CFPRs as either a Class I, II, or IV depending on their characteristics (fish bearing 
(I), non-fish bearing (II), manmade channels (IV), etc.) Class III watercourses are intermittent. The 
CFPRs require minimum buffer widths and retention standards that are intended to protect the 
beneficial uses of water. The width of the watercourse buffer varies by the watercourse 
classification as well as harvest method, silviculture, and the steepness of the terrain. The 
watercourse and lake protection rules require the maintenance of vegetation structure diversity 
and a total canopy cover of at least 50 percent retained after harvest, of which the existing 
overstory canopy must contribute at least 25 percent. The canopy covering the ground must be 
left in a well-distributed multi-storied stand configuration composed of a diversity of species 
similar to that found before the start of operations. The standard large tree retention 
requirement calls for the retention of two live trees ≥16 inches dbh/acre, within 50 feet of the 
water transition line and at least 50 feet tall.  

In watersheds that support anadromous salmonids, the protection standards vary depending on 
if the channel is confined or has a migration zone (unconfined). For confined and unconfined 
channels, the CFPRs require a core zone of 30 feet immediately adjacent to and extending from 
the Watercourse Transition Line (WTL) on either side of the channel. The core zone is essentially 
a “No operations zone.” An “outer zone” extends from the outer edge of the core zone. The 
outer zone must maintain at least 70 percent overstory canopy closure and either the 7 or 13 
largest trees (live or dead), on every acre, depending on whether the channel is confined or 
unconfined, respectively.  

In recognition of the high non-timber values associated with riparian areas, SPI manages riparian 
forests for their contribution to water quality and wildlife. The riparian forest makes up 
approximately 8 to 15 percent of the SPI ownership. In steeper areas, where the logging method 
is cable yarding, the proportion of land in riparian forest is approximately 15 percent, whereas 
on lower slope-class areas where the tractor yarding method is used, there is approximately 
8 percent riparian forest.  

The dendritic pattern of these riparian forests serves to provide at least minimal levels of 
connectivity between habitats on SPI and adjoining ownerships. A strategy to improve the 
functionality of these riparian forests for wildlife habitat connectivity was included in the SPI 
Option A MSP during the harvest modeling. Due to the long rotation age of SPI’s even-aged 
forest units (60 to 80 years) there is enough harvest scheduling flexibility to use a harvest model 
constraint that forced planned harvests to occur on one side of a perennial watercourse or the 
other, but not both sides of a watercourse along the same section of stream in the same decade. 
Staggering even-aged harvests adjacent to a perennial watercourse minimizes the constriction 
of the forest canopy cover that occurs when an even-aged timber harvest unit adjoins the 
riparian forest buffer. This is because during the time (~10 years) between watershed harvest 
entries the canopy cover regrows both in the riparian forest and the clearcut unit. 

The initial review of the SPI Option A Demonstration (SPI Option A) was completed and 
approved by the California Department of Forestry and Fire Protection (CALFIRE) in 2003. The 
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first decade compliance review for the period 1999 to 2008 of the SPI Option A was completed 
in 2012. SPI is preparing for the second decade compliance review in 2019. Over the last 
19 years, SPI has harvested 81 percent of the approved volume harvest level that was 
determined to be sustainable under the Option A. As an example, the current public SPI Option 
A document for the CALFIRE Northern District can be found in Appendix 4.5. 

4.3.4.1 Even Aged Management Considerations Over the Permit Term  

Appendix 4.6 addresses the issues that relate to suitability of planted forest as habitat for 
spotted owls.  These include the creation and growth of even-aged stands, the vegetative 
components of those stands, the distribution of such stands, the spotted owl prey species 
associated with these stands, and potential use of such stands by owls for foraging and nesting.  
Appendix 4.6 examines both a case study in NW California where spotted owls currently exist 
within forests subject to even-aged management, and another in the Sierra Nevada where 
spotted owls occur in a large extent of wildfire-origin even-aged forest.  

Appendix 4.6 concludes:  That planted forests in the Even land class will provide suitable 
foraging and nesting habitat for spotted owls.  The overall suitability will be enhanced by the 
continued existence of a portion of today's Mixed habitat in WLPZs and scattered stands, with 
the attendant benefit of increased age and growth among those stands.  

One of the two primary prey species, dusky-footed woodrat, is known to use young 
regenerating stands as its primary habitat.  The second, the northern flying squirrel, is known to 
use second growth stands elsewhere in its range.  In those situations, retention of residual 
habitat components is known to be important for the species; such retention is specified in the 
Conservation Measures of the HCP.  During periods when commercial thinning may temporarily 
reduce flying squirrel habitat, conditions may become suitable for woodrats.  Flying squirrel 
habitat will likely remain permanently in the Mixed stands and WLPZs.  

Spotted owls are known to forage in today's Mixed stands and young Even stands.  Although 
examples of older Even stands do not yet exist for evaluation, spotted owls are known to forage 
in areas where prey is available, and should be able to forage from the retained structures, large 
crop trees, and emerging understory trees that will be present in the new Even stands.  Spotted 
owls would also be expected to continue to forage in the remaining Mixed stands. 

Spotted owl nest habitat that meets and exceeds the stand parameters (canopy cover, QMD, 
and large trees per acre) of today's nesting stands on SPI lands will be present in the older 
Habitat Forms in Even stands.  Retained elements, including large oaks and every surviving nest 
tree used in the past will be present within the Even stands.  The Even stands will include 
understory trees in comparable numbers to today's stands.  Nesting habitat will still exist in the 
aging remaining WLPZs and scattered Mixed stands.   
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Both NSO and CSO are currently known to nest and forage in other ownerships where extensive 
forest was created by planting, including a large industrial ownership that uses extensive even-
aged management.  

In combination, all these factors lead to SPI's conclusion that spotted owls will persist and be 
successful in the combined Even and Mixed forest landscape during the HCP period.  

For a more detailed discussion of this issue, please see Appendix 4.6. 

4.3.5 MODELING OF FUTURE HABITAT 
SPI has developed a spatial modeling process that allows all of the above discussed constraints 
and projected harvest to be applied across its land base, including the Plan Area. Due to the 
complexity of the spatial assignment of harvest, the HCP Habitat Projection model was designed 
to model all harvest for 5-year periods and then apply growth to the resulting stands. In reality, 
the growth and harvest processes are occurring concurrently, so annual estimates of covered 
activities would produce slightly different results. This effort utilizes growth and yield models 
that were developed through cooperative research at the University of California Berkeley and 
reviewed and approved by CALFIRE in its review of our Option A. For modeling projected 
changes under the HCP, SPI has considered all changes (harvesting, fires, and growth) since the 
1999 Option A through 2016 and modeled the next 50 years across the Plan Area. SPI has 
tracked the origin of all current and future stands so that it can estimate the proportion of Even 
or Mixed stands at any point in the 50-year permit period. In order to determine the results of 
all these constraints and decisions and estimate the spatial extent of these modeled future 
conditions across the landscape, SPI has chosen a hexagon methodology. The decisions related 
to such an analysis are discussed below. 

4.3.5.1 The Hexagon Network 

In order to evaluate distribution of existing NSO and CSO suitable habitat, and to project and 
track these quantities over the 50-year term of the HCP, SPI developed a hexagon sampling and 
analysis tool. This network was built from a random starting point south and west of SPI’s entire 
ownership, so each hexagon is a random sample of SPI lands. The same tool is in use in 
implementation of SPI’s CCAA for fisher (SPI 2016). SPI will briefly describe the hexagon analysis 
method in this section. 

To analyze the landscape for this HCP, SPI overlaid a fixed array of 500-acre hexagons across the 
entire ownership in a manner that avoids overlap (which would cause double counting errors) 
and gaps (which would cause omission errors). The network extends across the entire SPI 
ownership and adjacent areas well beyond SPI lands. The rationale for using a hexagon of 500 
acres is described below. After the grid was intersected with the Plan Area, hexagons with no SPI 
ownership were removed from further analysis. Forest stands were delineated, and aggregated 
data from SPI’s forest inventory point plots were integrated into the hexagon analysis areas. The 
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SPI ownership within each hexagon ranges from 1 to 500 acres. The actual SPI acreage 
distribution within the 6,593 hexagons is shown in Table 4.3.4. 

Table 4.3.4. Distribution of SPI Ownership per Hexagon 

There are no data to predict trends and future habitat availability over time for lands adjacent to 
but not owned by SPI. Table 4.3.4 demonstrates that using the SPI ownership to estimate the 
likely habitat for the entire hexagon is well supported. For example, 95 percent of SPI land is 
contained in hexagons that average 124 acres or more of SPI land (i.e., at least 25 percent 
124/500) of a 500-acre hexagon has SPI plot data to describe the forest stands (Habitat Forms). 
Additionally, 85 percent of SPI land is contained in hexagons where SPI lands average 226 acres 
or more (i.e., at least 45 percent (226/500) of a 500-acre hexagon). Therefore, 85 percent of SPI 
land is contained in hexagons where habitat estimates are based on SPI ground measurements 
with a sample point on every 4 acres for a minimum of 45 percent of the hexagon.  

To further support this reliance on SPI data, the surrounding land ownership within these 
hexagons is shown in Table 4.3.5. This table shows that 83 percent of the land ownership in the 
3.2 million acres in the hexagon network is SPI, USFS or other public. Given the lower intensity of 
management on USFS and other public lands relative to SPI’s lands, it is reasonable to assume 
that in most cases the habitat for species associated with forests off ownership is likely as good 
as or better than estimates derived from using SPI land data to estimate these conditions. Yet to 
be clear, for purposes of this projection analysis SPI relies only on our measured plot data, our 
future management, and our resulting conditions to estimate all landscape hexagon conditions 
and to monitor achievement of Conservation Measure 1. 

Table 4.3.5. Ownership Distribution within Hexagons by Size Category 

  

Table 4.3.4 - Distribution of SPI Ownership per Hexagon 

<50 50-99.9 100-149.9 150-199.9 200-249.9 250-299.9 300-349.9 350-399.9 400-449.9 450-500 Total
Hex Count 1,330       700          579          500          524          488          382          405          359          1,326       6,593       
Acre Sum 24,008     52,140     71,751     87,075     118,292   133,617   124,050   151,624   152,875   650,721   1,566,153 
Ave. Acres per size category 18            74            124          174          226          274          325          374          426          491          238          
% of Acres by Size Category 2% 3% 5% 6% 8% 9% 8% 10% 10% 42% 100%
% of hexagons per Size Category 20% 11% 9% 8% 8% 7% 6% 6% 5% 20% 100%

Cumulative Acres 1,566,153 1,542,145 1,490,005 1,418,253 1,331,178 1,212,886 1,079,269 955,220   803,596   650,721   
Cumulative % of landbase 100% 98% 95% 91% 85% 77% 69% 61% 51% 42%
Cumulative Ave Acres/Hex Category 238 293 327 356 382 410 437 457 477 491

Hexagon Size Category

Table 4.3.5 - Ownership Distribution within Hexagons by Size Category

Acres by Owner Class 0-49 50-099 100-149 150-199 200-249 250-299 300-349 350-399 400-449 450-500 Total All Hex%
Sum of SPI 24,058  52,390  71,452  87,075  118,542 133,367 124,050 151,624 152,875 650,721 1,566,153 48%
Sum of USFS 393,792 185,148 136,378 100,348 94,002  70,811  37,870  29,634  14,548  6,142    1,068,673 32%
Sum of other public 32,264  17,682  12,480  10,277  6,716    5,764    4,291    2,930    1,291    712       94,409      3%
Sum of other private 215,436 95,805  67,711  52,318  43,259  33,575  24,803  18,326  10,798  5,473    567,505    17%

3,296,739 100%
SPI, USFS and Other Public 83%

Hexagon Size Category (acres)
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4.3.5.2 Size of Hexagon for Analysis 

The spatial analysis of wildlife habitats often uses hexagons rather than circles to avoid problems 
of overlap or gaps that would occur if circles were used to represent habitat units. (For 
examples, see Noon and McKelvey 1996; Hof and Bevers 2000; and Zielinski et al. 2006.) 

The intensive spatial analysis applied in this HCP is based on the component parts of a potential 
territory for a reproductive pair of spotted owls and their offspring. These components include 
nest stands, the surrounding core use areas, and central portions of the home range that receive 
relatively high use. Our analysis recognizes that spotted owl home ranges are larger than the 
two 500-acre hexagons we have used. However, the scale of our analysis is sufficient to 
represent an important, and perhaps central location, within a potential spotted owl home range 
if it is assumed that other forested areas within the surrounding landscape provide at least 
foraging and dispersal opportunities.  

As described in more detail in following discussion, we aggregated two adjacent qualifying 500-
acre hexagons (1,000 acres) into Potential Habitat Areas (PHAs) that will serve as the unit of 
landscape measure for baseline habitat and habitat trends. These component parts will be used 
for analyzing the Plan Area for presence of PHAs over the term of the agreement. PHAs will be 
the metric for monitoring the achievement of Conservation Measure 1. 

We have chosen 500 acres as the size of hexagons for landscape analysis of the Plan Area for 
this HCP. This area corresponds with a core area of concentrated use by spotted owls in the 
region of the Plan Area, as described below. 

The concept of a “core area” was summarized by Bingham and Noon (1997) as “that part of an 
animal’s home range that receives disproportionate use.” Roberts (2017) elaborated as follows: 
“As central-place foragers, spotted owls concentrate their activities around nests and roosts, 
with foraging activity reduced the farther they move from their nest or roost (Carey et al. 1992; 
Ward et al. 1998). This concentrated use area is commonly referred to as the “core area,” which 
is the amount of habitat a territorial owl or pair and young use consistently, including the 
nesting, roosting, and foraging habitat that contains vital habitat characteristics essential to each 
pair’s survival and reproductive success (Bingham and Noon 1997; Blakesley et al. 2005; 
Rosenberg and McKelvey 1999; Swindle et al. 1999; Williams et al. 2011). The core area is smaller 
than a home range, which is all of the area used by an individual owl.” The Service (USFWS 2012) 
recognized the core area concept of Bingham and Noon (1997) but used the term "core use 
area" instead.  

Two basic methods have been used to estimate the size of the core area used by spotted owls. 
These include nearest neighbor analysis (e.g., Franklin et al. 2000; Seamans and Gutiérrez 2007), 
and derivation from actual location data from radio-telemetry (Bingham and Noon 1997). SPI 
considered using nearest neighbor analysis for selection of a representative core area but found 
that methods used by other researchers and applied to relatively small areas often were poorly 
described and based on assumptions about use by spotted owls. Our attempts to apply the 
nearest-neighbor concept to large areas were hampered by large variability depending on 
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selection of the size of the area for analysis. In contrast, the Bingham and Noon (1997) 
methodology for core area derivation from radio-telemetry data was clear and replicable and 
describes the actual area where concentrated use during the nestling-fledgling period was 
observed. SPI has extensive telemetry data for spotted owl breeding season use at various scales 
around 77 ACs (Raphael et al. unpub. data, Appendices 3.6 and 3.8). We used these data to 
calculate a core area for use as an analysis area. 

Based on the statistical method of Bingham and Noon (1997), applied by Raphael et al. (unpub. 
data, Appendix 3.9) SPI estimated the mean core area of concentrated use by NSOs during the 
nesting season (n = 24) to be 480 acres. The estimated mean core area of CSOs (n = 40) at lower 
elevation areas was 480 acres, and at higher elevation (n = 13) was 710 acres. Combining the 
two areas for the CSO (n = 53), the mean core area was 513 acres. 

Based on these analyses, we have chosen 500 acres as a representative core area for use in the 
HCP. We recognize that 500 acres should not be expected to provide the year-round life history 
needs of a home range, and that is not the intent. Instead, this area is designated to represent a 
consistent central area, based on actual concentrated owl use during the breeding season, that 
can be evaluated and quantified, and provide a metric for describing available baseline habitat 
and projected habitat change. This metric can also be used to describe the entire Plan Area 
landscape and the trend of that landscape over time. As noted above we assume other forested 
portions of the surrounding landscape also provide opportunities for spotted owl foraging and 
dispersal in addition to the habitat identified specifically within hexagons. 

4.3.5.3 Habitat Use as Applied to Hexagons 

The 500-acre nest hexagon and the adjacent 500-acre support hexagon are intended to provide 
habitat of sufficient quality and quantity to represent the nesting stand, core area, and the 
surrounding area of highest use in an owl territory. The derivation of the size of the hexagons 
was described above, and the threshold quantity of habitat will be described in the following 
section entitled Hexagon Habitat Quantity. Here we describe the habitat used on SPI or in 
studies that establishes eligibility for inclusion as part of the Potential Habitat Area. This includes 
the primary SPI Habitat Forms that include most spotted owl ACs on SPI property, and habitat 
types included in definitions of mature forest by other studies. 

As of 2016, almost no HF4 or HF2H occurs in the Even land class; all nests of both subspecies are 
in the Mixed land class. Among 199 spotted owl nest sites documented on SPI land as of 2016, 
73.8 percent are in HF4 and 19.1 percent in HF2H. Among the spotted owl ACs where habitat 
use was evaluated by GPS telemetry (Appendices 3.6 and 3.8), 13 of 16 (81.3 percent) CSO ACs 
were in HF4 and 3 (18.7 percent) were in HF2H. Among NSO ACs, 8 of 12 (66.7 percent) were in 
HF4, 2(16.7 percent) were in HF2H, and 2 were in other types. (The occurrence of ACs in various 
Habitat Forms on SPI lands is summarized in Table 4.3.8 in section 4.3.7 Summary of Thresholds 
for the Hexagon Analysis below).  
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Among 148 CSO nest sites described by Gutiérrez et al. (1992), 45 percent were in USFS timber 
strata types M4N&G (i.e., mixed conifer, trees 24-40" and >40 " dbh, canopy cover 40-69% and 
70+%) and approximately 30 percent were in stands classified as USFS M3N&G (i.e., mixed 
conifer, trees 12-24" dbh, canopy cover 40-69% and 70+%). While not directly comparable, the 
USFS type M4 may generally include larger trees than found in many HF4 stands, and the type 
M3 stands would be more similar to HF4 and portions of HF2H stands (See Appendix 4.1 for 
USFS / SPI typing descriptions). Other studies have aggregated forests with canopy cover and 
average tree diameters similar to HF4 and portions of HF2H into categories for analytical 
purposes (Seamans and Gutiérrez 2007; Tempel et al. 2014) using a variety of types with values 
greater than 12 inches mean dbh and canopy cover greater than 70 percent along with size 
classes that include larger trees. In general, higher amounts of such habitat have been 
associated with greater occupancy and demographic performance. 

We recognize that habitat used by nesting spotted owls on USFS lands generally includes stands 
of trees with larger average tree diameters than nesting habitat used on SPI lands. Several 
recent studies (Tempel et al. 2014, 2016; North et al. 2017) have emphasized the importance of 
forests with canopy cover of >70% in spotted owl occupancy and demographic performance, 
while acknowledging the problems associated with measurement methods. North et al. (2017) 
and Jones et al. (2017) stated that canopy cover provided by large trees is an important 
component of spotted owl habitat. Stands of HF4 and many stands of HF2H in the Mixed land 
class contain canopy cover values provided by trees with relatively large diameters (>22” DBH, 
see Appendix 5.8 DBH Distributions) although potentially smaller than those described for 
Federal lands in these studies. (These studies use remotely sensed information, so we could not 
determine to what extent they are different from SPI data). Future timber stands in the Even land 
class are projected to consist of dominant/codominant trees that are more uniformly sized, but 
they will include structural elements retained when they were planted (Conservation Measure 7: 
legacy trees, hardwoods, Wildlife Trees, etc.). Understory trees that develop and these retained 
elements will provide important components of spotted owl habitat in the later decades of this 
permit.  

Based on this evaluation, and particularly on the occurrence of spotted owl nests in HF4 and 
HF2H in the Mixed land class on SPI lands, we have included HF4 and HF2H as the habitat forms 
for categorization of nesting and support hexagons contributing to PHAs. For the first three 
decades of the HCP, these stands of HF4 and HF2H will be predominantly from the Mixed land 
class. After that time, the Even land class will increasingly contribute to these habitat forms.  

4.3.6 HEXAGON HABITAT QUANTITY 
The following sections examine SPI data sets and other studies to evaluate amounts of habitat at 
500- and 1,000-acre scales (i.e., two adjacent 500-acre hexagons). The evaluation seeks 
representative thresholds of habitat quantities that might substantially contribute toward a 
spotted owl territory (as represented by PHAs). There is considerable variation among data sets 
and studies describing the quantities of habitat types in spotted owl territories. Studies of both 
subspecies evaluated habitat at the 500-acre scale. Because 500 acres represents a core area of 
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concentrated use recognized for both subspecies, this amount forms the basic area for 
evaluation. Several studies of CSO provided perspective at the scales of approximately 1000 to 
1,200 acres. Studies of NSO used scales smaller and larger than 1,000 acres and were not 
directly applicable in evaluating the 1000-acre scale. 

4.3.6.1 Habitat Amount in PHA Hexagons for CSO 

500-Acre Nest Hexagon – CSO   

Raphael (unpub. data, App. 3.9) demonstrated that a concentrated use core area of about 
500 acres was represented by the 65 percent home range kernel in the nesting season GPS data 
(n = 53). In the GPS data for CSO (Appendix 3.8, Table 5) the 65 percent kernels contained a 
mean of about 79.6 percent combined HF2H and HF4, with an SD of about 9.6 percent. 
Considered separately the mean of HF2H is 25.0 percent (SD 20.8%). The HF4 mean is 54.6 
percent (SD 22.6%).  

Blakesley et al. (2005) analyzed habitat in a 500-acre area they called the "nest area" that is 
equivalent to the area called the "core area" in other studies. In their Lassen National Forest 
study area (which borders some SPI lands), half the minimum distance between CSO territory 
centers was equivalent to the radius of a 500-acre circle. In these areas 83% was composed of 
forested stands dominated by trees greater than 12 in. dbh and greater than 40% canopy cover. 
Habitat characters within the 500-acre area surrounding the nest were more important in 
affecting occupancy than habitat at the 2000-acre scale. The amount of the nest area dominated 
by large trees and high canopy cover was positively associated with site occupancy, and 
reproductive output decreased as the amount of nonhabitat within the nest area increased. Nest 
success was higher where remnant trees were present and higher in stands dominated by 
medium-sized trees than by large trees.  

500-Acre Support Hexagon – CSO 

In order to create an area larger than the core to represent a larger portion of a spotted owl 
territory, SPI proposes that a second 500-acre hexagon adjacent to and combined with the nest 
hexagon will define a PHA (the landscape metric) as an area of 1,000 acres.   

To develop the proposed habitat amount for the 1,000-acre two-hexagon PHA for CSO, we 
examined larger kernel areas in the telemetry data. Based on the exponential curve displayed in 
Appendix 3.9, Figure 2, a 1,000-acre core use area is closely approximated by the 75 percent 
kernel for the nesting season telemetry data. This indicates that approximately 3/4 of the 
breeding season nocturnal use was represented in an area of approximately 1000 acres. Per 
Appendix 3.8, Table 5, the 75 percent kernel contained a mean proportion of combined HF2H 
and HF4 of 78.7% (SD=9.1%). Considered separately the mean of HF2H was 25.2 percent (SD = 
19.3%). The HF4 mean was 53.4 percent (SD = 21.0%). Given these estimates for the whole 75% 
kernel and considering just the outer ring of this habitat (i.e., the area between the 50% kernel 
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and the outer limit of the 75% kernel) we estimated that at least 50 percent of either HF2H, or 
HF2H and HF4 combined, will define the minimum threshold for a 500-acre support hexagon. 

1,000-Acre PHA – CSO 

Several studies have evaluated CSO performance related to varying habitat amounts at scales of 
approximately 1,000 acres. Chatfield (2005) found the probability of occupancy of 51 sites at the 
El Dorado Study Area (EDSA) was over 0.6 when 50 percent of a 1,159-acre circular area 
representing a spotted owl territory was in forest with >11 inches dbh with canopy 
cover >70 percent. Seamans and Gutiérrez (2007) found that the probability of CSO breeding 
dispersal (i.e., individuals switching breeding territories between breeding attempts) from 66 
known EDSA territories approached zero when at least 50 percent of a 1,206-acre- circular area 
representing a territory was in forest "dominated by medium and large trees" >12 inches dbh 
with canopy cover >70 percent. (Note: Seamans and Gutiérrez (2007) did not describe their 
method of estimating canopy cover. We presume they used the methods described in Seamans 
(2005) because this study reports results from the same area and by the same author. SPI uses a 
data driven vertical projection of non-overlapped canopy method of calculating canopy cover, 
and the value of 70% used by Seamans and Gutiérrez (2007) is believed to be commensurate 
with the 50 and 60 percent minimum proposed by SPI for HF2hv and HF4. For further 
comparison of methods see Appendix 4.1.. Tempel et al. (2014) evaluated CSO demographic 
performance and habitat using 988-acre circles representing 74 CSO territories. They stated 
"Adult survival and territory colonization probabilities were relatively high, while territory 
extinction probability was relatively low, especially in territories that had relatively large amounts 
of high canopy cover (70%) forest." (See above discussion re: derivation of canopy cover). The 
size of areas analyzed in these three studies were based on applying nearest neighbor distances 
to different sets of CSO data from the same general area, demonstrating that the size of analysis 
area is subject to variation related to methodology.  

Habitat Forms Comparison with GNN Habitat Types 

Both SPI Habitat Form (HF) typing and GNN Nesting Habitat Typing produce maps of their 
respective types.  To allow comparison between SPI HF and GNN habitat types (Appendix 3.4 
Spotted Owl Nesting Habitat Analysis), we overlaid more than a million acres of ground-truthed 
plot-based SPI HF typing with the GNN types (See table 4.3.6). Over all, the GNN satellite typing 
matched the nesting SPI Habitat Forms on 76% of the area. The GNN effort was unable to 
clearly distinguish HF2H as marginal nesting or HF4 as nesting. There was an 82% overlap 
between the combined SPI HF4 and HF2H and the combined GNN nesting and marginal 
nesting. The 18% mis-typed land (GNN label “non-nesting”) in these HF2H and HF4 HF was 
clearly mis-typed as the HF typing was ground-truthed, data driven typing, which is more 
accurate at fine scales than the regional GNN typing.  However, the high degree of overlap 
between these types indicates that the GNN data can be used to reasonably estimate combined 
HF2H and HF4 Habitat Forms in areas without SPI plot-based typing (See Table 4.3.6).  This 
matching reflects the present conditions and there is no way to grow GNN types into the future. 
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Table 4.3.6. SPI Habitat Forms (Ground Truth) Compared to GNN Types 

 
 

SPI CSO Occupancy Data Set 

SPI’s GNN habitat map (Appendix 3.4) when intersected with the CSO Watershed Study Area 
(WSA) ACs (n = 67) (Roberts et al. 2017), indicated that the mean combined amount of GNN 
nesting and marginal nesting (Appendix 3.4 Spotted Owl Nesting Habitat Analysis) at the 500-
acre area surrounding these ACs was 69 percent (SD = 16 percent). In this area, trend in CSO 
occupancy has been described as “essentially level” during the period 2012 through 2017 
(Baldwin and Raphael unpub. data, Appendix 3.2). 

4.3.6.2 Habitat Amount in PHA Hexagons – NSO 

Using the method described by Bingham and Noon (1997) Raphael (unpub. data, Appendix 3.9) 
demonstrated that a concentrated use core area of about 480 acres was represented by the 
65 percent home range kernel in the nestling season GPS data for breeding NSO (n = 22). In the 
GPS data for NSO (Appendix 3.6, Table 7) the 65 percent kernel averaged 64.5 percent 
combined HF2H and HF4, with an SD of about 20.2 percent. Considered separately the mean of 
HF2H is 28.5 percent (SD approx. 9.7%). The HF4 interpolated mean is approx. 36.0 percent (SD 
approx. 21.2  

Other studies of NSO habitat use in northwestern California and southwestern Oregon used 
varying methods to describe core use areas of varying sizes, habitat descriptions, and habitat 
amounts. Some of these studies are briefly described in the following paragraphs. The point 

SPI 
Habitat 
Form

GNN   
Non-

nesting

GNN 
Marginal 
Nesting

GNN 
Nesting

GNN       
Total

SPI  
Total 

Habitat 
Form 

%

Percent of 
GNN Non-

nesting 
Overlapping 

SPI HF 
Types   

Percent of 
GNN 

Marginal 
Nesting 

Overlapping 
SPI HF 
Types   

Percent of 
GNN 

Nesting 
Overlapping 

SPI HF 
Types   

Percent 
GNN 

Combined 
Nesting & 
Marginal 
Nesting 

Overlapping 
SPI  

Combined 
HF2H & HF4

e ce t 
GNN 

Combined 
Nesting & 
Marginal 

Nesting Not 
Overlapping 

SPI 
Combined 
HF2H & 

HF4

SPI HF1,2,3 
(Non- 

Nesting) 
Typed GNN 
Nesting & 
Marginal 
Nesting

Weighted 
% of Area 
involved 
in clearly 

mis- 
match 
typing

1 153,758 30,316   17,581   201,656     19% 76% 15% 9% 24% 4%
2L 198,073 66,633   23,304   288,010     27% 69% 23% 8% 31% 8%
3 35,088   17,025   7,350      59,464       6% 59% 29% 12% 41% 2%

2H 61,166   100,550 80,165   241,881     23% 25% 42% 33%
4 30,684   132,195 103,010 265,889     25% 12% 50% 39%

2H & 4 91,850   232,746 183,175 507,771     48% 18% 46% 36% 82% 18% 8.6%
5 10,391   627         196         11,213       1% 93% 6% 2% 7% 0.1%

Total 489,160 347,347 231,606 1,068,113  100% over all % error = 24%
46% 33% 22% 100% expected results overall % match = 76%

unexpected results
Not sure

GIS based corrections made to help this comparison: GNN process due to small (<4 acres) patches being typed by GNN that 
would not make SPI minimum mapping units are removed from these acres and placed back into gis located type. (this is SPI 
HRA acreas as an example) Also updated to 2016 for SPI 2012 through 2015 harvest that would have been typed GNN 
Nesting or Secondary Nesting which has been removed from SPI estimate.
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here is not to attempt direct comparison, which is precluded by the widely varying methods, 
existing habitat types, and results. Rather, the breadth of these results, combined with the 
results of studies on SPI lands, highlights the fact that old forests with relatively high mean tree 
diameters such as those described in these studies do not exist on SPI land. SPI's approach to 
defining PHAs (which defines nesting habitat character and quantity based on local conditions), 
must be based on conditions used by spotted owls on SPI lands, using methods of analysis 
similar to those of other studies.  

Hunter et al. (1995) analyzed core areas of 494 ac. based on nearest neighbor analysis around 33 
NSO nest sites and 45 roost sites, mature and old-growth forest with total canopy closure >30% 
and more than 50 percent of conifer basal area comprised of trees >21 in. dbh. At the scale of 
494 ac. around nest sites, they found a mean of 233 ac (SD=65 ac) of mature and old-growth 
forest, as defined.  

Franklin et al. (2000) used core areas of 392 acres based on nearest neighbor analysis, mature 
and old-growth forests with a QMD >21 in. and reported that an optimum amount of such 
forest was about 50 % of the analysis area. Franklin also provided explanatory material to the 
Service for use in their take avoidance guidelines (USDI 2009). The Service (USDI 2009) 
characterized Franklin's personal communication as follows: “The minimum proportion of 
interior older forest corresponding to Habitat Fitness Potential (HFP) >1 was 41 percent; 
addition of the older forest area within the 328-foot ‘edge buffer’ yielded a proportion of 
62 percent (‘total core’: Franklin 1997)." Further, the Service stated: "Based on this evaluation, Dr. 
Franklin recommended that 60 percent of the core area be composed of older forest (Franklin, 
personal communication, September 19, 2005).” 

Zabel et al. (2003) analyzed core areas of about 500 acres based on Bingham and Noon (1997), 
forest types that varied by ecological zones and were described using USFS classification. Based 
on their modeling, they later reported (Zabel et al, unpub. data) high probability of occupancy 
when 70% of the core area was in nesting habitat and 30% in foraging, as defined.  

Dugger et al. (2005) used a core area of 413 acres based on the 50% kernel of radio-telemetered 
NSO followed for several years, old forest habitat "characterized" by trees >21in. dbh, and 
broadly-defined younger "intermediate" forests. They stated that fitness values declined below 
1.0 when less than 40 percent of the core area was in old forest, as defined.  

500-Acre Support Hexagon – NSO 

To develop the proposed habitat amount for the 1,000-acre two-hexagon PHA for NSO, we 
again examined the 75 percent kernel (Appendix 3.6 Northern Spotted Owl Telemetry).  Per 
Appendix 3.6, Table 7, the nesting season NSO 75 percent kernel contained a mean proportion 
of combined HF2H and HF4 of 62.3 percent, with an SD of 18.7 percent. One SD below the mean 
would set the level at 43.6 percent. As individual components the HF2H mean was 29.5% (SD = 
13.1%) and HF4 mean was 32.8% (SD = 19.7%). This supports the proposal for 50 percent of 
either HF2H or combined HF2H and HF4 as the threshold for the 1,000 acres.  
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SPI NSO Occupancy Data Sets 

The SPI dataset from the NSO full area showed a level trend in occupancy during 2011 through 
2017. In this NSO 7-year occupancy analysis data set (n = 146) (Baldwin and Raphael unpub. 
data, Appendix 3.2), the mean amount of nesting and marginal nesting (when intersected with 
the GNN habitat map, Appendix 3.4) at the 500-acre scale was 70 percent (SD = 14 percent). 
One SD below the mean would be 56 percent.  

The SPI NSO LSS data subset also showed a level trend in occupancy. In this study area, 
(Monitoring Area NSO-1 in Figure 6.1 of the HCP) data set (n = 75) the mean amount of nesting 
and support habitat (when intersected with the GNN habitat map, Appendix 3.4) at the 500-acre 
scale was 66 percent (SD = 13 percent). One SD below the mean would be 53 percent. 

Use of GNN to Establish Spotted Owl Thresholds for PHA 

In order to establish a single standard for both subspecies in the HCP, we also considered the 
complete GNN dataset (Appendix 3.4 Spotted Owl Nesting Habitat Analysis) for the paired and 
reproductive pairs at the 500-acre circle. This GNN typing dataset has a high percentage overlap 
with SPI HF2H and HF4 (See Table 4.3.5.1). These 656 sites using GNN types had a mean of 
31.9% marginal nesting habitat (SD = 12.8%), a mean of 46.4% nesting habitat (SD = 18.9%), and 
a combined nesting and marginal nesting habitat of 78.3% (SD = 13.9%). Applying the one 
standard deviation below the mean for each habitat produces a threshold of 19.1% marginal 
nesting habitat, 27.5% nesting habitat and 64.3% combined nesting and marginal nesting 
habitat. Using those values, 83 to 85% of all paired and reproductive pairs in the study are 
included above these thresholds. Given that these data represent only paired and reproductive 
pairs, it is appropriate to use them to guide our thresholds for the calculation of trends in PHAs 
in the hexagon analysis. This high-quality subset of the subspecies’ ACs (reproductive pairs and 
pairs) also supports the use of the one standard deviation below the mean, as this is the group 
that are likely supporting the overall population. 

4.3.7 SUMMARY OF THRESHOLDS FOR THE HEXAGON 
ANALYSIS 
In summary, the cited studies of CSO provided more perspective because they defined habitat 
more broadly than the cited studies of NSO, suggesting that the CSO study areas were more 
similar to SPI lands. Habitat quality and quantity around spotted owl ACs on and near SPI lands 
do not conform with habitat descriptions found in studies of NSO that describe successful 
occupancy and demographic parameters (e.g., Zabel et al. 2003 and unpublished data; Dugger 
et al. 2005). This might seem to indicate that habitat around spotted owl ACs on and near SPI 
lands is insufficient; yet SPI populations do not demonstrate declining occupancy (Baldwin and 
Raphael unpub. data; App. 3.2.)  
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Descriptive statistics for amounts of habitat around spotted owl ACs were provided only by the 
studies by Hunter et al. (1995) (NSO) and SPI (Roberts et al. 2107 (CSO), and Raphael et al. 
unpub. data in Appendices 3.4 (NSO/CSO), 3.6 (NSO), and 3.8 (CSO)). The NSO study by Hunter 
et al. (1995) was located in a different habitat zone (Douglas-fir), and used different habitat 
typing methodologies. It will not be considered further in this analysis. Expressed as 
proportional means and standard deviations around means within the 500-acre core areas 
(indicative of variation in habitat amount), mean nesting and marginal nesting habitat, and HF4 
and HF2H habitat proportion ranged as shown below:  

Low elevation CSO combined nesting and marginal nesting habitat in GNN data: 78 
percent (SD=15%) (Raphael unpub. data, Appendix 3.4) 

Combined nesting and marginal nesting habitat for NSO in GNN nesting habitat: 74 
percent (SD=15%) (Raphael unpub. data, Appendix 3.4) 

Combined nesting and marginal nesting habitat for both subspecies combined at 656 
sites (pairs and reproductive pairs only) using GNN types: mean 78% (SD = 14%) 
(Raphael unpub. data, Appendix 3.4) 

Combined HF4 and HF2H habitat for CSO in GPS nesting habitat: 79.6 percent (SD=9.6%) 
(Raphael unpub. data, Appendix 3.6) 

Combined HF4 and HF2H habitat for NSO in GPS nesting habitat: 65 percent (SD=19%) 
(Raphael unpub. data, Appendix 3.8) 

Applying one standard deviation below the mean as detailed above to describe a proportion of 
the 500-acre nest hexagon results in total habitat amounts of 63 percent, 59 percent, 64 percent, 
71 percent, and 46 percent, respectively.  

In HF2H habitat for CSO in GPS data, the mean is 25.0 percent (SD approx. 20.8%) 
(Raphael unpub. data, Appendix 3.6) 

In HF2H habitat for NSO in GPS data, the mean is 28.5 percent (SD approx. 9.7%) 
(Raphael unpub. data, Appendix 3.8) 

Marginal nesting habitat for both subspecies combined at 656 sites (pairs and 
reproductive pairs only) using GNN types: mean 32 percent (SD = 13%) (Raphael unpub. 
data, Appendix 3.4) 

Applying one standard deviation below the mean as detailed above to describe a proportion of 
the 500-acre nest hexagon results in totals of HF2H and GNN marginal nesting habitat amounts 
of 5 percent, 18 percent, and 19 percent, respectively.  

In HF4 habitat for CSO in GPS the mean is 54.6 percent (SD approx. 22.6%) (Raphael 
unpub. data, Appendix 3.6) 
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In HF4 habitat for NSO in GPS the mean is 36.0 percent (SD approx. 21.2%) (Raphael 
unpub. data, Appendix 3.8) 

Nesting habitat for both subspecies combined at 656 sites (pairs and reproductive pairs 
only) using GNN types: mean 46 percent (SD = 19%) (Raphael unpub. data, Appendix 
3.4) 

Applying one standard deviation below the mean as detailed above to describe a proportion of 
the 500-acre nest hexagon results in totals of HF4 and GNN nesting habitat amounts of 32 
percent, 15 percent, and 27 percent respectively. 

We use the criteria that at least 30 percent large tree closed canopy forest (HF4) and 50 percent 
total medium tree high canopy forests (HF2H) and large tree, closed canopy forests (HF4) will 
define the minimum threshold for a 500-acre nesting hexagon. At least 50 percent of either 
HF2H, or HF2H and HF4 combined, will define the minimum threshold for a 500-acre support 
hexagon. These component parts represent a reasonable threshold for categorizing a PHA. At 
the hexagon scale, the habitat thresholds are the minimum amounts of habitat representative of 
spotted owl use where there is enough suitable habitat to begin to function as NSO/CSO nest 
hexagons or support hexagons. These thresholds will be used as an accounting rule for 
estimating landscape trend in the form of PHAs.  

It is important to note that this threshold is not being used as a management goal. The 
threshold creates an accounting standard for the change in habitat conditions that result from 
application of the Option A. The results section below demonstrates that average PHA 
conditions through time will be maintained substantially above this threshold. The next section 
describes the hexagon methodology and applies and tests these thresholds with known AC 
locations. 

Applying Thresholds to Quantify and Test Nest and Support Hexagons 

Hexagons in the analysis were categorized as Nest hexagons or Support hexagons, or as 
currently below threshold hexagons. Nest and Support categories were based on the criteria in 
Table 4.3.7, using only SPI lands within the hexagon. Habitat in a Support hexagon provides 
support for nest hexagons by including surrounding high canopy cover stands, occasional use 
for nesting and roosting, and stands that will grow into nesting habitat. 
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Table 4.3.7. Definitions of Spotted Owl Nest and Support Hexagons. 
Hexagon 

Type Requirements Threshold Habitat Conditions 

Nest Must meet all three conditions (a, b, and c) and 
be based upon minimum 100 acres SPI land. 

a) At least 30 percent HF4 

Support Must meet one of the following options: 
• Conditions a and b 
• Conditions b and c 
• Condition b only 

b) At least 50 percent HF4 and/or HF2H 
c) at least one contiguous area (a potential nest 

stand) of at least 50 acres that includes at least 
30 acres of HF4 and 20 acres of HF2H 

Below 
Threshold 

None: this category is for all hexagons currently 
below threshold 

Fails to meet either a, or b, may or may not meet c 

At the hexagon scale, the thresholds for the Habitat Forms (Table 4.3.7) are the approximate 
minimum amounts of suitable habitat to begin to function as spotted owl nesting sites. These 
threshold criteria are not management goals; instead they provide a means of accounting for 
current and future habitat conditions. As further described in the PHA results section below, 
current habitat amounts within hexagons average substantially higher than the defined 
minimum thresholds. 

To qualify as a Nest Hexagon, on SPI land there must be (1) at least one contiguous area (a 
potential nest stand) of at least 50 acres that includes at least 30 acres of HF4 and 20 acres of 
HF2H; and (2) at least 30 percent HF4 and a combined HF4 and HF2H for a total of at least 
50 percent of the SPI land within the hexagon area. To qualify as a Support Hexagon, on SPI 
land there must be a combined HF4 and HF2H for a total of at least 50 percent. The condition of 
the SPI land within the hexagon determines the classification of the hexagon as a whole. 

Two adjacent hexagons with these conditions constitute a unit we call a Potential Habitat Area. 
Thus, a PHA (a 1,000-acre area) at a minimum consists of one Nest Hexagon and one Support 
Hexagon, of which 50 percent is assumed to meet the thresholds for the two hexagon types 
described above based on the extension of SPI’s inventory data to the remainder of the 
hexagon. To qualify as a PHA there must also be a minimum of 25% or 250 acres of SPI land. As 
described above in Table 4.3.4, 85 percent of SPI land is contained in hexagons where SPI land 
average 226 acres or more (i.e., at least 45 percent (226/500) of a 500-acre hexagon). This means 
that 85 percent of SPI land is contained in hexagons where habitat estimates are based on a 
minimum of a 45 percent sample of SPI ground measurements with a sample point on every 
4 acres.  

SPI used these definitions to estimate the number of PHAs in the following steps: (1) define the 
spatial extent of each habitat form; (2) describe the characteristics and amount of each habitat 
form at the three scales: nest stand, nest hexagon, and PHA; and (3) estimate the present 
number of PHAs based on SPI’s contribution of such habitat configurations in hexagons on the 
Plan Area. 

To establish the correspondence of the hexagon system to the actual presence of spotted owls, 
the 199 known ACs located on SPI lands were evaluated with respect to their occurrence in 
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hexagons qualified as “Nesting” or “Support.” Table 4.3.8 indicates that 83.9 percent of the two 
subspecies’ current ACs occur in either Nest or Support Hexagons, as defined by our thresholds. 
The remainder of the ACs occur in hexagons with less habitat than the thresholds. 

Table 4.3.8. SPI Hexagon Class Versus Spotted Owl AC Intersection Analysis. (1/1/2018) 
Northern Spotted Owl 

Hexagon Class  AC Count Percentage Nesting and Support Combined 

<50 Acre of SPI Hexagon 0 0 58.8% 
Currently Below Threshold 7 41.2 

Support 4 23.5 
Nesting 6 35.3 

 
NSO Total 17 100  

California Spotted Owl 

Hexagon Class AC Count Percentage Nesting and Support Combined 

<50 Acre of SPI Hexagon 4 2.2 86.3% 
Currently Below Threshold 21 11.5 

Support 25 13.7 
Nesting 132 72.5 

CSO Total 182 100  

All Spotted Owls 

Hexagon Class AC Count Percentage Nesting and Support Combined 

<50 Acre of SPI Hexagon 4 2.0 83.9% 
 Currently Below Threshold 28 14.1 

Support 29 14.6 
Nesting 138 69.3 

NSO and CSO Total 199 100  

As shown in Table 4.3.8, only 17 of the 121 NSO Action Area ACs evaluated are on SPI lands, and 
there are relatively few hexagons qualifying as nesting or support in the NSO portion of the Plan 
Area. This condition is driven primarily by the checkerboard ownership pattern and the different 
management histories on those areas (Figure 4.3.2). Sixty One of the 121 ACs are very close to 
the property line (within 0.25 mile) but not within SPI habitat typing so they could not be 
evaluated. SPI’s methodology likely underestimates the actual number of hexagons that might 
qualify as nest and support hexagons. SPI’s method of quantification assumes that proportion of 
habitat on Federal lands (68% of all non-SPI lands in the Action Area) is equivalent to that on 
SPI. SPI does not estimate the actual habitat amount on any other ownerships due to lack of 
data. But, given past management history, it is reasonable to expect that the proportion of high-
quality habitat on federal lands is actually higher than on SPI. 
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Figure 4.3.2. Hexagons and Ownership Pattern. 

In the left image SPI land is mixed in a checkerboard pattern, while on the right is a more 
contiguous ownership pattern. 

Table 4.3.9 describes the 199 ACs on SPI lands in terms of the Habitat Form at the AC, and the 
Hexagon Class within which the AC resides. Despite the differences in sample size for NSO and 
CSO, they are quite similar in terms of the combined HF2H and HF4. Combining NSO and CSO 
ACs, 93.0 percent of the ACs occur in HF4 or HF2H; the additional 7.0 percent of the ACs occur 
in locations where QMD of the entire stand is not large enough to classify stands as HF2H or 
HF4. 
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Table 4.3.9. Habitat Forms at ACs Grouped by Hexagon Type and Species. (1/1/2018) 
 NSO ACs by Habitat Forms 

Hexagon Class 1 2L 3 2H 4 Total 

<50 Acre of SPI Hexagon 0 0 0 0 0  

Currently Below Threshold 0 2 0 4 1 7 

Support 0 1 0 3 0 4 

Nesting 0 0 0 3 3 6 

Total 0 3 0 10 4 17 

Percentage 0% 18% 0% 59% 24% 100% 

 Combined HF4 and HV2hv 82.4% — 
 

 CSO ACs by Habitat Forms 

Hexagon Class 1 2L 3 2H 4 Total 

<50 Acre of SPI Hexagon 0 0 0 0 4 4 

Currently Below Threshold 0 6 1 3 11 21 

Support 0 1 1 13 10 25 

Nesting 0 1 1 12 118 132 

Total 0 8 3 28 143 182 

Percentage 0% 4.4% 1.6% 15.4% 78.5% 100.0% 

 Combined HF4 and HV2hv 93.4% — 
 

 ALL Spotted Owl ACs by Habitat Forms 

All ACs 1 2L 3 2H 4 Total 

<50 Acre of SPI Hexagon 0 0 0 0 4 4 

Currently Below Threshold 0 8 1 7 12 28 

Support 0 2 1 16 10 29 

Nesting 0 1 1 15 121 138 

Total 0 11 3 38 147 199 

Percentage 0% 5.5% 1.5% 19.1% 73.8% 100% 

 Combined HF4 and HV2hv 93.0% — 

To describe the baseline condition, hexagons were then evaluated based on the amount of 
existing suitable spotted owl habitat (HF4 and HF2H), as further detailed below.  Using the 
established 500-acre hexagon network, PHA definitions, and habitat thresholds, we modeled a 
50-year future across the Plan Area.  Results of that effort will be presented below. 

Hexagon Modeling Methodology for PHA Accounting 

Hexagon status throughout time can be traced to percentages of different HF. HF values are 
derived from intersecting the Habitat Form type map with the hexagon network. This 
intersection is done at the beginning of a given 5-year period, after harvest, and then after 
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modeled growth for each period in the model throughout the HCP term. A hexagon will change 
status because of adjustments in HF composition. Post-growth values become the following 
period’s starting condition. Using all the thresholds described above across the 500-acre 
hexagon network in each model period allows assessment of the trend of the landscape 
condition. The metric for this trend is the PHA. 

Hexagon status is derived from the answers to three conditions, with HF class as a factor in two 
of them: 

• Is HF-4 at least 30 percent of SPI ownership in the hexagon? 

• Does HF-4 and/or HF-2h consist of at least 50 percent of SPI ownership in the hexagon? 

• Is a nest stand (50-acre area of SPI land composed of a minimum of 30 acres HF4 and 
20 acres of HF2H) present in the hexagon?? 

Depending on which conditions are satisfied, there are three hexagon categories: 

• “Nesting” if the answer is YES to all three conditions and there is a minimum of 100 
acres of SPI land. (quality value of 5, described below)  

• “Support” if the answer is YES to number 2 (quality value of 1, described below) and  

• “Below Threshold” (Quality value of 0, described below) 

 

Figure 4.3.3. Example of Hexagon Categories over a Landscape. 

In order to qualify as a PHA, there must be a minimum of 250 acres (25% of the 1000 acres) of 
SPI land in the pair of hexagons.  As described above, 85 percent of SPI land is contained in 
hexagons where habitat estimates are based on SPI ground measurements with a sample point 
on every 4 acres for a minimum of 45 percent of the hexagon, so it is unlikely that many PHAs 
will approach this threshold.  Once hexagons are assigned one of the three categories, they can 
then be grouped into PHAs based on the hexagon status of two adjacent hexagons.  There are 
two different options for qualification as a PHA: either two adjacent “Nesting” hexagons, or one 
“Nesting” and one adjacent “Support” hexagon.  Through time, if habitat in an existing PHA 
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changes to the extent that it meets neither of the two options, it will no longer be considered a 
PHA.  The PHA quantity and locations will vary by each period as changes in HF composition on 
SPI lands change the status of hexagons.  Given that growth is occurring in all hexagons 
annually and harvest in some, resulting in a new set of hexagon categories.  The annual effort to 
recount combinations of hexagons that make up PHAs is accomplished via an automated 
“python language” algorithm (“ARCPY” calling Python version 2.7).  Such an algorithm needs 
clear and unambiguous rules; subjective decisions cannot be written into or resolved in such 

language. 

Figure 4.3.4. Example of a Starting PHA Distribution 

 

Figure 4.3.5. Example PHA distribution post-harvest.  

PHAs are analyzed for each period on their projected change in “quality ranking value” from 
start to post-harvest, and then after growth.  This ranking system will be further discussed in the 
Results of Analysis section below. 

• A PHA can start a modeled 5-year period at a value of 10 (2 Nesting hexagons) or 6 
(1 Nesting and 1 Support). 

• When projected harvest changes a PHA from a value of 10 or 6 to a value less than 6 
post-harvest, the change is counted as an instance of “Loss”. 
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• A PHA that has a value of 6 or 10 pre- and post-harvest is “Stable”. 

• A PHA can also return from the “Loss” status to a PHA status if growth for that modeling 
period returns the ranking value to 10 or 6. 

• Individual hexagons after each growth period can grow from below-threshold status to 
either nest or support status. 

At the beginning of each 5-year period, the number of PHAs is re-calculated, using the original 
number in the preceding period, subtracting the number of instances of “Loss” in that preceding 
period, and adding the effects of growth on stands in the hexagons during that period. Growth 
and harvest are actually going on simultaneously.  The “loss” after harvest is a modeling 
“snapshot” while growth has been ongoing, so growth for that period must be added to 
determine if the net change causes the hexagon/PHA to remain below threshold or recover as a 
new PHA in the beginning of the next period.  To account for growth in all hexagons, each 
period begins with a new estimate of PHAs, allowing SPI to project the trend in PHAs into the 
future.  The best estimate of trend in PHAs as a metric of landscape trend is the net change in 
the number of PHAs per model period through time, rather than the model effect “loss”. 

4.3.8 RESULTS OF LANDSCAPE LEVEL PHA ANALYSIS 
For the purposes of the HCP modeling, the 2016 habitat data set for the entire ownership was 
chosen and is based on SPI's updated plot inventories.  That dataset was used to establish the 
baseline condition for PHAs in the Plan Area (and edges of the Action Area).  In 2016 in the Plan 
Area, there were 147 PHAs in the range of the NSO, and 723 PHAs in the range of the CSO.  The 
combined total of 870 PHAs represents the starting condition of the metric for monitoring the 
trend in HCP Conservation Measure 1. 

The PHA projected trend analysis is based on modeling of harvest and growth under the SPI 
Option A Demonstration of Sustained Yield, which is reviewed and approved by CALFIRE.  The 
analysis demonstrates that the total number of PHAs will decline slightly for the first several 
decades and then increase over the permit period (Figure 4.3.6).  HF4 or HF2H & HF4 habitat 
amounts necessary to meet the requirements for Nesting and Support Hexagons, respectively, 
will increase at rates greater than harvest.  As a result of SPI management, these habitats are 
well distributed across the landscape and the amount of SPI land that qualifies to be included in 
PHAs will increase from 37.6% to 72.5%. (Figure 4.3.7 and Table 4.3.10).  Over the permit term, 
areas that SPI has voluntarily restored from past catastrophic events will return to forested 
conditions that will additionally contribute to future Nesting and Support Hexagons and PHAs.  
The rehabilitation effort of past wildfires results in 130 PHAs (7.5% of the 2066 PHA count) (25 in 
NSO range, 105 in the CSO range) developing over the permit term (Figure 4.3.6). (It should be 
noted that most of these fire origin PHAs included many of the proposed HCP retention 
standards). 
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The number of PHAs is projected to decrease by approximately 4% from 870 down to 832 over 
the first 2 decades, followed by an upward trend that will result in a final total of 1,729 (199% of 
the starting PHA count), over the permit term (Table 4.3.10, Figure 4.3.6, Figure 4.3.7, and Table 
4.3.11). 

To provide another measure of habitat trend, SPI has developed quality ranking categories for 
PHAs.  A nest hexagon has a quality ranking value of 5 and a support hexagon has a quality 
ranking of 1.  As a result, a two-nesting-hexagon PHA is assigned a quality ranking value of 10, 
and a PHA composed of one nest hexagon and one support hexagon receives a quality ranking 
value of 6 (5 + 1).  Projections indicate that average quality rankings will remain stable, decrease 
slightly and then increase over the permit term along with the number of PHAs and the total 
acres of HF2H and HF4 (Table 4.3.10, Table 4.3.11, Figure 4.3.6 and Figure 4.3.7).  Thus, an 
improvement in the quality and quantity of PHAs is expected to occur.  Table 4.3.10 shows the 
overview of the PHA count over time, and the PHA HF distribution in Year 0 and projected to 
Year 50.  Figure 4.3.6 graphs the PHA trajectory on the Plan Area over the permit term and again 
indicates an increase in quality ranking as well as quantity of PHAs. Figure 4.3.7 shows the spatial 
distribution of PHAs in Year 0 and projected to Year 50.  

These quality ranking values, while relatively stable over time (range from 7.4 to 8.3) (Table 
4.3.10) must be considered in the context of increasing numbers of PHAs over time.  To attain an 
average ranking of 7.5, nearly half the PHAs must have two nest hexagons.  This average 
situation will persist during the slight decrease in PHAs in the third and fourth decade.  At the 
end of 20 years, a slight decrease in both PHAs and average ranking will occur due to harvest in 
the Mixed land class while young Even stands are growing into HF2.  At the beginning of the 
second decade the number of PHAs will increase as growth creates more nest and support 
hexagons, but the average rating will still decrease slightly for 10 years as HF2H creates more 
support hexagons.  By year 35 the number of hexagons qualifying as nesting will begin to 
increase, so that both the number of PHAs and their average ranking will continue to increase 
through the end of the permit term.   

As with PHA counts, PHA quality rankings are projected to remain stable for two decades, 
decrease slightly, then increase over the permit term. This outcome results from retention of 
existing Mixed and an increasing amount of Even HF4 that keeps the average ranking of PHAs at 
7.4 or higher.  The increase in Even HF4 is projected to be well distributed over the Plan Area 
resulting in the PHA distribution shown in the map (Figure 4.3.3) (maps and 50-year results can 
be found below).  The quality ranking and the total acres of HF2H and HF4 are displayed in 
Table 4.3.10 and demonstrates that the PHAs regardless of small changes in quality ranking are 
always constructed from more Nest Hexagons than Support Hexagons. 
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Table 4.3.10. PHA Count and Quality Rank Over Time and Average Percent HF in PHAs in 
2016 and 2066 

 
 
 

Discussion - PHA Habitat Condition  

Figure 4.3.8 shows that on average SPI’s sustainable harvest trajectory produces an average PHA 
with at least 63.4% HF4 and HF2H. 

Many aspects of the future distributions can be estimated using modeled data. For example, 
Figure 4.3.8 shows the availability of Mixed and planted (Even) origin HF4 and HF2H in the PHAs 
over time.  Figure 4.3.9 shows that distribution of Habitat Forms across the entire SPI ownership 
or Plan Area.  This figure demonstrates the consistent availability of Mixed HF4 and HF2H for the 
next 30 years, and the eventual increase in planted (Even) HF4 after the third decade and 
planted (Even) HF2H during the third decade and beyond.  An important aspect of this trajectory 
is that the percentage of large tree, closed canopy forests (HF4) and medium tree, high canopy 
forests (HF2H) (originating from both Mixed and planted (Even)) increases steadily over the next 
50 years.  For example, large tree, closed canopy forest increases from 23% to 43% over the 
permit term, while medium tree, high canopy forest increases from 27% to 35% of the landscape 
(See Figure 4.3.10).  These total increases are also apparent in Figure 4.2.8 as portions of the 
increase in PHAs over the permit term. 

  

# of Nest Support Quality Habitat Habitat
Year PHAs Hex # Hex # Rank Form Acres % of PHAs Form Acres % of PHAs
2016 870 1287 453 7.9 5 6,510 1.1% 5 15,282 1.3%
2021 852    1267 437 7.9 1 46,539 7.9% 1 40,410 3.6%
2026 852    1251 455 7.9 2L 102,914 17.5% 2L 135,517 11.9%
2031 873    1289 457 7.9 3 12,873 2.2% 3 16,268 1.4%
2036 832    1231 433 7.9 2H 150,482 25.5% 2H 344,792 30.4%
2041 906    1292 520 7.7 4 270,322 45.8% 4 583,334 51.4%
2046 968    1344 592 7.6 2H & 4 420,805 71.4% 2H & 4 928,127 81.7%
2051 1,270 1726 814 7.4 Net SPI 589,642 37.6% Net SPI 1,135,604 72.5%
2056 1,402 1950 854 7.6 % of SPI % of SPI
2061 1,543 2256 830 7.8
2066 1,729 2704 754 8.3

20662016
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Additional descriptive statistics for the resulting PHA distribution are provided in Table 4.3.11 
below.  Table 4.3.11 has overall data for all PHAs (including both CSO and NSO subsets).  

Important results found in Table 4.3.11: 
 

a. Modeled Average SPI ownership within individual PHAs exceeds 657 acres 
over the permit term.   

b. Relative proportion of the PHAs that are Nest hexagons range from 68% 
to 78% of all hexagons included in PHAs over the permit term. 

c. Average Nest Hexagon’s proportion of HF4 is 46% or greater throughout 
the permit term 

d. Minimum average size of the connected stand (HF2H & HF4) in Nest 
hexagons in PHAs is 204 acres (ranging from 204 to 265 acres), indicating 
that SPI’s management does not fragment or isolate stands capable of 
providing necessary cover for spotted owls.     

e. Total acres qualifying as a PHA nearly doubles (from 589,642 to 1,135,604 
acres). 
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Figure 4.3.6. PHA Change Over Time (Includes the Subset of PHAs from Fire Rehabilitation Areas) 



Confidential Business Information – August 17, 2018 Draft 

August 2018 

HCP for Northern and California Spotted Owl—SPI Forest Land Management Program: Appendix 4.3 40 

 
Figure 4.3.7. Year 0 and Year 50 PHA Distribution.   
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Table 4.3.11. Descriptive Statistics for ALL PHAs Over Time 

  

OWL All
PHA >=250 acres SPI
Nest Hex's >=100 acres Nest Support Average Average Average Average Average Average Average Stdev Stdev Stdev Stdev Range Range Range Range

Hex Hex Total N-Hex S-Hex PHA N-Hex N-Hex S-Hex S-Hex N-Hex N-Hex S-Hex S-Hex N-Hex N-Hex S-Hex S-Hex
Period Nesting Support Total PHA # % Acres Acres Acres SPI AC SPI AC SPI AC %HF4 %HF2Hv %HF4 %HF2Hv %HF4 %HF2Hv %HF4 %HF2Hv %HF4 %HF2Hv %HF4 %HF2Hv

0 1,287 453 1,740 870 100% 453,527 136,116 589,643 352 300 678 55% 18% 20% 49% 15% 14% 16% 20% 100% - 30% 64% - 0% 99.7% - 0% 100% - 0%
5 1,267 437 1,704 852 98% 462,403 124,275 586,677 365 284 689 53% 17% 22% 47% 14% 14% 18% 22% 100% - 30% 70% - 0% 92.5% - 0% 100% - 0%

10 1,251 455 1,706 853 98% 464,603 128,292 592,895 371 282 695 49% 17% 22% 44% 12% 12% 17% 21% 100% - 30% 61% - 0% 92.5% - 0% 100% - 0%
15 1,289 457 1,746 873 100% 480,794 135,619 616,413 373 297 706 48% 18% 23% 42% 11% 11% 14% 19% 100% - 30% 65% - 0% 92.5% - 0% 99% - 0%
20 1,231 433 1,664 832 96% 461,459 123,016 584,475 375 284 702 47% 18% 24% 40% 12% 11% 15% 19% 100% - 30% 68% - 0% 96.7% - 0% 100% - 0%
25 1,292 520 1,812 906 104% 484,277 150,532 634,809 375 289 701 46% 20% 24% 42% 13% 11% 14% 21% 100% - 30% 66% - 0% 90.9% - 0% 100% - 0%
30 1,344 592 1,936 968 111% 493,654 171,925 665,578 367 290 688 48% 23% 23% 44% 15% 11% 13% 18% 100% - 30% 65% - 0% 91.5% - 0% 100% - 0%
35 1,726 814 2,540 1,270 146% 625,311 236,212 861,524 362 290 678 49% 26% 23% 45% 16% 11% 13% 17% 100% - 30% 69% - 0% 95.2% - 0% 100% - 0%
40 1,950 854 2,804 1,402 161% 696,418 242,792 939,210 357 284 670 51% 27% 24% 46% 17% 12% 14% 16% 100% - 30% 69% - 0% 97.0% - 0% 100% - 0%
45 2,256 830 3,086 1,543 177% 805,896 227,264 1,033,160 357 274 670 54% 28% 25% 47% 19% 13% 15% 16% 100% - 30% 70% - 0% 100.0% - 0% 100% - 0%
50 2,704 754 3,458 1,729 199% 939,728 195,880 1,135,607 348 260 657 58% 27% 27% 48% 19% 14% 16% 15% 100% - 30% 69% - 0% 100.0% - 0% 100% - 0%

OWL CSO
PHA >=250 acres SPI
Nest Hex's >=100 acres Nest Support Average Average Average Average Average Average Average Stdev Stdev Stdev Stdev Range Range Range Range

Hex Hex Total N-Hex S-Hex PHA N-Hex N-Hex S-Hex S-Hex N-Hex N-Hex S-Hex S-Hex N-Hex N-Hex S-Hex S-Hex
Period Nesting Support Total PHA # % Acres Acres Acres SPI AC SPI AC SPI AC %HF4 %HF2Hv %HF4 %HF2Hv %HF4 %HF2Hv %HF4 %HF2Hv %HF4 %HF2Hv %HF4 %HF2Hv

0 1,085 361 1,446 723 100% 389,640 111,477 501,116 359 309 693 56% 17% 21% 49% 15% 14% 16% 20% 100% - 30% 63% - 0% 99.7% - 0% 100% - 0%
5 1,063 329 1,392 696 96% 396,773 97,275 494,048 373 296 710 54% 16% 23% 46% 13% 14% 18% 22% 100% - 30% 70% - 0% 92.5% - 0% 100% - 0%

10 1,035 333 1,368 684 95% 396,144 93,856 490,000 383 282 716 49% 17% 24% 42% 11% 12% 17% 21% 100% - 30% 61% - 0% 92.5% - 0% 96% - 0%
15 1,057 341 1,398 699 97% 407,853 101,191 509,044 386 297 728 48% 18% 24% 42% 10% 11% 15% 20% 100% - 30% 65% - 0% 92.5% - 0% 99% - 0%
20 991 311 1,302 651 90% 385,634 90,582 476,216 389 291 732 47% 17% 25% 39% 11% 10% 15% 19% 100% - 30% 61% - 0% 96.7% - 0% 100% - 0%
25 1,060 389 1,449 725 100% 404,385 114,580 518,965 381 295 716 47% 20% 25% 42% 13% 11% 14% 21% 100% - 30% 66% - 0% 90.9% - 0% 100% - 0%
30 1,087 391 1,478 739 102% 408,000 110,993 518,993 375 284 702 49% 22% 24% 44% 15% 11% 14% 20% 100% - 30% 64% - 0% 91.5% - 0% 100% - 0%
35 1,387 555 1,942 971 134% 516,878 161,311 678,189 373 291 698 50% 25% 25% 44% 16% 11% 13% 18% 100% - 30% 69% - 0% 95.2% - 0% 100% - 0%
40 1,486 561 2,047 1,024 142% 545,019 164,185 709,203 367 293 693 52% 26% 26% 44% 18% 12% 14% 16% 100% - 30% 65% - 0% 97.0% - 0% 100% - 0%
45 1,722 541 2,263 1,132 157% 632,205 155,033 787,238 367 287 695 56% 26% 26% 45% 19% 13% 17% 16% 100% - 30% 70% - 0% 100.0% - 0% 100% - 0%
50 1,999 464 2,463 1,232 170% 719,949 128,183 848,132 360 276 688 60% 25% 29% 45% 19% 14% 17% 15% 100% - 30% 69% - 0% 100.0% - 0% 90% - 0%

OWL NSO
PHA >=250 acres SPI
Nest Hex's >=100 acres Nest Support Average Average Average Average Average Average Average Stdev Stdev Stdev Stdev Range Range Range Range

Hex Hex Total N-Hex S-Hex PHA N-Hex N-Hex S-Hex S-Hex N-Hex N-Hex S-Hex S-Hex N-Hex N-Hex S-Hex S-Hex
Period Nesting Support Total PHA # % Acres Acres Acres SPI AC SPI AC SPI AC %HF4 %HF2Hv %HF4 %HF2Hv %HF4 %HF2Hv %HF4 %HF2Hv %HF4 %HF2Hv %HF4 %HF2Hv

0 202 92 294 147 100% 63,887 24,640 88,527 316 268 602 51% 22% 19% 49% 15% 16% 16% 21% 92% - 30% 64% - 0% 76.7% - 0% 90% - 0%
5 204 108 312 156 106% 65,629 26,999 92,629 322 250 594 48% 22% 21% 47% 14% 16% 18% 22% 93% - 30% 62% - 0% 76.7% - 0% 100% - 0%

10 216 122 338 169 115% 68,459 34,436 102,895 317 282 609 47% 20% 18% 48% 13% 14% 15% 20% 98% - 30% 60% - 0% 81.6% - 0% 100% - 0%
15 232 116 348 174 118% 72,942 34,428 107,369 314 297 617 48% 20% 22% 42% 14% 14% 14% 18% 98% - 30% 60% - 0% 79.8% - 0% 90% - 0%
20 240 122 362 181 123% 75,825 32,434 108,259 316 266 598 47% 19% 21% 42% 14% 13% 14% 18% 100% - 30% 68% - 0% 67.6% - 0% 90% - 0%
25 232 131 363 181 123% 79,893 35,952 115,845 344 274 640 44% 22% 22% 41% 12% 11% 14% 19% 100% - 30% 53% - 0% 77.0% - 0% 100% - 0%
30 257 201 458 229 156% 85,653 60,932 146,585 333 303 640 44% 26% 21% 45% 14% 12% 10% 15% 100% - 30% 65% - 0% 71.3% - 0% 86% - 6%
35 339 259 598 299 203% 108,433 74,901 183,334 320 289 613 46% 29% 20% 48% 14% 12% 10% 15% 100% - 30% 69% - 0% 60.2% - 0% 100% - 12%
40 464 293 757 378 257% 151,399 78,607 230,007 326 268 608 46% 32% 21% 50% 14% 12% 11% 15% 100% - 30% 69% - 0% 82.0% - 0% 100% - 8%
45 534 289 823 411 280% 173,691 72,231 245,922 325 250 598 48% 33% 23% 51% 14% 12% 12% 14% 100% - 30% 69% - 0% 82.0% - 0% 97% - 16%
50 705 290 995 497 338% 219,778 67,697 287,476 312 233 578 54% 32% 24% 53% 18% 14% 13% 15% 100% - 30% 69% - 0% 98.5% - 0% 100% - 2%

Hexagon Type                    
Size Distribution

Hexagon Type                        
Percentage HF4 / HF2Hv

Hex Type Standard Deviation   
HF4 / HF2Hv

Hex Type Range Max-Min                                     
HF4 / HF2Hv

Hexagon Type                    
Size Distribution

Hexagon Type                        
Percentage HF4 / HF2Hv

Hex Type Standard Deviation   
HF4 / HF2Hv

Hex Type Range Max-Min                                     
HF4 / HF2Hv

Hexagon Type                    
Size Distribution

Hexagon Type                        
Percentage HF4 / HF2Hv

Hex Type Standard Deviation   
HF4 / HF2Hv

Hex Type Range Max-Min                                     
HF4 / HF2Hv
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Table 4.3.11 (continued). Descriptive Statistics for ALL PHAs Over Time 
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Figure 4.3.8. HF Percent for all PHAs (each period starting condition).  
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Figure 4.3.9. HF Percent for all PHAs evaluated as Below Threshold from Harvest 
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Figure 4.3.10. Total Habitat Form Acres and Percentage by Even and Mixed in PHAs Over Time  
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Figure 4.3.11. Habitat Form Percentage by Even and Mixed on the Forested Portion of the Plan Area Over Time 
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Figure 4.3.12. Habitat Form Percentage on the Forested Portion of the Plan Area Over Time 
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Hexagon Modeling Landscape PHA Distribution 

Table 4.3.12 provides the distribution of PHAs by subspecies by the high- and low-density areas 
and by SPI District (Figure 4.3.13 shows these Density and SPI District locations).  This Table 
displays that generally the PHAs are well distributed across SPI Districts and generally across the 
high- and low-density areas of the Plan Area and portions of the Action Area. In total, for each 
subspecies, and for each density area the net change in PHAs over the permit term is 
significantly positive. While there are some declines in a few areas, the actual number of PHA 
reductions are small (never greater than (-10%) in aggregate for the Plan Area and portions of 
the Action Area). Across the density areas, the lowest decline is -12% in the CSO Low Density 
area particularly on the Tahoe District. The Tahoe District lands in this density zone are generally 
at elevations which are less likely to be used by the CSO (>6500 feet in elevation).  

Importantly, the net increase in PHAs is projected to occur throughout the range of both CSO 
and NSO on the Plan Area.  As shown in Table 4.3.12 the proportional increase in high density 
areas is greater than the proportional increase in low density areas.  In areas where owls are 
presently at low density, it is possible that density may increase in the future, particularly if owl 
habitat develops in response to climate change.  PHAs in such areas may have greater value in 
the future (See Figure 4.3.13 and Table 4.3.12).  Additional Maps in Figures 4.3.21 and 4.3.22 
show the current and future PHAs with the 2018 ACs and the NSO / CSO range line for reference 
(See page 67 and 68 below). 

At SPI’s currently projected rate, at the end of the 50-year permit term, approximately 
55 percent of the land base will be comprised of even-aged timber stands with controlled 
stocking levels and spacing.  There is another 7% of the land base of older planted stands from 
prior owners where little effort was undertaken to control spacing.  However, on about 
14 percent of the Mixed forests, non-timber values, such as aesthetics, soil resources, wildlife, 
archeological sites, and water quality, will constrain intensive even-aged management.  In these 
areas, the Mixed land class will be managed more slowly using techniques such as shelterwood 
steps or group selection1.  An additional 12 percent of the entire SPI land base will never be 
harvested using even-aged management, predominantly located in watercourse and lake 
protection zones, where long-interval uneven-aged silviculture methods will be used.  SPI 
generally reenters these areas on a 20-year cycle, except for WLPZ’s, which will be timed with 
adjacent even-aged entries at 40 to 50 years.  In total, 30 to 35 percent of the SPI land base will 
not be subject to clear cutting.  Given that 30% of the entire land base will be maintained as 
Mixed, that represents 43 percent of today's Mixed stands will be retained throughout the 
permit period.  We realize that these estimates do not precisely match values presented in 
Section 4.3.4 where planned even-aged percentages are presented and that is because those 
planned areas are maximum allowed.  Because areas are removed from planned even-aged 
harvest for many reasons, our experience is that units are typically a bit smaller than originally 
planned. 
                                                 
1 Shelterwood techniques involve removing mature trees in two or more cuttings to establish a new stand 
under the protection of the overstory. Group selection techniques involve removing trees in small groups 
within a stand to mimic natural, small-scale disturbance. 
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Figure 4.3.13. Reference Map - SPI Districts by HCP Density Areas.  
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Table 4.3.12 Projected Trend in PHAs by Subspecies by HCP Density Zones by SPI District 

 
  

PHA Counts
High and Low 

Density Regions / 
SPI Districts

Start 
2016 2021 2026 2031 2036 2041 2046 2051 2056 2061

Permit 
Term 
2066

CSO / NSO Total 870 852 852 873 832 906 968 1,270 1,402 1,543 1,729

CSO Total 723 695 682 699 651 724 739 971 1,022 1,130 1,231

ALMANOR 39 51 58 55 39 41 25 57 38 39 41
BURNEY 32 30 22 14 16 24 30 29 37 41 57
CAMINO 113 109 100 93 102 122 132 145 158 163 170
LASSEN 57 43 41 44 44 46 48 73 75 121 138
MARTELL 108 108 111 117 108 103 107 129 128 135 139
REDDING 24 24 21 22 15 28 24 27 24 32 34
SONORA 89 73 81 82 79 74 90 111 113 122 129
STIRLING 178 181 169 191 166 196 189 238 253 260 265
TAHOE 41 29 30 36 45 53 55 63 66 64 71
CSO_High Density 681 648 633 654 614 687 700 872 892 977 1,044

ALMANOR 1 3 9 11 13 6 11 13 27 37 44
BURNEY 15 26 28 25 20 26 23 78 90 99 125
TAHOE 26 18 12 9 4 5 5 8 13 17 18
CSO_Low Density 42 47 49 45 37 37 39 99 130 153 187

NSO Total 147 157 170 174 181 182 229 299 380 413 498

REDDING 20 21 21 19 17 12 26 30 44 50 51
WEAVERVILLE 21 32 40 47 55 69 88 115 160 172 206
NSO_High Density 41 53 61 66 72 81 114 145 204 222 257

BURNEY 38 28 24 24 24 23 30 40 46 49 57
REDDING 68 76 85 84 85 78 85 114 130 142 184
NSO_Low Density 106 104 109 108 109 101 115 154 176 191 241

>(-10%) of start indicates a ≥ 10% reduction as compared to the starting condition

Projected Year
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Trend of All Spotted Owl PHAs 

As of 2016, there were 870 PHAs (723 CSO and 147 NSO) on the Plan Area and the portion of 
the Action Area within 0.25 miles of the Plan Area. The hexagon analysis considering only the 
projected harvest would cause approximately 28.8 PHAs per year (144 “lost” ÷ 5) (3 percent of 
total period PHAs per year) to fall below threshold during the first 5 years (Figure 4.3.4). 
Modeling harvest, applying annual growth of stands and recalculating the PHA status for the 
first 5-year period, there will be a projected net reduction in PHAs of 28 (870-852 or 3 percent). 
Over the first 20 years of the permit period (i.e., harvest through 2035), the projected net loss 
would be 38 PHAs (4 percent) of the starting PHA number (Figure 4.3.14). 

In the later decades of the permit period, the number of PHAs are projected to increase 
substantially due to ongoing growth in Mixed stands and ingrowth of planted stands in the 
latter decades of the permit.  The number of spotted owl PHAs over time under this HCP is 
shown in Figure 4.3.14.  These estimates do not incorporate the additional site-specific 
application of Conservation Measure 2, the PZ around all occupied ACs. Applying the 72- to 
100-acre PZs within all occupied hexagons will reduce the availability of harvest units and thus 
reduce the loss of PHAs to a level below the projected (modeled) estimate (see HCP 
Section 5.2.2). The full protection for the permit term of SPI’s land that contributes to the 
protection of 34 NSO ACs under the NSO prioritization “Tiering” program will reduce this 
estimate as well (See HCP Section 5.2.2). 
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Figure 4.3.14. Projected Trend in NSO and CSO PHAs  

Trend of CSO PHAs 

As of 2016, there were 723 CSO PHAs on the Plan Area and the portion of the Action Area within 
0.25 miles of the Plan Area. Modeling harvest, there is projected net reduction of 72 PHAs 
(10 percent) during the first 20-year period. The hexagon analysis, modeling only harvest, would 
project approximately 22.1 PHAs per year (111 “lost” ÷ 5) (3 percent of total period PHAs per 
year) to fall below threshold during the first 5 years (Figure 4.3.15). Modeling harvest, applying 
annual growth of stands, and recalculating the PHA status for the first 5-year period indicates 
that there will be a projected net reduction in PHAs of 28 (723 minus 695 or 4 percent).  During 
the first 20-year period this analysis projects a net reduction of 72 PHAs (10 percent); therefore, 
90 percent of the starting PHA number will persist over the first 2 decades before they increase 
substantially due to ongoing growth in Mixed stands and ingrowth of Even stands in the latter 
decades of the permit. 

The number of projected CSO PHAs over time under this HCP is shown in Figure 4.3.15. This 
CSO estimate does not incorporate the site-specific application of Conservation Measure 2, the 
PZ around all occupied ACs.  Applying the 72- to 100-acre PZs within all occupied hexagons will 
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reduce the availability of modeled harvest units and thus may reduce the projected loss of PHAs 
to a level below the estimated loss (See HCP Section 5.2.2). 

. 

 
Figure 4.3.15. Projected Trend in CSO PHAs  

Trend in NSO PHAs  

As of 2016, there were 147 NSO PHAs on the Plan Area and the portion of the Action Area 
within 0.25 miles of the Plan Area. The hexagon analysis, modeling only harvest, would project 
approximately 6.6 PHAs per year (33 “lost” divided by 5) (4 percent of total period PHAs per 
year) to fall below threshold during the first 5 years (Figure 4.3.16). Modeling harvest, applying 
annual growth of stands and recalculating the PHA status for the first 5-year period, indicate a 
net gain of 14 PHAs (+9 percent). The analysis projects relatively steady increase over the next 
25 years to 182 PHAs (24 percent above the starting PHA number) before increasing even more 
substantially in the later decades of the permit period. The number of NSO PHAs over time 
under the HCP is shown in Figure 4.3.6. This estimate does not incorporate the site-specific 
application of Conservation Measure 2, the PZ around all occupied ACs. Applying the 72- to 
100-acre PZs within all occupied hexagons will reduce the availability of harvest units and thus 
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may increase the number of PHAs to a level above the projected estimate. The full protection for 
the permit term of SPI’s land that contributes to 34 NSO ACs under the NSO AC prioritization 
program (See HCP Section 5.2.2) will also increase the number of PHAs above the estimate as 
well. 

 
Figure 4.3.16. Projected Trend in NSO PHAs  

Hexagon Modeling Landscape PHA Trend Conclusion 

This modeling effort and analysis of trend in PHAs indicates that based upon the best estimate 
of a modeled future, including all harvest and growth, SPI’s proposed management will meet the 
objectives of Conservation Measure 1. This primary Conservation Measure provides that SPI will 
increase the amount and distribution of habitat capable of supporting survival and reproductive 
capacity of CSO and NSO on the Plan Area over the permit term. PHA distribution maps for 
Year 0 start, 0 to 20 change, 0 to 50 change, and the end of the 50-year term of the HCP are 
provided below (Figures 4.3.17 through 4.3.20). 
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4.3.9 HEXAGON MODELING METHODOLOGY FOR OCCUPIED 
HEXAGON TAKE ACCOUNTING 
SPI has developed a methodology for projecting an estimation of the amount of future take.  
The method analyzes AC locations within the hexagon network.  SPI maintains a database of the 
locations of all ACs for both NSO and CSO that can be intersected with our hexagon network.  
As described in the PHA accounting methodology, individual hexagon status over the permit 
term can be defined according to percentages of HF4 and HF2H.  HF values are derived from 
intersecting the HF type map with the hexagon network.  This intersection is done at the 
beginning of a given modeling period, again after harvest, and then again after modeled growth 
for each period in the model throughout the HCP term.  A hexagon may change status because 
of changes in HF composition.  Post-growth values become the following period’s starting 
condition.  Tracking the harvest impact across the 500-acre hexagon network in each model 
period allows assessment of the projected impact on every AC in Occupied Hexagons. 

Table 4.3.13. Definitions of Spotted Owl Nest and Support Hexagons for Take Estimates 
Hexagon 

Type Requirements Threshold Habitat Conditions 

Nest Must meet all three conditions (a, b, and c) and 
be based upon minimum 100 acres SPI land. 

a) At least 30 percent HF4 

Support Must meet one of the following options: 
• Conditions a and b 
• Conditions b and c 
• Condition b only 

b) At least 50 percent HF4 and/or HF2H 
c) at least one contiguous area (a potential nest 

stand) of at least 50 acres that includes at least 
30 acres of HF4 and 20 acres of HF2H 

Below 
Threshold 

none: this category is for all hexagons 
currently below Nest or Support 
thresholds 

Fails to meet either a or b; may or may not meet  c 

The projected status of an individual AC in an Occupied Hexagon is derived from the answers to 
the following questions regarding modeled harvest in each period:  

1. Did SPI harvest in the hexagon? (If no, “No Take” is estimated) 

2. Did that harvest cause the hexagon status to drop from Support or Nest to below 
those thresholds? – (If yes, an instance of “Habitat Take” is estimated) 

3. Did that harvest occur in a hexagon that was below threshold at the beginning of the 
period? – (If yes, an instance of “Habitat Take” is estimated) 

For the purposes of quantifying potential “take” over the permit term, SPI uses the known 
occupied AC locations as of 1/1/2016 as the starting conditions for the modeling effort. ACs are 
not projected to move from their starting location for the purposes of this modeling effort. SPI 
considered other methodologies for projecting “movement” of ACs through time and 
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determined that no methodology could simulate such movement without introducing 
significant speculation and uncertainty.  

Throughout the permit term, individual Occupied Hexagons will sometimes be projected to fall 
below established thresholds (See Table 4.3.7 above) due to modeled timber harvest. The 
modeled occurrences of such future events are the basis for the projected amount of potential 
(modeled) take resulting from habitat changes proposed for authorization under the incidental 
take permit (i.e., a habitat-based surrogate for take via harm). In addition to projections, such 
events will be tracked as they occur in real time (based on actual harvest rather than projected 
harvest) and will be counted annually as actual instances of potential take authorized under the 
permit. The annual analysis of actual take will identify and count the actual occupied hexagons 
that have harvest in below threshold hexagons or fall below thresholds as a result of SPI harvest.  

4.3.9.1 Analyzing Take in Spotted Owl Occupied Hexagons 

In this section, SPI quantifies the amount of potential take that may occur in hexagons with ACs, 
i.e., actually occupied by CSO or NSO. SPI considers the Plan Area/Action Area population of the 
two subspecies together, then each of the subspecies separately. Our analysis considers impacts 
to spotted owl Activity Centers because they represent a specific location, and as such, the 
impacts of harvest and growth at these sites can be predicted. Eventually these AC “takes” will 
be converted to estimated individual owls. 

There are 809 ACs (121 NSO and 688 CSO) in the Action Area (i.e., out to 1.3 miles from SPI 
lands in the NSO range and 1.0 miles from SPI lands in the CSO range). Given the totality of the 
HCP constraints, including the Conservation Measures, an AC more than 0.25 mile away from 
the Plan Area is unlikely to be impacted by SPI covered activities (as described in more detail 
below). There are 428ACs (61 NSO and 367 CSO) on or within 0.25 mile of the Plan Area. This 
group represents the Occupied Hexagons for consideration of projected habitat take. Within this 
subset, 199 ACs (17 NSO and 182 CSO) are located on SPI lands. An additional 229 ACs (44 NSO 
and 185 CSO) were located within 0.25 mile of the Plan Area. 

Among the 428 ACs on or within 0.25 mile of SPI lands, 41 were in hexagons that contained less 
than 50 acres of SPI ownership.  Because SPI owns less than 10 percent within each of these 500-
acre hexagons, and considering the rest of the conservation measures, occupied ACs in these 41 
are unlikely to be impacted by SPI activities.  Only 4 of these 41ACs (all CSOs) are on the Plan 
Area.  SPI will still track and consider all ACs including these 41 in the annual effort to evaluate 
whether potential take has in fact occurred (via surveys to detect owls, Appendix 5.4). Therefore, 
387ACs (428 minus 41) or 90 percent of all ACs on or within 0.25 mile of SPI lands) can be 
evaluated by modeling change within the hexagon network. 

For purposes of analysis, SPI only considered those ACs on or within 0.25 miles of SPI lands to 
be potentially impacted, because ACs greater than that distance are unlikely to be substantially 
affected by SPI covered activities. For an AC located exactly 0.25 miles from SPI property, the 
portion of 0.5-mile radius circle (502.65 acres) that overlaps SPI is 98.24 acres (19.5% of the 
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circle). Given the state adjacency and sustained harvest requirements the maximum SPI could 
harvest is about 25 of those acres, which would account for 5% of that circle. If the AC is just 1/8 
mile further away, these numbers drop to 36.25 SPI acres and a potential impact of 4% of the 
0.5-mile radius circle.  ACs >0.25 miles will still be afforded PZs if any of their most recent three 
Yearly Activity Centers (YACs) overlap SPI land. 

Also, in a hexagon where SPI owns less than 10 percent of the hexagon (50 acres) it is unlikely 
that SPI activities would impact an AC because a high proportion of the surrounding area is 
likely to be nesting and marginal nesting habitat as demonstrated by the GNN results (Raphael 
et al. unpub. data, Appendix 3.4).  When habitat off SPI land is not included in the projection, but 
is present in occupied hexagons, the actual effect of SPI covered activities could be 
overestimated. ACs in <50-acre SPI ownership hexagons will still be afforded PZs if any of their 
most recent three Yearly Activity Centers (YACs) overlap SPI land. 

Potential Take of Spotted Owls in Occupied Hexagons 

There are 809 ACs (121 NSO and 688 CSO) in the Action Area (i.e., out to 1.3 miles from SPI 
lands in the NSO range and 1.0 miles from SPI lands in the CSO range). During the first 5-year 
modeling period (starting in 2016), 66 spotted owl ACs (28 on SPI and 38 others within 
0.25 miles of SPI) were in hexagons where the projected harvest would meet the criteria for 
“habitat take.” These actions would be counted as instances of projected take in the form of 
“harm.” The projected take via harm would occur annually on average at 13.2 ACs (1.6 percent; 
13.2/809) of the Plan Area/Action Area ACs. Whether this take actually occurs would be 
confirmed, and potentially reduced from this estimate in the annual review of actions and 
conditions.  

For all 66 and especially those 38 off Plan Area ACs, nesting and marginal nesting habitat likely 
exists on the other ownerships within the hexagon (Raphael et al. unpub. data, Appendix 3.4). 
When habitat off SPI land is not included in the projection, but is present in occupied hexagons, 
the actual effect of SPI covered activities could be overestimated. Other factors also may reduce 
the likelihood that the projected amount of take would actually occur. For instance, the 
application of a PZ (as described in Appendix 5.2) in each occupied hexagon will withdraw 
habitat from access for harvest.   

The potential instances of take described above are the basis for the proposed amount of take 
that would be authorized in the permit. However, the actual amount of take that would be 
counted against the permitted amount is expected to be less, as a result of the temporal and 
site-specific application of the other conservation measures. Real-time habitat accounting 
associated with the annual monitoring will identify stands that have grown into threshold 
condition; this actual annual accounting will find more habitat in most years than was projected 
because growth is occurring annually and the modeled impact on ACs is based upon harvest 
only. Further, pre-project surveys will identify ACs actually inhabited by spotted owls prior to 
timber operations. SPI’s modeled estimate is that habitat in 24(36 percent) of the 66 hexagons 
where take could occur (and included in the estimate) will grow back above the threshold values 
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in the same 5-year period because many stands are on the cusp of meeting habitat criteria now. 
The required annual monitoring will also take into account the actual location of PZs. Therefore, 
it is likely that the actual number of instances of habitat take will be less than those modeled. 

Potential Take of CSO in Occupied Hexagons 

This discussion considers the CSO as a subset of the discussion of all ACs above. There are 
367 CSO ACs (86 percent of the total of 428 ACs identified above) on or within 0.25 mile of the 
Plan Area. Thirty-two are in hexagons with less than 50 acres of SPI ownership. Thus, 335 CSO 
ACs (367 minus 32 = 335) are within the range of the CSO in the Plan Area and Action Area out 
to 0.25-mile from the Plan Area. Using the same analysis described above, we estimated that 
take would occur at 58 CSO ACs over the first 5-year period (26 on the Plan Area, 32 in the 
Action Area), an estimated average annual impact of 11.6 ACs (1.7 percent of the 688 CSO ACs 
in the Action Area).  

Potential Take of NSO in Occupied Hexagons 

This discussion considers the NSO as a subset of the discussion of all ACs above. There are 61 
NSO ACs (14 percent) of the 428 ACs of both subspecies identified above) on or within 0.25 mile 
of the Plan Area. Seven are in hexagons with less than 50 acres of SPI ownership; all the 
remaining are in the hexagon network. Thus, 54 NSO ACs are within the evaluated Plan Area and 
the Action Area out to 0.25 mile from the Plan Area. Using the same analysis described above, 
we estimated that take would occur at 8 ACs over the first 5-year period (two in the Plan Area, 
six in the Action Area), an estimated average annual impact of 1.6 ACs (1.3% percent of the 121 
NSO ACs in the Action Area)  

The actual instances of take at NSO ACs may be substantially below this estimate, especially 
because the hexagon modeling estimate could not exclude harvest around the 34 NSO ACs 
being given 50-year protection under the NSO prioritization Tier program (HCP Section 5.2.2 
and Appendix 5.3). These SPI-designated “no-harvest areas” will reduce the instance of take to 
below the modeled harvest estimate, but by an unknown amount. Modeled estimates of take 
are estimates of ACs on the landscape and given the potential for movement out of the “no 
harvest” Tier 1 areas, we need to continue to estimate these potential takes. If an AC moves 
outside of the designated Tier 1 area, they become Tier 2 ACs and are subject to the take 
analysis. Annual surveys will track the actual locations of ACs for the annual take calculations.  
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4.3.9.2 Summary of Projected Instances of Incidental Taking 

Summarizing the types and amount of incidental take projected to occur under the HCP: 

Direct killing or injuring of adult spotted owls at ACs: Negligible, as result of pre-project surveys, 
seasonal restrictions around ACs, the SPI raptor policy (Appendix 5.7), and the ability of adults to 
escape harvest activities, we estimate its effect to be discountable. 

Direct killing or injuring of eggs or flightless juvenile spotted owls at ACs: Negligible, While 
there is an insignificant small chance that this might occur, we would estimate its effect to be 
discountable. 

Direct killing or injuring of adult or fledged juvenile spotted owls away from ACs: Negligible, 
because these mobile birds are capable of avoiding timber operations, habitat exists nearby in 
500-acre cores and home ranges, and dispersal habitat exists throughout the Plan Area, we 
estimate its effect to be discountable. 

In summary, 1) the potential take via harm of spotted owls due to habitat modification based on 
the criteria of impacts on Occupied Hexagons:  For CSO, 649 projected instances over 50 years, 
on average 13.0 per year. For NSO, 115 projected instances over 50 years, on average 2.3 per 
year. The total annual instances of take are estimated to be 15.3 ACs (13.0 + 2.3) for CSO and 
NSO. The distribution of modeled take over the permit term is shown in Table 4.3.14. 
 
Table 4.3.14 Modeled Take by Decade over the Permit Term 

 

4.3.9.3 Impact of Incidental Taking at Various Population Scales 

Criteria in the federal ESA require an HCP applicant to evaluate the impact of the proposed 
taking (HCP Handbook, USDI and USDC 2016).  To assess the potential importance of the taking 
in the context of regional and range-wide populations, we will compare the projections with 
spotted owl numbers known at various scales. Estimates of population change have been 
calculated based on demographic studies for both NSO and CSO. Prediction of spotted owl 
populations in future decades on the Plan Area, Action Area, or across the range of the two 
subspecies would be conjectural. Therefore, SPI compares the projected instances of incidental 

Period CSO Ave/yr NSO Ave/yr
10-yr Total CSO Total NSO

1 136 13.6 18 1.8
2 150 15.0 29 2.9
3 173 17.3 31 3.1
4 119 11.9 21 2.1
5 71 7.1 16 1.6

Decade 
Average 130 13.0 23 2.3
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take with populations known at the present time and assumes that impacts will remain roughly 
proportional into the future.  

As reported above, there are 688 CSO ACs within the Action Area, which for the CSO includes 
the Plan Area and a 1-mile surrounding area.  The fifty-year average of 13.0projected annual 
instances of incidental take would constitute about 1.9 percent of those ACs.  As reported in 
HCP Section 3.2.1, approximately 1,865 CSO sites were known in the Sierra Nevada as of 2006 
(USFWS 2006); the projected annual instances of AC incidental take would constitute about 
0.7 percent of the Sierra Nevada CSO population. 

As reported above, 121 NSO ACs were in the Plan Area or within the Action Area, which for the 
NSO includes a zone of 1.3 miles around the Plan Area. The projected 2.3 average annual 
instances of incidental take would constitute about 1.9 percent of the ACs in the Action Area. As 
reported in HCP Section 3.1.1, there are approximately 3,128 NSO ACs in California.  About 1,595 
(51 percent) of those are in the Klamath and the California Cascades Provinces, which include SPI 
lands. The 2.3 projected annual instances of AC incidental take would constitute about 
0.14 percent of the NSO ACs in the Klamath and Cascades Provinces of California. 

As described above, several factors indicate that these annual rates of potential take at ACs are 
artificially high, and therefore the proportional projected impact at various scales is also likely 
high. The actual amount of take that is counted against the permitted take is expected to be 
less, as a result of the temporal and site-specific application of the other conservation measures. 
Real-time habitat accounting associated with the annual monitoring will identify stands that 
have grown into threshold condition; this actual annual accounting will find more habitat in 
most years than was projected because growth is occurring annually and the modeled impact 
on ACs is based upon harvest only. As detailed above harvest is modeled for a 5-year period, 
projected take is assessed, and then growth for that 5-year period is added.  

As shown in Figure 4.3.9, the average HF percentages within the PHAs modeled to have been 
harvested below threshold are very close to the threshold values. During all 5-year modeling 
periods over the permit term, the average post-harvest condition of the hexagon “takes” is very 
close to the threshold values. This indicates that many projected instances of incidental take 
would only occur because loss of small amounts of habitat dropped the hexagon to below the 
threshold; therefore, the degree of change within affected PHAs may be small and may not 
cause a significant change relative to the habitat function.  

The required annual monitoring of actions that might result in harm will also account for the 
actual location of PZs and annual growth. Annual reporting and analysis of those ACs potentially 
impacted will assess the actual contribution of habitat outside of SPI ownership. Therefore, it is 
likely that some of the modeled take estimates will be not be realized in actual annual takes. 
Given the present ratio of ACs to PHAs is approximately 50%, there would appear to be available 
habitat for dispersers or floaters. If the birds on these ACs do move, it is a reasonable 
assumption that they should find available habitat on the Plan Area (Figure 4.3.7). This is further 
supported by the fact that the average estimate of the starting condition in each period for all 
PHAs is never less 63.4% combined HF2H and HF4 (Figure 4.3.8). 
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SPI assumes that two adult spotted owls are associated with each occupied AC, and that both 
will be taken when an action creates an instance of projected harm.    As described above SPI 
assumes as a result of potential failure to detect direct killing or injuring of eggs or pre-dispersal 
juvenile spotted owls, approximately an average of 2 spotted owls every 25 years).   

The amount of take in the form of harm will be offset by the overall increases in PHAs over time. 
During the permit term, the increase in the number of PHAs is projected to substantially exceed 
the loss of PHAs to timber harvest.  The PHA numbers are projected to decrease by about 4% 
over the first 20 years and then increase by almost 200% in the permit term (Figure 4.3.6). In the 
latter decades of the permit term, the number of PHAs are projected to increase substantially 
due to ongoing growth in Mixed stands and ingrowth of planted stands (Even).  Through the 
increase in PHAs the potential benefit to the spotted owl is expected to exceed the impact over 
the life of the HCP.  The expected increase in the number of PHAs will be accompanied by an 
increase in the total amount and distribution of SPI land consisting of larger trees accompanied 
by significant designed retention of older forest elements, as a result of the retention 
conservation measures, HF percentages, and total number of PHAs in Figure 4.3.6, Figure 4.3.7 
and Figure 4.3.10. 

Outside of SPI lands, progress on recovery actions (USDI, 2011) is not within SPI’s control.  But 
under this HCP, SPI would make important proportional contributions toward these improved 
conditions, including aggressive fuels and fire risk reduction that will benefit adjacent 
landowners, and cooperation with agencies in amelioration of sites where contaminants are 
present in trespass marijuana growing operations.  The benefits to spotted owls from successful 
implementation of this HCP will exceed the projected impacts and minimize or mitigate to the 
maximum extent practicable the impacts of the taking resulting from the covered activities. 

4.3.10 Attached Maps of PHA DISTRIBUTIONS 
 

Following are PHA distribution maps for Year 0 (Figure 4.3.17), 0 to 25 (Figure 4.3.18), 0 to 50 
(Figure 4.3.19) and the status at the end of the 50-year term of the HCP (Figure 4.3.20).  The PHA 
maps show the slight decrease and then steady increase in PHAs as discussed above. The 
change maps labeled 2016 to 2036 and 2016 to 2066 (Figure 4.3.18 and Figure 4.3.19) are the 
post-harvest year 20 and year 45 PHA status maps showing ingrowth and unchanged (Stable) 
PHAs along with the PHAs and individual hexagon portions of PHAs that fell below threshold 
(Lost) PHAs.  The post-harvest year 20 is projected to be the lowest point in total PHA count (a 
drop of 4% overall and of 10% in the CSO range).  From that point for the rest of the permit 
term, the total PHA count are projected to increase.  All of these maps also identify hexagons 
(labeled Available) which are Nest or Support hexagons but could not be paired up to create a 
PHA. Many of the large areas that are currently not habitat (indicating they are currently below 
threshold) are past and recent wildfire areas.  Due to the voluntary reforestation effort over the 
last 30 years, these areas are shown returning to qualifying PHAs within the permit term.  Two 
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additional maps Figure 4.3.21 and Figure 4.3.22 have been added to show 2018 ACs and the 
NSO / CSO range line for reference. 
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Figure 4.3.17. 2016 Starting PHA Distribution Map 
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Figure 4.3.18. 2016 to 2036 Net Change in PHA Distribution Map 



Confidential Business Information – August 17, 2018 Draft 

August 2018 

HCP for Northern and California Spotted Owl—SPI Forest Land Management Program: Appendix 4.3 65 

 
Figure 4.3.19. 2016 to 2066 Net Change in PHA Distribution Map 
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Figure 4.3.20. 2066 Estimated Permit Term PHA Distribution Map 
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Figure 4.3.21. 2016 Starting PHA Distribution Map with 2018 ACs and NSO/CSO Range line 
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Figure 4.3.22. 2066 Estimated Permit Term PHA Distribution Map with 2018 ACs and 
NSO/CSO Range line 
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Nesting / Denning Structure Presence and Abundance Survey in Covered 
Species Conservation Areas  
 

Draft 6.2 

4/16/13 

Introduction  
Sierra Pacific Industries (SPI) is developing a Candidate Conservation Agreement with 

Assurances (CCAA) for the California spotted owl (CSO), northern goshawk (NOGO), and Pacific 
fisher (PAFI) (Covered Species).  SPI uses its Habitat Form classification system to describe 
forest stands as habitat for wildlife species, such classification is based upon an intensive forest 
inventory implemented across the SPI ownership at a frequency of one plot every 4 acres.  

Habitat Form 4 (HF4) is considered suitable nest / den habitat for the Covered Species by 
virtue of its dense canopy (≥60%), large stand quadratic mean diameter (QMD) (≥13” dbh), the 
presence of a large tree component (minimum of 9 ≥22” dbh), and at least one suitable nest / 
den structure present in the stand. (For detailed information on Habitat Form 4, see “‘Habitat 
Form 4’as a Representative of Habitat for Covered Species”, Draft 3.2, Feb. 7, 2013)(SPI 2013). 

Habitat Form 2 (HF2) is the stand condition that is the precursor to HF4.  HF2 has moderate 
to dense canopy cover (40% - 100%) and a QMD of ≥6” dbh.  While a component of larger trees 
may be present in a stand designated as HF2 and or QMD can be high, HF2 stands do not satisfy 
all the criteria of HF4.  

The amount and trend of HF4 is intended to provide one of the key metrics of performance 
of the CCAA.  The current baseline amount of HF4 will change through the life of the CCAA as 
forest stands grow into HF4 from HF2, and as both HF2 and HF4 stands are harvested.  

Because the forest inventory was not designed to identify suitable nest /den structures on 
the sample plots, other confirmation of the presence of nest / den structures is needed to 
validate the assumption that structures are present in stands that otherwise meet the 
threshold criteria for HF4. 

Objectives 

One objective of this Survey/Inventory was to evaluate whether suitable nest / den 
structures are present in stands that otherwise meet the threshold criteria for HF2 and HF4 
based on the forest inventory.  This information will be used to evaluate the accuracy of 
assignment of stands to the HF4 category.  It will also be used to evaluate whether HF2 stands 
might also have the requisite nest / den structure present and therefore could qualify as 
suitable nest / den habitat for the Covered Species, either at present or when the HF4 criteria 
are achieved through growth of the stand.  
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Methods  

During autumn 2012, HF4 and HF2(L&H) stands on SPI lands were visually searched for 
presence of nest / den structures and sampled using strip plots to estimate abundance of such 
structures.  For sampling, stands were selected from various potential Covered Species 
Conservations Areas (CSCAs) that will be designated under the CCAA (Fig. 1).  The CSCAs 
investigated were chosen as representative of a wide range of conditions on the SPI ownership, 
based on experience of biologists and foresters.  Two of the selected CSCAs (McCloud and 
Sacramento Canyon), while in the range of the fisher and goshawk were in the range of the 
Northern spotted owl (NSO) rather than the CSO; conditions suitable for NSO were assumed to 
be suitable for CSO. 
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 Figure 1:  Covered Species Conservation Areas inventoried.   

Sample Selection 

The initial population consisted of all stands meeting inventory criteria (canopy cover, QMD, 
and large tree component) for HF4 and HF2(L&H) in the five CSCAs identified in Fig. 1.  A 
randomly chosen subset representing five percent of the stands appropriate for analysis was 



Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure 
Presence and Abundance Survey in Covered Species Conservation Areas 

then selected, using the following process:  To provide stands of meaningful size, all stands less 
than 5 acres were removed from consideration.  All stands in Watercourse & Lake Protection 
Zones (WLPZs) were removed, because they are likely to have been subject to different forms 
of management than the more typical upland stands.  All stands intersecting recent 
regeneration units that had not yet been re-inventoried and / reclassified in the GIS were 
removed from the potential sample, so that all areas selected for inventory would be properly 
classified and their acreage known.  The average size of stands remaining eligible for evaluation 
was about 15 acres.  

Stand Search 

For presence/absence searches of stands, five percent of the stands from among the 
eligible HF4 population were randomly selected from each of the five CSCAs using a random 
number generator based on the stand’s GIS Feature Index Number.  This resulted in a total 
sample of 94 stands, arrayed in the CSCAs as depicted in Table 1.  

 Table 1.  Numbers of HF4 Stands Selected for Searches per CSCA 

CSCA Count of Stands Selected for Searches 
McCloud 7 
Martell 22 
Stirling 33 
Sonora 28 
Sacramento 
Canyon 

4 

 

We also wished to evaluate whether structures in HF2 stands are available to contribute to 
Covered Species use of HF4 stands, so an equal number of HF2 stands were selected from each 
CSCA for sampling.  For efficiency in sampling, the HF2 population was limited to stands within 
0.25 mi. of a HF4 stand.  HF2 stands were also selected using a random number generator, 
resulting in 94 HF2 stands chosen for search.  Where numbers of HF2 stands within the 0.25 
mile proximity requirement were not sufficient to attain the same number of samples as the 
HF4 stands, the next nearest HF2 stands meeting the criteria were used as the base for 
sampling.   

Once the sample HF4 and HF2 stands had been selected, WLPZ stands contiguous with the 
chosen sample stands were included in the sample area to be searched, because structures 
present in contiguous WLPZ stands are available to Covered Species using the adjacent HF4 or 
HF2 stands.  To allow comparison, data collected from these adjacent WLPZs were segregated 
from data collected in the upland stands.  Descriptions of the stands’ perimeters were 
downloaded into a GPS unit for location in the field and to ensure the search was conducted 
only in the sample stand. 

Because of time constraints, presence/absence stand searches were conducted at 73 of the 
94 HF2 stands and 81 of the 94 HF4 stands.  Thus, in 154 stands, a biologist or forester familiar 
with the nesting and denning needs of the covered species walked through the stand visually 
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examining live and dead trees until a structure was located that was apparently suitable for use 
by each of the Covered Species.  All evaluations were taken from the ground and were 
subjective, but personnel were instructed to perform the evaluation in a critical and 
conservative manner.  The stand search would be complete when a suitable structure for each 
of the Covered Species was found, or when one hour had elapsed.  Thus, the stand search 
constituted a presence/absence survey and a qualitative assessment of the presence of 
structures. 

Characteristics of apparently-suitable structure trees were described on data forms, 
including species, diameter at breast height (dbh), and structural attributes such as size of 
cavity or platform, estimated diameter of broken top, number of re-grown tops, etc.  Structures 
were considered suitable for use if the observer saw one or more of the characteristics found 
on the data form (Fig. 2).  Indicators of suitability included the width of a broken top, epicormic 
branch diameter and number, complexity of mistletoe broom, the number of forks or leaders in 
a reformed top, size of a platform, apparent depth of cavity, and evidence of decay.  The search 
focused on locating structures in live trees, because the intent of the CCAA is to provide 
structures that will persist over time.  However, snags were also tallied, because they may 
provide for the Covered Species, albeit potentially for shorter periods of time. 
If a single tree contained multiple structures that might be suitable for more than one of the 
Covered Species, it was counted only once.  In such cases, the hierarchy for assigning suitability 
was: 1) PAFI, 2) CSO, and 3) NOGO. 
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Strip Plot Sampling 

The intent of the strip plot structure sampling was to estimate the number of existing 
structures per acre in HF4 and HF2 stands.  The strip plot sample consisted of a random 
selection of half of the above-described 94 sample stands of both HF4 and HF2; thus, a total of 
94 stands were sampled.  The sampling used a strip plot 66 feet wide (33 feet either side of the 
center line) and 330 feet long, thus covering an area of 0.5 acre.  The starting point at one end 
of the strip was randomly located within the stand in the SPI GIS.  A bearing direction was 
selected that allowed the complete length and width of the plot to remain within the stand and 
any contiguous WLPZ.  The bearing was selected on a GIS layer with no vegetation information 
to avoid biasing the bearing selection.  The starting point and bearing were downloaded into a 
GPS unit for location in the field. 

The center of the strip was flagged for reference and for determining whether a structure 
tree was inside the strip.  In each strip plot, data were recorded for all structures that appeared 
suitable for one or more of the three Covered Species (Fig. 3).  As in the stand searches, if a 
single tree contained multiple structures that might be suitable for more than one of the 
Covered Species, it was counted only once.  In such cases, the hierarchy for assigning suitability 
was: 1) PAFI; 2) CSO; and 3) NOGO.  
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Results    
 
Stand Search  
 

Results of the presence/absence stand searches are detailed in Table 2.   Only one of the 
154 stands sampled (an HF2) did not contain at least one suitable structure.  Most of the HF2 
(86%) and HF4 (84%) stands contained nest / den structures for all three of the Covered Species 
 

Table 2. Number of stands containing at least one structure for the three Covered Species  
 

 

All Stands Combined 
Counts and % of stands with at least one 
suitable structure for the individual 
covered species. 

Total Stands PAFI CSO NOGO 
154 141 148 144 

 92% 96% 94% 
  

 

HF2 Stands 
Counts and % of stands with at least one 

suitable structure for the individual 
covered species. 

Total Stands PAFI CSO NOGO 
73 69 70 68 

 95% 96% 93% 
  

 

HF4 Stands 
Counts and % of stands with at least one 
suitable structure for the individual 
covered species. 

Total Stands PAFI CSO NOGO 
81 72 78 76 

 89% 96% 94% 
 
 
Of the 154 stands sampled in the presence/absence searches, 18 (11.6%) included area within 
WLPZs (Table 3).  WLPZs begin at the edge of the high-water mark of the stream channel and 
extend away from the stream generally 75 feet from either side of a class II and generally 100 
feet from class I streams depending on slope.  As a rule, the protection zones become 
increasingly wider as the slope of the terrain increases. About 6% of the total structures 
identified were in these WLPZs.  In only one case were structures present in the WLPZ but 
absent in the contiguous upslope unit.  Thus, suitable structures do not appear to be 
concentrated in WLPZs, but are found in the upland stands as well. 
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Table 3. Number of structures found in WLPZs during Stand Searches. 

Watercourse 
Class 

Number 
of 

Stands 

Percent 
of Total 
Stands 

Searched 
(n=154) 

Number 
of 

Structures 

Percent 
of Total 

Structures 
Identified 
(n=516) 

STR 1 5 3% 7 1% 

STR 2 13 8% 24 5% 

 
 
Strip Plot Sampling  

Table 4 details the results for the strip plot sampling.  For all stands of HF2 and HF4 
combined, the average was more than 3 structures per ½-acre plot.  Thus, the estimated mean 
number of suitable structures for one or more of the Covered Species is over 6 per acre.  
Structures that could support a nesting northern goshawk were most common, followed by 
structures for the California spotted owl and the Pacific fisher, but the differences were 
negligible.  For all stands combined, the median value for each species was 1.00 structure per 
½-acre (or 2 per acre).   

 
Table 4.  Numbers of structures for ½-acre strip plots by Covered Species 

 

 

Number 
of 

Nest/Den 
Structures 

PAFI CSO NOGO 

 Per 1/2 acre plot - All 
Average 3.40 1.04 1.09 1.28 
Median 3.00 1.00 1.00 1.00 
Std Dev 2.25 1.37 0.99 1.04 

Min 0.00 0.00 0.00 0.00 
Max 12.00 7.00 5.00 5.00 

  Per 1/2 acre plot - HF2 
Average 3.59 1.13 1.17 1.28 
Median 3.50 1.00 1.00 1.00 
Std Dev 2.29 1.31 1.06 1.05 

Min 0.00 0.00 0.00 0.00 
Max 12.00 6.00 5.00 5.00 

  Per 1/2 acre plot - HF4 
Average 3.23 0.96 1.00 1.27 
Median 3.00 0.00 1.00 1.00 
Std Dev 2.23 1.43 0.92 1.05 

Min 0.00 0.00 0.00 0.00 
Max 10.00 7.00 3.00 4.00 
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Five of the 94 strip plots (5.3 %) included portions of WLPZs (Table 4).  About 3 percent of the 
total structures identified in the strip plots were in WLPZs.  

Table 4. Number of structures found in WLPZs in Strip Samples. 

Watercourse 
Class 

Number 
of 

Different 
Stands 

Percent 
of Total 
Stands 

Searched 

Total 
WLPZ 

Structures 

Percent 
of Total 

Structures 
Identified 
(n=338) 

STR 1 3 3% 8 2% 

STR 2 2 2% 4 1% 

 
Characteristics of Structure Trees 
 
In both sampling methods (stand search and strip plot), data were collected on tree species, 
tree size (dbh), and nest/den structure type.   
 
Structures were present in at least 14 tree species (Table 5). In both samples, structures most 
commonly occurred in white fir and black oaks.  
 
Table 5. Tree Species Supporting Nesting / Denning Structures 

Stand Search  Strip-Plot  
Tree Species # % Tree Species # % 
Madrone 1 0% Alder 0 0% 
Alder 2 0% Madrone 0 0% 
Tanoak 3 1% Live Oak 1 0% 
Big Leaf Maple 5 1% Tanoak 1 0% 
Live Oak 9 2% Big Leaf Maple 2 1% 
Black Oak 115 22% Black Oak 54 16% 
White fir 112 22% White fir 102 31% 
Douglas-fir 87 17% Incense-cedar 47 14% 
Incense-cedar 58 11% Douglas-fir 38 11% 
Ponderosa/Jeffrey 
Pine 49 9% 

Ponderosa/Jeffrey 
Pine 37 11% 

Red Fir 38 7% Red Fir 25 8% 
Sugar Pine 30 6% Sugar Pine 22 7% 
Other Conifer 4 1% Other Conifer 2 1% 
Lodgepole Pine 2 0% Western Red Cedar 1 0% 
Knobcone Pine 2 0% Lodgepole Pine 0 0% 
Western Red Cedar 2 0% Knobcone Pine 0 0% 
Total 519     332   
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Trees containing structures averaged about 25” dbh (Table 6), with a minimum diameter of 12” 
dbh.  Most of the trees with structures were larger than 16” dbh. 
 
Table 6.  Structure Tree Diameters  

 Tree DBH – Stand Search Tree DBH - Strip plots 
Mean 24.5 26.5 

Median 24.0 26.0 
Std. Dev. 8.0 9.4 

Min. 12.0 12.0 
Max. 54.0 72.0 

 
 
In both sampling methods, the most commonly observed nest/den structures were epicormic 
branching, deformed tops, and cavities 2” to 6” (Table 7).   
 
Table 7.  Nest / Den Structure Type  

 Stand Search Strip Plot 
Nest / Den Type # % # % 

Cavity 2 to 6 53 11% 27 8% 
Cavity >6 34 7% 8 2% 
Broken top 35 8% 25 8% 
Deformed top 64 14% 50 15% 
Platform, mistletoe 25 5% 14 4% 
Platform, epicormic 
branching 76 16% 91 28% 
Platform, stick nest 22 5% 11 3% 
Platform, broken limb 4 1% 3 1% 
Basal cavity 5 1% 4 1% 
Down log with cavity 20 4% 13 4% 
Snag, cavity 25 5% 10 3% 
Snag, broken top 17 4% 12 4% 
Snag, loose bark 4 1% 2 1% 
Multiple 134 29% 56 17% 
Total 465  326  
     

 
Discussion  
 

As described in SPI (2013), SPI has proposed that HF4 will be the habitat type used for 
estimation of the baseline amount of habitat for the three Covered Species and as the metric 
for projecting trends and tracking achievement of milestones during the period that the CCAA is 
in effect.  Most of the characteristics required for inclusion of forest stands in HF4 (i.e., canopy 
cover, QMD, and presence of a component of large trees) are measured and recorded during 
SPI’s standard forest inventory.  However, the presence of structures suitable for 
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nesting/denning use by the Covered Species is not recorded during these inventories.  While 
experience suggests that such structures are present on a regular basis, SPI recognizes that 
more rigorous validation is needed to support the assumption that stands meeting the other 
criteria indeed have the important structural features.  
 This analysis demonstrates that apparently-suitable structures for Covered Species nesting / 
denning are present in almost all stands of both HF4 and HF2, and that structures are present at 
rates that far exceed the criterion of one structure per stand required for inclusion as HF4 (see 
Table 4).  Thus, SPI maintains that it is reasonable and appropriate to assume that stands 
meeting the criteria measured in the forest inventory plot system typically also have sufficient 
structures available.  

The presence of such structures in HF2 stands indicates that as the trees in these stands 
grow larger and attain the QMD and canopy cover required for re-classification as HF4, the 
stands will already have a sufficient number of structures to support nesting / denning 
behavior.  Thus, it is appropriate to project an increase in the amount of HF4 according to the 
modeled growth of stands presently classified as HF2.   

It is perhaps worthwhile to consider the origins of SPI’s existing HF4 and HF2 forest stands, 
and the factors that have created the nesting / denning structures.  Most of the HF4 and HF2 
stands have been acquired by SPI during the past four decades, and they were managed by a 
variety of other owners in previous decades.  For the past 50 to 100 years, barring catastrophic 
events such as extensive wind-throw or catastrophic fire, most of these forests were typically 
managed under various forms of repeated selection harvest, in which the largest, most 
valuable, and most accessible trees were harvested in a series of entries.  In most cases, stands 
were left to regenerate naturally, rather than re-planted.  These practices left stands with a 
variety of conditions that included few large old conifers, numerous hardwoods and smaller 
conifers, and also conifers of lesser commercial value, including some with “defects” such as 
broken and reformed tops, fire damage, large mistletoe infections, abnormal limb growth, 
heart rot and cavities, etc.  Fortuitously, many of these commercially undesirable growth forms 
provide nesting/denning structures for the Covered Species and other wildlife.  All trees 
continuing to grow in these stands remain subject to natural forces such as disease and damage 
from snow and wind, which create additional structures.  Thus, given the history of these 
stands, these ongoing natural processes, and the results of this sampling, it is reasonable to 
expect the continued presence of nesting/denning structures.  

The threshold criteria (SPI 2013) for inclusion of stands in HF4 were based on data derived 
from the literature and from measurements at successful nesting/denning sites on SPI property.  
In order to limit the definition of HF4 to only more typical nesting/denning locations, the HF4 
threshold criteria deliberately excluded a minority of the nesting/denning sites that were in 
stands with relatively small QMD or lower canopy cover, or where there were fewer than 9 
trees per acre ≥22”dbh.  As a result, a minority of the known reproductive sites did not meet 
the criteria for the HF4 classification, but were instead classified as HF2.  The presence and 
numbers of suitable structures observed in HF2 stands in this study may help explain the 
Covered Species’ use of these stands that do not yet meet the HF4 classification.  Given the 
demonstrated presence of structures and demonstrated use of some HF2 stands by Covered 
Species, it may be appropriate to include a subset of HF2 stands with the highest QMD and 
canopy cover as additional support for HF4 habitats in estimation of habitat amounts. 
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Interpreter (Fixed Grid) QMD ALL 10.8 (+ or -
 

13.0 
Processed 02/07/2014 at 15:13:53 QMD >=5" 14.0 (+ or -

 
12.9 

 Ave Diam All 8.3 (+ or -
 

45.3 
Tree Frequency Ave Diam >=5" 12.5 (+ or -

 
42.0 

Plot Count 10,526     TPA >= 12"   
 
 

TPA >= 22"  14.0 
 

  
DBH PP SP WF DF IC MC HW Total 

2 9.94 2.0
 

4.26 37.69 2.76 .71 11.40 68.79 
4 4.07 .09 1.57 11.53 - .18 19.95 37.38 
6 2.65 .17 1.60 8.96 .58 .09 8.75 22.79 
8 2.33 .45 .53 7.31 .50 .24 15.76 27.12 

10 1.31 .48 .58 7.26 .19 .24 12.76 22.83 
12 1.65 .40 .35 5.67 .19 .08 11.07 19.40 
14 .67 .43 .24 4.68 .18 .04 7.27 13.52 
16 1.06 .28 .24 3.26 .04 .09 4.22 9.18 
18 .81 .15 .27 2.89 .12 .06 3.01 7.31 
20 .64 .11 .19 2.20 .10 .07 1.82 5.13 
22 .51 .10 .09 1.71 .06 .04 1.45 3.95 
24 .39 .10 .08 1.48 .09 .02 .72 2.88 
26 .33 .09 .07 1.04 .06 .01 .47 2.07 
28 .29 .06 .07 .70 .01 .02 .34 1.50 
30 .13 .06 .04 .56 .03 - .22 1.04 
32 .10 .04 .04 .39 .02 .00 .22 .80 
34 .05 .03 .01 .28 .02 .01 .10 .48 
36 .04 .01 .00 .22 .02 .00 .09 .38 
38 .02 .01 .01 .14 .01 - .06 .25 
40 .03 .01 .01 .13 .01 - .03 .21 
42 .01 - .00 .08 .01 - .02 .11 
44 .00 .00 .00 .04 .00 - .01 .06 
46 .01 .00 - .04 .00 - .01 .06 
48 .00 .00 - .04 .00 - .02 .07 
50 .00 - - .04 .00 - .00 .05 
52 .00 .00 - .01 .00 - .01 .03 
54 .00 .00 - .02 - - .00 .02 
56 .00 .00 - .02 - - .00 .03 
58 .00 - .00 .01 - - .00 .02 
60 - - - .01 - - .00 .01 
62 - - - .01 - - .00 .01 
64 - - - .00 - - .00 .00 
66 - - - .00 .00 - - .00 
68 - - - .00 - - - .00 
70 - - - - .00 - .00 .00 
72 - - - .00 - - - .00 
74 - - - .00 - - - .00 
76 - - - - - - - - 
78 - - - .00 - - - .00 
80 - - - - - - - - 
82 .00 - - .00 - - - .00 
84 - - - - - - - - 
86 - - - - - - - - 
88 - - - - - - - - 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - - - - - - - 
98 - - - - - - - - 

100 - - - - - - - - 
Total 27.03 5.0

 
10.25 98.42 5.01 1.90 99.79 247.49 
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Interpreter (Fixed Grid) QMD ALL 8.9 (+ or -) 12.4 

Processed 02/07/2014 at 15:00:07 QMD >=5" 12.0 (+ or -) 12.2 
 Ave Diam All 6.9 (+ or -) 45.5 
Tree Frequency Ave Diam >=5" 10.8 (+ or -) 40.8 
Plot Count 4,958 TPA >= 12"  54.9  

 
 

TPA >= 22"  7.3   

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DBH PP SP WF DF IC MC HW Total 
2 11.52 4.02 3.00 46.39 1.59 .19 17.62 84.32 
4 4.17 .68 1.92 14.59 .42 .33 38.38 60.48 
6 3.02 .87 .91 13.18 .80 .23 18.47 37.48 
8 2.07 .45 .71 9.73 .66 .41 20.91 34.93 

10 1.54 .31 .74 6.87 .25 .18 17.37 27.26 
12 1.28 .20 .43 5.24 .21 .14 10.36 17.86 
14 .86 .21 .29 4.04 .14 .25 6.51 12.29 
16 .71 .17 .24 2.94 .13 .15 3.78 8.12 
18 .57 .14 .17 2.28 .12 .10 2.26 5.63 
20 .37 .08 .14 1.51 .06 .09 1.41 3.65 
22 .25 .06 .07 1.03 .03 .05 .85 2.34 
24 .20 .04 .05 .70 .04 .04 .45 1.51 
26 .10 .04 .01 .46 .01 .02 .31 .96 
28 .08 .03 .02 .33 .01 .03 .21 .71 
30 .06 .02 .01 .26 .01 .01 .14 .50 
32 .04 .01 .00 .18 .01 .01 .12 .37 
34 .02 .01 .00 .14 .00 .01 .07 .25 
36 .02 .01 .00 .12 .00 .00 .04 .19 
38 .01 .01 .00 .08 .01 .00 .03 .14 
40 .01 .00 .00 .07 .00 .00 .02 .10 
42 .00 .00 .00 .04 .00 - .01 .06 
44 .00 .00 .00 .03 .00 .00 .01 .04 
46 .00 .00 .00 .03 .00 - .00 .03 
48 .00 .00 - .02 .00 - .00 .03 
50 .00 - - .02 .00 - .00 .03 
52 .00 - .00 .01 .00 - .00 .02 
54 - .00 .00 .01 - - .00 .01 
56 .00 .00 - .01 .00 - .00 .01 
58 - - - .01 - - .00 .01 
60 - - - .01 .00 - .00 .01 
62 - - - .00 .00 - - .00 
64 - - - .00 - - .00 .00 
66 .00 .00 - .00 .00 - - .00 
68 - - - .00 - - - .00 
70 - - - .00 .00 - - .00 
72 - - - .00 - - - .00 
74 - - - .00 - - - .00 
76 - - - - - - - - 
78 - - - .00 - - - .00 
80 - - - - - - - - 
82 - - - .00 - - - .00 
84 - - - - - - - - 
86 - - - - - - .00 .00 
88 - - - - - - - - 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - - - - - - - 
98 - - - - - - - - 

100 - - - - - - - - 
Total 26.89 7.35 8.71 110.31 4.53 2.24 139.33 299.36 
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Interpreter (Fixed Grid) QMD ALL 7.5 (+ or -) 12.8 
Processed 02/07/2014 at 15:00:07 QMD >=5" 9.9 (+ or -) 12.5 

 Ave Diam All 6.1 (+ or -) 53.5 
Tree Frequency Ave Diam >=5" 8.9 (+ or -) 47.4 
Plot Count 4,958 TPA >= 12"  50.3 TPA >= 22"  
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 10.3 (+ or -) 13.4 
Processed 04/25/2014 at 09:27:34 QMD >=5" 14.0 (+ or -) 13.2 

 Ave Diam All 7.7 (+ or -) 48.3 
Tree Frequency Ave Diam >=5" 12.2 (+ or -) 43.8 
Plot Count 3,537 TPA >= 12"  68.97 

 
TPA = 22"  16.10 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DBH PP SP WF DF IC MC HW Total 
2 7.40 4.44 13.28 38.27 7.82 - 15.99 87.20 
4 2.48 2.02 7.56 18.55 5.25 - 22.62 58.47 
6 2.68 1.86 3.51 12.10 1.84 .80 9.49 32.28 
8 2.17 1.15 2.35 12.41 1.58 .40 10.81 30.86 

10 1.65 .60 2.02 10.49 1.37 .17 8.73 25.03 
12 1.17 .64 1.76 8.76 .66 .17 4.69 17.84 
14 .90 .50 1.07 6.85 .47 .17 2.34 12.32 
16 .77 .39 .84 5.88 .33 .09 1.10 9.40 
18 .64 .49 .70 4.56 .38 .07 .77 7.60 
20 .62 .31 .49 3.51 .18 .06 .53 5.71 
22 .37 .27 .33 2.82 .16 .06 .37 4.39 
24 .36 .23 .27 1.87 .16 .05 .23 3.16 
26 .27 .16 .19 1.47 .13 .02 .15 2.40 
28 .21 .13 .13 1.10 .07 .02 .11 1.77 
30 .13 .11 .08 .63 .09 .01 .07 1.12 
32 .06 .08 .05 .51 .04 .01 .04 .80 
34 .05 .05 .03 .42 .04 .00 .03 .61 
36 .04 .05 .02 .29 .05 .00 .03 .48 
38 .03 .03 .02 .25 .02 .00 .01 .36 
40 .02 .03 .01 .17 .01 .00 .01 .27 
42 .01 .02 .01 .13 .01 - .01 .19 
44 .01 .02 .00 .09 .00 .00 - .13 
46 .00 .01 .00 .08 .00 .00 .00 .10 
48 .00 .01 - .06 .01 - - .08 
50 .00 .00 .00 .06 .00 - - .07 
52 .00 - .00 .05 .00 - - .05 
54 .00 .00 .00 .03 .00 .00 - .04 
56 - .01 - .02 - - - .03 
58 - .00 .00 .01 .00 .00 - .02 
60 - .00 - .01 .00 - .00 .01 
62 - .00 - .01 .00 - - .01 
64 - - - .01 .00 - - .01 
66 - - - .00 - - - .00 
68 - - - .00 - - - .00 
70 - .00 - .00 - - - .00 
72 - - - .00 - - - .00 
74 - - - .00 - - - .00 
76 - - - .00 - - - .00 
78 - - - .00 - - - .00 
80 - - - .00 - - - .00 
82 - - - .00 - - - .00 
84 - .00 - .00 - - - .00 
86 - - - - - - - - 
88 - - - - - - - - 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - - - - - - - 
98 - - - - - - - - 

100 - - - - - - - - 
Total 22.05 13.61 34.73 131.51 20.68 2.11 78.12 302.81 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 8.5 (+ or -) 12.7 
Processed 04/25/2014 at 09:21:01 QMD >=5" 12.1 (+ or -) 12.5 

 Ave Diam All 6.5 (+ or -) 48.4 
Tree Frequency Ave Diam >=5" 10.7 (+ or -) 42.5 
Plot Count 13,355 TPA >= 12"  59.20 

 
   TPA >= 22"   9.03 

 
 

DBH PP SP WF DF IC MC HW Total 
2 15.94 4.83 15.09 42.82 16.69 1.06 20.57 117.01 
4 6.28 1.44 6.91 19.53 5.46 .86 34.71 75.18 
6 4.68 1.86 5.16 13.51 3.09 .56 16.69 45.55 
8 3.60 1.13 3.55 11.93 2.24 .41 14.37 37.23 

10 2.62 1.02 2.17 9.82 1.46 .41 9.19 26.69 
12 2.86 .84 1.34 7.24 .91 .39 5.64 19.22 
14 2.01 .55 1.06 5.54 .75 .29 2.59 12.79 
16 1.08 .42 .93 3.82 .49 .23 1.26 8.23 
18 .68 .29 .59 3.01 .37 .13 .79 5.86 
20 .51 .25 .39 2.09 .28 .10 .45 4.07 
22 .35 .17 .27 1.35 .22 .07 .25 2.67 
24 .24 .13 .20 .95 .17 .02 .13 1.84 
26 .21 .09 .16 .66 .13 .02 .10 1.36 
28 .14 .08 .08 .43 .09 .02 .07 .91 
30 .10 .07 .06 .30 .07 .01 .03 .65 
32 .06 .04 .04 .23 .03 .01 .03 .44 
34 .04 .03 .02 .15 .04 .00 .02 .29 
36 .03 .02 .01 .11 .02 .00 .01 .20 
38 .02 .02 .01 .10 .02 .00 .01 .18 
40 .01 .02 .01 .08 .02 .00 .00 .14 
42 .01 .01 .00 .06 .01 .00 .00 .08 
44 .00 .01 .00 .05 .01 .00 .00 .08 
46 .00 .00 .00 .05 .01 - .00 .06 
48 .00 .00 .00 .03 .00 - - .04 
50 .00 .00 .00 .03 .00 - .00 .03 
52 .00 .00 .00 .02 .00 - - .02 
54 - .00 .00 .01 .00 - - .01 
56 - .00 .00 .01 .00 - - .01 
58 - .00 - .01 - .00 - .01 
60 .00 .00 - .00 .00 - .00 .00 
62 - .00 - .00 - - - .00 
64 - .00 - .00 - - - .00 
66 - - - .00 .00 - - .00 
68 - - .00 .00 .00 - - .00 
70 - .00 - .00 - - - .00 
72 - - - .00 - - - .00 
74 - .00 - - - - - .00 
76 - - - .00 .00 - - .00 
78 - - - .00 - - - .00 
80 - - - - - - - - 
82 - - - - - - - - 
84 - - - - - - - - 
86 - - - - - - - - 
88 - - - - - - - - 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - - - - - - - 
98 - - - - - - - - 

100 - - - - - - - - 
Total 41.47 13.31 38.08 123.94 32.58 4.59 106.91 360.87 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 7.8 (+ or -) 12.6 
Processed 04/25/2014 at 09:21:01 QMD >=5" 10.6 (+ or -) 12.3 

 Ave Diam All 6.1 (+ or -) 50.3 
Tree Frequency Ave Diam >=5" 9.4 (+ or -) 44.1 
Plot Count 13,355 TPA >= 12"   

 
 

TPA >= 7.3794 
 

 

 
DBH PP SP WF DF IC MC HW Total 

2 15.61 6.51 21.23 30.75 19.40 2.03 24.81 120.34 
4 5.81 1.73 7.09 16.25 6.34 1.20 47.33 85.76 
6 6.81 3.97 7.71 17.44 4.70 1.56 41.82 84.00 
8 3.93 1.92 4.58 12.49 2.97 1.42 23.63 50.94 

10 1.92 .90 2.58 7.47 1.33 .78 9.32 24.29 
12 1.19 .72 1.20 6.05 .96 .59 5.26 15.97 
14 1.03 .48 .80 4.58 .64 .40 2.30 10.24 
16 .63 .48 .69 3.16 .43 .32 1.01 6.71 
18 .55 .24 .44 2.46 .34 .32 .56 4.93 
20 .34 .24 .33 1.56 .24 .10 .34 3.14 
22 .25 .12 .23 1.13 .17 .09 .15 2.15 
24 .18 .10 .15 .80 .14 .04 .09 1.49 
26 .15 .09 .08 .55 .12 .01 .09 1.09 
28 .10 .06 .09 .37 .10 .02 .03 .76 
30 .07 .04 .06 .27 .06 .01 .03 .54 
32 .04 .04 .05 .18 .05 .00 .01 .37 
34 .03 .03 .03 .13 .03 .01 .01 .27 
36 .01 .01 .01 .10 .02 .00 .00 .16 
38 .01 .02 .01 .08 .03 .00 .00 .16 
40 .01 .01 .00 .06 .01 .00 .00 .09 
42 .00 .00 .00 .04 .01 .00 .00 .06 
44 .00 .00 .01 .04 .01 .00 - .06 
46 .00 .00 .00 .02 .00 - - .03 
48 .00 .00 .00 .03 .00 - - .04 
50 .00 .00 - .02 .00 .00 - .03 
52 - .00 .00 .01 .00 - - .02 
54 - - - .01 .00 .00 - .01 
56 - .00 - .01 .00 - - .01 
58 .00 .00 - .00 .00 .00 - .01 
60 - - .00 .00 - - - .00 
62 - .00 - .00 - - - .00 
64 - .00 - .00 - - - .00 
66 - - .00 .00 - - - .00 
68 - - - .00 - - - .00 
70 - - - .00 - - - .00 
72 - - - .00 - - - .00 
74 - - - - - - - - 
76 - - - - - - - - 
78 - - - .00 - - - .00 
80 - - - - - - - - 
82 - - - - - - - - 
84 - - - - - - - - 
86 - - - - - - - - 
88 - - - - - - - - 
90 - - - - - - - - 
92 - - - - - - .00 .00 
94 - - - .00 - - - .00 
96 - - - - - - - - 
98 - - - - - - - - 

100 - - - - - - - - 
Total 38.68 17.74 47.38 106.09 38.10 8.93 156.79 413.70 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 12.6 (+ or -) 14.
 Processed 02/07/2014 at 13:40:43 QMD >=5" 15.5 (+ or -) 14.
  Ave Diam All 9.9 (+ or -) 50.
 Tree Frequency Ave Diam >=5" 13.7 (+ or -) 47.
 Plot Count 3,774 TPA >= 12"    89.5 

 
   TPA >= 22"  28.3 

 
  

DBH PP SP WF DF IC MC HW Total 
2 1.96 - 41.03 .29 1.71 4.75 .48 50.21 
4 2.50 .39 33.94 .11 1.22 1.30 1.92 41.38 
6 1.95 .32 24.85 .17 2.06 .99 1.57 31.91 
8 1.44 .35 19.77 .20 .78 .99 1.02 24.55 

10 1.73 .17 16.44 .14 .71 .92 .72 20.83 
12 1.04 .14 14.30 .06 .54 .81 .55 17.44 
14 .83 .18 11.37 .19 .52 .66 .33 14.08 
16 .78 .15 9.34 .07 .42 .55 .10 11.40 
18 .57 .15 8.11 .12 .25 .39 .04 9.63 
20 .54 .09 7.33 .04 .23 .37 .04 8.64 
22 .37 .18 6.12 .08 .14 .27 .03 7.18 
24 .30 .14 5.05 .03 .11 .12 .01 5.75 
26 .20 .12 4.19 .04 .11 .08 .01 4.75 
28 .20 .11 3.21 .02 .08 .03 - 3.65 
30 .10 .07 2.17 .02 .06 .04 .00 2.46 
32 .08 .04 1.61 .01 .02 .02 - 1.78 
34 .03 .06 .93 .01 .02 .01 - 1.06 
36 .03 .04 .58 .00 .02 .01 .00 .69 
38 .01 .04 .35 .00 .01 .01 - .43 
40 .01 .02 .16 .01 .01 .00 .00 .21 
42 .01 .01 .09 .00 .00 .00 .00 .12 
44 .00 .01 .06 - .01 - - .08 
46 .00 .01 .04 - .00 .00 - .05 
48 .00 .00 .02 - .00 - - .02 
50 .00 .01 .01 - .00 .00 - .02 
52 - .00 .01 .00 - .00 .00 .01 
54 - .00 .00 .00 - - - .01 
56 .00 .00 .00 - - .00 - .00 
58 .00 .00 .00 - - - - .00 
60 - - - - - - - - 
62 - - - - - - - - 
64 - - - - - - - - 
66 - .00 - - - .00 - .00 
68 - - .00 - - - - .00 
70 - - .00 - - - - .00 
72 - - - - - - - - 
74 - - - - - - - - 
76 - - .00 - - - - .00 
78 - - - - - - - - 
80 - - - - - - - - 
82 - - - - - - - - 
84 - - - - - - - - 
86 - - - - - - - - 
88 - - - - - - - - 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - - - - - - - 
98 - - - - - - - - 
100 - - - - - - - - 

Total 14.69 2.79 211.10 1.60 9.03 12.31 6.83 258.35 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 11.3 (+ or -) 14.0 
Processed 02/07/2014 at 13:34:45 QMD >=5" 13.2 (+ or -) 13.9 

 Ave Diam All 9.6 (+ or -) 53.3 
Tree Frequency Ave Diam >=5" 12.2 (+ or -) 51.1 
Plot Count 1,501 TPA >=12”  121.9 TPA >=22”   

   
  

DBH PP SP WF DF IC MC HW Total 
2 2.43 - 34.27 1.09 - 9.06 1.20 48.05 
4 1.60 .30 26.89 .62 1.13 3.30 - 33.84 
6 2.04 - 14.80 .34 1.21 2.91 2.66 23.96 
8 9.47 .07 12.86 .73 1.78 3.34 1.20 29.45 

10 24.12 .08 8.10 .14 .77 2.03 2.37 37.61 
12 38.74 .03 7.54 .20 .48 1.59 .46 49.05 
14 24.99 - 5.53 .20 .36 1.40 .08 32.56 
16 9.26 .04 4.96 .17 .20 1.11 .06 15.79 
18 2.96 .03 3.28 .12 .16 .91 .10 7.56 
20 .73 .08 3.29 .14 .06 .63 .02 4.95 
22 .14 .11 2.58 .06 .15 .27 .04 3.35 
24 .12 .09 1.96 .08 .09 .11 .01 2.47 
26 .11 .02 1.45 .07 .05 .10 - 1.79 
28 .10 .05 1.13 .02 .04 .02 - 1.37 
30 .06 .04 .82 .01 .01 .02 - .96 
32 .02 .02 .62 .01 .01 .01 - .69 
34 .02 .03 .43 .00 .02 - - .49 
36 .03 .00 .32 .00 .00 .01 - .37 
38 .02 .01 .17 .00 .00 - - .20 
40 .01 .00 .11 .00 - - - .12 
42 .00 .00 .06 - - .00 - .07 
44 .00 .01 .05 - .01 - - .07 
46 .00 - .02 - - - - .02 
48 - - .01 - - - - .01 
50 - - .01 - .00 - - .01 
52 - .00 .00 - .00 - - .01 
54 - - .00 - - - - .00 
56 - - - - - - - - 
58 - - - - - - - - 
60 - - - - .00 - - .00 
62 - - - - - - - - 
64 - - - - - - - - 
66 - - - - - - - - 
68 - - - - - - - - 
70 - - - - - - - - 
72 - - - - - - - - 
74 - - - - - - - - 
76 - - - - - - - - 
78 - - - - - - - - 
80 - - - - - - - - 
82 - - - - - - - - 
84 - - - - - - - - 
86 - - - - - - - - 
88 - - - - - - - - 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - - - - - - - 
98 - - - - - - - - 

100 - - - - - - - - 
Total 116.98 1.02 131.26 4.00 6.53 26.81 8.20 294.80 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 12.1 (+ or -) 13.4 
Processed 02/07/2014 at 13:34:45 QMD >=5" 15.1 (+ or -) 13.3 

 Ave Diam All 9.4 (+ or -) 45.1 
Tree Frequency Ave Diam >=5" 13.2 (+ or -) 42.3 
Plot Count 1,501  TPA >= 12”  66.5  TPA >=22”  

 
  

DBH PP SP WF DF IC MC HW Total 
2 2.65 - 29.85 - - 7.20 - 39.70 
4 2.44 - 36.07 - .47 1.19 1.94 42.12 
6 3.50 .29 20.84 .58 2.45 3.54 2.02 33.21 
8 1.77 - 15.05 - .74 .57 .76 18.91 

10 1.15 .48 13.14 .14 .27 .82 1.29 17.29 
12 1.13 - 9.87 .41 .31 .22 .72 12.66 
14 .59 .37 9.03 - .21 .47 - 10.67 
16 .28 .11 7.35 .07 - .51 - 8.32 
18 .42 .12 6.40 .08 .07 .73 - 7.83 
20 .25 .03 5.10 .04 .16 .21 - 5.79 
22 .14 .08 4.21 .06 .03 .06 - 4.57 
24 .20 .02 3.77 - .05 .08 - 4.13 
26 .15 .04 3.20 .05 .02 .10 - 3.56 
28 .09 - 2.66 - .05 .04 - 2.85 
30 .08 - 2.13 .02 .00 .04 - 2.28 
32 .03 - 1.33 - .01 .01 - 1.38 
34 .02 - .98 .01 .01 .00 - 1.02 
36 .03 .01 .70 .00 .02 - - .76 
38 - .01 .33 - - - - .34 
40 - - .19 - - .01 - .20 
42 - - .05 - - - - .05 
44 - - .05 - - .00 - .05 
46 - - .03 - - - - .03 
48 - - .02 - - - - .02 
50 - - .01 - - - - .01 
52 - - .00 - - - - .00 
54 - - - - - - - - 
56 - - .00 - - - - .00 
58 - - - - - - - - 
60 - - - - - - - - 
62 - - - - - - - - 
64 - - - - - - - - 
66 - - - - - - - - 
68 - - - - - - - - 
70 - - - - - - - - 
72 - - - - - - - - 
74 - - - - - - - - 
76 - - - - - - - - 
78 - - - - - - - - 
80 - - - - - - - - 
82 - - - - - - - - 
84 - - - - - - - - 
86 - - - - - - - - 
88 - - - - - - - - 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - - - - - - - 
98 - - - - - - - - 

100 - - - - - - - - 
Total 14.92 1.56 172.38 1.46 4.86 15.83 6.73 217.74 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 10.2 (+ or -) 14.0 
Processed 02/07/2014 at 11:58:06 QMD >=5" 13.9 (+ or -) 13.9 

 Ave Diam All 7.7 (+ or -) 53.7 
Tree Frequency Ave Diam >=5" 12.2 (+ or -) 48.7 
Plot Count 2,378 TPA >= 12”  88.1 TPA >= 22”  

 
  

DBH PP SP WF DF IC MC HW Total 
2 3.50 1.23 23.97 22.59 25.65 1.25 26.99 105.18 
4 2.12 1.06 16.57 15.57 9.56 .71 30.61 76.20 
6 2.12 .80 10.36 8.71 7.46 .52 12.61 42.58 
8 1.89 .93 9.33 7.41 4.66 .70 11.42 36.34 

10 1.48 .77 7.01 6.17 2.97 .48 7.52 26.41 
12 1.40 .73 5.86 5.41 2.13 .23 5.23 21.00 
14 1.17 .75 4.84 4.60 1.58 .17 3.14 16.25 
16 .89 .46 4.39 3.76 1.07 .09 1.96 12.61 
18 .76 .49 3.39 3.30 .73 .08 1.03 9.78 
20 .71 .41 2.50 2.63 .59 .04 .78 7.66 
22 .56 .33 1.92 2.28 .45 .03 .46 6.03 
24 .46 .29 1.33 1.75 .34 .01 .33 4.51 
26 .34 .26 .92 1.43 .28 .01 .26 3.49 
28 .24 .18 .59 .99 .21 .00 .16 2.36 
30 .18 .15 .34 .62 .13 .00 .11 1.53 
32 .11 .10 .20 .41 .09 .00 .05 .97 
34 .07 .07 .10 .29 .05 .00 .04 .63 
36 .03 .05 .06 .20 .04 .00 .03 .40 
38 .02 .04 .03 .14 .03 .00 .02 .27 
40 .01 .03 .02 .09 .02 .00 .01 .18 
42 .00 .02 .00 .05 .01 .00 .01 .09 
44 .00 .01 .00 .05 .01 .00 .00 .08 
46 .00 .00 .00 .04 .01 - .00 .05 
48 .00 .00 .00 .03 .01 .00 .00 .05 
50 .00 .00 .00 .02 .01 .00 .00 .03 
52 .00 .00 .00 .02 .00 .00 .00 .03 
54 - .00 .00 .01 .00 .00 .00 .02 
56 .00 .00 .00 .01 .00 .00 .00 .01 
58 - .00 - .01 .00 - .00 .01 
60 .00 .00 .00 .01 .00 .00 .00 .01 
62 .00 .00 .00 .00 .00 .00 .00 .01 
64 - - .00 .00 .00 .00 - .00 
66 .00 .00 .00 .00 .00 - - .00 
68 - - - .00 .00 .00 - .00 
70 .00 - - .00 - .00 - .00 
72 - - - .00 .00 - - .00 
74 - - - .00 - - - .00 
76 - - - .00 - - - .00 
78 - - - .00 - - - .00 
80 - - - .00 - - - .00 
82 - - - - - - - - 
84 - - - - - - - - 
86 - - - .00 - - .00 .00 
88 - - - - - - - - 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - .00 - - - - .00 
98 - - - - - - - - 

100 - - - - - - - - 
Total 18.09 9.17 93.75 88.59 58.05 4.34 102.77 374.77 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 9.1 (+ or -) 13.4 
Processed 02/07/2014 at 13:25:27 QMD >=5" 12.1 (+ or -) 13.3 

 Ave Diam All 7.1 (+ or -) 53.1 
Tree Frequency Ave Diam >=5" 10.9 (+ or -) 47.7 
Plot Count 3,343 TPA >= 12”  77.1 TPA >= 22”  11.7   

DBH PP SP WF DF IC MC HW Total 
2 6.78 1.81 18.55 31.06 17.18 .46 23.86 99.70 
4 4.13 1.25 11.31 18.43 8.07 .39 41.24 84.81 
6 2.80 .83 8.11 12.20 5.53 .59 25.07 55.13 
8 2.46 .72 6.38 9.06 3.94 .37 22.62 45.55 

10 2.50 .59 4.47 7.10 2.15 .43 15.04 32.27 
12 2.90 .65 3.83 5.55 1.30 .35 9.03 23.61 
14 2.72 .43 2.83 4.68 .88 .18 5.63 17.34 
16 1.46 .34 2.11 3.54 .65 .12 2.99 11.20 
18 .75 .27 1.56 2.79 .48 .08 1.71 7.64 
20 .58 .23 1.11 2.00 .31 .07 1.26 5.56 
22 .37 .15 .71 1.46 .23 .02 .75 3.69 
24 .29 .13 .47 1.05 .15 .03 .49 2.61 
26 .19 .10 .33 .73 .12 .02 .35 1.84 
28 .12 .07 .18 .50 .07 .01 .20 1.15 
30 .08 .07 .12 .36 .05 .01 .13 .81 
32 .04 .04 .06 .24 .03 .00 .11 .53 
34 .03 .03 .03 .15 .03 .00 .07 .33 
36 .02 .02 .02 .11 .02 .00 .04 .23 
38 .01 .01 .01 .08 .02 .00 .03 .16 
40 .01 .01 .01 .06 .01 .00 .02 .11 
42 .00 .01 .00 .04 .01 .00 .01 .07 
44 .00 .00 .00 .03 .01 .00 .00 .05 
46 .00 .00 .00 .02 .00 - .00 .03 
48 .00 .00 .00 .02 .00 .00 .00 .03 
50 .00 .00 .00 .02 .00 - .00 .03 
52 .00 .00 .00 .01 .00 .00 .00 .02 
54 .00 .00 .00 .01 .00 .00 .00 .01 
56 .00 .00 .00 .01 .00 .00 .00 .01 
58 - .00 - .01 .00 .00 .00 .01 
60 .00 .00 - .01 .00 .00 - .01 
62 - - - .00 .00 .00 .00 .00 
64 - .00 - .00 - .00 .00 .00 
66 - .00 - .00 - .00 - .00 
68 - - - .00 .00 - - .00 
70 - - - .00 - - - .00 
72 - - - .00 - - - .00 
74 - - - - - .00 - .00 
76 - - - .00 - - - .00 
78 - - - .00 - - - .00 
80 - - - - - - - - 
82 - - - .00 - - - .00 
84 - - - - - - .00 .00 
86 - - - - - - - - 
88 - - - .00 - - - .00 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - - - - - - - 
98 - - - - - - - - 

100 - - - - - - - - 
Total 28.23 7.76 62.19 101.32 41.22 3.15 150.65 394.52 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 7.8 (+ or -) 13.4 
Processed 02/07/2014 at 13:25:27 QMD >=5" 10.6 (+ or -) 13.2 

 Ave Diam All 6.2 (+ or -) 57.5 
Tree Frequency Ave Diam >=5" 9.4 (+ or -) 50.3 
Plot Count 3,343 TPA >= 12”  65.0 TPA >= 22”  

 
 

  
DBH PP SP WF DF IC MC HW Total 

2 8.59 2.91 11.04 54.66 9.67 .49 54.83 142.18 
4 3.04 2.08 6.91 29.82 5.61 1.26 75.22 123.93 
6 3.59 1.35 6.51 23.85 5.68 1.90 68.84 111.73 
8 1.96 .86 4.39 13.13 2.02 .76 35.98 59.11 

10 1.42 .65 2.43 9.47 1.20 .38 16.84 32.39 
12 1.55 .39 2.29 6.98 1.12 .42 8.11 20.87 
14 1.03 .42 1.55 5.42 .52 .18 4.97 14.08 
16 .71 .21 1.15 4.01 .34 .12 2.39 8.93 
18 .64 .28 .85 3.18 .27 .10 1.30 6.62 
20 .38 .17 .64 2.22 .20 .02 .98 4.60 
22 .29 .13 .41 1.55 .15 .05 .56 3.13 
24 .20 .11 .33 1.04 .13 .01 .31 2.13 
26 .14 .11 .17 .83 .06 - .26 1.57 
28 .11 .07 .12 .53 .06 .00 .17 1.07 
30 .06 .04 .07 .29 .04 - .10 .61 
32 .05 .02 .04 .22 .01 .00 .07 .41 
34 .03 .02 .03 .16 .02 - .05 .30 
36 .02 .01 .01 .11 .02 .00 .01 .18 
38 .01 .01 .01 .09 .01 .00 .01 .14 
40 .01 .00 .01 .06 .00 - .01 .09 
42 .00 .00 .00 .04 - .00 .01 .06 
44 .00 .00 .00 .03 .00 .00 - .04 
46 - - .00 .02 .00 .00 .00 .03 
48 .00 .00 .00 .02 - - .00 .02 
50 .00 .00 .00 .02 .00 - - .02 
52 .00 .00 - .01 - .00 .00 .01 
54 - - .00 .01 - - - .01 
56 .00 .00 - .01 - - .00 .01 
58 - - - .01 - - - .01 
60 - .00 - .00 - - .00 .00 
62 - - - .00 - - - .00 
64 - - - .00 - - - .00 
66 - .00 - .00 .00 - - .00 
68 - - - - - - - - 
70 - - - .00 - - - .00 
72 - - - .00 - - - .00 
74 - - - .00 - - - .00 
76 - - - .00 - - - .00 
78 - - - - - - - - 
80 - - - - - - - - 
82 - - - - - - - - 
84 - - - - - - - - 
86 - - - - - - - - 
88 - - - - - - - - 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - - - - - - - 
98 - - - - - - - - 

100 - - - - - - - - 
Total 23.83 9.87 38.94 157.78 27.13 5.71 271.03 534.30 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 10.6 (+ or -) 14.2 
Processed 02/07/2014 at 16:01:56 QMD >=5" 14.3 (+ or -) 14.0 

 Ave Diam All 7.9 (+ or -) 53.3 
Tree Frequency Ave Diam >=5" 12.3 (+ or -) 48.4 
Plot Count 18,636 TPA >=12”  83.1 TPA >=22”  23.3   

DBH PP SP WF DF IC MC HW Total 
2 4.70 1.23 26.08 13.57 19.74 .51 31.21 97.04 
4 5.34 1.01 17.33 8.11 12.43 .41 29.19 73.82 
6 3.33 1.14 10.26 5.73 10.80 .28 16.55 48.09 
8 2.24 .88 7.31 4.97 6.02 .28 11.56 33.27 

10 1.96 .70 5.77 3.56 4.02 .23 9.38 25.63 
12 1.72 .68 4.82 3.22 2.70 .18 5.82 19.14 
14 1.28 .66 3.67 2.64 2.31 .11 3.72 14.38 
16 1.28 .47 2.96 2.15 1.64 .10 1.85 10.47 
18 1.07 .49 2.61 1.84 1.30 .07 1.35 8.74 
20 1.04 .49 2.07 1.57 1.03 .06 .86 7.12 
22 .90 .46 1.58 1.32 .75 .04 .52 5.57 
24 .76 .42 1.28 1.13 .61 .03 .36 4.60 
26 .63 .39 .98 .89 .46 .01 .21 3.57 
28 .53 .34 .71 .67 .34 .01 .12 2.72 
30 .37 .32 .49 .48 .24 .01 .09 2.01 
32 .31 .25 .29 .34 .18 .00 .05 1.41 
34 .21 .20 .21 .25 .13 .00 .03 1.03 
36 .14 .17 .14 .18 .10 .00 .03 .75 
38 .10 .15 .10 .12 .08 .00 .01 .56 
40 .05 .09 .07 .07 .06 - .01 .35 
42 .03 .06 .04 .05 .04 - .01 .22 
44 .02 .04 .02 .03 .03 - .00 .15 
46 .01 .04 .01 .02 .02 - .00 .11 
48 .01 .02 .01 .01 .02 .00 .00 .07 
50 .00 .02 .01 .02 .01 - .00 .05 
52 .00 .01 .01 .01 .01 .00 .00 .04 
54 .00 .01 .00 .01 .01 - .00 .03 
56 .00 .00 .00 .01 .00 - .00 .02 
58 .00 .00 .00 .00 .00 - - .01 
60 .00 .00 .00 .00 .00 - .00 .01 
62 - .00 .00 .00 .00 - - .01 
64 - .00 .00 .00 .00 - - .00 
66 - .00 .00 .00 .00 - - .00 
68 - - .00 .00 .00 - - .00 
70 .00 .00 - .00 .00 - - .00 
72 .00 .00 - .00 .00 - - .00 
74 - - .00 .00 .00 - - .00 
76 - - - - .00 - - .00 
78 - - - .00 .00 - - .00 
80 - .00 .00 .00 .00 - - .00 
82 - - - - - - - - 
84 - - - .00 - - - .00 
86 - - - .00 - - - .00 
88 - - - - .00 - - .00 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - .00 - - .00 
96 - - - - - - - - 
98 - - - - - - - - 

100 - .00 - - - - - .00 
Total 28.03 10.73 88.84 53.00 65.10 2.35 112.92 360.97 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 9.2 (+ or -) 13.5 
Processed 02/07/2014 at 13:51:56 QMD >=5" 12.2 (+ or -) 13.3 

 Ave Diam All 7.1 (+ or -) 52.7 
Tree Frequency Ave Diam >=5" 10.8 (+ or -) 47.6 
Plot Count 10,560 TPA >= 12”  75.7 TPA >=22”  13.0   

DBH PP SP WF DF IC MC HW Total 
2 4.62 1.40 22.49 19.18 15.14 2.08 35.57 100.49 
4 3.75 1.54 16.86 9.48 10.88 1.33 35.54 79.38 
6 3.36 1.59 10.32 8.23 9.56 .92 28.41 62.39 
8 2.66 1.18 6.72 5.92 5.93 .48 18.14 41.04 

10 5.12 .83 4.47 4.36 3.22 .32 12.21 30.54 
12 7.98 .84 3.61 3.93 1.90 .13 7.13 25.51 
14 3.60 .60 2.80 3.04 1.41 .10 4.36 15.90 
16 1.47 .50 2.15 1.97 1.06 .07 2.05 9.25 
18 1.13 .41 1.57 1.60 .74 .04 1.38 6.87 
20 .81 .37 1.10 1.41 .58 .04 .81 5.13 
22 .55 .35 .80 1.03 .41 .02 .46 3.63 
24 .42 .24 .55 .80 .31 .02 .26 2.61 
26 .29 .21 .36 .56 .29 .01 .20 1.93 
28 .25 .17 .26 .47 .17 .01 .12 1.44 
30 .19 .14 .16 .31 .15 .01 .07 1.02 
32 .12 .11 .11 .22 .10 .00 .04 .70 
34 .06 .10 .06 .15 .06 .00 .02 .45 
36 .05 .07 .04 .12 .06 .00 .03 .37 
38 .04 .06 .04 .09 .05 - .02 .30 
40 .02 .04 .02 .06 .03 - .01 .18 
42 .01 .02 .01 .04 .02 - .00 .11 
44 .01 .02 .01 .02 .01 - .00 .07 
46 .00 .01 .01 .01 .01 - .00 .05 
48 .00 .01 .00 .01 .01 - .00 .04 
50 .00 .01 .00 .01 .01 - .00 .03 
52 .00 .00 .00 .01 .00 - - .02 
54 .00 .00 .00 .01 .00 - - .02 
56 .00 .00 .00 .00 .00 - .00 .01 
58 .00 .00 .00 .00 .00 - - .01 
60 .00 .00 .00 .00 .00 - .00 .01 
62 .00 - - .00 .00 .00 - .00 
64 .00 - .00 .00 .00 - - .00 
66 - .00 - .00 .00 - - .00 
68 .00 .00 - .00 .00 - - .00 
70 - .00 .00 .00 .00 - - .00 
72 - - - .00 - - - .00 
74 - - - - .00 - - .00 
76 - - - - - - - - 
78 - - - - .00 - - .00 
80 - .00 - - - - - .00 
82 - - - - - - - - 
84 .00 - - - - - - .00 
86 - - - .00 - - - .00 
88 - - - - .00 - - .00 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - - - - - - - 
98 - - - - - - - - 

100 - - - - - - - - 
Total 36.55 10.81 74.53 63.07 52.14 5.57 146.85 389.50 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 8.2 (+ or -) 13.4 
Processed 02/07/2014 at 13:51:56 QMD >=5" 11.0 (+ or -) 13.1 

 Ave Diam All 6.4 (+ or -) 54.8 
Tree Frequency Ave Diam >=5" 9.6 (+ or -) 48.5 
Plot Count 10,560 TPA >= 12”  59.9 TPA >= 22”  12.1   

DBH PP SP WF DF IC MC HW Total 
2 5.67 1.60 23.87 27.66 15.70 5.92 42.83 123.24 
4 5.25 .98 16.88 10.87 7.55 2.82 55.58 99.93 
6 5.09 2.32 11.15 14.23 8.83 2.28 59.65 103.55 
8 2.80 1.19 5.34 7.26 4.66 1.12 27.86 50.23 

10 2.09 .71 3.30 5.53 2.18 .70 16.25 30.75 
12 1.66 .75 2.86 3.76 1.41 .24 6.92 17.61 
14 1.11 .47 1.95 2.76 1.21 .26 3.79 11.55 
16 .97 .40 1.71 2.60 .66 .07 1.14 7.55 
18 .68 .46 1.43 2.12 .70 .05 1.16 6.61 
20 .64 .27 .96 1.45 .47 .02 .63 4.44 
22 .64 .25 .75 1.10 .34 .03 .40 3.51 
24 .39 .20 .52 .78 .27 - .27 2.43 
26 .31 .22 .43 .57 .19 .01 .13 1.86 
28 .21 .17 .22 .32 .16 - .08 1.16 
30 .13 .15 .24 .31 .13 .01 .08 1.05 
32 .13 .11 .11 .18 .07 - .04 .64 
34 .07 .09 .09 .14 .06 - .02 .47 
36 .03 .08 .07 .09 .05 - .02 .34 
38 .02 .05 .03 .08 .03 - .01 .22 
40 .01 .04 .02 .04 .02 - .01 .14 
42 .01 .02 .01 .04 .02 .00 .00 .10 
44 .00 .02 .01 .02 .01 - .00 .06 
46 .00 .00 .00 .01 .01 - - .03 
48 .00 .00 .00 .01 .01 - - .03 
50 .00 .00 .00 .01 .01 - .00 .03 
52 .00 .00 .00 .00 .00 - - .01 
54 - .00 .00 .00 .00 - - .01 
56 .00 .00 .00 .00 .00 - - .01 
58 - .00 - .00 .00 - - .01 
60 - .00 - .00 - - - .00 
62 - - - - - - - - 
64 - - - .00 .00 - - .00 
66 - - - .00 .00 - .00 .00 
68 - .00 - - - - - .00 
70 - - - - - - .00 .00 
72 - - - - - - .00 .00 
74 - - - - - - - - 
76 - - - - .00 - - .00 
78 - - - - - - - - 
80 - - - - .00 - - .00 
82 - - - .00 - - - .00 
84 - - - - - - - - 
86 - - - - - - - - 
88 - - - - - - - - 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - - - - - - - 
98 - - - - - - - - 

100 - - - - - - - - 
Total 27.93 10.57 71.97 81.96 44.75 13.52 216.89 467.58 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 11.6 (+ or -) 14.2 
Processed 04/29/2014 at 13:44:51 QMD >=5" 14.5 (+ or -) 14.1 

 Ave Diam All 8.9 (+ or -) 52.3 
Tree Frequency Ave Diam >=5" 12.6 (+ or -) 48.9 
Plot Count 9,508 TPA >= 12”  86.85  TPA >=22”  23.75  

DBH PP SP WF DF IC MC HW Total 
2 5.43 .84 21.26 5.95 19.42 1.57 4.78 59.27 
4 5.20 1.26 16.58 4.92 15.36 1.60 12.54 57.47 
6 4.24 1.79 11.94 3.14 14.59 1.22 5.37 42.28 
8 3.90 1.51 9.37 3.33 11.39 .92 4.22 34.64 

10 2.90 1.29 8.43 2.18 7.52 .50 2.69 25.51 
12 2.42 .98 6.87 2.06 4.72 .29 1.94 19.30 
14 1.94 1.01 5.69 1.66 3.46 .13 1.38 15.26 
16 1.67 .69 4.38 1.17 2.57 .20 .80 11.48 
18 1.56 .69 3.56 1.07 1.94 .16 .61 9.59 
20 1.39 .53 2.82 .94 1.32 .10 .37 7.46 
22 1.06 .48 2.25 .81 1.03 .08 .31 6.02 
24 .77 .41 1.61 .69 .79 .06 .27 4.61 
26 .56 .33 1.30 .58 .55 .03 .19 3.53 
28 .47 .28 .88 .46 .44 .02 .14 2.69 
30 .35 .20 .62 .30 .33 .01 .10 1.91 
32 .27 .19 .37 .22 .26 .01 .07 1.40 
34 .20 .15 .27 .15 .21 .01 .05 1.05 
36 .12 .11 .19 .13 .16 .00 .04 .75 
38 .08 .10 .14 .11 .12 .00 .02 .56 
40 .05 .07 .07 .07 .08 .00 .01 .35 
42 .03 .04 .03 .04 .06 .00 .01 .23 
44 .02 .03 .03 .03 .05 - .01 .17 
46 .01 .02 .02 .02 .04 - .00 .12 
48 .01 .02 .01 .02 .03 - .00 .09 
50 .00 .01 .01 .02 .02 .00 .00 .07 
52 .00 .01 .01 .01 .02 - .00 .05 
54 .00 .01 .01 .01 .02 - .00 .04 
56 .00 .01 .00 .01 .01 - .00 .03 
58 .00 .00 .00 .01 .01 - .00 .02 
60 .00 .00 .00 .01 .01 - - .02 
62 .00 .00 .00 .00 .01 - .00 .01 
64 .00 .00 .00 .00 .00 - .00 .01 
66 - .00 .00 .00 .00 - .00 .01 
68 - .00 .00 .00 .00 - - .00 
70 - .00 .00 .01 .00 - - .02 
72 - .00 .00 .01 .00 - - .01 
74 - .00 .00 .00 .00 - - .00 
76 - - - .00 .00 - - .00 
78 .00 .00 - .00 .00 - - .00 
80 - .00 - .00 .00 - - .00 
82 - .00 - .00 .00 - - .00 
84 - - - .00 .00 - - .00 
86 - - - - .00 - - .00 
88 - - - .00 .00 - - .00 
90 - - - - - - - - 
92 - - - - - - - - 
94 - .00 - .00 - - - .00 
96 - - - - .00 - - .00 
98 - - - .00 .00 - - .00 

100 - - - - - - - - 
Total 34.66 13.10 98.72 30.14 86.55 6.91 35.95 306.02 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 10.7 (+ or -) 14.0 
Processed 04/29/2014 at 13:36:16 QMD >=5" 13.0 (+ or -) 13.9 

 Ave Diam All 8.8 (+ or -) 54.2 
Tree Frequency Ave Diam >=5" 11.9 (+ or -) 51.0 
Plot Count 7,178 TPA >= 12” 119.59 TPA >= 22” 11.52  

DBH PP SP WF DF IC MC HW Total 
2 4.95 3.04 22.16 5.21 15.49 2.26 11.43 64.54 
4 4.10 1.70 14.75 5.05 9.96 .44 15.54 51.54 
6 3.21 1.83 12.41 2.95 9.15 1.06 8.27 38.88 
8 4.06 1.65 8.17 3.10 6.82 .65 4.56 29.02 

10 10.53 1.38 6.69 4.27 4.35 .27 2.93 30.41 
12 29.69 .82 5.67 3.35 2.87 .24 1.83 44.47 
14 23.90 .71 4.23 1.72 2.02 .22 1.12 33.91 
16 8.82 .68 2.96 1.14 1.36 .18 .68 15.83 
18 3.42 .44 2.55 .71 .92 .13 .36 8.52 
20 1.55 .38 1.82 .56 .69 .09 .24 5.33 
22 .62 .23 1.29 .37 .51 .05 .17 3.24 
24 .37 .28 .97 .34 .35 .06 .12 2.48 
26 .18 .17 .70 .26 .27 .04 .08 1.70 
28 .14 .13 .52 .18 .19 .02 .06 1.24 
30 .11 .10 .36 .14 .15 .02 .04 .92 
32 .09 .06 .23 .08 .10 .01 .03 .60 
34 .05 .06 .11 .05 .08 .01 .01 .38 
36 .03 .04 .07 .05 .05 .00 .02 .25 
38 .02 .04 .06 .04 .05 .00 .01 .22 
40 .02 .03 .04 .02 .04 - .00 .14 
42 .01 .03 .02 .02 .02 .00 .00 .10 
44 .00 .02 .02 .01 .02 .00 .00 .07 
46 .00 .01 .01 .01 .01 .00 .00 .05 
48 .00 .01 .01 .01 .01 - .00 .03 
50 .00 .00 .00 .01 .01 .00 .00 .03 
52 .00 .01 .00 .00 .01 .00 - .02 
54 - .00 .00 .00 .00 .00 - .01 
56 .00 .00 .00 .00 .00 - - .01 
58 .00 .00 .00 .00 .00 - .00 .01 
60 .00 .00 .00 .00 .00 .00 - .01 
62 .00 .00 .00 .00 .00 - - .01 
64 - .00 .00 .00 .00 - - .01 
66 .00 - .00 .00 .00 - - .00 
68 - .00 - .00 .00 - - .00 
70 - .00 - .00 - - - .00 
72 - - .00 .00 .00 - - .00 
74 - .00 .00 - - - - .00 
76 .00 - - - .00 - - .00 
78 - - - .00 - - - .00 
80 - - - - .00 - - .00 
82 - - - - .00 - - .00 
84 - - - - - - - - 
86 - - - - - - - - 
88 - - - .00 - - - .00 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - - - - - - - 
98 - - - - - - - - 

100 - - - - - - - - 
Total 95.90 13.83 85.81 29.67 55.50 5.76 47.50 333.99 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 10.0 (+ or -) 13.1 
Processed 04/29/2014 at 13:36:16 QMD >=5" 12.9 (+ or -) 13.0 

 Ave Diam All 7.7 (+ or -) 47.8 
Tree Frequency Ave Diam >=5" 11.2 (+ or -) 43.6 
Plot Count 7,178 TPA >= 12”  61.87 TPA >= 22”  15.75  

DBH PP SP WF DF IC MC HW Total 
2 2.66 5.12 18.75 8.39 8.81 5.50 13.07 62.30 
4 .55 .20 16.71 6.95 7.41 2.40 30.19 64.41 
6 5.22 2.28 14.07 2.46 12.43 2.45 19.23 58.14 
8 2.46 1.83 7.28 3.29 7.40 1.61 5.42 29.28 

10 2.14 1.32 6.68 2.09 5.39 .95 2.29 20.86 
12 1.42 .56 6.21 .88 3.48 .53 1.56 14.65 
14 .92 .39 5.06 .75 2.29 .61 1.40 11.41 
16 .81 .48 3.94 .94 1.33 .46 .67 8.63 
18 .86 .36 3.36 .56 .92 .30 .29 6.64 
20 .59 .19 2.36 .50 .64 .27 .23 4.79 
22 .58 .31 2.36 .58 .38 .23 .17 4.59 
24 .41 .18 1.59 .30 .44 .14 .14 3.20 
26 .23 .14 1.18 .27 .29 .10 .09 2.30 
28 .23 .10 .95 .16 .25 .06 .02 1.77 
30 .17 .11 .52 .19 .15 .02 .06 1.21 
32 .14 .06 .38 .12 .12 .03 .01 .86 
34 .06 .08 .27 .05 .11 .01 .02 .59 
36 .05 .05 .13 .06 .08 .01 .02 .39 
38 .04 .03 .11 .04 .04 .00 .01 .29 
40 .01 .02 .07 .02 .02 - - .14 
42 .01 .02 .05 .02 .02 - .01 .11 
44 .01 .02 .02 .01 .02 - - .09 
46 .00 .02 .01 .02 .02 - - .07 
48 .00 .00 .01 .01 .02 - - .05 
50 .00 .00 .01 .01 .01 - - .03 
52 .00 .00 .00 .00 .01 - - .02 
54 - - - .00 .00 - - .01 
56 - .00 .01 - .00 - - .02 
58 - - .00 .00 .00 - - .01 
60 .00 .00 - - .00 - - .01 
62 - - - .00 .01 - - .01 
64 .00 .00 .00 .00 - - - .00 
66 - - - .00 - - - .00 
68 - - - .00 - - - .00 
70 - - .00 - .00 - - .00 
72 - - - - .00 - - .00 
74 - .00 - - - - - .00 
76 - - - - - - - - 
78 - - - - - - - - 
80 - - - - - - - - 
82 - - - - - - - - 
84 - - - - - - - - 
86 - - - - - - - - 
88 - - - - - - - - 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - - - - - - - 
98 - - - - - - - - 

100 - - - - - - - - 
Total 19.57 13.87 92.10 28.69 52.09 15.66 74.88 296.85 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 11.6 (+ or -) 13.9 
Processed 02/07/2014 at 14:19:56 QMD >=5" 14.7 (+ or -) 13.8 

 Ave Diam All 8.9 (+ or -) 49.8 
Tree Frequency Ave Diam >=5" 12.7 (+ or -) 46.6 
Plot Count 8,607 TPA >= 12”  78.8 TPA >= 22”  22.6   

DBH PP SP WF DF IC MC HW Total 
2 5.92 1.71 14.92 5.41 27.70 .33 4.86 60.85 
4 4.91 1.59 9.38 3.27 22.07 .19 6.14 47.54 
6 4.67 1.49 7.49 2.77 18.22 .14 2.97 37.76 
8 3.98 1.52 5.68 2.49 14.47 .13 2.26 30.52 

10 3.25 1.08 4.74 1.84 10.32 .12 1.80 23.15 
12 2.49 .93 3.68 1.49 7.05 .06 1.38 17.08 
14 2.10 .74 3.19 1.15 4.85 .07 1.15 13.25 
16 1.73 .67 2.66 1.02 3.77 .04 .79 10.68 
18 1.46 .59 2.18 .84 2.70 .03 .64 8.43 
20 1.23 .51 1.84 .63 2.06 .02 .48 6.76 
22 1.03 .42 1.62 .56 1.45 .01 .36 5.45 
24 .82 .33 1.20 .47 1.13 .01 .29 4.23 
26 .63 .30 .99 .36 .86 .01 .25 3.38 
28 .46 .26 .78 .29 .64 .00 .20 2.62 
30 .36 .20 .56 .23 .50 .00 .14 1.99 
32 .25 .18 .41 .17 .35 .00 .11 1.47 
34 .17 .16 .29 .12 .25 .00 .10 1.10 
36 .12 .13 .20 .10 .16 .00 .06 .77 
38 .08 .11 .14 .07 .12 .00 .04 .56 
40 .05 .08 .07 .05 .07 .00 .03 .35 
42 .02 .06 .03 .02 .04 .00 .02 .19 
44 .01 .05 .02 .01 .03 .00 .02 .14 
46 .01 .03 .01 .01 .02 .00 .01 .08 
48 .00 .02 .00 .01 .01 - .01 .06 
50 .00 .01 .00 .01 .01 .00 .00 .04 
52 .00 .01 .00 .00 .01 - .00 .03 
54 .00 .01 .00 .00 .01 - .00 .02 
56 .00 .00 .00 .00 .00 - .00 .01 
58 .00 .00 .00 .00 .00 .00 .00 .01 
60 .00 .00 .00 .00 .00 - .00 .01 
62 .00 .00 .00 .00 .00 .00 .00 .01 
64 .00 .00 .00 .00 .00 - .00 .00 
66 - .00 .00 .00 .00 - .00 .00 
68 - .00 - .00 .00 - .00 .00 
70 - .00 .00 .00 .00 - .00 .00 
72 - .00 - .00 .00 - .00 .00 
74 - .00 .00 .00 .00 - - .00 
76 .00 .00 - .00 .00 - - .00 
78 - - - .00 .00 - - .00 
80 .00 .00 - .00 .00 - - .00 
82 - .00 - .00 .00 - - .00 
84 - - - .00 - - - .00 
86 - - - - - - - - 
88 - - - - - - - - 
90 - - - .00 - - - .00 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - - - - - - - 
98 - - - - - - - - 

100 - - - - - - - - 
Total 35.76 13.17 62.10 23.41 118.87 1.17 24.10 278.57 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 10.6 (+ or -) 13.1 
Processed 02/07/2014 at 14:11:05 QMD >=5" 13.1 (+ or -) 13.0 

 Ave Diam All 8.4 (+ or -) 47.4 
Tree Frequency Ave Diam >=5" 11.7 (+ or -) 44.4 
Plot Count 2,529 TPA >= 12”  78.6 TPA >= 22”  11.8   

DBH PP SP WF DF IC MC HW Total 
2 11.99 2.62 12.11 4.57 21.13 .01 5.78 58.20 
4 6.92 1.81 8.19 3.36 13.64 - 7.03 40.95 
6 6.56 2.20 6.42 4.02 16.21 .09 5.27 40.79 
8 5.32 1.27 4.01 2.54 9.44 .07 2.77 25.43 

10 8.01 1.23 3.43 1.67 6.04 .12 2.37 22.88 
12 12.01 .93 2.63 1.66 4.00 .22 1.59 23.03 
14 10.83 .73 2.01 1.24 2.88 .26 1.07 19.03 
16 6.71 .48 1.56 .93 1.99 .25 .68 12.60 
18 2.97 .34 1.36 .68 1.54 .09 .49 7.47 
20 1.58 .31 .99 .47 .96 .02 .41 4.75 
22 .67 .23 .81 .37 .77 .01 .30 3.15 
24 .43 .17 .61 .27 .53 .01 .24 2.25 
26 .32 .16 .48 .21 .38 .00 .21 1.77 
28 .20 .11 .33 .16 .27 .00 .15 1.22 
30 .18 .09 .26 .14 .24 .00 .12 1.03 
32 .12 .07 .19 .10 .14 .00 .09 .71 
34 .08 .07 .13 .07 .10 .00 .08 .52 
36 .06 .05 .07 .05 .08 - .04 .35 
38 .05 .05 .06 .03 .06 - .03 .27 
40 .02 .05 .04 .02 .03 - .02 .18 
42 .01 .03 .01 .01 .02 - .01 .10 
44 .01 .01 .01 .01 .01 .00 .01 .06 
46 .00 .01 .01 .01 .01 - .01 .04 
48 .00 .01 .00 .01 .00 - .00 .03 
50 .00 .01 .00 .00 .01 - .00 .02 
52 .00 .00 .00 .00 .00 - .00 .01 
54 .00 .00 .00 .00 .00 - .00 .01 
56 - .00 .00 .00 .00 - .00 .01 
58 - .00 - .00 .00 - .00 .00 
60 - .00 .00 .00 .00 - .00 .00 
62 - .00 - .00 .00 - - .00 
64 - .00 - .00 .00 - - .00 
66 - .00 - .00 .00 - .00 .00 
68 - - - .00 .00 - - .00 
70 - - .00 .00 .00 - .00 .00 
72 - - - .00 .00 - .00 .00 
74 - .00 - .00 - - - .00 
76 - - .00 - .00 - .00 .00 
78 - - - - - - - - 
80 - - - .00 - - - .00 
82 - - - - - - - - 
84 - - - - - - - - 
86 - - - - - - - - 
88 - - - - - - - - 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - .00 - - .00 
96 - - - - .00 - - .00 
98 - - - - - - .00 .00 

100 - - - - - - - - 
Total 75.06 13.04 45.74 22.62 80.49 1.15 28.79 266.88 
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Now Appendix 4.4 of NSO/CSO HCP  formerly Appendix H:  SPI 2013b. Nesting / Denning Structure Presence and 
Abundance Survey in Covered Species Conservation Areas 

Interpreter (Fixed Grid) QMD ALL 11.0 (+ or -) 12.7 
Processed 02/07/2014 at 14:11:05 QMD >=5" 14.0 (+ or -) 12.6 

 Ave Diam All 8.3 (+ or -) 42.4 
Tree Frequency Ave Diam >=5" 12.1 (+ or -) 39.3 
Plot Count 2,529 TPA >= 12”  52.7 TPA >= 22”  15.2   

DBH PP SP WF DF IC MC HW Total 
2 17.21 1.94 8.69 3.88 17.14 - .76 49.62 
4 8.38 1.24 9.41 2.88 11.99 - 3.87 37.77 
6 8.91 1.55 6.69 1.90 13.73 - 3.69 36.47 
8 4.61 1.46 4.27 2.47 8.90 - 1.49 23.20 

10 2.82 1.02 3.18 1.30 6.35 .12 .88 15.67 
12 1.97 1.10 2.85 .75 3.73 .20 .39 10.99 
14 1.57 .61 2.77 .64 2.57 .07 .59 8.82 
16 1.17 .45 2.21 .52 2.54 .08 .40 7.37 
18 .80 .42 1.92 .41 1.74 - .31 5.59 
20 .92 .35 1.68 .34 1.23 .01 .21 4.74 
22 .64 .22 1.34 .17 1.06 .01 .23 3.67 
24 .42 .23 1.15 .17 .70 .01 .18 2.86 
26 .31 .16 .97 .09 .57 .00 .16 2.27 
28 .32 .16 .69 .07 .45 .01 .11 1.81 
30 .19 .16 .49 .09 .32 - .07 1.32 
32 .11 .14 .34 .09 .19 - .06 .92 
34 .09 .10 .29 .06 .15 .00 .03 .74 
36 .06 .11 .21 .05 .10 - .04 .57 
38 .04 .06 .16 .03 .09 - .02 .40 
40 .03 .05 .09 .01 .07 - .01 .27 
42 .01 .03 .02 .01 .04 - .00 .12 
44 .01 .04 .02 .00 .02 - .01 .08 
46 .00 .02 .01 .01 .02 - .00 .05 
48 .00 .01 .01 .00 .01 - .00 .03 
50 .00 .01 .01 .00 .01 - .00 .03 
52 .00 .01 .00 - .00 - .00 .01 
54 .00 .01 .00 .00 .00 - .00 .02 
56 - .00 .00 - .00 - .00 .01 
58 - .00 - .00 .00 - .00 .01 
60 - .00 .00 .00 .00 - - .01 
62 - .00 - .00 .00 - .00 .01 
64 .00 .00 .00 .00 .00 - - .00 
66 - .00 .00 .00 .00 - - .00 
68 - - - - - - - - 
70 - - - - - - - - 
72 - .00 - - - - - .00 
74 - .00 - - .00 - - .00 
76 - .00 - .00 - - - .00 
78 - .00 - - - - - .00 
80 - - - - - - - - 
82 - - - - - - - - 
84 - - - - - - - - 
86 - - - - - - - - 
88 - - - - - - - - 
90 - - - - - - - - 
92 - - - - - - - - 
94 - - - - - - - - 
96 - - - - - - - - 
98 - - - - - - - - 

100 - - - - - - - - 
Total 50.60 11.66 49.47 15.96 73.73 .51 13.53 215.46 
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SPI Northern State Forest District Option A 
INTRODUCTION 

The following document is submitted by Sierra Pacific Industries (SPI) to comply 
with Section 14 CCR 933.11(a) of the California Forest Practice Rules (FPR) as 
promulgated under the Z’berg Nejedly Forest Practice Act (FPA).  It covers the lands 
owned and contractually managed by SPI within the boundaries of the Northern State 
Forest District.  It is the result of our best professional analysis.  This analysis is the by-
product of detailed and extensive efforts in watershed analysis, site-specific timber 
harvest planning, and analysis of associated impacts.  We have invested much time and 
money in this effort for the past decade.  We continue to refine and update this process 
/ analysis as we engage in activities on the lands and monitor the effect of our activities. 

The long-term sustained yield value for the Northern State District SPI lands is 
presented in this document.  The same analysis will be submitted separately for the SPI 
lands in the Coast and Southern Districts.  

Our findings regarding harvest, growth, and yield are projections.  They are 
dependent on many assumptions tempered with professional judgment.  Many of the 
variables involved can change over time.  Calibration of growth models after 
comparison with on the ground results, weather-related and other stochastic events 
such as wildfire and insect attack, can influence results over time. 

This analysis assumes a relatively stable regulatory climate with regards to the 
FPR and FPA.  Regulatory requirements along with landowner goals limit to some 
extent the current range of management options.  All models and derived values were 
constrained to meet or exceed the requirements of the FPR and FPA.  The FPR 
requires that the sufficiency of the information necessary to demonstrate the balance of 
growth and harvest over time for this assessment area is determined by practicality and 
reasonableness in light of the size of the ownership, and the time since adoption of this 
requirement.  We believe we have met these tests with this effort. 

SPI has a substantial ongoing investment in our continuous inventory and 
monitoring systems.  These inventory systems collect data and monitor effects for many 
other forest values in addition to tree volume and growth.  We monitor our inventory, 
growth and harvest activities over time, and will submit updates to this document as 
necessary.  We will use the Option B – FPR section 1091.13 rule as guidance for 
determining whether updates are substantial or minor.  (“any deviation from the average 
harvesting projections in any ten-year period which exceeds ten percent” shall be deemed 
substantial and would require modification or amendment of this document.) 

We submit this Option A dated 1/1/99 to reflect the most recent date of a 
substantial inventory effort.  We are nearing completion of an ownership wide standing 
inventory, and developing the software to grow and deplete the inventory at the plot 
level.  The starting point for this assessment is set at 1/1/99 to reflect the most current 
information.  We are committed to maintain and improve inventory estimates over time. 
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Our past harvest was sustainable and our future harvest will continue to be 
sustainable.  Our past five-year average harvest level is within ±5% of the values 
established in this assessment.   

CONFIDENTIALITY ---- TRADE SECRETS 

In order to provide the public a meaningful review, summary presentations of our 
findings are provided in this document.  Our statewide total long-term sustained yield 
value and corporate-wide projection of inventory, harvest and growth over time are 
displayed in order to demonstrate how we achieve the goal of Maximum Sustained 
Production (MSP).  These values will allow the public to assess our compliance with 
FPR requirements.  SPI operates in a very competitive worldwide marketplace, both in 
terms of raw materials and finished products.  We must restrict disclosure of the level of 
site-specific production from our lands and its associated yield streams, so as to prevent 
our competitors from obtaining information that would put SPI at a competitive 
disadvantage.  Localized detailed information and its use falls under well-established 
legal precedents for protection of trade secrets.  It will be subject to confidential audit by 
CDF. 

SPI has a detailed and proprietary inventory management system.  The data 
collected, programs for data management, maintenance, and reporting are all 
considered trade secrets by SPI.  This extends to the planning model and its software, 
and the implementation of silvicultural prescriptions and timing of activities.  SPI will 
cooperate with CDF in its responsibility for confidential audit of all our data sets and 
models.  SPI will transfer to CDF additional confidential data that is not included herein 
to allow for audit, approval and tracking of the assessment over time.  The provision for 
confidential review of Option B, and by extension Option A assessments, reside in 
section 1091.4.5(C)(4) reproduced below: 

(4) A discussion of the accuracy of the inventory data for the management unit and/or
ownership.  Inventory data, models and growth and harvest projections utilized for
harvest scheduling projections shall be available for confidential audits by reviewing
agencies along with the basis for such data, including but not limited to the cruise design
and sample plot data and statistical validity of such estimates.

It is clear that the trade secrets laws (Gov. Code sec 6254.7) that provide this 
level of protection in Option B assessments are applicable to the same data in an 
Option A assessment. 

The above requirements do nothing to alter the disclosure requirements 
embodied in the Timber Harvest Plan permit process required prior to any harvesting 
activity.  CDF filing, review, and approval of this assessment does not permit SPI to 
engage in any management activity related to timber harvesting.  The assessment will 
be attached by reference to all timber harvest plans; permission to harvest still resides 
in the Timber Harvest Plan approval process. 
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APPLICABLE REGULATORY SECTIONS AND DISCUSSION 
In deciding to submit an Option A demonstration of MSP rather than an Option B (SYP), 

SPI understands that site specific discussions of SPI’s mitigation and protection of other forest 
values will continue to be accomplished in the THP and through the FPR process.  SPI has 
developed this Option A assessment to demonstrate how it will achieve MSP in the Northern 
State Forest District.  This assessment was developed in response to Section 14 CCR 
933.11(a) of the FPR.  The California State Board of Forestry promulgated this section of the 
FPR in response to a policy statement contained in the in FPA, Division 4, Chapter 8, Public 
Resources Code Section 4513.  This policy section says: 

4513.  Intent of Legislature.  It is the intent of the Legislature to create and maintain an 
effective and comprehensive system of regulation and use of all timberlands so as to 
assure that: 

(a) Where feasible, the productivity of timberlands is restored, enhanced, and
maintained.

(b) The goal of maximum sustained production of high-quality timber products is
achieved while giving consideration to values relating to recreation, watershed,
wildlife, range and forage, fisheries, regional economic vitality, employment, and
aesthetic enjoyment.

The Board passed Section 14 CCR 933.11 under the guidance of article 4, 
section 4551 of the FPA; 

Article 4.  Rules and Regulations 
 4551. Adoption of district forest practice rules and regulations.  The board shall 
adopt district forest practice rules and regulations for each district in accordance with the 
policies set forth in Article 1 (commencing with Section 4511) of this chapter and 
pursuant to Chapter 3.5 (commencing with Section 11340) of Part 1 of Division 3 of Title 
2 of the Government Code to assure the continuous growing and harvesting of 
commercial forest tree species and to protect the soil, air, fish and wildlife, and water 
resources, including, but not limited to, streams lakes and estuaries. 

Finally the FPR state that MSP can be achieved under 933.11(a) in a Timber Harvest 
Plan (THP) as follows; 

933.11 Maximum Sustained Production of High Quality Timber Products 
The goal of this section is the (sic:to) achieve Maximum Sustained Production of High 

Quality Timber Products (MSP).  MSP is achieved by meeting the requirements of either 
(a) or (b) or (c) in a THP, SYP or NTMP, or as otherwise provided in Article 6.8,
Subchapter 7.

(a) Where a Sustained Yield Plan (14 CCR 1091.1) or Nonindustrial Timber
Management Plan (NTMP) has not been approved for an ownership, MSP will be 
achieved by: 

(1) Producing the yield of timber products specified by the landowner, taking into
account biologic and economic factors, while accounting for limits on productivity due to 
constraints imposed from consideration of other forest values, including but not limited 
to, recreation, watershed, wildlife, range and forage, fisheries, regional economic vitality, 
employment and aesthetic enjoyment. 
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(2) Balancing growth and harvest over time, as explained in the THP for an
ownership, within an assessment area set by the timber owner or timberland owner and 
agreed to by the Director.  For purposes of this subsection the sufficiency of information 
necessary to demonstrate the balance of growth and harvest over time for the assessment 
area shall be guided by the principles of practicality and reasonableness in light of the 
size of the ownership and the time since adoption of this section using the best 
information available.  The projected inventory resulting from harvesting over time shall 
be capable of sustaining the average annual yield achieved during the last decade of the 
planning horizon.  The average annual projected yield over any rolling 10-year period, or 
over appropriately longer time periods for ownerships, which project harvesting at 
intervals less frequently than once every ten years, shall not exceed the projected long-
term sustained yield. 

(3) Realizing growth potential as measured by adequate site occupancy by species
to be managed and maintained given silvicultural methods selected by the landowner. 

(4) Maintaining good stand vigor.
(5) Making provisions for adequate regeneration.

At the plan submitter's option, a THP may demonstrate achievement of MSP pursuant to 
the criteria established in (b) where an SYP has been submitted but not approved. 

Additionally, only for owners with timberland ownerships that exceed 50,000 acres, a 
portion of 933.11(c) subparagraph (c) applies as shown emphasized below; 

(c) In a THP, or NTMP, MSP is achieved by:
(1) For evenage management, meeting the minimum stand age standards of

933.1(a)(1) meeting minimum stocking and basal area standards for the selected 
silvicultural methods as contained in these rules only with group A species, and 
protecting the soil, air, fish and wildlife, water resources and other public trust resources 
through the application of these rules; or 

(2) For unevenaged management, complying with the seed tree retention
standards pursuant to 933.1(c)(1)(A) meeting minimum stocking and basal area standards 
for the selected silvicultural methods as contained in these rules only with group A 
species, and protecting the soil, air, fish and wildlife, water resources and other public 
trust resources through the application of these rules. 

(3) For intermediate treatments and special prescriptions, complying with the
stocking requirements of the individual treatment or prescription. 

(4) Timberland ownerships totaling 50,000 acres or less may use subsection (c) to
show MSP. 

(5) Timberland ownerships of 50,000 acres or more may use subsection (c)
through December 31, 1999.  Thereafter they may use subsection (c) if an SYP or 
demonstration of achievement of MSP pursuant to 933.11(a) has been filed with the 
department and has not been returned unfiled or approved. 

(6) For scattered parcels on timberland ownerships of 50,000 acres or more,
subsection (c) may be used to show MSP. 

A necessary definition found in Section 14 CCR 895.1 is: 
Long Term Sustained Yield means the average annual growth 

sustainable by the inventory predicted at the end of a 100-year planning period. 
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LANDS COVERED BY THIS OPTION A 
 

 SPI owns and/or contractually manages 1,504,481 acres located in 19 Northern 
California counties.  SPI has milling and manufacturing facilities at 15 locations in California 
and often hauls logs great distances from the point of origin to the facility where they are 
ultimately processed.  In many cases logs are hauled from timberland in one State Forest 
District to a processing plant in another State Forest District.  A complete tax parcel listing of 
these lands is included in the Confidential Data maintained for this Option A at Sierra Pacific 
Industries headquarters in Anderson.  A map showing the extent and location of the current 
distribution of these timberlands and facilities is found on page 9.  This document submits the 
1,158,770 acres of land under our management in the Northern State Forest District as the 
assessment area for this Option A.  This ownership is distributed in 583 state planning 
watersheds encompassing some 5,670,344 acres  (See Northern State Forest District Map 
found on page 10).  The forest vegetation characteristics of lands managed by SPI in the 
Northern State Forest District are displayed below. 
 

 SPI Lands in Northern State Forest District - Forest Land Characteristics 
Acres of Species Types  Acres by Canopy Class 

Douglas Fir 259,915  Dense          60 to 100% 438,651 
Mixed Hardwoods  26,685  Moderate     40 to 60% 135,545 
Other Conifer 4,954  Low              10 to 40% 382,264 
Mixed Conifer 82,530  Open              0 to 10% 155,465 
Ponderosa Pine 354,358  Non Forest 46,845 
True Fir 288,632  Total 1,158,770 
Brush, Grass, Water, other 94,851  Note: Canopy from only trees ≥6" DBH 
Non Forest 46,845  
Total 1,158,770  Acres by Size Class 
   >24" DBH 238,016 
Acres by FPR Site Class  16 - 23"DBH 415,553 
    8 - 15" DBH 279,701 

I  352,645    0 - 7" DBH 83,805 
II  378,347   No Tree Size/Non Forest 141,695 
III  284,687   Total 1,158,770 
IV  96,246     

Non Forest   46,845   Lands with Hardwood Basal Area 
Total  1,158,770   Hardwood > 30% BA 242,628 

   Hardwood < 30% BA 785,492 
   Plantations 83,805 
Note: Tables are based upon plot point samples.  Non Forest 46,845 
   Total 1,158,770 
  Note: this includes 26,685 acres of 

hardwood type. 
 

Table 1 
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Basal Area by DBH Class 
Basal Area Inventory 
Units: Sq. Ft. / Acre 
TAA: SPI – Northern State Forest District 
Acres: 1,111,925.2 (Non Forest Acres Omitted) 

SPECIES 
DBH PP SP IC DF WF RF LP OC MH    Totals 

2 0.26 0.06 0.29 0.49 0.53 0.08 0.02 0.02 0.61 2.35 
4 0.69 0.15 0.87 0.87 1.18 0.21 0.04 0.01 1.71 5.75 
6 1.51 0.25 1.08 1.42 1.82 0.33 0.04 0.04 2.52 9.01 
8 1.32 0.37 0.93 1.54 1.86 0.37 0.05 0.06 2.51 9.00 
10 2.10 0.43 0.97 2.11 2.62 0.32 0.05 0.07 2.24 10.91 
12 1.97 0.68 0.90 2.50 2.77 0.43 0.08 0.06 1.87 11.26 
14 1.95 0.59 0.93 2.58 2.87 0.40 0.07 0.07 1.25 10.71 
16 1.95 0.69 0.75 2.72 2.93 0.43 0.10 0.09 1.00 10.67 
18 1.94 0.66 0.69 2.61 2.67 0.47 0.07 0.07 0.67 9.86 
20 1.78 0.64 0.53 2.29 2.27 0.51 0.04 0.02 0.65 8.73 
22 1.48 0.70 0.49 1.80 1.82 0.44 0.05 0.04 0.44 7.26 
24 1.19 0.71 0.44 1.54 1.48 0.41 0.03 0.04 0.37 6.22 
26 0.89 0.61 0.35 1.18 1.08 0.31 0.04 0.01 0.31 4.79 
28 0.83 0.47 0.16 0.74 0.57 0.21 0.02 0.01 0.18 3.19 
30 0.39 0.38 0.24 0.45 0.46 0.20 0.02 0.02 0.18 2.34 

>30 0.94 1.06 0.86 1.65 0.91 0.50 0.07 0.03 0.53 6.55 
Totals 21.19 8.46 10.48 26.49 27.86 5.64 0.81 0.64 17.03 118.60 

Table 2 

Trees Per Acre by Species and DBH 
Tree Frequency Inventory           
Units: Trees / Acre 
TAA: SPI  Northern State Forest District 
Acres: 1,111,925.2 (Non Forest Acres Omitted) 

Species 
DBH PP SP IC DF WF RF LP MC MH Totals 

2 21.59 3.09 12.39 22.63 24.84 3.63 0.65 1.00 27.78 117.60 
4 7.91 1.66 10.34 10.02 13.70 2.40 0.53 0.12 19.62 66.32 
6 8.30 1.29 5.60 7.27 9.31 1.70 0.21 0.21 12.84 46.75 
8 3.82 1.06 2.69 4.43 5.35 1.06 0.13 0.18 7.18 25.90 
10 3.85 0.78 1.78 3.88 4.82 0.59 0.09 0.12 4.11 20.03 
12 2.54 0.87 1.15 3.19 3.55 0.56 0.10 0.08 2.38 14.40 
14 1.84 0.56 0.87 2.43 2.71 0.38 0.06 0.07 1.17 10.09 
16 1.40 0.50 0.54 1.96 2.11 0.31 0.08 0.06 0.71 7.67 
18 1.10 0.38 0.40 1.49 1.53 0.27 0.04 0.04 0.38 5.62 
20 0.82 0.30 0.24 1.06 1.05 0.23 0.02 0.01 0.30 4.03 
22 0.56 0.27 0.19 0.69 0.69 0.17 0.02 0.01 0.17 2.77 
24 0.38 0.23 0.14 0.49 0.47 0.13 0.01 0.01 0.12 1.99 
26 0.24 0.17 0.10 0.32 0.29 0.09 0.01 0.00 0.09 1.31 
28 0.19 0.11 0.04 0.17 0.13 0.05 0.01 0.00 0.04 0.75 
30 0.08 0.08 0.05 0.09 0.09 0.04 0.00 0.00 0.04 0.48 

>30 0.13 0.14 0.11 0.22 0.14 0.07 0.01 0.00 0.08 0.90 
Totals 54.77 11.48 36.62 60.35 70.79 11.68 1.98 1.93 76.99 326.60 

Table 3 
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LANDOWNER GOALS AND OBJECTIVES 

SPI manages approximately 1.5 million acres of commercial forestland in 
Northern and Central California (See Ownership Map).  Dominant forest types under 
SPI management include Douglas Fir, Ponderosa Pine, Klamath and Sierra Mixed 
Conifer, Mixed Hardwood-Conifer, Red Fir, White Fir, and Jeffrey Pine (Meyer and 
Laudenslayer, 1988).  

SPIs' management objective for our entire ownership is to provide an adequate, 
stable, predictable, and cost-effective supply of raw materials for a variety of forest 
products.  This objective will be accomplished while managing for the long-term health 
and diversity of the forest lands, including provisions for the habitat needs of fish and 
wildlife species which occur, or potentially occur, on our forest lands. 

Sierra Pacific Industries used the following guiding principles to aid in our land 
management decisions: 
1) SPI’s overall management objective of providing for a stable, predictable and cost-
effective supply of raw materials for a variety of forest products will primarily determine
future landscape conditions.
2) SPI recognizes that, in order to achieve this overall management objective, the
Company must create and maintain healthy and productive forest conditions capable of
providing moderate to high levels of other forest values.
3) Disturbance is an inherent and required component of California forest stands and
landscapes.
4) Forest management activities can be conducted in a manner that approximate the
stand density conditions of pre-European forest disturbance regimes.
5) There are very few existing forest stands or landscapes from which we might study
how forests looked and functioned prior to European management influences.  In
addition, forest stands and landscapes that existed prior to these influences did not
meet today's needs for wood products.
6) Landscapes and stands that are capable of supporting a wide range of vertebrate
wildlife species, including both species thought to be "at risk" and species thought "to
benefit" from forest management activities, are key elements of what is termed a
healthy forest.
7) A management program that combines research and monitoring with effective
management adaptation can describe and create the stand and landscape conditions of
a healthy and productive forest, over both the short and long-term.

While SPI provides the previous list of principles to indicate the larger goals and 
objectives of our management, this document will primarily focus only on our 
achievement of Maximum Sustained Production.  
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MAXIMUM SUSTAINED PRODUCTION 

MSP as defined includes the following: “Producing the yield of timber products 
specified by the landowner …: ”  SPI primarily is interested in production of sawlogs from 
our timberland, but does produce logs for paper chips, and biomass.  For the purposes 
of this plan the primary product will be sawlogs measured in thousands board feet 
Scribner scale (mbf).  The other products produced are small in volume in comparison 
to sawlogs and usually are products that originate from material not normally quantified 
in growth and yield models.  SPI’s facilities can utilize all commercial species of trees 
found on the lands it manages.   

STANDING INVENTORY 

For our standing timber inventory, SPI has a grid-based inventory, with a 
variable radius temporary plot intensity of one plot per 4 acres (a 10 chain by 4 
chain grid of plot centers).  Contract cruisers beginning in 1997 established the 
majority of these inventory plots.  SPI has check-cruised 10% of all contract plots 
on a section-by-section basis.  We plan to use summer crews to replace sample 
plots two years after non-clearcut harvests.  We have re-sampled areas after 10 
years of growth and will use these re-measurements to calibrate our growth 
estimates and monitor snag numbers over time.  We wait two seasons past 
logging to allow logging caused mortality to potentially express itself.  Plantation 
stands will be re-sampled on the same grid when they reach merchantable 
status.  In-house proprietary software integrates G-Space, Cactos and Systum-1 
as growth models.  This software grows and harvests, if necessary, each sample 
plot annually.  There are over 350,000 plots in place in our “continuous tree 
monitoring system” (CTMS).  Other resource values and parameters are 
measured but they do not relate to current harvest or yield estimation.  SPI has 
continued to invest in cooperative growth and yield estimation studies, including 
Cryptos, Cactos, Systum-1, and G-Space.  We continue to cooperate by 
providing data to USFS when they develop new variants of the Prognosis model, 
but do not currently use it.  Our current inventory processes produce weighted 
average standard error estimates at less than 1%; well below the FPR rule guide 
of less than 15% standard error.   

The resulting inventory for the first planning period developed from plots 
collected from the entire SPI property is displayed in Table 4, on page 13.  Although 
there are no specific standards for statistical confidence for Option A analysis, our 
estimate of the total standing inventory is developed predominately from strata which 
have standard errors well below the standard set for an Option B analysis. This 
standard is found in FPR section 1091.4.5(c)(4): 

(4) A discussion of the accuracy of the inventory data for the management unit
and/or ownership.  Inventory data, models and growth and harvest projections
utilized for harvest scheduling projections shall be available for confidential audits
by reviewing agencies along with the basis for such data, including but not limited to
the cruise design and sample plot data and statistical validity of such estimates.  The
SYP shall describe how the submitter will, over time, make reasonable progress to
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improve inventory estimates for the major WHR or vegetation types, with a goal of 
achieving standard errors that are no greater than 15% of their respective 
inventory estimates within the effective period of the SYP. 

The major WHR types include all tree-dominated habitats in size classes 4, 5, and 
6 with canopy closure classes of S, P, M, and D. 

 
 The base period combined standing inventory estimate is a compilation of 
specific strata defined by site class and includes all timbered lands. The base Inventory 
with detail for each State Forest District is contained in confidential appendix pages A-1 
through A-411.  The weighted average standard error of these strata is ± 0.97%; an 
order of magnitude more accurate than the ±15% standard.   Standard error 
calculations for each of the separate State Forest District are also provided in the 
confidential appendix attachment B-1 though B-11. 
 
Sierra Pacific Industries - Summary Base Inventory
Board Ft. Scribner Gross Volume January 1, 1999
(1,439,350.95 acres) (Non forest acres omitted)

DBH
CLASS PP SP TF DF IC OC TOTAL

8 69,603,768 20,802,735 115,650,221 92,275,778 33,149,887 3,131,312 334,613,701
10 194,730,496 41,213,991 237,452,845 198,736,513 55,477,865 6,010,075 733,621,785
12 213,331,429 71,530,041 357,454,115 297,380,109 76,523,667 9,991,948 1,026,211,310
14 263,582,743 81,618,122 464,862,719 373,445,799 97,129,022 12,596,599 1,293,235,003
16 344,933,056 110,300,846 577,489,404 437,320,727 86,195,403 19,931,500 1,576,170,936
18 385,917,941 120,676,233 650,673,839 506,987,761 108,887,312 20,471,720 1,793,614,806
20 416,994,339 140,459,405 644,390,280 485,621,472 94,884,668 11,467,304 1,793,817,468
22 387,007,495 159,384,241 622,308,924 431,643,592 98,249,705 13,932,265 1,712,526,223
24 357,525,993 193,629,769 575,357,875 390,698,702 101,931,086 12,746,305 1,631,889,730
26 319,918,105 178,736,205 472,368,432 330,699,567 86,194,954 10,349,523 1,398,266,786
28 326,750,515 147,679,446 328,201,205 232,278,068 63,066,603 6,750,065 1,104,725,902
30 174,872,207 136,465,731 259,193,710 160,034,354 67,044,909 9,527,036 807,137,946
32 125,109,390 100,323,656 165,900,883 125,984,986 52,870,596 6,356,606 576,546,116
34 101,036,221 91,871,201 153,889,484 117,654,358 47,036,978 5,673,652 517,161,893
36 77,288,803 70,701,151 73,150,135 72,687,316 41,429,313 3,032,506 338,289,224
38 42,951,193 58,255,709 63,528,551 65,336,383 25,880,156 2,019,141 257,971,133
40 32,464,173 43,953,581 41,342,105 44,421,958 21,806,196 1,854,138 185,842,151
42 29,331,202 31,463,959 26,779,298 35,761,980 16,209,691 457,425 140,003,554
44 27,077,185 34,400,438 16,316,285 47,238,707 10,195,186 1,019,708 136,247,509
46 16,507,654 17,925,141 10,024,191 31,030,592 5,626,650 1,403,070 82,517,297
48 14,673,662 16,161,588 10,299,772 29,380,211 12,089,842 0 82,605,075
50 8,813,508 8,157,950 13,337,002 6,907,729 11,268,079 2,294,305 50,778,573

>50 15,833,873 37,542,207 27,405,662 124,756,507 41,485,429 1,510,139 248,533,816
TOTAL 3,946,254,951 1,913,253,345 5,907,376,936 4,638,283,167 1,254,633,196 162,526,341 17,822,327,937  
 

Table 4 
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MODELING GROWTH AND YIELD 
 

The Long Term Sustained Yield (LTSY) values and the underlying growth and 
yield scenarios were developed using a proprietary planning model that makes efficient 
use of a number of standard growth models.  All the growth models were developed 
through cooperative research and data sharing among cooperators, either at the 
University of California, Berkeley or at the United States Forest Service’s Pacific 
Southwest Silvicultural Research Station in Redding.  They include the California 
Conifer Timber Output Simulator (CACTOS), Simulating Young Stands Under 
Management (SYSTUM 1) and The Growing Space Model (G-Space).  Existing stands 
are grown using the standard regional calibration files by the Cactos growth model.  
Systum 1 is used to grow plantations until they are large enough to be grown by 
CACTOS.  Systum I was run assuming control of competing vegetation.  Calibration 
files for CACTOS have been developed to grow plantations after they leave SYSTUM 1.  
The calibration files used to calibrate Cactos for modeling plantations after being grown 
by Systum 1 were developed by SPI, guided by the results of 10 years of cooperative 
research with the University of California, using Dr. Stone and Cavallaro’s model, G-
Space.  These calibration files and all subsequent growth and yield scenarios 
developed to model this 100 year planning horizon have been submitted to CDF for 
confidential review. 
 

This is not a linear programming effort; therefore there is no objective function or 
model formulation as would be the norm in that environment.  We did construct an 
expert based simulation model of growth, harvest, and a multitude of other real world 
interactions, pertaining to FPRs as well as the best available growth estimation process 
we are aware of.  This proprietary model is called the Graphical Planning Interface 
(GPI). 

 
We incorporate, through our referencing process, specific relational quantitative 

knowledge that served to guide and make more realistic our non-spatial Option A 
demonstrations of our achievement of MSP.  This planning effort is accomplished 
through a proprietary software system called the Graphical Planning Interface, which 
manages the inventory, harvest and growth of each stratum and allows for the 
aggregation of this information to the Option A State Forest District level.  Both Cactos 
and Systum-1 models are called by GPI.  Tree lists comprised of strata level plots 
developed into scenarios with the addition of harvest, ingrowth, and mortality events 
over a 100-year timeline are passed seamlessly through that planning model.  All 
calibration files in their native model form are included.  Complete detailed output of our 
proprietary planning model has been submitted to CDF for confidential audit. 

 
For inventory and modeling purposes the timber stratum used for these Option A 

demonstrations was based upon non-spatial stratification by site index class of 
measured inventory plots within 14 sub regions across the three Option A 
demonstrations.  We used all site trees measured on each of the 14 sub regions to 
distribute individual site/sub region strata class acreage.  Strata created for the existing 
stands were modeled using these average 50-year base site estimates, and were cross 
walked to FPR site class groupings I, II, III and IV, using the Robards conversion 
equation.  The stratum symbology represents the finite combination of 14 SPI sub 
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regions and each sub region’s individual variation of site potential.  The stratum 
symbology reflects the sub region area and the site class.  While each of the 14 sub 
regions across the entire ownership individually had 5 timbered site classes (A, I, II, III, 
and IV), we further refined these classes to create 10 possible site classes over the 
entire ownership ranging from a High A to IV.  The equivalent classes based on a site 
index with a 50-year base are sites 120, 110, 100(high end), 100(low end), 90, 80, 74, 
59, 50 and 45.  We also compressed all sites measured as site 120 or greater into the 
maximum planning site, Site 120.  

  
At each sub-region we used measured site and professional judgment to 

estimate the future site of plantations.  Assuming every acre was converted to 
plantations, the weighted average site of these collective assignments over the SPI 
ownership would be an increase of 8.12 site potential points.  The actual adjustment in 
measured site, which predominately comes from trees that have had some portion of 
their growth reduced due to competition or shade, is very small and likely to be 
conservative.  These estimated site classes were only used when growing existing and 
future plantations.  Each stratum and plot had actual measured site classes, which 
were used without adjustment when growing existing stands with Cactos. 

 
Research shows that roads do not produce significant yield effects; most final 

crop tree spacing goals can easily accommodate the width of the preponderance of our 
roads.  Some experts postulate that roads do not remove growing space, but may 
enhance growth due to the increased light provided to the trees growing along the road.  
SPI also includes roads in its inventory plots and therefore has accounted for any tree 
or volume effect of roads in our systematic grid based sample. 
 

Harvest scheduling within the Option A plans is a relatively direct process. We 
allocate “referenced” percents of the landbase to each regeneration method based upon 
insights gained from the most similar completed THP planning effort.  This is why we 
call this a “referenced” process. The detailed planning effort percent results are 
distributed across site classes, within the sub-unit area of these plans.  The operational 
impacts of adjacency constraints and unit size limitations learned as a result of our THP 
efforts prevents targeting any specific site class or biasing the harvest away from the 
average site distribution within each area.  All non-operational and non-forest areas are 
carefully delineated at this level.  This base line level of site specific THP planning that 
underpins this non-spatial model is ongoing but as yet incomplete for the entire 
ownership.   

 
At the time of submission of these Option A demonstrations of achievement of 

MSP, we had completed over 400,000 acres distributed throughout the geographic and 
site capability range of SPI’s landbase.  We have now completed nearly 1,000,000 
acres and find that the referenced values were accurate estimators.  This level of 
feasibility testing for specific THP planning is too detailed to provide the direct basis of 
Option A level projections.  But it serves as confirmation that acres by silvicultural 
prescriptions, thresholds constraints, etc, are accurately modeled by this referenced 
process in the non-spatial Option A.  This confirmation and confidence comes from the 
real world modeling and application of all of the following constraints:  
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the Forest Practice Rules, 
non-declining flow constraints, 
self-imposed 10-year adjacency constraints, 
internal wildlife habitat goal considerations, 
limitations on regeneration harvests due to local visual and political considerations, 
watershed considerations,  
actual area-specific listed wildlife species protection harvest limitations.   
actual WLPZ widths, 
coincident timing of WLPZ and adjacent silvicultural systems, 
harvest unit-size constraints, 
stand specific basal area retention requirements.   

WLPZ HARVEST MODELING 

WLPZ harvest entry is scheduled to occur with adjacent evenage or unevenaged 
harvesting.  There is a direct relationship to acres of WLPZ harvesting and percentage 
of the area harvested by other adjacent harvests.  It is assumed that harvesting is 
distributed across the land base; therefore, if 10% of an area is harvested by a 
particular method in a decade, 10% of those WLPZ acres will be adjacent and 
harvested at the same time.  In WLPZ strata, an analysis is conducted to determine if 
the WLPZ by site class strata has >50% canopy closure (CC), if so, selection harvesting 
is prescribed with harvest being constrained to meet the 50% CC post harvest 
requirement.  If less than 50% CC exists prior to harvest, sanitation salvage is 
prescribed, and constrained to maintain FPR basal area standards.  If less than 50% 
CC and little or no harvest volume above FPR basal area constraints, no harvest is 
prescribed.   

Unevenaged adjacent harvest results in a cutting cycle of 20 years.  Evenaged 
adjacent harvest results in harvesting at time of regeneration.  Commercial thinning re-
entry occurs at either 40 or 50 years from the first adjacent regeneration harvest.  
During the life of this plan, regardless of adjacent regeneration system, WLPZs do not 
have any ingrowth, since canopy retention requirements preclude successful 
regeneration.  Due to the long period of re-entry with adjacent evenage regeneration, 
calibration factors are reduced by 50% to control unreasonable growth rates by the 
Cactos model.  Therefore, this non-spatial model is constrained in the same way that 
detailed planning area models are - by directly coordinating adjacent system cycles with 
WLPZ harvest entry events.   

EVENAGED REGENERATION SYSTEMS 

The target or desired modeled rotation average was 80 years; no evenaged 
regeneration clearcuts were planned to rotate less than 60 years from the first 
regeneration harvest.  Rotation less than 80 years was only necessary when we had a 
large single age class stand, like those that originate from catastrophic wildfires.  It is 
expected and is consistent with this plan that minor number of stands that do not meet 
FPR minimum age constraints might need to be harvested under evenaged 
prescriptions.  SPI’s future harvest growth and yield are based upon regenerating 
across all site classes in an area.  There are few areas in our landbase that fall below 
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FPR minimum age classes.  Given the non-spatial nature of the plan, harvesting current 
existing stands that are less than these ages would not have a significant effect on our 
yield trajectory.  Upon approval of this plan by CDF, the Option A will suffice to 
demonstrate MSP, and age limitations per (913.1(a)(1), 933.1(a)(1), 953.1(a)(1)) will not 
apply.  As we track actual performance of plantations over the next few decades, the 
desired 80-year rotation could change, given our conservative growth estimates.  This 
change would be based upon our ability to better estimate effects from tree 
improvement programs, and the ever-increasing knowledge of how to manage habitat 
for various wildlife species.  Such a potential change would be discussed in future 
Option A submission efforts. 
 
 Timing of entry and marking guidelines for future planted acres are based on G-
space model research.  Commercial thinning generally occurs in the 4th or 5th decade 
after planting (depending on site quality) and attempts to achieve 65-70 trees per acre 
(tpa) stocking - a 26 ft. spacing.  Thinning of existing stands is based upon meeting SPI 
standards for residual stocking, usually 100 to 160 sq. ft. of basal area. Commercial 
thinning marking is guided by the 26 ft. spacing from G-space to provide for optimal 
growing space, but in no case were commercial thins ever modeled to fall below the site 
class based basal area stocking standards of the Forest Practice Rules (FPR).  
 

In using Systum-1 for the growth of plantations, SPI assumes an early single 
competing vegetation treatment if conditions warrant.  We assume that the trees are 
successfully established and that the plantation is maintained in a free to grow 
condition.  We do, very rarely, experience poor plantation establishment, and even more 
rarely, plantation failure.  These conditions have always been corrected within the 5-
year THP stocking requirement.  We do not need specific modeling recognition, since 
the harvest scheduler works in ten-year increments.  These plantation problems, if 
corrected within 5-years, will allow the plantation to make rotation age or commercial 
thinning in their originally scheduled decade. 
 

UNEVENAGED REGENERATION SYSTEMS 
 
 All modeled unevenaged harvests meet or exceed retention standards based on 
FPR basal area retention requirements for specific site classes.  Generally, SPI leaves 
higher amounts of basal area than FPR limits require, due to site occupancy and/or 
windthrow considerations.  SPI manages the species mix it inherited from past 
management.  We only model ingrowth when canopy closure post harvest has been 
reduced to less than 50%.  Other than scenarios developed specifically for WLPZs, 
selection harvesting is modeled on a 20-year cutting cycle. 
 
 SPI does not manage for a specific diminution quotient or desired diameter 
distribution, since it only enters these areas on long cutting cycle intervals.   We 
currently model using the Cactos growth model and use professional discretion as to 
the timing and composition of ingrowth.  We professionally review results and believe 
the yield streams have been conservatively modeled.  SPI models unevenaged harvest 
areas as two, three or four aged stands.  We have begun research with Professor Kevin 
O’Hara and graduate students from University of California at Berkeley to better 
estimate yields from uneven or multiple age class stands. 

Appendix 4.5 SPI NSO/CSO HCP



SPI Northern Option A                                       Sierra Pacific Industries                                                     1/1/99 
=============================================================================== 

SPI Northern Option A Sierra Pacific Industries  Page 18 of 32 

 
GROUP SELECTION 

 
We do have some minor amounts of past group selection silviculture in scattered 

locations in our existing stands.  SPI retains the option of using some group selection in 
areas projected as unevenaged silviculture.  Similarly SPI may convert some evenaged 
acreage to group selection.  Any substantial change would be subject to the 10% 
deviation constraint under FPR sec.1091.13.  SPI has committed to a review of the 
Option A upon approval to consider the possible implications on growth an yield of our 
new policy relating to Visual Retention in our Sierra Nevada holdings.  It is our 
professional opinion at this time that it will not warrant an amendment to this plan. 
 

REAL WORLD MODELING; CALIBRATION and CONSERVATISM 
 

 As described earlier, aggregate modeling of the complex interactions of FPR, 
individual species, and landowner intent over time needs professional oversight.  G-
Space projections have been used to conservatively calibrate Systum-1 and Cactos 
projections to simulate evenage management with an all age stand management 
program.  We run Cactos calibrated to simulate G-Space.  Cactos allows us to manage 
harvest, tree crowns and tree lists to more effectively cross walk to other stratification 
systems. By “conservatively”, we mean that calibration has been targeted to produce 
volumes and mean annual increment values that are reduced approximately 20% from 
G-space comparable projection values.  We predict future plantation growth, using both 
Systum-1 and Cactos in a sequential fashion for 10 decades.  The first 20 years or less 
of stand development is projected by Systum-1.  The tree list is then passed to Cactos 
to complete the projection over 10 decades.  It is in this 2nd phase that Cactos is 
calibrated to replicate conservative G-space yield expectations.  These Cactos 
calibration efforts are only applied to plantations produced under these Option A 
demonstrations.  
 
 The future projections of plantation growth have been guided by UC Berkeley 
cooperative research.  While we are confident they will materialize over time, we reduced 
those research projected yields by 20% in our modeling effort.  We visited many 
plantations through the weeklong review with CDF and DFG across the entire ownership; 
we did not find any that were under performing the growth trajectories portrayed in our 
Option A documents.  We visited existing plantations that did not have all of SPI’s current 
early stand treatments; they are still achieving acceptable growth rates.  The Elliot Ranch 
plantation, (now fifty years old on USFS land) was planted at 8 ft x 8 ft spacing and ignored 
until it was 25 years old.  It currently demonstrates achievement of our projected tree sizes 
at 50 years.  It is important to note that any concern about the projected rate of growth 
estimates of our plantations do not effect any of the proposed harvest volumes for the next 
fifty years.  The volume to be harvested in the next 50 years is already standing on the 
land and has been measured in the inventory.  The question at that time will be how much 
higher will harvest levels increase to, not that current first decade harvests are not 
sustainable.  These estimates only apply to those portions of our land base to be 
evenaged harvested while the remainder is always projected to grow using the Cactos 
model.  Cactos has proven to be very reliable when appropriately modeled.  
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 SPI continues to invest in tree improvement and superior tree seed collection etc, 
all which are known to increase yield.  None of these increases are included in future 
growth projections.  We will, as indicated in the response to question 8, provide CDF 
with confidential reports demonstrating the measured results from monitoring our 
plantations over time. 
 

Note: virtually every board foot of production predicted by this plan for the next fifty years 
comes from trees that are already in the ground, sampled in our inventory and being 
grown by Cactos with regional calibration.  Should it become necessary, there would be 
ample time in which to make any necessary corrections based on tracked plantation 
performance.   

 
INGROWTH and MORTALITY 

 
 
 Ingrowth only occurs in non-WLPZ selection harvest and only when vertically 
projected canopy closure is reduced to below 50% as a result of planned harvest.  The 
ingrowth files generally reflect existing stand composition, but we limit the percent 
ingrowth of Ponderosa Pine. 
 
 Generally we do not have confidence in mortality estimates from Cactos.  
Plantations under G-Space spacing guidelines and stands under stocking density 
management, except for post harvest caused mortality, have lower expectations of 
mortality than those typically projected by Cactos.  We generally turn the Cactos 
mortality function off except for the two decades following precommercial thinning, 
shelterwood prep steps and the decade after selection harvest entries. 
 
 

REALIZING GROWTH POTENTIAL AS MEASURED BY ADEQUATE SITE 
OCCUPANCY 

 
SPI has chosen to simulate a professionally determined mix of silvicultural and 

cultural methods over a 100 year planning horizon.  This allows SPI to demonstrate how 
MSP and all associated yields will be achieved.  Thinning treatments in the models are 
timed to not only maintain maximum desired growth on the remaining individual stems 
but also optimize the distribution of trees in a stand to adequately occupy the site.  SPI 
through cooperative research with the University of California at Berkeley has 
established spacing guidelines that help ensure adequate site occupancy. 

 
SPI in the site-specific THP process determines silvicultural prescriptions to meet 

many objectives.  SPI utilizes all silvicultural methods allowed in the rules, including but 
not limited to evenage and unevenage regeneration methods, intermediate treatments, 
special prescriptions and alternative prescriptions.  SPI has used the previously 
mentioned growth models to simulate these prescriptions in our planning model. 
 

MAINTAINING STAND VIGOR 
 

SPI monitors the progress of its stands and plants, thins, prunes, or otherwise 
treats the stands to ensure healthy, vigorous tree growth.  As active participants in a 
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number of tree improvement cooperatives, and as owner of, or cooperator in, a number 
of seed orchards, we will continue to maintain trees and seed sources for future planting 
that will promote healthy and vigorous future stands. 

SPI has a good track record of not only meeting its planned application of 
treatments but also actually catching up on the backlog of treatments that should have 
been done by previous landowners.  As properties were scheduled for sale over the last 
decade, discretionary future stand improvement investments usually became low 
priority for the seller.  SPI has brought those treatments up to date.  In the context of 
these investment treatments, SPI has absorbed huge annual swings in regeneration 
and precommercial thinning / pruning programs while responding to non-mandatory 
reforestation of wildfire damaged timberlands.  SPI’s is currently rehabilitating the 
decades old fires on the recently acquired Andrus-Surdna lands.  It is important to note 
that while the investments in stand management are necessary to achieve projected 
long-term yields, there is some flexibility as to which year such investments are made.  
While there are many influences on discretionary capital investment decisions in any 
one year, rarely do these influences last more than five years, and we would not expect 
significant long-term yield effects caused by delaying discretionary investments up to 
five years from our planned timing.  Replanting after harvest would not be considered 
discretionary and this investment has the greatest effect on future yields.  The yield 
effects of our existing and planned investments are realized many decades into the 
future.  Given the non-declining nature of these projections, we will have many decades 
of Option A plans upon which to make any necessary corrections. 

PRUNING AND TREE IMPROVEMENT 

SPI currently prunes many of its plantations.  We do not estimate any effect on 
yield, since our pruning guidelines call for 50% crown ratio retention.  We have 
established pruning study plots to monitor growth effects.  No yield effects are 
estimated, or have been detected from the pruning program. The main purpose of 
pruning efforts is to increase wood quality.  These efforts have some positive effects on 
vegetation diversity, and some effects on fire risk reduction.  SPI has an active tree 
improvement program, but currently has not modeled any increase yield as a result of 
these efforts 

MAKING PROVISIONS FOR ADEQUATE REGENERATION 

In addition to our seed orchards, SPI maintains an extensive bank of seed and 
plants the commercial species, ponderosa pine, sugar pine, Douglas fir, white fir, red fir 
(except incense-cedar) harvested under this Option A.  Prior to the year of harvest, 
regeneration foresters determine the quantity and species required for reforestation 
purposes.  These seed are sown at contract nurseries, grown for at least one season, 
and then sent to the harvest site for planting.  The harvest areas are typically prepared 
for planting using site- specific preparation practices under the supervision of a 
registered professional forester. 

SPI does not have ownership-wide standardized site preparation prescriptions. 
We do have a goal of well spaced and free-to-grow trees in our plantations, but the 
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prescription that implements this goal is area-specific and based on post-harvest stand 
conditions. Our performance, which can be easily reviewed over time, will dictate 
whether we are achieving predicted growth rates.  The specifics of our regeneration 
program do not significantly affect the near term harvest values in these Option A plans. 
SPI regeneration foresters evaluate each area post harvest and decide what site prep is 
needed to successfully regenerate the site.  This varies from plant only to broadcast 
burn, rip, plant, and control competing vegetation.  Due to the inherent variability in our 
timberlands, including the past owners' practices, we do not attempt to predict site 
preparation in this plan.  Site preparation plans are developed and included in the THPs 
in the site preparation addendum.  SPI recognizes that the growth rates projected in this 
Option A are conservative when compared to the G-space model.  Even these reduced 
growth rates can only be achieved by producing well-spaced free-to-grow conditions in 
future plantations.  As such it is also important to note that periodic field reviews of 
plantation performance required by SPI’s 3rd party audit review for the Sustainable 
Forestry Initiative (SFI) (see SPI website) should suffice to assure that we are achieving 
the regeneration success called for in this plan.  SPI will also cooperate with CDF 
audits.  

The annual investment with the greatest cost and impact to future yield is the 
decision to use evenage regeneration methods over the planning horizon.  Total 
component costs range from $300 to $600 per acre and will likely escalate at an annual 
rate of 1.5% to 4% range over the foreseeable future.  The component parts of the 
annual investment in decreasing order of dollar contribution are site preparation, tree 
planting, nursery costs, cone collection, tree improvement and growth space research.  
SPI is fully committed to funding regeneration investments as they are incurred into the 
foreseeable future. 

CONSIDERATIONS OF OTHER FOREST VALUES 

Producing the yield of timber products specified by the landowner, taking 
into account biologic and economic factors, while accounting for limits on 
productivity due to constraints imposed from consideration of other forest 
values, including but not limited to, recreation, watershed, wildlife, range 
and forage, fisheries, regional economic vitality, employment and aesthetic 
enjoyment.  (14 CCR 913.11, 933.11, 953.11 (a)(1).) 

Since our Option A process attempts to allocate our property to different futures 
and is a model of the real world, not a linear programming effort, each acre always is 
allocated to many such values.  The acres allocated to differing potential silviculture and 
the rates at which silvicultural prescriptions are applied are the main constraint on 
yields.  Additionally, all acres of our property are at different times contributing to 
maintenance of the condition of the aggregate other forest values.  Clearly, these 
allocations will always have overlapping and synergistic effects. 

In our proprietary-planning model and GIS, SPI has tracked silvicultural options 
that provide some of the considerations for other forest values.  Some constraints that 
can be tracked specifically and provide for many other forest values include WLPZ 
management, nest site protection, archeological sites, and aesthetic areas.  Other 
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constraints are less easy to directly track, but are, in aggregate, provided for by 
silvicultural options that do not maximize mean annual increment.  Many of these 
decisions are made site specifically during the THP process.  We have used a 
referencing process from actual site-specific plans to reproduce the effects of such 
decisions.  Many decisions have effects on more than one of the listed other forest 
values.  We will detail management decisions that limit productivity.  

 
In order to show how these constraints imposed from consideration of other 

forest values limit productivity, we need to establish a baseline of productivity.  This 
approach allows us to demonstrate the effect the existing rules and the consideration 
that other forest values have on a landowner’s ability to maximize yield.  One approach 
would be to display the maximum potential long-term sustained yield assuming no 
constraints of the existing rules apply. Thus, the maximum potential long-term sustained 
yield would be the acres by site class multiplied by the highest mean annual increment 
(mai) produced. This highest mai value is developed from application of evenaged 
silviculture to each site class.  Application of this approach leads to a maximum 
potential long-term sustained yield of 1.671 billion board feet.  

 
Aesthetics & Recreation - Throughout SPI’s landbase there are specific areas that are 
given specific treatment for aesthetics and recreation.  These include scenic highways, 
lands directly adjacent to State and federal parks and lands inside of National 
Recreation Area boundaries.  These considerations are accomplished by the use of 
shelterwood and selection silviculture systems.  In the Northern State District there are 
12,121 acres with known specified visual considerations. The percentage reduction in 
maximum productivity from a hypothetical average acre is 15%.  These constraints 
produce an annual reduction in SPI’s combined potential LTSY of 3.15 (mmbf) annually 
from specified visual considerations.  Numerous other site-specific THP decisions result 
in considerations for aesthetics. (See combined considerations below.)   A significant 
portion of SPI’s land is open to the public for recreational uses including but not limited 
to, hunting, hiking, and fishing, but no specific reduction in yield is expected from these 
uses. 
 
Range and forage – These values are considered in the cumulative effect analysis in 
the THP process on a watershed specific evaluation.   Although important to many 
species, range and forage production is a normal and expected outcome of many of our 
silviculture decisions but does not directly limit yield expectations. 
 
Watersheds & Fisheries - Watercourse protection directly provides consideration for 
watershed and fisheries, it also provides consideration for other forest values including 
but not limited to recreation, wildlife, and aesthetic enjoyment. In the Northern State 
Forest District SPI has an estimated 103,698 acres in Class I and Class II watercourse 
and lake protection zones (WLPZ - stream buffers).  Timber harvest in a WLPZ is 
dependent on timing of adjacent non-WLPZ harvesting.  The CACTOS model requires 
special calibration to mimic near stream growing conditions and to prevent the model 
from producing unrealistic results.  The 50% or greater vertically projected canopy 
retention requirements for WLPZs always produces canopy closure greater than 50% 
when both sun angle and terrain shading are included.  Our simulation of near stream 
stand growth avoids insertion of ingrowth where canopy closure does not drop below 
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50%.  The actual calibration to mimic growth was a 50% reduction in the indices in the 
respective regional calibration files.  Per acre reduction in maximum productivity from a 
hypothetical average acre is 58%. This results in a 99.95 (mmbf) annual reduction in 
SPI’s combined potential LTSY from WLPZ management.  
 
 WLPZ acres for Option A demonstrations have been allocated based on 
correlation with our direct referencing process to actual geographical information system 
maps where watercourses have been completely classified on SPI ownership. (Now 
approximately 1 million out of the 1.5 million acres.) 
 

The modeling of WLPZ’s did not differ between the three Option A 
demonstrations.  At the time, of Option A preparation, only the Coast Option A plan had 
WLPZ canopy constraints under “Coho considerations” greater than 50%.  Streams on 
SPI’s landbase in the Coast Region are predominately Class 2 or 3 watercourses, and 
WLPZ harvest is approximately 7.5% of our annual harvest constraint.  If we were 
unable to harvest in our Coast Region WLPZ lands, no amendment of the Coast Option 
A demonstration would be required.  

 
To implement the canopy constraints, SPI will continue to employ professional 

foresters to provide ocular estimates aided when necessary, by use of a densitometer 
(sight-tube) survey.  Given the costs of surveys, normally ocular estimators tend to err 
on the cautious side.  This results in retention of higher rather than lower canopy levels 
to avoid potential violation of the rules. 

 
Note: SPI’s research shows that 50% or greater vertical canopy projection is more than 
adequate to meet environmental effects mitigation requirements.  This research has 
exhaustively measured canopy near streams and shows that 50% vertical is indeed 
greater than 85% actual (angular) shade.   

 
Wildlife - Nest site protection provides direct consideration for certain wildlife species, 
but also provides consideration for other forest values including but not limited to 
recreation, watershed, fisheries, and aesthetic enjoyment.  All Board listed and State or 
Federal endangered species that nest on our land were specifically modeled and 
analyzed.  Site-specific mitigation measures for wildlife, species of special concern, 
including listed species, will still be designed in the THPs that implement this 
assessment.  Many of these decisions are made on site during the THP process.  We 
have used a referencing process to actual site-specific plans to reproduce the effects of 
such decisions.  The allocation for simulation of wildlife retention areas, especially listed 
wildlife nest area acres, came from direct estimation of total numbers of these different 
species expected to be located on SPI lands.  Estimated total nest sites for species of 
special concern, including listed species were modeled and their specific yield streams 
tracked.  In the Northern State Forest District there are 6,034 acres of nest core areas.  
The species analyzed include, northern spotted owl, northern goshawk, bald eagle, 
golden eagle, California spotted owl, heron rookeries, and osprey.  A wildlife species 
dependent mix of no-harvest and selection silviculture was used in the nesting core 
areas.  The percentage reduction in maximum productivity from the hypothetical 
average acre is 35%.  The modeling of these mitigations produced a reduction in SPI’s 
combined potential LTSY of 3.1 (mmbf) annually from wildlife nest protections. 

Appendix 4.5 SPI NSO/CSO HCP



SPI Northern Option A                                       Sierra Pacific Industries                                                     1/1/99 
=============================================================================== 

SPI Northern Option A Sierra Pacific Industries Page 24 of 32 

SPI provides for wildlife other than these nest sites specifically in the cumulative 
effect analysis in the THP process.  SPI believes that to estimate yield effects, these 
nest core silviculture mitigation estimates are sufficient.  SPI often has other protection 
mitigations, which include timing of harvest and surveys etc.  Site-specific mitigation 
measures used for each wildlife species is clearly a THP issue.  The Option A limitation 
on harvest for this acreage should adequately account for the consideration of these 
species over time.  These estimates will become more refined each decade as 
increased survey efforts and our knowledge of these species’ needs grow. 

Snags - SPI has snag retention guidelines [Available on the SPI website 
“www.spi-ind.com”].  Snags and large woody debris (LWD or DWD) provide critical 
habitat functions for a wide variety of fish and wildlife.  .  We have used existing primary 
and secondary cavity dwelling bird studies to estimate necessary snag levels. To date 
we find snags at levels above our guidelines at the tract or planning watershed scale.  
Snag creation processes are stochastic and unpredictable.  We estimate that past (old) 
photographic evidence suggests that in our fire dominated landscapes, there were less 
snags and DWD then we have today.  Past practices attempted to eliminate snags for 
safety and fire hazard reduction reasons.  Even with retention policies, SPI does not 
expect this issue to impact predicted growth and yield levels.   When using prescribed 
burning, we attempt to not burn in conditions, which consume the existing larger DWD.  
If we continue to monitor and meet our snag guidelines, we will have snags that will 
over time create future DWD.  Harvesting also creates DWD. 

Going forward, SPI has live green cull and other habitat retention guidelines (like 
our new Visual Retention alternative silvicultural prescription), which specify that certain 
trees are retained in harvest areas. These are not mitigation for harvest effects, but act 
like an insurance policy to maintain small-scale heterogeneity in our future landscapes.  
Current management results in 2% retention in small 1/10th to 1/5th acre size areas.  
These retention areas are prescribed in approximately half of the tractor harvest units 
where this diversity is not provided for by an in place WLPZ component.  While some 
localized growth effects from these small habitat retention areas are expected, they are 
expected to be well within the accuracy range of the currently available growth models. 
Retention of live green culls is random and consists of isolated individual trees or trees 
in watercourse zones.  Due to this isolated random distribution, they are likely to 
eventually die and are unlikely to significantly effect growth of planted trees around 
them.   

HABITAT TRENDS 

In order to help assess whether or not there are potentially significant adverse 
effects on wildlife habitats that might prevent this proposed future production of timber, 
SPI offers the following trend charts of the major habitat forms over time.  These major 
habitat forms are early seral, small tree, open forest, and large tree/dense closed 
canopy forest conditions.  A chart showing the expected distribution of these habitat 
forms for our property is shown below.  
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Chart 1 

 
Habitat Form Over Time 

 
Note: The trend charts above are non-spatial and apply only to SPI land, while the THP 
process looks at site-specific habitat issues, including all other owners within a 
designated assessment area.   

 
These trend charts show maintenance and distribution of the large tree/high 

canopy closure forest over time.  This is the stand type in which we have found 
successful reproduction of a wide variety of “mature or late seral” associated wildlife.  
The chart also demonstrates steady long-term production of habitat conditions that 
support the production of many of the prey species which these same “mature or late 
seral” species rely on.  The increase in both of these habitats comes from the reduction 
in the small tree dense forests, which have developed from the effects of past 
harvesting techniques and fire suppression.   
 

The Habitat Form chart summarizes trends in habitat types that can be useful in 
assessing landscape level wildlife and cumulative effects issues.  Average diameter of 
trees increases from the 18” class to the 32” class.  The average diameters are 

Appendix 4.5 SPI NSO/CSO HCP



SPI Northern Option A                                       Sierra Pacific Industries                                                     1/1/99 
=============================================================================== 

SPI Northern Option A Sierra Pacific Industries  Page 26 of 32 

expected to increase steadily over time.  Standing inventory in all size classes greater 
than 18 inches, steadily increase over time. (See DBH Over Time Chart 2 below.)   

 
 

 
 

Chart 2 
DBH Over Time 

 
 
 Increased edge opportunities, habitat diversity, and fire risk reduction should 
mitigate wildlife related concerns associated with rehabilitation of some SPI forest 
stands.   These landscape level shifts, carefully planned and monitored, have the 
potential to create, maintain or enhance habitats for both special status, and non-status 
species on SPI properties, including prey species. 
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Employment & Regional Economic Vitality - In consideration of regional economic 
vitality and employment, SPI has chosen to operate under the self-imposed constraint of 
non-declining flow.  This never declining harvest level has been chosen to assure stable 
long-term economic vitality and employment potential from an ever-increasing supply of 
raw materials.  Considerable annual investment in stand health and maintenance 
activities are undertaken to improve current growth and produce the yield streams 
estimated in this Option A.  Since numerous silvicultural decisions are made that 
produce non-declining flow, no direct reduction could be tracked to estimate the limits 
on productivity from consideration of employment and regional economic vitality.  (See 
section on combined other value consideration below.) 
 
 This even flow constraint was modeled iteratively at the individual detailed 
planning area level, and has been included in scaling up to this Option A submission.  
We begin with all potential first decade silvicultural opportunities and then begin the 
growth and harvest allocation process.  As evidence that the aggregate effect of non-
declining flow is a true constraint; we must reschedule available potential 1st decade 
harvest into future decades.  These available potential harvests meet all adjacency, 
wildlife and watershed effect constraints.  This becomes an iterative process because 
whenever harvest is delayed, additional growth occurs on existing stands and 
adjacency constraints need to be reevaluated. 
 
Combined Other Value Consideration - Accounting for limits on productivity due to 
constraints imposed from consideration of other forest values cannot always be directly 
tracked in yield models.  These considerations come from the site-specific THP 
decisions.  We have used a referencing process that examines actual site-specific plans 
to reproduce the effects of such decisions.  The effect of all other combined 
considerations was calculated by subtracting the sum of constraints discussed above 
from the theoretical maximum LTSY and then subtracting the resulting average decade 
growth from that value.  The actual value includes the modeling of evenage and 
unevenage, shelterwood (including prep steps), seed tree, sanitation salvage, and 
rehab silviculture to the remaining acres.  In our THPs, SPI foresters conduct a 
cumulative effects analysis, which includes many methodologies, and analyses that 
help better understand whether cumulative effects are likely.  One such analysis that 
may be used to guide and sometimes restrict harvest allocation at the THP level is an 
equivalent roaded acres analysis (ERA).  Delay of harvest or infrastructure 
improvements are also employed to mitigate cumulative effect concerns.  As a result 
yields of wood resource are seldom negatively impacted.  All simulations incorporate by 
reference reductions associated with detailed planning.  Mitigation of cumulative effects 
that do reduce yields has been addressed.  In summary, the effect of site-specific 
timing, adjacency limits, non-declining flow and restrictions to avoid cumulative effects 
produce a reduction in potential LTSY of 424.28 (mmbf) annually. The percentage 
reduction in maximum productivity from a hypothetical average acre is 29%. 
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SUMMARY OF CONSTRAINTS 

Public trust resources are the water, the air and in some cases wildlife.  Since 
our Option A process attempts to allocate our property to different futures and is a 
model of the real world (not a linear programming effort) each acre is allocated to many 
such values.  The acres allocated to differing potential silviculture and the rates at which 
silvicultural prescriptions are applied are the main constraint on yields.  Every acre of 
SPI forestland provides a number of "other" forest values.  SPI does not allocate any 
individual acre of land for any one resource objective.  Virtually all of the land is 
managed for multiple resource objectives.  An individual acre cannot be evaluated in 
terms of production of one individual resource value without attempting to account for 
the effects on or enhancements to other values.  Potential benefits and/or negative 
impacts resulting from SPI management mix in time and space.  The detailed, site-
specific THP process is the proper scale of analysis for this assessment.  Aggregating 
the THP planning process up through SPI's referencing analysis for the 400,000 acres 
finished to date is the only accurate way to deal with these complex interactions. 

The predominant constraints that effect near term yield are the non-declining flow 
constraint, the adjacency constraint (especially the additional 5 years of our 10-year 
adjacency constraint), and the high visual consideration acres.  As a practical issue, 
many of the ongoing small changes in THPs to mitigate impacts are inherently in our 
modeling, since we used the referencing to approved plans to develop our long-term 
yield trajectory.  

A summary of the effects of constraints on timber production from these 
considerations for other forest values is presented below. 

    99.95 (mmbf) annually from WLPZ management 
      3.10 (mmbf) annually from wildlife nest protections 
      3.15 (mmbf) annually from specified visual considerations 
  424.28 (mmbf) annually from silviculture which does not maximize mai 

or reductions from effects of other FPR like adjacency 
constraints or other cumulative effects constraints and 
constraints imposed by non-declining flow considerations. 

These constraints total: 
  530.48 (mmbf) annual combined total constraints on timber production. 

Subtracting this value from the hypothetical maximum LTSY leaves a residual 
value of 1,140.35 (mmbf), which is the combined average total SPI theoretical LTSY 
value.  This represents a 31.7% reduction in average per acre yield as a result of 
considerations of other forest values.  Theoretically, when all acres in all site classes 
are in fully regulated conditions and no additional constraints, new laws or new rules 
apply the theoretical annualized long-term sustained yield would be 1,140.35 (mmbf).  
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Since it is impossible to achieve perfectly regulated conditions due to many stochastic 
events, and the site specific consideration of other forest values, the actual LTSY 
resulting from our best effort to represent the site specific application of these 
considerations is presented in summary in Table 5, on page 29 and in a graphical 
format in Chart 3 on page 30.   State Forest District level LTSY actual values are 
presented in Table 6 on page 30. 

 
Details and break down of these specific limits on productivity for each State 

Forest District were made available for confidential audit by CDF. 
 

BALANCING GROWTH AND HARVEST OVER TIME 
 

 SPI provides this California ownership summary to the public with summary 
values of SPI’s inventory, harvest and growth by decade.  District level LTSY values are 
summarized below.   To protect our trade secret and confidential information detail at 
the State Forest District level is only available for confidential audit by CDF. 

 
Table 5 

 
Note: In Table 5, the harvest volume in period 10 appears to exceed the growth estimate.  
14 CCR 913.11, 933.11, 953.11 (a)(2) includes wording to the effect that these 
projections be guided by the principles of practicality and reasonableness.  Accuracy 
bounds relative to projections for all decades must be considered.  The value of a harvest 
projection 100 years out being within 5% of the estimated LTSY is essentially the same 
number when guided by such principles. 

Achievement of Maximum Sustained Production Report
For TAA: Combined SPI All California Forest Districts

2,002                       scenarios
1,439,350.95           acres ( Non forest acres omitted )

  Board Feet Scribner
 Beginning Harvest Residual Total Ending Growth
Years Inventory Volume Inventory Growth Inventory bf/ac/yr
0 - 10 17,822,123,342   5,223,087,694    12,599,035,649  5,460,411,126     18,059,446,775  379
10 - 20 18,059,446,775   5,232,931,676    12,826,515,099  6,163,877,866     18,990,392,965  428
20 - 30 18,990,392,965   5,685,778,802    13,304,614,163  7,073,725,610     20,378,339,772  491
30 - 40 20,378,339,772   5,706,865,303    14,671,474,469  9,290,844,461     23,962,318,931  645
40 - 50 23,962,318,931   6,331,666,935    17,630,651,995  12,511,294,421   30,141,946,416  869
50 - 60 30,141,946,416   7,049,037,970    23,092,908,446  15,103,106,506   38,196,014,951  1049
60 - 70 38,196,014,951   10,150,878,450  28,045,136,501  15,545,282,479   43,590,418,981  1080
70 - 80 43,590,418,981   10,729,309,132  32,861,109,849  15,411,797,591   48,272,907,440  1071
80 - 90 48,272,907,440   12,917,332,527  35,355,574,913  14,149,892,255   49,505,467,167  983
90 - 100 49,505,467,167   13,915,398,644  35,590,068,523  13,324,333,648   48,914,402,172  926

Totals  82,942,287,134   114,034,565,963 
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The following chart places these values in a graphical format for easier decade-
by-decade comparison of inventory, harvest and growth over time. 
 

 

 
 

Chart 3 
 

LONG TERM SUSTAINED YIELD 
 

 Long Term Sustained Yield means the average annual growth 
sustainable by the inventory predicted at the end of a 100-year planning period. 

 
Total and State Forest District Values LTSY 

SPI’s All State Forest Districts LTSY  1,332.45 (MMBF) per year. 
(1,439,351 acres)  
The Northern State Forest District LTSY     883.67 (MMBF) per year 
(1,111,925 acres)  
The Southern State Forest District LTSY    408.80 (MMBF) per year 
( 293,964 acres)  
The Coast State Forest District LTSY       39.97 (MMBF) per year 
(33,461 acres)  

 
Table 6 
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LAST DECADE INVENTORY 
 
Guided by practicality and reasonableness, we have chosen to constrain the 

planning model in the last three decades to not harvest more than the average growth 
shown for those three decades.  This constraint is implemented to specifically meet the 
requirement that:  
 

The projected inventory resulting from harvesting over time shall be capable 
of sustaining the average annual yield achieved during the last decade of the 
planning horizon. 

 
There are few standard tests for assessment of “capable of sustaining the 

average annual yield”.  It is both practical and reasonable to assume that if the average 
harvest has been maintained at or below the average growth for 30 years, the residual 
inventory should be able to sustain that harvest level for a reasonable time into the 
future.  Many unpredictable stochastic events will cause the actual harvest and growth 
values 10 decades from now to fluctuate around each other, but both harvest and 
growth in the planning horizon increase dramatically compared to the current or first 
decade levels.  We regulate each of the three separate State Forest District level SPI 
analyses to guarantee that the sum of the final 3 decades of harvest does not exceed 
the sum of the final 3 decades of growth.  This growth constraint has been implemented 
at the Forest District level. 
 

MONITORING 
 

 SPI will track the accomplishment of the broad silvicultural targets on an acreage 
basis with an Option A confidential report submitted for CDF yearly review.  This report 
would include the type and acreages of all early stand treatments.  We would also make 
summaries at the Option A level of State Board of Equalization (SBE) harvest volume 
yield tax reports available for CDF review.  It is expected that salvage acres will vary 
from the Option A estimates, because the referencing areas were predominately 
developed over the last 4 years.  While mortality from drought is unpredictable our 
current salvage operations remove very low volumes per acre on average, and fall well 
below confidence limits resulting from the projection of future growth.  Salvage harvest 
would be part of the volume reported in our SBE summaries and are part of the 
expected yield stream.  The ongoing results of spacing management and response to 
past waves of drought mortality should make future stands less susceptible to these 
effects.  This is especially true when combined with greater pine components as a result 
of plantation species mix.  It is not expected that significant volume shifts will occur from 
the primary silviculture systems proposed.  If sudden drought, insect or fire mortality 
were to occur in large enough quantities to warrant modification of the plan, an 
amendment would be submitted. 
 
 SPI will confidentially provide validation of growth projections and inventory 
updates as they become available.  We maintain the original Cactos set of CFI plots, 
but we rely on re-cruise for inventory updates. 
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Information will be provided in each THP that allows establishing whether the 
THP falls within the Option A assessment area.  SPI will provide assessors parcel 
numbers (APNs) in its THPs and will state that they were in or were amended into an 
APN parcel list held confidentially by CDF in each of its regional offices.  We are 
required to state under Question 14 of the THP which method, of MSP demonstration, 
the THP complies with. 

SPI will submit annual reports of actual harvest volumes and acreages of each 
silvicultural prescription modeled in the Option A plan.  An acceptable level of detail and 
format will be developed, (approved by CDF) and submitted prior to year-end 2003.  A 
general summary will be available for public review, and a portion of this annual 
reporting process, at the detailed level, will remain confidential. 

REVISION OF THIS ASSESSMENT 

Ownership changes (sales or purchases) in and of themselves or in combination 
with other factors that cause a greater than 10% deviation from the average annual 
projected harvest level will require a revision of this Option A plan.  This is a stricter 
criterion than the SYP (14 CCR 1091.13) constraint, which is 10% deviation from the 
10-year average harvest level.  The 14 CCR 1091.13 criteria will be used to determine if
changes in watershed or fish and wildlife values will trigger an Option A revision.

Appendix 4.5 SPI NSO/CSO HCP





 

 

APPENDIX 4.6 

Even-Aged Narrative 
  



 

 

 



Appendix 4.6 SPI CSO/NSO HCP – Even-aged Narrative  

 1 

Appendix 4.6. SPI Even-aged Management and Spotted Owls 
 
Sierra Pacific Industries 
 
September 2018 
 
 
 
1.0 Introduction 
 
Sierra Pacific Industries manages their timberland to provide a sustained yield of forest products. 
The goal is to establish a sustainable regulated forest from which a sustained yield of timber can 
be predicted over a long (100 year) planning horizon.  Using even-aged management (primarily 
clearcutting for an eventual total of 65% to 70% of the SPI ownership) and a rotation period of 
approximately 60-80 years, a sustainable non-declining yield can be achieved.  During the 
transition to even-aged status, the number of acres that need to be harvested each year will 
decline as the volume of timber on each remaining Mixed acre increases because they are no 
longer harvested repeatedly.  After the first rotation is complete, the volume per acre is near the 
site potential, and the number of acres treated each year to generate the same volume will 
stabilize.  One advantage of using even-aged management is the ability to approach the 
maximum volume per acre that can potentially be carried for a given site (based on soils, 
climate, and other factors that determine growth potential).  
 
This paper addresses how planted forests created using even-aged management will provide 
habitat features for spotted owls.  These features include the creation and growth of even-aged 
stands of large trees, the vegetative components of those stands, the spatial distribution of such 
stands, the spotted owl prey species associated with these stands, and potential use of such 
stands by spotted owls for foraging and nesting.  We examine a case study in California where 
spotted owls currently exist within forests subject to even-aged management, and another 
example where spotted owls occur in a large area of even-aged forest that resulted from 
reforestation following a wildfire.  
 
2.0 Mixed-age and even-aged stands 
 
SPI classifies their lands as either Mixed or Even, depending on the origin of the stand.  Even 
stands are those regenerating with trees that were planted.  Mixed stands are those that 
resulted largely from seeds from existing trees (which may occur episodically).  In most forests 
now owned by SPI, previous owners repeatedly harvested trees over time using selection 
methods, leaving forests of mixed ages that are now included in SPI's Mixed land class.  In some 
areas, this type of selection harvest began over 150 years ago.  As of 2018, SPI’s lands have 
virtually no forest stands where selection harvest has not occurred previously.  Within most of 
those selectively harvested forests, regeneration occurred from natural seeding.  Most original 
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conifers over 24"dbh of merchantable quality have been removed; however, trees that had little 
economic value (cull) often were not harvested and many of these are now large trees older 
than trees in the surrounding stand.  Some of these Mixed land class forests provide nesting and 
foraging habitat occupied by spotted owls (Appendix 4.3 Pg. 31-3215 & Table 4.3.9).   
 
SPI began conversion of Mixed forest stands to even-aged management around 1999, by 
clearcutting and replanting.  Prior to their first thinning (pre-commercial thinning, (PCT)), these 
planted stands are classified as the Regen land class.  After PCT (at about 10 years of age) and 
continued growth, and once the crop trees reach merchantable size (12” DBH), they are 
classified as the Even land class, which includes all forests that have been established by human 
planting, whether by hand or machine.  As a result of the conversion to Regen/Even land classes, 
the Mixed forests are now interspersed with young stands of even-aged trees.   
 
Most even-aged forests in SPI's current Regen/Even classes are less than 30 years old.  (A few 
older exceptions exist where previous owners converted brushlands or replanted following 
wildfires.)  At the beginning of the HCP analysis period in 2018, about 70% of SPI's forest lands 
remained in the Mixed land class, with about 30% in the Regen/Even land classes combined.  SPI 
intends to convert about half of the Mixed class to even-aged forest management (over the 
term of the 50-year permit period) where these lands will transition from the Regen land class to 
the Even land class.  During the 50-year term of the permit, forests in the Mixed land class will 
steadily be harvested, mostly by clearcutting, so that by the end of the permit period, between 
25 to 30% of SPI's lands will remain in the Mixed land class.  These Mixed stands will be 
predominately in water course zones in a dendritic pattern throughout the land base and in 
areas unsuitable for timber production. 
 
Planted stands on SPI are generally about 20 acres in size and are comprised of trees of the 
same age.  Because the transition is gradual across the Plan Area, these individual stands are 
components making up a forest that has an age distribution that spans decades. Note that the 
Regen and Even land classes do not now and will not in the future consist of a forest of a single 
age.  As of 2018, the approximate age distribution of the SPI's even-aged forests is as follows:  
0-10 years: 48%; 10-20 years: 30%; 20-30 years: 22%.  These three age classes in the Even and 
Regen classes represent 13.4%, 8.6% and 6.3% of the Plan Area, respectively.  At the end of the 
50-year permit period, the planted stands will vary from 0 to 80 years old, depending on when 
they were planted, and individual watersheds will be comprised of forests with multiple age 
classes.   
 
Because the crop trees within an Even stand are the same age, the stands may be somewhat 
homogenous internally, but as described below, individual site and genetic variation will result in 
trees of various sizes, especially as the stand ages over several decades.  And, as is also 
discussed below, the planted stands of even-aged crop trees will be occupied by ingrowth from 
naturally-seeded shade tolerant trees, so that future Even stands actually will contain trees of 
various ages, sizes and species.  These volunteer trees are able to become established due to the 
combined effects of limits on the size of clearcuts, the adjacency requirements (leaving adjacent 
seed sources), and SPI’s planting and PCT at wide spacings (providing growing space). 
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3.0 Habitat Form classification 
 
As described more fully in Appendix 4.1 of the HCP, SPI classifies forest stands relative to use by 
wildlife in the Habitat Form system.  The Habitat Forms are applied to all forest stands, 
regardless of origin.  At the beginning of the modeling dataset for the HCP (2016), the 
combined Regen/Even land classes (i.e., the planted classes) cover about 28.3% of the Plan Area. 
Within that 28.3%, 47% of the forests in the Regen/Even land classes are in Habitat Form 1, 30% 
are in Habitat Form 2L, and 22% are in Habitat Form 2H.  These three habitat forms in the even-
age classes represent 13.4%, 8.6% and 6.3% of the Plan Area, respectively.  No even-aged forests 
have yet attained the number of large trees necessary to be assigned to the HF4 category.  
 
HF1 is the HF classification assigned to the earliest seral stage of forest development.  Almost all 
HF1 is in the even-aged Regen class.  As today's HF1 is growing toward the average size that will 
move it into HF2L and later into HF2H and HF4, more HF1 will be created by the replanting the 
annually scheduled clearcuts being applied with the aim of creating a sustainable regulated 
forest.  It is important to note that the annual acreage of clearcutting is declining, and the 
landscape extent of HF1 is at its maximum today.   
 
As shown in Figure 1 (copied from Appendix 4.3 Figure 4.3.11) during the permit period a 
"bulge" of acreage of growing Even forests will move through the Habitat Forms toward and 
into HF4, the classification with closed-canopy-cover large trees.  Planted-origin HF4 will 
constitute about 10% of the Plan Area 30 years into the permit term.  Total Mixed and Even HF4 
will increase throughout and reach its maximum acreage near the end of the permit period.  At 
present, all HF4 is in the Mixed land class, but by the end of the permit period, about 74% of 
HF4 will be in the Even land class, having grown from planted trees. The Mixed origin stands will 
constitute the remaining 26% of the HF4 at that time and will be 50 years older. 
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Figure 1. (from Appendix 4.3 - Figure 4.3.11) Habitat Form Percentage by Even and Mixed on 

the Forested Portion of the Plan Area Over Time 
 

At the beginning of the HCP permit period, most of the habitat used by spotted owls for 
nesting, roosting, and foraging is in HF4 in the Mixed land class. These forests are generally 
comprised of conifers and hardwoods that were regenerated from episodic seed fall, areas 
where young trees were often left un-thinned, trees with low economic value that were left, and 
areas where dominant trees were regularly harvested, leaving stands with gaps and a few large 
diameter trees.  In the Mixed land class, many remaining trees are 100 to 120 years old but have 
grown slowly due to competition and shading.  Over time, different practices by different 
previous owners left varying numbers of snags, logs, un-merchantable trees, and differing 
conditions of overstory (i.e., dominant and codominant trees) and understory density.  Generally 
speaking, this is the Mixed land class forest occupied by spotted owls on SPI's lands today.   
 
By the end of the permit period, the majority of the Mixed land class forest will be converted to 
planted forest that will be managed much differently.  In particular, the stands will be thinned to 
attain fast growth and create high numbers of large trees that are intended for harvest at about 
80 years of age. Importantly, under the HCP, as currently Mixed stands are harvested, habitat 
elements that are important to spotted owls such as large old trees (legacy trees), Wildlife Trees, 
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snags, hardwoods, and untreated “Habitat Retention Areas” are retained.  By retaining these 
elements at the time of harvest, and allowing for several decades of growth and increasing 
decadence, it is anticipated that these features will accelerate the rate at which stands in the 
Even land class begin to function as spotted owl nesting habitat.   
 
4.0 The Mixed land class of the future 
 
About 30% of SPI's property will remain in the Mixed land class at the end of the 50-year permit 
period.  This represents 43% of the starting Mixed Land Class.  At about year 25 of the 50-year 
permit period, about 40 percent of the ownership will remain in Mixed.  These forests are in 
Mixed Habitat Forms 2L, 2H, and 4 today.   About 20% of the Mixed forests will be entered for 
selection harvest on a decadal basis, rather than clearcut, and, like all other harvest, will retain 
structural elements under standards of Conservation Measures 5 and 7 (Sections 5.2.5 and 5.2.7).  
Under these measures, most snags and logs that exist at the time of harvest will remain in place, 
as well as Wildlife Trees, Legacy Trees, and Habitat Retention Areas, and all spotted owl nest 
trees known today and found in the future (all defined in section 5.2.7).  
 
The remaining trees will continue growing in height and diameter, resulting in a shift toward 
HF4 within the Mixed forest.  By the end of the permit period, many trees in the Mixed land class 
will be 120-150 years old.  As described in App. 4.4, in HF4 stands SPI wildlife biologists have 
found over one tree per acre judged as potentially suitable for nesting or denning use by wildlife 
species associated with old-forest conditions; this number would be expected to increase as 
these stands age.  About 12% of the Plan Area, and roughly 40% of the Mixed forest that 
remains at the end of the permit period will be within today's Watercourse and Lake Protection 
Zones (WLPZs)s, distributed in dendritic fashion across the lower topographical portions of 
landscape and in other areas unsuitable for even aged management.  Additionally, 18% of the 
Plan Area (60% of the Mixed forest at permit term) will be Mixed stands in non-riparian 
(terrestrial) locations.  In 2018 38% (164 of 428) of the occupied ACs are located within 250 feet 
of a Class 1 or Class 2 streams.  In addition to the estimated 30% Mixed forest stands, there will 
be at minimum 2% in Habitat Retention Areas (HRAs) (HCP Conservation Measure 7), distributed 
throughout the Even land class that will retain the characteristics of Mixed stands. As a result of 
these conditions, the remaining Mixed land class will exist as the backdrop for the Regen/Even 
land class and is expected to provide a strong foundation of distributed spotted owl nesting and 
foraging habitat for the future.   
 
5.0 Characteristics of even-aged stands 
 
This section describes planting, growth, management, and appearance of even-aged stands 
from planting to eventual harvest.  Description of use of stands of various ages by spotted owl 
prey species and spotted owls follows in Section 6.  
 
Even-aged stands are created by planting young trees in clearcuts. The California Forest Practice 
Rules (CFPRs) require that clearcut areas be replanted within five years of harvest, except for 
areas where trees were killed by wildfire or other factors and are classified as Substantially 
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Damaged Timberlands.  (HCP standards for treatment of Substantially Damaged Timberlands 
are covered under Conservation Measure 3).  Replanting includes multiple conifer tree species 
naturally found in the area.   Most sites are planted with a mix of 50% ponderosa pine and 25% 
Douglas-fir.  White fir, incense cedar, and sugar pine complete the planted species mix. 
Generally, seeds sown in nurseries and grown to seedlings one to 3 years of age are planted.  
The seedlings are grown from seed collected from local “seed zones” and elevations in order to 
ensure the planted trees are suitable for local conditions.   
 
Planting usually occurs at spacing of 13 by 13 feet.  At this point the stand is classified as Regen 
land class.  Early in stand growth, competing brush or grasses may be controlled by hand-
applied herbicides where necessary, subject to label restrictions established by regulatory 
agencies.   
 
For the following 10 years, the stand will consist of growing trees with closing canopy, emerging 
brush, grasses, and forbs, shade-tolerant conifer ingrowth, and young oaks sprouting from 
larger stems cut during the harvest.  Scattered among the young stand are the various retained 
elements (HCP Conservation Measure 5) such as snags, logs, Wildlife Trees, Legacy Trees, 
Habitat Retention Areas, and additionally retained trees.   
 
The stand will typically undergo pre-commercial thinning (PCT) when the trees are 
approximately 8 to 15 feet tall and 2 to 4 inches in diameter. This typically occurs between ages 
7 to 10.  During PCT, spacing is increased to 18 x 18 feet with hand-operated chain saws; 2 
percent of the unit is left un-thinned in clumps under Conservation Measure 7. Because the trees 
have grown above the brush, brush is typically not controlled at this stage.  Under Conservation 
Measure 7, at least 2 oak sprouts per acre will be retained; they typically grow faster than 
conifers at this stage.  The cut trees are cut into smaller pieces and discarded in place, where 
they deteriorate within a few years.  The additional sunlight on the ground and reduced 
completion for moisture and nutrients following PCT will promote growing trees with closing 
canopy, reinvigorated brush, grasses, and forbs, shade-tolerant conifers, and young oaks 
sprouting from larger stems cut during the harvest.   
 
With reduced competition, rapid growth following PCT typically moves the stand from Habitat 
Form 1 to Habitat Form 2L somewhere between 10 to 20 years of age, with average tree 
diameter (described by QMD) beginning to exceed 6 inches.  When the crop trees reach sizes of 
about 12” DBH, the stand is re-classified from Regen to the Even land class.  Understory brush, 
ingrowth conifers, and regenerating oaks are common and not removed except in fuel break 
zones (about 2 to 3 percent of the landscape). The stand is left to grow until trees again begin to 
close canopy and crop trees reach about 16 to 18 inches DBH at ages ranging from 35 to 45 
years, when commercial thinning initiates a major change in the stand condition.   
 
Where terrain allows, commercial thinning is usually carried out by harvesting machines and 
tractors. Hand-operated chainsaws and cable yarding on steeper slopes are used when 
necessary.  Spacing between crop trees is increased to about 26 feet, except for the un-thinned 
2 percent left in clumps under Conservation Measure 7.  Harvested logs are moved to landings 
where logs are loaded on trucks.  Tops may be chipped or burned later or more commonly 
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processed in the woods and left scattered.  Small trees and brush that have invaded the stand 
are often crushed by the machinery; depending on the extent of damage, many survive or re-
sprout. (As described below, SPI estimates that about 60 percent of the understory vegetation is 
impacted/removed during commercial thinning). The additional light on the ground from 
commercial thinning will maintain the rapid growth rate of crop trees with closing canopy, allow 
continued presence of brush, grasses, and forbs, shade-tolerant conifers, and young oaks 
sprouting from larger stems cut during the harvest.  Habitat elements specifically retained in the 
original clearcut will continue to be retained through the commercial thinning.  
 
After commercial thinning, the stand will be left to grow until the rotation clearcut harvest, 
generally at 80 years old.  The stand will grow through Habitat Form 2H and into HF4, as QMD 
advances from 13 inches to over 20 inches.  The retained hardwood sprouts will have 
maintained co-dominant status with the conifers, and starting at 20 years of age, will have 
begun producing mast, as will any other older hardwoods retained under Conservation Measure 
7.  The understory of naturally seeded shade-tolerant trees (e.g., white fir, Douglas-fir, incense 
cedar) will persist.   
 
As the trees grow, the range of sizes expands among the crop trees.  Estimated size distributions 
among crop trees at various ages are depicted in the average tree frequency graphs 
(representing a single unit at different ages) in Figure 2.  These graphs also include the 
estimated understory from seed fall from nearby Mixed stands, HCP retention, and WLPZ dbh 
frequencies.  In the 20-year dbh frequency in Figure 2, the understory estimates were derived 
from thousands of measured regeneration survey plots.  SPI's modeling indicates that a 60-year-
old even-aged stand may contain about 65 dominant and codominant crop trees per acre (tpa) 
of over 22 inches dbh and 115-120 feet in height, with an understory of over 160 tpa.  Each 
stand of approximately 20 acres will grow up around the retained elements (average of 3 tpa 
>22” dbh) described in Conservation Measure 7 and begin to provide habitat potentially 
suitable for nesting and roosting by spotted owls.  The surviving retained elements, like the 
neighboring Mixed stands, may be up to 200 years old by the end of the permit period.  
 
At a wider landscape level, the developing even-aged stand will likely be adjacent to other 
stands that were harvested five or ten years earlier or later, forming an increasingly contiguous 
canopy cover as acreage of newly-created clearcuts declines over time (due to non-declining 
flow and regulated forest structure as described above).  The stand may be adjacent to existing 
unharvested spotted owl nest Protection Zones that include Mixed or even-aged stands, or to 
WLPZs. (The tree frequency figures below include an assumed adjacent 2016 WLPZ tpa 
contribution of 10% of the unit size converted to a tpa, and then averaged over the regenerated 
stand.  Under this assumption, when a WLPZ is adjacent, it would contribute a constant presence 
of 5.3 tpa >22” dbh regardless of the age of the unit).  Although acreage of new clearcuts will 
gradually decline, even-aged stands younger than 30 years will still constitute 16 percent of the 
landscape at the end of the permit period.  Estimates of the HF percentage distribution 
throughout the permit period are provided in Figure 1 (from Appendix 4.3 of the HCP in Figure 
4.3.11 copied into this Appendix above). 
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Figure 2.  Average Frequency of Trees Per Acre in a Planted Unit at Successive Ages by DBH Class 
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Figure 2 (continued).   

 
 

 
 
In the latter decades of the permit period, forests in the Even land class will be multi-layered, 
multi-aged forests dominated by even-aged planted trees of a wide range of sizes, with a 
substantial understory.  As a result of rapid growth of crop trees in the planted and thinned 
stands, and growth in surviving retained elements from the original Mixed stand, by the time the 
crop trees are 60 years old the stand will contain more large trees 22-40 inches dbh than existed 
in the Mixed stands at the time of clearcutting.  Concurrently, the older Mixed stands, including 
the WLPZs, will be spread throughout the landscape of Even stands. Especially in the latter 
decades of the permit period, a structurally diverse forest with older stands characterized by 
large trees and many ages will exist across the ownership, as indicated by the expanding 
number of Potential Habitat Areas during that time (Appendix 4.3).  In the midst of this forest, 
new and regenerating clearcuts will provide younger seral stages important for certain prey 
species such as woodrats, as described in the following section.  
 
  

 



Appendix 4.6 SPI CSO/NSO HCP – Even-aged Narrative  

 10 

7.0 Prey associations with even-aged forests 
 
Mammalian prey species consumed by spotted owls occur in various forest successional stages 
and non-forested patches surrounded by forests.  As described in HCP Section 4 and Appendix 
3.7, the primary prey species used by spotted owls on SPI lands are dusky-footed woodrats and 
northern flying squirrels.  This section is based on literature review regarding those species.   
 
Woodrats 
 
Woodrats (especially dusky-footed woodrats (Neotoma fuscipes) and including bushy-tailed and 
big-eared woodrats (N. cinerea and N. macrotis, respectively) are regularly reported to be 
important prey items for spotted owls of both subspecies. Researchers have reported that 
woodrats are typically found in brushy young forests (Innes et al. 2007; Williams et al. 2011; Kelt 
et al. 2013).  Results from several studies are summarized in the following three paragraphs. 
 
Kelt et al. (2013) (p. 1204) found the dusky–footed woodrat to be uncommon in older portions 
of their forested study area on the Plumas National Forest: “…occurs at sites with numerous and 
diverse saplings and trees, and high cover by hardwood species, while avoiding sites with 
abundant softwoods, large snags, and high basal area by trees or snags.”  Innes et al. (2007), 
studying woodrats in Sierran mixed conifer stands, found density of woodrat dwelling structures 
(“houses”) associated with density of oaks >13” dbh.  
 
Several other authors cited in Innes et al. (2007) (p. 1521) also found woodrats associated with 
high vegetative density in sapling and early pole stands with brushy understory. Williams et al. 
(2011) cited several earlier studies indicating that CSO foraged in stands with a similar 
description on the El Dorado and Tahoe N.F., as follows: “Neotoma [i.e., woodrats] forages 
heavily on evergreen schlerophyll vegetation, such as tanoak and Quercus species in northern 
California (Linsdale and Tevis [1951], Atsatt and Ingram [1983], as cited in Franklin et al. [2000]).”   
 
Hamm and Diller (2009) found that in managed Coast Redwood forests of northern California, 
woodrat abundance was greatest in young, even-aged forests 5 to 20 years post-harvest.  Sakai 
and Noon (1993, 1997) reported that dusky-footed woodrats in northwestern California 
Douglas-fir / tanoak forests were abundant in sapling/brushy stands that included conifers 
under 5" average dbh and hardwoods up to 11" dbh, and that woodrats often crossed sharp 
ecotonal boundaries between young and older stands, becoming vulnerable to predation by 
northern spotted owls at that edge.   
 
Research by Gray et al. (2016) on SPI property within the NSO range found woodrats among the 
suite of small mammals captured but did not specifically describe their habitat use.  Research on 
small mammals on SPI lands continues (B. Dotters, SPI, pers. comm.) 
 
The consistent descriptions of woodrat use of young stands implies that woodrats should be 
expected in young even-aged stands in the HCP Plan Area.  Their actual presence has been 
confirmed by studies of spotted owl foraging described below.  SPI researchers are confident 
that habitat for woodrats will be widely distributed in the younger stands of even-aged forests 
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in the Plan Area. 
 
Northern flying squirrels  
 
Northern flying squirrels (NFS) have been studied in a variety of managed and unmanaged 
forests in the Pacific Northwest, and to a lesser extent in California.  The following paragraphs 
provide representative information relative to the question of their potential occurrence in SPI's 
Even land class forests.  Since flying squirrels depend on forests of greater age than do 
woodrats, their response to expected conditions in even-aged forests is discussed below. 
 
In a broad review of the species' ecology, Smith (2007) stated: “Glaucomys sabrinus is 
considered a keystone species in the Pacific Northwest because it is an important link in the 
food chain and dynamics of coniferous forests. It is important prey for several predators 
(Forsman et al. 1984; Rosenberg et al. 2003; Wilson and Carey 1996) and facilitates an obligate 
symbiotic relationship between mycorrhizal fungi and dominant tree species (Maser and Maser 
1988). G. sabrinus feeds on sporocarps of hypogeous fungi and deposits fecal pellets with fungal 
spores and nitrogen-fixing bacteria across the forest floor (Caldwell et al. 2005). The spores 
germinate and establish new colonies or contribute new genetic material to existing colonies. 
The mycorrhizae facilitate the tree’s ability to absorb water and nutrients." NFS also use other 
food sources such as lichen, seeds, and nuts (Smith 2007; Waters and Zabel 1995)”. 
 
Smith (2007) also stated: “With few exceptions (Rosenberg and Anthony 1992), the findings of 
several studies suggest that optimal conditions for G. sabrinus occur in mature or old growth 
forests (e.g., Carey 1995), which led to its prominence as an indicator species (Smith et al. 2005). 
However, recent retrospective or manipulative experiments (e.g., Ransome and Sullivan 2003) 
have produced evidence that challenges any generalization that G. sabrinus relies on old-growth 
forest.” 
 
Carey et al. (1997), using radio-telemetry, located 604 NFS den and nest sites in 26 forest stands 
in Oregon and Washington, in forests ranging from old-growth to managed second-growth 
stands 40-60 years old.  Nests were in a wide variety of structures, including natural and 
woodpecker-excavated cavities, stick/leaf nests, live and dead trees, conifers and deciduous 
trees.  The managed forests inventoried included different types of thinning and legacy 
retention prescriptions.  NFS densities were highest in old-growth and variable in second 
growth.  The authors noted apparent variation in NFS numbers related to forest management 
history and recommended retention of green defective trees, logs, and snags in timber harvest.   
 
Carey (2000) "quasi-experimentally" evaluated different types of thinning treatments and 
retention of elements in second-growth forests in Oregon and Washington.  He reported that 
densities of NFS were highest in stands with the highest cover of woody debris, that few stick 
nests were found in the more heavily thinned stands, and that cavities (the highest quality nest 
sites for flying squirrels) seemed scarce in both forests.  He noted that canopy connectivity was 
reduced in thinned forest, which may have impeded movement of NFS.   Rosenberg and 
Anthony (1992) also found NFS in young second growth Douglas-fir forests in western Oregon, 
where elements of the previous stands had been retained. 
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Despite these broad studies elsewhere in western North America, information on NFS in 
California is limited.  Meyer et al. (2005) stated "Almost no information exists regarding the 
habitat requirements of northern flying squirrels in the Sierra Nevada of California."  Their 
studies of NFS nest sites (Meyer et al. 2005, 2007) described nest / den sites in mature and old-
growth forests in the Sierra and noted the importance of streamside zones in providing nesting/ 
denning and forage.  However, these authors did not evaluate use of younger forests by NFS.  
 
Waters et al. (2000) found that numbers of NFS in fir forests on the Lassen National Forest were 
correlated with presence of truffles, the fruiting bodies of hypogeous mycorrhizal fungi.  They 
reported that abundance of NFS was significantly less in old-growth fir stands that had been 
shelterwood-logged 6 to 7 years previously than in nearby, unlogged old-growth and mature fir 
stands.  However, they also found no significant effects on total truffle frequency and biomass of 
truffles from commercial thinning or broadcast burning that had occurred about 10 years 
previously.  They also found NFS preferred truffles of certain fungal species and noted that 
effects of forest management on individual fungal species were poorly understood.   
 
Sollman et al. (2016) found that NFS disappeared from areas subject to canopy-cover reduction 
in USFS fuel treatments, but that they apparently moved to surrounding areas of suitable 
habitat.  The study did not continue long enough to evaluate whether NFS eventually returned.  
 
In combination, these studies suggest that occurrence of NFS is not dependent on the origin of 
the stand per se, and that they occupy young second-growth forest. It appears that in second-
growth forests, their success may be dependent on retained habitat elements and intensity of 
thinning harvests over time.  With respect to SPI's proposed management, it might reasonably 
be expected that NFS may occupy stands prior to commercial thinning, experience local 
population declines following thinning, and then re-occupy stands as overstory and understory 
re-develop.  Whether NFS densities in Even land class forests might resemble those in today's 
Mixed stands is unknown.  The retention of elements from previous mixed stands is important, 
as is the remaining component of Mixed forest and WLPZs.  SPI researchers, in cooperation with 
other Agency and University researchers, will continue to examine this question going forward.   
 
8.0 Spotted owl foraging behavior and even-aged forests 
 
Numerous studies have described spotted owl foraging habitats, but relatively few studies have 
specifically evaluated use of areas subject to even-aged forest management.  Several studies 
have described spotted owl foraging use of edges between forest types, and have especially 
called attention to use of ecotones between mature forests and younger forests, where dusky-
footed woodrats are available to owls (Sakai and Noon 1993, Ward et al. 1988, Zabel et al. 2003). 
 
The presence of foraging owls may be regarded as an indicator that prey can be found in these 
locations.  Ward et al. (1988) found foraging spotted owls more frequently at locations where 
prey biomass exceeded the prey biomass at random sites.  Therefore, if prey becomes available 
in stands of the Even land class, use by spotted owls would be expected if other conditions 
allow.  
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Raphael et al. (unpub. data, Appendix 3.6 & 3.8) located spotted owls foraging on and near SPI 
lands using radio-telemetry.  During the spring and summer of 2017, 77 spotted owls (52 CSOs 
and 24 NSOs) were tagged with GPS radio transmitters.  Spotted owls of both subspecies 
repeatedly used young stages (HF1 and HF2L) of the Even land class.  Almost 20% of all 
recorded locations of apparent foraging were in either HF1 or HF2L.  Nearly 25% of the 
individual owls used HF1 more than it was available and 19% used HF2L more than it was 
available.   This GPS data set also showed use of single retained trees (Additionally Retained 
Trees in Conservation Measure 7) in HF1/HF2L as likely perch sites during foraging.  Because 
almost no HF2H or HF4 has yet grown into the Even land class, use of such stands could not be 
evaluated.   

 
9.0 Spotted owl nesting habitat and even-aged forests 
 
As of January 1, 2018, all 199 spotted owl ACs (i.e., nest sites or roost sites) known to occur on 
SPI lands were in the Mixed land class. As described in appendix 4.3 Table 4.3.8, all of these ACs 
are within Mixed stands classified as Habitat Form 4 (74%) HF2H (19%) or HF3 & HF2L (7%).   
Characteristics of stands containing nests are described in Appendix 4.2 Table 4.2.1.  Nest trees 
are often larger than the overall QMD of the surrounding 1-acre site (the nest sites).  Often 
these nests are found in locations where the 1-acre site may meet the HF4 definition, but the 
surrounding stand averages lower QMD and is classified as H2H or HF2L.  This is consistent with 
reported observations of the importance of uncommon large trees within stands of smaller trees 
in other parts of the range of the NSO and CSO (Bias and Gutierrez 1992, Thome et al. 1999, 
Blakesley et al. 2005).   
 
Few areas where spotted owls nest or roost in second-growth forests have been described. The 
types of nest structures described by Diller et al. (2007) will be provided by the retained 
elements; the numbers of such existing structures are unknown at this time and some are 
dependent on unquantifiable factors such as wind and snow damage and pathogens.  The HCP 
established targets for each retained element and the “best available” will be retained when 
elements may otherwise be scarce.  These factors will affect understory trees as well as the 
overstory crop trees.  In particular, the retention and recruitment of oaks may be important in 
providing cavities. (Among 133 spotted owl nests described on SPI lands, 34 (25.8%) were in oak 
cavities).   
 
Many trees of the sizes projected to occur in the older Even stands (Figure 1, above) will be as 
large or larger than the nest trees presently found on SPI lands (Appendix 4.2, Table 4.2.1) and 
should be capable of providing suitable platforms.  As the dominant and co-dominant crop 
trees mature in the later decades of the permit term, these trees will exhibit characteristics that 
are at least as suitable for spotted owl occupancy as today's Mixed stands currently occupied by 
nesting spotted owls.  Canopy cover will be equivalent to Mixed nest stands occurring in 2018, 
while stand QMD and numbers of trees 24-40 inches dbh will exceed today’s Mixed stands.  
Retained elements will continue to grow older and increasingly contribute many of the 
characteristics of structural diversity.  Nesting habitat also will continue to exist in the aging 
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remaining Mixed stands and WLPZs that will occupy 30% (12% in WLPZs and 18% upland) of the 
landscape.  
 
Natural stochastic events such as wind and hail storms, lightning, drought, insect outbreaks, and 
fire will continue to affect SPI’s forests, creating canopy gaps or openings that foster the 
development of structural diversity within and among Even stands.  SPI’s planned retention of 
un-thinned clumps in PCT and commercial thinned areas will lead to density induced mortality, 
producing snags and downed woody debris.  These outcomes are not possible to quantify but 
will also be present in future Even stands. 
 
It is possible that the overall number of potentially suitable nest structures may decline to some 
degree as current Mixed habitat is replaced with Even stands, primarily because the unquantified 
degree of decadence in the Mixed land class may not be replicated in younger Even stands. 
Nevertheless, the Even stands will still each contain several potential structures in the retained 
elements, amid stands of larger trees than currently exist in Mixed.  Figure 3 displays the tpa by 
diameter breast height (dbh) class for the 2016 Mixed HF2H & HF4 stands and the projected 60- 
and 80-year-old Even HF4.  Note that SPI’s oldest Even stands will reach 60 years of age in 
approximately 30 years, and at the end of the permit approximately 43% of the existing Mixed 
land class will persist. In summary, the best available scientific information indicates that 
sufficient habitat to support nesting by spotted owls will exist in the combined residual Mixed 
and Even land class stands with retained habitat elements.   
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Figure 3.  TPA by DBH Class for 2016 Mixed HF2H and HF4, Projected Even 60 and 80 yr. old HF4 
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10.0 Case Studies: Spotted owls in forests with even-aged 
components   
 
Green Diamond Resource Company 
 
The best-described situation where extensive forests created by even-aged management 
support spotted owls is on the ownership of Green Diamond Resource Company (GRDC) 
(formerly Simpson Timber Company) in northwestern California. Published papers from studies 
of northern spotted owl nesting and foraging in this area included Diller & Thome (1999), 
Thome et al. (1999), Folliard et al. (2000), and Diller et al. (2007).  As described in these studies, 
this ownership is almost entirely second and third-growth forest, managed with clearcutting and 
patches of even-aged timber.  High densities of dusky-footed woodrats and their habitat use in 
young Coast Redwood forests on the property was described by Hamm and Diller (2009).   
 
As reported by Folliard et al. (2000), spotted owl nest sites in this study area were found in 
several stand types 35-80 years old, and stands containing nests often had residual elements 
that "added increased structure and complexity to the stands."   Stand structure was believed to 
be more important than age.  As for nests themselves, Diller et al. (2007) stated that " Structures 
used for nesting by spotted owls were approximately equally divided between “enclosed” 
structural nests (for example, broken tops, cavities and lateral platforms) and “open” nests (for 
example, abandoned small mammal and bird stick nests and debris platforms) (Folliard et al. 
2000).  [Note: This citation by Diller should be Folliard (1993)].  
 
Diller et al. (2007) summarized factors contributing to the high density of northern spotted owls 
in that area.  Some factors, such as mild climate and abundant rainfall, are not applicable in 
most of SPI's HCP Plan Area.  Others factors are relevant.  These include the following, quoted 
from Diller et al. (2007): 
 

• Landscapes with the highest densities of spotted owls are a mosaic of mature second 
growth and recently harvested clearcuts. 

• A mosaic of young and older forest stands provide ideal habitat for spotted owls in 
coastal northern California, because the owls roost and nest in the older forests, while 
the young forests provide habitat for their primary prey, dusky-footed woodrats.  

• The region has an abundance of hardwoods (for example, tanoak, Lithocarpus 
densiflorus, madrone, Arbutus menziesii and California Bay Umbellularia californica) 
whose coppice growth insures a significant hardwood component in most managed 
stands despite efforts to control them. The hardwood component maintains vegetative 
diversity that is important to promote structural complexity in managed forests. [Note: 
These particular species are not typically found in the SPI HCP Plan Area, but concept 
applies to stump-sprouting oak species common on SPI lands.) 
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• The important habitat heterogeneity created by a mosaic of young and old stands is 
virtually assured by the current California forest practice rules (FPR) regulating even-
age silvicultural systems.  

• Probably the single most critical factor in any silvicultural system is the retention and 
future recruitment of residual structure with late seral habitat elements (e.g. large 
green wildlife trees and snags).  

• The majority of future residual structure will likely be associated with Class I and II 
riparian management zones that will be the product of current water and lake 
protection zones required by California FPR and Simpson’s aquatic conservation 
planning.  

 

The primary difference between the lands of GRDC and SPI is that the mild coastal climate and 
the different forest tree species result in faster rate of tree growth and probably higher prey 
production on the GDRC lands.  However, the common elements of spotted owl reliance on 
woodrats, mosaics of various seral stages, sprouting hardwoods, and importance of retaining 
habitat elements during timber harvest, all indicate that a similar strategy can be successful on 
SPI's Plan Area, albeit at a somewhat slower pace.  

 

Elliott Ranch / Forest Hill Divide 

 

As part of a larger telemetry study conducted in 2017 (Appendix 3.8), five CSOs (two pairs and 
one resident single) were radio tagged just south of the town of Alta, Placer County, on in the 
Elliot Ranch area near the Forest Hill Divide.  Location data of apparent likely foraging locations 
and nesting core areas were collected for six weeks.  The five owls were associated with Activity 
Centers (ACs) PLA0022, PLA0024 and PLA0116, which were assigned unique AC numbers in 
1982, 1980 and 1981 in the CNDDB data base indicating some level of continued use since these 
dates.  The five tags collected 850 unique GPS locations and these data were pooled to form a 
single 95% kernel of 11,745 acres (Figure 4). 
 
Since the turn of the century, the Forest Hill Divide area has been subject to numerous large, 
high intensity fires, followed by intensive salvage logging (USFS 2009).  Most notably, the 
McKenzie fire (1936) and the Volcano Fire (1960) burned 21,290 and 42,601 acres respectively 
through this region of the Tahoe National Forest.  Additionally, two other smaller fires (an 
unnamed 1952 fire and the 1959 Big Reservoir Fire) also burned within this area (Fire perimeter 
source: http://frap.fire.ca.gov/projects/fire_data/fire_perimeters_index).  Following these fires, the 
burned areas were intensively logged with no retention standards being applied.  We have no 
information as to the actual amount of retention in these harvests.  There were no retention 
guidelines or requirements during the early-and mid-1900’s, and it was common practice to 
remove most standing trees within a fire footprint as retaining structure for future recruitment 
was not yet known to be of value.  Upon completion of the salvage operations, all fires on 
federal lands were replanted creating an even-aged forest stand condition within each footprint 
(USFS 2009). For the two largest fires, these stands would be roughly 81 and 57 years old today, 

http://frap.fire.ca.gov/projects/fire_data/fire_perimeters_index
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assuming the fires were immediately salvaged and planting was completed the following year.  
With historic logging practices being much less efficient when compared to today’s standards, it 
is likely that harvest and planting were not immediate and these stands are actually somewhat 
younger. 
 
Of the 850 GPS points collected from the five CSOs, 530 (62%) occurred within what would be 
considered an even-aged forest condition.  In addition, all three AC locations and core use areas 
are located within the historic fire perimeter.  When the combined 95% kernel is bisected by the 
fire perimeters, 7,261 of the 11,745 (62%) acres would be considered to be planted forest in an 
even-age stand condition approximately 60-80 years old that did not contain elements 
specifically retained for spotted owls.  Spotted owls were first detected at these three ACs in the 
early 1980s, about 44 years after planting.  Continued use of even-aged planted forest 
conditions by spotted owls has been documented since that time.  According to the CDFW 
CNDDB these three ACs have had the following social status more recently: 

 
PLA0022 nested in 1997, 2005, 2007, 2012, 2014 
PLA0024 nested in 2001, 2003, 2005, 2007, 2009, 2010 
PLA0116 nested in 1997, 2012, 2014 
 

Currently there is no data in CNDDB for any of these sites for the years 2015 and 2016. During 
the 2017 GPS study all sites were occupied by pairs but none nested.   

 
The locations of planted stands utilized by these CSO pairs originated from the 1930s, 1950s, 
and 1960s, which were planted with only ponderosa pine, and had none of the efforts to 
maintain portions of the existing stands, legacy trees, hardwoods, and additionally retained 
trees.  These elements will be provided under the HCP. 
 

 
Figure 4.  CSO GPS telemetry and fire history map for the Elliot Ranch area 
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11.0 Conclusions 
 
Available scientific information indicates that planted forests in the Even land class will provide 
ample foraging and nesting habitat for spotted owls.  The overall habitat suitability will be 
enhanced by the continued existence of today's Mixed habitat in WLPZs and scattered stands, 
with the attendant benefit of increased age and growth among those stands.  
 
One of the two primary prey species, dusky-footed woodrat, is known to use young 
regenerating stands as its primary habitat.  The second, the NFS, is known to use second growth 
stands elsewhere in its range. In those situations, retention of residual components is known to 
be important for the species; such retention is specified in the Conservation Measures of the 
HCP.  During periods when commercial thinning may temporarily reduce flying squirrel habitat, 
conditions are likely to become suitable for woodrats.  NFS habitat will remain in the Mixed 
stands and WLPZs.   
 
Spotted owls are known to forage in today's Mixed stands and young Even stands.  Although 
examples of older Even stands do not yet exist for evaluation, spotted owls are known to forage 
in areas where prey is available, and should be able to forage from the retained structures, large 
crop trees, and emerging understory trees that will be present in the new Even stands.  Spotted 
owls would also be expected to continue to forage in the remaining Mixed stands. 
 
Spotted owl nest habitat that meets and exceeds the stand parameters (canopy cover, QMD, 
and large tpa) of today's nesting stands will be present in the older Habitat Forms in Even 
stands.  Retained elements, including large oaks and every surviving nest tree used in the past 
will be present within the Even stands.  The Even stands will include understory trees in similar 
numbers to today's stands.  In 2018 38% (164 of 428) of the occupied ACs are located within 250 
feet of a Class 1 or Class 2 streams.  Nesting habitat will continue to exist in the aging remaining 
WLPZs and scattered Mixed stands.  
  
Both NSO and CSO are currently known to nest and forage in other ownerships where extensive 
forest was created by planting, including a large industrial ownership that uses extensive even-
aged management.  
 
All these factors, when taken together, indicate that the combined Even and Mixed forest 
landscape provided under SPI’s conservation program will conserve spotted owls, and 
contribute to the recovery of the species during the permit period.  
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“PROTECTION ZONES” for Spotted Owls 

This appendix provides background information regarding the history, size, and standards for 
"Protection Zones (PZs)" to be established around occupied Activity Centers (ACs) of northern and 
California spotted owls under the HCP.  Any portion of a PZ that falls on SPI land will be provided year-
round protection for habitat in a focused area near recent ACs.  PZs also assist in minimizing impacts to 
spotted owls during harvest operations both within and outside the breeding season.  The PZ concept is 
intended to implement Conservation Measure 5.2.2 and 5.2.5 by identifying areas where SPI can 
implement protection measures on their lands for spotted owl ACs that occur on or near SPI lands.  

Background 

For the NSO, the current California Forest Practice Rules (CFPRs) state that “within 500 feet of the 
activity center [18 acres] the characteristics of functional nesting habitat must be maintained.  No timber 
operations shall be conducted in this area during the northern spotted owl breeding season unless 
reviewed and approved by the Director as not constituting take” (CFPR 2016, 939.9 (g) (1)). Additionally, 
for the NSO, the CFPRs at 939.9(g)(2) provide: “Within 500-1000 feet of the activity center, retain 
sufficient functional characteristics to support roosting and provide protection from predation and 
storms.  No timber operations shall be conducted in this area during the breeding season unless reviewed 
and approved by the Director as not constituting a take.”  The Service's Northern Spotted Owl (NSO) 
Take Avoidance Guidelines Attachment B (USFWS 2008) recommended that no harvest operations 
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should occur within 1000 feet of an activity center (72 acres). 

Since the late 1980s and early 1990s, SPI has evaluated the annual occupancy, social, and reproductive 
status of spotted owl sites occurring on or near their ownership by conducting surveys.  Since 2012, SPI 
has used the 2012 updated NSO survey protocol (with a USFWS-approved deviation) for locating and 
determining the status of NSOs on or within 1.3 miles of SPI property.  No standardized survey 
methodology exists specific to California spotted owls (CSO), so SPI has continued to use the 1992 NSO 
protocol to guide surveys for CSO (See SPI Survey Methodology Appendix 5.4).   From these survey data, 
activity centers (AC) are determined on a yearly basis.  This yearly AC (termed, “YAC”) is the location of 
the nest site or the day roost site of the owl(s) in each territory in the year of detection. 

For the NSO, since its listing in 1990, designation of AC protection areas has followed the guidance of 
the CFPRs and the Service Guidelines, as described above.  Because CSO are not listed, protection of 
nest and roost sites areas has varied from simply protecting a few trees, to designating PZs.  SPI's 
conservation measures for CSO have become increasingly protective over time.  In recent years, CSO PZs 
have typically been at least 18 acres, but often times larger depending on the history of the site and 
configuration of surrounding stands.  

Development of the Protection Zone (PZ) for this HCP 

In developing Conservation Measure 5.2.2 and 5.2.5, SPI considered ways to define an AC PZ that 
recognizes the often-observed annual movement of spotted owl nest and roost sites.  SPI’s methodology 
allows the owl to guide the designation of the site-specific PZ by the owl’s demonstrated use of an area.  
The PZ is intended to help minimize disturbance to spotted owls during timber operations 
(supplemented by the 1/4-mile seasonal restriction buffer for breeding pairs), and to provide an area of 
SPI land that will continue to be protected if the owls remain in the same general vicinity from year to 
year (occupied status continues).  PZs will be designated around all occupied ACs within SPI lands and 
within 1/4-mile of the Plan Area, regardless of ownership. The best available habitats, as described in 
the next subsection, will be designated without regard to ownership.  Priority for designation shall be on 
SPI lands if habitat conditions are appropriate. Any portion of a PZ that occurs on SPI lands will be 
subject to the restrictions described in this HCP.   

For every occupied AC on or within 1/4-mile of the Plan Area known as of the date the ITP is issued, a PZ 
will be designated and reported to the Service within 120 days of permit issuance.  The report will 
identify the location of such PZs, the number of SPI acres within the PZ. (HCP Section 6.8, Compliance 
Monitoring ).  Thereafter, PZs will be maintained for every existing occupied AC, and updated based 
upon HCP survey requirements for THPs (HCP Section 5.2.5.1, and Appendix 5.4).  PZs for each newly-
identified occupied AC will be developed on a schedule that precedes potential impacts from any 
approved or proposed THP or other Covered Activity.  The location of new PZs and any updates will be 
maintained by SPI and provided to the Service as part of the annual reporting requirements for this HCP.    

 

Procedure for Designating the PZ 

At each occupied and new AC, a PZ will be designated to include the three most recent known YACs.  An 
18-acre circle (500’ radius) will be drawn around each YAC, and will be used for initial consideration for 
protection (Figure 1).  Based upon identified YACs and available habitat, the PZ will be established with a 
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minimum of 72 acres, or, if the designated PZ would exceed 100 acres due to distance between circles, 
SPI may designate a larger single PZ, or two separate PZs may be established with a minimum size of 72 
acres for each. Each PZ will focus on including high quality habitat on SPI lands, and the PZ may 
encompass areas off of the SPI ownership when the site is near a property line or the YACs indicate such 
use.  In such cases the highest quality habitat available to the owls may be off of the SPI ownership.  
Designating areas of lower quality habitat on SPI lands as a PZ could overestimate the contribution to 
owl conservation.   

A PZ may range from 72 to 100 acres regardless of ownership depending on overlap of the circles of 
multiple YACs.  Designated PZs will include the best contiguous existing nesting habitat ranging from 72 
to 100 acres as demonstrated by owl historical use or proximity to the YACs.  The best habitat for 
inclusion will be identified by SPI biologists based on ocular estimation from remote imagery and 
informed by SPI habitat typing information or field visits where available.  If less than 72 acres of 
contiguous habitat suitable for nesting and roosting is present, additional contiguous forest stands on 
SPI will be designated in the following order: HF3 or HF2L, and finally HF1, based on ocular estimation 
from remote imagery and informed by SPI habitat typing information where available to reach a total of 
72 acres.  Priority for designation shall be on SPI lands if habitat conditions are appropriate. 

Designation of a PZ of more than 72 acres will be at SPI's discretion, unless the physical arrangement of 
two or three YACs requires that more than 72 acres be designated to form a PZ.  SPI will consider 
designating PZs up to 100 acres in size on a case-by-case basis, based on the following factors:  (1) the 
location of nesting YACs, (2) the location of other daytime roost sites, and (3) the quantity, quality, and 
proximity of other existing habitat suitable for nesting and roosting (equivalent to SPI HF4 and HF2Hv). 
Of these factors, the location of nesting YACs will be provided the greatest weight in determining the 
need for a PZ of greater than 72 acres.  The designation of a PZ will include consideration of appropriate 
physical features (e.g., roads, streams, ridges) that influence owl usage and provide for clarity and 
efficacy to the designation. 

Whenever new YACs are identified for an owl territory, the PZ will be adjusted to contain the three most 
recent YACs (in consideration with other older nesting YACs).  PZs will be unchanged in years when new 
YACs are not established.   

 

 

 

 

 

Yearly AC point locations for an 
owl territory 

Yearly ACs with 500’ radius 
buffer (18 acre YACs) 

Combined YACs define the 
initial consideration area for a 
“Protection Zone” 

Figure 1.  Development of Protection Zone with multiple YACs  
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Protections Provided Within a PZ 

No timber harvest or other vegetation-disturbing operations conducted under this HCP will occur in a 
PZ, with the following exceptions.  Pre-commercial thinning may be conducted outside the breeding 
season, or during the breeding season within a PZ where the social status of the owls present has been 
determined to be non-nesting.  Pre-commercial thinning in PZs shall only occur in stands less than 15 
years of age.  Additionally, projects with minimal habitat modification and minor effect on habitat 
function (e.g. road building/reconstruction) that avoid the nest site and screening trees may be 
conducted within the PZ, subject to prior review and approval by an SPI biologist who will make a 
determination regarding impacts to spotted owls.  SPI will notify CDFW (for NSO PZs) and the Service 
(for all PZs) 10 business days prior to such operations.  If no response is received from CDFW or the 
Service within 10 days, SPI may proceed with the proposed operations.  Such actions, including the 
justification that the SPI biologist relied upon to approve the activity, will be reported annually to the 
Service.  Hauling on existing roads through PZs is permitted.  Any other timber operations that ensure 
persistence of suitable habitat would be subject to consultation and agreement with the Service.  All 
such timber operations will be subject to the HCP Conservation Measures. 

Following three consecutive years of negative surveys, a PZ will be retired.  A retired PZ shall not be 
amended into an approved THP.  Prior to any future operations commencing within a retired PZ, surveys 
following methods described in Appendix 5.4 must occur.  Thus, prior to any future timber harvesting in 
a retired PZ, a minimum of five years of surveys (three consecutive years prior to demonstrate 
retirement, and at least two years of subsequent pre-operational surveys) will have been conducted.  
PZs are eventually removed from the retired status when all available Mixed stands in the retired PZ 
have been converted to planted stands. 

It is important to recognize that the conservation benefits of each PZ occur within the context of other 
Conservation Measures as defined in the HCP as well as site specific practices at each occupied AC.  
These include the configuration of habitat across the entire landscape and within any occupied 500-acre 
hexagon, the 1/4-mile seasonal protections for nesting spotted owls during operations, and subsequent 
efforts to verify presence of spotted owls in previously identified ACs.   

It is unlikely that a PZ would occur in an isolated fashion unconnected to other areas of suitable habitat. 
SPI data regarding the size and spatial arrangement of timber stands within nesting hexagons associated 
with Potential Habitat Areas (PHAs) indicate that on average, in year zero of the analysis conducted for 
the HCP, the average nest hexagon has a contiguous habitat stand (HF4 and HF2Hv) of 230 acres.  This 
number is projected to decrease to its lowest point, 204 acres, in year 20 of the HCP analyses, and then 
to increase to 265 acres by year 50.  Based upon these data, outside the PZ, on average there is an 
additional 158 acres (230 minus 72) of suitable habitat distributed within each nest hexagon in year zero 
and 193 acres (265 minus 72) by year 50 (Table 4.3.10, Appendix 4.3).  Thus, PZ’s will likely occur in a 
landscape comprised of connected forest stands (HF4 and HF2H) and surrounded by other forested 
habitat of various ages and stages of maturity.   

Figure 4 below provides an example of a CSO territory with multiple known ACs, and the 72-acre PZ 
based on the best habitat that would result from application of the PZ under the HCP. This demonstrates 
the advantage of designating PZs on the basis of habitat rather than circles representing a core use area.   

PZs in Substantially Damaged Timberlands 
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If an event results in a condition of substantially damaged timberlands inside a designated PZ, the PZ 
may be re-designated to include the best contiguous available habitat (e.g.; SPI HF4 and HF2H), based on 
best available data, including ocular estimate from remote imagery, SPI habitat data, or field review). 
Re-designation will incorporate as much of the previous designated PZ as possible.  If no HF4 or HF2H 
stands are adjacent to the original PZ for re-designation, the PZ must stay in place until it is retired 
(defined in Appendix 5.4, SPI Spotted Owl Survey Methodologies).  Only areas where the basal area of 
trees killed exceeds 75% are allowed to be exchanged for best available habitat adjacent to the original 
PZ.  Allowing for the re-designation of PZs in substantially damaged timberlands will result in the 
retention of best available habitat that is more likely to persist into the future while allowing the 
removal of trees that have been killed. All previous nest trees must be retained in HRAs and all retention 
measures in HCP Section 5.2.3 (Mitigation of Substantially Damaged Timberlands) will be implemented.   
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Results of Actual 2018 PZ Delineation 

As of 1/1/2018 there were 428 ACs (56 NSO and 372 CSO) on or within .25 mile of the Plan Area.  
Descriptive data for the 428 PZs which were established following the procedure outlined above are 
summarized in the following tables.   

Figure 2. PZ Acreage Summary 

 

The average PZ includes 98 acres, of which an average of 59 acres (60%) overlap the SPI land base.  

Habitat Form Analysis of the 428 PZs 

As shown in Figure 3, within the average 59-acre portion of the PZs that overlap the Plan Area, 68% is 
comprised of HF4 and 89% is comprised of HF2H and HF4 combined. 

Figure 3. Habitat Form Distribution on the Plan Area Portion of PZs 

 

Appendix 5.2 Attachment A provides an overview map of each of the 428 PZs.  Appendix 5.2 Attachment 
B provides the 2016 NAIP Imagery with each PZ delineated. 

References 

U.S. Fish and Wildlife Service (USFWS).  2008.  Regulatory and scientific basis for U.S. Fish and Wildlife 
Service guidance for evaluation of take for northern spotted owls on private timberlands in California's 
northern interior region.  Attachment B.  Revised February 27, 2008.  U.S. Fish and Wildlife Service, 
Sacramento, California. 

 

Sub-
Species # of PZs

PZ Total 
Acreage

PZ SPI 
Acreage

Average 
PZ 

Acreage

Average  
SPI 

Acreage
% SPI 

Ownership

CSO 317 31,032 19,245    98 61 62%
NSO 50 5,052   2,502      101 50 50%
Total 367 36,084 21,747    98 59 60%

CSO 50 4735 0 95 0 0%
NSO 11 964 0 88 0 0%
Total 61 5,699   -          93 0 0%
All PZs
CSO 367 35,767 19,245    97 52 54%
NSO 61 6,016   2,502      99 41 42%
Total 428 41,783 21,747    98 51 52%

PZs that overlap SPI land

PZs that do not overlap SPI land

HF5 HF1 HF2L HF3 HF2H HF4 Total
SPI Acres 36 151 1745 461 4657 14701 21750
% HF 0.2% 1% 8% 2% 21% 68% 100%

Combined HF2H and HF4: 89.0%

Habitat Forms
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All known AC for CSO site MRC008, Most current three are indicated 
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YACs for all know ACs (MRC008), Most current three are indicated by yellow circles. 

Figure 4 Example Protection Zone designation 

 

 

PZ of the most current three YACs shown by green shape is below 72 acres (26.2 acres), PZ area will need to 
be increased 
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PZ now includes all known YACs.  Roads and landscape features have been used to delineate PZ boundaries 

Figure 4 (continued) Example Protection Zone designation  
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Northern Spotted Owl (NSO) AC Ranking  

The Sierra Pacific Industries (SPI) HCP will provide several different levels of protection and management 
for NSO in the HCP Action Area.  These measures are designed to minimize take of NSO that may occur 
on or near SPI lands.  As described below, the different levels of protection for NSO are called Tiers.  To 
inform assignment of NSO Activity Centers (ACs) to various Tiers, SPI developed a ranking system for all 
valid NSO ACs within the HCP Action Area.  This ranking system was refined using input from the U.S. 
Fish and Wildlife Service (Service), California Department of Fish and Wildlife (CDFW), and U.S. Forest 
Service (USFS). The ranking system considered social/reproductive status from 2011 through 2017 (50% 
of ranking weight), occupancy status from 2003-17 (21.4%), proximity to SPI ownership (14.3%), and 
proximity to designated NSO critical habitat (77 FR 71876) (14.3%).  The maximum possible score was 70 
points.  Once these data were compiled for each of the 164 NSO ACs within the Plan Area or Action 
Area, each NSO AC’s ranking resulted in placement into one of four tiers based on their overall score.  
Each AC’s resulting position was then reviewed by three Service staff and one CDFW staff based on the 
previously mentioned ranking criteria, and the final list of Tier 1 ACs and their associated designated 
acres was agreed upon.  A National Agriculture Imagery Program (NAIP) image with the Tier 1 area 
shown was then sent to the Service in pdf form.  All Tier 1 and 2 ACs within 0.25 miles of SPI ownership 
are part of the baseline of the occupied hexagons in the HCP take analysis.  
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• Tier 1 ACs will receive the highest level of protection.  Within the 1.3-mile home range circle 
surrounding the AC, the best available habitat was designated for retention up to a target of 
1,336 acres. These lands were identified to serve as a long-term habitat refugia in the HCP.  
These areas were designated in cooperation with the Service and CDFW based on habitat 
descriptions in the Service’s “take avoidance” guidance (USFWS 2008), the Service’s Relative 
Habitat Suitability (RHS) model output, and review of satellite imagery for each site, and 
included the highest quality habitat available (HQNR>NR>F>LQF) regardless of ownership.  
Portions of this habitat are on the Plan Area (SPI lands) and portions are only on the Action 
Area (off the SPI ownership).  In the habitat designated on the Plan Area, SPI will not 
conduct harvest regardless of occupancy status for the duration of the permit, except as 
described below.  In the future, newly discovered NSO occupied ACs within the designated 
Tier 1 area will have Conservation Measures 1 (landscape habitat), 2 (Protection Zone (PZ)), 
and 5 (surveys and breeding season buffer) protections as provided any other Occupied AC. 
 
Trees within habitat designated for retention surrounding Tier 1 ACs that are killed by high 
severity wildfire, including trees with apparently green crowns that are expected to die 
within 1-year may be salvage logged subject to Conservation Measure 3.  Additionally, 
projects with minimal habitat modification and minor effect on habitat function (e.g., road 
building/reconstruction) that avoid the PZ may be conducted within the designated lands 
subject to prior review and approval by an SPI biologist who will make a determination 
regarding impacts to spotted owls.  SPI will notify CDFW and the Service 10 business days 
prior to such operations.  If no response is received from CDFW or the Service within 10 
days, SPI may proceed with the proposed operations.  Such actions, including the 
justification that the SPI biologist relied upon to approve the activity, will be reported 
annually to the Service.  Any other timber operations that ensure persistence of suitable 
habitat would be subject to consultation and agreement with the Service.  All such timber 
operations will be subject to the HCP Conservation Measures. 

 
• Tier 2 ACs will be managed for the habitat objectives described in Conservation Measure 1 

(i.e., a landscape that will maintain, increase, or make progress toward consisting of 50 
percent combined HF4 and HF2H, as measured by the PHA process).  Additionally, these ACs 
will receive a 72-100-acre PZ (See Conservation Measure 2), and Conservation Measure 5 
protections provided by pre-operational surveys and seasonal buffers when breeding.  For 
further description of the application of a PZ see Appendix 5.2.  In the future, any newly 
discovered NSO AC on or within 0.25 mile of the ownership will have Conservation 
Measures 1 (landscape habitat), 2 (PZ), and 5 (pre-operational surveys and breeding season 
buffer) protections as provided any other Occupied AC.   
   

• At Tier 3 ACs, NSOs are considered not likely to be taken by covered activities described in 
the HCP because the amount of SPI land within the 1.3-mile circle surrounding the AC is 
judged to be insignificant and habitat modification would have only a minor effect on the 
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territory (as depicted by the 1.3-mile home range circle).  Most of the Tier 3 ACs are >0.5 
miles from SPI lands.  In the future, any newly discovered NSO AC on or within 0.25 mile of 
the ownership will have Conservation Measures 1 (landscape habitat), 2 (PZ), and 5 (pre-
operational surveys and breeding season buffer) protections as provided any other 
Occupied AC.  The Tier 3 ACs are listed in Table 3. 
 

• Tier 4 ACs were considered to be of low conservation value in the context of this HCP.  
Several circumstances, either alone or in combination, led to the determination that 
activities conducted by SPI under this HCP were not likely to result in take of NSO that may 
be associated with ACs in Tier 4.  Most of the ACs in Tier 4 have a long history of surveys and 
very few or no detections of NSO within the past 5 to 10 years.  Several of these ACs have 
been determined to be occupied by NSO on only one or 2 occasions, often many years ago.  
Many Tier 4 ACs are a considerable distance from the nearest SPI property and as such, SPI 
land comprises a small proportion of the NSO 1.3-mile home range circle surrounding the 
AC.  In many instances, there are other ACs in the vicinity and their surrounding 1.3-mile 
home range circles overlap the Tier 4 AC.  In such a case, nearly all the habitat surrounding a 
Tier 4 AC was already included within the home range circle of a higher quality NSO AC.   

Covered Activities under the HCP are not likely to affect NSO at Tier 4 ACs because of the 
distance of the ACs from the SPI ownership, the continuous negative survey results, and 
often, the inclusion of surrounding habitat in other NSO home range circles.  These ACs 
provided minimal conservation value at the time of these analyses, and they will not be 
considered part of the baseline number of ACs, because the potential for take as the result 
of activities conducted by SPI is extremely low and/or the habitat provided by the 
company’s lands is insignificant.  In the future, any newly discovered NSO AC on or within 
0.25 mile of the ownership will have Conservation Measures 1 (landscape habitat), 2 (PZ), 
and 5 (pre-operational surveys and breeding season buffer) protections as provided any 
other Occupied AC.  The Tier 4 ACs are listed in Table 3. 

Results of Tiering Process 

Of the 164 ACs analyzed in the tiering process, 34 were designated as Tier 1, 53 were designated as Tier 
2, 34 were designated as Tier 3 and 43 were designated as Tier 4.  A list of Tier 1 ACs and their 
associated SPI acres designated per AC is located in Table 1.  In total SPI has designated 11,762 acres of 
the Plan Area in Tier 1 locations for the permit term.  The SPI ownership within the designated Tier 1 
habitat polygons ranges from 69 acres to 1,106 acres.  The commitment by SPI to preclude these areas 
from their timber harvest program demonstrates a conservation benefit that would not be achieved in 
the absence of the HCP.  By withdrawing 11,762 designated acres from potential harvest for the permit 
term, SPI is contributing as a private landowner to recovery of the NSO.   

Maps for each Tier 1 AC depicting the designated acres and designated acres to be retained on SPI are 
located in Attachment A.  Ranking detail is provided for all Tier 1 and 2 ACs in Table 2.  The Tier 3 and 
Tier 4 ACs are listed in Table 3. 
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Table 1.  NSO Tier 1 ACs and SPI designated acres 

Tier 1 Acreage Designations 

Attachment 
A - Page # 

Masterowl 
Id. AC Name 

SPI 
Designated 

Acres 
1 TRI0290 S. FK. DEADWOD CREEK/CHURCH              513  
2 TRI0037 DEER GULCH              275  
3 TRI0182 SLATE CREEK              152  
4 TRI0301 S BRANCH FEENY GULCH                 92  
5 TRI0429 HORSE CREEK              239  
6 SHA0122 FIVE MILE GULCH              521  
7 TRI0184 BRAGDON GULCH              315  
8 TRI0396 SUMMER PARADISE              554  
9 TRI0321 BEAR GULCH              163  

10 TRI0393 PAPOOSE CREEK           1,106  
11 TRI0428 DUTCH CREEK FK              238  
12 TRI0314 LONG CANYON              940  
13 TRI0149 SHEEP CORRAL              134  
14 TRI0401 E F HAYFORK                 89  
15 TRI0433 PHILLIPS GULCH                 86  
16 TRI0358 RIPPLE CREEK              240  
17 TRI0434 RUSH CREEK TRIB              130  
18 TRI0061 DAN RICE              283  
19 TRI0430 LIL BARK SHANTY           1,037  
20 TRI0470 INDIAN CREEK              823  
21 SHA0035 LOWER STACEY CR              370  
22 TRI0213 BARLEY FIELD CREEK              864  
23 TRI0316 MULE CREEK              537  
24 TRI0276 MIKES PEAK              242  
25 TRI0432 N. EAGLE CR              202  
26 TRI0285 CORRAL GULCH              519  
27 TRI0250 COPPER                 69  
28 SIS0593 UPPER SHIRTTAIL CANYON              120  
29 TRI0320 MIDAS GULCH              367  
30 TRI0060 TANGLE BLUE              179  
31 SHA0086 WATER GULCH              189  
32 TRI0070 TANNERY GULCH              209  
33 TRI0369 N BR DUTCH CREEK              177  
34 TRI0215 BYRON GULCH              510  

  Total Non-Overlap Acres         11,762  
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Table 2. Weighted Ranking Values and Detail for All NSO Tier 1 and Tier 2 ACs. 
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1 TRI0290 S. FK. DEADWOOD CR 31.0 11.54 10 10 62.54 1 1 
2 TRI0037 DEER GULCH 31.0 11.54 5 10 57.54 2 1 
3 TRI0182 SLATE CREEK 27.5 13.85 5 10 56.35 3 1 
4 TRI0301 S BR FEENY GULCH 31.0 15.00 0 10 56.00 4 1 
5 TRI0429 HORSE CREEK 26.0 15.00 5 10 56.00 5 1 
6 SHA0122 FIVE MILE GULCH 23.0 12.86 10 10 55.86 6 1 
7 TRI0184 BRAGDON GULCH 28.0 12.86 5 10 55.86 7 1 
8 TRI0396 SUMMER PARADISE 24.0 11.79 10 10 55.79 8 1 
9 TRI0321 BEAR GULCH 24.0 15.00 5 10 54.00 9 1 

10 TRI0393 PAPOOSE CR 23.0 15.00 10 6 54.00 10 1 
11 TRI0428 DUTCH CREEK FK 28.0 10.71 5 10 53.71 11 1 
12 TRI0314 LONG CANYON 27.0 10.38 5 10 52.38 12 1 
13 TRI0149 SHEEP CORRAL 31.0 10.38 0 10 51.38 13 1 
14 TRI0401 E F HAYFORK 26.0 15.00 0 10 51.00 14 1 
15 TRI0433 PHILLIPS GULCH 31.0 10.00 0 10 51.00 15 1 
16 TRI0358 RIPPLE CREEK 29.0 11.79 0 10 50.79 16 1 
17 TRI0434 RUSH CREEK TRIB 29.0 9.00 0 10 48.00 17 1 
18 TRI0061 DAN RICE 21.0 11.25 5 10 47.25 18 1 
19 TRI0430 LIL BARK SHANTY 32.0 10.00 5 0 47.00 19 1 
20 TRI0470 INDIAN CREEK 23.0 6.00 10 8 47.00 20 1 
21 SHA0035 LOWER STACEY CR 21.0 10.71 5 10 46.71 21 1 
22 TRI0213 BARLEY FIELD CR 16.5 8.75 10 10 45.25 22 1 
23 TRI0316 MULE CREEK 15.5 11.54 10 8 45.04 23 1 
24 TRI0276 MIKES PEAK 17.0 11.79 5 10 43.79 24 1 
25 TRI0432 N. EAGLE CR 22.0 8.57 5 8 43.57 25 1 
26 TRI0285 CORRAL GULCH 21.0 12.50 0 10 43.50 26 1 
27 TRI0250 COPPER 26.0 11.79 5 0 42.79 27 1 

28 SIS0593 
UPPER SHIRTTAIL 

CANYON 21.0 10.71 0 10 41.71 28 1 
29 TRI0320 MIDAS GULCH 22.0 9.64 0 10 41.64 29 1 
30 TRI0060 TANGLE BLUE 18.0 6.25 5 10 39.25 30 1 
31 SHA0086 WATER GULCH 16.0 7.50 5 10 38.50 31 1 
32 TRI0070 TANNERY GULCH 13.5 10.00 5 10 38.50 32 1 
33 TRI0369 N BR DUTCH CREEK 20.0 6.92 0 10 36.92 33 1 
34 TRI0215 BYRON GULCH 14.0 11.54 10 0 35.54 34 1 
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Table 2 (continued). Weighted Ranking Values and Detail for All NSO Tier 1 and Tier 2 ACs. 
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35 SHA0107 HONEYMOON RIDGE 10.0 10.71 10 10 40.71 35 2 
36 TRI0267 FOX 11.0 8.75 10 10 39.75 36 2 
37 TRI0412 UPPER RUSH CREEK 29.0 10.00 0 10 49.00 37 2 
38 TRI0262 BARKER CREEK 22.0 15.00 0 10 47.00 38 2 
39 TRI0471 POTATO CREEK 20.0 15.00 0 10 45.00 39 2 
40 TRI0462 BEAR TRAP GULCH 15.0 12.86 10 0 37.86 40 2 
41 TRI0153 EASTMAN GULCH 15.0 11.79 0 10 36.79 41 2 
42 TRI0210 BROWNS CREEK 23.0 8.08 5 0 36.08 42 2 
43 TRI0406 CHINA GULCH 21.0 9.64 5 0 35.64 43 2 
44 TRI0062 RAMSHORN 18.0 7.50 0 10 35.50 44 2 
45 TRI0397 JOHNSON GULCH 10.0 9.00 5 10 34.00 45 2 
46 TRI0427 HAYLOCK 10.0 9.00 5 10 34.00 46 2 
47 TRI0243 UPPER BUCKEYE 16.0 11.25 5 0 32.25 47 2 
48 TRI0217 TOM LANG GULCH 18.0 6.92 5 2 31.92 48 2 
49 TRI0378 BROWNS CR. (MAXWELL) 6.5 10.38 5 10 31.88 49 2 
50 SIS0356 SHEEPHEAV BUTTE 13.0 8.57 0 10 31.57 50 2 
51 TRI0302 MINNIEHAHA 9.5 5.00 5 10 29.50 51 2 
52 TRI0501 GUNSITE 9.5 15.00 0 4 28.50 52 2 
53 TRI0198 LICK 17.5 5.77 5 0 28.27 53 2 
54 TRI0292 SPRING GULCH 5.0 8.00 5 10 28.00 54 2 
55 TRI0399 CHANCELLULA 11.5 6.43 0 10 27.93 55 2 
56 TRI0289 DIZZY 8.0 4.29 5 10 27.29 56 2 
57 TRI0064 LITTLE BOULDER 16.0 9.23 0 2 27.23 57 2 
58 SHA0072 CLAIBORNE CR 7.0 4.29 5 10 26.29 58 2 
59 SIS0319 ASH CR 12.0 4.29 0 10 26.29 59 2 
60 TRI0315 BARLEY CAN 4.0 3.75 10 8 25.75 60 2 
61 SHA0022 DAMNATION CR 9.0 6.43 0 10 25.43 61 2 
62 TRI0437 HOADLEY GULCH 5.5 4.29 5 10 24.79 62 2 
63 TRI0374 DUNCAN CREEK 6.0 3.46 5 10 24.46 63 2 
64 TRI0492 BEAR GULCH 11.0 3.00 0 10 24.00 64 2 
65 SHA0113 ROCK CREEK 9.0 4.29 0 10 23.29 65 2 
79 TRI0068 HALLS GULCH 9.0 4.29 0 10 23.29 66 2 
66 TRI0474 DEADHOURSE 8.0 8.57 5 0 21.57 67 2 
67 SIS0399 BELNAP SPRING 5.0 4.29 0 10 19.29 68 2 
68 TRI0231 PREACHER  4.0 7.50 10 2 23.50 69 2 
69 TRI0377 TRINITY HOUSE GULCH 8.0 6.25 5 0 19.25 70 2 
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Table 2 (continued). Weighted Ranking Values and Detail for All NSO Tier 1 and Tier 2 ACs. 
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70 TRI0472 UPPER READINGS CR 11.0 6.25 0 0 17.25 71 2 
71 SHA0021 HELL CR 5.0 2.14 0 10 17.14 72 2 
72 TRI0497 MIDDLE BUCKEYE 5.0 3.75 5 0 13.75 73 2 
73 SIS0584 SHIRTTAIL CREEK 3.0 2.14 0 10 15.14 74 2 
74 SHA0020 HEAVEY GULCH 9.0 4.29 0 10 23.29 75 2 
75 TRI0415 GOODS CREEK TRIB 5.0 5.00 0 10 20.00 76 2 
76 TRI0469 E. BR. E. WEAVER CREEK 3.0 1.00 0 10 14.00 77 2 
77 TRI0431 MUCKAWEE GULCH 8.0 2.00 10 2 22.00 78 2 
78 TRI0147 SQUIRREL GULCH 7.0 4.62 10 0 21.62 79 2 
80 TRI0019 STONEY CREEK 6.0 2.50 10 2 20.50 80 2 
81 SHA0121 UPPER DODGE CR 5.0 4.29 5 6 20.29 81 2 
82 SHA0080 INITIAL CR 4.5 0.00 5 10 19.50 82 2 
83 TRI0495 SHOEMAKER GULCH 5.0 3.00 10 0 18.00 83 2 
84 TRI0216 SKUNK GULCH 4.0 2.50 10 0 16.50 84 2 
85 SHA0071 BUCK RIDGE 0.0 0.00 5 10 15.00 85 2 
86 SHA0073 SQUAW CR 4.0 4.29 5 0 13.29 86 2 
87 SIS0285 BUCK MTN 4.0 4.29 5 5 13.29 87 2 
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Table 3.  Listing of all Tier 3 and Tier 4 ACs 
Tier 3 AC's   Tier 4 ACs 

Masterowl AC Name   Masterowl AC Name 
TRI0098 HALL CITY CREEK   TRI0066 LOWER BUCKEYE 
TRI0268 BROWNS CRK   TRI0261 BARKER 
TRI0282 S BR SOLIDER   SHA0023 LIT SOUTH FORK 
TRI0094 PANTHER (Wilson Cr)   SHA0028 SQUAW CR 
TRI0435 S. FK. GOODS CREEK   SHA0037 SHOTGUN CR 
SIS0016 SHIRTTAIL CANYON   SHA0074 DODGE CR 
TRI0473 EAST WEAVER CREEK   SHA0085 SLATE CR 
TRI0170 BOULDER CREEK   SHA0087 CRYSTAL CR 
TRI0426 CLEAR GULCH   SHA0091 CLAIBORNE CR 
SHA0040 COW GULCH   SHA0103 STACEY CR 
TRI0204 DEVIL'S GULCH   SHA0105 MOON FK COTTONWOOD CR 
SHA0076 BILLS CR   SHA0108 JESSIE CR 
TRI0228 LANDIS GULCH   SHA0109 MUDDY SPRING CR 
TRI0244 STROPE CRK   SHA0118 E FK SQUAW CR 
TRI0342 WILLOW GULCH   SHA0120 LIT BAGLEY MTN 
SHA0042 TOM NEAL CR   SIS0248 DRY CREEK SPRING 
TRI0150 LITTLE BROWNS   TRI0027 E.F. HAYFORK CREEK 
SHA0060 TOM DOW CR   TRI0151 LITTLE PAPOOSE CR 
HUM0036 Not Available   TRI0152 MOONEY GULCH 
HUM0064 Not Available   TRI0156 LITTLE MULE 
HUM0497 Not Available   TRI0169 LINTON RIDGE 
TRI0007 Not Available   TRI0202 NORWEIGEN MEADOW 
TRI0091 Not Available   TRI0203 BBK 
TRI0130 Not Available   TRI0211 BROWNS CREEK COAL MINE 
TRI0171 Not Available   TRI0212 OCONNEL GULCH 
TRI0253 Not Available   TRI0251 HAY GULCH 
TRI0259 Not Available   TRI0284 BOULDER CREEK (UPPER) 
TRI0269 Not Available   TRI0317 3 Forks (BTB-TA) 
TRI0270 Not Available   TRI0392 VAN NESS CR 
TRI0283 Not Available   TRI0394 JENNINGS GULCH 
TRI0390 Not Available   TRI0395 UNION GULCH 
TRI0453 Not Available   TRI0398 FULTON CREEK 
TRI0458 Not Available   TRI0400 E.F. BROWNS 
TRI0028 Not Available   TRI0410 FAIRVIEW RIDGE 

      TRI0411 LOOKOUT RIDGE 
      TRI0486 BUCKEYE MINE 
      SHA0026 S FK CLAIBORNE CR 
      SHA0089 SALT CR 
      SHA0095 MODIN CR 
      SHA0101 DICKSON FLAT (EAST SIDE) 
      SHA0106 BRUSH CR 
      SIS0230 SQUAW VALLEY CR 
      SIS0286 BLACK FOX MTN 
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Sierra Pacific Industries’ HCP Spotted Owl Survey Protocol  
and Site Protections 

1. INTRODUCTION 
 
This protocol has been developed for use under Section 5.2.5.1 of the Sierra Pacific Industries 
Habitat Conservation Plan (HCP) for Northern and CALIFORNIA SPOTTED OWL and was adapted 
from the 2012 Revision of the 2011 NSO Survey Protocol and from the 1992 Protocol.  This 
protocol will be used to conduct surveys for both NSO and CSO.  Sierra Pacific Industries (SPI) 
has a long history of survey efforts for the California spotted owl (Strix occidentalis occidentalis, 
CSO) and the NORTHERN SPOTTED OWL (Strix occidentalis caurina, NSO).  The positive and 
negative results of the surveys have been maintained in an in-house database with positive 
results provided to the California Natural Diversity Database.  As a result of these long-term 
surveys and database maintenance, SPI has a good understanding of the occurrence and status 
of the spotted owl sites that are found on and near their lands.  Using the survey methodologies 
below, similar to previously approved deviations to the 2012 NSO protocol, which have been 
reviewed and approved by the Service for use within the range of the NSO (R. Carey USFWS pers 
comm.), the probability for detecting an owl at an occupied site has exceeded 97% on a yearly 
basis for both the CSO and the NSO (Annual Reports to CDFW and USFWS, See Attachment 3 - 
probability of detection calculation). 
 

Prior to making any changes to this protocol, SPI will notify the Service, and provide the basis for 
any proposed change.  Any changes to this protocol will be treated as minor modifications 
under Section 8.3.2 of the Habitat Conservation Plan.  A proposed minor modification must be 
approved in writing by both USFWS and SPI before it may be implemented.  A proposed minor 
modification will become effective on the date of the joint written approval. 
 

2. COORDINATION AND SHARING OF INFORMATION 
 
SPI will contact adjacent landowners/managers in an attempt to minimize over-surveying 
spotted owls within overlapping project areas.  Results, positive or negative, may be shared with 
any adjacent landowner/manager at SPI's discretion. 

3. ESTABLISHING THE AREA TO BE SURVEYED 
 
Prior to doing any field survey, the appropriate area to be surveyed will be identified from maps, 
aerial photos, GIS, or other resources. 
 



Appendix 5.4 – 2019 SPI Spotted Owl Survey Protocol and AC Protection Measures 
 

Page 2 

 

 

3.1. Identifying the Project Area 
 
The first step in conducting surveys for spotted owls is to identify the PROJECT AREA1. This area 
includes all lands delineated for the proposed project that may be subject to activities 
potentially impacting spotted owls through HABITAT MODIFICATION, direct injury, noise 
disturbance, or any other means. For the purposes of this protocol, the project area is the 
polygon (or multiple polygons) that forms the footprint of the proposed project (Figure 1.). 
 
3.2. Delineating the Survey Area 
 
Once the project area is determined, the SURVEY AREA can be established and mapped. Project 
level surveys shall cover all habitat (Habitat Form 4 and Habitat Form 2H or equivalent off SPI 
ownership) out to 0.5 miles from the proposed project footprint and are focused on the Plan 
Area (Figure 1.).   Surveys are required for THPs, Emergency Salvage (section 16.0) and 
disturbance-only projects (section 9.0). 
 

 
Figure 1. Hypothetical landscape with proposed project areas (project footprint) and the survey 
radius indicated by the larger circular polygon. 

                                                 
1 Terms specific to this document appear in ITALIC CAPITALS in their first use, and are defined in 
the Glossary of Terms (Attachment 1). These terms appear in normal font in subsequent use in 
this document. 
 

0.5-mile SURVEY AREA 
perimeter radius 
 

Proposed PROJECT AREAs 
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3.3. Habitat to Survey 
 
For the purposes of this protocol, the HABITAT TO SURVEY includes habitat within the survey 
area where protocol surveys may elicit a response from a resident owl or pair of owls (i.e., 
nesting, roosting, or FORAGING HABITAT).  On the HCP Plan Area, surveys will focus on HF4 and 
HF2H habitat types that owls utilize for nesting/roosting and foraging (Definitions of these 
Habitat Forms are found in HCP Section 4.2 and Appendix 4.1).  Other Habitat Forms also will be 
surveyed because the electronic callers used in surveying project calls over wide areas. Off the 
Plan Area, but within the Survey Area, surveys will focus on habitat equivalent to or better than 
HF4 and HF2H (HF4 is similar to foraging habitat based on definitions in USDI 2009, so by 
default all better habitats are surveyed). 
 

4. SURVEY PERIOD 
 
The SURVEY PERIOD is the time during which survey visits will occur to meet criteria for 
COMPLETE SURVEYs (defined fully in section 11.0). For purposes of this protocol, all surveys from 
the previous year are valid until February 1 the following year.  The following survey periods are 
prescribed: 
 
4.1. The General Survey Period  

 
The general survey period throughout the range of the spotted owl is specified as March 15 
through August 31. Forsman et al. (1984) indicated that courtship behavior usually begins in 
February or March, with the timing of nesting and fledging varying upon elevation and latitude. 
April 1 approximately coincides with onset of incubation in most areas.  Attachment 2 provides a 
generalized spotted owl breeding chronology. This period is also synonymous with Critical 
Period. 
 
4.2. The Spot Check Survey Period  
 
The spot check survey period is specified as February 1 through April 15.  Given that spot checks 
may begin February 1. 
 

5. GENERAL SURVEY DESIGN 
 
The intent of any survey is to obtain COMPLETE COVERAGE of SPOTTED OWL HABITAT within 
the survey area, and in a manner in which spotted owls will be able to hear the surveyor and the 
surveyor will be able to hear responding owl vocalizations. 
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5.1. Calling Routes 
 
CALLING ROUTES: CALLING STATIONS and survey routes will be established to achieve complete 
coverage of all HF4 and HF2H (or equivalent off the Plan Area) within the survey area.  Spacing 
of survey stations will be determined by the topography and acoustical characteristics (e.g., 
background noise such as creeks) of the area; stations are typically spaced between 0.25 and 
0.75 mile apart.  Surveyors will take advantage of prominent topographic points (e.g., high 
ridges, road landings situated above large drainages, etc.)  within the survey area when 
establishing calling stations.  
 
5.2. Known Spotted Owl Sites 
 
Where KNOWN SPOTTED OWL SITES exist within the survey area, surveys will be initiated at the 
ACTIVITY CENTER (see section 8.0 below). Once the occupancy and/or reproductive status 
(according to management needs) for the year is determined, habitat likely utilized by those 
owls can be excluded from further surveying for the remainder of the season (usually within 0.75 
mile). Adjustments beyond the 0.75-mile area can be made to avoid unnecessary or excessive 
calling of spotted owls depending on topography. Rationale for this type of exception will be 
documented. 
 
5.3. Survey Procedures 
 
Both nighttime and daytime surveys are recommended. Research data indicate that nighttime 
calling remains an efficient way of detecting spotted owls.  In addition, some recent research 
data along with professional opinion by research personnel suggest that strategic daytime 
surveys are also an effective way for locating spotted owls. Thus, this protocol advises the use of 
both under certain situations, as described in “Daytime Stand Searches” below. Three types of 
surveys are accepted in this protocol: spot calling, continuous walking and calling, and leapfrog 
surveys. Each is described below. Spot calling is the recommended method. Whatever method is 
used, surveyors must be sure all spotted owl habitat within the survey area is covered. 
 

5.3.1. Nighttime Spot Calling 
 
Permanent stations and temporary (not fixed) project-related stations will be used to conduct 
these surveys.  All stations surveyed will be approximately 0.25 to 0.75 mile apart or as needed 
to account for local acoustical conditions and habitat, along road, trails, and/or transects.  All 
station locations, visits, and results will be documented. At least 10 minutes will be spent at each 
point unless responses are elicited sooner. When possible, prominent points that allow coverage 
of large areas will be utilized.  Topography with prominent features (e.g., high ridges, road 
landings situated above large drainages, etc.) may lend itself to more effective coverage. 
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5.3.2. Continuous Walking Surveys 
 
Continuous walking surveys occur during the night or day and are utilized when nighttime spot 
calling from roads or trails cannot be accomplished. Walk the designated route playing the 
electronic caller and pause at prominent points and at regular intervals throughout the area to 
survey from informal stations for at least three minutes in duration. 
 

5.3.3. Leapfrog surveys 

If two people are involved, you may use a leapfrog method along roads (see Forsman 1983). 

 
5.4. Survey Components 
 
Regardless of the procedures used above, implementation of the following components will 
meet the objectives of the protocol. 
 

5.4.1. Qualifications of Crew Leaders and Surveyors 
 
SPI staff biologist, technicians, qualified contractors and/or SPI appointees will complete all 
spotted owl surveys.  Each individual conducting surveys will have normal hearing abilities and 
be familiar with all spotted owl, barred owl and spotted x barred hybrid owl vocalizations. 
 

5.4.2. Digital Wildlife Callers 
 
High quality digital callers or equivalent will be used to conduct all surveys. 
 

5.4.3. Spotted Owl Calling Procedures 
 

1. Calling Methods and Sequencing. Surveys will utilize digital recordings of spotted owls 
consisting of the standard 4-note hoot, barking calls, contact whistles, and agitated calls 
from both sexes.  Night time surveys will utilize a ten-minute sequence of a variety of 
spotted owl calls and designated listening periods developed by SPI biologists.  A five-
minute BDOW sequence following the required sequence on the first pass is optional at 
the discretion of the SPI biologist for any year that it is not required (See 5.4.3 #7). (See 
Attachment 4 for BDOW survey discussion). 

 
2. Call Variation. When conducting surveys (including daytime visits), a variety of calls will 

be used.  
 

3. Duration of Calling Effort. Surveying will be conducted for at least 10 minutes at each 
calling station using digital recordings of spotted owls.  
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4. Daily Timing of Surveys. Night surveys will be conducted between 30 minutes before 
sunset and 30 minutes after sunrise determined via GPS or other weather app.  Start 
times will vary so as to not call the same survey section route at the same time on each 
survey effort. 

 
5. Acceptable Weather Conditions. Surveys will not be conducted under inclement 

weather conditions, such as high wind speed (e.g. > 15 mph), rain, heavy fog, or at high 
noise levels that would prevent hearing of responses (e.g., stream noise, continuous tree 
drip after a rain event, machine noise, etc.). When feasible, call stations will be placed 
away from streams to reduce noise interference.   

 
6. Systematically survey all spotted HF4 or HF2H (or equivalent off the Plan Area) 

within each survey area until an owl responds, or until the required number of survey 
visits have been completed without response.  By focusing on HF2H and HF4 (or 
equivalent), other habitat types out to at least 0. 5 miles will be covered due to the 
acoustical range/volume of the electronic caller.  
 

7. BDOW Sequence. Five years after ITP issuance, and annually thereafter, the parties will 
meet and confer to determine if inclusion of a specific BDOW survey protocol is 
necessary to accomplish the desired rate of detection of spotted owls.  If the Service 
determines in writing based on available scientific data that BDOW calls are necessary to 
increase the probability of detecting spotted owls, SPI will include such calls.   

 
5.5. Complete Visits 
 
The objective of a COMPLETE VISIT is to conduct a thorough survey of the entire area in one 
field outing; however, in some cases this may not be possible. A complete visit may be a 
combination of day and night surveys and may include a daytime FOLLOW-UP OUTING. If 
reasonable effort was made to cover the survey area in one outing, but this was not 
accomplished, then the remaining un-surveyed area will be surveyed as soon as possible within 
7 days for the entire survey area. To reduce the chance of spotted owls moving between 
portions of the Survey Area and not being detected, visits will be on consecutive days as much 
as possible/feasible. The entire area will be covered within 7 days to be considered one 
complete visit. 
 

5.5.1. Subdividing Survey Areas.  
 
If the project area is too large to be surveyed in 7 days, it will be divided into smaller areas 
based on habitat distribution, topography, road networks, and/or drainages.  Survey areas need 
to be small enough to be completely surveyed within the specified time period. 
 

5.5.2. Daytime Follow-up 
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Daytime Follow-up to a Spotted Owl or Unidentified Strix:  When a surveyor detects a spotted 
owl or unidentified Strix species (including owls that fly to the surveyor without calling in 
response) at night, a daytime follow-up is required to be considered a complete visit.   If a 
surveyor does not obtain a response during a survey, a daytime follow-up would not be 
necessary. In that case, the night outing alone would be considered as one complete visit 
provided all remaining spotted owl habitat within the Survey Area has been called (See section 
6.0 for Follow-up visits).  Additionally, the intent of the daytime follow-up is to eliminate any 
“false-positive” nighttime responses from the owls (Berrigan and Jones 2018). 
 

5.5.3. Temporal Spacing of Visits  
 
Complete visits outside barred owl (BDOW) zones (described below, Section 7.0) will be spaced 
at least 13 days apart. If this cannot be accomplished, authorization must be sought from a SPI 
staff biologist, who shall record justification to explain the causes of the modified survey period.  
Complete visits inside BDOW zones shall be spaced at least 7 days apart, unless justified as 
above. 
 

5.5.4. One Visit by June 30  
 
When conducting three visits in a year, at least one survey must be completed after June 1st and 
one visit before June 30th.  When six visits are required (e.g., in BDOW zones), at least two visits 
shall be conducted prior to June 30th with at least one visit prior to and after June 1st. If project 
circumstances require that all surveys must be completed prior to June 1st, an additional walk-
through survey of the historic AC and units within 0.5 mile shall be completed prior to 
operations (See section 5.5.5 for documentation of not meeting this standard). 
 

5.5.5. Documenting Unavoidable Operational Conditions 
 
Where survey seasons or individual visits are restricted due to snow, landslides, mandatory road 
closure, or other unavoidable operational and access conditions, the survey period may be 
adjusted to accommodate such restriction.  Documentation will be provided to explain the 
causes of the modified survey period. 
 

5.5.6. Safety and Night Surveys 
 
Surveys may be conducted during the day where there are no roads or foot trails to traverse at 
night, or where there are other safety concerns. Documentation will be provided for specific 
safety concerns as to why night surveys could not be conducted.  
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5.5.7. Number of Complete Visits 
 
To meet the objective of this protocol, surveys will be conducted at all permanent and project-
related stations following a two year, three/six-pass methodology.  The stations will be surveyed 
as follows:  Where BDOWs are not present: three-pass surveys for all stations located outside 
designated BDOW zones.  Where BDOWs are present:  six-pass surveys for stations within 
designated BDOW zones.  BDOW zones are established within a 0.5- mile radius of BDOW 
activity centers (preferably) or if no activity center is determined, then the radius is established 
based on the location of responses elicited from project level surveys, historic responses from 
previous surveys, or any other conclusive evidence of BDOW presence.  If all known BDOWs 
have been removed or have disappeared from a zone (i.e., no detections in 2 consecutive years 
of surveys, including the year of detection if only detected once), the BDOW zone will be 
dropped.  
 
The Standard Protocol for naïve landowners requires two seasons of surveys, and six-pass 
surveys.  SPI presently conducts two seasons of three-pass surveys (or six surveys within a 
BDOW zone).  Ten years after ITP issuance, the parties will meet and confer and the Service will 
determine if, based on the best available science applicable to the Plan Area, moving to one 
season of three-pass surveys (or six surveys within a BDOW zone) is sufficient to achieve an 
adequate probability of detecting spotted owls.   
 
 
5.6. Additional Visits 
 
If a single spotted owl responds during a 3-visit survey, and after three complete visits residency 
status has not been determined, ADDITIONAL VISITS may be necessary, as follows. 
If the last response occurs on: 
 

• Visit 1 - no additional visits are required 
• Visit 2 - one additional visit is required 
• Visit 3 - two additional visits are required 

 
If a single spotted owl responds during a 6-visit survey, and after six complete visits residency 
status has not been determined, additional visits may be necessary, as follows. 
If the last response occurs on: 
 

• Visits 1 through 4 - no additional visits are required 
• Visit 5 - one additional visit is required 
• Visit 6 - two additional visits are required 
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6. FOLLOW-UP OUTINGS 
 
The objective of the daytime follow-up outing is to locate spotted owls by conducting an 
intensive daytime search of spotted owl habitat within the general vicinity (approximately a 0.5- 
mile radius) of the response location that prompted the follow-up. Daytime locations are very 
important in determining key nesting and roosting sites, which in turn provides more precise 
information for management.  All spotted owl and barred owl detections during follow-up will 
be recorded via GPS coordinates.  Daytime follow-up surveys consist of both active calling with a 
digital device (or equivalent) and visual searching. 
 
A review of aerial photos will be used to assist surveyors in identifying the available habitat in 
which to focus a search. Searches will start as close as possible to the owl’s mapped response. 
Surveys may begin from the road closest to the response area. If owls do not respond to 
vocalizations given from road survey stations nearest the detection, surveyors will conduct 
daytime stand searches throughout the 0.5-mile area around the detection. Observers will watch 
for owls approaching without responding and other evidence of occupancy, such as pellets, 
whitewash, and molted feathers. 
 
Pellets, whitewash, or feathers alone may not be sufficient to document spotted owl presence or 
residency. Mobbing jays and other birds may alert the observer to the presence of a spotted owl 
or other Strix species. The follow-up will be completed as soon as possible after presence was 
detected, as owls are more apt to be located near the previous night's location. A daytime 
follow-up is the second part of a complete visit if a spotted owl is detected. The follow-up route 
must be delineated on a map and accompanying outing form and will include the start, end, and 
total survey time.  During the follow-up outing an attempt to determine the social and 
reproductive status of the sites will be made (Sections 14 and 15 below). 

7. WHEN BARRED OWLS OR UNKNOWN STRIX SPECIES 
ARE DETECTED 

 
Because barred owls now substantially overlap spotted owls in California and have reduced 
detection rates (response behavior) of spotted owls in some areas, it is important to properly 
ascertain the species of Strix owls detected, either visually or auditory, during the survey. 
 
7.1. When Barred Owls Are Detected 
 
If a barred owl is heard or seen: 
 

1. Calling for spotted owls will continue for the entire 10-minute period, or until a spotted 
owl responds. 
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2. If a spotted owl responds and the barred owl is in close proximity and/or acting 
aggressively toward the responding spotted owl, calling at that station will be 
discontinued immediately. The surveyor will continue to listen at that station for at least 
the entire 10-minute period so that any spotted owl or additional barred owl responses 
will be heard and recorded.  
 

7.2. When Unknown Strix Species Are Detected 
 
If an owl identifiable as the genus Strix but not certain as to species is heard or seen: 
 

1. Continue to call using spotted owl calls for the entire 10-minute duration, or until the 
spotted owl or barred owl identification is confirmed. 

 
2. Wait silently for five additional minutes after the 10-minute calling period while listening 

and watching for owls. 
 

3. If the unidentified Strix owl detections cannot be identified to species by spending extra 
time at the station where it was originally detected, a follow-up will be conducted to 
increase the probability of identifying which species is present. 

 
4. If follow ups are unsuccessful in establishing the species identity of the owl, additional 

visits will be conducted. The same procedures as used to determine resident status will 
be used; up to two additional visits may be conducted (see section 5.6 Additional Visits). 

 
5. If all parameters of the protocol are met and the Strix species detection is either 

attributed to a barred owl or remains uncertain, do not “guess” on the species 
determinations without reasonably confident visual or audio information; simply record 
the species as Strix unknown. All field observations need to be well documented so that 
all information associated with the survey can be taken into consideration for annual 
reporting under this HCP. 

 

8. ACTIVITY CENTER SEARCHES WITHIN SURVEY AREA 
 
Objective: To search habitat and locate spotted owls in known core areas used in previous years 
for nesting and roosting. 
 
A minimum of one daytime stand search “ACTIVITY CENTER SEARCH” (ACS) will be completed 
for each activity center within the survey area, each year, as a component of the general project-
level surveys within the range of the NSO.  This is important because spotted owls commonly 
utilize the same or nearby nest and ROOST stands year after year and searching the activity 
center and CORE USE AREA during the day may increase the likelihood of detecting a spotted 
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owl. Research has shown that this is still the case for some spotted owls even with barred owls 
present.  However, ACSs are not required in the range of the CSO but may be used to verify 
presence early in the survey season and reduce the amount of night surveys needed. Over the 
last 29 years SPI has been conducting visits to CSO sites during diurnal hours when ACSs are 
conducted.  They have proven to be highly unsuccessful as the owls are not very responsive 
during daylight hours.  Instead. ACSs in the range of the CSO will be optional to the district 
biologists who have a better understanding of which birds are responsive during daylight hours 
and will be utilized to confirm occupancy/reproductive status when feasible. 
 
Aerial photographs will be used to delineate stands of spotted owl habitat with the likelihood of 
containing nesting and roosting owls within 0.5 mile of the activity center to focus a thorough 
visual and auditory search of the identified stands. Similar to follow-up surveys, these searches 
may take up to several hours to thoroughly search the habitat. In conducting these surveys, the 
broadcast calling will be at a lower volume than used for nighttime station calling 
(approximating the volume of an actual spotted owl hoot). During this daytime search, surveyors 
will look for incidental signs of whitewash, pellets, and feathers indicating potential presence of 
spotted owls.  
 
These daytime searches of known spotted owl sites may be conducted anytime throughout the 
survey season. If it is possible to locate resident spotted owls without doing station visits, time 
and effort may be saved because portions of the survey area within hearing distance of that 
known spotted owl site (generally 0.25 to 0.75-mile radius) can be omitted from surveys to avoid 
unnecessarily interacting with those owls. If the pair or resident single is located, reproductive 
status will be determined if this level of information is needed. This search area may be included 
as part a complete visit if the daytime search is conducted during the seven days required for a 
complete visit (Exception: if daytime stand search occurs within the 0.5-mile area on visit one, 
nighttime calling of that same habitat will not be necessary for that visit). On subsequent visits, 
nighttime calling of this 0.5-mile circle will be included in the overall survey area for the 
remainder of the complete visits if owls were not detected during the Activity Center Search.  If 
Activity Center Searches are being conducted to locate NSOs adjacent to project activities and 
determine nesting status for projects operating in the BREEDING SEASON of years 3 and four, 
follow methodology for determining nesting status (this may include more than one visit, 
Sections 14.0 and 15.0 below). 

9. SURVEYS FOR DISTURBANCE-ONLY PROJECTS 
 
Activities that do not modify spotted owl habitat but could result in disturbance to spotted owls 
usually represent short-term effects compared to the long-term effects of habitat modification, 
especially when such projects are limited to one season. Therefore, a one-year three visit survey 
can apply to smoke or noise-disturbance only actions. Three visits that focus on covering all HF4 
and HF2H within 0.25 mile from the project area will be applicable until the beginning of the 
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following breeding season. If project operations are not completed by year two, SPOT CHECK 
SURVEYS will occur in years two, three, and beyond (if surveys are continuous).  

10. SPOT CHECK SURVEYS 
 
With the invasion of the barred owl, spotted owls have shown increasing tendency to move from 
established activity centers and establish, or attempt to establish, alternate activity centers or 
core use areas to avoid agonistic encounters with barred owls. Spotted owls establish activity 
centers in stands that have not previously been documented more frequently than typically 
occurred prior to the barred owl invasion. Because of this movement, there is an increased risk 
that spotted owls may establish activity centers and core use areas within or near project areas 
subsequent to completion of protocol surveys. If undetected, spotted owls at these new site 
centers are at risk of direct harm, injury, or harassment from project activities that result in direct 
physical modification (e.g., tree felling, cable yarding, helicopter downdraft, etc.) or biological 
modification (e.g., noise exceeding ambient conditions). 
 
The proposed survey methodology of three or six visits per year establishes a reasonably high 
likelihood of detecting spotted owls in OCCUPIED ACTIVITY CENTER within the survey area. 
However, it is prudent that spot check surveys of the project area and immediate vicinity (i.e., 
within 0.25 mile) prior to conducting activities in years three, four, and beyond. Spot checks are 
prescribed to detect spotted owls that may have moved into the project area subsequent to 
completion of general surveys. A new site center could be established in the project area by (a) 
known territorial individuals within the survey area; (b) undetected spotted owls from known 
sites within the survey area; or (c) dispersing juveniles, floaters, or territorial spotted owls 
displaced from outside the survey area. These factors, plus the history of barred owl detections 
in the survey area, are taken into account when determining the need for spot checks. Spot 
checks are intended to supplement the general project-level surveys and avoid the potential 
direct take of spotted owls from project implementation. 
 
Adjustments to project timing or other project modifications may be required under some 
circumstances where spotted owls initiate breeding activities within or immediately adjacent to a 
project area (See 10.3 below). 
 
10.1. Design of Spot Check Surveys 
 
Spot check surveys include the following components: 
 

1. Spot checks supplement the general three (six) visits-per-year protocol surveys and are 
conducted during years three and beyond of the survey cycle. 
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2. Spot check surveys will cover all HF4 and HF2H (or equivalent off the Plan Area) habitat 
within the project footprint and within 0.25 mile of the project footprint (hereafter 
referred to as the SPOT CHECK AREA). 

 
3. Spot check surveys consist of three nighttime surveys spaced a minimum of 7 days apart. 

 
4. Spot checks may begin on February 1st (when the previous year’s surveys expire) and will 

be completed concurrent with project activities (see conditions described in 10.2.2. 
below) on or before April 15, or as soon as feasible during the early portion of the 
breeding season (see Appendix 4) if there are conditions of limited accessibility, such as 
snow or seasonal road closures. If spot checks cannot be completed by April 15, reasons 
for delayed completion will be documented in the survey record. 

 
5. Should the project continue into the year four (and beyond) breeding season, spot 

checks will be repeated, with similar consideration of spotted owl nesting status and 
consideration of take avoidance measures. 

 
6. Any detection of spotted owls during a spot check survey will be followed up as soon as 

possible, but not later than 72 hours after the nighttime detection, by a daytime follow-
up visit to confirm the location and status of detected owls. If no owls are 
found/discovered during the follow-up visit, then additional night surveys will be 
conducted. 
 
 

10.2. Circumstances Establishing the Need for Spot Checks. 
 
Not all projects need spot check surveys. SPI will apply the circumstance that best describes the 
actual history of known spotted owl sites and survey data for the project and survey area, as 
described below.  
 

10.2.1. Circumstances Precluding the Need to Conduct Spot Check 
Surveys 

 
For project areas meeting ALL of the following conditions, the likelihood of territorial spotted 
owls occupying the project area is discountable. The harvest may occur in years three and four 
(or beyond) without additional surveys. 
 

1. No resident single owls, territorial owl pairs, or pairs/two owls of unknown status are 
detected during protocol survey visits, including any additional visits, in the survey area 
(i.e., survey area not occupied by a territorial pair or single detected during year 1 and/or 
year 2 surveys); and 

 
2. No PZs occur in the survey area. 
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a. If there is a retired PZ (Appendix 5.2) in the project area, there has already been three 

consecutive complete surveys conducted with no response and a minimum of two 
complete surveys of the retired PZ location prior to harvest.    
 

3. No barred owls are detected in the survey area during protocol surveys or are otherwise 
known to occur in the survey area; and 

 
All HF4 and HF2H (or equivalent off the Plan Area) within the survey area has been 
completely covered during protocol surveys (i.e., there is no habitat that was omitted 
due to inaccessibility, landowner restrictions, incomplete surveys, or other constraints). 

 
10.2.2. Situations Where Spot Checks Are Necessary 

 
The following bullets describe situations when spot check surveys are necessary. All surveys from 
the previous year are valid until February 1st of the following year.  Spot checks may be 
conducted concurrently (beginning Feb. 1) with projects under the situations when spot checks 
are deemed necessary (below) but the first visit shall be conducted prior to the commencement 
of operations.  Spot checks outside monitoring areas shall be concluded prior to, or as close as 
feasible to, April 15.  
 
For areas where continuous protocol surveys over multiple years (e.g., the monitoring study 
areas or other areas with continuous surveys) have been conducted, operations shall be delayed 
until one of three (or six) visits of all survey stations within 0.25 mile of the subject unit(s) are 
surveyed or at least one day-time walk-through of the subject unit(s) using broadcast calling 
techniques is completed.    If night time surveying is chosen, these passes will still count toward 
the general project-level surveys for take avoidance for projects in subsequent years. 
 

1. If no resident single owls, territorial owl pairs, or pairs/two owls of unknown status are 
detected within the survey area during year 1 or 2 of protocol surveys, and no spotted 
owl sites are known from the survey area, BUT barred owls are known to occur within the 
survey area (through project surveys or other scientifically credible methods), spot 
checks are necessary.  

 
2. If no resident single owls, territorial owl pairs, or pairs/two owls of unknown status are 

detected within the survey area during year 1 or 2 protocol surveys, but known spotted 
owl sites occur in the survey area, spot checks are necessary.  

 
3. If no resident single owls, territorial owl pairs, or pairs/two owls of unknown status are 

detected within the survey area during year 1 or 2 protocol surveys, and no spotted owl 
sites are known to occur in the survey area, BUT portions of spotted owl habitat within 
the survey area is unsurveyed during protocol surveys due to inaccessibility, landowner 
restrictions, or other constraints, spot checks are necessary.  
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4. If resident single owls, territorial owl pairs, or pairs/two owls of unknown status are 

detected within the survey area during years 1 and/or 2 protocol surveys, spot checks are 
necessary.  

 
 
10.3. If Spotted Owls Are Detected in the Spot Check Area 
 
If spotted owls are detected in the spot check area, ALL ongoing operations that have a 
likelihood of direct impacts to a spotted owl and/or creating above-ambient noise shall be 
postponed. Follow-up outings will be conducted to determine location and pair/nesting status, 
as described in Section 14.0-15.0 of this document.  
 
If a response is elicited during this first nighttime survey (or walk through) and a subsequent 
follow up is negative, two additional nighttime surveys spaced a minimum of seven days apart 
shall be completed prior to operations commencing within 0.5 miles of the response location.  If 
no responses are elicited during these two additional surveys, operations may continue as 
approved. 
 
If subsequent responses are elicited during these additional passes and the responses result in a 
new AC being designated, then the appropriate protections measures will apply (see HCP 
Section 5.2.2) 
 
10.4. If Spotted Owls Are Not Detected in the Spot Check Area 
 
If spotted owls are not detected, the project may continue through that breeding season. 
Should the project continue into the following breeding season, spot checks will be repeated. 

11. COMPLETE SURVEY 
 
A COMPLETE SURVEY includes: 
 

1. Two years of three (or six) visits per year, including activity center searches in the 
range of the NSO, and, if appropriate; 

2. Spot Checks and Activity Center Searches (within the range of the NSO), as 
described in section 10.0 and 8.0 respectively. 
 

12. RECORDING DATA 
 
For each visit, whether results are positive or negative, the following information will be 
recorded on the survey form or digitally (i.e., tablet): 
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1. Survey start and stop time at stations (total amount of time spent calling) and total time 

of survey if calling between stations. 
2. Weather conditions (including estimated wind speed and precipitation) at the start of the 

survey effort condition will be recorded and any drastic change will be noted. Stop and 
restart times will be noted if weather during surveys momentarily exceeds conditions 
needed to properly survey. 

 
If raptors are detected during a survey, all sightings or responses by spotted owls, barred owls, 
spotted-barred owl hybrids, great horned owls, northern goshawks, or any other large raptor 
species will be recorded. The presence of barred owls, great horned owls, goshawks, or other 
large raptors may affect spotted owl responses. 
 
Note digitally or on data form: 

1. Compass bearing and approximate distance to spotted owl or other raptor (or mapped 
location on tablet based on these information); 

2. Sex and age if known (ADULT and SUBADULT spotted owls cannot be distinguished 
based solely on vocals); 

3. Time of first response; 
4. Type of detection (e.g., audio, visual or both). 
5. Banding Data (re-sight etc.) 

 
Estimate and indicate on a map the bird's original and final location.   
 
Once a spotted owl responds at night, calling may continue to try to achieve a re-sight of 
banded spotted owls or to mouse the owl. Once the station visit at which the detection was 
obtained has been completed, surveying the remainder of the survey route will continue. 
However, to avoid 'leading' a spotted owl across the survey area through continued calling 
nearby, surveyors will go to other parts of the survey route and complete the rest of the survey 
visit, omitting the area where you are likely to elicit a response from the same owl (up to one 
mile) (or stations that have a likelihood to detect the same owl) around the detection location.  
 
If a spotted owl (or an unidentified Strix owl) is detected during the survey, the surveyor will 
return to the area during the day as soon as possible (within 72 hours) and conduct a follow-up 
outing to verify status as needed, unless occupancy/reproductive status has already been 
determined (depending what information is needed).  

13. MOUSING 
 
The purpose of MOUSING is to determine if spotted owls are nesting and reproducing. By 
offering one or more mice to spotted owls, their nesting status can be determined based on the 
behavior of the adult. Mousing will also be used to locate NESTs (and brooding females) by 
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inducing the male to lead the surveyor to the nest tree and, later in the nesting season, can be 
used to locate and count young recently out of the nest. Mousing consists of the following 
steps. 
 

1. Locate one or both members of a pair during the day and offer to them at least two mice 
or other small prey items. 

 
2. Once the owl(s) take prey, or are found with natural prey, record the 'fate' of each prey 

item (e.g., eaten, cached, given to female or young) along with the sex of the owl that 
captured the prey. The fate of the prey will be used to classify nesting status. 

3. If the owl eats the prey item, additional prey items will be offered until the owl caches 
the prey, sits on it for an extended period of time (30-60 minutes), refuses to take 
additional prey, or carries the prey away. If the bird flies with the prey, surveyors will 
follow and try to determine the final disposition of the prey.  

 
4. Field personnel will make a concerted effort to get the owl(s) to take mice by placing a 

mouse where the owl can easily see and capture it and by offering mice to the mate of 
an owl that has refused mice on that visit. 

 
Based on observations, the known spotted owl site will be classified as nesting, non-nesting, or 
unknown nesting status (see Section 15, Determining Nesting & Reproductive Status). 

14. DETERMINING ACTIVITY CENTER STATUS 
 
Depending on the use for which the survey data will be applied, determining the 
occupancy/reproductive status of sites may be necessary. This section provides guidance on the 
appropriate techniques to collect necessary information, and in correctly interpreting that 
information, to make the relevant determination. Activity center status will be verified according 
to the following definitions (status visits can be day or night). 
 
14.1. Determining Resident/Territorial Spotted Owl Pairs or Singles 
The following subsections are for determining if an activity center is occupied by a territorial 
pair, pair with status unknown, a resident single, or status unknown. 
 

14.1.1. Territorial Pair Status 
 
Any one of the following criteria establishes TERRITORIAL PAIR status:  
 

1. A male and female are heard and/or observed (either initially or through their 
movement) in close proximity (< 0.25-mile apart) to each other on the same visit (night 
or day); or 
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2. A male takes a mouse to a female (see "mousing" clarification or REPRODUCTIVE 
SUCCESS SURVEYS); or 

 
3. A female is detected (seen or heard) on a nest; or 

 
4. One or both adults are observed with young; or 

 
5. Young identifiable based on plumage characteristics observed late in the season by 

knowledgeable surveyors or young identifiable based on molecular data. 
 

14.1.2. Two Birds/Pair Status Unknown 
 
The presence or response of 2 spotted owls of the opposite sex within the same general vicinity 
but on different visits where pair status cannot be determined and where at least one of the 
owls meets the resident single requirements establishes TWO BIRDS, PAIR STATUS UNKNOWN. 
These sites will be evaluated by a SPI district biologist and a determination of Territorial Pair or 
Resident Single will be assigned. 
 

14.1.3. Resident Single Status 
 
RESIDENT SINGLE STATUS is established by any one of the following criteria: 
 

1. The diurnal presence of a single owl within a known territory, with no response by an owl 
of the opposite sex after a complete survey; or 

 
2. The presence or response of a single owl within the same general area on three or more 

occasions within the breeding season, with no response by an owl of the opposite sex 
after a complete survey; or 

 
A resident single may represent a succession of single owls of either sex within the same general 
area in a single or multiple years. Determining if the responses occur within the same general 
area will be based on topography and the location of any other owls known for the surrounding 
area.  
 

14.1.4. Non-Resident Single Status 
 
NON-RESIDENT SINGLE STATUS is referred to in our data as a “single” the appropriate 
determination, following a complete survey, whenever the response of a male or female does 
not meet any of the above site status definitions. 
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15.  DETERMINING NESTING & REPRODUCTIVE STATUS 
 
Reproductive surveys are usually conducted to determine if breeding season restrictions 
intended to protect nesting owls can be lifted. 
 
Reproduction surveys include two stages: nesting status and reproductive success. The following 
is the protocol for determining reproductive status of spotted owls.  
 
15.1. Nesting Status Surveys 
 
Nesting Status Surveys will be completed whenever it is necessary to determine if spotted owls 
may be nesting. The following criteria determine appropriate timing and procedures for 
conducting such surveys: 
 

1. Nesting status surveys will be conducted between 1 April and 1 June. The start date is 
based on nest initiation dates. If local data suggests a different date for nest initiation, 
the date will be adjusted accordingly. Young identified after 1 June will still confirm 
nesting. 

 
2. Surveys will be spread throughout the months of April and May. Collecting of all nesting 

status surveys early in the breeding season will be avoided. 
 

3. Standard "mousing" procedure as described above will be used to determine nesting 
status.  Owls will not be moused any more than is necessary to determine nesting status 
or obtain re-sights to avoid the risk of predation of adults, eggs, or young.  Similarly, 
excessive calling near a nest site will be avoided to not cause harassment and endanger 
eggs or young by bringing the female off the nest. Surveyors should be vigilant and use 
digression when attempting to mouse spotted owls if corvids that are known to predate 
eggs or young (crows or ravens) or other potential predators are present at or near the 
site.   

 
4. Two observations, at least one week apart, are required to determine nesting status if the 

first observation occurs before 1 May. This is necessary because the owls may show signs 
of initiating nesting early in the season without actually laying eggs and their behavior 
could easily be mistaken for nesting behavior. After 1 May, a single observation is 
sufficient. 
 

5. If nesting status has been confirmed to be positive, surveyors will avoid over-visiting the 
site to avoid potential harassment, and delay the next visit until it is time to count young. 
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15.2. Determining Nesting Status 
 
Nesting is confirmed if, on any visit, any of the following conditions are observed: 
 

1. The female is detected (seen) on the nest; or 
 

2. Either member of a pair carries natural or observer-provided prey to the nest; or 
 

3. A female possesses a brood patch when examined in hand during mid-April to mid- June 
(only one observation is required). Dates may vary with the particular areas; or 

 
4. Young identifiable as spotted owls, or young detected in the presence of one or both 

adults. 
 
15.3. Non-Nesting Status 
 
The activity center is classified as non-nesting if any of the following are observed. Again, except 
for brood patch information, two observations are required during the nest survey period (April 
1-June 1), with at least one week separating these observations to ensure that late nesting 
attempts are not missed. The second observation should occur after 1 May. 
 
Non-nesting is inferred if any of the following conditions are met: 
 
 
Surveys where the bird(s) leaves the area with prey and it is not possible to determine the fate of 
the prey do not count toward the required 2 visits because nesting status could not be 
classified.  
 
15.4. Nesting Status Unknown 
 
If nesting status is not determined before 1 June, it is not possible to classify the owls as non- 
nesting using the criteria listed above. 
 

1. If owls are found after 1 June, without young, nesting status is unknown. 
 

2. If no owls are found after 1 June (at those sites where owls were present prior to 1 June), 
nesting status is unknown. 

 
15.5. Reproductive Success Surveys (Number of Young Fledged) 
 
Once a pair is classified as nesting, reproductive success surveys will be conducted after the time 
the young leave the nest (fledge), usually from late May to late June depending on latitude or 



Page 21 

Appendix 5.4 – 2019 SPI Spotted Owl Survey Protocol and AC Protection Measures 
 
 
 

 
 

 
 

elevation.  The following methods will be adopted to detect fledged young. For the purposes of 
project-related surveys, one positive reproductive visit will be adequate for determining 
reproductive success.  Within the monitoring areas, extra reproductive visits will be made to 
ensure accurate counting and reporting of total young. 
 

• If no young are detected on the first visit, a second visit will be made to locate and count 
fledged young, timing the visits so that the fledged young are observed as soon as 
possible after leaving the nest to avoid missing young that may be lost to predation later 
in the season. 

 
• If the birds take at least 2 prey items and eventually cache, sit with, or refuse further prey 

without ever taking prey to fledged young on at least 2 occasions, separated by at least 
three days, 0 young are recorded. 

 

16. SURVEYS OF EMERGENCY SALVAGE AREAS 
 
Surveys to avoid take in areas associated with an emergency situation will target areas that are 
most likely to be occupied by owls.   Areas will be surveyed prior to operations during the year 
of operations. Any time a spotted owl is located during salvage surveys, the appropriate 
Protection Zone (PZ) and other protection measures shall be applied to the most appropriate 
site.  All the Plan Area impacted by the emergency are available for emergency salvage, 
including PZs and designated Tier 1 acreage.  In Emergency Salvage Areas, surveys may be 
initiated year-round. To the extent feasible, surveys will be conducted during the breeding 
season.  However, due to fire season extending well past the breeding season, surveys outside 
the breeding season will be utilized to locate owls and avoid take in the year of operations.  
 
16.1. Areas Within 0.5 Miles of a Last Known AC 
 
Habitat modifying activities may not commence during the critical period, until an ACS has been 
performed (in the NSO range), and three night-time surveys at least 7 days apart have been 
completed, and if applicable, nesting/ reproductive success is determined.  If the site is 
occupied/reproductive, the standard protection measures will be applied. 
 

1. If no owl(s) are found during surveys, then the PZs may be retired after a single year of 
salvage surveys and may be operated under emergency notices after the surveys are 
completed. 
 

2. If the PZ was known to be unoccupied during the breeding season in the year of the fire, 
then the PZs may be retired and may be operated under emergency notices. 
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3. If the PZ was occupied during the breeding season in the year of the fire, or the status 
was unknown, salvage surveys may not be used to retire the PZ and the PZ must stay in 
place or be re-designated to the best available habitat (e.g., PZ occupied in May 2018, 
fire occurs in Aug. 2018, the PZ may not be retired until at least the following survey 
season). 

 
4. No harvest in a PZ unless it is retired (except as provided in Appendix 5.2). 

 
 

5. Only dead trees (not damaged or diseased), including trees with apparently green 
crowns that are expected to die within 1-year, can be harvested from NSO Tier 1 
designated areas.  SPI will notify CDFW and the Service 10 business days prior to such 
operations.  If no response is received from CDFW or the Service within that period, SPI 
may proceed with the proposed operations. 
 

16.2. Areas Outside 0.5 Miles of Known ACs That Burned With >50% 
Mortality (Moderate to Extreme Burn Severity) 

 
Operations shall not be delayed and initiation of habitat modifying activities shall be 
unencumbered. 
 
16.3. Areas Outside 0.5 Miles of Known ACs That Burned with <50% 

Mortality (Intermediate to Moderate Burn Severity) 
 
Three nighttime surveys at least 7 days apart shall be conducted and may be conducted 
concurrently with operations.  During any time when these efforts detect a spotted owl, follow 
up visits will be conducted and the standard protection measures shall apply to locations where 
spotted owls are located. 
 
16.4. Areas Outside 0.5 Miles of Known ACs That Were Impacted by 

Insect Mortality or Disease Outbreak 
 
For areas outside 0.5 miles of known ACs with insect mortality or disease outbreak, a minimum 
of at least one day-time walk-through of the subject unit(s) using broadcast calling techniques 
shall be completed prior to operations. 
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17. PROJECT AREAS LACKING TWO YEARS OF SURVEYS 
IN THE FIRST DECADE  

 
In the event that operations need to be initiated prior to two years of survey being completed, 
six night-time surveys at least 7 days apart shall be conducted during the breeding season 
(March 15-August 31), prior to operations, with at least two visits in May and two visits in June.   
In these circumstances, SPI will rely on the single season survey strategy, and the long history of 
surveys conducted at the landscape level with historically high detection probabilities, to avoid 
the potential of take.  With SPI’s Option A driving the harvest schedule, it is estimated that all 
lands will be periodically surveyed during each decade, limiting the likelihood of failing to detect 
owls.  An added protection in this case is SPI’s Raptor Policy, which trains loggers and requires 
the operations to stop any time a large raptor is detected.   

18. PROJECT TAKE AVOIDANCE MEASURES FOR SPOTTED 
OWL NEST TREES AND ROOST SITES 

 
No habitat modifying operations will occur within 0.5 miles of Occupied ACs during the early 
and regular breeding season (February 1st through August 31, The EARLY and REGULAR 
BREEDING SEASON) until the AC location has been determined or survey efforts have been 
completed.  (Additional protection measures are required for NSO Tier 1 designated areas see 
Appendix 5.3.)  Newly discovered spotted owl ACs on or within 0.25 mile of the ownership will 
have Conservation Measures 1 (landscape habitat), 2 (PZ), and 5 (pre-operational surveys and 
breeding season buffer) protections as provided any other Occupied AC. 
 
18.1. Occupied Activity Centers 
 
All occupied ACs will receive a designated 72–100-acre no-harvest PZ. See appendix 5.2 for PZ 
methodologies and descriptions.  Additionally, if nesting status cannot be determined, a 0.25-
mile disturbance buffer shall be implemented. 
 
18.2. Nesting Activity Centers 
 
All nesting (including suspected nesting) ACs will receive a 0.25-mile seasonal buffer around the 
AC during the early and regular breeding season, with no harvesting or vegetation-disturbing 
activity within the buffer.  The seasonal buffer may be suspended if there is conclusive evidence 
that nesting has failed (no young produced or adults no longer attending nest) or young have 
fledged.  
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18.3. Unoccupied, Status Unknown Activity Centers (One or Two Years 
of Un-occupied Status) 

 
All unoccupied, status unknown ACs will receive the same protections as if occupied, with no 
seasonal 0.25-mile buffer. 
 
18.4. Nest Trees 
 
All spotted owl nest trees discovered on SPI lands will be tagged with a “wildlife tree” tag for 
future identification and retention in an HRA (see HCP Section 5.2.7.1).
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20. ATTACHMENT 1. GLOSSARY OF TERMS FOR 
APPENDIX 5.4 

 
Many of these terms have a long history and various meanings in regard to spotted owl biology 
and management. This glossary defines the context in which they are used in this document. 
 
Activity Center: Spotted owls have been characterized as central-place foragers, where 
individuals forage over a wide area and subsequently return to a nest or roost location that is 
often centrally-located within the HOME RANGE (Rosenberg and McKelvey 1999). Activity 
centers are a location or point representing the best of ‟detections” such as nest stands, stands 
used by roosting pairs or territorial singles, or concentrated nighttime detections. Activity 
centers are within the core use area and are represented by this central location.  Spotted owls 
may use multiple activity centers within their home range and use may vary between years but 
for the purposes of this HCP, ACs are represented by a single territory I.D. number. 
 
Activity Center Search: Stand searches of any known or historical core use areas that are within 
the survey area perimeter. (See Section 8.0 for specific guidance on methods to conduct these 
searches). 
 
Additional Visits: Supplemental visits needed to locate and determine spotted owl pair status or 
reproductive status. May also be necessary to determine species of unknown Strix owl 
responses. 
 
Adult: A spotted owl > 2 years old. 
 
Breeding Season: The time period from 1 February through 31 August that includes courtships, 
nesting, NESTLING and fledgling dependency periods. This time period may vary by geographic 
locale. 
 
California Spotted Owl (Strix occidentals occidentals): One of three subspecies of spotted owl 
that ranges from the southern Cascade Range in northern California, south through the western 
Sierra Nevada to the mountainous areas of coastal and southern California.  It is a Species of 
Special Concern in the State of California and has been petitioned to be listed under the U.S. 
Endangered Species Act. 
 
Calling Route: An established route within a survey area where recorded calls of spotted owls 
are used to elicit a response. 
 
Calling Stations: Point locations used to conduct surveys, distributed throughout an area so as 
to attain complete coverage of spotted owl habitat within the survey area. 
 



Page 2 

Appendix 5.4 – Attachment 1 
 
 

 

 

Complete Coverage: Complete coverage of suitable owl habitat is obtained when the calling 
stations have been located within a survey area so that a spotted owl anywhere in the survey 
area would be able to hear surveyors and vice-versa. 
 
Complete Visit: A complete visit occurs when all calling stations or calling routes within a survey 
area have been called with the seven-day period, including daytime follow-up surveys for all 
spotted owl responses. See Section 5.5 for specifics. 
 
 
Complete Survey: Complete coverage of suitable habitat throughout the survey area that 
consists of two (or one after the first decade) years of three/six visits per year, including activity 
center searches (in NSO range), and, if appropriate, spot checks and additional activity center 
searches in years three and 4, as described in section 10.0 and 8.0 respectively. 
 
Core Use Area: An area of concentrated use within a home range that receives disproportionally 
high use (Bingham and Noon 1993), and commonly includes nest sites, roost sites, and foraging 
areas in the approximately 500 acres surrounding the activity center. Core use areas vary 
geographically, and in relation to habitat conditions. 
 
Dispersal Habitat: JUVENILE owls often must disperse through a range of forest types prior to 
finding habitat in which to establish a territory. This is considered the colonization phase of 
dispersal and owls may spend several days or weeks in a relatively small location before moving 
to another area. These forest types include nesting, roosting, and foraging habitat necessary to 
short term residency in addition to other forest stand types that provide minimum diameter and 
canopy closure of trees. Definition of this habitat type vary by PHYSIOGRAPHIC PROVINCE. 
 
Early breeding season: Pre-egg laying period.  February 1st through March 15th . 
 
Fledgling: Young of the year that are off of the nest. 
 
Follow-up Outing: Follow-ups are conducted with an intensive search of spotted owl habitat 
within the general vicinity (approximately a 0.5-mile radius) of the response location -that 
prompted the follow-up. (See Section 6.0 for recommended methodology for conducting these 
searches). 
 
Foraging Habitat: Foraging habitat is defined as habitat that provides foraging opportunities for 
spotted owls, but without the structure to support nesting and roosting (USFWS 1992b). 
Owls often forage in forest conditions that meet the definition of NESTING/ROOSTING HABITAT, 
but also use a broader range of forest types for foraging. This definition identifies habitat that 
functions as foraging habitat, but does not meet requirements for nesting /roosting 
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Habitat Modification: Timber harvest activities that occur in spotted owl nesting, roosting, or 
foraging habitat that reduce the canopy or other elements of spotted owl habitat at the stand-
level. 
 
Historical Site: Spotted owl sites that contained territorial spotted owls in the past. For the 
purposes of this protocol, these spotted owl sites are considered a subset of known spotted owl 
sites (see glossary below). 
 
Home Range: The area in which a spotted owl conducts its activities during a defined period of 
time (USFWS 1992b) that provides important habitat elements for nesting, roosting, and 
foraging. Home range sizes vary generally increase from south to north and vary in relation to 
habitat conditions and prey availability and composition 
 
Juvenile: A spotted owl is considered as juvenile age class in the first five months after hatching. 
Juveniles one to three months old are very white with downy plumage over all of the body or 
evident on breast and head; at four to five months old, juvenile begin losing downing plumage. 
 
Known Spotted Owl Site: Includes both owl sites found during the current survey period and owl 
sites identified in previous years (HISTORICAL SITE). Known spotted owl sites include both the 
activity center and the area surrounding concentrations of ”the best of‟ detections such as nest 
stands, stands used by roosting pairs or territorial singles, or areas of concentrated nighttime 
detections. 
 
Mousing: Mousing describes the act of offering prey items to spotted owls. The purpose of 
mousing spotted owls is to determine pair status and/or reproductive status. A male spotted owl 
may take a prey item to an unseen female; likewise, adult owls may take prey items to unseen 
young. 
 
Nest: Spotted owls use broken-topped trees, old raptor nests, witches brooms, cliff ledges, 
mistletoe brooms, and tree cavities for nests. A spotted owl must be observed using the 
structure or have mice taken to a nesting female positively identified in the structure to 
designate a nest tree. 
 
Nesting/Roosting Habitat: Habitat that provides nesting and roosting opportunities for spotted 
owls. Important stand elements may include high canopy closure, a multi-layered, multi- species 
canopy with large overstory trees and a presence of broken-topped trees or other nesting 
platforms (e.g., mistletoe clumps (USFWS 1992b). The appearance and structure of these forests 
will vary across the range of the spotted owl, particularly in the dry-forest provinces. 
 
Nestling: A young owl that is still in the nest. 
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Northern Spotted Owl (Strix occidentals caurina): One of three subspecies of spotted owl that 
ranges from southern British Columbia, Canada, through western Washington and Oregon, and 
into northwestern California. Listed as a threatened species by the U.S. Fish and Wildlife Service. 
 
Occupied Activity Center: The site where a diurnal detection (visual or audio) of a spotted owl 
occurs. 
 
Physiographic Province: a geographic area having a similar set of biophysical characteristics and 
processes because of the effects of climate and geology that result in patterns of soils and 
broad-scale plant communities. Habitat patterns, wildlife distributions, and historical land use 
patterns may differ significantly from adjacent provinces. 
 
Project Area: The polygon that forms the perimeter (footprint) of the proposed project. (Refer to 
Section 3.1 for specifics on determining the polygon). 
 
Retired PZ is a status assigned after three consecutive years of negative surveys. A retired PZ will 
be removed from retired status after all available Mixed land class has been converted to 
planted forest classes. 
 
Regular breeding season:  March 15th through August 31st. 
 
Roost: Typically, a tree used by a spotted owl for extended daytime rest periods. A roost site 
consists of the roost itself and the immediate vicinity. Roost areas are identified by observations 
of spotted owls, and/or the presence of pellets, white-wash and other evidence. 
 
Spot Check Area: All suitable spotted owl habitat within the project area, plus suitable spotted 
owl habitat within 0.25 mile of the perimeter of the project area. 
 
Spot Check Surveys: Surveys conducted in years three and four (or 2 and three after the first 
decade) used to supplement the general project-level surveys. 
 
Spotted Owl Habitat: For purposes of surveying, spotted owl habitat is any habitat (i.e., nesting, 
roosting or foraging quality) where you may expect to elicit a response from a resident owl or 
pair of owls. This does not include younger or more open stands typically characterized as 
spotted owl DISPERSAL HABITAT.  For the purposes of this HCP, spotted owl habitat is 
considered HF4 and HF2H (or equivalent). 
 
Subadult: A spotted owl in the first or second years of life. Identified by characteristic tail 
feathers with white tips tapering to sharp points (i.e., triangular shape). For more information on 
identifying subadult spotted owls, please see Moen et al. 1991. 
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Survey Area: All suitable spotted owl habitat within 0.5 miles of the perimeter of the proposed 
project area should be surveyed for projects that will modify spotted owl nesting, roosting, or 
foraging habitat.  
 
Survey Period: All surveys of proposed project areas must take place between March 15 and 
August 31, with some exceptions. 
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21. ATTACHMENT 2. GENERALIZED SPOTTED OWL 
BREEDING SEASON CHRONOLOGY2 

 
Pre-laying             
             
Laying             
             
Incubation             
             
Nestling             
             
FLEDGLING             
             
Initial dispersal            
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

 
Prelaying Stage (duration variable) 
Beginning about a week before laying, the female spends most of her time near the nest. 
Because the prelaying stage has no clearly definable beginning, we have arbitrarily designated 
the first several weeks prior to laying of the first egg as the pre-laying stage. 
 
Laying Stage (1-6 days; Forsman et al. 1984) 
When egg laying begins, the female spotted owl typically spends almost all of her time in the 
nest; her mate provides nearly all of her food. Copulation continues on a daily basis throughout 
the egg-laying stage and for up to about four days after incubation begins. 
 
Incubation Stage (30 plus or minus 2 day; Forsman et al. 1984) 
Incubation begins shortly after laying of the first egg and is done solely by the female, who may 
leave the nest at night for up to 2 hours during the first couple of days of incubation. Thereafter, 
she only occasionally leaves the nest for periods of 10 to 20 minutes at night to regurgitate 
pellets, defecate, preen, or accept food from her mate. 
 
Nestling Stage (normally 34-36 days; Forsman et al. 1984) 
The female broods the new hatchlings almost continuously for 8-10 days, still depending on her 
mate to provide food for herself, and now for the young. By the time her young are 2-3 weeks 
old, the female begins to forage for increasingly longer periods at night, typically 1-4 hours. The 

                                                 
2 This information is intended to depict the generalized breeding chronology, recognizing slight 
variations in all stages may occur depending on individual owls, elevation, in-season weather 
conditions, and/or latitude. 
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male continues to bring food to the nest, but the female passes the food to the young. Most 
young observed by Forsman et al. (1984) fledged (left the nest) when 34-36 days old, 
occasionally moving off the nest to perch on nearby limbs for a few days before leaving the nest 
permanently. Occasionally young leave their nest earlier than normal. Because such young are 
less developed physically, they may spend more time on the ground than young that remain in 
the nest for the full nestling period. This may increase their mortality rate compared to that of 
later-fledged young. 
 
Fledgling Stage (80-120 days; Forsman et al. 1984) 
The fledgling stage covers the period after the young leave the nest until they become 
independent of their parents. Within about three days after fledging (assuming a normal 
nestling period of 34-36 days), most young can flutter or climb to elevated perches; usually in a 
week they can fly clumsily between trees. Within about three weeks after fledging, they can hold 
and tear meat from prey brought by their parents. Both parents regularly bring food to the 
fledgling and generally continue to do so until mid- to late September, apparently regardless of 
the age or capabilities of the young. Because of this, the fledgling stage may be relatively long 
or short, depending upon when a given nest was begun and on variations in the age of the 
young at fledging. 
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22. ATTACHMENT 3. THE USE OF THE “PRESENCE” 
MODEL TO DETERMINE PROBABILITY OF DETECTION 

 
Probability of Detection Calculation 
 
Yearly sequential surveys for spotted owls for each known site are converted to 1’s and 0’s 
based on spotted owls’ responses.  1’s = response from a spotted owl and 0 = no response.  Up 
to three to six yearly protocol surveys are conducted based on the known presence of BDOWs in 
the general area of the site.  An excerpt of a continuous data set that was provided to the 
Service for their review is presented below. 
 

Spotted owl 
Site 

Survey 
1 

Survey 
2 

Survey 
3 

CMC001 0 1 1 
CMC002 0 1 1 
CMC006  0 0   
CMC008 0     
CMC010 1 1   
CMC013  0 1 1 
CMC014 1     
CMC015  0     
CMC017  0     
CMC019 0 0 1 
CMC021  0 0 0 
CMC022 0 1   
CMC023  1 1 1 
CMC024 1 1 1 
CMC025 1 0   
CMC028  0     
CMC029 1 1   
CMC030 0 1 1 
CMC031  0 1   
CMC033 1 1 1 

 
These data are entered in the PRESENCE model and a “simple single season” with a predefined 
model of “1-group, Survey-specific P” analysis is run.  Within the model output the survey 
specific P is gathered and used in the following equation: 
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In a three-visit survey protocol for a single year, the detection probability is one (1) minus the 
probability of three failures to detect as shown in the equation below: 
 

 
 
Upon completing this calculation, the results of each survey event 1, 2, and 3 are averaged and 
presented as the probability of detection for these surveys of known spotted owl sites for that 
year. 
 
The following table is an example of PRESENCE output and the final calculation of a three-visit 
survey probability of detection (to determine POD). 
 

  Survey 1 Survey 2 survey 3 
  0.7941 0.7786 0.7794 
        
        
  PRESENCE     
3 survey 0.99127091 0.98914742 0.98926464 
        
        
  3 surveys 0.98989432 POD 
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23. ATTACHMENT 4. BDOW RESPONSE TO SPOTTED OWL 
CALLS 

 
Wiens et al. (2011) stated “… on a per-visit basis, the low detection probabilities for barred owls 
during surveys for spotted owls can be expected to result in large discrepancies between naive 
and estimated occupancy probabilities. With as many as 3 nighttime surveys for spotted owls, 
however, these discrepancies diminished and the overall probability of detecting barred owls 
that were present was reasonably high (0.86).”  Wiens et al. (2014) stated: “… because both owl 
species were responsive to broadcasts of heterospecific calls, we were confident that we 
detected most territories occupied by spotted or barred owls during the 3-year study.” 
 
Beginning in 2012, SPI added the optional 5-minute BDOW call sequence to the end of the NSO 
call sequence for the first survey pass.  Of all 241 BDOW responses we have received since that 
time, only three BDOWs (1.2%) responded during the BDOW specific surveys and not again later 
in the survey season, when only spotted owl surveys were conducted. 
 
The intent of SPI’s survey protocol is to be confident in the location of spotted owl ACs, not 
identification of BDOW ACs or BDOW naive occupancy rates.  Based upon the findings from 
Wiens, and SPI’s empirical data it is reasonable for SPI to conclude that our survey protocol 
achieves a high probability of detection of BDOWs using spotted owl calls and can evaluate their 
impact on finding spotted owl ACs. 
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24. ATTACHMENT 5. LIST OF DIFFERENCES BETWEEN 
APPENDIX 5.4 AND THE 2012 PROTOCOL 

 
Deviations and Additions to 2012 USFWS Protocol 

Below is a detailed list of differences between this Appendix (5.4) and the 2012 USFWS Survey 
Protocol for naïve landowners.  It is a good faith effort to outline major/minor deviations 
between the two documents and every word deviation is not identified.  It should be noted that 
many of these deviations have been implemented in the approved survey process that SPI 
currently implements for the NSO. Underline wording indicates SPI survey method deviations 
from the USFWS 2012 Protocol.  [Brackets] indicate the original text found in the 2012 Protocol.  
Italics indicate places where SPI protocol adds or clarifies the 2012 Protocol.  While SPI has 
voluntarily implemented portions of this protocol in the range of the CSO, the HCP enforces this 
as an operational standard. Thus, the entire protocol should be considered an addition to the 
range of the CSO and could there for be italicized.  

3.2 Delineating the Survey Area: Project level surveys shall be conducted out to 0.5 miles 
[provincial median annual home range] from the proposed project footprint.  

4.2 The Spot Check Survey Period: The spot check survey period is specified as February 1 
[March 15th] through April 15.   

5.1 Calling Routes: Stations will be typically spaced 0.25 to 0.75 mile apart [0.5 mile], surveying 
all Habitat Form 4 and Habitat Form 2H [all habitat].   
 
5.2 Known Spotted Owl Sites: Where KNOWN SPOTTED OWL SITES exist within the survey 
area, surveys will be initiated at the ACTIVITY CENTER (see section 8.0 below). Once the 
occupancy and/or reproductive status (according to management needs) for the year is 
determined, habitat likely utilized by those owls can be excluded from further surveying for the 
remainder of the season (usually within 0.75 mile [0.5 mile]). Adjustments beyond the 0.75-mile 
[0.5 mile] area can be made to avoid unnecessary or excessive calling of spotted owls depending 
on topography. Rationale for this type of exception will be documented. 
 
5.3.1 Nighttime spot calling: Permanent stations and temporary (not fixed) project-related 
stations will be used to conduct these surveys.  All stations surveyed will be approximately 0.25 
to 0.75 mile apart [0.5].  All points, visits, and results will be documented. 
 
5.4.3 Spotted Owl Calling Procedures 
7. BDOW Sequence: Five years after ITP issuance, and annually thereafter, the parties will meet 
and confer to determine if inclusion of a specific BDOW survey protocol is necessary to accomplish 
the desired rate of detection of spotted owls.  If the Service determines in writing based on 
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available scientific data that BDOW calls are necessary to increase the probability of detecting 
spotted owls, SPI will include such calls.   
 
5.5.3 Temporal Spacing of Visits:  Complete visits outside barred owl (BDOW) zones 
(described below, Section 7.0) will be spaced at least 13 days [7 days] apart. If this cannot be 
accomplished, authorization must be sought from a SPI staff biologist, who shall record 
justification to explain the causes of the modified survey period.  Complete visits inside BDOW 
zones shall be spaced at least 7 days apart, unless justified as above.  
 
5.5.4 One [Three] visit[s] by June 30th:  When conducting three visits in a year, at least one 
survey must be completed after June 1st and one visit before June 30th.  When six visits are 
required (e.g., in BDOW zones), at least two visits [three visits] shall be conducted prior to June 
30th with at least one visit prior to and after June 1st. If project circumstances require that all 
surveys must be completed prior to June 1st, an additional walk-through survey of the historic 
AC and units within 0.5 mile shall be completed prior to operations (See section 5.5.5 for 
documentation of not meeting this standard). 
 
5.5.7 Number of Complete Visits:  To meet the objectives of this protocol, surveys will be 
conducted at all permanent and project-related stations following a two year, three/six [six]-pass 
methodology.  The stations will be surveyed as follows:  Where BDOWs are not present: 
three[six]-pass surveys for all stations located outside designated BDOW zones.  Where BDOWs 
are present:  six-pass surveys for stations within designated BDOW zones [2-year surveys with 6 
complete visits per year].  BDOW zones are established within a 0.5- mile radius of BDOW activity 
centers (preferably) or if no activity center is determined, then the radius is established based on 
the location of responses elicited from project level surveys, historic responses from previous 
surveys, or any other conclusive evidence of BDOW presence.  If all known BDOWs have been 
removed or have disappeared from a zone (i.e., no detections in 2 consecutive years of surveys, 
including the year of detection if only detected once), the BDOW zone will be dropped.  
 
The Standard Protocol for naïve landowners requires two seasons of surveys, and six-pass 
surveys.  SPI presently conducts two seasons of three-pass surveys (or six surveys within a 
BDOW zone).  Ten years after ITP issuance, the parties will meet and confer to determine if 
moving to one season of three-pass surveys (or six surveys within a BDOW zone) is sufficient to 
achieve an adequate probability of detecting spotted owls.  
 
5.6 Additional Visits 
If a single spotted owl responds during a 3-visit survey, and after three [six] complete visits 
residency status has not been determined, ADDITIONAL VISITS may be necessary, as follows. 

If the last response occurs on: 
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• Visit 1 - no additional visits are required 

• Visit 2 - one additional visit is required 

• Visit 3 - two additional visits are required 

 
8.0 Activity Center Searches (ACS, day-time searches) within Survey Area: A 
minimum of one daytime stand search “ACTIVITY CENTER SEARCH” (ACS) will be 
completed for each activity center within the survey area, each year, as a component of 
the general project-level surveys within the range of the NSO [Each activity center within 
the survey area]. 
 
9.0 SURVEYS FOR DISTURBANCE-ONLY PROJECTS: Activities that do not modify spotted owl 
habitat but could result in disturbance to spotted owls usually represent short-term effects 
compared to the long-term effects of habitat modification, especially when such projects are 
limited to one season. Therefore, a one-year three visit [six] survey can apply to smoke or noise-
disturbance only actions. Three visits [Six visits] that focus on covering all HF4 and HF2H [All 
spotted owl habitat] within 0.25 mile from the project area will be applicable until the beginning 
of the following breeding season. If project operations are not completed by year two, SPOT 
CHECK SURVEYS will occur in years two, three, and beyond (if surveys are continuous).   
 
10.1. Design of Spot Check Surveys 
 
2. Spot check surveys will cover all HF4 and HF2H (or equivalent off the Plan Area) [all spotted 
owl habitat] habitat within the project footprint and within 0.25 mile of the project footprint 
(hereafter referred to as the SPOT CHECK AREA) 
 
4. Spot checks may begin on February 1st [March 15] (when the previous year’s surveys expire) 
and will be completed concurrent with project activities (see conditions described in 10.2.2. 
below) on or before April 15, or as soon as feasible during the early portion of the breeding 
season (see Appendix 4) if there are conditions of limited accessibility, such as snow or seasonal 
road closures. If spot checks cannot be completed by April 15, reasons for delayed completion 
will be documented in the survey record. 
 
5. Should the project continue into the year four (and beyond) breeding season, spot checks will 
be repeated, with similar consideration of spotted owl nesting status and consideration of take 
avoidance measures. 
 
10.2.1 Circumstances Precluding the Need to Conduct Spot Check Surveys 
 

2. No PZs [Activity Centers]. occur in the survey area  
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a. If there is a retired PZ (Appendix 5.2) in the project area, there has already been three 
consecutive complete surveys conducted with no response (the requirement for retired status) 
and a minimum of two complete surveys of the retired PZ location prior to harvest.  A retired PZ 
eventually is removed from that status when all original Mixed land class area has been 
harvested. 

  
4. All HF4 and HF2H (or equivalent off the Plan Area) [All spotted owl habitat] within the survey 

area has been completely covered during protocol surveys (i.e., there is no habitat that was 
omitted due to inaccessibility, landowner restrictions, incomplete surveys, or other constraints). 
 
10.2.2 Situations Where Spot Checks Are Necessary: The following bullets describe situations 
when spot check surveys are necessary. All surveys from the previous year are valid until 
February 1st of the following year.  Spot checks may be conducted concurrently (beginning Feb. 
1)[March 15, completed prior to] with projects under the situations when spot checks are 
deemed necessary (below) but the first visit shall be conducted prior to the commencement of 
operations.  Spot checks outside monitoring areas shall be concluded prior to, or as close as 
feasible to, April 15.  
 
For areas where continuous protocol surveys over multiple years (e.g., the monitoring study 
areas or other areas with continuous surveys) have been conducted, operations shall be delayed 
until one of three (or six) visits of all survey stations within 0.25 mile of the subject unit(s) are 
surveyed or at least one day-time walk-through of the subject unit(s) using broadcast calling 
techniques is completed.   
 
11.0 Complete Survey: 
 A COMPLETE SURVEY includes: 

3. Two years of three (or six) visits per year [six], including activity center searches in the range of 
the NSO, and, if appropriate; 

4. Spot Checks and Activity Center Searches (within the range of the NSO), as described in section 
10.0 and 8.0 respectively. 

 
16.0 SURVEYS OF EMERGENCY SALVAGE AREAS 
 
Surveys to avoid take in areas associated with an emergency situation will target areas that are 
most likely to be occupied by owls.   Areas will be surveyed prior to operations during the year 
of operations. Any time a spotted owl is located during salvage surveys, the appropriate 
Protection Zone (PZ) and other protection measures shall be applied to the most appropriate 
site.  All the Plan Area impacted by the emergency are available for emergency salvage, 
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including PZs and designated Tier 1 acreage.  In Emergency Salvage Areas, surveys may be 
initiated year-round. To the extent feasible, surveys will be conducted during the breeding 
season.  However, due to fire season extending well past the breeding season, surveys outside 
the breeding season will be utilized to locate owls and avoid take in the year of operations.  
 
16.1 Areas Within 0.5 Miles of a Last Known AC 
 
Habitat modifying activities may not commence during the critical period, until an ACS has been 
performed (in the NSO range), and three night-time surveys at least 7 days apart have been 
completed, and if applicable, nesting/ reproductive success is determined.  If the site is 
occupied/reproductive, the standard protection measures will be applied. 
 

6. If no owl(s) are found during surveys, then the PZs may be retired after a single year of salvage 
surveys and may be operated under emergency notices after the surveys are completed. 

 
7. If the PZ was known to be unoccupied during the breeding season in the year of the fire, then 

the PZs may be retired may be operated under emergency notices. 

 
8. If the PZ was occupied during the breeding season in the year of the fire, or the status was 

unknown, salvage surveys may not be used to retire the PZ and the PZ must stay in place or be 
re-designated to the best available habitat (e.g., PZ occupied in May 2018, fire occurs in Aug. 
2018, the PZ may not be quieted until at least the following survey season). 

 
9. No harvest in PZ unless it is retired.  (Appendix 5.2). 

 
10. Only dead (not damaged or diseased) trees can be harvested from NSO Tier 1 designated areas. 

 
11. Only dead trees, including trees with apparently green crowns that are expected to die within 1-

year, can be harvested from NSO Tier 1 designated areas.  SPI will provide notice to the Service 
and provide 10 days. 

 
16.2 Areas Outside 0.5 Miles of Known ACs That Burned With >50% Mortality (Moderate 
to Extreme Burn Severity) 
 
Operations shall not be delayed and initiation of habitat modifying activities shall be 
unencumbered. 
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16.3 Areas Outside 0.5 Miles of Known ACs That Burned with <50% Mortality 
(Intermediate to Moderate Burn Severity) 
 
Three nighttime surveys at least 7 days apart shall be conducted and may be conducted 
concurrently with operations.  During any time when these efforts detect a spotted owl, follow 
up visits will be conducted and the standard protection measures shall apply to locations where 
spotted owls are located. 
 
16.4 Areas Outside 0.5 Miles of Known ACs That Were Impacted by Insect Mortality or 
Disease Outbreak 
 
For areas outside 0.5 miles of known ACs with insect mortality or disease outbreak, a minimum 
of at least one day-time walk-through of the subject unit(s) using broadcast calling techniques 
shall be completed prior to operations. 
 
17. PROJECT AREAS LACKING TWO YEARS OF SURVEYS IN THE FIRST DECADE  
 
In the event that operations need to be initiated prior to two years of survey being completed, 
six night-time surveys at least 7 days apart shall be conducted during the breeding season 
(March 15-August 31), prior to operations, with at least two visits in May and two visits in June.   
In these circumstances, SPI will rely on the single season survey strategy, and the long history of 
surveys conducted at the landscape level with historically high detection probabilities, to avoid 
the potential of take.  With SPI’s Option A driving the harvest schedule, it is estimated that all 
lands will be periodically surveyed during each decade, limiting the likelihood of failing to detect 
owls.  An added protection in this case is SPI’s Raptor Policy, which trains loggers and requires 
the operations to stop any time a large raptor is detected.   
 
18.0 PROJECT TAKE AVOIDANCE MEASURES FOR SPOTTED OWL NEST TREES AND ROOST 
SITES 
 
No habitat modifying operations will occur within 0.5 miles of Occupied ACs during the early 
and regular breeding season (February 1st through August 31, The EARLY and REGULAR 
BREEDING SEASON) until the AC location has been determined or survey efforts have been 
completed.  (Additional protection measures are required for NSO Tier 1 designated areas see 
Appendix 5.3.)  Newly discovered spotted owl ACs on or within 0.25 mile of the ownership will 
have Conservation Measures 1 (landscape habitat), 2 (PZ), and 5 (pre-operational surveys and 
breeding season buffer) protections as provided any other Occupied AC. 
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18.1 Occupied Activity Centers 
All occupied ACs will receive a designated 72–100-acre no-harvest PZ. See appendix 5.2 for PZ 
methodologies and descriptions.  Additionally, if nesting status cannot be determined, a 0.25-
mile disturbance buffer shall be implemented. 
 
18.2 Nesting Activity Centers 
All nesting (including suspected nesting) ACs will receive a 0.25-mile seasonal buffer around the 
AC during the early and regular breeding season, with no harvesting or vegetation-disturbing 
activity within the buffer.  The seasonal buffer may be suspended if there is conclusive evidence 
that nesting has failed (no young produced or adults no longer attending nest) or young have 
fledged.  
 
18.3 Unoccupied, Status Unknown Activity Centers (One or Two Years of Un-occupied 
Status) 
All unoccupied, status unknown ACs will receive the same protections as if occupied, with no 
seasonal 0.25-mile buffer. 
 
18.4 Nest Trees 
All spotted owl nest trees discovered on SPI lands will be tagged with a “wildlife tree” tag for 
future identification and retention in an HRA (see HCP Section 5.2.7.1).  
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Introduction 

The Barred Owl (Strix varia, BDOW) expansion throughout the Pacific Northwest has been well 
documented and currently overlaps the entire range of the federally threatened northern spotted owl 
(Strix occidentalis caurina NSO) (Kelly et al. 2003, Livezey 2009).  Currently the BDOW is expanding south 
into the range of the California spotted owls (Strix occidentalis occidentalis, CSO) (Seamans et al. 2004, 
Keane et al. 2018).  Increasing evidence suggests these birds present a situation exemplifying  the 
introduction of an invasive species, as changes in food web dynamics and resource availability add to 
direct competition to result in harmful ecological impacts to the NSO (Kelly et al. 2003, Anthony et al. 
2006, Buchanan et al. 2007, Gutiérrez et al. 2007, Forsman 2011,  Wiens et al. 2014).  Although 
ecologically and morphologically similar, the BDOW is larger (Wiens et al. 2014), has a wider range of 
prey (Hamer et al. 2001), occupies smaller home ranges (Singleton et al. 2010), utilizes broader forested 
habitats for nesting (Pearson and Livezey 2003, Livezey 2007), and has been documented to produce 4.4 
times more offspring than do NSO (Wiens et al. 2014).  In addition, due to the aggressive territorial 
behavior of the BDOW, negative interactions between the birds may result in the death of the smaller 
less aggressive spotted owl (Leskiw and Gutiérrez 1998, SPOW).  Due to the rapid expansion of the 
BDOW, the competition for resources inside the same niche has resulted in the decreased survival and 
fecundity of the NSO throughout its range (Forsman 2011, Wiens et al. 2014, Dugger et al. 2016). 
Interspecific competition also has had negative effect on apparent survival (Forsman 2011), occupancy 
rates (Kroll et al. 2010, Dugger et al. 2011), and rates of population change where the two species have 
coexisted the longest (Forsman 2011).  Similar effects are expected to be seen throughout the range of 
the CSO as the BDOW expands throughout the Sierra Nevada (Keane et al. 2018).   

Both the U.S. Fish and Wildlife Service (Service) (USDI 2011) and the U.S. Forest Service (USFS) 
(Livezey et al. 2007) have recognized the need to engage in long term experiments to help further 
understand the implications associated with this invasive North American native.  With the well 
documented negative impacts the BDOW has had on the NSO, it is highly likely the impacts are being felt 
on numerous other species throughout the range of the expansion (Holm et al. 2016). 

  



Appendix 5.5 - SPI NSO/CSO HCP   6/20/2018 
 

2 
 

Proposal 

We propose to collect BDOW and BDOW x SPOW hybrids over the next six years on or near SPI 
lands in California to address four primary objectives: (1) assess the differentiation of BDOW populations 
across northern and central CA, (2) analyze allele frequency changes on the front of a range expansion, 
(3) estimate the amount of SPOW - BDOW admixture in each population, and (4) identify wildlife species 
that BDOW prey upon in California. 

As SPI holds lands across a large geographic area in northern California from Trinity to Tuolumne 
Counties, genomic sequencing of BDOW samples from these areas will address multiple questions of 
relevance to the BDOW invasion in California.  We will attempt to ascertain whether BDOWs west and 
east of California’s Central Valley arrived via the same colonization route.  We will compare the level of 
genetic differentiation between BDOW populations across northern California.  In order to address 
these questions, we will sequence samples from additional locations, such as the removal areas in 
Oregon and Washington, which will also enable us to draw broader conclusions contextualizing the 
relationship of the California populations within the species’ expansion into western North America. 

Genomic sequencing of these BDOW samples will also enable us to examine questions of basic 
scientific relevance, such as how the genetic diversity of an expanding species changes on the front of a 
range expansion.  We predict that, due to a succession of founder events, the genetic diversity in the 
western BDOW populations has been continually reduced as they have colonized new areas, but we 
don’t know if this is actually the case.  Specimens from SPI lands will enable us to test that prediction. 
Specifically, we will study how the genetic variation of BDOW populations has changed as the species 
has moved south through the Cascades and Sierra Nevada.  We will assess the genetic consequence of 
the range expansion in California and identify the proportion of BDOW genetic variation that has been 
maintained through the colonization of California. 

Observational reports suggest that hybridization of the CSO and BDOW may be more common in 
the central Sierra Nevada where the BDOW remains at a low population density than in other portions 
of the contact zone of these two species.  We will test this by analyzing all samples for evidence of 
hybridization.  We will report the level of admixture in each population and, if we find significant levels, 
attempt to identify the demographic conditions under which it is most frequent.  Specimen collection of 
potential hybrids will be especially important in order to enable study of the relationship between 
phenotypic characters and levels of admixture. 

In order to obtain an accurate measurement of the amount of genetic variation within each 
population and be able to accomplish the objectives stated above, we estimate that we will need to 
sample at least 10 individuals per population.  We propose to sequence BDOWs from different 
geographic locations throughout California (100 individuals collected) with the broadest distribution 
possible.  Additionally, specimens from populations from Oregon and Washington (up to 20 individuals 
that have already been collected in other studies) will be used to better ascertain the source of the 
California BDOWs.  This sampling plan represents our best estimate for what will be needed to fulfill our 
scientific objectives. Since the extent of population structure within western BDOWs is unknown, we 
may need to adjust the number of owls sequenced from particular populations depending on the 
success of fieldwork as well as initial sequencing results.  In addition, we may need to sequence some 
SPOWs (from museum specimens) or eastern BDOWs to use as reference genomes for our hybridization 
/ admixture analyses, or to sequence potential hybrids collected from SPI districts.  If so, we will modify 
the sampling scheme as needed (keeping to a total of 120 individuals to be sequenced).  We will 
sequence each individual at 15X whole-genome coverage (at cost of $450 / individual), which will enable 
ascertainment of the genotype of each individual. We have budgeted $54,000 to cover the cost of 
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sequencing the genomes of 120 samples.  We have additionally budgeted $91,590 to partially cover cost 
of the salary of a postdoctoral researcher at the University of California, San Francisco (UCSF), who has 
experience studying BDOW genome sequences, to analyze these genomic sequence data and report the 
results.  We plan to contract with Dr. Zachary Hanna, a postdoctoral researcher at UCSF, who will 
perform the genomic sequence data analyses.  He will work with his postdoctoral advisor, Prof. Jeffrey 
Wall at UCSF as well as Prof. Rauri Bowie, Curator of Birds, in the UC Berkeley Museum of Vertebrate 
Zoology, and Dr. John Dumbacher, Curator of Ornithology and Mammalogy at the California Academy of 
Sciences to publish the data and analyses in academic journals to make the results available to the 
scientific community and public. 

Additionally, we will perform a diet study to identify wildlife species that BDOWs prey upon on 
or near SPI lands and begin to evaluate BDOWs’ effect on the ecosystem within the area where their 
range is expanding in California.   This study will help us understand the role of food competition 
between BDOWs and SPOWs, and how it potentially contributes to the decline of both SPOW 
subspecies.  This study would require lethal collection of BDOWs to identify prey species found in BDOW 
digestive tracts.  Owl pellet collection would not be adequate for this study because it is difficult or 
impossible to detect remains soft-bodied prey such as salamanders and frog in owl pellets (Briones 
2015). Because diets of BDOW vary among geographic region (Graham 2012, Wiens et al. 2014) this 
would expand upon similar studies and would include new habitat types that haven’t yet been 
evaluated.  It would also help address the immediate and long-term effects of potential trophic 
cascading within the leading edge of the expansion between predator and prey communities.  Because 
invasive predators often reach higher densities than native predator species, the effects on shared prey 
species can be much greater (Finke and Snyder 2010).  With the advancing BDOW invasion and of its 
role as a new unregulated predator, Holm et al. (2016) predicted “significant changes in the prey 
community, food webs, and ecosystem processes.”  

We have budgeted up to $27,000 to cover the cost of several undergraduate students from U.C. 
Berkeley to complete the diet analysis for up to 200 BDOWs.  We will be directly working with Prof. 
Rauri Bowie, Curator of Birds, in the UC Berkeley Museum of Vertebrate Zoology.  

To provide the specimens for the genetic analyses and the diet analysis, we are proposing to 
collect a maximum of 300 BDOWs on or near SPI ownership in California over the next six years. 

Effects on BDOW 

There are currently no estimates for the total population of BDOWs throughout the range of the 
northern or California SPOWs.  To provide the range wide context we calculated the percent of overlap in 
ranges between the northern and California SPOWs with that of the BDOW to estimate the potential 
impacts to the BDOW population as a whole.  Historic data estimates the range of the NSO to encompass 
≈33 million acres in North America (USFWS, 1989) and the CSO to encompass ≈12.2 million acres (USFS, 
1992).  Using the data provided in Final EIS for the Experimental Removal of Barred Owls, the Service 
estimated the range of the NSO overlapped roughly 3% of that of the BDOW (USFWS, 2013), we calculated 
the BDOW range to encompass ≈1.1 billion acres in North America.  Within the range of the NSO, Sierra 
Pacific Industries proposes to collect BDOWs on ≈1.3 million acres and within the CSO to collect BDOWs 
on ≈2 million acres.  This represents collection of BDOWs on a fraction of a percent (0. 3%) of the overall 
range of the BDOW.  Regionally, BDOWs would be collected throughout an area covering roughly 3.9% of 
the overlapping habitat within the range of the NSO and 16.4% within the range of the CSO.  
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Breeding Season Collections 

If and when methodology is adopted by the Federal Experiment in Region 1 for collecting during 
the breeding season, the same methodologies will be applied and used on our study.  Until then, no 
collections will be made during the breeding season (March 15th through August 31st) unless reproductive 
status has been determined for individual birds and a non-reproductive status is determined 
(reproductive status determined following same mousing methodologies outlined in the 2012 NSO survey 
protocol).  
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SPI POLICY REGARDING RAPTORS AND RAPTOR SURVEYS 
20 NOVEMBER 2002 

(UPDATED 20 FEBRUARY 2018) 
 
For the purposes of this policy, a raptor is any bird of either the Order Falconiformes or Order 
Strigiformes that potentially nests on SPI timberlands (see Table 1). It is generally prohibited to take 
raptors listed pursuant to the Federal Endangered Species Act and for listed or candidate raptors 
pursuant to the California State Endangered Species Act.  In addition, raptors listed by the Board of 
Forestry may require special management consideration as outlined in the Forest Practice Rules.  SPI 
also has developed policies for individual raptor species.  Because of these prohibitions and 
management requirements, the nest sites of these listed birds are provided protection.  Thus, raptors 
to be addressed in a Timber Harvest Plan (THP) may be described in two categories: listed species1 
and non-listed species. 
 
A) Listed Species 

1) Raptor species listed by either the Federal Endangered Species Act or California Endangered 
Species Act (ESA / CESA) or Candidates for State Listing 
a) bald eagle (SE2) 
b) American peregrine falcon (SE) 
c) northern spotted owl (FT3, ST4, HCP5) 
d) great gray owl (SE), and 
e) California condor (FE6, SE) 

 
2) Raptor species listed by the Board of Forestry as “Sensitive”  

a) bald eagle 
b) peregrine falcon 
c) northern spotted owl 
d) great gray owl 
e) golden eagle 
f) California condor 
g) northern goshawk, and 
h) osprey 

 
3) Raptor species covered by SPI policy specific to that species 

a)  California spotted owl (HCP5) 
 
B) Non-Listed Species – all other raptors

                                                 
1 The raptor species list included in this policy was developed from the California Department of Fish and Wildlife 
(DFW), Natural Diversity Database List of “Special Animals” (January 2013). 
2 State Endangered 
3 Federally Threatened 
4 State Threatened 
5 Habitat Conservation Plan 
6 Federally Endangered 
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Scoping for Raptors During THP Preparation 
 
Foresters will use this policy statement to guide their analysis for raptors when preparing a THP.  
 
General Scoping Procedures 
 
1) The analysis area should be selected to include an area that reasonably assesses the likelihood that 
the proposed project has the potential to cause significant adverse impact to raptors. The general 
assessment area for raptors, unless otherwise chosen by the forester, will be the immediate California 
Planning Watershed(s) the THP lies within.  Include in the assessment all known raptor nest sites from 
adjacent planning watersheds if they are located within 1 mile of proposed harvest activities.  The 
assessment area for Northern Spotted Owls shall be within 1.3 miles of proposed harvest activities. 
  
2) The forester should consult with several resources regarding the known occurrences of raptor 
species. These sources are listed in Forest Practice Rules Technical Addendum No. 2.  They include, but 
are not limited to: 
 

a. Professional experts 
b. Adjacent landowners who would be expected to be familiar with raptors 
c. Existing environmental reports 
d. Databases containing raptor location information 

 

Any information related to the likelihood of the project having a significant effect to raptors shall be 
discussed in the THP document. 

 
3) The forester should run a query on SPI’s in-house database producing a report of animal and plant 
sightings.  This proprietary database includes data from the latest version of the State of California’s 
Natural Diversity Database, a listing of historical Northern Spotted Owl territories, and a listing of 
wildlife species reported by SPI personnel.  The in-house database is organized by planning watershed. 
Each raptor species nest site that is listed in the report and is within 1 mile of proposed harvest 
activities shall be discussed in the THP.  Northern Spotted Owl nest sites within 1.3 miles of proposed 
harvest activities shall be discussed in the THP. 
 
Dealing with Known Nest Sites During THP Preparation – ESA Listed Species, Board of Forestry 
Sensitive Species, and a Species Covered by SPI Policy 
The forester shall plan harvest units and protect nest sites in accordance with rules and regulations 
developed by wildlife agencies, SPI policies, Habitat Conservation Plan (HCP) and the California Forest 
Practice Rules for the particular species involved.  This often includes buffer zones, screening, and 
seasonal operating restrictions.  The forester may consult with wildlife agencies in developing the 
protection measures.  The THP will discuss issues and protections. 
 
Dealing with Known Nest Sites During THP Preparation – Non-listed Species 
The forester shall plan harvest units to provide a broad range of diverse forest habitats important to 
raptor species.  Nest sites of non-listed species will generally not receive additional special 
consideration during THP preparation.  However, known nest sites located within harvest units or areas 
within ¼ mile of harvest units will be visited during the year of harvest to determine occupancy status. 
In addition, general, focused, and walk-through surveys described below will assist foresters in 
determining if occupied nests of non-listed species are in areas to be harvested. 
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SURVEYS FOR RAPTORS DURING THP PREPARATION AND IMPLEMENTATION 
 
Personnel managing Sierra Pacific Industries’ forests will survey for raptors (Table 1) in the following 
manner:  
 
General Surveys for All Raptor Species  
To make a reasonable effort to detect raptor presence, field personnel will be alert for any raptor 
activity during general field work and sale reconnaissance (e.g.: property line running, sample marking, 
WLPZ flagging, archaeological surveys, road layout, unit boundary layout, and locating Retention Areas 
within the unit boundaries). As much work as practicable will be scheduled during the season when 
young are present, generally mid-May through August, as the probability of discovery is highest during 
this time.  General surveys will cover suitable habitat and look for nests, whitewash, pellets, feathers, 
and any other appropriate raptor sign.  Vocal calls will be used to detect the presence of spotted owls. 
 
Focused Surveys for Raptors Protected by Federal, State ESAs, SPI Policy, or HCP 
The Fish and Wildlife Service approved survey protocol will be used for the spotted owl.  Sufficient 
information will be provided in the THP regarding the northern spotted owl and other Federal or State 
ESA listed species to allow the appropriate governmental wildlife agency with jurisdiction over the listed 
species to make comments about the significance of any potential adverse impacts of the proposed 
action. Plan development, layout, silvicultural prescriptions, and operational protections will reduce any 
impacts to insignificance. 
 
Walk-Through Survey for All Raptors Prior to Operations in a Harvest Unit During Nesting Period 
Field personnel may perform, or as required, a walk-through survey of individual harvest units shortly 
before harvest of a unit.  This walk-through survey may include vocal calls for spotted owls, 
examination of nests for raptor activity, visual searches for whitewash, listening for calls, and any other 
evidence of nesting raptors in the harvest unit.  If field personnel detect raptor presence, they will take 
appropriate protection measures discussed below for that particular species. 
 
PROCEDURES UPON DISCOVERY OF RAPTORS OR RAPTOR NESTS 
 
Upon the discovery of any unknown large bird or an occupied nest of any raptor, personnel involved 
with the harvest operation will suspend vegetation-disturbing activities within ¼ mile of the nest.  
Activities may resume after the species using the nest is identified, the appropriate measures below, 
and any measures specified in the California Forest Practice Rules to protect the nest are determined 
and implemented on the ground. 
 
Listed Raptors  
In accordance with Forest Practices Rules, if an occupied nest of a listed bird (ESA, CESA, or Board of 
Forestry Sensitive Species) is discovered during timber operations, the timber operator shall protect the 
nest tree, screening trees, perch trees, and replacement trees. Until any consultation required under 
Forest Practice Rules occurs, (1) vegetation disturbing activities will be suspended within ¼ mile of the 
nest, (2) all operations (per Public Resources Code §4527) will be suspended within a 375-foot radius 
buffer (500-foot radius for the northern spotted owl) of the occupied nest, and (3) the Department of 
Fish and Wildlife and Department of Forestry and Fire Protection will be immediately notified.  A minor 
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amendment to the timber harvest plan shall be filed reflecting the protection agreed to between SPI 
and the Director of the Department of Forestry and Fire Protection after any consultation with the 
appropriate wildlife agency. 
 
The 375-foot radius buffer is equivalent to a 10-acre area, which is the minimum buffer size for a bald 
eagle in 14 California Code of Regulations §919.3, §939.3, and §959.3.  All other Forest Practice Rules 
listed species have smaller minimum buffer sizes.  The 10-acre buffer was chosen since it is the largest 
default protection area.  A radius of this size is also supported by a Biological Opinion of the US Fish 
and Wildlife Service regarding sight and noise disturbance distances for northern spotted owls and 
marbled murrelets.7 
 
Non-listed Raptors  
If an occupied nest of a non-listed raptor is discovered during timber operations, the timber operator 
will suspend all vegetation disturbing activities within ¼ mile of the occupied nest until a SPI forester 
(or designee) with the advice of a biologist has designated the nest tree, perch trees(s), screening 
tree(s), and replacement trees(s), which shall be left standing and unharmed.  Since SPI can designate 
and not cut any trees it so chooses, no amendment to the THP is necessary.  If the RPF decides to file 
an amendment it shall be considered a minor amendment to the timber harvesting plan and shall 
reflect the protection measures implemented. 
 
Raptors With a Specific SPI Policy or identified in a HCP 
If an occupied nest of a raptor species covered by a specific SPI policy is discovered during timber 
operations, the timber operator will suspend all vegetation disturbing activities within ¼ mile of the 
occupied nest until a SPI forester (or designee) with the advice of a biologist has designated the raptor 
core activity center for protection. This usually means the remainder of the evenaged unit, if the 
discovered nest is in the active harvest area, will be retained uncut.  The forester will seek the advice 
of a SPI wildlife biologist as to when vegetation disturbing activities may resume, including yarding the 
down material.  
 
TRAINING AND INFORMATION 
 
SPI will provide field personnel training or information on the size, structure, evidence, and location of 
nests as well as the identification of juveniles and adults and basic calls of the bald eagle, peregrine 
falcon, golden eagle, northern goshawk, great gray owl, spotted owl, and osprey. 
 
Field personnel include employees and contractors involved with planning, layout, and harvest 
operations. 

                                                 
7 USDI.  2004.  Appendix 1 from: Biological opinion and letter of concurrence for effects to bald eagles, 
marbled murrelets, northern spotted owls, bull trout.  Olympic National Forest.  Lacey, Washington, 
August 2003, revised September 2004. 



 
 

5 

TABLE 1: RAPTOR SPECIES ADDRESSED BY SPI RAPTOR POLICY 
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GENERAL SURVEY DURING THP 
PREPARATION AND OPTIONAL 

WALK-THROUGH SURVEY PRIOR 
TO OPERATIONS 

PROTECT ACTIVE8 
NESTS 

PER AGENCY 
CONSULTATION 

PROTECT OCCUPIED 
NESTS PER SPI 

RECOMMENDATIONS 

bald eagle   X  X   X X  

Osprey    X   X X  

golden eagle    X   X X  

northern goshawk    X   X X  

Cooper’s hawk      X X  X 

sharp-shinned hawk      X X  X 

peregrine falcon  X  X   X X  

prairie falcon      X X  X 

California condor X X  X   X X  

turkey vulture      X X  X 

red-tailed hawk      X X  X 

red-shouldered hawk      X X  X 

ferruginous hawk      X X  X 

                                                 
8 As defined by the current Forest Practices Rules 
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WALK-THROUGH SURVEY PRIOR 
TO OPERATIONS 

PROTECT ACTIVE8 
NESTS 

PER AGENCY 
CONSULTATION 

PROTECT OCCUPIED 
NESTS PER SPI 

RECOMMENDATIONS 

rough-legged hawk      X X  X 

American kestrel      X X  X 

northern spotted owl X  X X   X X  

California spotted owl   X  X  X  X 

great gray owl  X  X   X X  

flammulated owl      X X  X 

western screech owl      X X  X 

northern pygmy owl      X X  X 

long-eared owl      X X  X 

northern saw-whet owl      X X  X 

barn owl      X X  X 

great horned owl      X X  X 

barred owl      X X  X 
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The Mixed HF2H and HF4 Diameter Frequency Distributions 
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__________________________________________________________________ 

In the following pages the reader will find an overview map of the Plan Area 
showing the SPI management Districts and then tables and graphs comparing SPI 
Habitat Form(HF) 2H to HF4.  These summaries and graphical depictions show the 
Plan Area wide average diameter frequency distributions followed by the 
individual SPI District diameter frequency distributions.  Important highlights are 
that these two HFs are very similar to each other and that there are significant 
numbers of trees greater than 12” in diameter-breast-high (DBH, 4.5 feet above 
the ground) per acre across these lands.  There are also larger trees 22” DBH and 
greater in these HFs well distributed across the Plan Area as shown by the 
individual SPI District data.  These HFs provide important values to both NSO and 
CSO for nesting, roosting and foraging as discussed in the HCP. 
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Interpreter (Fixed Grid) QMD ALL 10.1 (+ or -) 13.1 Interpreter (Fixed Grid) QMD ALL 11.5 (+ or -) 13.9
Processed: 12/15/2017 at 15:30:31 QMD >=5" 12.6 (+ or -) 12.9 Processed 12/15/2017 at 15:31:28 QMD >=5" 14.6 (+ or -) 13.8

Ave Diam All 8.2 (+ or -) 48.2 Ave Diam All 8.9 (+ or -) 50.3
Tree Frequency Ave Diam >=5" 11.4 (+ or -) 44.9 Tree Frequency Ave Diam >=5" 12.8 (+ or -) 46.8
Plot Count 101,409 405636 acres Plot Count 87,657 350628 acres HF2Hv HF4

DBH PP SP WF DF IC MC HW Total DBH PP SP WF DF IC MC HW Total DBH Total Total
2 6.57 1.33 13.06 12.48 9.01 .72 12.02 55.19 2 3.47 .81 19.76 9.24 13.21 .81 12.13 59.42 2 55.2 59.4
4 6.15 .92 10.61 7.16 5.78 .67 18.26 49.54 4 3.69 .74 15.19 5.88 11.05 .48 16.79 53.82 4 49.5 53.8
6 5.23 1.07 8.25 6.43 6.82 .63 11.71 40.14 6 3.08 .86 10.35 4.70 10.18 .51 7.59 37.27 6 40.1 37.3
8 4.98 .97 6.59 4.69 4.25 .44 10.60 32.52 8 2.54 .89 7.87 3.83 8.00 .40 6.09 29.62 8 32.5 29.6

10 6.55 .67 4.91 3.89 2.69 .35 7.81 26.87 TPA >= 12" 10 2.20 .72 6.37 3.02 5.40 .28 4.78 22.77 TPA >= 12" 10 26.9 22.8
12 9.39 .52 4.01 3.12 1.85 .25 5.00 24.14 77.7 12 1.97 .61 5.42 2.47 3.78 .20 3.35 17.80 81.8 12 24.1 17.8
14 8.49 .46 3.25 2.41 1.27 .20 3.04 19.12 14 1.86 .57 4.57 2.10 2.74 .18 2.32 14.34 14 19.1 14.3
16 4.97 .39 2.44 1.75 .90 .16 1.61 12.21 16 1.53 .54 3.71 1.72 2.05 .15 1.33 11.03 16 12.2 11.0
18 2.48 .29 1.74 1.32 .61 .10 .95 7.51 18 1.31 .45 3.08 1.44 1.51 .12 .90 8.81 18 7.5 8.8
20 1.29 .23 1.21 .99 .42 .07 .60 4.82 TPA >= 22" 20 1.16 .42 2.54 1.25 1.18 .08 .61 7.24 TPA >= 22" 20 4.8 7.2
22 .75 .17 .84 .71 .29 .05 .37 3.18 9.9 22 1.00 .37 2.01 1.04 .88 .07 .42 5.78 22.6 22 3.2 5.8
24 .45 .13 .55 .50 .21 .03 .22 2.08 24 .76 .32 1.58 .82 .67 .05 .27 4.47 24 2.1 4.5
26 .31 .11 .39 .37 .15 .02 .15 1.50 26 .59 .27 1.19 .65 .49 .03 .21 3.44 26 1.5 3.4
28 .19 .09 .26 .26 .11 .01 .09 1.02 31.1 28 .45 .25 .88 .49 .36 .02 .15 2.61 32.7 28 1.0 2.6
30 .12 .07 .17 .18 .08 .01 .06 .69 1.55 30 .34 .20 .62 .36 .27 .01 .10 1.91 1.64 30 .7 1.9
32 .08 .05 .11 .12 .05 .01 .05 .48 32 .24 .18 .43 .26 .18 .01 .08 1.37 32 .5 1.4
34 .05 .04 .07 .09 .03 .00 .03 .31 34 .16 .14 .28 .19 .13 .00 .05 .96 34 .3 1.0
36 .03 .03 .04 .06 .02 .00 .02 .20 36 .11 .11 .18 .13 .09 .01 .03 .67 36 .2 .7
38 .02 .02 .03 .05 .02 .00 .01 .15 38 .07 .09 .13 .10 .06 .00 .02 .48 38 .2 .5
40 .01 .02 .02 .04 .01 .00 .01 .11 40 .04 .09 .07 .07 .05 .00 .02 .34 40 .1 .3
42 .00 .01 .01 .02 .01 .00 .01 .05 42 .02 .04 .03 .04 .03 .00 .01 .17 42+ .2 .5
44 .00 .01 .00 .02 .00 .00 .00 .04 44 .01 .03 .02 .03 .02 .00 .01 .11 Total 281.98 284.68
46 .00 .00 .00 .01 .00 .00 .00 .03 46 .01 .02 .01 .02 .01 .00 .00 .08
48 .00 .00 .00 .01 .00 .00 .00 .02 48 .00 .01 .01 .01 .01 .00 .00 .05
50 .00 .00 .00 .01 .00 .00 .00 .01 50 .00 .01 .00 .01 .01 .00 .04
52 .00 .00 .00 .00 .00 .00 .01 52 .00 .01 .00 .01 .01 .00 .00 .02
54 .00 .00 .00 .00 .00 .00 .00 .01 54 .00 .00 .00 .01 .00 .00 .00 .02
56 .00 .00 .00 .00 .00 .00 .00 .01 56 .00 .00 .00 .01 .00 .00 .00 .01 8
58 .00 .00 .00 .00 .00 .00 .00 58 .00 .00 .00 .00 .00 .00 .00 .01
60 .00 .00 .00 .00 .00 .00 .00 60 .00 .00 .00 .00 .00 .00 .01
62 .00 .00 .00 .00 .00 .00 .00 62 .00 .00 .00 .00 .00 .00 .00 .01
64 .00 .00 .00 .00 .00 .00 .00 64 .00 .00 .00 .00 .00 .00 .00
66 .00 .00 .00 .00 .00 .00 .00 66 .00 .00 .00 .00 .00 .00 .00
68 .00 .00 .00 .00 .00 .00 68 .00 .00 .00 .00 .00 .00 .00
70 .00 .00 .00 .00 .00 70 .00 .00 .00 .00 .00 .00 .00
72 .00 .00 .00 .00 .00 72 .00 .00 .00 .00 .00 .00
74 .00 .00 .00 .00 74 .00 .00 .00 .00
76 .00 .00 .00 .00 .00 76 .00 .00 .00 .00 .00 .00
78 .00 .00 .00 .00 78 .00 .00 .00 .00
80 .00 .00 .00 80 .00 .00 .00 .00 .00
82 .00 .00 82 .00 .00 .00 .00 .00
84 .00 .00 .00 84 .00 .00 .00 .00
86 .00 .00 86 .00 .00 .00
88 88 .00 .00 .00 .00
90 .00 .00 90 .00 .00 .00
92 .00 .00 92 .00 .00 .00
94 .00 .00 .00 94 .00 .00 .00
96 96
98 .00 .00 .00 98 .00 .00 .00

100 100
Total 58.13 7.61 58.60 46.71 34.59 3.74 72.62 281.98 Total 26.62 8.78 86.30 39.91 62.38 3.42 57.27 284.68
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Interpreter (Fixed Grid) QMD ALL 9.4 (+ or -) 12.5 Interpreter (Fixed Grid) QMD ALL 10.8 (+ or -) 13.1
Processed 12/15/2017 at 15:31:28 QMD >=5" 12.2 (+ or -) 12.4 Processed 12/15/2017 at 15:31:28 QMD >=5" 14.0 (+ or -) 12.9

Ave Diam All 7.4 (+ or -) 45.8 Ave Diam All 8.4 (+ or -) 45.8
Tree Frequency Ave Diam >=5" 11.0 (+ or -) 41.8 Tree Frequency Ave Diam >=5" 12.4 (+ or -) 42.1
Plot Count 12,452 Plot Count 3,097 HF2Hv HF4

DBH PP SP WF DF IC MC HW Total DBH PP SP WF DF IC MC HW Total DBH Total Total
2 5.59 3.51 6.03 36.84 7.23 11.35 70.55 2 7.55 2.10 7.01 24.12 5.71 6.81 53.30 2 70.5 53.3
4 4.68 1.31 2.94 14.24 1.55 .90 28.00 53.63 4 2.53 1.06 3.36 15.53 1.79 .71 28.85 53.83 4 53.6 53.8
6 3.30 1.27 2.18 14.90 2.06 .31 12.44 36.47 6 1.96 .81 2.90 10.94 1.65 .37 5.24 23.86 6 36.5 23.9
8 2.63 .58 1.81 8.84 1.54 .44 15.46 31.29 8 2.38 .67 1.46 9.45 .82 .20 14.37 29.35 8 31.3 29.4

10 2.77 .49 1.28 8.04 .64 .22 14.69 28.14 TPA >= 12" 10 1.39 .51 1.18 8.10 .81 .14 11.09 23.22 TPA >= 12" 10 28.1 23.2
12 3.34 .44 .77 6.28 .45 .19 9.97 21.44 62.4 12 .84 .43 .89 6.14 .50 .22 7.18 16.20 65.9 12 21.4 16.2
14 2.32 .31 .58 4.37 .34 .22 6.33 14.47 14 .87 .23 .68 5.17 .42 .28 6.13 13.77 14 14.5 13.8
16 1.02 .24 .44 3.04 .25 .27 3.50 8.76 16 .86 .23 .61 3.22 .25 .10 3.38 8.65 16 8.8 8.7
18 .63 .19 .32 2.36 .17 .12 1.90 5.70 18 .56 .18 .50 3.35 .25 .02 2.01 6.86 18 5.7 6.9
20 .43 .12 .21 1.71 .13 .10 1.29 3.99 TPA >= 22" 20 .56 .18 .43 2.64 .23 .05 1.61 5.70 TPA >= 22" 20 4.0 5.7
22 .30 .12 .12 1.22 .07 .09 .72 2.66 8.0 22 .44 .16 .33 2.07 .09 .04 1.02 4.14 14.7 22 2.7 4.1
24 .17 .05 .11 .78 .06 .06 .41 1.64 24 .33 .11 .24 1.59 .11 .04 .57 2.99 24 1.6 3.0
26 .13 .06 .05 .58 .05 .04 .24 1.15 26 .27 .11 .16 1.24 .10 .00 .44 2.31 26 1.1 2.3
28 .11 .03 .05 .36 .03 .03 .14 .74 28 .21 .10 .12 .92 .04 .00 .22 1.62 28 .7 1.6
30 .07 .04 .03 .27 .03 .02 .09 .55 30 .12 .05 .09 .60 .08 .14 1.08 30 .5 1.1
32 .04 .02 .02 .18 .02 .01 .08 .37 32 .11 .08 .03 .38 .02 .01 .12 .75 32 .4 .7
34 .03 .01 .01 .13 .01 .01 .05 .26 34 .06 .04 .04 .27 .02 .01 .05 .49 34 .3 .5
36 .01 .01 .00 .09 .01 .00 .04 .17 36 .03 .02 .01 .19 .02 .01 .04 .32 36 .2 .3
38 .01 .01 .00 .08 .01 .01 .02 .15 38 .03 .02 .03 .18 .01 .02 .04 .33 38 .1 .3
40 .01 .01 .00 .08 .01 .00 .02 .12 40 .02 .02 .01 .14 .01 .01 .21 40 .1 .2
42 .00 .00 .00 .03 .00 .00 .01 .05 42 .00 .00 .01 .07 .01 .02 .12 42+ .2 .5
44 .00 .00 .00 .03 .00 .00 .00 .04 44 .01 .01 .01 .06 .00 .01 .01 .11 Total 282.46 249.49
46 .00 .00 .00 .02 .00 .00 .03 46 .00 .00 .00 .05 .00 .01 .07
48 .00 .00 .00 .02 .00 .00 .02 48 .00 .00 .00 .02 .00 .00 .04
50 .00 .00 .00 .02 .00 .00 .02 50 .00 .04 .00 .00 .04
52 .00 .00 .00 .01 .00 .00 .01 52 .00 .00 .00 .02 .00 .00 .03
54 .00 .00 .00 .01 .00 .00 .01 54 .00 .01 .00 .01
56 .00 .00 .01 .00 .00 .01 56 .00 .02 .00 .00 .02
58 .00 .01 .00 .00 .01 58 .00 .00 .01 .00 .01
60 .00 .00 .00 .00 .00 60 .00 .01 .00 .00 .01
62 .00 .00 62 .01 .00 .01
64 .00 .00 .00 .00 .00 64 .01 .00 .00 .01
66 .00 .00 .00 66 .00 .00 .00 .00
68 .00 .00 68 .00 .00
70 .00 .00 70 .00 .00 .00 .00
72 .00 .00 .00 72 .00 .00
74 .00 .00 .00 74 .00 .00 .00
76 .00 .00 76 .00 .00
78 .00 .00 78 .00 .00
80 .00 .00 80
82 82 .00 .00 .00
84 .00 .00 84
86 .00 .00 86
88 88
90 90
92 92
94 94
96 96
98 98

100 100
Total 27.62 8.84 16.99 104.53 14.69 3.04 106.74 282.46 Total 21.17 7.15 20.10 96.56 12.97 2.21 89.34 249.49
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TP
A

DBH (INCHES)

T P A BY  DBH CL ASS  CO MP ARI SO N

HF2Hv HF4



Interpreter (Fixed Grid) QMD ALL 9.3 (+ or -) 13.3 Interpreter (Fixed Grid) QMD ALL 10.5 (+ or -) 13.8
Processed 12/15/2017 at 15:31:28 QMD >=5" 12.1 (+ or -) 13.1 Processed 12/15/2017 at 15:31:28 QMD >=5" 14.1 (+ or -) 13.7

Ave Diam All 7.4 (+ or -) 51.4 Ave Diam All 7.9 (+ or -) 51.4
Tree Frequency Ave Diam >=5" 10.8 (+ or -) 46.8 Tree Frequency Ave Diam >=5" 12.4 (+ or -) 46.7
Plot Count 16,232 Plot Count 9,357 HF2Hv HF4

DBH PP SP WF DF IC MC HW Total DBH PP SP WF DF IC MC HW Total DBH Total Total
2 5.43 1.17 7.59 25.09 8.05 .22 30.68 78.22 2 4.19 .20 12.61 25.80 13.82 .59 29.38 86.58 2 78.2 86.6
4 4.20 1.11 5.66 18.05 4.87 .33 41.72 75.94 4 2.25 .72 7.29 17.26 8.55 .20 35.42 71.68 4 75.9 71.7
6 2.99 .83 3.34 13.06 3.09 .38 28.89 52.58 6 1.68 .36 4.50 11.12 5.55 .22 13.61 37.03 6 52.6 37.0
8 2.02 .75 2.75 9.91 2.12 .31 26.72 44.58 8 1.40 .50 3.96 9.93 3.38 .16 13.26 32.60 8 44.6 32.6

10 2.38 .31 1.67 7.20 1.10 .27 17.73 30.66 TPA >= 12" 10 1.09 .39 3.12 7.56 2.25 .07 10.50 24.98 TPA >= 12" 10 30.7 25.0
12 4.47 .31 1.33 5.83 .79 .23 11.21 24.16 74.2 12 1.19 .35 2.40 6.33 1.55 .11 7.15 19.07 80.7 12 24.2 19.1
14 3.44 .24 1.05 4.82 .54 .16 6.56 16.81 14 .92 .31 1.97 5.38 1.17 .09 4.67 14.51 14 16.8 14.5
16 1.53 .22 .74 3.73 .41 .18 3.48 10.29 16 .81 .24 1.60 4.73 .90 .05 2.54 10.87 16 10.3 10.9
18 .81 .15 .55 2.87 .31 .16 2.02 6.88 18 .74 .28 1.67 3.75 .61 .07 1.58 8.69 18 6.9 8.7
20 .48 .15 .44 2.25 .19 .13 1.32 4.97 TPA >= 22" 20 .66 .18 1.42 3.19 .51 .05 1.07 7.08 TPA >= 22" 20 5.0 7.1
22 .35 .10 .31 1.59 .14 .10 .81 3.39 11.1 22 .52 .20 .96 2.83 .45 .04 .73 5.72 20.5 22 3.4 5.7
24 .26 .10 .22 1.12 .11 .05 .47 2.33 24 .45 .13 .85 2.14 .35 .03 .44 4.38 24 2.3 4.4
26 .20 .08 .15 .83 .08 .02 .35 1.71 26 .36 .14 .51 1.62 .24 .03 .38 3.28 26 1.7 3.3
28 .12 .06 .09 .60 .06 .02 .21 1.16 28 .26 .09 .41 1.17 .23 .01 .22 2.39 28 1.2 2.4
30 .09 .05 .06 .38 .05 .02 .13 .77 30 .17 .06 .25 .79 .11 .00 .15 1.54 30 .8 1.5
32 .04 .03 .04 .25 .03 .02 .11 .53 32 .11 .07 .19 .54 .09 .01 .09 1.10 32 .5 1.1
34 .03 .02 .02 .19 .02 .00 .06 .34 34 .06 .05 .09 .39 .05 .00 .06 .69 34 .3 .7
36 .02 .01 .01 .13 .01 .00 .03 .23 36 .04 .03 .04 .25 .04 .00 .04 .44 36 .2 .4
38 .01 .01 .01 .10 .01 .00 .02 .17 38 .02 .03 .03 .18 .02 .00 .03 .30 38 .2 .3
40 .01 .01 .00 .08 .01 .00 .02 .13 40 .01 .01 .01 .13 .01 .02 .20 40 .1 .2
42 .00 .00 .00 .05 .00 .00 .01 .08 42 .01 .01 .00 .09 .01 .01 .13 42+ .3 .5
44 .00 .00 .00 .04 .00 .00 .01 .06 44 .00 .01 .00 .05 .01 .00 .01 .07 Total 356.16 333.57
46 .00 .00 .00 .03 .00 .00 .00 .04 46 .00 .01 .00 .04 .00 .00 .06
48 .00 .00 .00 .02 .00 .00 .03 48 .00 .00 .00 .04 .00 .00 .05
50 .00 .00 .00 .02 .00 .00 .00 .03 50 .00 .00 .00 .03 .00 .00 .04
52 .00 .00 .01 .00 .00 .02 52 .00 .00 .00 .02 .00 .00 .03
54 .00 .00 .00 .01 .00 .00 .00 .01 54 .00 .00 .00 .02 .00 .00 .00 .02
56 .00 .00 .00 .01 .00 .00 .01 56 .00 .02 .00 .00 .02
58 .00 .00 .01 .00 .00 .01 58 .00 .00 .01 .00 .00 .01
60 .00 .00 .00 .00 .00 .01 60 .00 .01 .00 .00 .01
62 .00 .00 .00 .00 62 .00 .00 .00 .00 .01
64 .00 .00 .00 64 .00 .00 .00 .00
66 .00 .00 .00 66 .00 .00 .00 .00
68 .00 .00 68 .00 .00 .00 .00
70 .00 .00 .00 70 .00 .00
72 .00 .00 72 .00 .00 .00
74 74 .00 .00
76 .00 .00 76 .00 .00
78 .00 .00 78 .00 .00
80 .00 .00 80 .00 .00
82 82 .00 .00
84 .00 .00 84 .00 .00
86 86
88 88
90 90
92 .00 .00 92
94 94
96 96
98 98

100 100
Total 28.90 5.72 26.05 98.30 22.00 2.62 172.58 356.16 Total 16.94 4.38 43.88 105.40 39.90 1.72 121.35 333.57

HF2Hv-HF4 Redding Appendix 5.8 SPI CSO/NSO HCP Page 5
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TP
A

DBH (INCHES)

T P A BY  DBH CL ASS  CO MP ARI SO N

HF2Hv HF4



Interpreter (Fixed Grid) QMD ALL 11.0 (+ or -) 12.9 Interpreter (Fixed Grid) QMD ALL 12.7 (+ or -) 14.1
Processed 12/15/2017 at 15:31:28 QMD >=5" 12.9 (+ or -) 12.8 Processed 12/15/2017 at 15:31:28 QMD >=5" 15.1 (+ or -) 14.0

Ave Diam All 9.3 (+ or -) 45.8 Ave Diam All 10.3 (+ or -) 49.9
Tree Frequency Ave Diam >=5" 11.8 (+ or -) 43.7 Tree Frequency Ave Diam >=5" 13.5 (+ or -) 47.7
Plot Count 14,519 Plot Count 7,842 HF2Hv HF4

DBH PP SP WF DF IC MC HW Total DBH PP SP WF DF IC MC HW Total DBH Total Total
2 7.68 .73 11.31 2.51 9.51 1.13 1.64 34.51 2 2.47 .23 27.95 1.63 5.55 1.67 1.15 40.65 2 34.5 40.6
4 6.67 .57 11.86 1.02 6.68 .73 .84 28.37 4 1.40 .25 22.89 1.69 4.50 .67 1.87 33.27 4 28.4 33.3
6 7.68 .82 10.55 1.16 7.19 1.02 1.05 29.46 6 2.73 .57 17.81 1.07 4.08 .88 .98 28.14 6 29.5 28.1
8 8.77 .99 8.67 1.22 4.96 .80 1.78 27.20 8 2.99 .71 16.31 .68 3.48 1.07 1.02 26.26 8 27.2 26.3

10 9.99 .79 6.89 1.25 3.17 .66 2.02 24.78 TPA >= 12" 10 2.76 .70 12.86 1.03 2.04 .65 .79 20.83 TPA >= 12" 10 24.8 20.8
12 12.78 .67 5.88 1.15 2.30 .45 1.36 24.59 80.6 12 2.66 .73 12.09 .77 1.61 .41 .78 19.06 93.6 12 24.6 19.1
14 11.26 .51 4.56 .89 1.62 .24 .72 19.79 14 2.57 .86 10.52 .73 1.22 .35 .42 16.67 14 19.8 16.7
16 7.35 .32 3.62 .63 1.23 .18 .38 13.72 16 2.30 .71 9.17 .67 .85 .29 .12 14.11 16 13.7 14.1
18 4.11 .29 2.48 .51 .82 .11 .16 8.48 18 1.66 .61 6.97 .55 .55 .19 .09 10.62 18 8.5 10.6
20 2.34 .24 1.77 .35 .55 .06 .08 5.40 TPA >= 22" 20 1.50 .51 5.80 .47 .44 .14 .03 8.89 TPA >= 22" 20 5.4 8.9
22 1.28 .18 1.16 .21 .33 .03 .03 3.21 8.6 22 1.05 .47 4.54 .36 .34 .13 .04 6.94 24.3 22 3.2 6.9
24 .68 .11 .80 .12 .20 .02 .03 1.95 24 .70 .35 3.64 .27 .23 .04 .01 5.24 24 2.0 5.2
26 .40 .09 .59 .10 .14 .01 .02 1.35 26 .61 .35 2.67 .15 .23 .03 .01 4.06 26 1.3 4.1
28 .22 .06 .37 .05 .08 .01 .01 .80 28 .31 .26 1.88 .13 .17 .02 .00 2.76 28 .8 2.8
30 .10 .05 .23 .04 .06 .00 .00 .49 30 .25 .19 1.31 .08 .12 .00 .00 1.96 30 .5 2.0
32 .06 .04 .18 .02 .03 .00 .00 .33 32 .11 .16 .88 .04 .08 .00 .00 1.29 32 .3 1.3
34 .04 .02 .11 .01 .02 .00 .00 .20 34 .07 .09 .59 .04 .04 .00 .83 34 .2 .8
36 .02 .02 .08 .01 .01 .00 .00 .13 36 .04 .07 .35 .02 .02 .00 .51 36 .1 .5
38 .01 .01 .05 .00 .01 .00 .00 .08 38 .02 .05 .23 .01 .01 .33 38 .1 .3
40 .00 .01 .02 .00 .00 .00 .00 .04 40 .00 .04 .12 .01 .01 .00 .18 40 .0 .2
42 .00 .01 .01 .00 .00 .00 .02 42 .00 .01 .03 .01 .01 .00 .06 42+ .0 .2
44 .00 .00 .01 .00 .00 .00 .01 44 .00 .01 .03 .00 .01 .05 Total 224.91 242.77
46 .00 .00 .00 .00 .00 .01 46 .00 .01 .02 .00 .00 .03
48 .00 .00 .00 .00 48 .00 .00 .01 .00 .01
50 .00 .00 .00 .00 .00 50 .00 .01 .00 .01
52 .00 .00 .00 52 .00 .00 .00 .00 .01
54 .00 .00 .00 54 .00 .00 .00 .00
56 .00 .00 .00 .00 56 .00 .00 .00 .00
58 .00 .00 58 .00 .00 .00
60 .00 .00 60 .00 .00 .00 .00
62 62 .00 .00 .00
64 64 .00 .00
66 .00 .00 66 .00 .00 .00 .00
68 .00 .00 .00 68 .00 .00 .00 .00
70 .00 .00 70 .00 .00 .00
72 .00 .00 72 .00 .00
74 74
76 76 .00 .00
78 78
80 80
82 82
84 84
86 86
88 88
90 90
92 92
94 94
96 96
98 98

100 100
Total 81.43 6.54 71.20 11.26 38.92 5.44 10.13 224.91 Total 26.23 7.95 158.69 10.41 25.61 6.56 7.33 242.77
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2Hv-4 2-42 Burney Appendix 5.8 SPI CSO/NSO HCP Page 8

34
.5

 

28
.4

 

29
.5

 

27
.2

 

24
.8

 

24
.6

 

19
.8

 

13
.7

 

8.
5 

5.
4 

3.
2 

2.
0 

1.
3 

.8
 

.5
 

.3
 

.2
 

.1
 

.1
 

.0
 

.0
 

40
.6

 

33
.3

 

28
.1

 

26
.3

 

20
.8

 

19
.1

 

16
.7

 

14
.1

 

10
.6

 

8.
9 

6.
9 

5.
2 

4.
1 

2.
8 

2.
0 

1.
3 

.8
 

.5
 

.3
 

.2
 

.2
 

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

2  4  6  8  1 0  1 2  1 4  1 6  1 8  2 0  2 2  2 4  2 6  2 8  3 0  3 2  3 4  3 6  3 8  4 0  4 2 +

TP
A

DBH (INCHES)

TPA BY DBH CLASS COMPARISON

HF2Hv HF4



Interpreter (Fixed Grid) QMD ALL 10.6 (+ or -) 12.6 Interpreter (Fixed Grid) QMD ALL 11.3 (+ or -) 13.6
Processed: 12/15/2017 at 15:30:31 QMD >=5" 12.5 (+ or -) 12.5 Processed 12/15/2017 at 15:31:28 QMD >=5" 14.2 (+ or -) 13.5

Ave Diam All 9.0 (+ or -) 44.9 Ave Diam All 8.9 (+ or -) 49.1
Tree Frequency Ave Diam >=5" 11.5 (+ or -) 42.6 Tree Frequency Ave Diam >=5" 12.8 (+ or -) 46.0
Plot Count 18,648 Plot Count 3,891 HF2Hv HF4

DBH PP SP WF DF IC MC HW Total DBH PP SP WF DF IC MC HW Total DBH Total Total
2 11.58 .40 12.09 1.59 7.59 .88 .10 34.23 2 4.68 .26 32.57 3.51 15.66 .01 1.78 58.46 2 34.2 58.5
4 9.55 .45 14.61 .90 4.66 1.07 1.65 32.88 4 4.73 .87 27.43 4.18 5.79 .07 2.59 45.65 4 32.9 45.7
6 8.52 .50 12.83 1.67 5.88 .89 .87 31.17 6 3.39 .90 17.75 2.10 6.17 .20 1.04 31.55 6 31.2 31.6
8 8.43 .73 11.33 1.84 4.05 .53 .87 27.79 8 4.23 1.07 12.42 2.09 4.68 .14 .73 25.37 8 27.8 25.4

10 10.54 .58 9.25 1.35 3.21 .40 .52 25.86 TPA >= 12" 10 3.26 .89 12.47 1.87 2.99 .24 .40 22.13 TPA >= 12" 10 25.9 22.1
12 10.00 .41 7.75 .91 2.25 .31 .35 21.98 73.6 12 3.06 .65 10.40 1.21 2.79 .14 .45 18.69 86.4 12 22.0 18.7
14 8.82 .41 6.42 .90 1.52 .29 .25 18.61 14 3.14 .66 9.41 1.37 1.97 .13 .31 16.99 14 18.6 17.0
16 5.76 .45 4.73 .69 1.01 .13 .13 12.89 16 2.60 .53 7.34 1.19 1.64 .10 .21 13.63 16 12.9 13.6
18 3.43 .33 3.07 .52 .54 .05 .07 8.01 18 2.42 .56 5.88 .93 1.10 .08 .05 11.02 18 8.0 11.0
20 2.04 .24 1.83 .33 .36 .04 .03 4.87 TPA >= 22" 20 1.83 .51 4.31 .89 .66 .07 .05 8.32 TPA >= 22" 20 4.9 8.3
22 1.20 .18 1.13 .18 .23 .02 .02 2.95 7.2 22 1.39 .34 2.92 .57 .54 .03 .02 5.81 17.8 22 3.0 5.8
24 .68 .10 .63 .14 .15 .01 .01 1.72 24 1.04 .28 1.98 .47 .39 .03 .02 4.21 24 1.7 4.2
26 .43 .09 .35 .06 .09 .01 .01 1.04 26 .67 .23 1.34 .33 .34 .01 .01 2.93 26 1.0 2.9
28 .23 .08 .21 .04 .07 .00 .00 .64 28 .39 .19 .89 .20 .21 .01 .01 1.91 28 .6 1.9
30 .13 .07 .11 .02 .05 .00 .00 .39 30 .26 .17 .48 .15 .19 .00 .01 1.27 30 .4 1.3
32 .06 .04 .06 .02 .03 .00 .00 .22 32 .11 .16 .25 .06 .11 .01 .70 32 .2 .7
34 .03 .02 .03 .01 .01 .00 .00 .11 34 .08 .07 .14 .05 .06 .00 .40 34 .1 .4
36 .01 .02 .02 .01 .01 .00 .00 .06 36 .03 .05 .08 .03 .03 .00 .22 36 .1 .2
38 .01 .01 .01 .00 .01 .00 .04 38 .02 .03 .05 .03 .03 .15 38 .0 .2
40 .00 .00 .00 .00 .00 .00 .02 40 .01 .02 .03 .01 .02 .08 40 .0 .1
42 .00 .00 .00 .00 .00 .00 .00 .00 42 .00 .00 .01 .01 .01 .02 42+ .0 .1
44 .00 .00 .00 .00 .00 .00 .00 44 .00 .01 .00 .01 .00 .00 .02 Total 225.49 269.59
46 .00 .00 .00 .00 .00 .00 .00 46 .01 .00 .00 .00 .02
48 .00 .00 .00 .00 .00 .00 48 .00 .00 .00 .00 .00 .01
50 .00 .00 .00 .00 .00 50 .00 .00 .00 .00
52 .00 .00 .00 .00 .00 52 .00 .00 .00 .00
54 .00 .00 .00 .00 .00 .00 54 .00 .00 .00
56 .00 .00 .00 .00 56 .00 .00
58 .00 .00 .00 .00 58 .00 .00 .00 .00 .00
60 .00 .00 60
62 .00 .00 .00 62 .00 .00
64 64 .00 .00
66 66 .00 .00
68 68 .00 .00 .00
70 70
72 72
74 .00 .00 74 .00 .00
76 76
78 .00 .00 78
80 80
82 82
84 84
86 86
88 88
90 90
92 92
94 94
96 96
98 98

100 100
Total 81.46 5.13 86.45 11.19 31.73 4.63 4.89 225.49 Total 37.35 8.48 148.15 21.26 45.38 1.27 7.70 269.59
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2  4  6  8  1 0  1 2  1 4  1 6  1 8  2 0  2 2  2 4  2 6  2 8  3 0  3 2  3 4  3 6  3 8  4 0  4 2 +

TP
A

DBH (INCHES)

TPA BY DBH CLASS COMPARISON

HF2Hv HF4



Interpreter (Fixed Grid) QMD ALL 10.1 (+ or -) 12.8 Interpreter (Fixed Grid) QMD ALL 11.3 (+ or -) 13.5
Processed: 12/15/2017 at 15:30:31 QMD >=5" 12.7 (+ or -) 12.7 Processed 12/15/2017 at 15:31:28 QMD >=5" 14.4 (+ or -) 13.4

Ave Diam All 8.0 (+ or -) 46.2 Ave Diam All 8.7 (+ or -) 48.1
Tree Frequency Ave Diam >=5" 11.3 (+ or -) 42.7 Tree Frequency Ave Diam >=5" 12.7 (+ or -) 44.7
Plot Count 7,076 Plot Count 6,179 HF2Hv HF4

DBH PP SP WF DF IC MC HW Total DBH PP SP WF DF IC MC HW Total DBH Total Total
2 6.59 .96 22.19 10.04 9.01 3.11 51.89 2 2.78 .74 26.53 7.92 13.65 .30 3.86 55.77 2 51.9 55.8
4 10.17 2.46 16.97 7.84 9.94 4.81 52.18 4 5.03 1.74 19.31 8.60 11.46 .30 5.23 51.67 4 52.2 51.7
6 5.84 2.68 12.07 6.89 10.89 3.25 41.62 6 3.63 1.00 11.07 4.95 10.04 .11 2.63 33.44 6 41.6 33.4
8 5.40 1.89 9.49 4.80 6.36 .04 3.52 31.50 8 2.84 .75 9.94 5.20 7.28 .18 2.30 28.48 8 31.5 28.5

10 4.55 1.21 6.31 4.17 3.66 .02 2.76 22.66 TPA >= 12" 10 2.18 1.14 8.00 3.83 4.79 .01 2.18 22.12 TPA >= 12" 10 22.7 22.1
12 5.66 .87 5.02 2.90 2.09 .02 1.85 18.40 65.5 12 2.07 .80 5.82 2.98 2.81 .06 1.46 16.00 73.6 12 18.4 16.0
14 4.16 .96 3.92 2.26 1.59 .04 1.29 14.23 14 1.93 .86 4.40 2.46 1.97 .02 1.00 12.65 14 14.2 12.7
16 2.47 .58 2.89 1.68 1.06 .01 .81 9.50 16 1.63 .77 3.76 1.75 1.36 .01 .62 9.91 16 9.5 9.9
18 1.46 .50 2.39 1.23 .88 .01 .51 6.97 18 1.52 .66 2.79 1.54 .98 .01 .45 7.95 18 7.0 7.9
20 1.05 .43 1.58 .95 .55 .00 .29 4.86 TPA >= 22" 20 1.45 .58 2.40 1.31 .73 .00 .30 6.78 TPA >= 22" 20 4.9 6.8
22 .67 .31 1.22 .85 .34 .01 .20 3.61 11.5 22 1.28 .58 1.76 1.12 .50 .00 .18 5.43 20.3 22 3.6 5.4
24 .55 .28 .85 .56 .25 .01 .13 2.64 24 1.02 .53 1.38 .81 .43 .00 .13 4.30 24 2.6 4.3
26 .42 .22 .53 .45 .15 .01 .06 1.83 26 .81 .44 .94 .64 .27 .00 .08 3.16 26 1.8 3.2
28 .31 .17 .36 .26 .13 .00 .04 1.28 28 .64 .41 .61 .48 .16 .00 .05 2.37 28 1.3 2.4
30 .16 .15 .20 .20 .06 .00 .02 .78 30 .48 .38 .43 .29 .11 .03 1.72 30 .8 1.7
32 .10 .11 .11 .13 .05 .00 .02 .53 32 .33 .35 .29 .21 .06 .00 .02 1.25 32 .5 1.3
34 .05 .11 .06 .07 .02 .00 .01 .32 34 .21 .28 .16 .15 .04 .00 .01 .86 34 .3 .9
36 .03 .07 .03 .04 .01 .00 .01 .20 36 .07 .18 .08 .09 .03 .00 .01 .45 36 .2 .5
38 .02 .06 .02 .04 .01 .00 .00 .15 38 .06 .14 .04 .06 .02 .00 .32 38 .1 .3
40 .01 .05 .01 .02 .01 .00 .10 40 .03 .12 .02 .04 .01 .00 .22 40 .1 .2
42 .00 .02 .00 .00 .00 .00 .00 .03 42 .01 .05 .01 .01 .01 .00 .09 42+ .1 .2
44 .00 .01 .00 .01 .00 .00 .03 44 .01 .03 .00 .01 .00 .06 Total 265.34 265.08
46 .00 .01 .00 .00 .01 46 .00 .02 .00 .00 .00 .00 .03
48 .00 .01 .00 .00 .01 48 .01 .00 .00 .00 .01
50 .00 .00 .00 .00 .00 .01 50 .01 .00 .00 .00 .01
52 .00 .00 .00 .00 .00 .00 52 .00 .00 .00 .00 .01
54 .00 .00 .00 54 .00 .00 .00 .00 .00 .01
56 .00 .00 .00 .00 .00 56 .00 .00 .00
58 .00 .00 58 .00 .00 .00 .00
60 .00 .00 .00 .00 60 .00 .00 .00 .00
62 .00 .00 .00 62 .00 .00
64 .00 .00 64 .00 .00 .00 .00
66 .00 .00 66 .00 .00
68 68
70 70 .00 .00
72 72
74 74
76 76
78 78
80 80
82 82
84 84
86 86
88 88
90 90
92 92
94 94
96 96
98 98

100 100
Total 49.65 14.13 86.23 45.41 47.07 .17 22.67 265.34 Total 30.02 12.59 99.74 44.48 56.72 .99 20.54 265.08
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2  4  6  8  1 0  1 2  1 4  1 6  1 8  2 0  2 2  2 4  2 6  2 8  3 0  3 2  3 4  3 6  3 8  4 0  4 2 +

TP
A

DBH (INCHES)

TPA BY DBH CLASS COMPARISON

HF2Hv HF4



Interpreter (Fixed Grid) QMD ALL 9.6 (+ or -) 13.7 Interpreter (Fixed Grid) QMD ALL 10.8 (+ or -) 14.2
Processed 12/15/2017 at 15:31:28 QMD >=5" 12.4 (+ or -) 13.5 Processed 12/15/2017 at 15:31:28 QMD >=5" 14.4 (+ or -) 14.1

Ave Diam All 7.6 (+ or -) 53.6 Ave Diam All 8.1 (+ or -) 53.1
Tree Frequency Ave Diam >=5" 11.0 (+ or -) 49.0 Tree Frequency Ave Diam >=5" 12.5 (+ or -) 48.7
Plot Count 13,035 Plot Count 17,692 HF2Hv HF4

DBH PP SP WF DF IC MC HW Total DBH PP SP WF DF IC MC HW Total DBH Total Total
2 3.21 1.51 19.77 11.47 12.86 1.63 36.09 86.54 2 2.93 .94 21.82 12.78 18.44 .20 29.51 86.62 2 86.5 86.6
4 4.10 .66 11.13 7.09 8.90 .96 40.60 73.44 4 3.67 .57 13.49 5.59 12.15 .47 34.64 70.58 4 73.4 70.6
6 3.48 1.08 8.08 6.66 9.55 .42 28.84 58.12 6 2.56 .78 9.36 5.55 10.68 .21 17.37 46.51 6 58.1 46.5
8 2.83 .85 6.22 4.92 5.25 .27 21.14 41.48 8 1.89 .56 7.22 4.08 7.54 .22 12.36 33.87 8 41.5 33.9

10 4.51 .67 3.96 3.70 3.04 .33 15.19 31.40 TPA >= 12" 10 1.72 .60 4.82 3.08 4.75 .09 9.54 24.60 TPA >= 12" 10 31.4 24.6
12 8.45 .63 3.21 3.24 2.13 .14 8.95 26.77 86.6 12 1.39 .56 4.63 2.69 3.61 .08 6.82 19.78 85.3 12 26.8 19.8
14 8.91 .57 2.38 2.65 1.42 .11 5.38 21.43 14 1.29 .54 3.71 2.42 2.65 .06 4.42 15.10 14 21.4 15.1
16 5.33 .45 1.89 1.97 1.03 .09 2.46 13.23 16 1.14 .51 2.98 1.97 1.91 .06 2.28 10.85 16 13.2 10.9
18 2.12 .32 1.44 1.47 .73 .05 1.70 7.84 18 1.02 .43 2.57 1.69 1.54 .05 1.61 8.91 18 7.8 8.9
20 .83 .28 1.10 1.18 .57 .04 .94 4.94 TPA >= 22" 20 .89 .42 2.04 1.50 1.22 .02 .99 7.08 TPA >= 22" 20 4.9 7.1
22 .53 .19 .72 .86 .45 .03 .60 3.38 12.4 22 .84 .41 1.70 1.20 .90 .02 .64 5.71 23.6 22 3.4 5.7
24 .36 .18 .49 .72 .36 .02 .34 2.47 24 .72 .38 1.23 1.01 .65 .01 .38 4.38 24 2.5 4.4
26 .28 .14 .41 .54 .23 .02 .21 1.83 26 .59 .33 .97 .81 .49 .01 .26 3.47 26 1.8 3.5
28 .21 .17 .29 .42 .18 .01 .14 1.42 28 .49 .33 .75 .62 .36 .00 .17 2.74 28 1.4 2.7
30 .16 .12 .20 .33 .14 .01 .09 1.04 30 .41 .30 .54 .50 .25 .00 .11 2.11 30 1.0 2.1
32 .12 .10 .13 .21 .09 .00 .05 .70 32 .30 .24 .35 .35 .17 .00 .08 1.50 32 .7 1.5
34 .08 .08 .08 .17 .06 .00 .04 .51 34 .20 .22 .22 .27 .13 .05 1.08 34 .5 1.1
36 .05 .06 .05 .09 .04 .00 .02 .32 36 .15 .17 .15 .18 .10 .03 .80 36 .3 .8
38 .03 .05 .04 .09 .03 .00 .02 .26 38 .11 .15 .10 .15 .07 .00 .01 .60 38 .3 .6
40 .02 .05 .02 .06 .03 .01 .19 40 .07 .16 .06 .08 .06 .01 .45 40 .2 .4
42 .01 .02 .01 .03 .01 .01 .09 42 .04 .07 .03 .06 .04 .01 .23 42+ .3 .7
44 .01 .02 .01 .02 .01 .00 .07 44 .02 .05 .02 .03 .03 .00 .15 Total 377.60 347.45
46 .00 .01 .00 .01 .01 .00 .05 46 .01 .03 .01 .03 .02 .00 .10
48 .00 .01 .01 .01 .00 .00 .00 .03 48 .00 .03 .00 .01 .01 .00 .07
50 .00 .00 .00 .01 .01 .00 .02 50 .00 .02 .00 .01 .01 .00 .05
52 .00 .00 .00 .01 .00 .00 .01 52 .00 .01 .00 .01 .01 .00 .00 .04
54 .00 .00 .00 .00 .00 .00 .01 54 .00 .00 .00 .01 .01 .00 .00 .02
56 .00 .00 .00 .00 .00 .00 .01 56 .00 .00 .00 .01 .00 .00 .02
58 .00 .00 .00 .00 .00 .01 58 .00 .00 .00 .00 .00 .00 .01
60 .00 .00 .00 .00 .00 60 .00 .00 .00 .00 .00 .00 .01
62 .00 .00 .00 .00 .00 62 .00 .00 .00 .00 .00 .00 .01
64 .00 .00 .00 .00 64 .00 .00 .00 .00 .00
66 .00 .00 .00 .00 .00 .00 66 .00 .00 .00 .00 .00 .00
68 .00 .00 .00 68 .00 .00 .00 .00 .00
70 .00 .00 .00 70 .00 .00 .00 .00 .00
72 .00 .00 .00 .00 72 .00 .00 .00 .00
74 .00 .00 .00 74 .00 .00 .00 .00
76 .00 .00 .00 76 .00 .00 .00
78 .00 .00 .00 78 .00 .00 .00 .00
80 80 .00 .00 .00 .00
82 82 .00 .00
84 84 .00 .00
86 86 .00 .00 .00
88 88 .00 .00
90 90 .00 .00
92 92 .00 .00
94 .00 .00 94 .00 .00
96 96
98 98

100 100
Total 45.64 8.24 61.65 47.96 47.15 4.13 162.83 377.60 Total 22.47 8.83 78.79 46.72 67.80 1.52 121.32 347.45
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2  4  6  8  1 0  1 2  1 4  1 6  1 8  2 0  2 2  2 4  2 6  2 8  3 0  3 2  3 4  3 6  3 8  4 0  4 2 +

TP
A

DBH (INCHES)

TPA BY DBH CLASS COMPARISON

HF2Hv HF4



Interpreter (Fixed Grid) QMD ALL 10.4 (+ or -) 13.3 Interpreter (Fixed Grid) QMD ALL 11.7 (+ or -) 14.1
Processed: 12/15/2017 at 15:30:31 QMD >=5" 13.3 (+ or -) 13.2 Processed 12/15/2017 at 15:31:28 QMD >=5" 14.7 (+ or -) 14.0

Ave Diam All 8.2 (+ or -) 48.8 Ave Diam All 9.0 (+ or -) 51.2
Tree Frequency Ave Diam >=5" 11.8 (+ or -) 45.1 Tree Frequency Ave Diam >=5" 12.8 (+ or -) 47.6
Plot Count 4,707 Plot Count 8,525 HF2Hv HF4

DBH PP SP WF DF IC MC HW Total DBH PP SP WF DF IC MC HW Total DBH Total Total
2 4.84 1.75 33.68 10.53 3.69 2.20 4.28 60.96 2 1.80 1.32 28.50 6.95 3.53 3.69 3.01 48.80 2 61.0 48.8
4 5.18 .65 24.15 4.75 1.38 .49 19.62 56.21 4 4.33 .14 32.89 5.12 4.60 1.87 14.76 63.70 4 56.2 63.7
6 4.19 .41 14.72 5.72 3.31 1.78 11.18 41.31 6 3.01 1.08 18.59 5.23 6.26 2.11 8.64 44.93 6 41.3 44.9
8 1.95 1.29 8.95 3.51 2.12 .53 9.47 27.80 8 2.10 .95 11.44 2.56 3.90 1.29 4.56 26.80 8 27.8 26.8

10 4.29 .82 5.67 3.16 1.16 .37 6.02 21.48 TPA >= 12" 10 1.76 .54 9.93 2.13 2.75 1.05 3.56 21.72 TPA >= 12" 10 21.5 21.7
12 7.70 .38 5.14 2.48 .89 .46 3.76 20.83 81.0 12 1.63 .52 7.92 1.81 1.70 .79 2.60 16.98 83.9 12 20.8 17.0
14 9.73 .46 4.60 1.80 .52 .40 2.46 19.96 14 1.77 .45 7.19 1.41 1.10 .88 1.75 14.56 14 20.0 14.6
16 7.16 .28 3.39 1.13 .37 .30 1.37 13.99 16 1.34 .46 5.62 1.08 .90 .77 1.16 11.32 16 14.0 11.3
18 3.42 .25 2.98 .82 .27 .20 .69 8.62 18 1.03 .30 4.74 .85 .72 .66 .79 9.08 18 8.6 9.1
20 1.25 .20 2.24 .52 .19 .11 .46 4.98 TPA >= 22" 20 1.09 .30 3.75 .89 .55 .41 .53 7.52 TPA >= 22" 20 5.0 7.5
22 .75 .14 1.85 .48 .13 .14 .34 3.84 12.6 22 .91 .25 3.12 .70 .48 .41 .40 6.26 24.5 22 3.8 6.3
24 .38 .11 1.27 .35 .05 .12 .14 2.42 24 .69 .26 2.44 .57 .34 .30 .20 4.82 24 2.4 4.8
26 .29 .09 .88 .27 .08 .06 .11 1.79 26 .56 .16 1.90 .47 .24 .21 .19 3.73 26 1.8 3.7
28 .16 .06 .67 .23 .06 .06 .06 1.31 28 .45 .16 1.38 .42 .15 .18 .11 2.85 28 1.3 2.9
30 .12 .04 .50 .16 .05 .03 .05 .93 30 .31 .11 .92 .28 .14 .09 .07 1.93 30 .9 1.9
32 .12 .05 .34 .14 .03 .02 .05 .75 32 .23 .09 .69 .26 .11 .06 .05 1.49 32 .8 1.5
34 .07 .03 .23 .09 .02 .01 .03 .48 34 .14 .08 .49 .17 .06 .04 .04 1.02 34 .5 1.0
36 .06 .02 .17 .06 .01 .01 .01 .35 36 .12 .07 .32 .14 .05 .04 .02 .76 36 .4 .8
38 .05 .02 .09 .06 .02 .01 .01 .25 38 .09 .06 .22 .11 .05 .01 .01 .56 38 .3 .6
40 .02 .02 .07 .04 .01 .00 .01 .17 40 .06 .04 .14 .07 .02 .01 .01 .36 40 .2 .4
42 .02 .01 .05 .03 .01 .00 .00 .12 42 .05 .02 .08 .05 .03 .01 .00 .23 42+ .3 .7
44 .01 .00 .02 .02 .00 .00 .00 .06 44 .02 .01 .05 .04 .02 .00 .00 .15 Total 288.76 289.88
46 .00 .01 .01 .01 .01 .00 .00 .04 46 .02 .01 .03 .02 .01 .00 .00 .10
48 .01 .00 .01 .01 .00 .00 .00 .03 48 .02 .01 .02 .02 .01 .00 .00 .07
50 .00 .00 .01 .01 .00 .02 50 .01 .01 .01 .01 .01 .00 .04
52 .00 .00 .01 .01 .00 .00 .02 52 .00 .00 .01 .01 .01 .00 .00 .03
54 .00 .00 .00 .00 .00 .00 .01 54 .00 .00 .00 .01 .00 .00 .00 .02
56 .00 .00 .00 .00 .00 .01 56 .00 .00 .00 .01 .00 .00 .00 .02
58 .00 .00 .00 .01 58 .00 .00 .00 .01 .00 .00 .01
60 .00 .00 .00 .00 .00 .01 60 .00 .00 .00 .00 .00 .00 .01
62 .00 .00 .00 .00 .00 .00 62 .00 .00 .00 .00 .00 .00 .01
64 .00 .00 .00 .00 .00 64 .00 .00 .00 .00 .00
66 .00 .00 .00 .00 66 .00 .00 .00 .00
68 .00 .00 68 .00 .00 .00 .00 .00 .00
70 .00 .00 .00 70 .00 .00 .00 .00 .00 .00
72 72 .00 .00 .00 .00
74 .00 .00 74 .00 .00 .00
76 76 .00 .00 .00 .00
78 .00 .00 78
80 .00 .00 80 .00 .00 .00 .00
82 .00 .00 82 .00 .00
84 84
86 86
88 88 .00 .00 .00
90 90
92 92 .00 .00
94 94
96 96
98 98 .00 .00

100 100
Total 51.77 7.08 111.70 36.37 14.39 7.31 60.14 288.76 Total 23.55 7.41 142.41 31.42 27.74 14.88 42.47 289.88
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2  4  6  8  1 0  1 2  1 4  1 6  1 8  2 0  2 2  2 4  2 6  2 8  3 0  3 2  3 4  3 6  3 8  4 0  4 2 +

TP
A

DBH (INCHES)

TPA BY DBH CLASS COMPARISON

HF2Hv HF4



Interpreter (Fixed Grid) QMD ALL 11.5 (+ or -) 13.9 Interpreter (Fixed Grid) QMD ALL 12.0 (+ or -) 14.1
Processed 12/15/2017 at 15:31:28 QMD >=5" 13.1 (+ or -) 13.8 Processed 12/15/2017 at 15:31:28 QMD >=5" 14.8 (+ or -) 14.0

Ave Diam All 9.8 (+ or -) 52.5 Ave Diam All 9.3 (+ or -) 50.8
Tree Frequency Ave Diam >=5" 12.1 (+ or -) 50.5 Tree Frequency Ave Diam >=5" 12.9 (+ or -) 47.8
Plot Count 6,568 Plot Count 8,948 HF2Hv HF4

DBH PP SP WF DF IC MC HW Total DBH PP SP WF DF IC MC HW Total DBH Total Total
2 2.25 .57 12.66 4.92 9.26 .73 3.77 34.15 2 3.64 1.06 20.34 5.04 10.75 1.49 9.25 51.57 2 34.2 51.6
4 2.51 .54 9.63 4.33 5.17 .96 12.29 35.44 4 3.17 .92 13.90 3.60 12.55 .68 14.65 49.47 4 35.4 49.5
6 2.85 1.71 9.25 2.67 10.55 1.28 7.42 35.73 6 3.62 1.25 11.57 2.90 12.97 1.12 6.19 39.61 6 35.7 39.6
8 4.21 1.25 6.87 2.53 6.17 .85 4.77 26.65 8 2.45 1.38 8.18 2.84 10.44 .65 4.16 30.11 8 26.7 30.1

10 12.08 1.12 5.61 3.67 3.83 .68 2.64 29.62 TPA >= 12" 10 2.67 .96 6.81 1.77 6.79 .57 3.14 22.72 TPA >= 12" 10 29.6 22.7
12 28.54 .55 4.29 3.20 2.54 .30 1.80 41.21 119.3 12 2.96 .57 5.96 1.48 4.77 .27 1.57 17.57 84.7 12 41.2 17.6
14 26.33 .50 3.59 1.95 1.75 .18 1.18 35.49 14 2.91 .73 4.83 1.28 3.32 .19 1.28 14.54 14 35.5 14.5
16 12.08 .57 2.77 .95 1.17 .17 .67 18.37 16 2.32 .81 3.62 1.03 2.53 .20 .94 11.44 16 18.4 11.4
18 4.18 .41 1.92 .60 .89 .18 .41 8.59 18 1.95 .64 3.16 .91 1.90 .09 .64 9.30 18 8.6 9.3
20 1.32 .29 1.63 .48 .61 .12 .30 4.75 TPA >= 22" 20 1.70 .54 2.67 .83 1.39 .10 .44 7.68 TPA >= 22" 20 4.8 7.7
22 .64 .16 1.25 .33 .49 .06 .17 3.11 10.9 22 1.29 .45 2.10 .81 1.02 .04 .30 6.01 24.1 22 3.1 6.0
24 .31 .13 .81 .29 .32 .04 .15 2.05 24 .87 .40 1.70 .65 .92 .05 .22 4.80 24 2.1 4.8
26 .27 .13 .74 .22 .25 .04 .08 1.72 26 .58 .32 1.32 .53 .57 .04 .20 3.56 26 1.7 3.6
28 .13 .13 .50 .17 .17 .03 .08 1.21 28 .43 .27 .97 .43 .50 .02 .15 2.76 28 1.2 2.8
30 .15 .08 .34 .09 .14 .01 .04 .84 30 .30 .19 .71 .32 .35 .01 .10 1.97 30 .8 2.0
32 .09 .07 .23 .10 .10 .01 .03 .62 32 .26 .18 .46 .25 .26 .01 .08 1.50 32 .6 1.5
34 .08 .04 .15 .05 .06 .01 .02 .40 34 .19 .16 .30 .17 .21 .00 .05 1.08 34 .4 1.1
36 .03 .06 .08 .04 .06 .00 .02 .28 36 .13 .12 .20 .14 .14 .00 .04 .79 36 .3 .8
38 .02 .04 .06 .05 .04 .00 .02 .24 38 .08 .09 .12 .09 .11 .00 .03 .52 38 .2 .5
40 .02 .03 .03 .02 .02 .00 .00 .13 40 .05 .10 .09 .08 .08 .00 .02 .42 40 .1 .4
42 .01 .02 .02 .01 .01 .00 .00 .07 42 .03 .04 .03 .04 .05 .00 .01 .19 42+ .3 .7
44 .01 .01 .01 .01 .01 .00 .00 .05 44 .02 .03 .02 .03 .04 .01 .14 Total 280.86 278.12
46 .00 .01 .01 .00 .01 .00 .03 46 .01 .03 .01 .02 .03 .00 .10
48 .00 .01 .00 .00 .01 .00 .02 48 .00 .02 .01 .01 .02 .00 .07
50 .00 .00 .00 .00 .00 .01 50 .00 .01 .01 .01 .01 .00 .05
52 .00 .00 .00 .00 .00 52 .00 .01 .00 .01 .01 .00 .03
54 .00 .00 .00 .01 54 .00 .01 .00 .01 .01 .00 .03
56 .00 .00 .00 .00 .00 .00 56 .00 .00 .00 .00 .01 .00 .03
58 .00 .00 .00 .00 .00 .01 58 .00 .00 .00 .00 .01 .00 .02
60 .00 .00 .00 .00 60 .00 .00 .00 .01 .01 .02
62 .00 .00 .00 .00 .00 .00 62 .00 .00 .00 .01 .00 .01
64 .00 .00 .00 .00 .00 64 .00 .00 .00 .00 .00 .01
66 .00 .00 .00 .00 66 .00 .00 .00 .00 .00 .00
68 .00 .00 .00 .00 68 .00 .00 .00 .00
70 .01 .00 .01 70 .00 .00 .00 .00 .00
72 .01 .01 72 .00 .00 .00 .00
74 .00 .00 .00 74 .00 .00 .00 .00
76 .00 .00 .00 76 .00 .00 .00
78 .00 .00 .00 78 .00 .00 .00
80 80 .00 .00
82 82 .00 .00 .00 .00
84 84 .00 .00
86 86 .00 .00
88 88
90 90
92 92
94 94 .00 .00
96 96
98 98 .00 .00 .00

100 100
Total 98.12 8.43 62.45 26.72 43.65 5.66 35.83 280.86 Total 31.64 11.29 89.11 25.30 71.78 5.54 43.46 278.12
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2  4  6  8  1 0  1 2  1 4  1 6  1 8  2 0  2 2  2 4  2 6  2 8  3 0  3 2  3 4  3 6  3 8  4 0  4 2 +

TP
A

DBH (INCHES)

TPA BY DBH CLASS COMPARISON

HF2Hv HF4



Interpreter (Fixed Grid) QMD ALL 10.7 (+ or -) 12.7 Interpreter (Fixed Grid) QMD ALL 12.3 (+ or -) 13.8
Processed 12/15/2017 at 15:31:28 QMD >=5" 13.0 (+ or -) 12.6 Processed 12/15/2017 at 15:31:28 QMD >=5" 15.0 (+ or -) 13.8

Ave Diam All 8.7 (+ or -) 44.6 Ave Diam All 9.6 (+ or -) 48.2
Tree Frequency Ave Diam >=5" 11.6 (+ or -) 41.8 Tree Frequency Ave Diam >=5" 13.1 (+ or -) 45.5
Plot Count 4,772 Plot Count 12,357 HF2Hv HF4

DBH PP SP WF DF IC MC HW Total DBH PP SP WF DF IC MC HW Total DBH Total Total
2 7.64 2.38 9.36 6.11 10.74 .00 2.01 38.22 2 4.85 1.37 8.96 6.80 16.44 .00 3.28 41.69 2 38.2 41.7
4 9.74 1.44 8.70 4.48 11.14 .00 6.36 41.85 4 5.13 1.07 9.06 3.54 16.85 6.34 41.99 4 41.9 42.0
6 6.41 1.38 5.20 5.11 12.01 .05 4.35 34.51 6 4.71 .98 6.43 3.90 13.11 .10 2.25 31.48 6 34.5 31.5
8 5.67 1.81 3.41 3.98 8.16 .06 4.05 27.13 8 3.49 1.31 4.25 3.51 13.79 .10 2.14 28.59 8 27.1 28.6

10 6.62 .85 2.62 3.05 4.86 .13 2.27 20.41 TPA >= 12" 10 3.17 .94 3.59 2.96 9.45 .07 1.50 21.69 TPA >= 12" 10 20.4 21.7
12 11.08 .68 1.76 2.31 3.57 .04 1.72 21.15 68.3 12 2.36 .81 2.82 2.28 6.70 .04 1.37 16.38 76.4 12 21.2 16.4
14 9.35 .50 1.78 1.88 2.34 .05 1.07 16.97 14 2.30 .54 2.22 1.76 4.81 .06 1.05 12.75 14 17.0 12.7
16 4.27 .59 1.08 1.46 1.61 .06 .81 9.87 16 1.56 .50 1.89 1.53 3.67 .02 .83 10.00 16 9.9 10.0
18 1.49 .37 .96 .94 1.08 .03 .58 5.45 18 1.50 .37 1.55 1.20 2.75 .02 .59 7.98 18 5.4 8.0
20 .97 .32 .68 .66 .88 .01 .37 3.89 TPA >= 22" 20 1.15 .41 1.25 1.02 2.06 .01 .47 6.37 TPA >= 22" 20 3.9 6.4
22 .62 .24 .67 .51 .57 .01 .39 3.02 10.9 22 1.08 .30 1.14 .81 1.50 .01 .41 5.26 22.9 22 3.0 5.3
24 .46 .13 .35 .31 .45 .01 .27 1.98 24 .89 .29 .96 .66 1.14 .00 .31 4.25 24 2.0 4.3
26 .33 .12 .35 .26 .37 .00 .25 1.69 26 .66 .23 .75 .57 .90 .01 .26 3.38 26 1.7 3.4
28 .17 .08 .24 .24 .29 .00 .17 1.19 28 .55 .23 .62 .42 .67 .00 .22 2.71 28 1.2 2.7
30 .12 .10 .16 .18 .20 .00 .16 .92 30 .41 .16 .43 .37 .52 .00 .18 2.08 30 .9 2.1
32 .11 .05 .12 .10 .16 .00 .13 .67 32 .30 .14 .33 .29 .37 .00 .16 1.57 32 .7 1.6
34 .09 .04 .08 .09 .09 .10 .48 34 .18 .14 .24 .23 .26 .00 .11 1.15 34 .5 1.2
36 .04 .04 .05 .05 .08 .07 .33 36 .14 .11 .16 .16 .18 .00 .08 .84 36 .3 .8
38 .02 .04 .04 .04 .05 .04 .23 38 .09 .10 .13 .12 .12 .00 .05 .61 38 .2 .6
40 .03 .04 .04 .04 .04 .02 .21 40 .06 .09 .08 .09 .10 .04 .46 40 .2 .5
42 .00 .01 .01 .02 .01 .00 .02 .07 42 .02 .05 .03 .04 .04 .00 .02 .20 42+ .2 .6
44 .00 .02 .00 .01 .00 .01 .05 44 .01 .03 .01 .02 .03 .02 .12 Total 230.40 241.80
46 .00 .01 .00 .00 .00 .01 .03 46 .01 .02 .01 .01 .02 .00 .01 .08
48 .00 .00 .00 .01 .00 .00 .01 .02 48 .00 .02 .01 .01 .01 .01 .05
50 .01 .00 .01 .00 .00 .02 50 .00 .01 .00 .01 .00 .00 .04
52 .01 .00 .00 .00 .01 52 .00 .01 .00 .00 .00 .00 .02
54 .00 .00 .00 .00 .01 54 .00 .01 .00 .00 .00 .00 .02
56 .00 .00 .00 .00 56 .00 .00 .00 .00 .00 .00 .01
58 .00 .00 .00 .00 .00 58 .00 .00 .00 .00 .00 .00 .01
60 .00 .00 .00 .00 60 .00 .00 .00 .00 .00 .00
62 .00 .00 62 .00 .00 .00 .00 .00 .00
64 .00 .00 .00 64 .00 .00 .00 .00 .00 .00 .00
66 .00 .00 .00 .00 66 .00 .00 .00 .00 .00 .00
68 .00 .00 68 .00 .00 .00 .00 .00
70 .00 .00 .00 70 .00 .00 .00 .00 .00
72 .00 .00 72 .00 .00 .00 .00
74 .00 .00 74 .00 .00
76 .00 .00 76 .00 .00 .00 .00
78 78 .00 .00 .00
80 80 .00 .00
82 82
84 .00 .00 84
86 86
88 88
90 .00 .00 90
92 92 .00 .00
94 .00 .00 .00 94
96 96
98 .00 .00 98

100 100
Total 65.24 11.26 37.67 31.84 58.70 .46 25.22 230.40 Total 34.63 10.25 46.95 32.34 95.51 .45 21.67 241.80
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Interpreter (Fixed Grid) QMD ALL 11.8 (+ or -) 13.1 Interpreter (Fixed Grid) QMD ALL 12.4 (+ or -) 13.9
Processed 12/15/2017 at 15:31:28 QMD >=5" 13.7 (+ or -) 13.1 Processed 12/15/2017 at 15:31:28 QMD >=5" 15.0 (+ or -) 13.8

Ave Diam All 9.7 (+ or -) 45.5 Ave Diam All 9.7 (+ or -) 48.5
Tree Frequency Ave Diam >=5" 12.3 (+ or -) 43.7 Tree Frequency Ave Diam >=5" 13.0 (+ or -) 46.0
Plot Count 3,400 Plot Count 9,769 HF2Hv HF4

DBH PP SP WF DF IC MC HW Total DBH PP SP WF DF IC MC HW Total DBH Total Total
2 5.41 1.33 10.53 .45 15.61 2.16 35.48 2 2.79 .14 16.45 .37 17.03 .19 5.80 42.76 2 35.5 42.8
4 2.84 .69 5.77 1.09 6.95 .00 4.78 22.11 4 4.19 .57 9.36 .45 18.44 .06 4.71 37.77 4 22.1 37.8
6 4.39 1.51 4.93 .69 16.91 .01 3.20 31.64 6 3.07 .90 7.32 .99 20.21 .04 3.03 35.55 6 31.6 35.6
8 4.70 1.03 3.52 .82 8.07 .03 3.22 21.41 8 2.88 1.08 6.13 .53 14.98 .06 1.91 27.57 8 21.4 27.6

10 8.21 .60 2.86 .71 6.35 .09 2.50 21.32 TPA >= 12" 10 2.21 .68 5.32 .50 10.99 .06 1.96 21.71 TPA >= 12" 10 21.3 21.7
12 11.59 .59 2.36 .98 3.78 .25 2.04 21.58 80.9 12 1.93 .68 4.17 .49 7.26 .06 1.44 16.03 77.7 12 21.6 16.0
14 11.45 .39 2.01 .47 2.71 .31 1.36 18.70 14 1.56 .55 3.65 .34 5.43 .02 1.26 12.81 14 18.7 12.8
16 9.26 .48 1.55 .29 2.00 .24 .65 14.47 16 1.44 .55 2.91 .34 4.05 .02 .83 10.13 16 14.5 10.1
18 5.46 .37 1.11 .25 1.48 .20 .44 9.32 18 1.17 .54 2.56 .29 2.79 .02 .61 7.97 18 9.3 8.0
20 2.41 .22 .98 .11 .89 .09 .40 5.10 TPA >= 22" 20 1.18 .50 2.41 .25 2.33 .00 .44 7.12 TPA >= 22" 20 5.1 7.1
22 1.15 .22 .73 .12 .68 .04 .21 3.15 11.7 22 1.26 .41 1.92 .17 1.71 .00 .32 5.81 23.7 22 3.2 5.8
24 .59 .18 .63 .11 .53 .01 .18 2.21 24 .81 .35 1.63 .16 1.26 .00 .23 4.45 24 2.2 4.4
26 .48 .13 .55 .09 .41 .00 .17 1.83 26 .69 .31 1.26 .14 .92 .00 .19 3.50 26 1.8 3.5
28 .29 .11 .43 .09 .29 .00 .13 1.34 28 .55 .27 .95 .11 .61 .00 .22 2.71 28 1.3 2.7
30 .20 .09 .33 .04 .18 .00 .11 .94 30 .41 .28 .82 .08 .47 .00 .11 2.18 30 .9 2.2
32 .16 .08 .23 .04 .17 .06 .73 32 .30 .22 .56 .06 .30 .09 1.54 32 .7 1.5
34 .13 .09 .16 .02 .06 .04 .50 34 .22 .18 .43 .05 .21 .00 .08 1.17 34 .5 1.2
36 .06 .06 .11 .02 .05 .00 .04 .36 36 .14 .16 .27 .04 .13 .04 .79 36 .4 .8
38 .06 .05 .07 .02 .03 .02 .25 38 .09 .14 .20 .03 .09 .03 .57 38 .3 .6
40 .03 .04 .03 .00 .03 .02 .17 40 .06 .12 .12 .02 .06 .02 .41 40 .2 .4
42 .01 .02 .01 .01 .01 .01 .08 42 .03 .06 .05 .01 .03 .01 .20 42+ .2 .6
44 .01 .02 .01 .00 .01 .01 .05 44 .02 .05 .03 .01 .02 .01 .13 Total 212.85 243.13
46 .00 .01 .00 .00 .01 .00 .03 46 .01 .04 .01 .01 .01 .01 .09
48 .00 .01 .00 .00 .00 .00 .02 48 .00 .02 .01 .00 .01 .00 .05
50 .00 .01 .00 .00 .00 .01 50 .00 .02 .00 .00 .01 .00 .03
52 .00 .00 .00 .00 .00 .01 52 .00 .01 .00 .00 .01 .00 .02
54 .00 .00 .00 .01 54 .00 .01 .00 .00 .01 .00 .01
56 .00 .00 .00 .00 56 .00 .00 .00 .00 .00 .00 .01
58 .00 .00 .00 .00 .01 58 .00 .00 .00 .00 .00 .01
60 .00 .00 .00 60 .00 .00 .00 .00 .00 .00 .00
62 .00 .00 .00 62 .00 .00 .00 .00 .00 .00
64 64 .00 .00 .00
66 66 .00 .00 .00
68 .00 .00 68 .00 .00 .00
70 .00 .00 70 .00 .00 .00 .00 .00
72 72 .00 .00 .00
74 74 .00 .00 .00
76 76 .00 .00
78 78 .00 .00
80 .00 .00 80 .00 .00 .00
82 82 .00 .00
84 84
86 86
88 88
90 90 .00 .00
92 92
94 94
96 96
98 .00 .00 98

100 100
Total 68.89 8.34 38.94 6.43 67.21 1.29 21.75 212.85 Total 26.99 8.87 68.54 5.47 109.38 .53 23.36 243.13

HF2Hv-HF4 Sonora Appendix 5.8 SPI CSO/NSO HCP Page 21



2Hv-4 2-42 Sonora Appendix 5.8 SPI CSO/NSO HCP Page 22

35
.5

 

22
.1

 

31
.6

 

21
.4

 

21
.3

 

21
.6

 

18
.7

 

14
.5

 

9.
3 

5.
1 

3.
2 

2.
2 

1.
8 

1.
3 

.9
 

.7
 

.5
 

.4
 

.3
 

.2
 

.2
 

42
.8

 

37
.8

 

35
.6

 

27
.6

 

21
.7

 

16
.0

 

12
.8

 

10
.1

 

8.
0 

7.
1 

5.
8 

4.
4 

3.
5 

2.
7 

2.
2 

1.
5 

1.
2 

.8
 

.6
 

.4
 

.6
 

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

2  4  6  8  1 0  1 2  1 4  1 6  1 8  2 0  2 2  2 4  2 6  2 8  3 0  3 2  3 4  3 6  3 8  4 0  4 2 +

TP
A

DBH (INCHES)

TPA BY DBH CLASS COMPARISON

HF2Hv HF4



 

 

APPENDIX 6.1 

Monitoring Study Power Analysis 
  



 

 

 



Appendix 6.1 - SPI NSO/CSO HCP 

 

Appendix 6.1 – SPI Occupancy Monitoring Study 

Sites Power Analysis 

 
1. JOHN R. SKALSKI and MICHAEL V. CLAWSON 

Columbia Basin Research, School of Aquatic and Fishery Sciences, University of 
Washington 

 
 

2. Sierra Pacific Industries 

 

 
8/10/2018 

 
 

 
 

  



ii | P a g e  
 

 

COLUMBIA BASIN RESEARCH 

 

Statistical Evaluation and 
Recommendations for a Spotted Owl 
Monitoring Program on SPI Properties in 
Northern California 
 
 
9 August 2018 

 
 

 
 

TO: JIM LYNCH 
K&L Gates 
 
 ED MURPHY  
Sierra Pacific Industries  
 
FROM: JOHN R. SKALSKI and MICHAEL V. CLAWSON 
Columbia Basin Research, School of Aquatic and Fishery Sciences, University of Washington 
1325 Fourth Avenue, Suite 1515, Seattle, Washington 98101-2540 

 



3 | P a g e  
  

  



4 | P a g e  
 

 

Introduction 

The purpose of the spotted owl (SO) monitoring program is to detect changes in the status and trends of 
the owl populations on Sierra Pacific Industries properties over a 50-year habitat conservation plan.  
Since 2012, estimated annual occupancy rates have been generated.  Using the annual survey data, an 
analytical framework has been established to test for and detect declines in SO occupancy rates.  A 
tiered monitoring approach will be implemented to identify both short-term and long-term changes in 
population status over the next 50 years.  The proposed process will entail annual occupancy 
determination, 5 year rolling assessments and decadal evaluations.  This proposed framework should 
not only improve the statistical power of the monitoring program to detect occupancy declines, but also 
provide timely information for adaptive management should changes in the population status occur. 
This monitoring program will be applied to the Northern Spotted Owl (NSO) and California Spotted Owl 
(CSO) monitoring sites and the combination of the NSO and CSO monitoring sites (SO) due to previous 
genetic analysis suggesting the birds at these sites are not distinct subspecies.  

Annual Results and Five Year Trends 

Although there are annual fluctuations in SO occupancy rates, normally annual changes tend to be small 
because of the longevity, high survival, and relative low recruitment of the species.  Checks on 
population trends will be performed annually as survey data are collected over time.  On an annual 
basis, the most recent 5 years of occupancy data will be used to identify significant short-term declines.  
In the case of a stationary population, there is a 50:50 chance the occupancy estimate in year t + 1 will 
be less than the occupancy estimate in the previous year t.  Over 5 consecutive years, there is only a 

�
1
2
�
4

=
1

16
= 0.0625 

probability of seeing a 5-year trend of declining occupancy by chance alone.  Consequently, any 
observed pattern of declining occupancy on a rolling 5-year basis will trigger an in-depth evaluation of 
the SO population and notification to the Service. The most current 5 years of available data were 
evaluated in this manner and no declining short-term trend was found (Table 1).  Regardless of any 
short-term trends, an in-depth evaluation of population and status will occur every 10 years. 
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Table 1. Five year occupancy trend assessment based on SO, NSO and CSO occupancy estimates  �𝜓𝜓�� at 

136, 75, and 61 activity centers respectively for the most recent five years of data (2013-2017). A + 
indicates that occupancy in a given year is higher than the previous year, - indicates that occupancy in a 
given year is lower than the previous year.  

Year 
Estimated 

SO 
occupancy  

Higher or 
lower than 

previous year 

 Estimated 
NSO 

occupancy 

Higher or 
lower than 

previous year 

 Estimated 
CSO 

occupancy 

Higher or 
lower than 

previous year 

2013 0.738   0.669   0.826   
2014 0.805 + 0.743 + 0.876 + 
2015 0.862 + 0.828 + 0.900 + 
2016 0.807 - 0.726 - 0.909 + 
2017 0.774 - 0.717 - 0.840 - 

 

Decadal Analysis 

The decadal analysis of population trends will be based on testing for declining SO occupancy over time.  
Using independent annual estimates of occupancy for each subspecies (NSO or CSO) or the combination 
of the two subspecies (SO), a test for a declining trend in occupancy over time will be performed using 
weighted least squares.  Weights of the annual occupancy estimates will be inversely proportional to 
their variances.  The null hypothesis to be tested can be written as 

Ho: 𝛽𝛽 ≥ 0 (1) 

vs. 

H𝑎𝑎: 𝛽𝛽 < 0 (2) 
 
where 𝛽𝛽 is the slope of the linear regression model 

𝜓𝜓�𝑡𝑡 = 𝛼𝛼 + 𝛽𝛽𝛽𝛽 
 
and where 𝜓𝜓�𝑡𝑡 = estimated occupancy in year t.  The hypothesis of declining SO occupancy will be tested 
against the null hypothesis of a stable or upward trend in SO occupancy.  The 10-year evaluation 
protocol is illustrated using the current 6 years of available SO occupancy estimates at 136 activity 
centers, 2012–2017, in Figure 1.  
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Figure 1.  Plot of annual estimates of SO occupancy �𝜓𝜓�𝑖𝑖� at all 136 activity centers, 2012–2017, along ith 
associated 95% CI.  Black line is the best fit weighted regression line, slope is estimated to be �̂�𝛽 =
0.012 �𝑆𝑆𝑆𝑆� = 0.013�. 

Power to detect declines in occupancy 

Collecting annual occupancy data is necessary, but not sufficient by itself, to ensure a reliable and 
informative SO monitoring program. Survey techniques must be accurate and precise and adequate 
sample sizes must be collected in order that the monitoring program can be reasonably expected to 
detect a population change. Survey techniques have been refined and standardized over the last 8 years 
to help ensure annual estimates of owl occupancy are accurate and precise.  

The quantitative goal of this monitoring program is to have sufficient statistical power to detect a 25% 
decline in occupancy over a 10-year period if it occurs. Specifically,  

a. for each subspecies (i.e., NSO and CSO) a statistical power of 1-β = 0.80 to detect a 25% decline 
in occupancy over a 10-year period at α= 0.10 1-tailed 

b. for the spotted owl subspecies combined (SO) a statistical power of 1-β = 0.90 to detect a 25% 
decline in occupancy over a 10-year period at α= 0.10 1-tailed. 

Using existing sample sizes, Monte Carlo simulations were performed to estimate the statistical power 
of this proposed long term monitoring program. The purpose of the simulation study was to assess the 
statistical power of the monitoring program to detect a 25% decline in occupancy over ten years if it 
occurs and determining if existing sample sizes are adequate to meet the quantitative objectives of the 
program. For each subspecies, and the monitoring data combined, 10,000 simulations were performed 
per scenario examined. Alternative scenarios included either 3 or 4 annual visits to the activity centers 
and simulations with and without natural variability in occupancy included (Table 2). The simulations 
results indicate the existing 75 NSO monitoring sites and the 61 CSO monitoring sites are each sufficient 
to provide statistical power ≥ 0.80 (Table 2). The simulation results also indicate the NSO and CSO 
combined sites (i.e., n= 136) are adequate to have a statistical power ≥ 0.90 to detect a 25% decline in 
occupancy over a 10-year period at α= 0.10 1-tailed. 
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Table 2. Projected statistical power to detect a relative decline in occupancy of 25% over a 10-year 
period at α=0.10 one-tailed with and without natural variability and as a function of the number of 
annual visits to each monitoring site for both subspecies combined (SO) and each subspecies separately. 
Relative change in occupancy based on weighted linear regression. Average occupancy, detection rate, 
and natural variability estimates (2012-2017) (see Table 2) used in Monte Carlo simulations to estimate 
statistical power are also listed.   

Power analysis input parameter 
SO NSO CSO 

n=136 n=75 n=61 
Occupancy 0.787 0.718 0.873 

Detection probability 0.7061 0.6415 0.7771 
Natural Variation (σ2) 0.0009 0.0018 0.0 

Power - Without Natural Variation 
3 visits  0.996 0.861 0.979 
4 visits 0.998 0.899 0.983 

Power - With Natural Variation 
3 visits  0.968 0.737 0.979 
4 visits 0.977 0.762 0.983 

 

Additional simulations were performed to assess the effect of small variations in the number of sites 
available for analysis (Table 3). The power simulations also suggest that there is resilience in the 
monitoring program should some sites need to be dropped due to uncontrolled events. Both the CSO 
and the combined (SO) analyses could sustain a loss of more than 20 sites and likely maintain adequate 
statistical power to meet the quantitative objectives of the monitoring program (i.e., 80 and 90 % power 
respectively). With a loss of 20 sites the NSO analysis would likely maintain adequate power to achieve 
the quantitative objective of the monitoring program (i.e., 80% power). However, a loss of more than 20 
NSO monitoring sites would likely reduce the statistical power of the NSO analysis below the 80% 
threshold. 
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Table 3. Projected statistical power to detect a relative decline in occupancy of 25% over a 10-year 
period at α=0.10 one-tailed, with 4 annual visits and no natural variation as a function of number of 
monitoring sites. Highlighted cells reflect current conditions. 

Subspecies SO   NSO   CSO 
Occupancy 0.787  0.718  0.873 

Detection probability 0.706   0.641   0.777 

 n power  n power  n power 

 116 0.995   55 0.804   41 0.925 

 121 0.995  60 0.827  46 0.947 

 126 0.997  65 0.856  51 0.964 

 131 0.998  70 0.877  56 0.974 

 136 0.998  75 0.899  61 0.983 

 141 0.999  80 0.915  66 0.986 

 146 0.999  85 0.929  71 0.991 

 151 0.999  90 0.936  76 0.994 

  156 0.999   95 0.947   81 0.995 
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Appendix A: Annual occupancy model output 

Table A1. Estimates and standard errors of occupancy  (𝜓𝜓�), detection probability without barred owls 

(�̂�𝑝−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵)  and detection probability with barred owls (�̂�𝑝+𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵)  from annual occupancy models fit to 

data including both subspecies combined (SO) and each subspecies separately (NSO CSO) (2012-2017). 

Total sample size (𝑛𝑛𝑇𝑇𝑇𝑇𝑡𝑡𝑎𝑎𝑇𝑇) and samples with barred owls present (𝑛𝑛+𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵) are also included.  

SO Year 𝜓𝜓� 𝑆𝑆𝑆𝑆�𝜓𝜓�� �̂�𝑝−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑆𝑆𝑆𝑆(�̂�𝑝−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵) �̂�𝑝+𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑆𝑆𝑆𝑆(�̂�𝑝+𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵) 𝑛𝑛+𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑛𝑛𝑇𝑇𝑇𝑇𝑡𝑡𝑎𝑎𝑇𝑇 

 2012 0.739 0.0404 0.7771 0.0294 0.0241 0.0245 9 136 
 2013 0.738 0.0409 0.6756 0.0307 0.0001 0.0014 7 136 
 2014 0.805 0.0363 0.7602 0.0247 0.0355 0.0253 10 136 
 2015 0.862 0.0324 0.7592 0.0229 0.1073 0.0460 11 136 
 2016 0.807 0.0348 0.7135 0.0241 0.7135 0.0241 5 136 
 2017 0.774 0.0370 0.7706 0.0240 0.1130 0.0677 6 136 

NSO Year 𝜓𝜓� 𝑆𝑆𝑆𝑆�𝜓𝜓�� �̂�𝑝−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑆𝑆𝑆𝑆(�̂�𝑝−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵) �̂�𝑝+𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑆𝑆𝑆𝑆(�̂�𝑝+𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵) 𝑛𝑛+𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑛𝑛𝑇𝑇𝑇𝑇𝑡𝑡𝑎𝑎𝑇𝑇 
 2012 0.623 0.0600 0.7939 0.0380 0.0294 0.0306 9 75 
 2013 0.669 0.0581 0.6648 0.0411 0.0000 0.0010 7 75 
 2014 0.743 0.0546 0.7540 0.0343 0.0384 0.0277 10 75 
 2015 0.828 0.0516 0.6531 0.0366 0.1153 0.0520 11 75 
 2016 0.726 0.0532 0.6465 0.0365 0.6465 0.0365 5 75 
 2017 0.717 0.0543 0.7117 0.0381 0.1218 0.0745 6 75 

CSO Year 𝜓𝜓� 𝑆𝑆𝑆𝑆�𝜓𝜓�� �̂�𝑝−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑆𝑆𝑆𝑆(�̂�𝑝−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵) �̂�𝑝+𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑆𝑆𝑆𝑆(�̂�𝑝+𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵) 𝑛𝑛+𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑛𝑛𝑇𝑇𝑇𝑇𝑡𝑡𝑎𝑎𝑇𝑇 
 2012 0.885 0.0461 0.7496 0.0481 0.7496 0.0481 0 61 
 2013 0.826 0.0556 0.6835 0.0474 0.6835 0.0474 0 61 
 2014 0.876 0.0455 0.7642 0.0363 0.7642 0.0363 0 61 
 2015 0.900 0.0394 0.8661 0.0257 0.8661 0.0257 0 61 
 2016 0.909 0.0385 0.7774 0.0314 0.7774 0.0314 0 61 
 2017 0.840 0.0477 0.8217 0.0301 0.8217 0.0301 0 61 
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Appendix B: Simulation description 

1) Set simulation parameters 

Detection rate (p) and initial occupancy (ψ) were set equal to the average of the point estimates 
from the analysis of the existing data 2011-2017. The detection rate was calculated as a 
weighted average across sites with and without BDOW. The initial occupancy was made to 
decline annually over the 10-year period, resulting in the total proportional declined being 
evaluated (Δ).  

2) Draw true occupancy sample 

Samples were drawn for each year using the rbinom() function in R with sample size (n) equal to 
the sample size being evaluated and probability of success equal to the occupancy rate for the 
appropriate year. Sites drawn as “successful” were assigned a 1 and were considered occupied 
sites, sites drawn as “unsuccessful” were assigned a 0 and were considered unoccupied. 

3) Simulate visits 

v visits were simulated to each occupied site with probability of detection p, if the site was 
detected as occupied a 1 was recorded if it was not detected as occupied a 0 was recorded. 
Detection histories of unoccupied sites were recorded as all 0’s assuming no false positive 
detections. This process was repeated each year in the 10-year period. 

4) Fit annual occupancy models 

The detection histories (produced in step 3) for each site were used to fit an occupancy model, 
with no covariates, annually. Each annual occupancy model was fit independently of data from 
previous and subsequent years using the occu() function in the “unmarked” package in R.   

5) Regression 

A weighted linear regression model was fit to the 10 annual occupancy estimates (produced in 
step 4) with weights equal to the inverse of the estimated variance of the occupancy estimates. 
If the p-value of the slope term was less than the specified α the decline was detected, if the p-
value of the slope term was greater than the specified α then the decline was not detected. 

6) Repetition 

Steps 2-5 were repeated 10,000 times. Power was then conveyed as the proportion of 
simulations where the simulated decline was detected.  
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I. Introduction 
 

This document serves as a manual for field-going personnel in the use of the Var Cruiser iOS app for 
variable-plot sampling of SPI holdings. 

Var Cruiser’s interface allows measurements to be recorded as they are made and ensures the complete 
collection of data has occurred while still at the plot. Additionally, Var Cruiser protocol entails a daily 
data upload enabling rapid cruise data checking.  

A. Required Equipment 
Equipment required to collect data for variable-radius plots in Var Cruiser: 

Equipment Function Cost 
Cruiser vest Carry all equipment ~$60 
Haglof VL5 Hypsometer 
(with transponder & 
mount) 

Measure tree heights & 
distances 

$2,083 

Plot Center Staff Mount transponder for plot 
measurements 

$89.25 

Marker & Flagging Monument plots and 
traverses 

$2-3/ea 

Compass Plot orientation $40 
Nails for plot 
monumentation 

Plot monumentation $.60/ea 

IPad mini, loaded with 
Var Cruiser software 

Plot data collection $350 

Garmin GS64 GPS Plot navigation $250 
Loggers’ Tape with 
length(ft) and diameter 
(.1”) 

Tree diameter 
measurements, distances 

$70 

12”Increment Borer Growth/ PAI measurement $221.50 
Criterion RD1000 BAF 
scope 

Determine candidate trees $1595 

2-way radio Crew communications $100-300, 
check with 
foreman 

Total Equipment Cost Per Cruiser ~$4800 
Table 1 Required equipment for variable plot sampling with Var Cruiser 
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B. Glossary 
BAF (Basal Area Factor) - A unit of measure which accounts for tree size relative to distance to plot 
center. Adjusted to maintain an average of 4 tally trees per plot. 

Borderline Plot - A plot falling on the edge of an area where trees within the plot radius may fall outside 
of the intended sampling area 

Breast height - 4.5’ above the ground, on the uphill side of a tree 

Candidate Tree - Any tree which will be measured to determine whether it is a tally tree 

DBH (Diameter at Breast Height) - A diameter measured with a loggers’ tape at 4.5’ on the uphill side of 
the tree. Refer to appendix A for DBH measurement diagrams. 

LCS (Land classification rating) - Values of Mixed, Regen, Limited and Non-Timber indicating site 
condition or potential 

PAI (Periodic Annual Increment) - Measure of the last 10 years’ tree ring radial growth 

Primary Plot - The most common plot type, falling within a mixed-age stand 

Secondary Plot - A less frequently sampled plot within an inoperable area 

Snag - Refers to a dead tree without evidence of cutting 

Stump - Refers to a dead tree base with evidence it was cut down 

Tally Tree - A tree determined to be in the plot requiring several measurements, which at minimum 
include species, diameter, and green canopy 

Variable Plot - A plot with a radius determined by BAF rather than a set distance to plot boundary 
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II. Plot Registration 
A. Plot Selection 

The plot layout for mixed aged stands follows a systematic 4 x 10 chain systematic grid.  With this 
system, approximately one plot per 4 acres of timbered land is allocated.  Plots are organized in strips 
oriented north-south across a section.  

Section Strip Plot ID App Displays 
M24N03E01 01 16 M24N03E010116 

In the above example, the plot selected is plot 16 within strip 1 located in Section M24N03E01. 
All this information is concatenated and displayed in Var Cruiser. From the main display, 
cruisers will select the next plot to be cruised using this symbology. 

i. Var Cruiser Main Display 
The Var Cruiser main display (Figure 1) is seen upon logging in before a plot is selected. Plots can be 
selected either searching or scrolling through the loaded plots list to the left or from the map view.  

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Main Display of Var Cruiser iOS App 
Figure 1 Var Cruiser Main Display 
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Field Description 
IPad & Cruiser Information This section shows initials of logged in cruiser, number of plots 

loaded and cruised, and average trees per plot (TPP) of cruised 
plots. The TPP value should be 4, on average. 
 

Current Plot Information Provides plot number, which is a combination of the Township, 
Section, Strip and actual plot. Indicates whether additional data is 
needed, and plot type (primary/secondary). Border LCS will indicate 
if a plot is potentially borderline. Slope, aspect, and elevation are 
provided. The BAF setting should be verified within the Haglof for 
each plot. 
 

Map View Thumbnail Long-press to access loaded map of plots & terrain 
Loaded Plots List & Search Shows loaded plots and allows searching list; indicates cruised & in-

progress plots 

Plot Registration Area Contains fields for registering plot once located. 
Table 2 Var Cruiser main display pertinent fields for plot selection 

ii. Map View & Plot Layout 

In a reasonably square section with section lines running North-South and East-West, the first plot 
would be four chains north and five chains east of the Southwest section corner.  If the section lines are 
not north-south and east-west the first plot is four chains north of the furthest north portion of the 
south section line, and five chains east of the furthest east portion of the west line.  Refer to section III 
for information on different plot types. 

The map view, accessed by long-pressing the map thumbnail from the main screen, displays the iPad’s 
loaded plots (Figure 2). In the map view, plots are listed by strip number and plot number (Strip 1, plot 
16 would show up as 0116). Tapping an individual plot enters the plot’s interface screen (Figure 1). 
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Figure 2 Var Cruiser Map View 

 

Administrative Land 
Class Type 

Map Fill 
Color 

General Description Cruise Type / 
Plot Color 

Mixed Stands Dark 
Green 

Acres stocked with merchantable timber. Primary 
White Plots 

Primary 
Borderline 

Yellow Plots 
Regeneration Light 

Green 
Acres planted or will be planted with seedlings 
due to harvest or fire. 

No1 

Limited Option (0 or 
1) 

Yellow L0: Extremely sparse tree density. 
L1: Irregular stocking and tree density with 
openings of 1-acre or more.  

Secondary 
Pink Plots 

Non-Timber No Fill Open ground, e.g., rock outcrops, meadows. No 

Table 3 Land Classification (LCS) types displayed in Var Cruiser's Map View 

1 Refer to the SPI Regen Inventory Methodology. 
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iii. Plot Types 
Primary Cruise Plots 

The primary cruise is done in Mixed Stands (M), the majority of acres within SPI ownership.  Given the 
plot’s location within the M land class there are two types of plots: 

Standard Plots (white dots in Var Cruiser)    
Represent most of the plots to be cruised and are located well within the land class.  Do not conflict with 
other land class or ownership boundaries and cruisers can proceed as normal in collecting tree and plot 
data. 

Borderline Plots (yellow dots in Var Cruiser)     
These plots have a high likelihood of being influenced by neighboring land class or ownership 
boundaries (Figure 3).  Whether there needs to be adjustments to the standard cruising method, 
however can only be determined when present at the site, plot center has been determined, and the 
trees have been tallied based on the basal area factor (BAF) currently in use.   

Any trees in adjacent land class types, not currently in the plot’s land class type must be dropped from 
data collection for that plot.  Also, for each tree in the plot that is closer to the adjacent land class 
boundary than it is to plot center (measured distance to the land class boundary is less than the distance 
to the plot center) will be recorded twice (duplicated).  If the distance is closer to the plot center, the 
tree is only recorded once (Figure 3). 

See offset plots in Chapter III, Section D for information on offset plots in borderline areas. 

 

Figure 3 Example of non-qualifying Tally Tree. 
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Figure 4 Example of a borderline plot 

Secondary Cruise Plots 
The secondary cruise is done in Limited Option (L0 and L1) stands and only has standard plots labeled as 
pink dots in Var Cruiser.  However, only 1 of every 7 plots in each Limited Option area/polygon in these 
land class types are cruised due to their limited biomass and merchantability. 

B. Plot Establishment 
i. Plot Location & Monumentation 

Cruisers will navigate to selected plot using a Garmin GPS unit. From the nearest unit corner or road 
intersecting the unit, a section of flagging should be placed indicating distance and azimuth to nearest 
plot number. The cruiser then traverses the unit to the plot. 

Once plot center is determined, cruiser shall use a marker to write initials, strip and plot number on a 
length of flagging. Attach the flagging to a nail and push into the ground.  

Note: No plots are offset, however a 20-30 ft buffer from the actual plot center is used if unsafe 
conditions (e.g., wasps, poison oak) are present. Note this occurrence during plot registration. 
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ii.  Plot Registration 
The plot interface screen is seen after selecting a plot. Verify the correct plot is selected and register it 
by tapping the green “register plot” button. Hold the iPad over plot center then press the GPS button, 
then “Save Registration” to record a GPS coordinate and finish registration. 

 
 

 

Figure 5 Var Cruiser plot registration interface 

Button / Field Description 
Register Plot  Selects this plot to register by GPS. Replaced by 

Registration Save/Cancel Buttons after plot is selected 
for registration. 

GPS Button  Collects a GPS point of the current plot 

Registration Save/Cancel  Finalizes GPS registration of plot or allows cruiser to 
navigate away from selected plot 

Bearing Trees In the event of missing monumentation nails, two 
bearing trees may be recorded. They do not have to be 
actual “in” trees but should be at least 90ᵒ apart as seen 
from the plot center.  For empty plots or plots without 
trees to be tallied, bearing trees must still be recorded, 
using the nearest trees possible.  If possible, attach 
aluminum tags (or flagging) with the plot number (e.g. 
0209 for strip 2 plot 9) and the number of the bearing 
tree (e.g. 1 or 2) 
 

Table 4 Fields and buttons used in plot registration step 
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iii. Haglof VL5 Calibration 

 
It is extremely important to calibrate the Haglof VL5 at each plot. Before checking for 
candidate trees, the Haglof VL5 must be calibrated following these steps: 

1. Set plot staff in ground at plot center.  

2. Align the gray receiver tips and press the DME button. Unit will beep several times. 

3. Hold the speaker of the transponder against the Haglof VL5 speaker and hold the DME 
button until 2 beeps are heard. 

4. Place the transponder at eye level on a tree which can be seen for approximately 35 
feet. 

5. Stick the loggers tape in the tree below the transponder. 

6. With the tape in the tree, walk 32.8 ft in a straight line away from the transponder.  
Make sure there is no brush blocking your view to your transponder and that the tape is 
held out straight. 

7. Using the scope, aim the Haglof VL5 at the transponder and hold the “On” button until 
one long beep is heard. Place the Haglof Transponder on the plot center staff at 4.5 feet, 
oriented facing north. The unit is now calibrated for this plot. 
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III. Plot Tree Determination 
Determining which trees are in the plot is highly important. Missing a tree in this step will lead to failing 
the plot (see chapter V - Quality Control). Plot tree determination involves determining all plot 
candidate trees to visit which are “in” or questionably so and measuring each one to confirm whether it 
is in the plot.  

For this step it is critical that the Criterion BAF scope is set to the same BAF as indicated on the main 
display for the current plot. The cruise foreman will set this value ahead of time. 

First, the plot is spun for merchantable trees 8.0” DBH and above (Section A-C). After entering these 
trees, an offset plot will be installed for trees measuring 7.9” DBH and below (Section D). 

Note on Snags vs. Stumps 
Snags with no indication of mortality caused by cutting are considered trees as long as they have a 
diameter of 1” or greater at breast height. 
Stumps resulting from cutting are not considered trees.  

A. Determining Candidate Trees 
Starting from due north, rotate clockwise checking each tree with the criterion BAF scope. 
Compare the width of the bars displayed in the scope of the Criterion with the bole of each tree 
at 4.5’ (figure 6). Each tree that exceeds the bar width of the Criterion display is considered a 
candidate tree and will be measured in the next step. Any tree which is not out with confidence 
will also be a candidate tree and will be measured in the next step. 

 

Figure 6 Using the Criterion scope to determine candidate trees 

B. Determining Tally Trees 
Cruisers will proceed to measure each candidate tree in a clockwise fashion starting from due North.  
Cruisers will determine tally trees by:  

1. Holding the Haglof at 4.5 feet centered on the bole of the tree, set the mode to “Angle” and aim 
at the transponder (4.5’) until a beep is heard. 

2. Then holding the Haglof at 4.5 feet, facing the transponder at plot center, press DME to 
measure distance corrected for the previously measured slope to the tree.  The Haglof will then 
present a minimum diameter to the nearest 10th of an inch that the tree must be at to qualify as 
a tally tree.  
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3. Measure the DBH using the loggers tape (Appendix A, p.23). Only trees of merchantable size (8.0 
inches DBH and greater) will be considered tally trees on this plot. Refer to Appendix A if there 
are tree defects, forks, or other abnormalities that would prevent a normal DBH from being 
measured.  For example, if at breast height a limb whorl creates a significant bulge, it’s 
necessary to measure above and below the bulge and take the average of the 2 measurements. 

4. If the DBH measured is greater than or equal to the Haglof value, then the tree is a tally tree and 
must be entered. Add it to the plot by pressing the add tree button (Figure 9). Enter the fields 
shown in section C: Entering Tally Trees. 

5. Continue clockwise around the plot and check each candidate tree. 

Note: If there are no tally trees present in a plot, you must enter this by adding 1 tree, and 
under “Species” select “XX Empty Plot”.

 

Figure 7 Tree numbering starts rotating clockwise from North 
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Figure 8 Example of candidate tree determined out. Candidate tree #4, if in, becomes tally tree 3. 

 

C. Entering Tally Trees 
The process for entering tally trees is repeated for each tally tree found in the previous step.  
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Figure 9 Var Cruiser Plot Level Screen 

 

Field/Button Description 
Current Plot/Loaded Plots The current plot will be highlighted in light green. Note the tree icon 

to the right of some plots. These plots are registered, and tree entry 
has begun. The numbers inside show conifers and hardwoods on the 
plot (i.e. 4 conifers/0 hardwoods). 

Plot Tally Trees List of tally trees added to the plot. Trees for which additional formal 
measurements have been made are highlighted in yellow. Trees 
requiring additional information will flash red. Ignore this until all tally 
trees are entered. 
 
Plot tally trees can be re-ordered and deleted if necessary. To re-
order, long-press and then drag the tree to its appropriate number 
slot in the tree list. To delete, long-press and then tap the minus (-) 
that appears in the corner of the tree’s icon. 

Add Tree Button Use this button to add each tally tree as it is confirmed. 
Table 5 Fields & Buttons used for tally tree data entry 

1. Press the “Add Tree” button. Tree Data Entry Screen appears. Only certain fields will be 
entered at this step: 
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Figure 10 Var Cruiser Tree Data Entry Screen 

 

Measurement Attained by Description 
Species Visual Evaluation Unique biological classification for each tree (Appendix B) 
DBH Loggers Tape Diameter of the bole at breast height (4.5 ft above the ground) 

(Appendix A) 
Rejects values <8.0” DBH for the main plot. 

Broken Top Visual Evaluation No (default): Full top that shows no visible sign of a broken top 
Yes: Top is missing, broken, or hanging. Visually estimated 
below predicted height for all tally trees with broken tops. 

Tree Class Visual Evaluation 101 (default): Green/live tree 
102: Green cull tree: Spike top or significant defect 
104: Green tree with half or more of the canopy brown/dead. 
105: Dead tree with branches present. 
106: Dead tree with majority of branches missing, but bark still 
present. 
107: Dead tree with significant decay (e.g., no branches and 
bark) 

Percent 
Green Canopy 

Visual Evaluation Percent of the total height of the tree displaying green canopy. 

Table 6 Measurements acquired for each tally tree on plot 

2. Enter the above fields, and then click Save in the upper left-hand corner. 
3. Repeat for each tally tree found on plot. 
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D. Offset (Sub-merch) Plot 
This plot will be installed after all merchantable tally trees 8.0” DBH or greater have been entered. This 
plot is for trees with DBH 7.9” or less. After registering the plot, Var Cruiser displays a sub-merch data 
button and distance and azimuth for the plot center of the offset plot (Figure 11).  
Notes: Sub-merch trees on the offset plot continue numbering from where the main plot’s tally trees 
left off. Adjust the offset plot azimuth by 180 degrees for sub-merch plots in borderline areas which 
would result in an offset plot being outside the M landclass. 

 

Figure 11 Offset plot data button & distance and azimuth displays after tally tree entry. 

To install the offset plot: 

1. Press the Sub-Merch Data button to begin entering trees on the offset plot (Figure 11). 
2. Pull the logger’s tape the distance and direction indicated in Var Cruiser (Figure 11) from the 

main plot monument nail to offset plot center. Ensure this is done accurately with a flat tape 
measurement and careful attention to azimuth. If the new offset plot center falls inside a tree, 
back up on the same bearing towards the main plot until the transponder can be placed. 

3. Place the plot staff in the ground with the transponder facing north. 
4. Turn clockwise from north evaluating all trees 7.9” DBH and under. This can be done either with 

the Haglof or by adding a sub-merch tree and entering a DBH. Upon DBH entry for sub-merch 
trees, a Maximum Qualifying Distance (MQD) in feet to the center of the tree is displayed 
(Figure 12). If the horizontal distance to the center of the tree is equal to or less than the MQD it 
will be counted on the offset plot. 

  

Figure 12 MQD displaying after a sub-merch tree DBH is entered 

5. Enter each tree found to be in the plot, and record the required measurements (species, DBH, 
broken top if applicable, tree class and percent green canopy) as seen in Chapter 3 Section C. 

6. Continue for all sub-merch trees 7.9” DBH or under. Then return to the tally tree data by 
pressing the “Tally Tree Data” button. 
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IV. Tree Measurements 
 
Var Cruiser indicates the two largest conifers requiring these additional measurements by flashing the 
respective tree icons in the plot level screen (Figure 13). Tap the first flashing tree, then tap “Edit” in the 
lower left corner to begin measurements. The two formal measurement trees will be flagged around the 
bole with pink and black flagging.  

 

Figure 13 Var Cruiser displays 2 largest conifers on plot requiring measurements 

These measurements adjust Var Cruiser internal calculations for all tally trees on the plot and as such it 
is important they are taken with a high degree of precision and accuracy. These measurements (Table 7) 
are collected for the two largest conifers on plot. More details for these measurements can be found in 
Chapter IV Sections A-D. 

Measurement Attained by Description 
Height1 Haglof  Measured height of the tree to the nearest foot. Refer to 

Chapter V Section A . 
Merch Height1 Haglof Cutoff point for merchantable sized timber. Refer to Chapter V 

Section B. 
Defect Visual estimation 

for each log iPad 
calculates 

% Defect in each 16.5’ section of merchantable timber. Refer 
to Chapter V Section C. 

Age2 Increment Borer Measured at DBH (uphill side, 4.5 ft above the ground) by 
coring into the pith of the tree and counting rings to 
determine age. Refer to Chapter V Section D. 

PAI-102 Increment Borer Measured 10-yr periodic annual increment to closest 10th of an 
inch. Refer to Chapter V Section D. 

Table 7 Tree measurements required for the largest 2 conifers on plot 

1Refer below for additional detail on the measurement. 
2Site tree measurements: denoted by Plot Header Form Field “Additional Data” = YES; refer below for additional 
detail. 
 

Ensure all measurements in Table 4 are recorded for both largest conifers on plot. Flashing “incomplete” 
warning changes to solid yellow “Formal M” indicator for trees with recorded measurements. 
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A. Tree Height 
For every tree height measurement, the cruiser will locate the best possible viewpoint from which to see 
the tree’s base and top. The cruiser should make sure to find a vantage point from which the angle to 
the top of the tree is 45 degrees or less. Once the best vantage point has been determined, measure the 
tree height as follows: 

1. Place the transponder on the bole of the tree to be measured at 4.5 ft above the ground. Set 
the Haglof to height vertex mode. 

2. Fire the Haglof at the transponder. The Haglof will beep. 
3. Fire the Haglof at the top of the crown. 
4. Quickly repeat these steps 3 times and enter the average calculated height. 

 

Figure 3: Example of appropriate laser firing angles for measuring tree height. 

 

B. Merch Height 
The merch height is located at the highest point of the tree where the bole’s diameter inside bark (DIB) 
is equal the minimum specified merchantable DIB. This value is dependent on tree DBH and will display 
in the Tree Data Entry Screen after the tree DBH is entered in Var Cruiser. In normal situations, merch 
heights typically do not vary greatly from Var Cruiser estimations based on DBH and can be quickly 
estimated. When unusual tree circumstances occur (broken top, unusual taper, multiple forks) the 
Haglof can be used to locate the merch height as follows: 

1. Adjust the Haglof to the minimum DIB displayed for the current tree. 
2. Broken Top = No: Fire the laser at the minimum DIB and record this height to the nearest 

foot. 
3. Broken Top = Yes: If the DIB at the broken top exceeds the minimum merchantable DIB, 

measure the tree’s height to the nearest foot.  If at the point of the broken top the diameter 
inside the bark is less than the minimum DIB, then record a value of 0. 

First Shot
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Note: Because broken tops may affect how many logs are calculated for a tree, measuring 
accurate tree and merch height is especially important on measure trees with broken tops. 

 

C. Defect 
After tree heights have been measured and recorded, Var Cruiser automatically creates the 
number of logs for conifers based on merchantable height (Table 8). Number of logs is rounded 
up or down to the nearest log (16.5ft). At minimum, a conifer must have a DIB of 6 inches at 9.6 
feet above ground to qualify for defect.  Defect is assessed as a percentage on each log and 
applied using the sliding bars on the right-hand side of the tally tree interface.  Defect is 
recorded on individual logs in 10% increments (Appendix D).  It is advised to apply defect 
percentage with pessimism, estimating a higher amount of defect when in doubt. Common 
defects include: crook/sweep, forks, heart rot, cat’s face, burls, fungi, bark beetle damage, fire, 
frost and/or mechanical damage (Appendix C). 

Note the tree class when determining defect estimates. Only tree classes 102 (Green Cull Tree) 
and 107 (Dead & Missing Bark) default to cull all logs. When defecting dead trees, consider 
culling all logs in dead trees 16” DBH or less. Again, when in doubt, apply a higher defect 
percentage. 

Note: The type of the defect is not recorded, only the percentage of defect. If there is 
widespread damage to trees in the area from a particular agent, record it in the plot comments. 

 

Logs 
Predicted 

Height to Merchantable Top (ft) 

1 9.6 – 26 
2 27 – 42 
3 43 – 59 
4 60 – 75 
5 76 – 92 
6 93 – 108 
7 109 – 125 
8 126 – 141 
9 142 – 158 

10 159 – 174 
11 175 – 191 
12 192 – 207 

Table 8 Log counts are determined by tree merch height 
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D. Additional Data / Site Trees 
Additional data needs to be measured for the plot when the field “Additional Data” = “YES” 
under the Plot Description of the Var Cruiser Application.  This includes the measurement of 
site tree and periodic annual increment (PAI) measurements.  

Site Tree 

Site trees are collected with every fourth plot. Site trees are used to determine overall stand 
potential. Site trees may be selected from plot trees or other trees adjacent to the last 3 plots 
in the strip which best represent the stand within the following constraints.  Site trees are to be 
selected from healthy dominant conifer species (Ponderosa Pine, Douglas Fir, White Fir, Sugar 
Pine, Red Fir, etc) with canopy receiving light from above and at least 3 sides.  Site tree 
selections should have a DBH between 10 and 23 inches, with no visible defect. In poor sites 
with few candidates, the primary selection factor is diameter. 

After selecting a site tree, press the “Site Tree Data” button on the bottom of the plot 
registration window just above the tree list. Then tap “Add”. The site tree window appears. 
Record its location (Lat, Long), species, DBH, height, age and vertical green canopy in the 
provided fields (refer to Table 7 and this section for measurement details). Site tree age is 
measured by a count of rings from a core extracted at breast height. 

Note: If site trees selected are also plot trees, make a note of that in the comments of both trees.   

Periodic Annual Increment 

Periodic Annual Increment measurements are required on every other plot. Periodic annual 
increment (PAI) is measured for the two first conifers on plot with diameter above 8 inches.  

If only one plot tree meets these requirements, it will be measured for that tree. If no trees on 
plot meet these requirements PAI will not be recorded. In any instance where less than two 
trees are eligible for PAI make a note of this in the plot comments section. 

PAI measurements are obtained by extracting a core from breast height on the uphill side of the 
tree using an increment borer. Cruisers should extract a core of 4-5 inches. The core for this 
measurement does not need to include all tree rings. The 10 outermost growth rings from the 
core are measured to the nearest 10th of an inch.  This measurement is then recorded in the 
“PAI-10” field of the plot tree. 
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V. Quality Control 
Quality control standards have been established to provide accountability for each cruiser. 
These standards will be used to ensure measurements are at an acceptable level of accuracy. 

Training 
Timber cruisers are thoroughly trained by the Crew Leader/Foreman to ensure all appropriate 
standards are followed to ensure consistent quality is efficiently obtained.  Once cruisers are 
trained they will cruise with a qualified cruiser until proficiency has been demonstrated.   

Check Cruising 
Cruisers are check cruised daily to ensure accuracy of measurements and data. 10% of the 
cruiser’s plots are check cruised. Total number of a cruiser’s daily plots check cruised is 
alternatively rounded up and down to maintain the minimum 10% check cruise rate for the 
week. Their previous days’ production total will be aggregated through the week to maintain 
the 10% sampling rate.  

For example, a cruiser installing 15 plots the first day of the week will be checked on two of 
their plots since only one plot checked would result in a check cruise rate of less than 10% of 
their daily production. The following day, this cruiser’s sampled plots could be rounded down to 
the nearest plot as long as at least 10% of their plots for the week are checked.  

Each check cruised plot must meet a score of 90% (450 out of 500 points) or higher.  Points are 
weighted and assigned to different plot/tree measurements (Table 9). Points are weighted such 
that failure to properly register a plot or correctly identify a plot tree will result in a failing score 
for the plot. Check cruisers will repeat plot tree in/out measurements three times before 
deducting points for a failed plot tree determination.  

A financial penalty will be incurred by the contractor upon a failed plot.  

Measurement Allowable Error Points 
Plot Registration  Main plot center within 50 feet of check cruise 

location 
Offset plot ± 2 feet and ± 10° 

80 

Trees tallied that were out None 80 
Trees that were in, but not tallied None 80 
DBH ± 1 inch 55 
Species None 35 
Tree Class None 20 
Total Height ± 8 feet 20 
Broken Top ± 6 feet 20 
Merch Height ± 16 feet 20 
Offset Trees tallied that were out None 45 
Offset Trees that were in, but not 
tallied 

None 45 

Total Points  500 
Table 9 Allowable error for measurements. Red highlighted fields indicate an automatic plot failure 
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Transfer of Field Data 

Plot data is transferred from the field to the office every night via Dropbox.  Field crew leaders 
will drive to locations that have a Wi-Fi connection to upload each iPad’s data (plot and tree 
info) into the Dropbox folder.  Once every iPad’s data has been uploaded, data files are merged 
to create single data files for trees and plots respectively. 
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VII. Appendices 
Appendix A.  Variations of DBH Measurement 

Normal Tree Measure DBH from the high ground side of the tree, 
which is 4.5’ above the forest floor.   

  
 

 

 

Leaning Tree DBH is measured perpendicular to the tree bole (right 
angle). 

 
 
 

 

Young Open Grown DBH is measured above and below excessive Limb 
Whorl and averaged. 

 

 

 

 

Trees with Forks above DBH are measured as ONE tree. 
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Forks below DBH are measured as TWO trees. 

 

 

 

 

Trees grown together are measured as TWO trees.  This is 
indicated by a bark seem above and below DBH.  Measure as 
close as possible to the DBH and adjust for EACH tree. 

 

 

 

Cankers or burls located at DBH.  Measure 
as close as possible above and below the 
DBH and average. 

 

Abnormal butt swell is measured above the 
swell while noting the height of the 

measurement.  Estimate the average taper in normal 
trees of comparable size and apply taper rate to 
approximate DBH.  

 

 

  



Appendix 6.2 - SPI NSO/CSO HCP    
 

27 
 

Appendix B. Species List & Codes 
Softwoods Hardwoods 

Code Species Code Species 

CON - 01 Douglas Fir HWD - 20 Alder 

CON - 02 Redwood HWD - 21 Tan Oak 

CON - 03 White Fir HWD - 22 Pacific Madrone 

CON - 04 Hemlock HWD - 23 Chinquapin 

CON - 05 Sitka Spruce HWD - 24 Big Leaf Maple 

CON - 06 Western Red Cedar HWD - 25 Laurel 

CON - 07 Port Oxford Cedar HWD - 26 Live Oak 

CON - 08 Incense Cedar HWD - 27 Black Oak 

CON - 09 Ponderosa Pine HWD - 28 Other Hardwood 

CON - 10 Sugar Pine   

CON - 11 Lodgepole Pine   

CON - 12 Western White Pine   

CON - 13 Red Fir   

CON - 14 Other Conifer   

CON - 15 Pacific Yew   

CON - 18  Digger Pine   

CON - 19 Knobcone Pine   

CON - 45 Western Juniper   

CON - 46 Giant Sequoia   
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Appendix C. Defect Agents 
Defect Description 

 

Sweep 
An irregularity in the form of 
the tree bole resulting in 
curves and bends. 
 
Identification 
Irregular growth of the tree’s 
stem. 
 
Defect Deduction 
Project a straight cylinder 
from the longest straight 
portion of the log through 
the rest of the log and 
estimate the percentage 
outside of it.  

 

Burls 
An ingrowth/deformed part of 
the tree caused by stress, 
injury, or insect/fungal 
infestation. 
 
Identification 
Swollen bumps of growth on 
the tree bole, or at the base. 
 
Defect Deduction 
Varies with length and 
circumference of bole effected. 
Burls often extend deep into 
the bole. Defect to account for 
the entire circumference and 
length of the bole effected. 
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Catfaces 
Mechanically damaged areas on 
the lower part of the trees 
trunk where bark/sapwood 
have been scarred by logging, 
fire or falling trees. 
 
Identification 
Open/exposed sections on the 
lower part of the tree trunk. 
 
Defect Deduction 
If damage is relatively old 
deduct 10-20%, however can be 
increased if damage is more 
abundant. 

 

Heart Rot  
A fungal disease that causes 
decay starting at the center of 
the trunk and/branches.  Fungi 
spores enter through wounds 
on the tree, germinate and 
digest the heartwood. 
 
Identification 
Presence of conks which are the 
fruiting bodies of the fungus. 
 
Defect Deduction 
Presence of conks results in a 
Class 102 green cull tree. 
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Mistletoe 
Hemiparasitic plants that are 
attached on branches of the 
host tree.  Reduced growth, 
stunting and loss of branches 
are common on host trees.  
However, some bird species will 
use it as a nest. 
 
Identification 
Branching coral-like green 
plants developing on the 
branches. 
 
Defect Deduction 
None if just present on 
branches, however if bole is 
swollen deduct the length of 
the swell plus 1 foot above and 
below it. 

 

Mushrooms 
Indicate areas of dead wood.  
 
Identification 
Fleshy fruiting bodies 
extending from dead 
wood(exposed pale wood, 
flaking bark etc). 
 
Defect Deduction 
Results in a Class 102 green 
cull tree. 



Appendix 6.2 - SPI NSO/CSO HCP    
 

31 
 

 

Sapsuckers 
Strips of holes bored into the 
tree by sapsuckers. Can 
weaken trees to other 
defects. 
 
Identification 
Horizontal strips of bored 
holes typically in the lower 
half of tree. Usually thinner 
bark trees i.e. hardwoods or 
younger conifers without 
deeply furrowed bark. 
Compare with woodpecker 
holes. 
 
Defect Deduction 
No cull but check for other 
defects including dead wood. 

 

Woodpecker Cavity 
Holes in trees extending past 
the cambium into the bole. 
 
Identification 
Large cavities extending into 
heartwood or sapwood; 
deeper than bark. 
 
Defect deduction 
Woodpecker cavities indicate 
a void inside the tree. Cull 4 
feet above & below.  
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Appendix D. Defect Calculation 
Below are examples of defect deductions for a variety of defect agents in different log sections. 

 

Log Defect Estimation 

Log 4: The entire length of the log 
effected by fungal agents is 

estimated at 40% 

Log 3: No defect present in this log 

Log 2: Defect varies with 
circumference and length impacted 
by burl. 20% defect due to not 
wrapping around entire tree. 

Log 1: Woodpecker activity exposing 
a dead portion effecting a strip one 
third of the length of the log causes 
30% defect  

 

 
 
 

 

Log Defect Estimation 

Log 4: Defect a default of 20% for a 
fork and account for any additional 

sweep, if present. 

Log 3: Estimated percentage of 
crook outside of log cylinder is 20% 

Log 2: No defect present in this log. 

Log 1: Projecting a cylinder through 
the straight portion results in a 40% 
defect estimation for severe crook.  
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I. Introduction 
This document serves as a manual for field-going personnel in the use of the Regen Cruiser iOS 
app for sampling of regeneration in even-aged land classifications within SPI holdings. 
 
The sampling methods involve the installation of three fixed-radius plots to capture residual, 
planted and ingrowth trees in even-aged (regen) units. 
 
Survey Plot Types 
Two types of regeneration unit surveys are sampled within this protocol: 
 Level 2 
 Level 2 Surveys are performed on regeneration stands less than 18 years after harvest, 
 following a pre-commercial thin (PCT is typically done at 7-10 years). 
 Level 3 

Level 3 Surveys are performed on regeneration stands over 18 years old. Periodic annual 
increment (PAI) measurement requires an increment bore on level 3 plots. See table 3 
for details. 

 
A. Required Equipment 

Equipment Function Cost 
Cruiser vest Carry all equipment ~$60 
Haglof VL5 Hypsometer 
(with transponder & 
mount) 

Measure tree heights & 
distances 

$2,083 

Plot Center Staff Mount transponder for plot 
measurements 

$89.25 

Marker & Flagging Monument plots and 
traverses 

$2-3/ea 

Compass Plot orientation $40 
Nails for plot 
monumentation 

Plot monumentation $.60/ea 

IPad mini, loaded with 
Var Cruiser 2 software 

Plot data collection, plot 
photos 

$350 

Garmin GS64 GPS Plot navigation $40 
Loggers’ Tape with 
length(ft) and diameter 
(.1”) 

Tree diameter 
measurements, distances 

$70 

12”Increment Borer + 
Ruler w/ .1” increment 

Growth/ PAI measurement 
(Level 3 surveys) 

$221.50 

2-way radio Crew communications $100-300, check 
with foreman 

Total Equipment Cost Per Cruiser ~$3150 
Ensure that batteries for haglof, transponder, iPad, GPS and radio are charged before 
leaving the vehicle. Compass declination is set to zero; magnetic north is used. 
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B. Glossary 

Bole - The main stem of a tree 

Breast height - 4.5’ above the ground, on the uphill side of a tree. 

Crop tree - A tree that is part of the even-aged cohort resulting from planting following unit harvest. 

DBH (Diameter at Breast Height) - A diameter measured with a loggers’ tape at 4.5’ on the uphill side of 
the tree. 

LCS (Land classification system) - Rating of land classification with respect to timber production site 
quality and silviculture. Values of Mixed, Regen, Limited and Non-Timber are assigned. Regeneration, or 
regen, LCS are an even-aged stand type, within specified regeneration units, which level 2 & 3 surveys 
are designed to sample. 

PAI (Periodic Annual Increment) - Measure, in 1/10ths inches, of a tree’s outmost 10 rings. 

Tree age - Age in years of a tree. Determined by counting tree’s whorls or by counting rings from an 
extracted core sample. 

Retention tree - A tree which existed in the unit prior to unit planting and is therefore older than the 
unit’s crop trees. 

Understory tree - A tree which began growing in a regeneration unit after the unit was planted.  

Whorl - A point on a tree’s bole where several branches originate, indicating a year’s growth 
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II. Plot Selection & Installation 
Plot layout for regeneration plots on even-aged stands is determined by a specialized grid, the 
Regen Plot Grid (RPG). This grid is pre-loaded onto the iPad by the cruiser foreman.  
 
As a general rule, the workflow should first prioritize the oldest age regeneration units first. 
Units 30 years and up should be cruised first, followed by units 25+, and so on, moving down in 
5-year increments. The exception to this priority is in units being cruised for carbon, in which 
case all plots carry equal priority for cruising. 
 
Cruisers can navigate loaded plots from the RPG using the loaded plots or map view in the app. 

A. Main Display 
Upon logging in, the main display appears. The iPad status field should be checked for 
accuracy before beginning.  

 

Field/Item Description 
iPad Status Displays currently logged in cruiser, cruising area, trees cruised and crop 

trees per plot. Note: Double-check that cruise area and logged in cruiser 
are correct, and that plots are loaded.  

Plot Description Displays the radius for each of the three plots. Displays unit age, planted 
species, and planting/thinning year if applicable.  

Loaded Plots Provides navigation to various plots by regen unit. 
Current Plot 

Selection 
Indicates the current plot information: Township/Range/Section, Regen 

Unit ID, and Plot ID within the regen unit. 
Map Viewer Long-press to display and select from loaded plots on a map. 
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B. Map View 
Cruisers can use map view to show all loaded plots on a map. The current location is 
indicated by a blue dot within the map. Tap an individual plot to select it. Use the 
Garmin GPS unit to navigate to the plot. 

C. Plot Installation 
1. Determine plot center using the Garmin GPS, getting as close to 0ft as possible. If 

the GPS location tends to float upon arrival, average the three closest locations to 
find plot center. 

2. Write cruiser initials and plot number on a strip of flagging. Attach this flagging to a 
plot monumenting nail and insert into the ground at plot center. 

3. Place the plot center staff in the ground next to the nail.  
D. Plot Registration & Photos 

Once the desired plot is selected, tap “Register Plot” below the map viewer. Press the 
GPS button next to the latitude field. Save plot registration. Take a screenshot of the 
registered plot view in the iPad. Proceed to take photos facing each cardinal direction, 
starting North and moving clockwise. Select a brush condition for the overall site. 

E. Haglof Calibration 
It is extremely important to calibrate the Haglof VL5 at each plot. Before checking 
for candidate trees, the Haglof VL5 must be calibrated following these steps: 

1. Set plot staff in ground at plot center.  

2. Align the gray receiver tips and press the DME button. Unit will beep several 
times. 

3. Hold the speaker of the transponder against the Haglof VL5 speaker and hold the 
DME button until 2 beeps are heard. 

4. Place the transponder at eye level on a tree which can be seen for approximately 
35 feet. 

5. Stick the loggers tape in the tree below the transponder. 

6. With the tape in the tree, walk 32.8 ft in a straight line away from the 
transponder.  Make sure there is no brush blocking your view to your transponder 
and that the tape is held out straight. 

7. Set the Haglof to calibrate mode and aim from precisely 32.8ft at the transponder 
holding the “On” button until one long beep is heard. Turn the haglof off, then use 
the DME function to ensure that 32.8 feet is accurately measured. Repeat 
calibration if not. Place the Haglof Transponder on the plot center staff, oriented 
facing north. The unit is now calibrated for this plot. 
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III. Plot Cruising 
Plots will be cruised in order of (A) crop, (B) understory, and (C) retention tree plot.  
Measurements required per plot are detailed in table 3 below. 

Table 3 Measurements & observations made in Level 2 and Level 3 Surveys 

Measurement Attained by Description Plot Type 
Tree Class Visual 

Evaluation 
101 (default): Green/live tree 
102: Green cull tree 
104: Green tree with half or more 
of the canopy brown/dead. 
105: Dead tree with branches 
present. 
106: Dead, most branches missing, 
bark still present. 
107: Dead tree with significant 
decay (e.g., no branches or bark) 

All 

Species Visual 
Evaluation 

Unique biological classification for 
each tree (Appendix B) 

All 

DBH Loggers 
Tape 

Diameter of the bole at breast 
height (4.5 ft above the ground) 
(Appendix A) 

Crop (measure) 
Understory/Retention 
(estimate) 

Broken Top Visual 
Evaluation 

No (default): No visible sign of a 
broken top 
Yes: Top is missing, broken, or 
hanging. Measure the height of 
every broken top tree. 

Crop 

Height Haglof Measured height of the tree to the 
nearest foot. (Appendix C) 

Crop(measure) 
Understory/Retention(estimate) 

Merch Height Haglof Cutoff point for merchantable 
sized timber. Minimum Diameter 
to merch height for each tree will 
be displayed, if applicable. 

Level 2 & 3 Crop 

Vertical Green 
Canopy 

Haglof Total vertical length of tree’s green 
canopy. Measure at the same time 
as tree height. 

Crop 

Horizontal 
Green Canopy 

Loggers 
Tape 

Measure the extent of the canopy 
in feet from stem to the north, 
repeat for south and add numbers 
for final measure. 

Crop 

PAI Increment 
Bore 

At 4.5ft extract a core and use a 
ruler to measure the length of the 
10 year mark.  

Level 3 Crop (first two conifers 
>=8”, Class 101,102, or 104 
only) 

Confirm Unit 
Crop Tree Age 

Increment 
Bore 

At 4.5 ft bore the tree in the 
center of the bole to the pith and 
count all rings. 

Level 3 Crop (one sample per 
regen unit) 
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A. Crop Tree Plot 

The investment in management operations within a regeneration unit is done with the purposes of 
restocking the unit with the planted crop trees. Because of this, the crop tree plot provides the most 
important data of the survey. It is important to accurately determine which trees are crop trees. 

 Crop Tree Determination Rules 
 Crop trees are determined using the following criteria: 

1. Tree Spacing 
Tree spacing shall be the primary indicator used to determine crop trees on plot. Crop trees 
are both planted and thinned by specified spacing. Therefore, the crop trees will be 
relatively evenly spaced within a unit. Trees outside this spacing are likely retention or 
understory. 

2. Tree Age 
Counting of the whorls is the fastest way to determine tree age on planted pine trees. An 
increment bore can be used to confirm tree age as well. 

3. Tree Species 
When available, planting records are indicated within the app. Generally, the most planted 
species is ponderosa pine. If a tree’s spacing to neighboring trees is questionable, its species 
may inform the probability it was planted. For example, a white fir between two ponderosa 
pines is likely a retention tree or understory tree. 

4. Tree Size 
Because of the even aged nature of crop trees, they are typically similarly sized. This may 
vary across a unit with small changes in soil and site conditions.  
 
Cruisers shall defer trees for which they do not have full confidence using the above criteria 
to understory or retention trees. They will subsequently be determined in or out of the 
respective plot radius. 
 

 Crop Tree Plot Cruising  
1. Beginning from due north, with the transponder on the plot center staff, check the 20-foot 

crop tree plot radius with the Haglof for trees determined to be crop trees using the above 
criteria. Holding the Haglof at 4.5 feet centered on the bole of the tree, set the mode to 
“Angle” and aim at the transponder (4.5’) until a beep is heard. Then holding the Haglof at 
4.5 feet, facing the transponder at plot center, press DME to measure distance corrected for 
the previously measured slope to the tree. If the displayed distance is less than the crop tree 
plot radius, the tree is “in”. For each “in” tree, record: 
Tree Class, species, measured diameter, measured height, and brush limited slider if needed 
Horizontal green canopy measurement  
Note: For level 3 surveys, also make the following measurements on the crop tree plot: 
PAI (for 2 first trees DBH>8”, app will prompt) 
Confirm basal age with core to pith (one tree per regen unit only), accounting for basal age - 
fewer rings at 4.5’. This can be done at same time as PAI for one tree. 

2. Starting with the first tree entered, place the transponder on each crop tree and complete 
measurements for tree height, merch height, defect and vertical green canopy. Note: Trees 
for which measurements are not possible should have estimates made and the “brush 
limited measurement” slider ticked on.  
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B. Understory Tree Plot 
The understory tree plot indicates the unit’s competition. Understory trees have grown into 
the unit since harvest and were not planted. They typically will be of smaller and more 
varied age than the crop trees. Because this can involve many stems, an ocular estimation is 
used to make recording this plot expedient. Therefore, the understory tree plot data entry 
screen allows for clumps/groups to be measured. 
 
Understory Tree Plot Cruising  
Inspect the 10-foot understory tree plot radius around plot center. For trees visually 
estimated to be within the understory plot radius, group understory trees by visually 
estimating the diameter and height ranges and stem count. Enter separate species into 
individual groups.  
 

C. Retention Tree Plot 
Retention trees were present in the unit before the plantation event. Retention trees are 
left for either habitat (snags, green cull trees), silvicultural purposes (shelterwood, seed 
trees), or incidental (burn survival). Therefore, it is important the tree class is indicated. 
 
Retention Tree Plot Cruising 
Visually inspect the 50-foot retention tree plot radius around plot center. For each retention 
tree within 50 feet record: 
Tree Class, species, estimated diameter, estimated height (non-transponder vertex height 
can be used). 
Grouping retention trees by tree class and species, estimate diameter and height ranges. 
 
Note: Trees within retention islands shall be grouped together under the predominant tree 
classification. 
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Appendix A) Variations of DBH Measurement 
  DBH Example # 1 
Normal Tree Measure DBH from the high ground side of the tree, 
which is 4.5’ above the forest floor.    
  
 
 
 
 

 
DBH Example # 2 
Leaning Tree DBH is measured perpendicular to the tree bole (right angle). 
 
 
 
 
 
 

DBH Example # 3 
Young Open Grown DBH is measured above and below excessive Limb Whorl 
and Averaged. 
 
 
 
 
 
 
 

 
 
 

DBH Example # 4 
Forks above DBH are measured as ONE tree. 
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DBH Example # 5 
Forks below DBH are measured as TWO trees. 
 
 
 
 
 
 

DBH Example # 6 
Trees grown together are measured as TWO trees.   This is indicated by a 
bark seem above and below DBH.   Measure as close as possible to the 
DBH and adjust for EACH tree. 
 
 
 
 

DBH Example # 7 
Cankers or burls located at DBH.   Measure as 
close as possible to DBH and adjust for taper. 
 
 
 
 
 

DBH Example # 8 
Abnormal butt swell is measured above the swell while noting 
the height of the measurement.   Estimate the average taper in 
normal trees of comparable size, and apply taper rate to 
approximate DBH.   
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Appendix B) Tree Species 

Softwoods Hardwoods 

Code Species Code Species 

CON - 01 Douglas Fir HWD - 20 Alder 

CON - 02 Redwood HWD - 21 Tan Oak 

CON - 03 White Fir HWD - 22 Pacific Madrone 

CON - 04 Hemlock HWD - 23 Chinquapin 

CON - 05 Sitka Spruce HWD - 24 Big Leaf Maple 

CON - 06 Western Red Cedar HWD - 25 Laurel 

CON - 07 Port Oxford Cedar HWD - 26 Live Oak 

CON - 08 Incense Cedar HWD - 27 Black Oak 

CON - 09 Ponderosa Pine HWD - 28 Other Hardwood 

CON - 10 Sugar Pine   

CON - 11 Lodgepole Pine   

CON - 12 Western White Pine   

CON - 13 Red Fir   

CON - 14 Other Conifer   

CON - 15 Pacific Yew   

CON - 18  Digger Pine   

CON - 19 Knobcone Pine   

CON - 45 Western Juniper   

CON - 46 Giant Sequoia   

Table 4: Tree Species  

Note: HWD-Other hardwood is to be used for hardwood species not included on the species table. 
Manzanita is not to be counted as other hardwood - it will not be inventoried whatsoever. 
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Appendix C) Tree Height 

For every tree height measurement, the cruiser will locate the best possible viewpoint from which to see 
the tree’s base and top. The cruiser should make sure to find a vantage point from which the angle to 
the top of the tree is 45 degrees or less. Once the best vantage point has been determined, measure the 
tree height as follows: 

1. Place the transponder on the bole of the tree to be measured at 4.5 ft above the ground. Set 
the Haglof to height vertex mode. 

2. Fire the Haglof at the transponder. The Haglof will beep. 
3. Fire the Haglof at the top of the crown. 
4. Quickly repeat these steps 3 times and enter the average calculated height. 

 

 

Figure 1: Example of appropriate laser firing angles for measuring tree height. 

 

Merch Height 

The merch height is located at the highest point of the tree where the bole’s diameter inside bark (DIB) 
is equal the minimum specified merchantable DIB seen below. This value is dependent on tree DBH. 
During height measurement, fire a second shot to the estimated point on the bole where this diameter 
occurs 

Diameter Range DIB for Merch 
7-21” 6” 
21+ 8” 

Table 5: Merch Diameters for Crop Trees 

 

First Shot
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