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A Vaisiwon of Conservation

Within this beautiful coastal and bay setting, incoming tides mix with nutrient
laden freshwaters to create one of the most pristine and productive estuarine
environments along the Pacific coastline.

The distinctive habitats found within the Refuge include coastal dunes, salt
marshes, mudflats, open water with eelgrass beds, grasslands, and old growth
western red cedar forest.

Visitors explore and enjoy a variety of wildlife from Roosevelt elk and the
Pacific giant salamanders on Long Island to flocks of birds containing tens
of thousands of shorebirds along the beach at Leadbetter Point.

Refuge management activities focus on protecting and restoring historic
habitat conditions: second growth forests to healthy old growth forests,
managed manmade freshwater wetlands to historic salt marsh habitat,
threatened and endangered species to healthy sustained wildlife populations.

Success with these management activities is attained through partnerships
with the Shoalwater Bay Tribe, local, state, and federal agencies, local
organizations, communities, and individuals.

Community stewardship for these natural resources helps to sustain the
healthy naturally functioning ecosystems of the Willapa Bay region for
current and future generations to enjoy.

Comprehensive Conservation Plans provide long-term guidance for management
decisions and set forth goals, objectives, and strategies needed to accomplish
refuge purposes and identify the U.S. Fish and Wildlife Service’s best estimates
of future needs. These plans detail program planning levels that are sometimes
substantially above current budget allocations, and as such, are primarily used
for strategic planning and program prioritization purposes. The plans do not
constitute a commitment for staffing increases, operational and maintenance
mcereases, or funding for future land acquisition.
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Appendix G. Wilderness Inventory for the Willapa National
Wildlife Refuge

G.1 Policy and Direction for Wilderness Reviews

Wilderness review is the process used to determine whether to recommend lands or waters in the
National Wildlife Refuge System (System) to the U.S. Congress for designation as wilderness.
Planning policy for the System (602 FW 3) mandates conducting wilderness reviews every 15 years
through the comprehensive conservation planning (CCP) process.

The wilderness review process has three phases: wilderness inventory, wilderness study, and
wilderness recommendation. After first identifying lands and waters that meet the minimum criteria
for wilderness (inventory phase), the resulting wilderness study areas (WSAs) are further studied to
determine if they merit recommendation from the Service to the Secretary of the Interior for
inclusion in the National Wilderness Preservation System (NWPS). Areas recommended for
designation are managed to maintain wilderness. A brief discussion of the wilderness inventory and
recommendation follows.

During the study phase, a WSA is analyzed for all values (ecological, recreational, cultural),
resources (wildlife, water, vegetation, minerals, soils), and uses (management and public) within the
WSA. The purpose of the study is to determine each WSA'’s suitability for management as
wilderness in light of its primary purpose as a refuge. The findings of the study determine whether
the WSA merits recommendation for inclusion in the NWPS or should be managed under an alternate
set of goals, objectives, and strategies/actions that do not involve wilderness designation.

If the wilderness study determines that a WSA meets the requirements for inclusion in the NWPS, a
wilderness study report that presents the results of the wilderness review, accompanied by a
Legislative Environmental Impact Statement (LEIS), is prepared. The wilderness study report and
LEIS that support wilderness designation are then transmitted through the Secretary of the Interior to
the President of United States, and ultimately to the U.S. Congress for action.

If it is determined during the inventory that no areas qualify as WSAs or if it is concluded from the
study that we should not recommend any areas as wilderness, we prepare a brief report that

documents the unsuitability of the lands and waters for wilderness study or recommendation. That
report is submitted to the Director of the Fish and Wildlife Service.

G.1.2 Previous Wilderness Reviews
There have been no previous wilderness reviews conducted on this Refuge.
G.1.3 Lands Considered Under This Wilderness Review

All Service-owned lands and waters inside the approved boundary were considered during the
inventory for wilderness. This is consistent with current Service policy.
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G.2 Wilderness Inventory Criteria

The Wilderness Act of 1964, as amended (16 U.S.C. 1131-1136), provides the following description
of wilderness: “Awilderness, in contrast with those areas where man and his own works dominate
the landscape, is hereby recognized as an area where the earth and its community of life are
untrammeled by man, where man himself is a visitor who does not remain.” In this Act, an area of
wilderness is further defined to mean “an area of undeveloped federal land retaining its primeval
character and influence, without permanent improvements or human habitation, which is protected
and managed so as to preserve its natural conditions.”

The following criteria for identifying areas as wilderness are described further in Section 2(c) of the
Act and are elaborated upon in the Service Wilderness Management Policy (610 FW 1-5). We
inventory Refuge System lands and waters to identify areas that meet the definition of wilderness in
Section 2(c) of the Wilderness Act.

(1) Size—an area meets the size criteria if it:

e has no permanent roads and is 5,000 contiguous acres or more,

e has no permanent roads and is of sufficient size as to make practicable its preservation and
use in an unimpaired condition, or

e isaroadless island

(2) Naturalness—an area meets the naturalness criteria if it:

e would look fairly natural to the average visitor who would not realize that historic conditions
of the ecosystem had been modified by humans

(3) Opportunities for solitude or primitive and unconfined recreation—an area meets this criterion if
it offers:

e outstanding opportunities for solitude—visitors can experience nature essentially free of the
reminders of society, or

e outstanding opportunities for primitive and unconfined recreation—dispersed, undeveloped
recreation not requiring prohibited uses.

Outstanding opportunities do not have to be present on every acre and the area does not have to be
open to public entry and use.

At the end of the inventory, we may have identified none, one, or several WSAs based on the above
criteria.

G.2.1 Process of Analysis

The CCP team began the inventory phase of the wilderness review and recognized that the only unit
meeting the above basic criteria was the Long Island Unit of the Refuge. The team completed a
preliminary assessment of the island and documenting the findings.

The following evaluation process was used in identifying suitability for wilderness designation:

G-2 Appendix G. Wilderness Inventory



Willapa National Wildlife Refuge CCP

e Determination of Refuge unit sizes.

e For any areas that met the size/island criterion, an assessment was made of its naturalness.

e For any areas that met the size/island criterion, an assessment was made of its capacity to
provide opportunities for solitude or primitive and unconfined recreation.

e For any areas that met the size/island criterion, an assessment was made of its features of
scientific, educational, scenic, or historical value.

More detail on the actual factors considered and used for each assessment step follows.
Identification of Roadless Areas and Roadless Islands

Identification of roadless areas and roadless islands required gathering land status maps, land use and
road inventory data, and aerial photographs of existing Refuge mainland tracts and islands.
“Roadless” refers to the absence of improved roads suitable and maintained for public travel by
means of motorized vehicles primarily intended for highway use. Only lands currently owned by the
Service in fee title were evaluated.

The roads on Long Island are visible and used routinely by staff and partners for necessary Refuge
management purposes. This includes use of heavy equipment, tractors, ATVs, and trucks to conduct
forest restoration activities, fire management activities, monitor wildlife, control invasive plants, and
maintain roads and other infrastructure.

Unit Size: Roadless Areas that Meet the Size Criterion If Any of the Following Standards
is Applied

e An area with at least 5,000 contiguous acres. Lands owned by states, local governments, and
private parties are not included in making this acreage determination.

e Arroadless island of any size. A roadless island is defined as an area surrounded by
permanent waters or an area that is markedly distinguished from the surrounding lands by
topographical or ecological features.

e An area of less than 5,000 contiguous federal acres that is of sufficient size as to make
practicable its preservation and use in an unimpaired condition, and of a size suitable for
wilderness management.

e An area of less than 5,000 contiguous federal acres that is contiguous with a designated
wilderness, recommended wilderness, or area under wilderness review by another federal
wilderness managing agency such as the Forest Service, National Park Service, or Bureau of
Land Management.

As stated previously none of the current Refuge units other than the Long Island Unit meet the 5,000-
acre size criterion. Currently, Refuge roads on the island are frequently used for management and
restoration activities by the Refuge staff and their partners. Long Island has 5,451 acres owned by
the Service, and it has over 7 miles of roads, which were created for logging operations and are
currently maintained for Refuge management purposes. Once the planned forest restoration and road
decommissioning activities have been completed, this island should be considered and further studied
as a WSA.
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Solitude or Primitive and Unconfined Recreation

A wilderness area must provide
outstanding opportunities for solitude or
primitive recreation. The area does not
have to possess outstanding
opportunities for both solitude and
primitive and unconfined recreation,
and it does not need to have outstanding
opportunities on every acre. Further, an
area does not have to be open to public
use and access to qualify under these
criteria; the U.S. Congress has
designated a number of wilderness areas
in the Refuge System that are closed to
public access to protect natural resource
values.

“Opportunities for solitude” refers to the ability of a visitor to be alone and secluded from other
visitors in the area. “Primitive and unconfined recreation” means nonmotorized, dispersed outdoor
recreational activities that are compatible and do not require developed facilities or mechanical
transport. These primitive recreational activities may provide opportunities to experience challenge,
risk, self-reliance, and adventure.

These two elements are not well-defined by the Wilderness Act. In some cases, they occur together.
However, an outstanding opportunity for solitude may be present in an area offering only limited
primitive recreation potential. Conversely, an area may be so attractive for recreational use that
experiencing solitude is not an option.

In the wilderness inventory for roadless islands, the following factors were the primary
considerations in evaluating the availability of outstanding opportunities for solitude or primitive and
unconfined recreation on Long Island:

e lIsland size and
e Availability of vegetative screening

Opportunities for solitude and primitive recreation were judged to be outstanding on Long Island.
The young, second-growth forest cover contains dense vegetative undergrowth and vegetative
screening, providing a sense of solitude. The size of the island (5,451 acres) and five dispersed
primitive camping areas (a total of 21 camp sites) is large enough to provide individuals an
opportunity for solitude. Hunting and camping opportunities are provided on the island and offer a
quality primitive recreation activity. Hiking on the island can be accomplished along the maintained
roadways and one developed trail (Cedar Grove Trail). Access to the island can be via motorized or
nonmotorized watercraft.

Naturalness and Wildness

In addition to being roadless, a wilderness area must meet the naturalness and wildness criteria.
Section 2(c) defines wilderness as an area that “generally appears to have been affected primarily by
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the forces of nature with the imprint of man’s work substantially unnoticeable.” If not pristine, an
area must at least appear natural to the average visitor. The presence of historical landscape
conditions is not required. An area may include some human impacts, provided they are substantially
unnoticeable in the unit as a whole. Significant human-caused hazards, such as the presence of
unexploded ordnance from military activity, and the physical impacts of Refuge management
facilities and activities are also considered in evaluation of the naturalness criteria. An area may not
be considered unnatural in appearance solely on the basis of the “sights and sounds” of human
impacts and activities outside the boundary of the unit.

In this wilderness inventory, the following factors were primary considerations in evaluating the
naturalness of Long Island:

e presence of buildings and roads/vehicles,
e presence of forest harvest/thinning activities, and
e presence of other management activities

Opportunities for naturalness are currently judged to be poor on the Long Island Unit. The second-
growth forest is actively managed by mechanical means to improve forest health.

Forest management activities currently require Refuge staff to use a variety of heavy equipment,
helicopters, trucks, and ATVs. The island has over 7 miles of roads with maintained water culverts,
an equipment barn, and a boat dock facility. Wildlife-dependent public recreation activities (wildlife
observation, hunting) are available on the island. To facilitate these activities there are five
campgrounds (with a total of 21 camp sites), which require active management using vehicles to
maintain the facilities.

This island currently does not have the appearance of a pristine natural island due to the former forest
harvest and clearcutting activities on approximately 75 percent of the overall island. The activities of
the past are reinforced by the ongoing resource and forest management activities. The presence and
sounds of forest management activities include power boats, air boats, heavy equipment, and
vehicles, all of which would impact that sense of naturalness and wildness on a seasonal basis as
Refuge management and forest restoration activities are implemented.

Based on the preceding discussion, this island does not meet the minimum standards for a wilderness
study. This island should be re-evaluated for wilderness study once the forest management activities
and the plans for future road decommissioning have been completed as part of this 15-year CCP.

Supplemental Values or Features

Supplemental values have been determined to occur on Long Island. The values include 270 acres of
old-growth western red cedar forest, including the wide variety of wildlife species that occur on the
island. Both wildlife habitat and historical Native American cultural values occur as a result of
protection and management of this island.

Inventory Findings
Based on this inventory, Long Island appears to possess the best opportunities for future

consideration as a WSA. Currently, the scars of past commercial timber harvest activities are visible
across the island’s landscape. Management activities include routine use of island roads for

Appendix G. Wilderness Inventory G-5



Willapa National Wildlife Refuge CCP

aggressive forest habitat restoration and future road decommissioning (track hoes, chainsaws, and
helicopters), fire protection activities, and continued implementation of the forest management plan.
There is a large barn located on the island, which is used for storage of necessary mechanical and fire

equipment.

The team recommends re-evaluation of the Long Island Unit for a wilderness study in 15 years.

Results of the Willapa NWR Wilderness Inventory.

Area Unit | Meets Island | Meets Meets Meets Preliminary
Acres | and/or Size Naturalness | Solitude/ Supplemental Conclusion:
Criterion Criterion Primitive Values Suitable for
Recreation | Criterion Further
Criterion (Optional) Consideration
in Wilderness
Study
Long Island 5,451 Yes No Yes Yes No
Unit
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Appendix H. Integrated Pest Management Program
H.1 Background

Integrated Pest Management (IPM) is an interdisciplinary approach using methods to prevent,
eliminate, contain, and/or control pest species in concert with other management activities on Refuge
lands and waters to achieve wildlife and habitat management goals and objectives. IPM is also a
scientifically based, adaptive management process where available scientific information and best
professional judgment of the Refuge staff as well as other resource experts would be used to identify
and implement appropriate management strategies that can be modified and/or changed over time to
ensure effective, site-specific management of pest species to achieve desired outcomes. In
accordance with 43 C.F.R. 46.145, adaptive management would be particularly relevant where long-
term impacts may be uncertain and future monitoring would be needed to make adjustments in
subsequent implementation decisions. After a tolerable pest population (threshold) is determined
considering achievement of Refuge resource objectives and the ecology of pest species, one or more
methods, or combinations thereof, would be selected that are feasible, efficacious, and most
protective of non-target resources, including native species (fish, wildlife, and plants), and Service
personnel, Service authorized agents, volunteers, and the public. Staff time and available funding
would be considered when determining feasibility/practicality of various treatments.

IPM techniques to address pests are presented as CCP strategies (see Section H.2 of this CCP) in an
adaptive management context to achieve Refuge resource objectives. In order to satisfy requirements
for IPM planning as identified in the Director’s Memo (dated September 9, 2004) entitled “Integrated
Pest Management Plans and Pesticide Use Proposals: Updates, Guidance, and an Online Database,”
the following elements of an IPM program have been incorporated into this CCP:

e Habitat and/or wildlife objectives that identify pest species and appropriate thresholds to
indicate the need for and successful implementation of IPM techniques; and

e Monitoring before and/or after treatment to assess progress toward achieving objectives
including pest thresholds.

Where pesticides would be necessary to address pests, this appendix provides a structured procedure
to evaluate potential effects of planned uses involving ground-based applications to Refuge
biological resources. Only pesticide uses that likely would cause minor, temporary, or localized
effects to Refuge biological resources and environmental quality with appropriate best management
practices (BMPs), where necessary, would be allowed for use on the Refuge.

This appendix does not describe the more detailed process to evaluate potential effects associated
with aerial applications of pesticides. Moreover, it does not address effects of mosquito control with
pesticides (larvicides, pupacides, or adulticides) based upon identified human health threats and
presence of disease-carrying mosquitoes in sufficient numbers from monitoring conducted on a
Refuge. However, the basic framework to assess potential effects to Refuge biological resources and
environmental quality from aerial application of pesticides or use of insecticides for mosquito
management would be similar to the process described in this appendix for ground-based treatments
of other pesticides.

Appendix H. Integrated Pest Management Plan H-1



Willapa National Wildlife Refuge CCP

H.2 Pest Management Laws and Policies

In accordance with Service policy 7 RM 14 (Pest Control), wildlife and plant pests on units of the
National Wildlife Refuge System can be controlled to ensure balanced wildlife and fish populations
in support of Refuge-specific wildlife and habitat management objectives. Pest control on federal
(Refuge) lands and waters also is authorized under the following legal mandates:

e National Wildlife Refuge System Administration Act of 1966, as amended (16 U.S.C. 668dd-
668ee);

Plant Protection Act of 2000 (7 U.S.C. 7701 et seq.);

Noxious Weed Control and Eradication Act of 2004 (7 U.S.C. 7781-7786, Subtitle E);
Federal Insecticide, Fungicide, and Rodenticide Act of 1996 (7 U.S.C. 136-136y);
National Invasive Species Act of 1996 (16 U.S.C. 4701);

Nonindigenous Aquatic Nuisance Prevention and Control Act of 1990 (16 U.S.C. 4701);
Food Quality Protection Act of 1996 (7 U.S.C. 136);

Executive Order 13148, Section 601(a);

Executive Order 13112; and

Animal Damage Control Act of 1931 (7 U.S.C. 426-426c, 46 Stat. 1468).

Pests are defined as “living organisms that may interfere with the site-specific purposes, operations,
or management objectives or that jeopardize human health or safety” from Department policy 517
DM 1 (Integrated Pest Management Policy). Similarly, 7 RM 14 defines pests as “Any terrestrial or
aquatic plant or animal which interferes, or threatens to interfere, at an unacceptable level, with the
attainment of Refuge objectives or which poses a threat to human health.” 517 DM 1 also defines an
invasive species as “a species that is non-native to the ecosystem under consideration and whose
introduction causes or is likely to cause economic or environmental harm or harm to human health.”
Throughout the remainder of this appendix, the terms pest and invasive species are used
interchangeably because both can prevent/impede achievement of Refuge wildlife and habitat
objectives and/or degrade environmental quality.

In general, control of pests (vertebrate or invertebrate) on the Refuge would conserve and protect the
nation’s fish, wildlife, and plant resources as well as maintain environmental quality. From 7 RM 14,
animal or plant species, which are considered pests, may be managed if the following criteria are
met:

e Threat to human health and well-being or private property, the acceptable level of damage by
the pest has been exceeded, or state or local government has designated the pest as noxious;

e Detrimental to resource objectives as specified in a Refuge resource management plan (e.g.,
comprehensive conservation plan, habitat management plan), if available; and

e Control would not conflict with attainment of resource objectives or the purposes for which
the Refuge was established.

From 7 RM 14, the specific justifications for pest management activities on the Refuge are the
following:

e Protect human health and well-being;
e Prevent substantial damage to important to Refuge resources;
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e Protect newly introduced or re-establish native species;

e Control non-native (exotic) species in order to support existence for populations of native
species;

e Prevent damage to private property; and

e Provide the public with quality, compatible wildlife-dependent recreational opportunities.

In accordance with Service policy 620 FW 1 (Habitat Management Plans), there are additional
management directives regarding invasive species found on the Refuge:

e “We are prohibited by Executive Order, law, and policy from authorizing, funding, or
carrying out actions that are likely to cause or promote the introduction or spread of invasive
species in the United States or elsewhere.”

e “Manage invasive species to improve or stabilize biotic communities to minimize
unacceptable change to ecosystem structure and function and prevent new and expanded
infestations of invasive species. Conduct Refuge habitat management activities to prevent,
control, or eradicate invasive species.”

Animal species damaging/destroying Federal property and/or detrimental to the management
program of a Refuge may be controlled as described in 50 C.F.R. 31.14 (Official Animal Control
Operations). Based upon 7 RM 14.7E, a pest control proposal is required, in some cases, to initiate a
control program on Refuge lands. The required elements of a pest control proposal are described in 7
RM 14.7A-E. However, a pest control proposal is not required under the following scenarios:

¢ Routine protection of Refuge buildings, structures (e.g., dikes, water control structures), and
facilities not involving prohibited chemicals.

¢ Incidental control of exotics (e.g., non-native rats, non-native rabbits) or feral animals on
Refuge lands that are not protected by either federal or state laws, except where chemicals
may be used.

e The use of routine habitat management techniques, selective trapping, on-Refuge transfer,
and physical and mechanical protection such as barriers and fences (including electric
fences).

For example, the incidental removal of beaver damaging Refuge infrastructure (e.g., clogging with
subsequent damaging of water control structures) and/or negatively affecting habitats (e.g., removing
woody species from existing or restored riparian) managed on Refuge lands may be conducted
without a pest control proposal. We recognize beavers are native species and most of their activities
or Refuge lands represent a natural process beneficial for maintaining wetland habitats. Exotic
nutria, whose denning and burrowing activities in wetland dikes causes cave-ins and breaches, can be
controlled using the most effective techniques considering site-specific factors without a pest control
proposal. Along with the loss of quality wetland habitats associated with breaching of
impoundments, the safety of Refuge staff and public (e.g., auto tour routes) driving on structurally
compromised dikes can be threaten by sudden and unexpected cave-ins.

Trespass and feral animals also may be controlled on Refuge lands. In accordance with 7 RM
14.9B(1), animals trespassing on Refuge lands may be captured and returned to their owners or
transferred to humane societies or local animal shelters, where feasible. Based upon 50 C.F.R. 28.43
(Destruction of Dogs and Cats), dogs and cats running at large on a national wildlife Refuge and
observed in the act of killing, injuring, harassing, or molesting humans or wildlife may be disposed
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of in the interest of public safety and protection of the wildlife. In accordance with 7 RM 14.9B(2),
feral animals should be disposed by the most humane method(s) available and in accordance with
relevant Service directives (including Executive Order 11643).

Disposed wildlife specimens may be donated or loaned to public institutions. Donation or loans of
resident wildlife species will only be made after securing state approval (50 C.F.R. 30.11 [Donation
and Loan of Wildlife Specimens]). Surplus wildlife specimens may be sold alive or butchered,
dressed, and processed subject to federal and state laws and regulations (50 C.F.R. 30.12 [Sale of
Wildlife Specimens]).

As previously stated, for controlling animals damaging/destroying federal property and/or
detrimental to the management program of a Refuge, incidentally removing such animals from
Refuge lands does not require a pest control proposal.

H.3 Strategies

To fully embrace IPM, the following strategies, where applicable, would be carefully considered on
the Refuge for each pest species:

e Prevention. This would be the most effective and least expensive long-term management
option for pests. It encompasses methods to prevent new introductions or the spread of the
established pests to uninfested areas. It requires identifying potential routes of invasion to
reduce the likelihood of infestation. Hazard Analysis and Critical Control Points (HACCP)
planning can be used determine if current management activities on a refuge may introduce
and/or spread invasive species in order to identify appropriate BMPs for prevention. See
http://www.haccp-nrm.org/ for more information about HACCP planning.

Prevention may include source reduction, using pathogen-free or weed-free seeds or fill;
exclusion methods (e.g., barriers) and/or sanitation methods (e.g., wash stations) to prevent
re-introductions by various mechanisms including vehicles, personnel, livestock, and horses.
Because invasive species are frequently the first to establish newly disturbed sites, prevention
would require a reporting mechanism for early detection of new pest occurrences with quick
response to eliminate any new satellite pest populations. Prevention would require
consideration of the scale and scope of land management activities that may promote pest
establishment within uninfested areas or promote reproduction and spread of existing
populations. Along with preventing initial introduction, prevention would involve halting the
spread of existing infestations to new sites (Mullin et al. 2000). The primary reason for
prevention would be to keep pest-free lands or waters from becoming infested. Executive
Order 11312 emphasizes the priority for prevention with respect to managing pests.

The following would be methods to prevent the introduction and/or spread of pests on Refuge
lands:

o Before beginning ground-disturbing activities (e.g., disking, scraping), inventory
and prioritize pest infestations in project operating areas and along access routes.
Refuge staff would identify pest species on-site or within reasonably expected
potential invasion vicinity. Where possible, the Refuge staff would begin project
activities in uninfested areas before working in pest-infested areas.
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o

The Refuge staff would locate and use pest-free project staging areas. They
would avoid or minimize travel through pest-infested areas, or restrict to those
periods when spread of seed or propagules of invasive plants would be least
likely.

The Refuge staff would determine the need for, and when appropriate, identify
sanitation sites where equipment can be cleaned of pests. Where possible, the
Refuge staff would clean equipment before entering lands at on-Refuge approved
cleaning site(s). This practice does not pertain to vehicles traveling frequently in
and out of the project area that will remain on roadways. Seeds and plant parts of
pest plants would need to be collected, where practical. The Refuge staff would
remove mud, dirt, and plant parts from project equipment before moving it into a
project area.

The Refuge staff would clean all equipment, before leaving the project site, if
operating in areas infested with pests. The Refuge staff would determine the
need for, and when appropriate, identify sanitation sites where equipment can be
cleaned.

Refuge staffs, their authorized agents, and Refuge volunteers would, where
possible, inspect, remove, and properly dispose of seed and parts of invasive
plants found on their clothing and equipment. Proper disposal means bagging the
seeds and plant parts and then properly discarding of them (e.g., incinerating).
The Refuge staff would evaluate options, including closure, to restrict the traffic
on sites with ongoing restoration of desired vegetation. The Refuge staff would
revegetate disturbed soil (except travel ways on surfaced projects) to optimize
plant establishment for each specific site. Revegetation may include topsoil
replacement, planting, seeding, fertilization, liming, and weed-free mulching as
necessary. The Refuge staff would use native material, where appropriate and
feasible. The Refuge staff would use certified weed-free or weed-seed-free hay
or straw where certified materials are reasonably available.

The Refuge staff would provide information, training, and appropriate pest
identification materials to other Refuge staff members, permit holders, and
recreational visitors. The Refuge staff would educate them about pest
identification, biology, impacts, and effective prevention measures.

The Refuge staff would require grazing permittees to utilize preventative
measures for their livestock while on refuge lands.

The Refuge staff would inspect borrow material for invasive plants prior to use
and transport onto and/or within refuge lands.

The Refuge staff would consider invasive plants in planning for road maintenance
activities.

The Refuge staff would restrict off-road travel to designated routes.

The following would be methods to prevent the introduction and/or spread of pests into
Refuge waters:

0]

The Refuge staff would inspect boats (including air boats), trailers, and other
boating equipment. Where possible, the Refuge staff would remove any visible
plants, animals, or mud before leaving any waters or boat launching facilities.
Where possible, the Refuge staff would drain water from motor, live well, bilge,
and transom wells while on land before leaving the site. If possible, the Refuge
staff would wash and dry boats, downriggers, anchors, nets, floors of boats,
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propellers, axles, trailers, and other boating equipment to kill pests not visible at
the boat launch.

0 Where feasible, the Refuge staff would maintain a 100-foot buffer of aquatic
pest-free clearance around boat launches and docks or quarantine areas when
cleaning around culverts, canals, or irrigation sites. Where possible, the Refuge
staff would inspect and clean equipment before moving to new sites or one
project area to another.

These prevention methods to minimize/eliminate the introduction and/or spread of pests were
taken verbatim or slightly modified from Appendix E of U.S. Forest Service (2005).

Mechanical/Physical Methods. These methods would remove and destroy, disrupt the
growth of, or interfere with the reproduction of pest species. For plants species, these
treatments can be accomplished by hand, hand tool (manual), or power tools (mechanical)
and include pulling, grubbing, digging, tilling/disking, cutting, swathing, grinding, sheering,
girdling, mowing, and mulching of the pest plants.

For animal species, Service employees or their authorized agents could use mechanical/
physical methods (including trapping) to control pests as a Refuge management activity.
Based upon 50 C.F.R. 31.2, trapping can be used on a refuge to reduce surplus wildlife
populations for a “balanced conservation program” in accordance with federal or state laws
and regulations. In some cases, non-lethally trapped animals would be relocated to off-
Refuge sites with prior approval from the state. A pest control proposal (see 7 RM 14.7A-D
for required elements) is needed before initiation of trapping activities, except those
operations identified in 7 RM 14.7E. In addition, a separate pest control proposal is not
necessary if the required information can be incorporated into an EA (or other appropriate
NEPA document).

Each of these tools would be efficacious to some degree and applicable to specific situations.
In general, mechanical controls can effectively control annual and biennial pest plants.
However, to control perennial plants, the root system has to be destroyed or it would resprout
and continue to grow and develop. Mechanical controls are typically not capable of
destroying a perennial plant’s root system. Although some mechanical tools (e.g., disking,
plowing) may damage root systems, they may stimulate regrowth producing a denser plant
population that may aid in the spread depending upon the target species (e.g., Canada thistle).
In addition, steep terrain and soil conditions would be major factors that can limit the use of
many mechanical control methods.

Some mechanical control methods (e.g., mowing), which would be used in combination with
herbicides, can be a very effective technique to control perennial species. For example,
mowing perennial plants followed sequentially by treating the plant regrowth with a systemic
herbicide often would improve the efficacy of the herbicide compared to herbicide treatment
only.

Cultural Methods. These methods would involve manipulating habitat to increase pest
mortality by reducing its suitability to the pest. Cultural methods would include water-level
manipulation, mulching, winter cover crops, changing planting dates to minimize pest
impact, prescribed burning (facilitate revegetation, increase herbicide efficacy, and remove
litter to assist in emergence of desirable species), flaming with propane torches, trap crops,
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crop rotations that would include non-susceptible crops, moisture management, addition of
beneficial insect habitat, reducing clutter, proper trash disposal, planting or seeding desirable
species to shade or out-compete invasive plants, applying fertilizer to enhance desirable
vegetation, prescriptive grazing, and other habitat alterations.

e Biological Control Agents. Classical biological control would involve the deliberate
introduction and management of natural enemies (parasites, predators, or pathogens) to
reduce pest populations. Many of the most ecologically or economically damaging pest
species in the United States originated in foreign countries. These newly introduced pests,
which are free from natural enemies found in their country or region of origin, may have a
competitive advantage over cultivated and native species. This competitive advantage often
allows introduced species to flourish, and they may cause widespread economic damage to
crops or out compete and displace native vegetation. Once the introduced pest species
population reaches a certain level, traditional methods of pest management may be cost
prohibitive or impractical. Biological controls typically are used when these pest populations
have become so widespread that eradication or effective control would be difficult or no
longer practical.

Biological control has advantages as well as disadvantages. Benefits would include reducing
pesticide usage, host specificity for target pests, long-term self-perpetuating control, low
cost/acre, capacity for searching and locating hosts, synchronizing biological control agents
to hosts’ life cycles, and the unlikelihood that hosts will develop resistance to agents.
Disadvantages would include the following: limited availability of agents from their native
lands, the dependence of control on target species density, slow rate at which control occurs,
biotype matching, the difficulty and expense of conflicts over control of the target pest, and
host specificity when host populations are low.

A reduction in target species populations from biological controls is typically a slow process,
and efficacy can be highly variable. It may not work well in a particular area although it does
work well in other areas. Biological control agents would require specific environmental
conditions to survive over time. Some of these conditions are understood, whereas others are
only partially understood or not at all.

Biological control agents would not eradicate a target pest. When using biological control
agents, residual levels of the target pest typically are expected; the agent population level or
survival would be dependent upon the density of its host. After the pest population
decreases, the population of the biological control agent would decrease correspondingly.
This is a natural cycle. Some pest populations (e.g., invasive plants) would tend to persist for
several years after a biological control agent becomes established due to seed reserves in the
soil, inefficiencies in the agents search behavior, and the natural lag in population buildup of
the agent.

The full range of pest groups potentially found on Refuge lands and waters would include
diseases, invertebrates (insects, mollusks), vertebrates, and invasive plants (the most common
group). Often it is assumed that biological control would address many if not most of these
pest problems. There are several well-documented success stories of biological control of
invasive weed species in the Pacific Northwest including Mediterranean sage, St. Johnswort
(Klamath weed), and tansy ragwort. Emerging success stories include Dalmatian toadflax,
diffuse knapweed, leafy spurge, purple loosestrife, and yellow star thistle. However,
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historically, each new introduction of a biological control agent in the United States has only
about a 30% success rate (Coombs et al. 2004). Refer to Coombs et al. (2004) for the status
of biological control agents for invasive plants in the Pacific Northwest.

Introduced species without desirable close relatives in the United States would generally be
selected as biological controls. Natural enemies that are restricted to one or a few closely
related plants in their country of origin are targeted as biological controls (Center et al. 1997;
Hasan and Ayres 1990).

The Refuge staff would ensure introduced agents are approved by the applicable authorities.
Except for a small number of formulated biological control products registered by the U.S.
Environmental Protection Agency (USEPA) under the Federal Insecticide, Fungicide, and
Rodenticide Act of 1996 (FIFRA), most biological control agents are regulated by the U.S.
Department of Agriculture (USDA)-Animal Plant Health Inspection Service, Plant Protection
and Quarantine (APHIS-PPQ). State departments of agriculture and, in some cases, county
agricultural commissioners or weed districts, have additional approval authority.

Federal permits (USDA-APHIS-PPQ Form 526) are required to import biocontrol agents
from another state. Form 526 may be obtained by writing:

USDA-APHIS-PPQ
Biological Assessment and Taxonomic Support
4700 River Road, Unit 113
Riverdale, MD 20737
or
through the internet at:
http://www.aphis.usda.gov/ppa/permits/bioligical/weedbio.html

The Service strongly supports the development, and legal and responsible use of appropriate,
safe, and effective biological control agents for nuisance and non-indigenous or pest species.

State and county agriculture departments may also be sources for biological control agents or
they may have information about where biological control agents may be obtained.
Commercial sources should have an Application and Permit to Move Live Plant Pests and
Noxious Weeds (USDA-PPQ Form 226 USDA-APHIS-PPQ, Biological Assessment and
Taxonomic Support, 4700 River Road, Unit 113, Riverdale, MD 20737) to release specific
biological control agents in a state and/or county. Furthermore, certification regarding the
biological control agent’s identity (genus, specific epithet, sub-species and variety) and purity
(e.g., parasite free, pathogen free, and biotic and abiotic contaminants) should be specified in
purchase orders.

Biological control agents are subject to 7 RM 8 (Exotic Species Introduction and
Management). In addition, the Refuge staff would follow the International Code of Best
Practice for Classical Biological Control of Weeds (http://sric.ucdavis.edu/exotic /exotic.htm)
as ratified by delegates to the X International Symposium on Biological Control of Weeds,
Bozeman, Montana, July 9, 1999. This code identifies the following:

0 Release only approved biological control agents,
0 Use the most effective agents,
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o Document releases, and
o Monitor for impact to the target pest, non-target species, and the environment.

Biological control agents formulated as pesticide products and registered by the USEPA
(e.g., Bti) are also subject to PUP review and approval (see below).

A record of all releases would be maintained with date(s), location(s), and environmental
conditions of the release site(s); the identity, quantity, and condition of the biological control
agents released; and other relevant data and comments such as weather conditions.
Systematic monitoring to determine the establishment and effectiveness of the release is also
recommended.

NEPA documents regarding biological and other environmental effects of biological control
agents prepared by another federal agency, where the scope is relevant to evaluation of
releases on Refuge lands, would be reviewed. Possible source agencies for such NEPA
documents include the Bureau of Land Management, U.S. Forest Service, National Park
Service, U.S. Department of Agriculture-Animal and Plant Health Inspection Service, and the
military services. It might be appropriate to incorporate by reference parts or all of existing
document(s) from the review. Incorporating by reference (43 C.F.R. 46.135) is a technique
used to avoid redundancies in analysis. It also can reduce the bulk of a Service NEPA
document, which only must identify the documents that are incorporated by reference. In
addition, relevant portions must be summarized in the Service NEPA document to the extent
necessary to provide the decision maker and public with an understanding of relevance of the
referenced material to the current analysis.

Pesticides. The selective use of pesticides would be based upon pest ecology (including
mode of reproduction), the size and distribution of its populations, site-specific conditions
(e.g., soils, topography), known efficacy under similar site conditions, and the capability to
utilize BMPs to reduce/eliminate potential effects to non-target species, sensitive habitats,
and potential to contaminate surface and groundwater. All pesticide usage (pesticide, target
species, application rate, and method of application) would comply with the applicable
federal (FIFRA) and state regulations pertaining to pesticide use, safety, storage, disposal,
and reporting. Before pesticides can be used to eradicate, control, or contain pests on Refuge
lands and waters, pesticide use proposals (PUPs) would be prepared and approved in
accordance with 7 RM 14. PUP records would provide a detailed, time-, site-, and target-
specific description of the proposed use of pesticides on the Refuge. All PUPs would be
created, approved or disapproved, and stored in the Pesticide Use Proposal System (PUPS),
which is a centralized database only accessible on the Service’s intranet
(https://systems.fws.gov/pups). Only Service employees would be authorized to access PUP
records for a Refuge in this database.

Application equipment would be selected to provide site-specific delivery to target pests
while minimizing/eliminating direct or indirect (e.g., drift) exposure to non-target areas and
degradation of surface and groundwater quality. Where possible, target-specific equipment
(e.g., backpack sprayer, wiper) would be used to treat target pests. Other target-specific
equipment to apply pesticides would include soaked wicks or paint brushes for wiping
vegetation and lances, hatchets, or syringes for direct injection into stems. Granular
pesticides may be applied using seeders or other specialized dispensers. In contrast, aerial
spraying (e.g., fixed wing or helicopter) would only be used where access is difficult
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(remoteness) and/or the size/distribution of infestations precludes practical use of ground-
based methods.

Because repeated use of one pesticide may allow resistant organisms to survive and
reproduce, multiple pesticides with variable modes of action would be considered for
treatments on Refuge lands and waters. This is especially important if multiple applications
within years and/or over a growing season likely would be necessary for habitat maintenance
and restoration activities to achieve resource objectives. Integrated chemical and non-
chemical controls also are highly effective, where practical, because pesticide-resistant
organisms can be removed from the site.

Cost may not be the primary factor in selecting a pesticide for use on a Refuge. If the least
expensive pesticide would potentially harm natural resources or people, then a different
product would be selected, if available. The most efficacious pesticide available with the
least potential to degrade environment quality (soils, surface water, and groundwater) as well
as least potential effect to native species and communities of fish, wildlife, plants, and their
habitats would be acceptable for use on Refuge lands in the context of an IPM approach.

e Habitat restoration/maintenance. Restoration and/or proper maintenance of Refuge
habitats associated with achieving wildlife and habitat objectives would be essential for long-
term prevention, eradication, or control (at or below threshold levels) of pests. Promoting
desirable plant communities through the manipulation of species composition, plant density,
and growth rate is an essential component of invasive plant management (Brooks et al. 2004;
Masters and Sheley 2001; Masters et al. 1996). The following three components of
succession could be manipulated through habitat maintenance and restoration: site
availability, species availability, and species performance (Cox and Anderson 2004).
Although a single method (e.g., herbicide treatment) may eliminate or suppress pest species
in the short term, the resulting gaps and bare soil create niches that are conducive to further
invasion by the species and/or other invasive plants. On degraded sites where desirable
species are absent or in low abundance, revegetation with native/desirable grasses, forbs, and
legumes may be necessary to direct and accelerate plant community recovery, and achieve
site-specific objectives in a reasonable time frame. The selection of appropriate species for
revegetation would be dependent on a number of factors including resource objectives and
site-specific, abiotic factors (e.g., soil texture, precipitation/temperature regimes, and shade
conditions). Seed availability and cost, ease of establishment, seed production, and
competitive ability also would be important considerations.

H.4 Priorities for Treatments

For many refuges, the magnitude (number, distribution, and sizes of infestations) of pest problems is
too extensive and beyond the available capital resources to effectively address during any single field
season. To manage pests in the Refuge, it would be essential to prioritize treatment of infestations.
Highest priority treatments would be focused on early detection and rapid response to eliminate
infestations of new pests, if possible. This would be especially important for aggressive pests
potentially impacting species, species groups, communities, and/or habitats associated Refuge
purpose(s), NWRS resources of concern (federally listed species, migratory birds, selected marine
mammals, and interjurisdictional fish), and native species for maintaining/restoring biological
integrity, diversity, and environmental health.
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The next priority would be treating established pests that appear in one or more previously uninfested
areas. Moody and Mack (1988) demonstrated through modeling that small, new outbreaks of
invasive plants eventually would infest an area larger than the established, source population. They
also found that control efforts focusing on the large, main infestation rather than the new, small
satellites reduced the chances of overall success. The lowest priority would be treating large
infestations (sometimes monotypic stands) of well-established pests. In this case, initial efforts
would focus upon containment of the perimeter followed by work to control/eradicate the established
infested area. If containment and/or control of a large infestation is not effective, then efforts would
focus upon halting pest reproduction or managing source populations. Maxwell et al. (2009) found
treating fewer populations that are sources represents an effective long-term strategy to reduce of
total number of invasive populations and decreasing meta-population growth rates.

Although state-listed noxious weeds would always of high priority for management, other pest
species known to cause substantial ecological impact would also be considered. For example,
cheatgrass may not be listed by a state as noxious, but it can greatly alter fire regimes in shrub steppe
habitats resulting in large monotypic stands that displace native bunch grasses, forbs, and shrubs.
Pest control would likely require a multi-year commitment from the Refuge staff. Essential to the
long-term success of pest management would be pre- and post-treatment monitoring, assessment of
the successes and failures of treatments, and development of new approaches when proposed
methods do not achieve desired outcomes.

H.5 Best Management Practices

BMPs can minimize or eliminate possible effects associated with pesticide usage to non-target
species and/or sensitive habitats as well as degradation of water quality from drift, surface runoff, or
leaching. Based upon the Department of Interior Pesticide Use Policy (517 DM 1) and the Service
Pest Management Policy and Responsibilities (30 AM 12), the use of applicable BMPs (where
feasible) also would likely ensure that pesticide uses may not adversely affect federally listed species
and/or their critical habitats through determinations made using the process described in 50 C.F.R.
part 402.

The following are BMPs pertaining to mixing/handling and applying pesticides for all ground-based
treatments of pesticides, which would be considered and utilized, where feasible, based upon target-
and site-specific factors and time-specific environmental conditions. Although not listed below, the
most important BMP to eliminate/reduce potential impacts to non-target resources would be an IPM
approach to prevent, control, eradicate, and contain pests.

H.5.1 Pesticide Handling and Mixing

e As a precaution against spilling, spray tanks would not be left unattended during filling.

e All pesticide containers would be triple rinsed, and the rinsate would be used as water in the
sprayer tank and applied to treatment areas.

e All pesticide spray equipment would be properly cleaned. Where possible, rinsate would be
used as part of the make-up water in the sprayer tank and applied to treatment areas.

e The Refuge staff would empty and triple rinse all pesticide containers that can be recycled at
local herbicide container collections.

e All unused pesticides would be properly discarded at a local “safe send” collection.
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Pesticides and pesticide containers would be lawfully stored, handled, and disposed of in
accordance with the label and in a manner safeguarding human health, fish, and wildlife and
prevent soil and water contaminant.

The Refuge staff would consider the water quality parameters (e.g., pH, hardness) that are
important to ensure greatest efficacy where specified on the pesticide label.

All pesticide spills would be addressed immediately using procedures identified in the
Refuge spill response plan.

H.5.2 Applying Pesticides

Pesticide treatments would only be conducted by or under the supervision of Service
personnel and non-Service applicators with the appropriate, state or BLM certification to
safely and effectively conduct these activities on Refuge lands and waters.

The Refuge staff would comply with all federal, state, and local pesticide use laws and
regulations as well as Departmental, Service, and NWRS pesticide-related policies. For
example, the Refuge staff would use application equipment and apply rates for the specific
pest(s) identified on the pesticide label as required under FIFRA.

Before each treatment season and prior to mixing or applying any product for the first time
each season, all applicators would review the labels, material safety data sheets (MSDSs),
and PUPs for each pesticide, determining the target pest, appropriate mix rate(s), personal
protective equipment (PPE), and other requirements listed on the pesticide label.

A 1-foot no-spray buffer from the water’s edge would be used, where applicable and where it
does not detrimentally influence effective control of pest species.

Use low-impact herbicide application techniques (e.g., spot treatment, cut stump, oil basal,
Thinvert system applications) rather than broadcast foliar applications (e.g., boom sprayer,
other larger tank wand applications), where practical.

Use low-volume rather than high-volume foliar applications where low-impact methods
above are not feasible or practical, to maximize herbicide effectiveness and ensure correct
and uniform application rates.

Applicators would use and adjust spray equipment to apply the coarsest droplet size spectrum
with optimal coverage of the target species while reducing drift.

Applicators would use the largest droplet size that results in uniform coverage.

Applicators would use drift reduction technologies such as low-drift nozzles, where possible.
Where possible, spraying would occur during low (average<7 mph and preferably 3 to 5
mph) and consistent direction wind conditions with moderate temperatures (typically <85°F).
Where possible, applicators would avoid spraying during inversion conditions (often
associated with calm and very low wind conditions) that can cause large-scale herbicide drift
to non-target areas.

Equipment would be calibrated regularly to ensure that the proper rate of pesticide is applied
to the target area or species.

Spray applications would be made at the lowest height for uniform coverage of target pests to
minimize/eliminate potential drift.

If windy conditions frequently occur during afternoons, spraying (especially boom
treatments) would typically be conducted during early morning hours.

Spray applications would not be conducted on days with >30% forecast for rain within 6
hours, except for pesticides that are rapidly rain fast (e.g., glyphosate in 1 hour) to
minimize/eliminate potential runoff.
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e Where possible, applicators would use drift retardant adjuvants during spray applications,
especially adjacent to sensitive areas.

e Where possible, applicators would use a nontoxic dye to aid in identifying target area treated
as well as potential over spray or drift. A dye can also aid in detecting equipment leaks. If a
leak is discovered, the application would be stopped until repairs can be made to the sprayer.

e For pesticide uses associated with cropland and facilities management, buffers, as
appropriate, would be used to protect sensitive habitats, especially wetlands and other aquatic
habitats.

e When drift cannot be sufficiently reduced through altering equipment set up and application
techniques, buffer zones may be identified to protect sensitive areas downwind of
applications. The refuge staff would only apply adjacent to sensitive areas when the wind is
blowing the opposite direction.

e Applicators would utilize scouting for early detection of pests to eliminate unnecessary
pesticide applications.

e The refuge staff would consider timing of application so native plants are protected (e.g.,
senescence) while effectively treating invasive plants.

e Rinsate from cleaning spray equipment after application would be recaptured and reused or
applied to an appropriate pest plant infestation.

e Application equipment (e.g., sprayer, ATV, tractor) would be thoroughly cleaned and PPE
would be removed/disposed of on-site by applicators after treatments to eliminate the
potential spread of pests to uninfested areas.

H.6 Safety

H.6.1 Personal Protective Equipment

All applicators would wear the specific PPE identified on the pesticide label. The appropriate PPE
will be worn at all times during handling, mixing, and applying. PPE can include the following:
disposable (e.g., Tyvek) or laundered coveralls; gloves (latex, rubber, or nitrile); rubber boots; and/or
an NIOSH-approved respirator. Because exposure to concentrated product is usually greatest during
mixing, extra care should be taken while preparing pesticide solutions. Persons mixing these
solutions can be best protected if they wear long gloves, an apron, footwear, and a face shield.

Coveralls and other protective clothing used during an application would be laundered separately
from other laundry items. Transporting, storing, handling, mixing and disposing of pesticide
containers will be consistent with label requirements, USEPA and Occupational Safety and Health
Administration (OSHA) requirements, and Service policy.

If a respirator is necessary for a pesticide use, then the following requirements would be met in
accordance with Service safety policy: a written respirator program, fit testing, physical examination
(including pulmonary function and blood work for contaminants), and proper storage of the
respirator.

H.6.2 Notification

The restricted entry interval is the time period required after the application at which point someone
may safely enter a treated area without PPE. Refuge staff, authorized management agents of the
Service, volunteers, and members of the public who could be in or near a pesticide treated area
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within the stated re-entry time period on the label would be notified about treatment areas. Posting
would occur at any site where individuals might inadvertently become exposed to a pesticide during
other activities on the Refuge. Where required by the label and/or state-specific regulations, sites
would also be posted on its perimeter and at other likely locations of entry. The Refuge staff would
also notify appropriate private property owners of an intended application, including any private
individuals who have requested notification. Special efforts would be made to contact nearby
individuals who are beekeepers or who have expressed chemical sensitivities.

H.6.3 Medical Surveillance

Medical surveillance may be required for Service personnel and approved volunteers who mix, apply,
and/or monitor use of pesticides (see 242 FW 7 [Pesticide Users] and 242 FW 4 [Medical
Surveillance]). In accordance with 242 FW 7.12A, Service personnel would be medically monitoring
if one or more of the following criteria is met: exposed or may be exposed to concentrations at or
above the published permissible exposure limits or threshold limit values (see 242 FW 4); use
pesticides in a manner considered “frequent pesticide use”; or use pesticides in a manner that requires
a respirator (see 242 FW 14 for respirator use requirements). In 242 FW 7.7A, “Frequent Pesticide
Use means when a person applying pesticide handles, mixes, or applies pesticides, with a Health
Hazard rating of 3 or higher, for 8 or more hours in any week or 16 or more hours in any 30-day
period.” Under some circumstances, individuals may be medically monitored who use pesticides
infrequently (see Section H.7.7), experience an acute exposure (sudden, short term), or use pesticides
with a health hazard ranking of 1 or 2. This decision would consider the individual’s health and
fitness level, the pesticide’s specific health risks, and the potential risks from other pesticide-related
activities. Refuge cooperators (e.g., cooperative farmers) and other authorized agents (e.g., state and
county employees) would be responsible for their own medical monitoring needs and costs.

Standard examinations (at Refuge expense) of appropriate Refuge staff would be provided by the
nearest certified occupational health and safety physician as determined by Federal Occupational
Health.

H.6.4 Certification and Supervision of Pesticide Applicators

Appropriate Refuge staff or approved volunteers handling, mixing, and/or applying or directly
supervising others engaged in pesticide use activities would be trained and state or federally (BLM)
licensed to apply pesticides to Refuge lands or waters. In accordance with 242 FW 7.18A,
certification is required to apply restricted use pesticides based upon USEPA regulations. For safety
reasons, all individuals participating in pest management activities with general use pesticides also
are encouraged to attend appropriate training or acquire pesticide applicator certification. The
certification requirement would be for a commercial or private applicator depending upon the state.
New staff unfamiliar with proper procedures for storing, mixing, handling, applying, and disposing
of herbicides and containers would receive orientation and training before handling or using any
products. Documentation of training would be kept in the files at the Refuge office.

H.6.5 Record Keeping
H.6.5.1 Labels and material safety data sheets

Pesticide labels and MSDSs would be maintained at the Refuge shop and laminated copies in the
mixing area. These documents also would be carried by field applicators, where possible. A written
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reference (e.g., note pad, chalk board, dry erase board) for each tank to be mixed would be kept in
the mixing area for quick reference while mixing is in progress. In addition, approved PUPs stored
in the PUPS database typically contain website links (URLS) to pesticide labels and MSDSs.

H.6.5.2 Pesticide use proposals (PUPSs)

A PUP would be prepared for each proposed pesticide use associated with annual pest management
on Refuge lands and waters. A PUP would include specific information about the proposed pesticide
use including the common and chemical names of the pesticide(s), target pest species, size and
location of treatment site(s), application rate(s) and method(s), and federally listed species
determinations, where applicable.

In accordance with 30 AM 12 and 7 RM 14, PUPs would be required for the following:

e Uses of pesticides on lands and facilities owned or managed by the Service, including
properties managed by Service personnel as a result of the Food Security Act of 1985;

e Service projects by non-Service personnel on Service owned or controlled lands and facilities
and other pest management activities that would be conducted by Service personnel; and

e Where the Service would be responsible or provides funds for pest management identified in
protective covenants, easements, contracts, or agreements off Service lands.

In accordance with Service guidelines (Director’s memo [December 12, 2007]), Refuge staff may
receive up to five-year approvals for Washington Office and field reviewed proposed pesticide uses
based upon meeting identified criteria including an approved IPM plan, where necessary (see
http://www.fws.gov/contaminants/Issues/IPM.cfm). For a Refuge, an IPM plan (requirements
described herein) can be completed independently or in association with a CCP or a habitat
management plan if IPM strategies and potential environmental effects are adequately addressed
within appropriate NEPA documentation.

PUPs would be created, approved or disapproved, and stored as records in the Pesticide Use Proposal
System (PUPS), which is centralized database on the Service’s intranet
(https://systems.fws.gov/pups). Only Service employees can access PUP records in this database.

H.6.5.3 Pesticide usage

In accordance with 30 AM 12 and 7 RM 14, the Refuge Project Leader would be required to maintain
records of all pesticides annually applied on lands or waters under Refuge jurisdiction. This would
encompass pesticides applied by other federal agencies, state and county governments,
nongovernment applicators including cooperators and their pest management service providers with
Service permission. For clarification, pesticide means all insecticides, insect and plant growth
regulators, desiccants, herbicides, fungicides, rodenticides, acaricides, nematicides, fumigants,
avicides, and piscicides.

The following usage information can be reported for approved PUPs in the PUPS database:

Pesticide trade name(s)

Active ingredient(s)

Total acres treated

Total amount of pesticides used (Ibs or gallons)
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e Total amount of active ingredient(s) used (Ibs)
e Target pest(s)
e Efficacy (% control)

To determine whether treatments are efficacious (eradicating, controlling, or containing the target
pest) and achieving resource objectives, habitat and/or wildlife response would be monitored both
pre- and post-treatment, where possible. Considering available annual funding and staffing,
appropriate monitoring data regarding characteristics (attributes) of pest infestations (e.g., area,
perimeter, degree of infestation-density, % cover, density) as well as habitat and/or wildlife response
to treatments may be collected and stored in a relational database (e.g., Refuge Habitat Management
Database), preferably a geo-referenced data management system (e.g., Refuge Lands GIS) to
facilitate data analyses and subsequent reporting. In accordance with adaptive management, data
analysis and interpretation would allow treatments to be modified or changed over time, as necessary,
to achieve resource objectives considering site-specific conditions in conjunction with habitat and/or
wildlife responses. Monitoring could also identify short- and long-term impacts to natural resources
and environmental quality associated with IPM treatments in accordance with adaptive management
principles identified in 43 C.F.R. 46.145.

H.7 Evaluating Pesticide Use Proposals

Pesticides would only be used on Refuge lands for habitat management as well as croplands/facilities
maintenance after approval of a PUP. In general, proposed pesticide uses on Refuge lands would
only be approved where there would likely be minor, temporary, or localized effects to fish and
wildlife species as well as minimal potential to degrade environmental quality. Potential effects to
listed and nonlisted species would be evaluated with quantitative ecological risk assessments and
other screening measures. Potential effects to environmental quality would be based upon pesticide
characteristics of environmental fate (water solubility, soil mobility, soil persistence, and
volatilization) and other quantitative screening tools. Ecological risk assessments as well as
characteristics of environmental fate and potential to degrade environmental quality for pesticides
would be documented in Chemical Profiles (see Section H.7.5). These profiles would include
threshold values for quantitative measures of ecological risk assessments and screening tools for
environmental fate that represent minimal potential effects to species and environmental quality. In
general, only pesticide uses with appropriate BMPs (see Section H.4) for habitat management and
cropland/facilities maintenance on Refuge lands that would potentially have minor, temporary, or
localized effects on Refuge biological and environmental quality (threshold values not exceeded)
would be approved.

H.7.1 Overview of Ecological Risk Assessment

An ecological risk assessment process would be used to evaluate potential adverse effects to
biological resources as a result of a pesticide(s) proposed for use on Refuge lands. Itis an
established quantitative and qualitative methodology for comparing and prioritizing risks of
pesticides and conveying an estimate of the potential risk for an adverse effect. This quantitative
methodology provides an efficient mechanism to integrate best available scientific information
regarding hazard, patterns of use (exposure), and dose-response relationships in a manner that is
useful for ecological risk decision-making. It would provide an effective way to evaluate potential
effects where there is missing or unavailable scientific information (data gaps) to address reasonable,
foreseeable adverse effects in the field as required under 40 C.F.R. Part 1502.22. Protocols for
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ecological risk assessment of pesticide uses on the Refuge were developed through research and
established by the USEPA (2004). Assumptions for these risk assessments are presented in Section
H.6.2.3.

The toxicological data used in ecological risk assessments are typically results of standardized
laboratory studies provided by pesticide registrants to the USEPA to meet regulatory requirements
under FIFRA. These studies assess the acute (lethality) and chronic (reproductive) effects associated
with short- and long-term exposure to pesticides on representative species of birds, mammals,
freshwater fish, aquatic invertebrates, and terrestrial and aquatic plants. Other effects data publicly
available would also be utilized for risk assessment protocols described herein. Toxicity endpoint
and environmental fate data are available from a variety of resources. Some of the more useful
resources can be found in Section H.7.5.

Table H-1. Ecotoxicity Tests Used to Evaluate Potential Effects to Birds, Fish, and Mammals
to Establish Toxicity Endpoints for Risk Quotient Calculations.

Species Group Exposure Measurement endpoint
Acute Median Lethal Concentration (LCsg)
Bird Chronic No Observed Effect Concentration (NOEC) or
No Observed Adverse Effect Concentration (NOAEC)*
Acute Median Lethal Concentration (LCsg)
Fish Chronic No Observed Effect Concentration (NOEC) or
No Observed Adverse Effect Concentration (NOAEC)?
Mammal Acute Oral Lethal Dose (LI_DsO)
Chronic No Observed Effect Concentration (!\IOEC) or ,
No Observed Adverse Effect Concentration (NOAEC)

! Measurement endpoints typically include a variety of reproductive parameters (e.g., number of eggs, number of
offspring, eggshell thickness, and number of cracked eggs).

2 Measurement endpoints for early life stage/life cycle typically include embryo hatch rates, time to hatch, growth,
and time to swim-up.

¥ Measurement endpoints include maternal toxicity, teratogenic effects, or developmental anomalies, evidence of
mutagenicity or genotoxicity, and interference with cellular mechanisms such as DNA synthesis and DNA repair.

H.7.2 Determining Ecological Risk to Fish and Wildlife

The potential for pesticides used on the Refuge to cause direct adverse effects to fish and wildlife
would be evaluated using USEPA’s Ecological Risk Assessment Process (USEPA 2004). This
deterministic approach, which is based upon a two-phase process involving estimation of
environmental concentrations and then characterization of risk, would be used for ecological risk
assessments. This method integrates exposure estimates (estimated environmental concentration
[EEC] and toxicological endpoints [e.g., LCspand oral LDs]) to evaluate the potential for adverse
effects to species groups (birds, mammals, and fish) representative of legal mandates for managing
units of the NWRS. This integration is achieved through risk quotients (RQs) calculated by dividing
the EEC by acute and chronic toxicity values selected from standardized toxicological endpoints or
published effect (Table H-1).

RQ = EEC/Toxicological Endpoint

The level of risk associated with direct effects of pesticide use would be characterized by comparing
calculated RQs to the appropriate Level of Concern (LOC) established by the USEPA (1998 [Table

2]). The LOC represents a quantitative threshold value for screening potential adverse effects to fish
and wildlife resources associated with pesticide use. The following are four exposure-species group
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scenarios that would be used to characterize ecological risk to fish and wildlife on the Refuge: acute-
listed species, acute-nonlisted species, chronic-listed species, and chronic-nonlisted species.

Acute risk would indicate the potential for mortality associated with short-term dietary exposure to
pesticides immediately after an application. For characterization of acute risks, median values from
LCso and LDs tests would be used as toxicological endpoints for RQ calculations. In contrast,
chronic risks would indicate the potential for adverse effects associated with long-term dietary
exposure to pesticides from a single application or multiple applications over time (within a season
and over years). For characterization of chronic risks, the no observed concentration (NOAEC) or no
observed effect concentration (NOEC) for reproduction would be used as toxicological endpoints for
RQ calculations. Where available, the NOAEC would be preferred over a NOEC value.

Listed species are those federally designated as threatened, endangered, or proposed in accordance
with the Endangered Species Act of 1973 (16 U.S.C. 1531-1544, 87 Stat. 884, as amended-Public
Law 93-205). For listed species, potential adverse effects would be assessed at the individual level
because loss of individuals from a population could detrimentally impact a species. In contrast, risks
to nonlisted species would consider effects at the population level. An RQ<LOC would indicate the
proposed pesticide use “may affect, not likely to adversely affect” individuals (listed species) and it
would not pose an unacceptable risk for adverse effects to populations (nonlisted species) for each
taxonomic group (Table H-2). In contrast, an RQ>LOC would indicate a “may affect, likely to
adversely affect” for listed species and it would also pose unacceptable ecological risk for adverse
effects to nonlisted species.

Table H-2. Presumption of Unacceptable Risk for Birds, Fish, and Mammals (USEPA 1998).

Risk Presumption Level of Concern
Listed Species Nonlisted Species

Acute Birds 0.1 0.5

Fish 0.05 0.5

Mammals 0.1 0.5
Chronic Birds 1.0 1.0

Fish 1.0 1.0

Mammals 1.0 1.0

H.7.2.1 Environmental exposure

Following release into the environment through application, pesticides would experience several
different routes of environmental fate. Pesticides which would be sprayed can move through the air
(e.g., particle or vapor drift) and may eventually end up in other parts of the environment such as
non-target vegetation, soil, or water. Pesticides applied directly to the soil may be washed off the soil
into nearby bodies of surface water (e.g., surface runoff) or may percolate through the soil to lower
soil layers and groundwater (e.g., leaching) (Baker and Miller 1999; Butler et al. 1998; EXTOXNET
1993; Pope et al. 1999; Ramsay et al. 1995). Pesticides which would be injected into the soil may
also be subject to the latter two fates.

The aforementioned possibilities are by no means complete, but it does indicate movement of
pesticides in the environment is very complex with transfers occurring continually among different
environmental compartments. In some cases, these exchanges occur not only between areas that are
close together, but it also may involve transportation of pesticides over long distances (Barry 2004;
Woods 2004).
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H.7.2.1.1 Terrestrial exposure

The EEC for exposure to terrestrial wildlife would be quantified using an USEPA screening-level
approach (USEPA 2004). This screening-level approach is not affected by product formulation
because it evaluates pesticide active ingredient(s). This approach would vary depending upon the
proposed pesticide application method: spray or granular.

H.7.2.1.1.1 Terrestrial-spray application

For spray applications, exposure would be determined using the Kanaga nomogram method (Pfleeger
et al. 1996; USEPA 2004, 2005a) through the USEPA’s Terrestrial Residue Exposure model (T-REX)
version 1.2.3 (USEPA 2005b). To estimate the maximum (initial) pesticide residue on short grass
(<20 cm tall) as a general food item category for terrestrial vertebrate species, T-REX input variables
would include the following from the pesticide label: maximum pesticide application rate (pounds
active ingredient [acid equivalent]/acre) and pesticide half-life (days) in soil. Although there are
other food item categories (tall grasses; broadleaf plants and small insects; and fruits, pods, seeds and
large insects), short grass was selected because it would yield maximum EECs (240 ppm per Ib.
ai/acre) for worst-case risk assessments. Short grass is not representative of forage for carnivorous
species (e.g., raptors), but it would characterize the maximum potential exposure through the diet of
avian and mammalian prey items. Consequently, this approach would provide a conservative
screening tool for pesticides that do not biomagnify.

For RQ calculations in T-REX, the model would require the weight of surrogate species and Mineau
scaling factors (Mineau et al. 1996). Body weights of bobwhite quail and mallard are included in T-
REX by default, but body weights of other organisms (Table H-3) would be entered manually. The
Mineau scaling factor accounts for small-bodied bird species that may be more sensitive to pesticide
exposure than would be predicted only by body weight. Mineau scaling factors would be entered
manually with values ranging from 1 to 1.55 that are unique to a particular pesticide or group of
pesticides. If specific information to select a scaling factor is not available, then a value of 1.15
would be used as a default. Alternatively, zero would be entered if it is known that body weight does
not influence toxicity of pesticide(s) being assessed. The upper bound estimate output from the T-
REX Kanaga nomogram would be used as an EEC for calculation of RQs. This approach would
yield a conservative estimate of ecological risk.

Table H-3. Average Body Weight of Selected Terrestrial Wildlife Species Frequently Used in
Research to Establish Toxicological Endpoints (Dunning 1984).

Species Body Weight (kg)
Mammal (15 g) 0.015
House sparrow 0.0277
Mammal (35 g) 0.035
Starling 0.0823
Red-winged blackbird 0.0526
Common grackle 0.114
Japanese quail 0.178
Bobwhite quail 0.178
Rat 0.200
Rock dove (aka pigeon) 0.542
Mammal (1,000 g) 1.000
Mallard 1.082
Ring-necked pheasant 1.135
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H.7.2.1.1.2 Terrestrial—granular application

Granular pesticide formulations and pesticide-treated seed would pose a unique route of exposure for
avian and mammalian species. The pesticide is applied in discrete units which birds or mammals
might ingest accidentally with food items or intentionally as in the case of some bird species actively
seeking and picking up gravel or grit to aid digestion or seed as a food source. Granules may also be
consumed by wildlife foraging on earthworms, slugs or other soft-bodied soil organisms to which the
granules may adhere.

Terrestrial wildlife RQs for granular formulations or seed treatments would be calculated by dividing
the maximum milligrams of active ingredient (a.i.) exposed (e.g., EEC) on the surface of an area
equal to 1 square foot by the appropriate LDsy value multiplied by the surrogate’s body weight (Table
H-3). An adjustment to surface area calculations would be made for broadcast, banded, and in-
furrow applications. An adjustment also would be made for applications with and without
incorporation of the granules. Without incorporation, it would be assumed that 100% of the granules
remain on the soil surface available to foraging birds and mammals. Press wheels push granules flat
with the soil surface, but they are not incorporated into the soil. If granules are incorporated in the
soil during band or T-band applications or after broadcast applications, it would be assumed only
15% of the applied granules remain available to wildlife. It would be assumed that only 1% of the
granules are available on the soil surface following in-furrow applications.

EECs for pesticides applied in granular form and as seed treatments would be determined
considering potential ingestion rates of avian or mammalian species (e.g., 10%-30% body
weight/day). This would provide an estimate of maximum exposure that may occur as a result of
granule or seed treatment spills such as those that commonly occur at end rows during application
and planting. The availability of granules and seed treatments to terrestrial vertebrates would also be
considered by calculating the loading per unit area (LDso/ft?) for comparison to USEPA Level of
Concerns (USEPA 1998). The T-REX version 1.2.3 (USEPA 2005b) contains a submodel which
automates Kanaga exposure calculations for granular pesticides and treated seed.

The following formulas will be used to calculate EECs depending upon the type of granular pesticide
application:

e In-furrow applications assume a typical value of 1% granules, bait, or seed remain
unincorporated.

mg a.i./ft.2 = [(Ibs. product/acre)(% a.i.)(453,580 mg/1b.)(1% exposed))] / {[(43,560 ft.zlacre)/(row
spacing (ft.))] / (row spacing (ft.)}
or

mg a.i./ft2 = [(Ibs product/1,000 ft. row)(% a.i.)(1,000 ft. row)(453,580 mg/Ib.)(1% exposed)

EEC =[(mg a.i./ft.z)(% of pesticide biologically available)]

e Incorporated banded treatments assume that 15% of granules, bait, and seeds are
unincorporated.

mg a.i./ft.2 = [(Ibs. product/1,000 row ft.)(% a.i.)(453,580 mg/Ib.)(1-% incorporated)] / (1,000
ft.)(band width (ft.))
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EEC = [(mg a.i./ft.z)(% of pesticide biologically available)]

e Broadcast treatment without incorporation assumes 100% of granules, bait, seeds are
unincorporated.

mg a.i/ft.” = [(Ibs. product/acre)(% a.i.)(453,590 mg/Ib.)] / (43,560 ft. /acre)
2
EEC = [(mg a.i./ft. )(% of pesticide biologically available)]

Where:
0 % of pesticide biologically available = 100% without species specific ingestion
rates
o Conversion for calculating mg a.i./ft.% using ounces: 453,580 mg/Ib. /16 = 28,349
mg/oz.

The following equation would be used to calculate an RQ based on the EEC calculated by one of the
above equations. The EEC would divided by the surrogate LDsq toxicological endpoint multiplied by
the body weight (Table H-3) of the surrogate.

RQ =EEC/ [LD50 (mg/kg) * body weight (kg)]

As with other risk assessments, an RQ>LOC would be a presumption of unacceptable ecological
risk. An RQ<LOC would be a presumption of acceptable risk with only minor, temporary, or
localized effects to species.

H.7.2.1.2 Aquatic exposure

Exposures to aquatic habitats (e.g., wetlands, meadows, ephemeral pools, water delivery ditches)
would be evaluated separately for ground-based pesticide treatments of habitats managed for fish and
wildlife compared with cropland/facilities maintenance. The primary exposure pathway for aquatic
organisms from any ground-based treatments likely would be particle drift during the pesticide
application. However, different exposure scenarios would be necessary as a result of contrasting
application equipment and techniques as well as pesticides used to control pests on agricultural lands
(especially those cultivated by cooperative farmers for economic return from crop yields) and
facilities maintenance (e.g., roadsides, parking lots, trails) compared with other managed habitats on
the Refuge. In addition, pesticide applications may be done <25 feet of the high water mark of
aquatic habitats for habitat management treatments, whereas no-spray buffers (>25 feet) would be
used for croplands/facilities maintenance treatments.

H.7.2.1.2.1 Habitat treatments

For the worst-case exposure scenario to non-target aquatic habitats, EECs (Table H-4) would be
would be derived from Urban and Cook (1986) that assumes an intentional overspray to an entire,
non-target water body (1-foot depth) from a treatment <25 feet from the high water mark using the
max application rate (acid basis [see above]). However, use of BMPs for applying pesticides (see
Section H.4.2) would likely minimize/eliminate potential drift to non-target aquatic habitats during
actual treatments. If there would be unacceptable (acute or chronic) risk to fish and wildlife with the
simulated 100% overspray (RQ>LOC), then the proposed pesticide use may be disapproved or the
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PUP would be approved at a lower application rate to minimize/eliminate unacceptable risk to
aquatic organisms (RQ=LOC).

Table H-4. Estimated Environmental Concentrations (ppb) of Pesticides in Aquatic Habitats
(1-foot depth) Immediately after Direct Application (Urban and Cook 1986).

Lbs/acre EEC (ppb)
0.10 36.7
0.20 73.5
0.25 91.9
0.30 110.2
0.40 147.0
0.50 183.7
0.75 275.6
1.00 367.5
1.25 459.7
1.50 551.6
1.75 643.5
2.00 735.7
2.25 827.6
2.50 919.4
3.00 1,103.5
4.00 14714
5.00 1,839
6.00 2,207
7.00 2,575
8.00 2,943
9.00 3,311

10.00 3,678

H.7.2.1.2.2 Cropland/facilities maintenance treatments

Field drift studies conducted by the Spray Drift Task Force, which is a joint project of several
agricultural chemical businesses, were used to develop a generic spray drift database. From this
database, the AGDRIFT computer model was created to satisfy USEPA pesticide registration spray
drift data requirements and as a scientific basis to evaluate off-target movement of pesticides from
particle drift and assess potential effects of exposure to wildlife. Several versions of the computer
model have been developed (i.e., v2.01 through v2.10). The Spray Drift Task Force AGQDRIFT®
model version 2.01 (AgDRIFT 2001; SDTF 2003) would be used to derive EECs resulting from drift
of pesticides to Refuge aquatic resources from ground-based pesticide applications >25 feet from the
high water mark. The Spray Drift Task Force AgDRIFT model is publicly available at
http://www.agdrift.com. At this website, click “AgDRIFT 2.0” and then click “Download Now” and
follow the instructions to obtain the computer model.

The AgDRIFT model is composed of submodels called tiers. Tier | Ground submodel would be used
to assess ground-based applications of pesticides. Tier outputs (EECs) would be calculated with
AgDRIFT using the following input variables: max application rate (acid basis [see above]), low
boom (20 inches), fine to medium droplet size, EPA-defined wetland, and a >25-foot distance
(buffer) from treated area to water.
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H.7.2.2 Use of information on effects of biological control agents, pesticides, degradates,
and adjuvants

NEPA documents regarding biological and other environmental effects of biological control agents,
pesticides, degradates, and adjuvants prepared by another federal agency, where the scope would be
relevant to evaluation of effects from pesticide uses on Refuge lands, would be reviewed. Possible
source agencies for such NEPA documents would include the Bureau of Land Management, U.S.
Forest Service, National Park Service, U.S. Department of Agriculture-Animal and Plant Health
Inspection Service, and the military services. It might be appropriate to incorporate by reference
parts or all of existing document(s). Incorporating by reference (40 C.F.R. 1502.21) is a technique
used to avoid redundancies in analysis. It also would reduce the bulk of a Service NEPA document,
which only would identify the documents that are incorporated by reference. In addition, relevant
portions would be summarized in the Service NEPA document to the extent necessary to provide the
decision maker and public with an understanding of relevance of the referenced material to the
current analysis.

In accordance with the requirements set forth in 43 C.F.R. 46.135, the Service would specifically
incorporate through reference ecological risk assessments prepared by the U.S. Forest Service
(http://www.fs.fed.us/r6/invasiveplant-eis/Risk-Assessments/Herbicides-Analyzed-InvPlant-EIS.htm)
and Bureau of Land Management (http://www.blm.gov/wo/st/en/prog/more/veq_eis.html). These
risk assessments and associated documentation also are available in total with the administrative
record for the Final Environmental Impact Statement entitled Pacific Northwest Region Invasive
Plant Program — Preventing and Managing Invasive Plants (U.S. Forest Service 2005) and
Vegetation Treatments Using Herbicides on Bureau of Land Management Lands in 17 Western States
Programmatic EIS (PEIS) (Bureau of Land Management 2007). In accordance with 43 C.F.R.
46.120(d), use of existing NEPA documents by supplementing, tiering to, incorporating by reference,
or adopting previous NEPA environmental analyses would avoid redundancy and unnecessary
paperwork.

As a basis for completing “Chemical Profiles” for approving or disapproving Refuge PUPs,
ecological risk assessments for the following herbicide and adjuvant uses prepared by the U.S. Forest
Service would be incorporated by reference:

2,4-D
Chlorosulfuron
Clopyralid

Dicamba
Glyphosate

Imazapic

Imazapyr
Metsulfuron methyl
Picloram
Sethoxydim
Sulfometuron methyl
Triclopyr
Nonylphenol polyethylate (NPE) based surfactants
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As a basis for completing “Chemical Profiles” for approving or disapproving Refuge PUPs,
ecological risk assessments for the following herbicide uses as well as evaluation of risks associated
with pesticide degradates and adjuvants prepared by the Bureau of Land Management would be
incorporated by reference:

Bromacil

Chlorsulfuron

Diflufenzopyr

Diquat

Diuron

Fluridone

Imazapic

Overdrive (diflufenzopyr and dicamba)
Sulfometuron methyl

Tebuthiuron

Pesticide degradates and adjuvants (Appendix D — Evaluation of risks from degradates,
polyoxyethylene-amine (POEA) and R-11, and endocrine disrupting chemicals)

H.7.2.3 Assumptions for ecological risk assessments

There are a number of assumptions involved with the ecological risk assessment process for
terrestrial and aquatic organisms associated with utilization of the USEPA’s (2004) process. These
assumptions may be risk neutral or may lead to an over- or under-estimation of risk from pesticide
exposure depending upon site-specific conditions. The following describes these assumptions, their
application to the conditions typically encountered, and whether or not they may lead to
recommendations that are risk neutral, underestimate, or overestimate ecological risk from potential
pesticide exposure.

e Indirect effects would not be evaluated by ecological risk assessments. These effects include
the mechanisms of indirect exposure to pesticides: consuming prey items (fish, birds, or
small mammals), reductions in the availability of prey items, and disturbance associated with
pesticide application activities.

e Exposure to a pesticide product can be assessed based upon the active ingredient. However,
exposure to a chemical mixture (pesticide formulation) may result in effects that are similar
or substantially different compared to only the active ingredient. Non-target organisms may
be exposed directly to the pesticide formulation or only various constituents of the
formulation as they dissipate and partition in the environment. If toxicological information
for both the active ingredient and formulated product are available, then data representing the
greatest potential toxicity would be selected for use in the risk assessment process (USEPA
2004). As aresult, this conservative approach may lead to an overestimation of risk
characterization from pesticide exposure.

e Because toxicity tests with listed or candidate species or closely related species are not
available, data for surrogate species would be most often used for risk assessments.
Specifically, bobwhite quail and mallard duck are the most frequently used surrogates for
evaluating potential toxicity to federally listed avian species. Bluegill sunfish, rainbow trout,
and fathead minnow are the most common surrogates for evaluating toxicity for freshwater
fishes. However, sheep’s head minnow can be an appropriate surrogate marine species for
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coastal environments. Rats and mice are the most common surrogates for evaluating toxicity
for mammals. Interspecies sensitivity is a major source of uncertainty in pesticide
assessments. As a result of this uncertainty, data is selected for the most sensitive species
tested within a taxonomic group (birds, fish, and mammals) given the quality of the data is
acceptable. If additional toxicity data for more species of organisms in a particular group are
available, the selected data will not be limited to the species previously listed as common
surrogates.

e The Kanaga nomogram outputs maximum EEC values that may be used to calculate an
average daily concentration over a specified interval of time, which is referred to as a time-
weighted-average (TWA). The maximum EEC would be selected as the exposure input for
both acute and chronic risk assessments in the screening-level evaluations. The initial or
maximum EEC derived from the Kanaga nomogram represents the maximum expected
instantaneous or acute exposure to a pesticide. Acute toxicity endpoints are determined using
a single exposure to a known pesticide concentration typically for 48 to 96 hours. This value
is assumed to represent ecological risk from acute exposure to a pesticide. On the other hand,
chronic risk to pesticide exposure is a function of pesticide concentration and duration of
exposure to the pesticide. An organism’s response to chronic pesticide exposure may result
from either the concentration of the pesticide, length of exposure, or some combination of
both factors. Standardized tests for chronic toxicity typically involve exposing an organism
to several different pesticide concentrations for a specified length of time (days, weeks,
months, years or generations). For example, avian reproduction tests include a 10-week
exposure phase. Because a single length of time is used in the test, time response data is
usually not available for inclusion into risk assessments. Without time response data it is
difficult to determine the concentration which elicited a toxicological response.

e Using maximum EECs for chronic risk estimates may result in an overestimate of risk,
particularly for compounds that dissipate rapidly. Conversely, using TWAs for chronic risk
estimates may underestimate risk if it is the concentration rather than the duration of
exposure that is primarily responsible for the observed adverse effect. The maximum EEC
would be used for chronic risk assessments although it may result in an overestimate of risk.
TWASs may be used for chronic risk assessments, but they will be applied judiciously
considering the potential for an underestimate or overestimate of risk. For example, the
number of days exposure exceeds a Level of Concern may influence the suitability of a
pesticide use. The greater the number of days the EEC exceeds the Level of Concern
translates into greater the ecological risk. This is a qualitative assessment and is subject to
reviewer’s expertise in ecological risk assessment and tolerance for risk.

e The length of time used to calculate the TWA can have a substantial effect on the exposure
estimates and there is no standard method for determining the appropriate duration for this
estimate. The T-REX model assumes a 21-week exposure period, which is equivalent to
avian reproductive studies designed to establish a steady-state concentration for
bioaccumulative compounds. However, this does not necessarily define the true exposure
duration needed to elicit a toxicological response. Pesticides, which do not bioaccumulate,
may achieve a steady-state concentration earlier than 21 weeks. The duration of time for
calculating TWAs will require justification and it will not exceed the duration of exposure in
the chronic toxicity test (approximately 70 days for the standard avian reproduction study).
An alternative to using the duration of the chronic toxicity study is to base the TWA on the
application interval. In this case, increasing the application interval would suppress both the
estimated peak pesticide concentration and the TWA. Another alternative to using TWAs
would be to consider the number of days that a chemical is predicted to exceed the LOC.
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Pesticide dissipation is assumed to be first-order in the absence of data suggesting alternative
dissipation patterns such as bi-phasic. Field dissipation data would generally be the most
pertinent for assessing exposure in terrestrial species that forage on vegetation. However,
these data are often not available and it can be misleading particularly if the compound is
prone to “wash-off.” Soil half-life is the most common degradation data available.
Dissipation or degradation data that would reflect the environmental conditions typical of
Refuge lands would be utilized, if available.

For species found in the water column, it would be assumed that the greatest bioavailable
fraction of the pesticide active ingredient in surface waters is freely dissolved in the water
column.

Actual habitat requirements of any particular terrestrial species are not considered, and it is
assumed that species exclusively and permanently occupy the treated area, or adjacent areas
receiving pesticide at rates commensurate with the treatment rate. This assumption would
produce a maximum estimate of exposure for risk characterization. This assumption would
likely lead to an overestimation of exposure for species that do not permanently and
exclusively occupy the treated area (USEPA 2004).

Exposure through incidental ingestion of pesticide contaminated soil is not considered in the
USEPA risk assessment protocols. Research suggests <15% of the diet can consist of
incidentally ingested soil depending upon species and feeding strategy (Beyer et al. 1994).
An assessment of pesticide concentrations in soil compared to food item categories in the
Kanaga nomogram indicates incidental soil ingestion will not likely increase dietary exposure
to pesticides. Inclusion of soil in the diet would effectively reduce the overall dietary
concentration compared to the present assumption that the entire diet consists a contaminated
food source (Fletcher et al. 1994). An exception to this may be soil-applied pesticides in
which exposure from incidental ingestion of soil may increase. Potential for pesticide
exposure under this assumption may be underestimated for soil-applied pesticides and
overestimated for foliar-applied pesticides. The concentration of a pesticide in soil would
likely be less than predicted on food items.

Exposure through inhalation of pesticides is not considered in the USEPA risk assessment
protocols. Such exposure may occur through three potential sources: spray material in
droplet form at time of application, vapor phase with the pesticide volatilizing from treated
surfaces, and airborne particulates (soil, vegetative matter, and pesticide dusts). The USEPA
(1990) reported exposure from inhaling spray droplets at the time of application is not an
appreciable route of exposure for birds. According to research on mallards and bobwhite
quail, respirable particle size (particles reaching the lung) in birds is limited to maximum
diameter of 2 to 5 microns. The spray droplet spectra covering the majority of pesticide
application scenarios indicate that less than 1% of the applied material is within the respirable
particle size. This route of exposure is further limited because the permissible spray drop
size distribution for ground pesticide applications is restricted to ASAE medium or coarser
drop size distribution.

Inhalation of a pesticide in the vapor phase may be another source of exposure for some
pesticides under certain conditions. This mechanism of exposure to pesticides occurs post
application, and it would pertain to those pesticides with a high vapor pressure. The USEPA
is currently evaluating protocols for modeling inhalation exposure from pesticides including
near-field and near-ground air concentrations based upon equilibrium and kinetics-based
models. Risk characterization for exposure with this mechanism is unavailable.
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e The effect from exposure to dusts contaminated with the pesticide cannot be assessed
generically as partitioning issues related to application site soils and chemical properties of
the applied pesticides render the exposure potential from this route highly situation specific.

e Dermal exposure may occur through three potential sources: direct application of spray to
terrestrial wildlife in the treated area or within the drift footprint, incidental contact with
contaminated vegetation, or contact with contaminated water or soil. Interception of spray
and incidental contact with treated substrates may pose risk to avian wildlife (Driver et al.
1991). However, available research related to wildlife dermal contact with pesticides is
extremely limited, except dermal toxicity values are common for some mammals used as
human surrogates (rats and mice). The USEPA is currently evaluating protocols for
modeling dermal exposure. Risk characterization may be underestimated for this route of
exposure, particularly with high risk pesticides such as some organophosphates or carbamate
insecticides. If protocols are established by the USEPA for assessing dermal exposure to
pesticides, they will be considered for incorporation into pesticide assessment protocols.

e Exposure to a pesticide may occur from consuming surface water, dew, or other water on
treated surfaces. Water soluble pesticides have the potential to dissolve in surface runoff and
puddles in a treated area may contain pesticide residues. Similarly, pesticides with lower
organic carbon partitioning characteristics and higher solubility in water have a greater
potential to dissolve in dew and other water associated with plant surfaces. Estimating the
extent to which such pesticide loadings to drinking water occurs is complex and would
depend upon the partitioning characteristics of the active ingredient, soils types in the
treatment area, and the meteorology of the treatment area. In addition, the use of various
water sources by wildlife is highly species-specific. Currently, risk characterization for this
exposure mechanism is not available. The USEPA is actively developing protocols to
quantify drinking water exposures from puddles and dew. If and when protocols are formally
established by the USEPA for assessing exposure to pesticides through drinking water, these
protocols will be incorporated into pesticide risk assessment protocols.

e Risk assessments are based upon the assumption that the entire treatment area would be
subject to pesticide application at the rates specified on the label. In most cases, there is
potential for uneven application of pesticides through such plausible incidents such as
changes in calibration of application equipment, spillage, and localized releases at specific
areas in or near the treated field that are associated with mixing and handling and application
equipment as well as applicator skill. Inappropriate use of pesticides and the occurrence of
spills represent a potential underestimate of risk. It is likely not an important factor for risk
characterization. All pesticide applicators are required to be certified by the state in which
they apply pesticides. Certification training includes the safe storage, transport, handling,
and mixing of pesticides; equipment calibration; and proper application with annual
continuing education.

e The USEPA relies on Fletcher et al. (1994) for setting the assumed pesticide residues in
wildlife dietary items. The USEPA (2004) “believes that these residue assumptions reflect a
realistic upper-bound residue estimate, although the degree to which this assumption reflects
a specific percentile estimate is difficult to quantify.” Fletcher et al.”’s (1994) research
suggests that the pesticide active ingredient residue assumptions used by the USEPA
represent a 95th percentile estimate. However, research conducted by Pfleeger et al. (1996)
indicates USEPA residue assumptions for short grass was not exceeded. Baehr and Habig
(2000) compared USEPA residue assumptions with distributions of measured pesticide
residues for the USEPA’s UTAB database. Overall residue selection level will tend to
overestimate risk characterization. This is particularly evident when wildlife individuals are
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likely to have selected a variety of food items acquired from multiple locations. Some food
items may be contaminated with pesticide residues whereas others are not contaminated.
However, it is important to recognize differences in species feeding behavior. Some species
may consume whole aboveground plant material, but others will preferentially select
different plant structures. Also, species may preferentially select a food item although
multiple food items may be present. Without species specific knowledge regarding foraging
behavior characterizing ecological risk other than in general terms is not possible.

Acute and chronic risk assessments rely on comparisons of wildlife dietary residues with
LCso0r NOEC values expressed as concentrations of pesticides in laboratory feed. These
comparisons assume that ingestion of food items in the field occurs at rates commensurate
with those in the laboratory. Although the screening assessment process adjusts dry-weight
estimates of food intake to reflect the increased mass in fresh-weight wildlife food intake
estimates, it does not allow for gross energy and assimilative efficiency differences between
wildlife food items and laboratory feed. Differences in assimilative efficiency between
laboratory and wild diets suggest that current screening assessment methods are not
accounting for a potentially important aspect of food requirements.

There are several other assumptions that can affect non-target species not considered in the
risk assessment process. These include possible additive or synergistic effects from applying
two or more pesticides or additives in a single application, co-location of pesticides in the
environment, cumulative effects from pesticides with the same mode of action, effects of
multiple stressors (e.g., combination of pesticide exposure, adverse abiotic and biotic factors)
and behavioral changes induced by exposure to a pesticide. These factors may exist at some
level contributing to adverse effects to non-target species, but they are usually characterized
in the published literature in only a general manner limiting their value in the risk assessment
process.

It is assumed that aquatic species exclusively and permanently occupy the water body being
assessed. Actual habitat requirements of aquatic species are not considered. With the
possible exception of scenarios where pesticides are directly applied to water, it is assumed
that no habitat use considerations specific for any species would place the organisms in closer
proximity to pesticide use sites. This assumption produces a maximum estimate of exposure
or risk characterization. It would likely be realistic for many aquatic species that may be
found in aquatic habitats within or in close proximity to treated terrestrial habitats. However,
the spatial distribution of wildlife is usually not random because wildlife distributions are
often related to habitat requirements of species. Clumped distributions of wildlife may result
in an under- or over-estimation of risk depending upon where the initial pesticide
concentration occurs relative to the species or species habitat.

For species found in the water column, it would be assumed that the greatest bioavailable
fraction of the pesticide active ingredient in surface waters is freely dissolved in the water
column. Additional chemical exposure from materials associated with suspended solids or
food items is not considered because partitioning onto sediments likely is minimal.
Adsorption and bioconcentration occurs at lower levels for many newer pesticides compared
with older more persistent bioaccumulative compounds. Pesticides with RQs close to the
listed species level of concern, the potential for additional exposure from these routes may be
a limitation of risk assessments, where potential pesticide exposure or risk may be
underestimated.

Mass transport losses of pesticide from a water body (except for losses by volatilization,
degradation, and sediment partitioning) would not be considered for ecological risk
assessment. The water body would be assumed to capture all pesticide active ingredients
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entering as runoff, drift, and adsorbed to eroded soil particles. It would also be assumed that
pesticide active ingredient is not lost from the water body by overtopping or flow-through,
nor is concentration reduced by dilution. In total, these assumptions would lead to a near
maximum possible water-borne concentration. However, this assumption would not account
for the potential to concentrate pesticide through the evaporative loss. This limitation may
have the greatest impact on water bodies with high surface-to-volume ratios such as
ephemeral wetlands, where evaporative losses are accentuated and applied pesticides have
low rates of degradation and volatilization.

e For acute risk assessments, there would be no averaging time for exposure. An instantaneous
peak concentration would be assumed, where instantaneous exposure is sufficient in duration
to elicit acute effects comparable to those observed over more protracted exposure periods
(typically 48 to 96 hours) tested in the laboratory. In the absence of data regarding time-to-
toxic event, analyses, and latent responses to instantaneous exposure, risk would likely be
overestimated.

e For chronic exposure risk assessments, the averaging times considered for exposure are
commensurate with the duration of invertebrate life-cycle or fish-early life stage tests (e.g.,
21-28 days and 56-60 days, respectively). Response profiles (time to effect and latency of
effect) to pesticides likely vary widely with mode of action and species and should be
evaluated on a case-by-case basis as available data allow. Nevertheless, because the USEPA
relies on chronic exposure toxicity endpoints based on a finding of no observed effect, the
potential for any latent toxicity effects or averaging time assumptions to alter the results of an
acceptable chronic risk assessment prediction is limited. The extent to which duration of
exposure from water-borne concentrations overestimate or underestimate actual exposure
depends on several factors. These include the following: localized meteorological
conditions, runoff characteristics of the watershed (e.g., soils, topography), the hydrological
characteristics of receiving waters, environmental fate of the pesticide active ingredient, and
the method of pesticide application. It should also be understood that chronic effects studies
are performed using a method that holds water concentration in a steady state. This method
is not likely to reflect conditions associated with pesticide runoff. Pesticide concentrations in
the field increase and decrease in surface water on a cycle influenced by rainfall, pesticide
use patterns, and degradation rates. As a result of the dependency of this assumption on
several undefined variables, risk associated with chronic exposure may in some situations
underestimate risk and overestimate risk in others.

e There are several other factors that can affect non-target species not considered in the risk
assessment process. These would include the following: possible additive or synergistic
effects from applying two or more pesticides or additives in a single application, co-location
of pesticides in the environment, cumulative effects from pesticides with the same mode of
action, effects of multiple stressors (e.g., combination of pesticide exposure, adverse abiotic
[not pesticides] and biotic factors), and sublethal effects such as behavioral changes induced
by exposure to a pesticide. These factors may exist at some level contributing to adverse
effects to non-target species, but they are not routinely assessed by regulatory agencies.
Therefore, information on the factors is not extensive limiting their value for the risk
assessment process. As this type of information becomes available, it would be included,
either quantitatively or qualitatively, in this risk assessment process.

e USEPA is required by the Food Quality Protection Act to assess the cumulative risks of
pesticides that share common mechanisms of toxicity, or act the same within an organism.
Currently, USEPA has identified four groups of pesticides that have a common mechanism of
toxicity requiring cumulative risk assessments. These four groups are: the organophosphate
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insecticides, N-methyl carbamate insecticides, triazine herbicides, and chloroacetanilide
herbicides.

H.7.3 Pesticide Mixtures and Degradates

Pesticide products are usually a formulation of several components generally categorized as active
ingredients and inert or other ingredients. The term active ingredient is defined by the FIFRA as
preventing, destroying, repelling, or mitigating the effects of a pest, or it is a plant regulator,
defoliant, desiccant, or nitrogen stabilizer. In accordance with FIFRA, the active ingredient(s) must
be identified by name(s) on the pesticide label along with its relative composition expressed in
percentage(s) by weight. In contrast, inert ingredient(s) are not intended to affect a target pest. Their
role in the pesticide formulation is to act as a solvent (keep the active ingredient is a liquid phase), an
emulsifying or suspending agent (keep the active ingredient from separating out of solution), or a
carrier (such as clay in which the active ingredient is impregnated on the clay particle in dry
formulations). For example, if isopropyl alcohol would be used as a solvent in a pesticide
formulation, then it would be considered an inert ingredient. FIFRA only requires that inert
ingredients identified as hazardous and associated percent composition, and the total percentage of
all inert ingredients must be declared on a product label. Inert ingredients that are not classified as
hazardous are not required to be identified.

The USEPA (September 1997) issued Pesticide Regulation Notice 97-6, which encouraged
manufacturers, formulators, producers, and registrants of pesticide products to voluntarily substitute
the term “other ingredients” for “inert ingredients” in the ingredient statement. This change
recognized that all components in a pesticide formulation potentially could elicit or contribute to an
adverse effect on non-target organisms and, therefore, are not necessarily inert. Whether referred to
as “inerts” or “other ingredients,” these constituents within a pesticide product have the potential to
affect species or environmental quality. The USEPA categorizes regulated inert ingredients into the
following four lists (http://www.epa.gov/opprd001/inerts/index.html):

List 1—Inert Ingredients of Toxicological Concern
List 2—Potentially Toxic Inert Ingredients

List 3—Inerts of Unknown Toxicity

List 4—Inerts of Minimal Toxicity

Several of the List 4 compounds are naturally occurring earthen materials (e.g., clay materials,
simple salts) that would not elicit toxicological response at applied concentrations. However, some
of the inerts (particularly the List 3 compounds and unlisted compounds) may have moderate to high
potential toxicity to aquatic species based on MSDSs or published data.

Comprehensively assessing potential effects to non-target fish, wildlife, plants, and/or their habitats
from pesticide use is a complex task. It would be preferable to assess the cumulative effects from
exposure to the active ingredient, its degradates, and inert ingredients as well as other active
ingredients in the spray mixture. However, it would only be feasible to conduct deterministic risk
assessments for each component in the spray mixture singly. Limited scientific information is
available regarding ecological effects (additive or synergistic) from chemical mixtures that typically
rely upon broadly encompassing assumptions. For example, the U.S. Forest Service (2005) found
that mixtures of pesticides used in land (forest) management likely would not cause additive or
synergistic effects to non-target species based upon a review of scientific literature regarding

H-30 Appendix H. Integrated Pest Management Plan



Willapa National Wildlife Refuge CCP

toxicological effects and interactions of agricultural chemicals (ATSDR 2004). Moreover,
information on inert ingredients, adjuvants, and degradates is often limited by the availability of and
access to reliable toxicological data for these constituents.

Toxicological information regarding “other ingredients” may be available from sources such as the
following:

e TOMES (a proprietary toxicological database including USEPA’s IRIS, the Hazardous
Substance Data Bank, the Registry of Toxic Effects of Chemical Substances [RTECS]).

e USEPA’s ECOTOX database, which includes AQUIRE (a database containing scientific
papers published on the toxic effects of chemicals to aquatic organisms).

e TOXLINE (a literature searching tool).

e MSDSs from pesticide suppliers.

e Other sources such as the Farm Chemicals Handbook.

Because there is a lack of specific inert toxicological data, inert(s) in a pesticide may cause adverse
ecological effects. However, inert ingredients typically represent only a small percentage of the
pesticide spray mixture, and it would be assumed that negligible effects would be expected to result
from inert ingredient(s).

Although the potential effects of degradates should be considered when selecting a pesticide, it is
beyond the scope of this assessment process to consider all possible breakdown chemicals of the
various product formulations containing an active ingredient. Degradates may be more or less
mobile and more or less hazardous in the environment than their parent pesticides (Battaglin et al.
2003). Differences in environmental behavior (e.g., mobility) and toxicity between parent pesticides
and degradates would make assessing potential degradate effects extremely difficult. For example, a
less toxic and more mobile, bioaccumulative, or persistent degradate may have potentially greater
effects on species and/or degrade environmental quality. The lack of data on the toxicity of
degradates for many pesticides would represent a source of uncertainty for assessing risk.

A USEPA-approved label specifies whether a product can be mixed with one or more pesticides.
Without product-specific toxicological data, it would not possible to quantify the potential effects of
these mixtures. In addition, a quantitative analysis could only be conducted if reliable scientific
information allowed a determination of whether the joint action of a mixture would be additive,
synergistic, or antagonistic. Such information would not likely exist unless the mode of action would
be common among the chemicals and receptors. Moreover, the composition of and exposure to
mixtures would be highly site- and/or time-specific and, therefore, it would be nearly impossible to
assess potential effects to species and environmental quality.

To minimize or eliminate potential negative effects associated with applying two or more pesticides
as a mixture, the use would be conducted in accordance with the labeling requirements. Labels for
two or more pesticides applied as a mixture should be completely reviewed, where products with the
least potential for negative effects would be selected for use on the Refuge. This is especially
relevant when a mixture would be applied in a manner that may already have the potential for an
effect(s) associated with an individual pesticide (e.g., runoff to ponds in sandy watersheds). Use of a
tank mix under these conditions would increase the level of uncertainty in terms of risk to species or
potential to degrade environmental quality.
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Adjuvants generally function to enhance or prolong the activity of pesticide. For terrestrial
herbicides, adjuvants aid in the absorption into plant tissue. Adjuvant is a broad term that generally
applies to surfactants, selected oils, anti-foaming agents, buffering compounds, drift control agents,
compatibility agents, stickers, and spreaders. Adjuvants are not under the same registration
requirements as pesticides and the USEPA does not register or approve the labeling of spray
adjuvants. Individual pesticide labels identify types of adjuvants approved for use with it. In
general, adjuvants compose a relatively small portion of the volume of pesticides applied. Selection
of adjuvants with limited toxicity and low volumes would be recommended to reduce the potential
for the adjuvant to influence the toxicity of the pesticide.

H.7.4 Determining Effects to Soil and Water Quality

The approval process for pesticide uses would consider potential to degrade water quality on and off
Refuge lands. A pesticide can only affect water quality through movement away from the treatment
site. After application, pesticide mobilization can be characterized by one or more of the following
(Kerle et al. 1996):

e Attach (sorb) to soil, vegetation, or other surfaces and remain at or near the treated area;
e Attach to soil and move off-site through erosion from runoff or wind,;
e Dissolve in water that can be subjected to runoff or leaching.

As an initial screening tool, selected chemical characteristics and rating criteria for a pesticide can be
evaluated to assess potential to enter ground and/or surface waters. These would include the
following: persistence, sorption coefficient (Koc), groundwater ubiquity score (GUS), and solubility.

Persistence, which is expressed as half-life (t.,), represents the length of time required for 50% of the
deposited pesticide to degrade (completely or partially). Persistence in the soil can be categorized as
the following: non-persistent <30 days, moderately persistent = 30 to 100 days, and persistent >100
days (Kerle et al. 1996). Half-life data is usually available for aquatic and terrestrial environments.

Another measure of pesticide persistence is dissipation time (DTsg). It represents the time required
for 50% of the deposited pesticide to degrade and move from a treated site, whereas half-life
describes the rate for degradation only. As for half-life, units of dissipation time are usually
expressed in days. Field or foliar dissipation time is the preferred data for use to estimate pesticide
concentrations in the environment. However, soil half-life is the most common persistence data cited
in published literature. If field or foliar dissipation data is not available, soil half-life data may be
used. The average or representative half-life value of most important degradation mechanism will be
selected for quantitative analysis for both terrestrial and aquatic environments.

Mobility of a pesticide is a function of how strongly it is adsorbed to soil particles and organic
matter, its solubility in water, and its persistence in the environment. Pesticides strongly adsorbed to
soil particles, relatively insoluble in water, and not environmentally persistent would be less likely to
move across the soil surface into surface waters or to leach through the soil profile and contaminate
groundwater. Conversely, pesticides that are not strongly adsorbed to soil particles, are highly water
soluble, and are persistent in the environment would have greater potential to move from the
application site (off-site movement).

The degree of pesticide adsorption to soil particles and organic matter (Kerle et al. 1996) is expressed
as the soil adsorption coefficient (K,c). The soil adsorption coefficient is measured as micrograms of
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pesticide per gram of soil (ug/g) that can range from near zero to the thousands. Pesticides with
higher K, values are strongly sorbed to soil and, therefore, would be less subject to movement.

Water solubility describes the amount of pesticide that will dissolve in a known quantity of water.
The water solubility of a pesticide is expressed as milligrams of pesticide dissolved in a liter of water
(mg/L or parts per million [ppm]). Pesticide with solubility <0.1 ppm are virtually insoluble in water,
100-1,000 ppm are moderately soluble, and >10,000 ppm highly soluble (U.S. Geological Survey
2000). As pesticide solubility increases, there would be greater potential for off-site movement.

The groundwater ubiquity score (GUS) is a quantitative screening tool to estimate a pesticide’s
potential to move in the environment. It utilizes soil persistence and adsorption coefficients in the
following formula.

GUS = |Oglo (tl/z) X [4_|Oglo (Koc)]

The potential pesticide movement rating would be based upon its GUS value. Pesticides with a GUS
<0.1 would considered to have an extremely low potential to move toward groundwater. Values of
1.0-2.0 would be low, 2.0-3.0 would be moderate, 3.0-4.0 would be high, and >4.0 would have a very
high potential to move toward groundwater.

Water solubility describes the amount of pesticide dissolving in a specific quantity of water, where it
is usually measured as mg/L or ppm. Solubility is useful as a comparative measure because
pesticides with higher values are more likely to move by runoff or leaching. GUS, water solubility,
t,,, and Ko values are available for selected pesticides from the Oregon State University Extension
Pesticide Properties Database at http://npic.orst.edu/ppdmove.htm. Many of the values in this
database were derived from the SCS/ARS/CES Pesticide Properties Database for Environmental
Decision Making (Wauchope et al. 1992).

Soil properties influence the fate of pesticides in the environment. The following six properties are
mostly likely to affect pesticide degradation and the potential for pesticides to move off-site by
leaching (vertical movement through the soil) or runoff (lateral movement across the soil surface).

e Permeability is the rate of water movement vertically through the soil. It is affected by soil
texture and structure. Coarse textured soils (e.g., high sand content) have a larger pore size
and they are generally more permeable than fine textured soils (i.e., high clay content). The
more permeable soils would have a greater potential for pesticides to move vertically down
through the soil profile. Soil permeability rates (inches/hour) are usually available in county
soil survey reports.

e Soil texture describes the relative percentage of sand, silt, and clay. In general, greater clay
content with smaller the pore size would lower the likelihood and rate water that would move
through the soil profile. Clay also serves to adsorb (bind) pesticides to soil particles. Soils
with high clay content would adsorb more pesticide than soils with relatively low clay
content. In contrast, sandy soils with coarser texture and lower water holding capacity would
have a greater potential for water to leach through them.

e Soil structure describes soil aggregation. Soils with a well-developed soil structure have
looser, more aggregated, structure that would be less likely to be compacted. Both
characteristics would allow for less restricted flow of water through the soil profile resulting
in greater infiltration.
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e Organic matter would be the single most important factor affecting pesticide adsorption in
soils. Many pesticides are adsorbed to organic matter which would reduce their rate of
downward movement through the soil profile. Also, soils high in organic matter would tend
to hold more water, which may make less water available for leaching.

e Soil moisture affects how fast water would move through the soil. If soils are already wet or
saturated before rainfall or irrigation, excess moisture would runoff rather than infiltrate into
the soil profile. Soil moisture also would influence microbial and chemical activity in soil,
which effects pesticide degradation.

e Soil pH would influence chemical reactions that occur in the soil which in turn determines
whether or not a pesticide will degrade, rate of degradation, and, in some instances, which
degradation products are produced.

Based upon the aforementioned properties, soils most vulnerable to groundwater contamination
would be sandy soils with low organic matter. In contrast, the least vulnerable soils would be well-
drained clayey soils with high organic matter. Consequently, pesticides with the lowest potential for
movement in conjunction with appropriate best management practices (see below) would be used in
an IPM framework to treat pests while minimizing effects to non-target biota and protecting
environmental quality.

Along with soil properties, the potential for a pesticide to affect water quality through runoff and
leaching would consider site-specific environmental and abiotic conditions including rainfall, water
table conditions, and topography (Huddleston 1996).

e Water is necessary to separate pesticides from soil. This can occur in two basic ways.
Pesticides that are soluble move easily with runoff water. Pesticide-laden soil particles can
be dislodged and transported from the application site in runoff. The concentration of
pesticides in the surface runoff would be greatest for the first runoff event following
treatment. The rainfall intensity and route of water infiltration into soil, to a large extent,
determine pesticide concentrations and losses in surface runoff. The timing of the rainfall
after application also would have an effect. Rainfall interacts with pesticides at a shallow soil
depth (¥4 to %2 inch), which is called the mixing zone (Baker and Miller 1999). The
pesticide/water mixture in the mixing zone would tend to leach down into the soil or runoff
depending upon how quickly the soil surface becomes saturated and how rapidly water can
infiltrate into the soil. Leaching would decrease the amount of pesticide available near the
soil surface (mixing zone) to runoff during the initial rainfall event following application and
subsequent rainfall events.

e Terrain slope would affect the potential for surface runoff and the intensity of runoff. Steeper
slopes would have greater potential for runoff following a rainfall event. In contrast, soils
that are relatively flat would have little potential for runoff, except during intense rainfall
events. In addition, soils in lower areas would be more susceptible to leaching as a result of
receiving excessive water from surrounding higher elevations.

e Depth to groundwater would be an important factor affecting the potential for pesticides to
leach into groundwater. If the distance from the soil surface to the top of the water table is
shallow, pesticides would have less distance to travel to reach groundwater. Shallower water
tables that persist for longer periods would be more likely to experience groundwater
contamination. Soil survey reports are available for individual counties. These reports
provide data in tabular format regarding the water table depths and the months during which
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it is persists. In some situations, a hard pan exists above the water table that would prevent
pesticide contamination from leaching.

H.7.5 Determining Effects to Air Quality

Pesticides may volatilize from soil and plant surfaces and move from the treated area into the
atmosphere. The potential for a pesticide to volatilize is determined by the pesticide’s vapor pressure
which would be affected by temperature, sorption, soil moisture, and the pesticide’s water solubility.
Vapor pressure is often expressed in mm Hg. To make these numbers easier to compare, vapor
pressure may be expressed in exponent form (I x 10”), where | represents a vapor pressure index. In
general, pesticides with 1<10 would have a low potential to volatilize, whereas pesticides with
1>1,000 would have a high potential to volatilize (Oregon State University 1996). Vapor pressure
values for pesticides are usually available in the pesticide product MSDS or the USDA Agricultural
Research Service (ARS) pesticide database.

H.7.6 Preparing a Chemical Profile

The following instructions would be used by Service personnel to complete Chemical Profiles for
pesticides. Specifically, profiles would be prepared for pesticide active ingredients (e.g., glyphosate,
imazapic) that would be contained in one or more trade name products that are registered and labeled
with USEPA. All information fields under each category (e.g., Toxicological Endpoints,
Environmental Fate) would be completed for a Chemical Profile. If no information is available for a
specific field, then “No data is available in references” would be recorded in the profile. Available
scientific information would be used to complete Chemical Profiles. Each entry of scientific
information would be shown with applicable references.

Completed Chemical Profiles would provide a structured decision-making process utilizing
quantitative assessment/screening tools with threshold values (where appropriate) that would be used
to evaluate potential biological and other environmental effects to Refuge resources. For ecological
risk assessments presented in these profiles, the “worst-case scenario” would be evaluated to
determine whether a pesticide could be approved for use considering the maximum single application
rate specified on pesticide labels for habitat management and croplands/facilities maintenance
treatments pertaining to refuges. Where the “worst-case scenario” likely would only result in minor,
temporary, and localized effects to listed and nonlisted species with appropriate BMPs (see Section
H.5), the proposed pesticide’s use in a PUP would have a scientific basis for approval under any
application rate specified on the label that is at or below rates evaluated in a Chemical Profile. In
some cases, the Chemical Profile would include a lower application rate than the maximum labeled
rate in order to protect Refuge resources. As necessary, Chemical Profiles would be periodically
updated with new scientific information or as pesticides with the same active ingredient are proposed
for use on the Refuge in PUPs.

Throughout this section, threshold values (to prevent or minimize potential biological and
environmental effects) would be clearly identified for specific information presented in a completed
Chemical Profile. Comparison with these threshold values provides an explicit scientific basis to
approve or disapprove PUPs for habitat management and cropland/facilities maintenance on Refuge
lands. In general, PUPs would be approved for pesticides with Chemical Profiles where there would
be no exceedances of threshold values. However, BMPs are identified for some screening tools that
would minimize/eliminate potential effects (exceedance of the threshold value) as a basis for
approving PUPs.
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Date: Service personnel would record the date when the Chemical Profile is completed or updated.
Chemical Profiles (e.g., currently approved pesticide use patterns) would be periodically reviewed
and updated, as necessary. The most recent review date would be recorded on a profile to document
when it was last updated.

Trade Name(s): Service personnel would accurately and completely record the trade name(s) from
the pesticide label, which includes a suffix that describes the formulation (e.g., WP, DG, EC, L, SP, I,
Il or 64). The suffix often distinguishes a specific product among several pesticides with the same
active ingredient. Service personnel would record a trade name for each pesticide product with the
same active ingredient.

Common chemical name(s): Service personnel would record the common name(s) listed on the
pesticide label or MSDS for an active ingredient. The common name of a pesticide is listed as the
active ingredient on the title page of the product label immediately following the trade name, and the
MSDS, Section 2: Composition/ Information on Ingredients. A Chemical Profile is completed for
each active ingredient.

Pesticide Type: Service personnel would record the type of pesticide for an active ingredient as one
of the following: herbicide, desiccant, fungicide, fumigant, growth regulator, insecticide, piscicide,
or rodenticide.

EPA Registration Number(s): This number (EPA Reg. No.) appears on the title page of the label
and MSDS, Section 1: Chemical Product and Company Description. It is not the EPA Establishment
Number that is usually located near it. Service personnel would record the EPA Reg. No. for each
trade name product with an active ingredient based upon PUPs.

Pesticide Class: Service personnel would list the general chemical class for the pesticide (active
ingredient). For example, malathion is an organophosphate and carbaryl is a carbamate.

CAS (Chemical Abstract Service) Number: This number is often located in the second section
(Composition/Information on Ingredients) of the MSDS. The MSDS table listing components
usually contains this number immediately prior to or following the % composition.

Other Ingredients: From the most recent MSDS for the proposed pesticide product(s), Service
personnel would include any chemicals in the pesticide formulation not listed as an active ingredient
that are described as toxic or hazardous, or regulated under the Superfund Amendments and
Reauthorization Act, Comprehensive Environmental Response, Compensation, and Liability Act,
Toxic Substances Control Act, OSHA, State Right-to-Know, or other listed authorities. These are
usually found in MSDS sections titled “Hazardous ldentifications”, “Exposure Control/Personal
Protection”, and “Regulatory Information”. If concentrations of other ingredients are available for
any compounds identified as toxic or hazardous, then Service personnel would record this
information in the Chemical Profile by trade name. MSDS(s) may be obtained from the
manufacturer, manufacturer’s website, or from an on-line database maintained by Crop Data
Management Systems, Inc. (see list below).

H.7.6.1 Toxicological Endpoints

Toxicological endpoint data would be collected for acute and chronic tests with mammals, birds, and
fish. Data would be recorded for species available in the scientific literature. 1f no data are found for
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a particular taxonomic group, then “No data available is references” would be recorded as the data
entry. Throughout the Chemical Profile, references (including toxicological endpoint data) would be
cited using parentheses (#) following the recorded data.

Mammalian LDs,: For test species in the scientific literature, Service personnel would record
available data for oral lethal dose (LDsg) in mg/kg-bw (body weight) or ppm-bw. Most common test
species in scientific literature are the rat and mouse. The lowest LDs, value found for a rat would be
used as a toxicological endpoint for dose-based RQ calculations to assess acute risk to mammals (see
Table H-1 in Section H.7.1).

Mammalian LCs,: For test species in the scientific literature, Service personnel would record
available data for dietary lethal concentration (LCsp) as reported (e.g., mg/kg-diet or ppm-diet). Most
common test species in scientific literature are the rat and mouse. The lowest LCs, value found for a
rat would be used as a toxicological endpoint for diet-based RQ calculations to assess acute risk (see
Table H-1 in Section H.7.1).

Mammalian Reproduction: For test species listed in the scientific literature, Service personnel
would record the test results (e.g., Lowest Observed Effect Concentration [LOEC], Lowest Observed
Effect Level [LOEL], No Observed Adverse Effect Level [NOAEL], No Observed Adverse Effect
Concentration [NOAEC]) in mg/kg-bw or mg/kg-diet for reproductive test procedure(s) (e.g.,
generational studies [preferred], fertility, new born weight). Most common test species available in
scientific literature are rats and mice. The lowest NOEC, NOAEC, NOEL, or NOAEL test results
found for a rat would be used as a toxicological endpoint for RQ calculations to assess chronic risk
(see Table H-1 in Section H.7.1).

Avian LDs,: For test species available in the scientific literature, Service personnel would record
values for oral lethal dose (LDsp) in mg/kg-bw or ppm-bw. Most common test species available in
scientific literature are the bobwhite quail and mallard. The lowest LDs, value found for an avian
species would be used as a toxicological endpoint for dose-based RQ calculations to assess acute risk
(see Table H-1 in Section H.7.1).

Avian LCs,: For test species available in the scientific literature, Service personnel would record
values for dietary lethal concentration (LCsp) as reported (e.g., mg/kg-diet or ppm-diet). Most
common test species available in scientific literature are the bobwhite quail and mallard. The lowest
LCso value found for an avian species would be used as a toxicological endpoint for dietary-based
RQ calculations to assess acute risk (see Table H-1 in Section H.7.1).

Avian Reproduction: For test species available in the scientific literature, Service personnel would
record test results (e.g., LOEC, LOEL, NOAEC, NOAEL) in mg/kg-bw or mg/kg-diet consumed for
reproductive test procedure(s) (e.g., early life cycle, reproductive). Most common test species
available in scientific literature are the bobwhite quail and mallard. The lowest NOEC, NOAEC,
NOEL, or NOAEL test results found for an avian species would be used as a toxicological endpoint
for RQ calculations to assess chronic risk (see Table H-1 in Section H.7.1).

Fish LCso: For test freshwater or marine species listed in the scientific literature, Service personnel
would record a LCso in ppm or mg/L. Most common test species available in the scientific literature
are the bluegill, rainbow trout, and fathead minnow (marine). Test results for many game species
may also be available. The lowest LCs value found for a freshwater fish species would be used as a
toxicological endpoint for RQ calculations to assess acute risk (see Table H-1 in Section H.7.1).
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Fish Early Life Stage (ELS)/Life Cycle: For test freshwater or marine species available in the
scientific literature, Service personnel would record test results (e.g., LOEC, NOAEL, NOAEC,
LOAEC) in ppm for test procedure(s) (e.g., early life cycle, life cycle). Most common test species
available in the scientific literature are bluegill, rainbow trout, and fathead minnow. Test results for
other game species may also be available. The lowest test value found for a fish species (preferably
freshwater) would be used as a toxicological endpoint for RQ calculations to assess chronic risk (see
Table H-1 in Section H.7.1).

Other: For test invertebrate as well as non-vascular and vascular plant species available in the
scientific literature, Service personnel would record LCsp LDsy LOEC, LOEL, NOAEC, NOAEL, or
ECso (environmental concentration) values in ppm or mg/L. Most common test invertebrate species
available in scientific literature are the honey bee and the water flea. Green algae and pondweed are
frequently available test species for aquatic non-vascular and vascular plants, respectively.

Ecological Incident Reports: After a site has been treated with pesticide(s), wildlife may be
exposed to these chemical(s). When exposure is high relative to the toxicity of the pesticides,
wildlife may be killed or visibly harmed (incapacitated). Such events are called ecological incidents.
The USEPA maintains a database (Ecological Incident Information System) of ecological incidents.
This database stores information extracted from incident reports submitted by various federal and
state agencies and nongovernment organizations. Information included in an incident report is date
and location of the incident, type and magnitude of effects observed in various species, use(s) of
pesticides known or suspected of contributing to the incident, and results of any chemical residue and
cholinesterase activity analyses conducted during the investigation.

Incident reports can play an important role in evaluating the effects of pesticides by supplementing
quantitative risk assessments. All incident reports for pesticide(s) with the active ingredient and
associated information would be recorded.

H.7.6.2 Environmental Fate

Water Solubility: Service personnel would record values for water solubility (S,,), which describes
the amount of pesticide that dissolves in a known quantity of water. S,y is expressed as mg/L (ppm).
Pesticide S,y values would be categorized as one of the following: insoluble <0.1 ppm, moderately
soluble = 100 to 1,000 ppm, highly soluble >10,000 ppm (U.S. Geological Survey 2000). As
pesticide S, increases, there would be greater potential to degrade water quality through runoff and
leaching.

Sw would be used to evaluate potential for bioaccumulation in aquatic species [see Octanol-Water
Partition Coefficient (K,y,) below].

Soil Mobility: Service personnel would record available values for soil adsorption coefficient (Ko
[ug/g]). It provides a measure of a chemical's mobility and leaching potential in soil. Ko values are
directly proportional to organic content, clay content, and surface area of the soil. K, data for a
pesticide may be available for a variety of soil types (e.g., clay, loam, sand).

Koc values would be used in evaluating the potential to degrade groundwater by leaching (see
Potential to Move to Groundwater below).

H-38 Appendix H. Integrated Pest Management Plan



Willapa National Wildlife Refuge CCP

Soil Persistence: Service personnel would record values for soil half-life (t.,), which represents the
length of time (days) required for 50% of the deposited pesticide to degrade (completely or partially)
in the soil. Based upon the t,, value, soil persistence would be categorized as one of the following:
non-persistent <30 days, moderately persistent = 30 to 100 days, and persistent >100 days (Kerle et
al. 1996).

Threshold for approving PUPs:

e If soil t%2 <100 days, then a PUP would be approved without additional BMPs to protect
water quality.

e If soil t%2 >100 days, then a PUP would only be approved with additional BMPs specifically
to protect water quality. One or more BMPs such as the following would be included in the
Specific Best Management Practices (BMPs) section to minimize potential surface runoff and
leaching that can degrade water quality:

o Do not exceed one application per site per year.

0 Do not use on coarse-textured soils where the ground water table is <10 feet and
average annual precipitation >12 inches.

o Do not use on steep slopes if substantial rainfall is expected within 24 hours or
ground is saturated.

Along with K, soil t,; values would be used in evaluating the potential to degrade groundwater by
leaching (see Potential to Move to Groundwater below).

Soil Dissipation: Dissipation time (DTsp) represents the time required for 50% of the deposited
pesticide to degrade and move from a treated site, whereas soil t,, describes the rate for degradation
only. As for t, units of dissipation time are usually expressed in days. Field dissipation time would
be the preferred data for use to estimate pesticide concentrations in the environment because it is
based upon field studies compared to soil t,,, which is derived in a laboratory. However, soil ty, is the
most common persistence data available in the published literature. If field dissipation data is not
available, soil half-life data would be used in a Chemical Profile. The average or representative half-
life value of most important degradation mechanism would be selected for quantitative analysis for
both terrestrial and aquatic environments.

Based upon the DTs, value, environmental persistence in the soil also would be categorized as one of
the following: non-persistent <30 days, moderately persistent = 30 to 100 days, and persistent >100
days.

Threshold for approving PUPs:

e If soil DTso <100 days, then a PUP would be approved without additional BMPs to protect
water quality.

e If soil DTsy >100 days, then a PUP would only be approved with additional BMPs
specifically to protect water quality. One or more BMPs such as the following would be
included in the Specific Best Management Practices (BMPs) section to minimize potential
surface runoff and leaching that can degrade water quality:

o0 Do not exceed one application per site per year.
o0 Do not use on coarse-textured soils where the ground water table is <10 feet and
average annual precipitation >12 inches.
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o0 Do not use on steep slopes if substantial rainfall is expected within 24 hours or
ground is saturated.

Along with K, soil DTsg values (preferred over soil t,,) would be used in evaluating the potential to
degrade groundwater by leaching (see Potential to Move to Groundwater below), if available.

Aquatic Persistence: Service personnel would record values for aquatic t,, which represents the
length of time required for 50% of the deposited pesticide to degrade (completely or partially) in
water. Based upon the ty, value, aquatic persistence would be categorized as one of the following:
non-persistent <30 days, moderately persistent = 30 to 100 days, and persistent >100 days (Kerle et
al. 1996).

Threshold for approving PUPs:

e If aquatic t%2 <100 days, then a PUP would be approved without additional BMPs to protect
water quality.

e If aquatic t¥2 >100 days, then a PUP would only be approved with additional BMPs
specifically to protect water quality. One or more BMPs such as the following would be
included in the Specific Best Management Practices (BMPs) section to minimize potential
surface runoff and leaching that can degrade water quality:

o Do not exceed one application per site per year.

o0 Do not use on coarse-textured soils where the ground water table is <10 feet and
average annual precipitation >12 inches.

o0 Do not use on steep slopes if substantial rainfall is expected within 24 hours or
ground is saturated.

Aquatic Dissipation: Dissipation time (DTsg) represents the time required for 50% of the deposited
pesticide to degrade or move (dissipate), whereas aquatic ty, describes the rate for degradation only.
As for ty, units of dissipation time are usually expressed in days. Based upon the DTz, value,
environmental persistence in aquatic habitats also would be categorized as one of the following:
non-persistent <30 days, moderately persistent = 30 to 100 days, and persistent >100 days.

Threshold for approving PUPs:

e If aquatic DTsy <100 days, then a PUP would be approved without additional BMPs to
protect water quality.

e If aquatic DTs,>100 days, then a PUP would only be approved with additional BMPs
specifically to protect water quality. One or more BMPs such as the following would be
included in the Specific Best Management Practices (BMPs) section to minimize potential
surface runoff and leaching that can degrade water quality:

o Do not exceed one application per site per year.

o0 Do not use on coarse-textured soils where the ground water table is <10 feet and
average annual precipitation >12 inches.

o Do not use on steep slopes if substantial rainfall is expected within 24 hours or
ground is saturated.

Potential to Move to Groundwater: Groundwater ubiquity score (GUS) = logso(soil t 1) X [4—
log10(Koc)]. If a DTsg value is available, it would be used rather than a t -, value to calculate a GUS
score. Based upon the GUS value, the potential to move toward groundwater would be recorded as
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one of the following categories: extremely low potential <1.0, low 1.0 to 2.0, moderate 2.0 to 3.0,
high 3.0 to 4.0, or very high >4.0.

Threshold for approving PUPs:

e If GUS <4.0, then a PUP would be approved without additional BMPs to protect water
quality.

e If GUS >4.0, then a PUP would only be approved with additional BMPs specifically to
protect water quality. One or more BMPs such as the following would be included in the
Specific Best Management Practices (BMPs) section to minimize potential surface runoff and
leaching that can degrade water quality:

o0 Do not exceed one application per site per year.

o0 Do not use on coarse-textured soils where the ground water table is <10 feet and
average annual precipitation >12 inches.

o Do not use on steep slopes if substantial rainfall is expected within 24 hours or
ground is saturated.

Volatilization: Pesticides may volatilize (evaporate) from soil and plant surfaces and move off-
target into the atmosphere. The potential for a pesticide to volatilize is a function of its vapor
pressure that is affected by temperature, sorption, soil moisture, and the pesticide’s water solubility.
Vapor pressure is often expressed in mm Hg. To make these values easier to compare, vapor pressure
would be recorded by Service personnel in exponential form (I x 10°”7), where | represents a vapor
pressure index. In general, pesticides with 1<10 would have low potential to volatilize, whereas
pesticides with 1 >1,000 would have a high potential to volatilize (Oregon State University 1996).
Vapor pressure values for pesticides are usually available in the pesticide product MSDS or the
USDA ARS pesticide database (see References).

Threshold for approving PUPs:

e If1<1,000, then a PUP would be approved without additional BMPs to minimize drift and
protect air quality.

e If1>1,000, then a PUP would only be approved with additional BMPs specifically to
minimize drift and protect air quality. One or more BMPs such as the following would be
included in the Specific Best Management Practices (BMPs) section to reduce volatilization
and potential to drift and degrade air quality:

o Do not treat when wind velocities are <2 or >10 mph with existing or potential
inversion conditions.

Apply the large-diameter droplets possible for spray treatments.

Avoid spraying when air temperatures >85°F.

Use the lowest spray height possible above target canopy.

Where identified on the pesticide label, soil incorporate pesticide as soon as

possible during or after application.

O 00O

Octanol-Water Partition Coefficient (K,y): The octanol-water partition coefficient (Koy) is the
concentration of a pesticide in octanol and water at equilibrium at a specific temperature. Because
octanol is an organic solvent, it is considered a surrogate for natural organic matter. Therefore, Koy
would be used to assess potential for a pesticide to bioaccumulate in tissues of aquatic species (e.g.,
fish). If Ko >1,000 or S,,<1 mg/L and soil t,,>30 days, then there would be high potential for a
pesticide to bioaccumulate in aquatic species such as fish (U.S. Geological Survey 2000).
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Threshold for approving PUPs:

e If there is not a high potential for a pesticide to bioaccumulate in aquatic species, then the
PUP would be approved.

e If there is a high potential to bioaccumulate in aquatic species (Kq,>1,000 or S,,<1 mg/L and
soil t2>30 days), then the PUP would not approved, except under unusual circumstances
where approval would only be granted by the Washington Office.

Bioaccumulation/Bioconcentration: The physiological process where pesticide concentrations in
tissue would increase in biota because they are taken and stored at a faster rate than they are
metabolized or excreted. The potential for bioaccumulation would be evaluated through
bioaccumulation factors (BAFs) or bioconcentration factors (BCFs). Based upon BAF or BCF
values, the potential to bioaccumulate would be recorded as one of the following: low 0 to 300,
moderate 300 to 1,000, or high >1,000 (Calabrese and Baldwin 1993).

Threshold for approving PUPs:

e If BAF or BCF<1,000, then a PUP would be approved without additional BMPs.
e If BAF or BCF>1,000, then a PUP would not approved, except under unusual circumstances
where approval would only be granted by the Washington Office.

H.7.6.3 Worst-case Ecological Risk Assessment

Max Application Rates (acid equivalent): Service personnel would record the highest application
rate of an active ingredient (ae basis) for habitat management and cropland/facilities maintenance
treatments in this data field of a Chemical Profile. These rates can be found in Table CP.1 under the
column heading “Max Product Rate — Single Application (Ibs/acre — Al on acid equiv basis)”. This
table would be prepared for a Chemical Profile from information specified in labels for trade name
products identified in PUPs. If these data are not available in pesticide labels, then write “NS” for
“not specified on label” in this table.

EECs: An estimated environmental concentration (EEC) represents potential exposure to fish and
wildlife (birds and mammals) from using a pesticide. EECs would be derived by Service personnel
using an USEPA screening-level approach (USEPA 2004). For each max application rate [see
description under Max Application Rates (acid equivalent)], Service personnel would record 2 EEC
values in a Chemical Profile; these would represent the worst-case terrestrial and aquatic exposures
for habitat management and croplands/facilities maintenance treatments. For terrestrial and aquatic
EEC calculations, see description for data entry under Presumption of Unacceptable Risk/Risk
Quotients, which is the next field for a Chemical Profile.

Presumption of Unacceptable Risk/Risk Quotients: Service personnel would calculate and record
acute and chronic RQs for birds, mammals, and fish using the provided tabular formats for habitat
management and/or cropland/facilities maintenance treatments. RQs recorded in a Chemical Profile
would represent the worst-case assessment for ecological risk. See Section H.7.2 for discussion
regarding the calculations of RQs.

For aquatic assessments associated with habitat management treatments, RQ calculations would be
based upon selected acute and chronic toxicological endpoints for fish and the EEC would be derived
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from Urban and Cook (1986) assuming 100% overspray to an entire 1-foot deep water body using
the max application rate (ae basis [see above]).

For aquatic assessments associated with cropland/facilities maintenance treatments, RQ calculations
would be done by Service personnel based upon selected acute and chronic toxicological endpoints
for fish and an EEC would be derived from the aquatic assessment in AgDRIFT® model version 2.01
under Tier | ground-based application with the following input variables: max application rate (acid
basis [see above]), low boom (20 inches), fine to medium/coarse droplet size, 20 swaths, EPA-
defined wetland, and 25-foot distance (buffer) from treated area to water.

See Section H.7.2.1.2 for more details regarding the calculation of EECs for aquatic habitats for
habitat management and cropland/facilities maintenance treatments.

For terrestrial avian and mammalian assessments, RQ calculations would be done by Service
personnel based upon dietary exposure, where the “short grass” food item category would represent
the worst-case scenario. For terrestrial spray applications associated with habitat management and
cropland/facilities maintenance treatments, exposure (EECs and RQs) would be determined using the
Kanaga nomogram method through the USEPA’s T-REX version 1.2.3. T-REX input variables would
include the following: max application rate (acid basis [see above]) and pesticide half-life (days) in
soil to estimate the initial, maximum pesticide residue concentration on general food items for
terrestrial vertebrate species in short (<20 cm tall) grass.

For granular pesticide formulations and pesticide-treated seed with a unique route of exposure for
terrestrial avian and mammalian wildlife, see Section H.7.2.1.1.2 for the procedure that would be
used to calculate RQs.

All calculated RQs in both tables would be compared with LOCs established by USEPA (see Table
H-2 in Section H.7.2). If a calculated RQ exceeds an established LOC value (in brackets inside the
table), then there would be a potential for an acute or chronic effect (unacceptable risk) to federally
listed (threatened and endangered [T&E]) species and nonlisted species. See Section H.7.2 for
detailed descriptions of acute and chronic RQ calculations and comparison to LOCs to assess risk.

Threshold for approving PUPs:

e If RQs<LOCs, then a PUP would be approved without additional BMPs.

e IfRQs>LOCs, then a PUP would only be approved with additional BMPs specifically to
minimize exposure (ecological risk) to bird, mammal, and/or fish species. One or more
BMPs such as the following would be included in the Specific Best Management Practices
(BMPs) section to reduce potential risk to nonlisted or listed species:

o Lower application rate and/or fewer number of applications so RQs<LOCs
o For aquatic assessments (fish) associated with cropland/facilities maintenance,
increase the buffer distance beyond 25 feet so RQs<LOCs.

Justification for Use: Service personnel would describe the reason for using the pesticide based
control of specific pests or groups of pests. In most cases, the pesticide label will provide the
appropriate information regarding control of pests to describe in the section.

Specific Best Management Practices (BMPs): Service personnel would record specific BMPs
necessary to minimize or eliminate potential effects to non-target species and/or degradation of
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environmental quality from drift, surface runoff, or leaching. These BMPs would be based upon
scientific information documented in previous data fields of a Chemical Profile. Where necessary
and feasible, these specific practices would be included in PUPs as a basis for approval.

If there are no specific BMPs that are appropriate, then Service personnel would describe why the
potential effects to Refuge resources and/or degradation of environmental quality is outweighed by
the overall resource benefit(s) from the proposed pesticide use in the BMP section of the PUP. See
Section H.4 of this document for a complete list of BMPs associated with mixing and applying
pesticides appropriate for all PUPs with ground-based treatments that would be additive to any
necessary, chemical-specific BMPs.

References: Service personnel would record scientific resources used to provide data/information
for a chemical profile. Use the number sequence to uniquely reference data in a chemical profile.

The following online data resources are readily available for toxicological endpoint and
environmental fate data for pesticides:

1. California Product/Label Database. Department of Pesticide Regulation, California
Environmental Protection Agency. (http://www.cdpr.ca.gov/docs/label/labelque.htm#regprods)

2. ECOTOX database. Office of Pesticide Programs, U.S. Environmental Protection Agency,
Washington, D.C. (http://cfpub.epa.gov/ecotox/)

3. Extension Toxicology Network (EXTOXNET) Pesticide Information Profiles. Cooperative
effort of University of California-Davis, Oregon State University, Michigan State University,
Cornell University and University of Idaho through Oregon State University, Corvallis, Oregon.
(http://extoxnet.orst.edu/pips/ghindex.html)

4. FAO specifications and evaluations for plant protection products. Pesticide Management Unit,
Plant Protection Services, Food and Agriculture Organization, United Nations.
(http://www.fao.org/WAICENT/FAOINFO/AGRICUL T/AGP/AGPP/Pesticid/)

5. Human health and ecological risk assessments. Pesticide Management and Coordination, Forest
Health Protection, U.S. Department of Agriculture, U.S. Forest Service.
(http://www.fs.fed.us/foresthealth/pesticide/risk.htm)

6. Pesticide Chemical Fact Sheets. Clemson University Pesticide Information Center.
(http://entweb.clemson.edu/pesticid/Document/L abels/factshee.htm)

7. Pesticide Fact Sheets. Published by Information Ventures, Inc. for Bureau of Land Management,
Department of Interior; Bonneville Power Administration, U.S. Department of Energy; and
Forest Service, U.S. Department of Agriculture. (http://infoventures.com/e-hlth/pesticide/pest-
fac.html)

8. Pesticide Fact Sheets. National Pesticide Information Center. (http://npic.orst.edu/npicfact.htm)

9. Pesticide Fate Database. U.S. Environmental Protection Agency, Washington, D.C.
(http://cfpub.epa.gov/pfate/home.cfm).
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10. Pesticide product labels and material safety data sheets. Crop Data Management Systems, Inc.
(CDMS) (http://www.cdms.net/pfa/L UpdateMsg.asp) or multiple websites maintained by
agrichemical companies.

11. Registered Pesticide Products (Oregon database). Oregon Department of Agriculture.
(http://www.oda.state.or.us/dbs/pest_products/search.lasso)

12. Regulatory notes. Pest Management Regulatory Agency, Health Canada, Ontario, Canada.
(http://www.hc-sc.gc.ca/pmra-arla/)

13. Reptile and Amphibian Toxicology Literature. Canadian Wildlife Service, Environment Canada,
Ontario, Canada. (http://www.cws-scf.ec.gc.ca/nwrc-cnrf/ratl/index_e.cfm)

14. Specific Chemical Fact Sheet — New Active Ingredients, Biopesticide Fact Sheet and Registration
Fact Sheet. U.S. Environmental Protection Agency, Washington, D.C.
(http://www.epa.gov/pestidides/factsheets/chemical_fs.htm)

15. Weed Control Methods Handbook: Tools and Techniques for Use in Natural Areas. The Invasive
Species Initiative. The Nature Conservancy. (http://tnsweeds.ucdavis.edu/handbook.html)

16. Wildlife Contaminants Online. U.S. Geological Survey, Department of Interior, Washington,
D.C. (http://www.pwrc.usgs.gov/contaminants-online/)

17. One-liner database. 2000. U.S. Environmental Protection Agency, Office of Pesticide Programs,
Washington, D.C.
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Chemical Profile

Date:

Trade Name(s):

Common Chemical Name(s):

Pesticide Type:

EPA Registration Number:

Pesticide Class:

CAS Number:

Other Ingredients:

Toxicological Endpoints

Mammalian LDxy:

Mammalian LCx:

Mammalian Reproduction:

Avian LDsg:

Avian LCs:

Avian Reproduction:

Fish LCsg:

Fish ELS/Life Cycle:

Other:

Ecological Incident Reports

Environmental Fate

Water solubility (S,):

Soil Mobility (Key):

Soil Persistence (ty,):

Soil Dissipation (DTs):

Aguatic Persistence (t,):

Aquatic Dissipation (DTsg):

Potential to Move to Groundwater (GUS score):

Volatilization (mm Hg):

Octanol-Water Partition Coefficient (Ky,):

Bioaccumulation/Biocentration:

BAF:"
BCF:

Worst Case Ecological Risk Assessment

Max Application Rate | Habitat Management:
(ai Ibs/acre — ae basis)

Croplands/Facilities Maintenance:

EECs

Terrestrial (Habitat Management):

Terrestrial (Croplands/Facilities Maintenance):
Agquatic (Habitat Management):

Aquatic (Croplands/Facilities Maintenance):

Habitat Management Treatments:

Presumption of Unacceptable Risk Risk Quotient (RQ)
Listed (T&E) Species Nonlisted Species
Acute Birds [0.1] [0.5]
Mammals [0.1] [0.5]
Fish [0.05] [0.5]
Chronic Birds [1] [1]
Mammals [1] [1]
Fish [1] [1]
H-46 Appendix H. Integrated Pest Management Plan



Willapa National Wildlife Refuge CCP

Cropland/Facilities Maintenance Treatments:

Presumption of Unacceptable Risk Risk Quotient (RQ)
Listed (T&E) Species Nonlisted Species
Acute Birds [0.1] [0.5]
Mammals [0.1] [0.5]
Fish [0.05] [0.5]
Chronic Birds [1] [1]
Mammals [1] [1]
Fish [1] [1]
Justification for Use:
Specific Best Management
Practices (BMPs):
References:
Table CP.1 Pesticide Name
Max Product Max Product Rate Max Max Product Rate Minimum
Rate — Single -Single Number of Per Season Time
I;Irz:?](sza Tﬁamgﬁm Application Application Applications | (lbs/acre/season or Between
yp (Ibs/acre or (Ibs/acre - Al on Per Season gal/acre/season) Applications
gal/acre) acid equiv basis) (Days)

®From each label for a pesticide identified in pesticide use proposals (PUPs), Service personnel would record
application information associated with possible/known uses on Service lands.

b Treatment type: H — habitat management or CF — cropland/facilities maintenance. If a pesticide is labeled for both
types of treatments (uses), then record separate data for H and CF applications.
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Appendix I. Statement of Compliance

The following executive orders and legislative acts have been reviewed as they apply to the
implementation of the Comprehensive Conservation Plan (CCP) for Willapa National Wildlife
Refuge (NWR), located in Washington State.

National Environmental Policy Act (1969). (42 U.S.C. 4321 et seq.). The planning process has
been conducted in accordance with National Environmental Policy Act Implementing Procedures,
with Department of Interior and Fish and Wildlife Service procedures, and in coordination with the
affected public. The requirements of the National Environmental Policy Act (42 U.S.C. 84321 et
seq.) and its implementing regulations in 40 C.F.R. Parts 1500-1508 have been satisfied in the
procedures used to reach this decision. These procedures included the development of a range of
alternatives for the Willapa NWR CCP; analysis of the likely effects of each alternative; and public
involvement throughout the planning process. The Draft CCP/EIS was released for a minimum 45-
day public comment period. The affected public was notified of the availability of these documents
through a Federal Register notice, news releases to local newspapers, the Service’s refuge planning
website, and a planning update. Copies of the Draft CCP/EIS and/or planning updates were
distributed to an extensive mailing list. In addition, the Service hosted two public open houses in
2008. The CCP was revised based on public comment received on the draft documents.

National Historic Preservation Act (1966). (16 U.S. C.470 et seq.). The management of the
archaeological and cultural resources of Willapa NWR will comply with the regulations of Section
106 of the National Historic Preservation Act. No historic properties are known to be affected by the
proposed action based on the criteria of an effect or adverse effect as an undertaking defined in 36
C.F.R. 800.9 and Service Manual 614 FW 2; however, determining whether a particular action has
the potential to affect cultural resources is an ongoing process that occurs as step-down and site-
specific project plans are developed. Should historic properties be identified or acquired in the
future, the Service will comply with the National Historic Preservation Act if any management
actions have the potential to affect any these properties.

Endangered Species Act. (16 U.S.C. 1531-1544). This Act provides for the conservation of
threatened and endangered species of fish, wildlife, and plants by federal action and by encouraging
the establishment of state programs. Documentation is required under Section 7 of the Act. Refuge
policy requires the Refuge Manager to document issues that affect or may affect endangered species
before initiating projects such as the restoration project (Appendix O).

Executive Order 12372. Intergovernmental Review. Coordination and consultation with affected
tribal, local, and state governments, other federal agencies, and local interested persons has been
completed through personal contact by Refuge staff and Refuge Supervisors.

Executive Order 11988. Floodplain Management. Under this order, federal agencies “shall take
action to reduce the risk of flood loss, to minimize the impact of floods on human safety, health and
welfare, and to restore and preserve the natural and beneficial values served by floodplains.”

Wilderness Preservation Act of 1964. The Service has evaluated the suitability of the Refuge for
wilderness designation (Appendix G) and has found there are no areas that are currently suitable for
wilderness designation.
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Executive Order 11990. Protection of Wetlands. The CCP is consistent with Executive Order
11990 because CCP implementation would potentially enhance and restore wetland resources on the
Refuge.

National Wildlife Administration Act of 1966, as amended by the National Wildlife Refuge
System Improvement Act of 1997 (16 U.S.C. 668dd-668ee). The National Wildlife Refuge System
Improvement Act (Public Law 105-57, Improvement Act) requires the Service to develop and
implement a comprehensive conservation plan for each refuge. The CCP identifies and describes
Refuge purposes; Refuge vision and goals; fish, wildlife, and plant populations and related habitats in
the Refuge; archaeological and cultural values of the Refuge; issues that may affect populations and
habitats of fish, wildlife, and plants; actions necessary to restore and improve biological diversity on
the Refuge; and opportunities for wildlife-dependent recreation, as required by the Act.

During the CCP process, the Refuge Manager evaluated all existing and proposed Refuge uses at
Willapa NWR. Priority wildlife-dependent uses (hunting, fishing, wildlife observation and
photography, environmental education and interpretation) are considered automatically appropriate
under Service policy and thus exempt from appropriate uses review. The following use was found to
be appropriate: camping.

Compatibility determinations have been prepared for the following uses: waterfowl hunting, big
game hunting, sport fishing, environmental education, wildlife observation, interpretation, and
photography, and camping.

Executive Order 12898. Federal Actions to Address Environmental Justice in Minority and
Low-Income Populations. All federal actions must address and identify, as appropriate,
disproportionately high and adverse human health or environmental effects of its programs, policies,
and activities on minority populations, low-income populations, and Indian Tribes in the United
States. The CCP was evaluated and no adverse human health or environmental effects were
identified for minority or low-income populations, Indian tribes, or anyone else.

Executive Order 13186. Responsibilities of Federal Agencies to Protect Migratory Birds. This
Order directs agencies to take certain actions to further implement the Migratory Bird Treaty Act. A
provision of the Order directs federal agencies to consider the impacts of their activities, especially in
reference to birds on the Fish and Wildlife Service’s list of Birds of Conservation Concern. It also
directs agencies to incorporate conservation recommendations and objectives in the North American
Waterbird Conservation Plan and bird conservation plans developed by Partners in Flight into agency
planning as described in Chapter 1.

Executive Order 13175. Consultation and Coordination with Indian Tribal Governments. As
required under the Secretary of the Interior Order 3206—American Indian Tribal Rights, Federal-
Tribal Responsibilities, and the Endangered Species Act—the Project Leader notified and consulted
interested tribes. The Service consulted with the Shoalwater Bay Tribe throughout the Service’s
planning process.

Americans with Disabilities Act of 1990. This Act requires access to federal facilities for people
with disabilities.

Integrated Pest Management (IPM), 517 DM 1 and 7 RM 14. In accordance with 517 DM 1 and
7 RM 14, an integrated pest management (IPM) approach has been adopted to eradicate, control, or
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contain pest and invasive species on the Refuge. In accordance with 517 DM 1, only pesticides
registered with the U.S. Environmental Protection Agency (USEPA) in full compliance with the
Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) and as provided in regulations, orders,
or permits issued by USEPA may be applied on lands and waters under Refuge jurisdiction.

acing 5l B Gl | /i

Chief,'fDivision of' Planniné, Date
Visitor Services, and Transportation
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Appendix J. Acronyms and Glossary

Acronyms

a.l. Active Ingredient

ABC American Bird Conservancy
ADA Americans with Disabilities Act
AHM Adaptive Harvest Management
AM Adaptive Management

APHIS-PPQ U.S. Department of Agriculture, Animal Plant Health Inspection Service, Plant
Protection and Quarantine
APHIS-WS  U.S. Department of Agriculture, Animal Plant Health Inspection Service, Wildlife

Services
ARS U.S. Department of Agriculture Agricultural Research Service
BAF Bioaccumulation Factor
BCC Birds of Conservation Concern
BCF Bioconcentration Factor
BIDEH Biological Integrity Diversity and Environmental Health
BMC Birds of Management Concern
BMP Best Management Practice
BPA Bonneville Power Administration
CD Compatability Determination
C.F.R. Code of Federal Regulations
CARL Pacific County Critical Areas and Resources Land Ordinance No. 147
CAS Chemical Abstract Service
CCP Comprehensive Conservation Plan
CEQ Council on Environmental Quality
CLMA Cooperative Land Management Agreement
CWCS Comprehensive Wildlife Conservation Strategy
dbh Diameter at Breast Height
DM Departmental Manual
DPS Distinct Population Segment
EA Environmental Assessment
EE Environmental Education
EEC Estimated Environmental Concentration
EIS Environmental Impact Statement
ENSO El Nifio—Southern Oscillation
ESA Endangered Species Act
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act
FMP Fire Management Plan
FONSI Finding of No Significant Impact
FR Federal Register
GAP Gap Analysis Program
GIS Geographic Information System
GMU Game Management Units
GUS Groundwater Ubiquity Score
HACCP Hazard Analysis and Critical Control Points
IAC Interagency Committee for Outdoor Recreation (Washington State)
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IBA Important Bird Area

IPCC Intergovernmental Panel on Climate Change
IPM Integrated Pest Management

LEED Leadership in Energy and Environmental Design
LEIS Legislative Environmental Impact Statement
LOC Level of Concern

LOEC Lowest Observed Effect Concentration

LOEL Lowest Observed Effect Level

LWD Large Woody Debris

MBCC Migratory Bird Conservation Commission
MBTA Migratory Bird Treaty Act

MHW Mean High Water

MHHW Mean Higher High Water

MIS Management Information System

MLLW Mean Lower Low Water

mm/yr Millimeters Per Year

MMS Maintenance Management System

MOA Memorandum of Agreement

MOU Memorandum of Understanding

MPA Marine Protected Area

mph Miles Per Hour

MSDS Material Safety Data Sheet

NAWCA North American Wetlands Conservation Act
NAWCP North American Waterbird Conservation Plan
NAWMP North American Waterfowl Management Plan
NEPA National Environmental Policy Act

NGVD National Geodetic Vertical Datum

NHPA National Historic Preservation Act

NOAA National Oceanic and Atmospheric Administration
NOAEC No Observed Adverse Effect Concentration
NOAEL No Observed Adverse Effect Level

NOEC No Observed Effect Concentration

NPCRSCP Northern Pacific Coast Region Shorebird Conservation Plan
NRC National Research Council

NRCS Natural Resources Conservation Service
NSRE National Survey on Recreation and the Environment
NWPS National Wilderness Preservation System
NWR National Wildlife Refuge

NWRS National Wildlife Refuge System

OoMB U.S. Office of Management and Budget
ONRC Olympic Natural Resources Center

ORS Washington Outdoor Recreation Survey
OSHA Occupational Safety and Health Administration
PJV Pacific Joint Venture

PIF Partners in Flight

PPE Personal Protective Equipment

ppm Parts Per Million

PUD Pacific County Public Utilities District
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PUP
PUPS
RCO
RCW
RM
RNA
RONS
RQ
SAMMS
SCORP
Service
SLAMM 5.0
SWBCA
T&E
TNC
T-REX
TWA
U.S.C.
USDA
USEPA
USFWS
UWCIG
WAC
WAP
WDFW
WDNR
WDOE
WFPB
WRP
WSDA
WSPHRA
WSPRC

Pesticide Use Proposal

Pesticide Use Proposal System

Washington State Recreation and Conservation Office
Revised Code of Washington

Refuge Manual

Research Natural Area

Refuge Operating Needs System

Risk Quotient

Service Asset Management System

Statewide Comprehensive Outdoor Recreation Plan
U.S. Fish and Wildlife Service (also USFWS)

Sea Level Affecting Marshes Model Version 5.0
South Willapa Bay Conservation Area

Threatened and Endangered

The Nature Conservancy

Terrestrial Residue Exposure model
Time-Weighted-Average

U.S. Code

U.S. Department of Agriculture

U.S. Environmental Protection Agency

U.S. Fish and Wildlife Service (also Service)
University of Washington Climate Impacts Group
Washington Administrative Code

Wildlife Action Plan

Washington State Department of Fish and Wildlife
Washington Department of Natural Resources
Washington Department of Ecology

Washington Forest Practices Board

Wetland Reserve Program

Washington State Department of Agriculture
Western Snowy Plover Habitat Restoration Area
Washington State Parks and Recreation Commission

Appendix J. Acronyms and Glossary

J-3



Willapa National Wildlife Refuge CCP

Glossary

Adaptive Management. Refers to a process in which policy decisions are implemented within a
framework of scientifically driven experiments to test predictions and assumptions inherent in
management planning. Analysis of results helps managers determine whether current management
should continue as is or whether it should be modified to achieve desired conditions.

Anadromous. Migratory fishes that spend most of their lives in the sea and migrate to fresh water to
breed.

Approved Acquisition Boundary. A National Wildlife Refuge boundary approved by the National
or Regional Fish and Wildlife Service Director for potential acquisition of lands by the Service.

Archaeology. The scientific study of material evidence remaining from past human life and culture.

Biological Diversity (also Biodiversity). The variety of life and its processes, including the variety
of living organisms, the genetic differences among them, and the communities and ecosystems in
which they occur (Service Manual 601 FW 3). The System’s focus is on indigenous species, biotic
communities, and ecological processes.

Biological Integrity. Biotic composition, structure, and functioning at genetic, organism, and
community levels comparable with historic conditions, including the natural biological processes that
shape genomes, organisms, and communities (Service Manual 601 FW 3).

Birds of Conservation Concern. Species, subspecies, and populations of migratory nongame birds
identified by the U.S. Fish and Wildlife Service as likely to become candidates for listing under the
Endangered Species Act unless additional conservation actions are taken.

Blockage. When used in reference to anadromous fish habitat, a “complete blockage” occurs when
conditions fully block all life stages of all salmonid fish species to upstream migration. A “partial
blockage” occurs when conditions prevent species or life stages of a species of salmon from
completing its upstream migration. See WDFW website http//wdfw.wa.gov/mapping/salmonscape.

Candidate Species (Federal). Fish, wildlife, and plant species that the U.S. Fish and Wildlife
Service will review for possible listing as federally endangered or threatened. A species will be
considered for designation as a federal candidate if sufficient evidence suggests that its status may
meet the listing criteria defined for federally endangered or threatened.

Candidate Species (State). Fish, wildlife, and plant species that a state will review for possible
listing as state endangered, threatened, or sensitive species. A species will be considered for
designation as a state candidate if sufficient evidence suggests that its status may meet the listing
criteria defined for state endangered, threatened, or sensitive.

Categorical Exclusion. A category of actions that do not individually or cumulatively have a
significant effect on the human environment and have been found to have no such effect in
procedures adopted by a federal agency pursuant to the National Environmental Policy Act (40
C.F.R. 1508.4).
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Colonial Nesting Birds. Birds that nest in groups. At this refuge, most of the colonial nesting birds
are waterbirds, such as gulls, terns, cormorants, and herons.

Columbia River Estuary. The area where the fresh water of a river meets the salt water of an
ocean. The boundary of the Columbia River Estuary is considered the lower 46 miles (Lower
Columbia River Estuary Partnership).

Compatibility Determination. A written determination signed and dated by the refuge manager and
Regional Chief signifying that a proposed or existing use of a national wildlife refuge is a compatible
use or is not a compatible use. The Director makes this delegation through the Regional Director.
(Service Manual 603 FW 2).

Compatible Use. A wildlife-dependent recreational use or any other use of a refuge that, in the
sound professional judgment of the Director, will not materially interfere with or detract from the
fulfillment of the mission of the System or the purposes of the refuge (Service Manual 603 FW 3). A
compatibility determination supports the selection of compatible uses and identifies stipulations or
limits necessary to ensure compatibility.

Comprehensive Conservation Plan. A document that describes the desired future conditions of the
refuge, and provides long-range guidance and management direction for the refuge manager to
accomplish the purposes of the refuge, contribute to the mission of the System, and to meet other
relevant mandates (Service Manual 602 FW 1.5).

Connectivity. The arrangement of habitats that allows organisms and ecological processes to move
across the landscape; patches of similar habitats are either close together or linked by corridors of
appropriate vegetation. The opposite of fragmentation.

Conservation Target. A set of features or elements of biological diversity that are the focus of
conservation within a system of conservation areas.

Consumptive Use. Recreational activities, such as hunting and fishing, that involve harvest or
removal of wildlife or fish, generally to be used as food by humans.

Contaminants or Environmental Contaminants. Chemicals present at levels greater than those
naturally occurring in the environment resulting from anthropogenic or natural processes that
potentially result in changes to biota at any ecological level. Pollutants that degrade other resources
upon contact or mixing. Pollutants that degrade other resources upon contact or mixing (Adapted
from Webster’s I1.)

Cooperative Agreement. This is a simple habitat protection action, and no property rights are
acquired. An agreement is usually long term but can be modified by either party. They are most
effective in establishing multiple use management of land.

Cover Type. The present vegetation of an area.

Cultural Resources. The physical remains, objects, historic records, and traditional lifeways that
connect us to our nation’s past. (USFWS, Considering Cultural Resources).

Cultural Resource Inventory. A professionally conducted study designed to locate and evaluate
evidence of cultural resources present within a defined geographic area. Inventories may involve
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various levels, including background literature search, comprehensive field examination to identify
all exposed physical manifestations of cultural resources, or sample inventory to project site
distribution and density over a larger area. Evaluation of identified cultural resources to determine
eligibility for the National Register follows the criteria found in 36 C.F.R. 60.4 (Service Manual 614
FW 1.7).

Deciduous. Describes trees and shrubs which shed all of their leaves each year.

Disturbance. Significant alteration of habitat structure or composition. May be natural (e.g., fire) or
human-caused events (e.qg., aircraft overflight).

Draw-down. The controlled reduction of water in managed wetlands.

Ecological Attribute. A characteristic or condition required to support the life history, habitat,
physical processes, or community interaction of conservation targets.

Ecosystem. A dynamic and interrelating complex of plant and animal communities and their
associated non-living environment.

Ecosystem Management. Management of natural resources using system-wide concepts to ensure
that all plants and animals in ecosystems are maintained at viable levels in native habitats and basic
ecosystem processes are perpetuated indefinitely.

Ecotone. A transitional zone between two communities containing the characteristic species of each.

Emergent Vegetation. Herbaceous plants that require a water environment to grow for at least part
of their life cycle; stem structure is rigid and self-supporting; and vegetative growth continues above
the waterline.

Environmental Assessment. A concise public document, prepared in compliance with the National
Environmental Policy Act, that briefly discusses the purpose and need for an action, alternatives to
such action, and provides sufficient evidence and analysis of impacts to determine whether to prepare
an environmental impact statement or finding of no significant impact (40 C.F.R. 1508.9).

Environmental Impact Statement. A detailed written statement required by Section 102(2) (C) of
the National Environmental Policy Act, analyzing the environmental impacts of a proposed action,
adverse effects of the project that cannot be avoided, alternative courses of action, short-term uses of
the environment versus the maintenance and enhancement of long-term productivity, and any
irreversible and irretrievable commitment of resources (40 C.F.R. 1508.11).

Endangered Species (Federal). A plant or animal species listed under the Endangered Species Act
that is in danger of extinction throughout all or a significant portion of its range.

Endangered Species (State). A plant or animal species in danger of becoming extinct or extirpated
in Washington within the near future if factors contributing to its decline continue. Populations of
these species are at critically low levels or their habitats have been degraded or depleted to a
significant degree.

Environmental Education Facility. A building with one or more classrooms and environmental
education materials to accommodate groups of students.
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Environmental Education Field Sites. Outdoor locations where groups of students receive hands-
on environmental education.

Environmental Health. Composition, structure, and functioning of soil, water, air, and other abiotic
features comparable with historic conditions, including the natural abiotic processes that shape the
environment (Service Manual 601 FW 3).

Enhancement. Improvement, especially for the benefit of habitats and/or species.

Estuarine. Deepwater tidal habitats and adjacent tidal wetlands that are usually partly enclosed by
land but have some access to the open ocean and are diluted by fresh water.

Estuary. The area where the fresh water of a river meets the salt water of an ocean. In the National
Estuary Program, this definition is extended to include the tidally influenced waters of a river.

Exotic Species. A species from another part of the world. A non-native species.
Extirpated. Species no longer inhabiting an area that it historically occupied.

Finding of No Significant Impact. A document prepared in compliance with the National
Environmental Policy Act, supported by an environmental assessment, that briefly presents why a
federal action will have no significant effect on the human environment and for which an
environmental impact statement, therefore, will not be prepared (40 C.F.R. 1508.13).

Focal Conservation Target. A suite of conservation targets that for purposes of planning are sorted
and condensed to represent threats to biological integrity, diversity, and environmental health at the
refuge level.

GAP Analysis. Analysis done to identify and map elements of biodiversity that are not adequately
represented in the nation’s network of reserves. It provides an overview of the distribution and
conservation status of several components of biodiversity, with an emphasis on vegetation and
terrestrial vertebrates.

Goal. Descriptive, open-ended, and often broad statement of desired future conditions that conveys a
purpose but does not define measurable units (Service Manual 602 FW 1.5).

Habitat. Suite of existing environmental conditions required by an organism for survival and
reproduction. The place where an organism typically lives.

Habitat Connectivity (also Landscape Connectivity). The arrangement of habitats that allows
organisms and ecological processes to move across the landscape; patches of similar habitats are
either close together or linked by corridors of appropriate vegetation. The opposite of fragmentation.

Habitat Management Plan. A plan that guides refuge activities related to the maintenance,
restoration, and enhancement of habitats for the benefit of wildlife, fish, and plant populations.

Habitat Restoration. Management emphasis designed to move ecosystems to desired conditions
and processes, and/or to healthy ecosystems.

Headquarters. An administrative center.
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Historic Conditions. Composition, structure, and functioning of ecosystems resulting from natural
processes that we believe, based on sound professional judgment, were present prior to substantial
human related changes to the landscape (Service Manual 601 FW 3).

Hydrology. A science dealing with the properties, distribution, and circulation of water on and
below the earth’s surface and in the atmosphere.

Hydrograph. A graph of water flows in a river or stream. A hydrograph provides a way of seeing
seasonal and yearly changes in the flow or discharge of a waterway.

Hydroperiod. A segment of a hydrograph for a specific timeframe.
Indicator. Something that serves as a sign or symptom.

Inholding. Refers to lands within a refuge’s approved acquisition boundary that are not owned by
the U.S. Fish and Wildlife Service. These can be private lands or lands owned by city, county, state,
or other federal agencies.

Interpretation. A teaching technique that combines factual information with stimulating
explanation. Frequently used to help people understand natural and cultural resources.

Interpretive Trail. A trail with informative signs, numbered posts that refer to information in a
brochure, or where guided talks are conducted for the purpose of providing factual information and
stimulating explanations of what visitors see, hear, feel, or otherwise experience while on the trail.

Invasive Species. Species of plants and animals that have the potential to rapidly colonize and
dominate an area.

Issue. Any unsettled matter that requires a management decision (e.g., a Service initiative,
opportunity, resource management problem, a threat to the resources of the unit, conflict in uses,
public concern, or the presence of an undesirable resource condition) (Service Manual 602 FW 1.5).

Land Protection. The acquisition of fee-title, easement, or lease of a given land parcel to protect
important natural resource values on the land from incompatible land uses.

Landform. A natural feature of a land surface.

Maintenance. The upkeep of constructed facilities, structure and capitalized equipment necessary to
realize the originally anticipated useful life of a fixed asset. Maintenance includes preventative
maintenance; cyclic maintenance; repairs; replacement of parts, components, or items of equipment,
periodic condition assessment; periodic inspections, adjustment, lubrication and cleaning (non-
janitorial) of equipment; painting, resurfacing, rehabilitation; special safety inspections; and other
actions to ensure continuing service and to prevent breakdown.

Maintenance Management System. A national database of refuge maintenance needs and
deficiencies. It serves as a management tool for prioritizing, planning, and budgeting purposes.

Managed Field. Refuge grasslands maintained for winter goose forage by mowing, haying, grazing,
or burning.
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Mean High Water. The average level of the surface of the river, used as a standard in determining
land elevation or sea depths.

Mean Higher High Water. The average of the two high waters of any tidal day.
Migration. The seasonal movement from one area to another and back.
Migratory Birds. Those species of birds listed under 50 C.F.R. 10.13, Chapter 1-USFWS, DOI.

Monitoring. The process of collecting information to track changes of selected parameters over
time.

Monoculture. Vegetation composed primarily of a single species, such as in areas dominated by
invasive weeds.

Native Species. With respect to a particular ecosystem, a species that, other than as a result of an
introduction, historically occurred or currently occurs in that ecosystem. (Service Manual 601 FW 3).

National Wildlife Refuge. A designated area of land, water, or an interest in land or water within
the National Wildlife Refuge System.

National Wildlife Refuge System. Various categories of areas administered by the Secretary of the
Interior for the conservation of fish and wildlife, including species threatened with extinction; all
lands, waters, and interests therein administered by the Secretary as wildlife refuges; areas for the
protection and conservation of fish and wildlife that are threatened with extinction; wildlife ranges;
games ranges; wildlife management areas; or waterfowl production areas.

Neotropical Migrant. A bird that winters in southern Mexico, Central and South America, or the
West Indies and migrates northward to breed in North America.

Non-native Species. An introduced species that did not naturally occur in an area. See also exotic
species.

Nonpoint Source. Coming from more than one location. Frequently refers to pollution or erosion
that comes from a widespread area and accumulates in streams and rivers.

Noxious Weed. A plant species designated by federal or state law as generally possessing one or
more of the following characteristics: aggressive or difficult to manage; parasitic; a carrier or host of
serious insect or disease; or non-native, new, or not common to the United States, according to the
federal Noxious Weed Act (PL 93-639), a noxious weed is one that causes disease or had adverse
effects on humans or their environment and therefore is detrimental to the agriculture and commerce
of the United States and to the public health.

Objective. An objective is a concise target statement of what will be achieved, how much will be
achieved, when and where it will be achieved, and who is responsible for the work. Objectives are
derived from goals and provide the basis for determining management strategies. Objectives should
be attainable and time-specific and should be stated quantitatively to the extent possible. If
objectives cannot be stated quantitatively, they may be stated qualitatively (Service Manual 602 FW
1.5).
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Old Field. Refuge grasslands left relatively unmanaged to provide food and cover for a variety of
native wildlife. Control of noxious weeds does occur on old fields.

Operations. Activities related to the normal performance of the functions for which a facility or
item of equipment is intended to be used. Costs such as utilities (electricity, water, sewage) fuel,
janitorial services, window cleaning, rodent and pest control, upkeep of grounds, vehicle rentals,
waste management, and personnel costs for operating staff are generally included within the scope of
operations.

Outreach. The process of providing information to the public on a specific issue through the use of
the media, printed materials, and presentations.

Pacific Flyway. One of several major north-south travel corridors for migratory birds. The Pacific
Flyway is west of the Rocky Mountains.

Palustrine. Freshwater wetlands that are less than 2 meters deep at low water. They do not include
areas regularly impacted by waves or part of a bedrock shoreline. They are familiarly known as
marshes, swamps, bogs, wet meadows, prairies, and small shallow ponds.

Plant Association. A classification of plant communities based on the similarity in dominants of all
layers of vascular species in a climax community.

Plant Community. An assemblage of plant species unique in its composition; occurs in particular
locations under particular influences; a reflection or integration of the environmental influences on
the site such as soils, temperature, elevation, solar radiation, slope, aspect, and rainfall; denotes a
general kind of climax plant community (e.g., ponderosa pine).

Preplanning. The first phase of comprehensive conservation planning process. It includes
identifying the planning area and data needs; establishing the planning team and planning schedule;
reviewing available information; preparing a public involvement plan and conducting internal
scoping.

Priority Public Uses. Hunting, fishing, wildlife observation and photography, environmental
education and interpretation were identified by the National Wildlife Refuge System Improvement
Act of 1997 as the six priority public uses of the National Wildlife Refuge System.

Priority Species. Fish and wildlife species that the Washington Department of Fish and Wildlife
believe require protective measures and/or management guidelines to ensure their perpetuation.
Priority species include the following: 1) state-listed and candidate species; 2) species or groups of
animals susceptible to significant population declines within a specific area or statewide by virtue of
their inclination to aggregate (e.g., seabird colonies); and 3) species of recreation, commercial, and/or
Tribal importance.

Public. Individuals, organizations, and groups; officials of federal, state, and local government
agencies; Indian Tribes; and foreign nations. It may include anyone outside the core planning team.
It includes those who may or may not have indicated an interest in Service issues and those who do
or do not realize Service decisions may affect them.

Public Use Area. A designated area within the Willapa NWR that is open to the public.
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Raptor. A category of carnivorous birds, most of which have heavy, sharp beaks and strong talons,
and take live prey (e.g., peregrine falcon, bald eagle).

Refuge Operating Needs System. A national database of unfunded refuge operating needs required
to meet and/or implement station goals, objectives, management plans, and legal mandates. It is used
as a planning, budgeting, and communication tool describing funding and staffing needs of the
Refuge System.

Refuge Purpose(s). The purpose(s) specified in or derived from the law, proclamation, executive
order, agreement, public land order, donation document, or administrative memorandum establishing,
authorizing, or expanding a refuge, a refuge unit, or refuge subunit (Service Manual 602 FW 1.5).

Research Natural Area. A federal land designation that establishes areas with predominantly
natural conditions and processes for research and educational purposes.

Restoration. The act of bringing back to a former or original condition.

Revenue Sharing. Service payments (government lands are exempt from taxation) made to counties
in which national wildlife refuges reside. These payments may be used by the counties for any
governmental purpose such as, but not limited to, roads and schools.

Riparian. Refers to an area or habitat that is transitional from terrestrial to aquatic ecosystems;
including streams, lakes, wet areas, and adjacent plant communities and their associated soils which
have free water at or near the surface; an area whose components are directly or indirectly attributed
to the influence of water; of or relating to a river; specifically applied to ecology, “riparian” describes
the land immediately adjoining and directly influenced by streams. For example, riparian vegetation
includes any and all plant life growing on the land adjoining a stream and directly influenced by the
stream.

Riverine. Flowing perennial to intermittent waters bounded by a channel. This habitat encompasses
a river or stream, its channel, and the associated aquatic vegetation.

Salmonid. A category of fish that includes salmon, steelhead, and trout.

Scoping. Using news releases, and other appropriate media to notify the public of the opportunity to
participate in the planning process and to help identify issues, concerns, and opportunities related to
the project.

Seral. Of or relating to an ecological sere; a seral stage.

Songbirds (also Passerines). A category of birds that are medium to small, perching landbirds.
Most are territorial singers and migratory.

Special Status Species. Fish, wildlife and plant species that have special conservation status
because they have been listed under one or more authorities such as Endangered Species Act, state-
listed species, Birds of Conservation Concern, and others.

Step-down Plan. A step-down plan provide the details necessary to implement management
strategies identified in the comprehensive conservation plan (Service Manual 602 FW 1.5).
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Strategy. A specific action, tool, or technique or combination of actions, tools, and techniques used
to meet unit objectives (Service Manual 602 FW 1.5).

Threatened Species (Federal). Species listed under the Endangered Species Act that are likely to
become endangered within the foreseeable future throughout all or a significant portion of their
range.

Threatened Species (State). A plant or animal species likely to become endangered in Washington
within the near future if factors contributing to population decline or habitat degradation or loss
continue.

Threshold. The lowest level or intensity at which a stimulus is perceptible or can produce an effect.
This term is sometimes used in connection with monitoring the effects of public uses on natural
resources.

Turbidity. A measurement of clarity of water based on particles suspended in the water. It is
measured with a nephelometer, which indicates the amount of light that passes through (or is
scattered by) a column of water.

Vegetation Type (also Habitat Type, Forest Cover Type). A land classification system based
upon the concept of distinct plant associations.

Vision Statement. A concise statement of the desired future condition of the planning unit, based
primarily upon the System mission, specific refuge purposes, and other relevant mandates (Draft
Service Manual 602 FW 1.5).

Watershed. The region or area drained by a river system or other body of water (Webster’s I1).

Wetlands. Wetlands are lands transitional between terrestrial and aquatic systems where the water
table is usually at or near the surface or the land is covered by shallow water at some time during the
growing season of each year (Service Manual 660 FW 2).

Wildlife-dependent Recreation. Hunting, fishing, wildlife observation and photography,
environmental education and interpretation. These are also referred to as priority public uses of the
National Wildlife Refuge System.
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Introduction

1. Purpose and Need

In July of 2003, The Nature Conservancy (“the Conservancy”) and U.S. Fish and Wildlife Service signed a
Memorandum of Understanding for the purpose of “collaborating to accomplish forest management goals
and objectives” on properties managed by both parties in Pacific County, Washington. Thus began a
partnership to restore young-managed forestlands at a landscape scale across the Conservancy’s Ellsworth
Creck Preserve the neighboring Willapa National Wildlife Refuge (the “Refuge”). Financial resources to
support this work have been secured, in part, through the U. S. Fish and Wildlife Service’s Jobs In The
Woods Program (FWS Agreement #134103J007), the Department of Interiotr’s Cooperative Conservation
Initiative (Cooperative Agreement 135524]J115), Nestucca Oil Spill Revised Restoration Plan (USFWS
2004), and private funds from individuals and foundations. The following management plan was prepared
to provide specific goals and management guidance over the next 20 years for this restoration effort within
the Refuge and Conservancy’s terrestrial ownership, hereafter referred to as the “South Willapa Bay
Conservation Area” (SWBCA), (Figure 1 — South Willapa Bay Conservation Area).

Forests within the SWBCA have been managed for timber
production over most of the last century. Today, less than
5% of the area remains as unmanaged or old-growth forest
habitat. Extensive forest management has profoundly
changed ecological conditions within the landscape. The
dominant, simplified young-managed forests do not
support several species that are dependent on complex
old-growth forests including the federally listed marbled
murrelet (Brachyramphus marmoratus) and Northern spotted
owl (Strix occidentalis canrina). Streams are altered from high
sediment loads and scouring, and extensive forest road
systems fragment habitat and modify hydrological
processes. Low-elevation coastal old-growth forests in
South Willapa Bay, however, provide habitat for an
especially diverse array of species while also supporting
natural ecological processes that maintain healthy
freshwater stream systems and adjacent estuarine habitats.
Because of the rarity and biological significance of old-
growth forest ecosystems in the Willapa Hills of
Washington, the Conservancy and Refuge are working
together to restore a forested landscape that is representative of past, unmanaged, landscape conditions.

| Old-arowth western redcedar at Teal Slouah

Restoration actions, or active management, will primarily include (1) carefully designed density management
(ie. thinning) within young-managed forest stands (< 90 years old) to promote forest growth and the
development of habitat complexity, (2) the removal, or repair of high risk forest roads, and (3)
improvement to the existing forest road network to minimize impacts to water quality. This landscape
restoration plan outlines the management direction and implementation schedule for specific restoration
actions that are anticipated over the following 20 year period. The plan provides detail on management
goals, conservation significance, existing natural and cultural resources, desired future conditions, planning
considerations, management approach, implementation schedule, and monitoring. While the Conservancy
and Refuge recognize that restoration of forest ecosystems within the SWBCA will play out over the next
century or longer, we anticipate that the next 10-20 years are critical for altering the ecological trajectory of
this important landscape toward a trend that supports the recovery of our mutual conservation values.
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2. Management Philosophy and Goals

The intent of management within the SWBCA is to restore self sustaining, natural, ecological processes and
healthy forest and stream systems, as opposed to engineering or manipulating habitats to meet specific
structural or compositional targets. The Conservancy and Refuge propose to do this by abating threats to
the landscape and/or sources of habitat degradation. The major identified threats include extensive forest
road systems, simplified forest and stream habitats, increased sediment loads in stream systems, and
invasive species. Restoration and management practices will be based upon the best science available with
the level of active management varying across the landscape. Monitoring and refinement of management
practices will occur as a key component of the restoration process.

A core assumption of this landscape restoration project is that young-managed forest landscapes can, over
long time periods, develop ecological conditions that are comparable to unmanaged or late-successional
forest landscapes found within the same physiographic province. The Conservancy and Refuge recognize
that existing unmanaged forest landscapes developed under unique environmental conditions and that
those histories cannot be replicated (Spies et al. 2002b). Remaining unmanaged stands represent only a
small proportion of the representative habitat diversity that once existed on the landscape. Thus, metrics
from the remaining remnant forests will only be used as an initial template for comparison, not as an
ultimate target to reach and maintain throughout the landscape. The goal is to restore a dynamic and
resilient, naturally functioning forest system, not to artificially hold the landscape in a defined old-growth
state (i.e., to balance the affects of continued logging in the surrounding region). The Conservancy and
Refuge believe that significant portions of the SWBCA should develop complex forest canopy and
understory structures, high levels of standing and downed wood, dynamic and complex stream habitats,
diverse species communities, and resilience to natural disturbances that are typical of unmanaged late-
successional forest landscapes in the Pacific Northwest (Franklin J.F. and Spies 1991, Naiman et al. 2000).

Specific goals for each partner are outlined below.

The Nature Conservancy

The Conservancy is an international nonprofit conservation organization whose mission is to preserve
plants, animals and natural communities that represent the diversity of life on Earth by protecting the lands
and waters they need to survive. Since its establishment in 1951, the Conservancy has been responsible for
protecting more than 15 million acres in the United States and more than 102 million acres in Latin
America, the Caribbean, Asia and the Pacific. The Conservancy works in all 50 states and 28 countries. The
Nature Conservancy of Washington was established in 1979 and began acquiring properties as part of the
Ellsworth Creek Preserve in 1998. Currently, the Ellsworth Creek Preserve is approximately 7,436 acres in
size, encompassing almost the entire Ellsworth Creek watershed, and includes upland forest and estuarine
habitats, and freshwater stream systems.

Primary goals for the Ellsworth Creek Preserve include:

1. Restore ecologically functional estuarine, freshwater, and upland forest habitats that support species
and ecological processes representative of those found within unmanaged late-successional forest
landscapes of the Pacific Northwest coast.

2. Develop and implement restoration strategies that accomplish ecological goals in a cost effective and
financially replicable manner.

3. Maximize opportunities for learning how coastal forest landscapes respond to restoration treatments
and export those lessons to other forest resource managers.

4. Manage the preserve with exemplary stewardship that earns respect and builds productive relationships
within the local community and amongst resource management partners.

5. Attain and maintain Forest Stewardship Council (FSC) certification.

6. Serve as a contributor to positive carbon sequestration.
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The Conservancy has been a member of the Forest Stewardship Council (FSC) since 2001 and holds a
certificate as a certified forest manager for over 250,000 acres. The Conservancy intends to pursue FSC
certification at its Ellsworth Creek Preserve and believes certification is an important forest conservation
tool because it can:

e Integrate socio-economic values/concerns into forest management activities;

e Ensure that any active management on Conservancy owned and managed lands is consistent
and meets an internationally recognized standard of management;

e Provide independent verification and monitoring of forest management and chain of custody
practices that help reduce illegal logging; and,

e Create incentives for sound forest management by providing some landowners with better
access to certain markets and price premiums for certified product.

Willapa National Wildlife Refuge
The Refuge was established in 1937 as a refuge and breeding ground for migratory birds and other wildlife

in and around Willapa Bay (Executive Order 7541, dated Jan. 22, 1937). The Refuge currently manages
approximately 15,000 acres including coastal dunes and beaches, intertidal mudflats, saltwater and
freshwater marshes, grasslands and forestlands. The terrestrial portion of the Refuge is approximately 7,726
acres, including 362 acres designated as a Research Natural Area (RNA).

Refuge goals related to forest management include:
1. To preserve and protect unique ecosystems associated with Willapa Bay
2. To manage for the conservation and recovery of threatened and endangered animals in their
natural ecosystems.

Under these goals the Refuge has developed specific objectives related to the forest management program.

1. Restore ecological function to Refuge forests by creating a natural distribution of stand structure,
composition, and successional stages while promoting old-growth/late successional characteristics
to benefit forest dependent wildlife — especially the marbled murrelet.

2. Decommission unnecessary forest roads to reduce/eliminate stream impacts and fragmentation of
forest habitat.

3. Adopt forest management practices designed to change fire prone thickets of western hemlock
over a period of time to something that structurally resembles old-growth and reduces fuel loads.

4. Protect, and where appropriate, restore associated stream habitat to prevent further declines of
anadromous fish stocks and enhance native amphibian populations and other stream dependent
wildlife species.

5. Reduce risk from insects and disease where endemics are likely.

Research Natural Areas

The Diamond Point (88 acres) (Dyrness 1972) and Cedar Grove Research Natural Areas (274 acres)
(Atkinson 1987)are both located within the SWBCA, on Long Island. Research natural areas are established
on federal lands: (1) to preserve examples of all significant natural ecosystems for comparison with those
influenced by humans; (2) to provide educational and research areas for ecological and environmental
studies; (3) to preserve gene pools of typical and endangered plants and animals (WADNR 2005). Activities
on Research Natural Areas are limited to research, study, observation, monitoring, and educational
activities that are non-destructive, non-manipulative, and maintain unmodified natural conditions. These
areas were designated due to the high quality vegetation communities found at each site and no active
management is proposed at either site within this plan.
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OVERVIEW OF THE SOUTH WILLAPA BAY
CONSERVATION AREA

Late-successional forest at Ellsworth Creek
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A. PHYSIOGRAPHIC SETTING

1. Climate and Climatic Variation

The SWBCA has a mild, maritime climate. Annual precipitation at nearby Long Beach, WA and Naselle,
WA averaged 80” for the period 1967-2005 and 114” for the period 1948-2005, respectively (NOAA 2007).
Precipitation is lowest during July and August, however the summer drought is moderated by low clouds
and fog (Franklin J. F. and Dyrness 1988). Fog condensation on tree crowns and subsequent fog drip is an
additional source of precipitation (Ruth and Harris 1979), which may be of ecological significance during
summer months (Dawson 1998). Temperatures are moderate; temperatures at Long Beach, WA range
from a mean high of 66.8 I in August and September to a mean low of 36.0 I in January (NOAA 2007).

Climatic conditions are variable at both long (millennial) and short (annual-decadal) time scales. The
primary forcing of long-term climate variation in this region is changing patterns of seasonal insolation,
which is in turn controlled by variation in the Earth’s tilt and orbital pattern (Berger 1991, Heusser C J.,
L.E. Heusser, D.M. Peteet. 1985). Long-term climatic variation of this nature has led to substantial changes
in the vegetation composition throughout the Pacific Northwest (Whitlock 1992). At the annual and
decadal scales, El Nino/Southern Oscillation (ENSO) (Diaz and Markgraf 2000) and Pacific Decadal
Oscillation (PDO) (Biondi 2001, Mantua 1997), respectively, and interactions between these two climatic
oscillations (Newman 2003) are important sources of climatic variation, influencing both temperature and
precipitation. Individual tree growth and forest ecosystem productivity in the PNW respond to annual and
decadal climate variation (Peterson David W. and Peterson 2001). Particularly relevant to the SWBCA site
management are the recent findings that summer temperature and PDO influence growth in coastal low
elevation forests in western Washington (Nakawatase and Peterson 20006). Sitka spruce (Picea sitchensis)
forests exhibit very high sensitivity to environmental variation, with potential for extreme growth response
to climate variation (Holman 20006).

2. Geology & Soils

The Ellsworth creck drainage and the lands with the Willapa National Wildlife Refuge are located in the
southwestern portion of the Willapa Hills subprovince of the Coast Range physiographic province. All
waters drain into Willapa Bay. Ellsworth creek lies within the lower Naselle River watershed, while
Conservancy and Refuge lands to the south and west of Bear River Ridge are part of the Bear River
watershed unit. Long Island comprises its own watershed unit. Elevation ranges from sea level along
Willapa Bay to 1,715 feet along Bear River Ridge. The area covered by this plan can be divided into 2
physiographic zones with distinct geological, topographic, and soil characteristics (Table 1): Coastal hills,
and Long Island, alluvial zones and former sand dunes.

Coastal hills

The coastal hills have rounded topography and deep weathering profiles. The landscape is highly dissected,
and the drainage network is dendritic. Marine sedimentary rock from the late Eocene through eatly
Miocene (60 to 20 million year old) underlies most of this zone and consists of thin-bedded, laminated
tuffaceous siltstones and lesser amounts of sandstone (Wells 1989). Middle Miocene intrusions of basalt
also exist and are much more resistant than the surrounding sedimentary rocks. This contrast in rock
hardness has resulted in the development of locally steeper slopes and higher relief, as evidenced by Bear
River Ridge (Wells, 1989). Due to lack of glaciation during the last 2 million years, soils and exposed
bedrock are highly weathered. Thick soils have developed on stable upland surfaces and slopes range from
very gentle to over 200%.

Three major geologic formations exist that have corresponding geomorphic features (Map — SWBCA
ILandforms). The Lincoln Creek formation consists of steep, dissected hill slopes west of the Bear River
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Ridge divide and west of Ellsworth Creck (Wegmann 2004) where soils are primarily from the Palix and
Narel Series (Map — SWBCA Soils). These deep, well drained soils were generally formed in mixed slope
deposits derived from sandstone and siltstone consisting of silt loams and silty clay loams with 10-30%
pebble sized rock fragments. Depth to partly consolidated sandstone ranges from 40 to 60 inches. Available
water capacity is high and water moves readily through these soils.

The Grand Ronde Basalt formation contains steep escarpments of Bear River Ridge associated with
resistant invasive Columbia River basalt flows. Soils are highly weathered basalts from the Vesta series on
ridge tops and the Knappton series on side slopes. These deep, well drained soils consist of silt loams and
gravelly, silty clay loams with 0-30% pebble sized rock fragments. Depth to weathered, fractured basalt
ranges from 40 to 60 inches. Available water capacity is high and water moves readily through these soils.

The Shoalwater Bay formation consists of moderately-to-low
dissected hill slopes and bluffs west and north of Bear River
Ridge that slope gently towards Willapa bay. Soils are
weathered sandstones and siltstones from the Palix, Illwaco,
Leban, and Treham series, with some intrusions of Knappton
soils. The Illwaco and Leban seties are similar to the Palix
series, while the Treham series is similar to Knappton.
Intrusion of basalt and more recent estuarine deposits mixed
in and make for complex geology.

All of the soils in coastal hills of the SWBCA are medial,
mesic Andic Haplumbrepts (Pringle 1986). These fine
textured soils, in combination with the abundant rainfall, give
the area high soil productivity. King (1966) 50 year Douglas-
tir (Psuedotsuga menzesii)site index taken from Cambell Group
cruise data ranges from 107-145, and is site class 2 in most
places with some site 1 and site 3. Barnes (1962) 50 year
western hemlock site index ranges from 90-128 (Map —
SWBCA Site Index: 50 year Western Hemlock), and
maximum annual volume increment for a fully stocked 50
year old western hemlock (Tsuga heterophylla) stand ranges
Figure 2. Landslide risk is generally moderate from 214-272 cubic feet per acte per year or 1170 — 1486

within the SWBCA although higher risks are .
associated with roads. board feet per acre per year (Pringle 1980).

The combination of steep slopes, susceptible bedrock types,
and significant precipitation makes the area susceptible to landslides. Wegmann (2004) conducted a
historical review of landslide activity and an analysis of landslide risk in the lower Naselle watershed. Using
data from Powell et al. (2003) he rated overall landslide potential as moderate when compared to other
drainage basins in the Olympic and Cascade mountain ranges. He also found that over 90% of past
landslides occurred on concave-to-planar slopes of bedrock hollows, inner gorges, and convergent
headwalls, especially on slopes greater than 70% in the Grande Ronde Basalt and Lincoln Creek
Formations. Based on these factors, mass wasting risk was evaluated for areas within the Ellsworth
watershed (Map — Ellsworth Creek Unstable Landforms). The 2000 Washington State DNR slope stability
ratings based on the SLPSTAB model (Washington State Department of Natural Resources 2006) are also
included in a landslide susceptibility model for both ownerships (Map — SWBCA Slope Stability Hazard).

While most landslides have been shallow rapid slides or debris flows, there have been some deep seated
landslides that affect much larger areas and consist of poorly sorted colluvium and bedrock slump blocks.
While the risk of further shallow, subsidiary landslides within these previous events is minimal, steep
headscarps and over-steepened toes of some of the deep-seated slides are susceptible to increased shallow
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landslide activity, especially if forest roads are constructed across them. In general, Wegmann’s (2004)
analysis found that forestry activities have greatly hastened landslide activity and roughly 85% of the 319
landslides since 1958 were related to forestry activities (Wegmann 2004). In a separate analysis of the
Ellsworth creek drainage, Powell et. al (2003) found that of the 86 landslides that have occurred since 1946,
52 were road related and 34 were related to clear cut harvests. Approximately 110 acres were affected and
87% of slides resulted in disturbance and or sediment delivery to stream channels.

Long Island, alluvial zones, and former sand dunes

Long Island and other marine terraces bordering Willapa Bay are comprised of estuarine terraces and
alluvial deposits that are generally flat to gently sloped (Wells 1989). They consist of unconsolidated to
semi-consolidated mud and silt with sand lenses. Terrace surfaces occur up to 260 feet above the modern
sea level. Dissection of terrace surfaces increases with increasing elevation above sea level, yet, the overall
dissection of these deposits is minimal, likely owing to their relatively young age and minimal topographic
gradient (Wegmann 2004).

The marine terraces consist of uplifted and wave cut terraces of highly stratified Willapa Bay esturiane
sediments that were laid down over the last 2 million years (Quaternary) as sea levels fluctuated. These
terraces occur on Long Island and parts of the mainland shoreline areas and often overlay older,
consolidated sandstone that can be seen on Long Island cliffs. Basalt intrusions are also present. Due to
rapid weathering, geological history is not well known in many cases. Soils are primarily from the Willapa
and Ilwaco series and are deep, moderately drained soils that consist of silt loam in the 8-20 inch surface
horizons and mottled, silty clay loams below (Pringle 1986). Available water capacity is high. A small
portion of these terraces have Newskaw soils, which are loams in the surface horizons and fine sand below.
These soils are medial, mesic Andic Haplumbrepts.

In estuaries, floodplains, and low terraces of the major streams entering Willapa Bay, soils are derived from
recent alluvial sediments. Soils from the Ocosta series are the most prevalent (Pringle 1986). This very
deep, poortly drained soil occurs in flood plains and deltas of coastal bays ands consists of silty clay loam
and silty clay. Other similar, minor soil series include Nuby and Montesa. These soils are mesic Typic
Fluvaquents. The Aabab seties occurs in terraces along streams and is a silt loam. The small area of the
Wildlife Refuge on the Willapa Spit consists of former sand dunes where soils are from the Netarts and
Yaquina series.

Soil productivity of marine terrace areas tends to be a little lower than in the coastal hills, but is still quite
high on most soil types. Risk of mass wasting is generally low, except on steep slopes along the edge of the
Willapa Bay Estuary that have a history of landsliding in response to forest management activities. Both
shallow-rapid and small deep-seated failures have occurred here on slopes averaging 34%, indicating a
lower slope threshold for landslide risk than in the coastal hills (Wegmann 2004).
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Table 1: Proportion of area within each soil series and the corresponding site index.

Series WNWF TNC WH Site | RA Site
Soil ID # | Name % Cover % Cover | Index! Index2
111-116 Palix 18% 39% 111
155-160 Willapa 36% 0% 108
89 Narel 0% 28% 104
49-54 IIwaco 24% 1% 103
59-61 Knapton 2% 16% 104
149-150 Vesta 1% 12% 112
104 Ocosta 10% 0% 94
1 Aabab 0% 3% 100
95-96 Newskah 3% 0% 105
65-66 Lebam 1% 1% 112
162 Yaquina 2% 0% 90
102 Nuby 1% 0% 103
79 Montesa 1% 0% 102
144 Traham 1% 0% 92
108 Orcas 1% 0%
92 Netarts 1% 0% 107

! Western Hemlock site index is 50yr from Barnes 1962.
2Red Alder site index is from Chambers (1974)
Soil Series are from Pringle (1980).
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B. CONSERVATION SIGNIFICANCE

From a local to global perspective the SWBCA is an area of particularly high conservation significance.
While the large estuarine ecosystem of Willapa Bay is renowned for the ecological and economic value of
its marine resources and its shorebird migrations of hemispheric importance ( populations (Wolf
1993) the forest and freshwater systems also harbor a rich diversity of species and habitats. Low elevation
coastal rainforest habitats, such as those found in the conservation area, only occur in a few disparate
regions of the world and are typified by high productivity. The forests of the SWBCA provide habitat for
diverse assemblages of species, from familiar vertebrate species and abundant salmon to the less know, like
fungi, lichens, bryophytes, and many groups of invertebrates such as mollusks and millipedes. These
species, and others, all play key roles in functional pathways within the forest, such as decomposition and
nutrient cycling. Amphibians are another important group of species within these forests and surveys by
the Conservancy have shown the area to have some of the highest species richness in the Pacific
Northwest.

Regional conservation assessments for the marbled murrelet and the Pacific Northwest Coast Ecoregional
Assessment (The Nature Conservancy et al. 2006) have further substantiated the significance of this
conservation area. Over the last several years, the Conservancy has worked with key partners to develop
scientifically-rigorous conservation assessments for every North American ecoregion. These
comprehensive assessments evaluate the full spectrum of biodiversity within a given ecoregion, identifying
areas of biological significance where conservation efforts have the greatest value and potential success.
The recently completed Pacific Northwest Coast Ecoregional Assessment(Vander Schaaf et al. 2000) was
the product of a partnership initiated in 2001 to identify priority conservation areas in this ecoregion. The
Conservancy, the Nature Conservancy of Canada (NCC), and the Washington Department of Fish and
Wildlife (WDFW) were the primary partners in this project. The stated goal for the Pacific Northwest
Coast Ecoregional Conservation Assessment was to “identify the suite of conservation areas that promote
the long-term survival of all native plant and animal species and natural communities in the ecoregion.”
The SWBCA, and surrounding estuarine and freshwater systems, were all identified in this assessment as
sites of high priority for conservation.

1. Ecological Systems and Natural Communities

Forests of the SWBCA are located entirely within the Sitka spruce zone of Franklin and Dyrness (1988)
while the Natural Heritage Program’s classification describes two major ecological systems for this area of
the Pacific Coast — the North Pacific hypermaritime Sitka spruce forest, and the North Pacific
hypermaritime western redcedar (Thuja plicata)-western hemlock (Tsuga heterophylla) forest

((http:/ /www.natureserve.org/getData/USecologvData.jsp) (Comer et al. 2003)). Both of these ecological
systems are restricted to areas within 40 miles of the coast at low elevation (typically less than 2,000 ft)
where the climate is hypermaritime, with cool summers, very wet winters, abundant fog, and without a
major winter snowpack. The natural disturbance regime is mostly small-scale windthrow or other gap
mortality processes, occasional widespread intense windstorms, and very few fires (a detailed description
and analysis of disturbance regimes and forest development pathways in these forest types is provided in

Appendix A).

Sitka spruce forests are generally found in more productive micro-sites along valley bottoms or riparian
terraces. Stands are typically dominated or codominated by Sitka spruce but often have a mixture of other
conifers present, such as western hemlock (often a codominant), and western redcedar. The understory is
rich with shade-tolerant shrubs and ferns, including salal (Gaultheria shallon), evergreen huckleberry
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(Vaccininm ovatum), swordtern (Polystichum munitum), Dryopteris spp., and deer fern (Blechnum spicant), as well as
a high diversity of mosses and lichens.

Western red cedar- western hemlock forests often contain nearly pure stands of hemlock and thrive in this
environment where they are exposed to intense windstorms. The abundance of western red cedar in
relation to other conifers is one of the diagnostic characters of this forest system, as is the low abundance
of Douglas-tir (Psendotsuga menziesi) and Sitka spruce. A shrub layer of salal, oval-leaf huckleberry (I accininm
ovalifolinm), and fool’s huckleberry (Mengiesia ferrnginea) is usually well-developed. The prominence of deer
fern is typical of hypermaritime conditions. Oregon oxalis (Oxalis oregano) is also important in the
understory of particularly moist microsites.

Natural plant communities of these two ecological systems are limited to forest stands that have not been
harvested or where limited entry has occurred. Specific plant communities identified within the Cedar
Grove Research Natural Area include the western redcedar-western hemlock/evergreen

huckleberry forest (Atkinson 1987). Forests at Ellsworth Creek and within the adjacent Ellsworth Creek
Natural Resource Conservation Area include the Sitka spruce/Oregon oxalis forest, Sitka spruce/salal
forest, western hemlock/Oregon oxalis forest, western hemlock/salal/deetfern forest, western
hemlock/swordfern forest plant communities (Chappell 1997). Because forests at the Diamond Point
Research Natural Area have been harvested they are not considered natural communities by the
Washington Natural Heritage Program.

2. Rare plants

Two rare plants are known from the vicinity of the SWBCA (Table 2), although neither is found in upland
forest habitats covered by this plan.

Table 2: Rare plants known from the South Willapa Bay Conservation Area.

Scientific Common
Name Name Ranking Habitat Location
Abronia . G4G5T1QSX .
Pink Species was Shifting sands and .
umbellate ssp. . . Leadbetter Point
sandverbena | rediscovered in dunes
acutalata™ . .
Washington in 2005
Hydrocotyle Floating Freshwater ponds, Ellsworth Cr.
. water GS5
ranunculoides lakes, and streams. estuary
pennywort

* species is under review to determine whether it is distinctive or a northern population of Abronia umbellate
ssp. breviflora.

3. Fish & Wildlife Populations

The forest, riparian, marsh, and tidal habitats within the SWBCA provide habitat for a large number of
species. An estimated 233 species of birds, 51 species of mammals, and 17 species of amphibians and
reptiles are known to occur on the Refuge (USFWS 1999). The cool, wet climate of the Willapa area makes
it a “hot spot” of amphibian diversity in Washington. Habitats on the Refuge and the Conservancy’s lands
may support up to 13 of the 24 native amphibians that occur in the state, including several regionally
endemic species (USFWS 1999).
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Several species of state and federal concern occur within the SWBCA (Table 3), including the marbled
murrelet, bald eagle (Halzacetus leucocephalus), and a number of invertebrate (e.g., mollusks and millipedes),
lichen, and fungi species. Northern spotted owls ($#ix occidentalis caurina) were known to inhabit the old-
growth forest stands on Long Island in the 1980’s, but have been replaced by barred owls (S#ix varia)
(USFWS 1987). Although spotted owl vocalizations were detected in the Ellsworth Creek and Teal Slough
areas in the 1990’s (USFWS 1999), they are now considered extirpated from the SWBCA. Habitat
restoration may improve opportunities for spotted owl recovery in the future.

Table 3: Federal and state species of concern that are known from the Ellsworth Creck Preserve. FT =
federal threatened, FCo = federal species of concern, ST = State threatened, SC = State candidate

Common Name Scientific Name Federal /State
Endangered Species Status

Marbled Murtelet Brachyramphus marmoratus FT/ST

Bald eagle Haliaeetus lencocephalus FT/ST

Aleutian Canada Goose Branta canadensis leucopareia FCo/ST

River Lamprey Lampetra ayresi FCo/SC

Columbia torrent salamander Rhbyacotriton kezeri FCo/SC

Cope’s giant salamander Dicamptodon copei None/SM

Red-legged frog Rana anrora FC/None

Tailed frog Ascaphus truei FCo/SM

Van Dyke’s salamander Plethodon vandykei FCo/SC

Dunn’s salamander Plethodon dunni None/SC

Pileated woodpecker Dryocopus pileatus None/SC

Vaux’s swift Chaetura vauxi None/SC

Sea-run Cutthroat trout - Oncorbynchus clarki clarki FC/None

Southwest WA /Lower Columbia

River ESU

Coho Salmon - Southwest Oncorlbynchus kisutch FC/None

WA /Lower Columbia River ESU

Marbled Murrelet

Marbled murrelets rely on coastal mature and old-growth forests for nesting and their populations have
declined along with the loss of habitat to the point where today they are listed as a federally threatened
species (USFWS 1997). Existing murrelet habitat and populations in the Willapa Bay area are important to
the long-term viability of the species since the area is otherwise largely devoid of nesting habitat and forms
a significant distributional gap in the range of the species. The federal recovery plan for the murrelet
specifically identifies the protection of existing habitat, and “increasing the amount, quality, and distribution
of suitable nesting habitat” in southwest Washington, as important recovery strategies (USFWS 1997). With
some of the largest remaining stands of suitable nesting habitat in the Willapa Bay region, and a goal to
restore additional, functional, late-successional forest systems, the SWBCA is clearly a crucial landscape for
promoting the recovery of this marine bird species.

Significant federal grants have been awarded to both the Conservancy and the Refuge for habitat
acquisition specifically aimed at supporting the recovery of marbled murrelet populations. Conservation of
occupied murrelet habitat is a critical first step; however, effective restoration will be important in the
procurement of the additional habitat necessary to recover the species within reasonable timeframes.
Therefore, landscape restoration is a specific focus of this plan. The Conservancy has developed a robust,
long-term forest restoration research program at Ellsworth Creek designed to provide guidance for
restoring forest complexity in formerly managed coastal forests. Lessons learned through this research will
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be applied more broadly within the Preserve, on the Refuge, and hopefully on other federal and private
lands in the coastal region. Recognizing this significant contribution to murrelet recovery, the U.S. Fish
and Wildlife Service (USFWS) has proposed excluding both ownerships from designation as critical habitat
for the marbled murrelet under section 4(b)(2) of the Federal Endangered Species Act (USFWS 2000).
Justification for this exclusion is based on documentation that provides:

1. A management plan that is complete and demonstrates a conservation benefit to the species.

2. Reasonable assurances that the conservation management strategies and actions will be

implemented.
3. Reasonable assurances that the conservation strategies and measures will be effective.

The USFWS is expected to review this restoration and management plan to ensure that these conditions are
met. Elements of our approach to marbled murrelet conservation and habitat restoration/development are
described throughout the management plan. Sections of particular note include .......

Portions of stands that are known to be occupied by nesting murrelets will not be targeted for biomass
removal treatments. Young-managed forest stands of unsuitable habitat with simplified forest structures
and dense stocking may, however, be actively managed, following the criteria and restrictions outlined in
this plan, so they develop older forest structures more quickly that are suitable for meeting suitable murrelet
nesting habitat.

Salmonids

Ellsworth creek contains one of the highest spawning densities of chum salmon (Oncorbynchus keta) in the
Willapa Bay watershed with close to 8,000 fish reported over a 0.8 mile index reach in 2002 (Washington
Department of Fish and Wildlife data). Although abundant populations of coho salmon (Oncorbynchus
kisutch) and coastal cutthroat trout (Oncorbynchus clarki) are reported in the Ellsworth Creek drainage,
systematic inventories of most fish species have not been conductedcompleted (scheduled for summer
2007). Stream surveys conducted on the Refuge (Barndt et al. 2000, Yoshinaka and Stone 2004) have
observed coho and chum salmon, cutthroat trout, riffle sculpin (Co#tus gnlosus), and threespined stickleback
(Gasterostens acnleatns) in varying levels in different streams and note that spawning populations are likely.
Therefore, theseEach of the Refuge streams and Ellsworth Creek are classified as being strongly
heterotrophic (require complex organic chemicals for metabolic synthesis). Management actions proposed
in this plan are expected to improve habitat for salmonids and other anadromous fish over time; however,
short term effects of active forest restoration and road removal are unknown.

Amphibians

The SWBCA is known to have some of the highest
diversity of amphibian species is Washington state. In
particular, surveys have found abundant populations of
stream-associated amphibians in headwater tributary
habitats. Species found here include Cope’s giant
salamander (Dzcamptodon coper), Columbia torrent
salamander (Rhyacotriton kezeri), Dunn’s salamander
(Plethodon dunni), Van Dyke’s salamander (Plethodon
vandykei), and the tailed frog (Ascaphus truez). Populations of
these species have been in decline with research suggesting
a relationship between intensive timber management
practices and the degradation of habitat (Corn and Bury
Figure 3: Amphibian diversity is extremely high within 1989)' The distribution and population levels of these

the SWBCA. Here a Van Dyke’s salamander is species are not fully known within the SWBCA. Recently
followed by a Dunn's salamander with a western red- initiated monitoring surveys within the Ellsworth Creek
backed salamander in the background.salamanders. watershed should lead to a better understanding of

population densities for this group of species.
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Management actions proposed in this plan are expected to improve amphibian habitat over time; however,
short term effects of active forest restoration and road removal are unknown.

4. Potential Threats to Conservation Value

Throughout the SWBCA lingering threats to biological diversity remain from decades of logging activity,
including habitat fragmentation, invasive species, sedimentation and altered hydrology related to extensive
forest road systems. Climate change may also cause significant future changes in forest community
composition.

When placed in the context of surrounding industrial ownerships, where intensive forest management with
short rotations continues to prevail, the Conservancy and Refuge ownerships will provide an increasingly
important refugia of mature and old forest habitat for fish and wildlife species within the coastal region of
northern Oregon and southern Washington.

High Risk Invasive Species

Invasive species are considered by many to be one of the top two threats to the decline of biological
diversity, together with habitat loss. While invasive species are thought to be uncommon within the
SWBCA quantitative information on the distribution of most species is lacking. For this plan the focus is
on invasive species that are found in upland forest, riparian forest and freshwater habitats. Exotic invasive
species are spreading through forest and freshwater ecosystems in the Pacific Northwest at rates that are
alarming ecologists. Species such as English ivy (Hedera helix), holly (Illex aguifolium), and Japanese
knotweed (Polygonum cuspidatun) have become well established in some areas of Pacific County and are
being targeted for eradication. Others like West-nile virus, sudden oak death (Phytophthora ramorum), and
citrus long-horned beetle (Angplophera chinensis) pose an enormous future threat to the region as they spread
in nearby areas and are being closely monitored. The spread of these and other exotic species and even
native pathogens have benefited from climatic changes and human manipulations of habitat. Interstate and
international commerce, extensive road systems that fragment habitat, and the modification of natural
ecological processes such as fire have all contributed to the globalization of ecosystems (Duncan 2001). For
example, it is thought that the impacts of Swiss needle cast (Phacocryptopus gaeumannii), a native foliage
pathogen that affects Douglas-fir in coastal areas, has intensified with the large-scale adoption of uniform
silvicultural practices favoring Douglas-fir production across the ecoregion (Thies and Goheen 2002).
Given current patterns and conditions, we can only expect the list of exotic species and their breadth of
distribution to increase over time.

Invasive species have the potential to alter the structure, composition, and function of ecological
communities and are known to directly eliminate species from an ecosystem. Although the long-term
ecological impact of many invasive species is unknown, there is growing concern with the increased
number and distribution of species in this region. Moreover, the SWBCA is close to several ports of entry
for these invasive species, which increases the likelihood of further introductions and infestations in the
future. While non-native invasive species are relatively uncommon in the forested areas, they are slowly
increasing in abundance, especially in proximity to roads. Species of particular concern in the SWBCA
include English ivy (spreading along highway US 101) and English holly (which is seen scattered
throughout the forest in low to moderate abundamce). While not specifically addressed in this plan,
managers within the SWBCA should develop weed management plans in the near future to limit the spread
of these and other habitat altering species.
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Table 4: Major invasive weeds found within the South Willapa Bay Conservation Area and general ranking

of abundance and distibution.

Common Name Scientific Name Abundance | Distribution | Potential Impact!
bull thistle Cirsinm vulgare Low Local Low
common gorse Ulex enropaens Low Local Low
cutleaf blackberry Rubus laciniatus Moderate Wide Moderate
English ivy Hedera helix Low Local High
English (cherry) laurel | Prunus lanrocerasus Low Local Moderate
English holly Llexc aquifolinm Moderate Wide High
hairy catsear Hypochaeris radicata High Wide Low
Himalayan blackberry | Rubus discolor High Wide Moderate
giant knotweed Pobygonum sachalinense | Absent? Absent High
Japanese knotweed Pobygonum cuspidatnm | Absent? Absent High
old-man-in-the-

Spring Senecio vulgaris Moderate Wide Low

reed canarygrass Phalaris arnndinacea Moderate Local Moderate
Scotchbroom Cytisus scoparins Moderate Wide Moderate
stinking willie Senecio jacobaea High Wide Low

1 Species with high impact could significantly alter forest habitat composition and structure - those with low potential are
common in open or disturbed areas, but are not expected to persist as forest canopies develop.

2 Both knotweed species are not currently known from the SWBCA, however they are found nearby in the Naselle River drainage
and have a high potential impact if populations are discovered in the future.
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C. SITE HISTORY AND MANAGEMENT

1. Pre-settlement Forest Composition

Holocene Vegetation

Vegetation assemblages in the maritime PNW have changed in response to climatic variation during the
Holocene (10,000 yrs Before Present [BP] to current time). In the early Holocene, forest vegetation on the
western Olympic Peninsula—which we assume to be representative of the planning area—transitioned
from a pine-spruce-mountain hemlock-fir (Pinus-Picea-1suga mertensiana-Abies) community to an alder-
Douglas-fir-bracken fern (Aluus-Psendotsuga-Prerididun) community (Heusser C.J. 1977). This shift in species
composition was apparently brought about by increasing temperatures coupled with a relatively droughty
precipitation regime. Warming continued, apparently reaching a maximum during the Hypsithermal at
approximately 7,000-8,000 BP (Heusser C.J. 1977). Modern vegetation assemblages developed about 5,000-
6,000 years BP, concurrent with decreasing temperatures and increasing precipitation. Perhaps the most
noticeable change in vegetation composition is the arrival and proliferation of western redcedar. In western

Washington western hemlock and Sitka spruce increased in abundance simultaneous with the arrival of
western redcedar (Whitlock 1992).

Sediment cores taken from a small lake in northern coastal Oregon just south of the mouth of the
Columbia River provide a proxy record of fire and vegetation history for the planning area (Long C.J. and
Whitlock 2002). Throughout the 4,600 year record the pollen (and spore) assemblage is dominated by red
alder (Alnus rubra), western hemlock, Sitka spruce, western redcedar and sword fern —the characteristic
modern flora of the locale. Charcoal and magnetic susceptibility data indicate that fire episodes occurred
during the period 4,600-2,700 years B.P. more frequently (140 +/- 30 years) than the petiod 2,700 B.P. to
present (240 +/- 30 years). The eatlier of these two periods is charactetized by a relatively greater
abundance of alder and sword fern pollen, indicating that burned areas may have been occupied by a seral
community analogous to the red alder/sword fern formation—a closed canopy community—described by
Bailey and Poulton (1968) on the Tillamook Burn. Overall, fire appears to have been a significant
disturbance agent over the last 4,600 years in these coastal forests.

Forests of the Early 20" Century

Powell et al. (2003) examined bearing tree records from section corners of the 1908 public lands survey,
and estimated composition of the forests in the Ellsworth creek watershed at that time. While this method
does not provide a complete picture of forest composition, it has been used by a number of authors to get
an idea of pre-settlement conditions in other areas in Washington (Collins et al. 2002). Western hemlock
was the dominant species in terms of total volume in almost every plot. From Powell’s data, the maps were
produced displaying the location and abundance of Sitka spruce, western redcedar, and Douglas-fir (Figure
4 — Historical Forest Composition). Sitka spruce appeared along the mainstem of Ellsworth Creek and in
valley bottoms, while western redcedar was very abundant overall and generally missing where spruce is
prevalent. Douglas-fir was present in minor amounts and red alder seemed to be very uncommon (Powell
et al. 2003). Because close to 98 % of the watershed was identified as being in an old-growth structural
condition (Powell et al. 2003), one can infer that stand replacing disturbance at stand to landscape scales
were infrequent.
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2. Human Use

Native American History and Use

Prior to western settlement, the Willapa Bay region was inhabited by Native Americans for thousands,
perhaps tens of thousands of years. The Chinook people were a widespread group of linguistically similar
people who lived along the Columbia river upriver to present day The Dalles, OR and twenty miles up and
down the Pacific coast from the Columbia’s mouth. The Shoalwater tribe of the Chinook spent summers
along the mouth of the Columbia River and lived along the protected shores of Willapa Bay, formerly
called Shoalwater Bay, primarily during the winter. There are several known archaeological sites on Long
Island which are remains of Indian Villages and middens (USFWS 1979).

The Chinook fished for salmon, sturgeon and eulachon (smelt), and gathered clams, oysters, seaweeds and
other inter-tidal foods. They also harvested cranberries, wapato and other plants from local wetlands. The
Chinook were prolific traders; occupying a strategic location at the mouth of the Columbia where they
controlled trade of a wide variety of goods and staples between inland tribes and tribes up and down the
Pacific coast (USFWS 1979).

Chinook use of the forested uplands appears to have been minimal and infrequent, and there is little
information about how the Athabascan tribes may have used the inland forest areas. Western redcedar was
highly valued by the Chinook. They used cedar bark to make clothing, baskets and other woven goods.
Certain cedar trees or stands are known to have been favored for bark gathering by the Chinook, but no
such sites have been documented within the planning area. Cedar was relatively easy to split into planks for
use in building their rectangular longhouses for communal living and storage. The Chinook were
renowned for their craftsmanship in building cedar dugout canoes and for their skill in open water
navigation, but the cedar they used for canoe building came from the forest margins or beaches in the form
of driftwood. The Shoalwater people used large canoes for fishing and transporting trade goods and small
canoes on local streams to facilitate portage between the Columbia River and Willapa Bay until ship-based
trading began with the Chinook after Captain Robert Gray first navigated the Columbia River in 1792.

Settlement History

Anglo American settlement of the region began shortly after the historic journey of Lewis and Clark to the
lower Columbia during the winter of 1805-1806. The first permanent settlements in the area were
established as outposts for fur trading companies such as the Hudson’s Bay Company and the Pacific Fur
Company. The settlements that followed focused on salmon harvest with logging increasing from local
procurement to volume production over time.

The Naselle River valley was first settled, predominantly by Finnish immigrants, in the 1850’s. The growing
community coalesced around agriculture, especially dairying, with fishing and timber production also
providing significant employment. Other settlements in the area fared less well in the long run. Diamond
City was established in 1867 at the north end of Long Island, primarily to harvest and sell the area’s oysters.
By 1878, the area’s oysters were depleted and the town was abandoned. Speculative development led to the
platting of a town on the eastern margin of Ellsworth creek. As discussed in a report by Bryan Penttila
(2002), a hotel was built during the early history of the Ellsworth Creek area which was used by passing
boating traffic. The town however never became a reality.

3. Forest Management History

Like much of coastal Washington, forest management began slowly in the beginning of the 20t century. As
recently as 1942, nearly 87% of Ellsworth Creek’s forestlands remained as unmanaged old-growth (Powell
et. al. 2003). Aside from some minor logging at the mouth of Ellsworth Creek by the Ellsworth family,
logging in the watershed began during World War I. The United State Spruce Production Division set up
camp in 1918 and built several kilometers of narrow-gauge railway into the watershed (Penttila 2002).
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Although this effort only lasted 6 months, a surprising number of large Sitka spruce were selectively logged,
mainly in the middle portion of the main stem of Ellsworth Creek. With the advent of chainsaws and the
Caterpillar bulldozer, the Brix Logging Company began extensive road building and timber harvesting in
the watershed in 1943 (Penttila 2002). By 1950, Brix had relocated and in 1960 the Weyerhacuser Timber
Company took control of the forests and began logging operations. Weyerhaeuser rapidly expanded the
road network and introduced high yield, even-aged silvicultural systems (clearcutting) throughout the basin.
In the 1980’s, John Hancock Insurance Company and the Campbell Group purchased Ellsworth and
continued to log extensively. By 2001, when the Conservancy acquired the basin, only 7%, or approx. 350
acres, of the original old-growth forests remained (Figure 5 — Historical Forest Age Class Distribution).
Over 16% of the basin has been cut twice and is now in its third rotation (Powell et. al. 2003). Although
historical information for the Conservancy or mainland Refuge forests outside of the Ellsworth Creek basin
is not known, the logging history is presumed to be similar to what is known from Ellsworth Creck.
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Figure 5: Historical changes in forest age class distribution from harvest activities in the Ellsworth creck basin (From
Powell et. al. 2003)

Logging on Long Island began in the late 1800’s and most of the island was logged by private timber
companies with a focus on old-growth western red cedar and Sitka spruce — as western hemlock was then
considered unmarketable. Regeneration was mostly natural and little thinning was done over the years. The
Refuge began acquiring land on the island from the Weyerhaeuser Company in 1940 and consolidated its
holding with two Land for Timber Exchange Agreements in the 1950’s.

In the early 1950’s, an outbreak of the Hemlock Looper occurred in Northwest Oregon, from the Astoria
Area to the Tillamook Burn Area within the Spruce/Hemlock Zone. Stands of old hemlock (>200 years
old) were defoliated. Extensive salvage operations took place by industrial timber land owners, to capture
the mortality. Natural regeneration of dense hemlock followed. It was also reported by a local resident,
that the South Willapa Bay Area (including Long Island) was aerial sprayed with DDT to prevent the
potential threat to the older hemlock stands in the area.

Between 1960 and 1968 the Refuge harvested timber on its own lands following a plan developed in 1960.
Following a large windstorm in 1962, both the Refuge and Weyerhacuser Company increased harvest
around salvage operations. A review of the Refuge’s harvest practices in 1968, however, resulted in a halt of
logging operations until 1975 when the Refuge entered into a memorandum of understanding with the
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Weyerhaeuser Company to acquire the remainder of the companies lands (at that time 1,622 acres) on the
island. The agreement stated that both parties would develop a cooperative resource management plan for
the island. As part of the plan Weyerhaeuser agreed to exchange its lands to the Refuge for the value of the
timber on the island. At the time it was felt that harvesting of this timber resource was consistent with the
Refuge’s goals for wildlife management (USFWS 1979). Most of the harvestable forest stands were even-
aged stands dominated by western hemlock and less than 100 years old, having regenerated after logging
and wildfire before the turn of the century. Weyerhaeuser proceeded to harvest 1,009 acres in total
(USFWS 689 acres, Weyerhacuser 320 acres) and transfer its entire ownership to the Refuge until the
program was completed in 1987.

4. Current Land Use and Surrounding Ownership

Naselle is currently an unincorporated town of approximately 400 residents and perhaps 1400 people living
within the school district. Primary economic activity centers on timber production and commercial fishing
and decreasingly on farming. Following the completion of the Megler Bridge across the Columbia River in
19066, tourist traffic through the area has increased as has development

Land use patterns in this largely rural county (Pacific) are dominated by private forest land dedicated to
commercial timber production. Large lot residences are scattered along major highways and secondary
county roads. This pattern is consistent within the immediate vicinity of the SWBCA. That is, neighboring
lands are, by and large, commercial timber holdings with limited numbers of home sites adjacent to county
roads. The commercial timberlands directly adjacent to the SWBCA are largely owned by investment
groups and managed by timber investment management organizations (TIMO’s). Two TIMO’s, Campbell
Group and Hancock Investments, manage adjacent forestland for investment return purposes.

5. Recreation and Public Access

The Ellsworth Creek Preserve is open to public access though vehicle traffic is restricted behind locked
gates. Walk in access is permitted inside gated areas; however, no formal trails are maintained for public
use. Hunting and fishing activities are allowed within the preserve as permitted by state regulations. Fires
and camping are not allowed.

The Refuge offers a variety of public access and recreational activities. Campgrounds, hiking trails, hunting,
boating and wildlife viewing are all provided at various locations around the Refuge. The Refuge has an
active public recreation program that maintains and develops appropriate public infrastructure and
interpretation.

Long Island is a main focus of boating and hiking activities, and the only area on the Refuge where
camping is permitted. Access to the Island is strictly by boat. The Refuge provides a public boat launch at
the headquarters location. There is a boat ramp on Long Island just south of there. Five campgrounds, all
accessible from the water, are spread across Long Island. Former logging roads or trails currently link all
but one campground to the main road system. Another trail loops through the “cedar grove”, a stand of
ancient western redcedar located at the center of the south end of the island. Modern firearm hunting is
not permitted on the island, however, archery hunting is allowed.

6. Bonneville Powerlines

Two electrical transmission lines, owned and managed by the Bonneville Power Administration, traverse
the Ellsworth Preserve and Refuge property. This line emanates from the power substation located in
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Naselle and supplies power to local public utility districts in the Ilwaco and Long Beach Area. Itis a 6-line
system, generally contained on one large transmission structure but sometimes splits into two 3-line
transmission structures. It runs westerly along the south side of the Naselle River estuary and continues
inland along the north boundary of the DNR’s Ellsworth NRCA. The line then heads north along Pellervo
ridge before turning southwest and crossing the Ellsworth estuary. It then continues westerly and southerly
through the Ellsworth Preserve for several miles, then continues in a southerly manner for several miles
through the Ellsworth Preserve, then leaves the Willapa Forest continuing westerly across Highway 101
near Greenhead Slough, and finally splitting into two lines—one continuing westerly across the South
Willapa Bay Estuary and one continuing southerly through the Refuge’s North Bear river unit towards
Seaview.

The BPA transmission line right-of-ways run for 3.6 miles through TNC property and 1.9 miles through
Refuge property. In addition, a number of roads are associated with maintaining the transmission lines and
rights-of-way. Many are rudimentary (narrow and unrocked) roads. These access roads can be a source of
erosion, sedimentation, and water quality degradation particulatly on the Ellsworth Preserve.

The areas underneath the transmission lines are maintained in a manner that precludes trees from growing
taller than 10 feet. Thus, the transmission line right-of-ways significantly influence and impact operational
activities and landscape level forest restoration goals. These barriers are an operational and restoration
challenge and will have to be factored in to annual operation plans.
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LLANDSCAPE RESOURCE ASSESSMENT

Long Island and Willapa Bay looking northwest from Bear River Ridge
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A. FOREST VEGETATION

1. Forest Inventory and Key Structural Metrics

Stand structure and species composition vaties considerably in particular stands due to differences in age
and management history. To gain a thorough picture of existing conditions, a detailed forest inventory was
conducted by Integrated Resource Management (IRM) on both the Conservancy and Refuge ownerships in
2004 (Stringer 2005). Over half of the total acreage and a representative sample of age classes were
inventoried (Table 5). The inventory was based on field protocols developed under the Oregon
Department of Forestry’s Stand Level Inventory Protocol (ODI 2002). Basic forest structure attributes
were sampled along with understory plant cover, downed wood, snags, and forest health concerns. An
average of 15 plots were installed within each stand. While not complete for the entire ownerships, the
information is sufficient for long term planning efforts. Additional inventory work will be conducted
during management activities in specific stands and through an ongoing effort to re-sample approximately
10% of the forest stands within the SWBCA each year.

Table 5: Distribution of stand types and acres inventoried in 2002-2004 by IRM and un-inventoried stands
(includes additional data from the 2006 Rogers addition to the Ellsworth Creek Preserve).

Stand Type TNC WNWR All
Inventoried Un-invent. Inventoried Un-invent. Total Number of
acres & acres & acres & acres & acres & (stands)
(stands) (stands) (stands) (stands)

WH-SS-RC-1 (0-15yr) 614 (12) | 256 (5 13 (1) 837 (15 | 1,719  (33)

WH-SS-RC-2 (15-30) 1,171 (14) | 521 (15) 77 (D 50 4 1,818 (34

WH-SS-RC-3 (30-60) 1,388 (15 124 (1) 12,194 (19| 303 (11) | 4,009 (52

WH-SS-RC-4 (60-100) 292 (9 128 (8 | 1,063 (16) | 564 (18 | 2,048 (51)

WH-SS-RC-5 (100+) 269 (2 23 (3 500 (5 34 (3 826 (13

Douglas-fir-1 (0-15yr) 60 (2 388 (8 35 (D 80 (D 564 (12

Douglas-fir-2 (15-30) 607 4 821 (14| 103 (1) 351 (2 1,882 (21)

Red Alder-1 (0-15y1) 73 4 0 © 0 O 77 150 5)

Red Alder-2 (15-30) 0 O 2 0 O 221 (5 222 (0)

Red Alder-3 (30-60) 12 (1) 106 (7) 103 (3) 33 (5 253 (16)

Red Alder-4 (60-100) 0 © 0 © 200 (3 20 (3 220 (0)

Non-forest 0 © 76 4 0 (0 382 (7) 458  (11)

Totals 4,486 (63) | 2,444 (72) | 4,288 (50) | 2,952 (75) | 14,170  (260)

This baseline inventory information was used to calculate common structural metrics for each inventoried
stand (Appendix B). Inventory data was also input into the Landscape Management System (LMS)
(McCarter et al. 1998) to facilitate many types of stand and landscape level analyses. To quantify stand
structure, guide management decisions and gauge progress towards desired future conditions, two key
metrics were chosen - Stand Density Index (Long J.N. 1985, Reineke 1933) and Weighted Old-growth
Index.

The Stand Density Index (SDI) was selected to measure degree of site occupancy and level of tree
competition, or relative density. While Curtis’ Relative Density (Curtis 1982) is commonly used for
Douglas-fir and Relative Density Index (Drew and Flewelling 1979) can be used for both Douglas-fir and
western hemlock stands, SDI is the most broadly used across different species (Woodall et al. 2006) and is
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the only metric that has been used by numerous researchers in multi-species and multi-cohort stands
(Amoroso 2004, Long J.N. 1996, O'Hara 1996, Puettmann et al. 1993, Woodall et al. 2005). This is done by
calculating SDI for each species, cohort, or diameter class and then adding them together (Long J.N. 1995,
Shaw 2000). As SDI was designed for use with single cohort and single species plantations, there are
significant challenges to using it in complex stands (O'Hara and Gersonde 2004, Woodall et al. 2005). Yet it
is the most versatile density metric that is still practical for management applications.

The Weighted Old-growth Index was developed by Franklin et al. (2005) to assess old growth structure on
Washington State DNR lands across western Washington. For the SWBCA landscape, a Modified Old-
growth Index (MOGTI) was used that does not include stand age (Franklin ].F. et al. 2005). The MOGI is
based on for structural variables associated with old-growth forests:

Large trees (number per acre > 100 cm dbh [40 inches))

Large snags (number per hectare > 50 cm dbh and > 15 m tall [20 inches dbh; 49 feet tall])
Volume of down woody debris (cubic meters per hectare)

Tree size diversity: (# of trees in the following 4 diameter classes: 2-9.9”, 10-19.9”, 20-39.9”,
407+)

-

The MOGTI ranks old-growth structure for each stand on a scale of 0-100, with 75 representing the median
of the old-growth dataset used by Franklin et al. (2005). The four structural variables can be weighted to
increase or decrease the importance of a particular structural variable; variables were equally weighted in the
analysis of SWBCA stands. MOGI has been successfully used to identify old-growth stands from inventory
data in coastal spruce-hemlock-cedar forests (Franklin et al. 2005). However, old-growth stands will not
necessarily attain perfect scores (.e. 100). In general, MOGI scores increase with stand age (Map —
SWBCA Modified Old-Growth Index). Old-growth SWBCA stands averaged 62 with a 90% confidence
interval of 22-72. The highest MOGI scored was the main cedar grove stand on Long Island with a score
of 73 (stand #300206).

2. Forest Stand Types

The IRM inventory information was used to classify
Age Class Distribution stands into stand types (Map — SWBCA Stand

: Types). For un-inventoried stands, inventory data
4 - vJ from past owners, aerial photos, and field
. . verification was used. In order to make this
classification simple and practical for management
purposes, typing was based on dominant species
(over 50% of basal area) and age class using age at
breast height. When needed for landscape level
analysis, stands can be further classified according to
attributes such as developmental stage, SDI, MOGI,
presence of residual old-growth legacy features, or
relative species composition. Averages for each

" stand type of these attributes, along with other
— forest structural variables, are presented in Table 6.

Overall, both ownerships are dominated by

Figure 6: Age class distribution of forests in the Refuge and Structurally SIFHPIC maﬁaged .fOfCStS younger than 60
Conservancy ownerships in 2006. years of age since harvest (I'igure 6 — Age Class
Distribution) . The old-growth index values also
proved to be fairly well correlated with age class with scores being relatively low for most of the inventoried
stands as would be expected given the SWBCA’s management history.
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Western hemlock/Sitka Spruce/Western Redcedar types

This is by far the most prevalent type on both ownerships and was dominant throughout most of the
landscape in the pre-settlement times. While western hemlock typically dominates these stands in terms
of trees per acre and basal area, Sitka spruce and western redcedar make up significant portions of
these stands and in a few cases are the dominant species. Red alder is abundant in riparian areas and
along roads and landings, and a minor to moderate component in upland areas. Douglas-fir is relatively
rare, but present in varying degrees due to management history. Images generated by the Stand
Visualization System (SVS) using inventory information from specific stands are provided for each age
class in (Figure 7 — SVS stand types).

The 100 yr+ age class is either unmanaged old growth or stands that were selectively logged by the U.S.
Spruce Production Division or eatly settlers. While this partial harvesting altered some of these current
old growth stands, it is not clear to what extent and what the impact on current stand structure is.
Approximately 825 acres of this age class exist across the SWBCA. Three major types of remnant old-
growth stands exist in the SWBCA landscape — spruce-hemlock, cedar-hemlock, and pure hemlock.

Spruce-hemlock stands typify the old-growth remnants in along the lower reaches of Ellsworth Creek.
This stand type is analogous to the Sitka Spruce-Western Hemlock Plant Association Group (PAG) of
Franklin et al. (2005) and the Sitka spruce Zone of Franklin and Dryness (1988). Large diameter spruce
are the dominant feature in these stands while hemlock dominate the understory and midstory. Spruce
is moderately shade tolerant and long-term coexistence with hemlock is thought to be mediated by
canopy gap formation (Taylor A.H. 1990). Spruce-hemlock stands were historically distributed along
the lower reaches of the Ellsworth Creek and major tributaries.

Cedar-hemlock stands historically dominated the uplands of the Ellsworth Creck watershed and most
of Long Island. These stands most closely resemble the Western Redcedar Coastal Plain PAG of
Franklin et al. (2005). They do not seem to be an exact match however; the regeneration difficulties
typical of the Western Redcedar Coastal Plain PAG are not apparent anywhere in the SWBCA
landscape. Very large cedars are the dominant feature in these stands; individuals up to 15” dbh can be
found in the SWBCA landscape. Woody debris loads can be extremely large due to the decay
resistance of cedar wood. These forests appear to be maintained by chronic, low to moderate severity
wind disturbance which primarily affects hemlock and not the decay and wind resistant cedar.
Understory vegetation is dominated by dense thickets of salal, fool’s huckleberry and evergreen
huckleberry.

A few residual old-growth stands, particularly in the Ellsworth Creek Watershed, appear to be a
mixture of the two former types. All three major species, spruce, hemlock and cedar can occur in
relatively even mixture. This mixed type was most likely more common in historical conditions than is
suggested by the composition of present day remnant old-growth stands.

Pure or nearly pure hemlock stands comprise the third old-growth forest type. Classical old-growth
structures—Ilarge diameter trees, snags and logs—are relatively scarce in these stands due to the
relatively short lifespan of hemlock. Understories can be poorly developed, particularly when the
overstory is intact. The origin and developmental history of these stands is not clear. The most likely
explanation is that they established as high density hemlock stands following petiodic disease/insect
outbreaks, high severity wind disturbances, and prolific stress seed production. Throughout remnant
old-growth stands on the mainland, and less so on Long Island, occasional Douglas-fir individuals add
structural and compositional diversity.
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The 30-60 and 60-100 year age classes are mostly a result of the Brix company operations and early
Weyerhaeuser logging that was focused on removing high value trees. Natural regeneration was relied
on, and abundant legacies such as decadent old-growth hemlock, mid and understory trees, non-
merchantable downed logs, and snags were typically left following harvest. These stands tend to have
higher levels of structural complexity and are mostly naturally regenerated hemlock, some Sitka spruce,
and little western redcedar. Some of these stands appear to have been pre-commercially thinned to
densenarrow spacing (e.g., 8 x 8’ to 10x10’), in anticipation of future clearcut harvesting at around age
45-50 years old8 feet to 10x10 feet). In general, these stands are very dense, have little understory
development, and are in the competitive exclusion stage. Some older stands in the 60-100 year age class
are more complex, however, and are in an understory re-initiation stage of development.

The 15-30 year age class is marked by changes in management practices. In 1967, Weyerhaeuser
introduced High Yield Forestry and began planting Douglas-fir seedlings immediately following timber
harvest (Pentilla 2002). However, natural western hemlock regeneration often overtook planted
seedlings. In addition, it was a routine practice to aerial spray the young conifer plantations to
eliminate competing hardwood trees and shrubs. A shift toward much more intensive site prep began
that included snag felling, slash removal, and broadcast burning. By the mid 1970s thorough site prep
and planting were standard practice and pre-commercial thinning became common. While a portion of
this age class has been pre-commercially thinned and has densities of approximately 350 trees per acre
(TPA), many stands have not and are extremely dense. Few, if any, legacies exist, and stands are
simplified conifer plantations in the canopy closure or early competitive exclusion stage. They have
varying degrees of species diversity, and a few stands dominated by Sitka spruce exist. Where western
redcedar is found, it is generally in the lower crown classes due its slower early height growth (Oliver
and Larson 1996, Ruth and Harris 1979) and is commonly dying out from competition induced
mortality.

The 0-15 year age class is comprised of recent clear-cuts, usually of second-growth stands. Broadcast
burning fell out of favor in the late 1980’s and 1990’s and site prep and control of competing
vegetation was typically not as thorough in these stands. Small numbers of snags, live trees, and 25-50°
riparian buffer strips were left due to changes in forest practice regulations, although a few stands
contain large number of legacy old growth snags. Western hemlock and Sitka spruce were either
planted or have outgrown Douglas-fir affected by Swiss Needle Cast. Red alder and western redcedar
are moderately abundant. These stands are in the cohort establishment or canopy closure stage, and
typically have higher levels of tree species diversity, shrubs and forbs, and patchiness than the 15-30
year age class. They are still structurally simple plantation stands, however, and competitive exclusion
will eliminate much of the diversity and complexity in the next 10-30 years if left alone.
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100+ years 100+ years

Figure 7: SVS images of different age classes of western hemlock, Sitka spruce, western redcedar stand type. Two
100 year + stands are provided to demonstrate differences in old-growth structure.

Douglas-fir types

The two age classes of Douglas-fir, 0-15 and 15-30 years, resulted from planting Douglas-fir after
intensive site prep and control of competing vegetation. The oldest stands are approximately 30 years
old. Establishing Douglas-fir in this region proved to be a challenging task and often failed (Tappeiner
et al. 2002). Except for stands that were pre-commercially thinned to heavily favor Douglas-fir, stands
have significant amounts of other trees species. While the Douglas-fir appears to be growing well in
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most places, Swiss Needle Cast is prevalent and has reduced foliage density in many stands. Except for
the dominance of Douglas-fir, these stands are similar in structure to corresponding age classes in the
western hemlock type as described above.

Red alder types

Red alder stands established in areas where naturally regenerated red alder was not controlled and was
able to outgrow planted or naturally regenerated conifers. While alder is the dominant species, these are
typically mixed stands with significant amounts of conifers in both the overstory and understory
(Figure 8 — SVS alder stand types). In the younger age classes, 0-15 and 15-30 years, density tends to be
high and crown competition between alders and conifers is intense. The older age classes, 30-60 and
60-100 years, are relatively complex with lush, well developed understories, mid-story conifers, and
large spruce, hemlock, or cedar emergents that rise above the alder canopy. Alder snags are becoming
abundant in the older stands. Patches of pure alder do exist within stands, but they are relatively
uncommon. Evidence of browse from deer and elk is quite common in these stands.

30-60 years 60-100 years

Figure 8: SVS images of different age classes within the red alder stand type.

Riparian Forests

Riparian forests are typically the most floristically diverse and structurally complex parts of forested
landscapes in the Pacific Northwest (Pollock 1998). While this is the case in much of the SWBCA,
harvesting and increases in mass wasting events related to forest management have simplified many
riparian stands and shifted species composition towards red alder. Rentmeester’s (2004) assessment of
forests within 160 feet (50 meters) of the fish bearing segments of Ellsworth Creek creates a
foundation for our understanding of this forest type within the SWBCA (Figure 9 — Riparian Forests).

Similar to upland stands, management history plays a significant role in determining age and
composition in riparian forests. The old growth riparian stands in Ellsworth creek tend to be
dominated by 2-4” diameter western hemlock with a significant component of larger Sitka spruce. A
surprising number of spruce stumps are present from the World War I era Spruce Division
(Rentmeester 2004), and corroborate the public land survey data from 1908 showing that that spruce
was abundant along much of the mainstem (Figure 4 — Historical Composition). Sitka spruce also
dominate the old-growth riparian stands along the small creeks on the mainland portion of the Refuge
(USFWS 1999). The large western redcedar that characterize other old-growth stands in the mainland
portions of the SWBCA are relatively rare, possibly due to the productive soils and lower frequency of
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blow down events in the protected valley bottoms, which both favor hemlock dominance. In contrast,
the old growth riparian areas on Long Island have a much high component of western redcedar.

In 25-50 year old riparian forest stands, Rentmeester (2004) found that: “while structural aspects (basal
area, density, and QMD) were not significantly different between stands of the same age, stand
composition was notably different between confined and unconfined reaches”. Riparian forests located
along unconfined stream reaches have wide valleys and tend to be located entirely on floodplain and
terrace landforms. Mixed conifer/hardwood stands are prevalent and tend to have a gradual transition
from red alder dominance in the inner riparian zone to conifer dominance on outer zone and side
slopes. These areas are similar to the red alder stand types described above, although conifer abundance
is often lower and generally consists of understory and midstory western hemlock and Sitka spruce.
Black cottonwood (Populus tricocarpa) is also present in some areas. In narrower, confined channels, a
much sharper transition exists between alder dominance along the stream channel and terraces, and
conifer dominance on the steep side slopes. This sharp transition is very clear in low order, non-fish
bearing streams throughout the Ellsworth Creek basin. Conifer dominance is especially prevalent in
plantation stands 20-40 years old that have been intensively managed. Stands less than 20 years old
typically have narrow buffer strips of older, mixed forest in the inner riparian area that were left due to
the implementation of riparian buffers under the Washington Forest Practice Rules.

Rentmeester (2004) also found typical patterns of plantation stand development in terms of forest
structure. Basal area increased with stand age, and ranged from 107 ft2/acre in 15 year-old stands to
305 ft2/acte in stands more than 200 years old. Quadratic mean diameter also increased from an
average of 5.7 inches in 15 year old stands to 17.3 inches in 200 plus years old areas. Average trees per
acre decreased, and ranged from 283 to 2004 tpa in young transects and from 57-405 tpa in older
stands. Snag abundance decreased with age, with 38 stems/acre at age 25, 32 stems/acte at age 50, and
28 stems/acre at age 200. Mean diameter of snags, however, increased from 6 inches at age 25 to
approximately 16 inches at age 200. Decay class was generally higher in younger stands, reflecting the
process of competition induced mortality early in stand development. In 25 year old age classes, 68%
of snags were conifers. The portion of hardwood snags gradually increased to age 75, where 83% of
snags were hardwoods. In the 200 plus age class, only 10% of snags were hardwood.

In the smaller watersheds outside of the Ellsworth Creek watershed - that drain west and north of Bear
River Ridge on both the Conservancy and Refuge ownerships - studies on stream conditions (Barndt et
al. 2000, Wright W. and Callaghan 2002, Yoshinaka and Stone 2004) and field reconnaissance indicate
that the pattern of hardwood dominance in the inner riparian zone and greater conifer abundance in
the outer zone is generally the same as described above. A notable difference is the presence of big leaf
maple (Acer macrophyllum), which is not found within the Ellsworth Creek Preserve. On Long Island, the
short, low gradient streams tend to be dominated by red alder in managed areas, while the older
unmanaged riparian stands are mostly composed of conifers.
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Figure 9: Riparian forest types along fish bearing channels of Ellsworth Creek (Rentmeester 2004)
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3. Forest Health

The interactions between fungi, insects, animals, and abiotic disturbance agents play critical roles in
shaping forest structure and creating complex, diverse ecosystems (Edmonds et al. 2000). In order to
achieve the given management objectives within the SWBCA, it is essential to understand these agents
and work with them, as opposed to viewing them as threats. While these agents result in significant
losses to timber value in spruce/hemlock forests (Ruth and Hatris 1979), their patterns and influences
do not appear to have been dramatically altered by forest management within the SWBCA in most
cases. Insects and diseases are not likely to dramatically affect forest management over the next few
decades (Hildebrand and Hostetler 2003) although climate change may lead to major shifts in their
dynamics.

Swiss needle cast, caused by the fungus Phacocrytopus gaeumannii, is native to Pacific Coast forests and
while long considered innocuous, it has become a major concern in Douglas-fir plantations within
approximately 18 miles of the coast in Oregon and Washington in the last few decades (Thies and
Goheen 2002). During wet springs when adequate moisture is present, the fungus germinates, infects
needles on Douglas-fir trees, and causes them to yellow and drop prematurely. Although it rarely kills
trees outright, Swiss needle cast can reduce growth rates by up to 35% and make trees more susceptible
to other agents of mortality (Holmberg et. al. 2006). While the causes of the recent increase are not
fully known, the large-scale replacement of spruce-hemlock forests with pure Douglas-fir plantations is
thought to be a chief factor (Thies and Goheen 2002). The 5-30 year old, Douglas-fir dominated stands
on the Conservancy ownership have moderate to high levels of infection that appears more
pronounced on upper ridges and west aspects (IRM 2005). In young plantations with more western
hemlock, infection levels are generally lower and tend to vary more from tree to tree. On the Refuge,
10 infected stands totaling 1,041 acres were identified, with infection levels again highest in Douglas-fir
dominated stands (IRM 2005). While crowns often appear sparse, height and diameter growth on
dominant and co-dominant trees in most stands appears to be within expected ranges of site class. Its
long terms effects are uncertain, however.

Annosus root rot, caused by the fungus Heterobasidion
annosun, is a common pathogen in western hemlock and
Sitka spruce. It produces a dark brown conk and brown-
heart rot that weakens the bole of trees and typically
leads to stem breakage or mortality from bark beetles or
other agents. It spreads through root graft and pervasive
aerial spores that germinate readily on live bare wood,
such as fresh stump surfaces, bole exposure from
logging damage, or top or major branch breakage. It
grows slowly, however, and effects are usually not
noticeable until trees reach at least 120 years old (Thies
and Goheen 2002). Combined with wind, it is probably
the largest cause of tree mortality and snag recruitment
for mature western hemlock in this forest type and a
major limiting factor on the development of large, old
hemlocks and to a lesser extent Sitka Spruce. Thinning
has been shown to significantly increase infection levels
as spores germinate on cut stumps and spread through
root grafts to live trees (Edmonds et al. 2000). This has
not proven to be a serious concern in plantations that
are harvested well before age 120 (Edmonds et. al.
2000). As none of the managed stands on the
Conservancy and Refuge ownerships are over 100 years old, mortality from annosus appears to be

Gap development is often influenced by the
action of forest pathogens.
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confined to the old growth stands and legacy hemlocks in younger stands (Hildebrand & Hostetler
2003). However, it is likely that the fungus is present in many trees and that thinning will increase
infection levels. In stands heavily dominated by hemlock, this poses a challenge to the long-term goal
of developing old growth structure (Thies and Goheen 2002).

Hemlock dwarf mistletoe (Arcenthobium tsugense) is a vascular, parasitic plant that affects western
hemlock, and occasionally Sitka Spruce and Douglas-fir, in this forest type. Mature female plants
forcibly discharge seeds an average of 15 feet, and the sticky seeds adhere to branches and stems of
new hosts. The flowers, fruits, and seeds are a source of food for several invertebrates and bird species,
and birds can spread the seeds. Seeds then germinate and the roots mechanically enter host tissues to
extract water, nutrients, and sugars. Host branches usually respond with swelling and by producing a
“witches broom” that may grow to weigh several hundred pounds in older trees and provide preferred
nesting platforms for marbled murrelets and other species (Thies & Goheen 2002). Young western
hemlock trees that are lightly infected (less than 1/3 of branches infected), and that are free to grow in
the open, can outgrow dwarf mistletoe infection and leave the dwarf mistletoe in the lower crown.
Severe infestations cause growth loss, reduction in wood quality, and an increase in mortality. Damage
is more serious in stands over 100 years of age than in younger stands. Dwarf mistletoe is prevalent in
the old growth stands and on legacy hemlocks in younger stands across the SWBCA. Forty to sixty year
old trees that are adjacent to infected legacy trees are beginning to show signs of infection in many
stands.

Sitka spruce is susceptible to the white pine weevil (previously known as the Sitka spruce weevil Pissodes
strobi). The weevil lays its eggs on the terminal shoot, and larvae then mine the phloem and girdle the
leader, causing it to die and curl. Damaged trees are often overtopped and suppressed by other species.
Surviving spruce may have forked and crooked tops and a bushy appearance. Weevil infection is
highest in warmer, drier areas, while areas immediately adjacent to the coast are low hazard due to cool
climate (Holmberg et al. 2000). Weevil populations and attack rates typically stabilize and begin to
decline as trees reach heights of 30 feet. Incidence of spruce weevil appears to be low within the
SWBCA, although it does contribute to overtopping of spruce by other species in many stands. It
should not be much of a long-term concern, however, as trees will be greater than 30 feet relatively
soon in most stands.

Laminated root rot pockets, caused by the fungus Phellinus weirii, were noted in several stands on the
Conservancy’s ownership during the IRM inventory. Although western hemlock is susceptible, this
fungus is typically rare in spruce-hemlock forests and commonly found in natural and planted Douglas-
fir stands (Thies and Sturrock 1995). It spreads through ectotrophic mycelium in roots and root grafts
and moves outwards from infections centers at a rate of approximately 30cm per year, slowly creating
an expanding pocket of mortality. Spread by spores is thought to be unimportant compared to
vegetative spread, but little is known about how new infection centers get started in stands without
previous history of the fungus (Thies and Sturrock 1995). While its effects are currently small in the
SWBCA, it could become a larger factor in Douglas-fir plantations in the future.

Mature western hemlock stands are susceptible to epidemics of the hemlock looper (Lanbdina
fiscellaria Ingnbrosa), a defoliating caterpillar. Outbreaks typically occur in old hemlock stands, but
recently have occurred in 60 year old second growth (Holmberg et al. 2006). Outbreaks last 3-4 years
and can kill large areas of stands dominated by western hemlock (Edmonds et al. 2002). Other conifers
within these stands are also heavily fed upon and can die as well. Recent anecdotal observations
indicate that stands whose vigor has been enhanced by thinning are relatively resistant to surrounding
epidemics (Holmberg et al. 20006). Pentilla (2002) states, “a section of timber was decimated by a
hemlock looper infestation in 19317, according to Pentilla (2002). Also, it has been reported that a
large scale looper infestation occurred in Northwest Oregon, stretching from Astoria south to the
Tillamook Burn Area. In addition, a conversation with a local resident revealed that vicinity of the
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forested stands on Long Island were sprayed with
DDT around the same time period, to address a
hemlock looper infestation. SWBCA. As mature
hemlock stands in this region have been almost entirely
been converted to younger plantations and are likely to
be managed under short rotations for the foreseeable
future, it is unlikely that major outbreaks will reach the
SWBCA. However, as the hemlock dominated forests
mature, an outbreak is possible and could result in
large-scale mortality. It is also unknown what the
effects of climate change will be on the lifecycle
dynamics of the looper and other invertebrates that
cause treec mortality.

Animal damage to trees from black bears, porcupines,
mountain beavers, beavers, and rubbing from ungulates
appears to be a persistent, but low-level source of tree
wounding and mortality. Bear damage to western
redcedar has been noted throughout the SWBCA. It is
not a concern it terms of affecting the long-term goal
of developing late seral structure, however, unless bear
populations increased significantly from present levels.
The only exception is the significant effect of elk and
deer browse on conifer regeneration, especially in
riparian corridors. Efforts to underplant western redcedar will need to address this fact or risk failure.

Bear damage largely occurs in the spring
when the sap is running and other food
sources are scarce.
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B. FRESHWATER STREAM SYSTEMS

Based on the Washington State DNR hydrography GIS layers the SWBCA contains approximately 46
miles of fish bearing streams and 115 miles of non-fish bearing perennial and seasonal streams. The
streams have been classified according to the Washington State DNR stream classification system
(WADNR WAC 222-16-031) and are shown in Map — SWBCA WADNR Stream Types. Stream types
include fish bearing (F), shoreline (S), non-fish bearing (N), and (U) for unknown. These coastal
streams are all rain fed, have their highest flows during the winter months, and flow regimes that are
highly sensitive to rain storms. Most of these streams have been surveyed and overall stream condition
in terms of salmonid fish habitat and biotic integrity ranges from fair to good (Table 7). However, road
building, forest harvesting, diversion dams, and diking have increased sediment inputs, blocked fish
passage, decreased abundance and recruitment of large woody debris, and exacerbated peak flows due
to the expansion of the stream network.

Ellsworth Creek is by far the largest watershed and
drains approximately 5,000 acres. Rentmeester (2004)
conducted a thorough inventory of large wood debris
(LWD) loading and stream geomorphology. He divided
the watershed into headwater channels that drain less
than 500 acres, and mainstem channels that drain more
than 500acres and have an average slope of less than
3%. Headwater channels matched or exceeded LWD
loading levels found in unmanaged streams in western
Washington (Fox 2001), while mainstem channels were
generally deficient in total volume and especially in
large, key pieces. He attributed this to the fact that
headwater channels receive the majority of their LWD
inputs from debris flows (Bilby R. E. and Bisson
1998a) which have increased due to forest management
(Powell et al. 2003). Mainstem channels, on the other
hand, depend on bank erosion, stand mortality, and
transport from upstream. Harvesting has thus depleted
recruitment rates and piece size. Without the large, key
pieces that form pools and debris jams smaller wood
that is transported from upstream tends to get flushed Ellsworth Creek
out much faster. Increased recruitment of large pieces
in mainstem channels will take many decades, if not centuries, as most inner riparian zones along
mainstem channels are dominated by red alder, which breaks easily and does not persist nearly as long
as large conifer logs (Cederholm et al. 1997).

The Washington Department of Ecology selected Ellsworth Creek as 1 of 10 statewide core reference
sites for their stream biological monitoring program (WA DOE 2004). Using the River Invertebrate
Prediction and Classification System (Plotnikoff and Wiseman 2001), biotic integrity was found to be
very high (Table 7).
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Table 7: Stream conditions for the SWBCA. Streams type classifications are displayed on Map —
SWBCA WADNR Stream Types.

Stream Name | Drainage | B-IBI » LWD Rating Channel Substrate
Area:km? | RIVPAC Complexity® Suitabilityd
b
Ellsworthe 20 1.032 Good: headwater
Poor: Mainstem
Headquarterst | 0.7 42 Adequate: above | Poor: above dam | Moderate
dam Moderate: below
Poor : below dam
dam
Long Island 1.9 40 Adequate Moderate Good
Cedar Grovef
WDFW 2 Adequate Good Good
#0674
WDFW 1.3 Poor Poor Poor
#06758
WDEFW 2.6 Adequate Moderate Moderate
#0067 78
North Creekh 1.9 46 Poor Moderate-good Good —
moderate
Middle Creek? | 2.6 42 Poor Moderate-poor Good -
moderate
South Creekh 2.1 38 Poor Moderate Poor
Lewis 1f 2.5 36 Poor - adequate | Moderate - high | Good
Porterf 1.7 Poor - adequate | Poor Poor
Rickkolaf 3.0 None: above
dam
Notes:
a: River Invertebrate Prediction and Classification System (RIVPACS) score. A score of 1 means that 100% of expected invertebrates were
present (Plotnikoff & Wiseman 2001).
b: Benthic Index of Biotic Integtity (Kerans & Karr 1994). A composite measure of invertebrate community composition. A score of 50 is
the highest score
c: Channel complexity is a general evaluation of the ratio, quality, and quantity of pools, riffles, and off channel habitats.
d: Rating of suitability of substrate for spawning of salmonids.
e. Source: Rentemeester 2004, WA DOE 2004
f. Source: Barndt et. al. 2000
g. Source: Wright & Callaghan 2002
h. Source: Yoshinaka & Stone 2004, Conklin (2003)

A series of much smaller crecks drain the watersheds on the north and west sides of Bear River ridge
and to the west of Bear River (Table 7). They flow directly into Willapa Bay or into Bear River. The
headwaters of some of these creeks are owned by the Conservancy while others are owned and
managed by the Washington Department of Natural Resources or other private landowners for most
of these creeks. Long Island also supports a number of small creeks. Most of these creeks have
adequate levels of overall LWD, although a few are noticeably deficient. Similar to Ellsworth, large
pieces are much less common, and future recruitment is limited by the dominance of red alder along
inner riparian zones as well as the young age of many of the conifers in riparian areas. Macro-
invertebrate communities have been sampled in many of these creeks, and B-IBI scores (Benthic Index
of Biological Integrity; Karr et al 1986) range from fair to good or 32-42 out of 50 (Yoshinaka & Stone
2004, Conklin 2003). Channel complexity, including pool ratios and volume, riffles, and off channel
habitats, are variable between streams, as is substrate suitability for spawning by salmonids. Beaver
ponds were observed in many of these streams as well as log jams that form potential fish barriers.
Human created barriers such as high gradient or disconnected culverts and dams are also present on
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several creeks. In general, stream surveys (see references in Table 7) found that habitat quality for
salmonids varied from poor to good, with most of the streams rated moderate to good. There are also
two small artificial ponds on Long Island, but neither have suitable fish habitat.
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C. FOREST ROADS AND OTHER INFRASTRUCTURE

1. Forest Roads

Assessments of forest road conditions were completed for the Ellsworth Creek Preserve in 2001 (CWC
2001) and the Refuge in 2005 (Stringer 2005) following consistent methods and field protocols. The
Ellsworth Creek inventory describes conditions, at the time, for 72 miles of forest road across 7,900
contiguous acres. Some of this land has since been transferred to the Refuge and additional lands have
been acquired. However, the general conclusions and site specific assessments remain valid regardless
of current ownership. The Refuge inventory describes conditions for 28 miles of forest road across
7,800 noncontiguous acres (Stringer 2005).

Although the road systems for the Refuge and Ellsworth Creek Preserve are often contiguous, they
nonetheless differ in the density of roads present (6.3 mi/mi? on Ellsworth vs. 2.3 mi/mi? on Refuge)
and in the general condition of those roads (poor condition at Ellsworth vs. fair condition at Refuge).
These differences can often be attributed to differing topography and geology, but also to road age, and
previous ownership patterns. Ellsworth Creek Preserve lands are typically steep and deeply dissected
whereas Refuge lands are generally less steep. Roads at Ellsworth Creek were frequently built across
steep landslide prone terrain that is less common on Refuge lands. However, roads on both properties
have not been well maintained in recent years, due to changing ownership and the relative remoteness
of sections of the road system (e.g., Long Island). This has led to a general reduction in the condition
of forest roads throughout the planning area.

A variety of mass wasting hazards exist on road systems across the SWBCA. An analysis of forest
history chronology that maps road building, logging and landslides was conducted and found a strong
correlation between road building and the incidence of landslides (CWC 2003). Fill slope failures have
resulted from overloading of fill slopes with sidecast material, especially on roads cut into steep mid-
slope terrain. This type of road is quite common on Ellsworth Creek though less so on the Refuge;
thus significant failure risks remain. Secondly, stream crossings are susceptible to mass failure when
poorly constructed (i.e., some at Ellsworth Creek that were built without culverts) or poorly
maintained. Risks can increase with age as old galvanized culverts rust through. These conditions have
been exacerbated or triggered by insufficient or poorly designed drainage from the road surface and
ditches.

Running surface erosion caused by pootly designed or maintained road surface drainage has resulted in
degradation of road conditions, particularly in areas where grades are steep and roads are graded flat.
Also, improperly placed cross drain culverts have caused major erosion of the outboard slope in places.

Some roads within the planning area are shared through easement with other neighboring landowners.
These casements may affect the nature and timing of maintenance actions on these roads. Easement
holders have specific access rights and maintenance responsibilities that are described in the legal title
documents for those properties. Similatly, access to some areas can only be gained through
neighboring land and roads (e.g., the new Rodgers addition to the Ellsworth Creek Preserve). A
Bonneville Power Administration (BPA) high voltage power line runs through the Ellsworth Preserve
and portions of the refuge. BPA has broad authority to access the power infrastructure through both
properties by roads that roughly parallel the power corridor.
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2. Rock Pits

Eleven rock pits exist within the Ellsworth Creek Preserve. None are known inside the Refuge. These
rock pits were quarried to build and maintain the existing road system. The pits vary in size and
condition from approximately 2,500 ft to perhaps 25,000 ft?> and from overgrown to open and
functional. Rock quality has been informally assessed at the sites that are strategically located and likely
to produce good quality road rock. Hard crushed rock is also available for purchased from
Weyerhaeuser’s Templin pit which is enclosed by Preserve and Refuge lands. The Refuge will continue
to procure rock materials from commercial sources such as this.

The Conservancy will develop rock from its own pits for use on roads within the Preserve, or where
road easements exist outside the Preserve, to upgrade and maintain the road system with the goal of
reducing road related impacts to aquatic habitat. Development of rock resources will occur following
the guidelines and commitments discussed below in the Management Approach section.

3. Building Infrastructure and Other Resources

A number of structures exist at various locations across the Refuge for administrative and maintenance
purposes. The Refuge headquarters is located along US Hwy 101 across from the south end of Long
Island. Administrative functions for the Willapa refuge complex are located in a remodeled residence
with two neighboring shop buildings, fuel storage and equipment parking. Public parking, interpretive
signage, a pit toilet and a boat ramp are located along the highway at the headquarters. The Refuge
manager quarters are located near the south end of the north Bear River unit. A small shop is located
on the south end of Long Island, near the boat ramp access. The Refuge’s main heavy equipment
storage and maintenance shop is located at the Reikkola unit at the south end of Willapa Bay. Access is
from the west off Sandridge Road.

One structure, a small cabin acquired in 2008 on the Larwick property, exists within the Ellsworth
Creek Preserve. Although it generally removes structures from the lands it acquires, the Conservancy
chose to retain this structure for the potential utility it provides. The Conservancy intends to chiefly
use the cabin as lodging for out of area researchers, volunteers or other work crews directly engaged in
stewardship activities on the Preserve. Occasional small events, meetings or retreats may also occur.

The cabin is constructed almost entirely of Sitka spruce lumber milled from the surrounding property.
It has full kitchen and bathroom facilities, two small bedrooms and a loft. Water is supplied via rain
collection from the metal roof. Sewage is treated in a septic drain field. Power consists of a 12 volt
battery system, recharged by a small solar panel, which supplies a few lights.

The Conservancy recognizes the long term potential for human disturbance this type of development
presents, especially in the context of marbled murrelet recovery. Currently, the cabin is located within
a young forest stand, less than 20 years old. The nearest suitable murrelet nesting habitat is about %4
miles away. Although this is too far to cause concern, the potential for disturbance will increase in the
future as stands near the cabin mature. Therefore, the Conservancy commits to removing the cabin
and reforesting the site in 2038, 30 years from its date of purchase. In the interim, the Conservancy
will conduct necessary repairs to maintain the cabin in usable condition. Should the cabin fall into
disuse or disrepair and become unusable the Conservancy will remove it at that time.
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MANAGEMENT CONSIDERATIONS

Old-growth western red cedar at Teal Slough
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A. DESIRED FUTURE CONDITIONS

On 23 June 2006 a joint workshop between the Conservancy and the Refuge and facilitated by
Stewardship Forestry Alternatives was held to identify the desired future ecological conditions for the
SWBCA. Several themes for desired future conditions emerged from the discussion during the
workshop, some of which are already captured by the goals listed in the introduction to this plan. In
this section we describe the major elements of the desired future conditions for the SWBCA:
ecosystem resistance to environmental perturbation at multiple scales, spatial and temporal
heterogeneity, functional landscape linkages, and provision of habitat for late-successional species and
species of concern.

1. Ecosystem Resistance and Resilience to Perturbation at Multiple

Scales

Ecosystem resistance and resilience to perturbation—disturbances and environmental change—
emerged as a major component of the DFC for the SWBCA landscape. Resistance is the capacity of an
ecosystem to withstand perturbation, while resilience is defined as the degtree to which an ecosystem is
able to return to initial conditions following perturbation (Halpern 1988). We define perturbation here
to include both punctuated events such as windstorms, fires and floods, as well as the protracted
process of large-scale climate change. Perturbations are a critical and unavoidable component of any
ecosystem.

Wind Disturbance

Managed landscapes, such as the SWBCA, have been altered such that the response to typical
perturbations is different from that of unmanaged landscapes. For example, past harvest has created
forest stands with hard edges, decreasing forest ecosystem resistance to wind disturbance (Ruth and
Harris 1979). Across the SWBCA landscape, stands historically contained relatively high densities of
large, old, wind firm western redcedar, indicating the prevalence of a chronic, low severity disturbance
regime and not a high severity, catastrophic regime. Past harvesting, regeneration, and thinning
practices have dramatically reduced both large and young western redcedar in most of the SWBCA
landscape. Dense, even-aged western hemlock and Douglas fir dominated stands are now the dominant
stand type and are much more susceptible to catastrophic blow down (Beese 2001). The high stand
density causes trees to have high height:diameter ratios, with stand stability reaching a minimum in the
mature (sezs# Franklin et al. 2002) stage. During early maturity, where natural single cohort stands are
just beginning to transition into multi-cohort structure and composition, the likelihood of high severity
wind disturbance is greatest (Acker et al. 2000, Greene 1992, Harcombe P.A. et al. 2004, Harcombe
P.A., Harmon, M.E., Greene, S.E. 1990, Harris 1989, Jane 19806, Rebertus et al. 1997, Wimberly and
Spies 2001). A likely outcome for these single cohort western hemlock dominated stands originating
from catastrophic disturbance (timber harvest) is to move into a high-severity wind disturbance regime,
in contrast to the historical low severity wind disturbance regime that maintained the landscape in a
high proportion of old-growth (Iigure 10 — Stand Structure-Mediated Wind Disturbance). High
severity disturbance is undesirable in this scenario because the affected area is returned to the eatly
stages of stand structural development, which is at odds with another DFC for the SWBCA landscape
(see Provision of Habitat for I ate-successional Dependent Species below). Consequently, a major DFC for the
SWBCA landscape is to return the system to a state where wind and other disturbance results in low to
moderate severity tree mortality or breakage and further development of old-growth forest structure,
and away from a state that is susceptible to catastrophic, high severity events that restart forest
development.
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Figure 10: Stand structure-mediated wind disturbance

Fire Disturbance

In light of the old (750+ year old) red cedar still extant upon the landscape, suggest that the stand
replacement fire regime interval for this area is 750 years or more. With the roading and harvesting of
the area over the past 60 years, there are significant fuel breaks across the landscape—such as forest
roads and young plantations. Consequently, the opportunity for a stand replacement level fire on a
landscape level will be remote until the area reaches the desired future condition when the landscape
simulates an old-growth regime.

On the other hand, smaller sized natural fire evens will periodically occur resulting in gaps throughout
the forest. These may be man caused and/or lightning caused events. With the existing road network
and State fire protection infrastructure in the area, these smaller fire events will be kept to relatively
small acreages. These periodic events will be replanted with cedar and spruce to introduce these
species across the landscape.

Insect Disturbance

As detailed earlier, observations of the extant old growth stands reveal that hemlock cohorts appear to
be cycling at a different periodic rate than the cedar. The cedar appears to be cycling at a 750+ year
interval; whereas, the hemlock appears to be cycling at a 200-300 year interval. It appears that the
affect of periodic hemlock looper outbreaks, followed by a break down of the hemlock within the
stand, followed by prolific seeding, followed by periodic wind events shape the uneven aged, species
mosaic within old growth stands. This type of uneven aged natural cycling within these stands will
likely continue across this coastal landscape.

Climate Change
Creating conditions across the SWBCA landscape that will facilitate resistance to climate change also
surfaced as a DFC during the workshop. This objective is particularly difficult, as forecasting climate
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change and the accompanying consequences for the SWBCA landscape is an inexact, uncertain
proposition. A cautious approach to management will be necessary, as attempts to “engineer” the
SWBCA ecosystem in anticipation of climate change could easily result in undesirable (and
dysfunctional) ecosystems. Returning the landscape to a resilient state requires the fewest assumptions,
and likely carries the lowest level of risk of any anticipating-climate-change management action. This
conservative approach will entail maintaining the suite of naturally occurring species. It may be
desirable to manage for a relatively greater proportion of Douglas-fir, a naturally occurring tree species
in the SWBCA landscape, than existed historically. Because Douglas-fir is able to occupy a broad range
of biophysical conditions (McKenzie et al. 2003), maintaining a substantial Douglas-fir component may
provide increased resistance to some climate change scenarios. However, the range of Douglas-fir is
expected to remain stable or contract in the SWBCA landscape (Whitlock Cathy, Sarah L. Shafer and
Jennifer Marlon 2003) suggesting that dramatically increasing Douglas-fir
abundance may be unwarranted.

2. Landscape Composition and Pattern: Spatial and Temporal

Heterogeneity

Ecosystems are dynamic biophysical constructs, changing through time and across space. Natural
disturbance events alter developmental processes and create a mosaic of compositionally and
structurally complex conditions across the landscape (Turner et al. 2001). This disturbance mosaic is
overlaid on the underlying physical template, adding even further heterogeneity to the landscape (e.g.,
Harcombe et al. 2004). With respect to stewardship of the SWBCA landscape it is important to
recognize that the functioning “natural” landscape will almost never be entirely maintained in late-
successional conditions. Late-successional conditions may dominate, and by all indications did
dominate in recent pre-settlement times in the Ellsworth drainage (Powell 2003). Pre-settlement
conditions on Willapa NWR lands are less well known. Based on landscape position—relatively greater
exposure to winter storms—JLong Island probably supported relatively lower levels of old-growth and a
relatively greater proportion of successional stands originating from high severity wind disturbance. In
addition, the large contiguous patches of old-growth forest that characterized historical landscapes had
high within-patch heterogeneity (Franklin J.IFF. and Van Pelt 2004, Spies et al. 2002) described in section
B, 3 different types of old growth forest exist within the SWBCA landscape that have different degrees
of vertical and horizontal complexity. This complexity at multiple spatial scales is thought to be a key
element of supporting biological diversity.

Current landscape pattern and composition is entirely the product of forest management (Powell et al.
2003). The SWBCA landscape is a mosaic of different aged stands, most characterized by a single
cohort age structure (sens# Oliver and Larson 1996) with patches separated by linear, hard edges formed
by clearcutting. Using the 1908 conditions as a reference and knowledge of natural disturbance regimes,
the desired future condition, with respect to landscape composition and pattern, is a state characterized
by a high proportion of structurally complex forest at multiple scales. Over time, much of the
landscape will likely develop into late-successional forest. At the stand scale, a future condition of
multiple types of old-growth with their respective degrees and patterns of complexity is desired. Some
patches of old growth should have a high level of patchiness, understory development, vertical canopy
layering, species diversity, and tree size distribution, while others should be relatively uniform with
more of a single-storied, closed canopy. At the landscape scale, however, disturbance agents will create
patches of younger age classes through time. Thus rather than a DFC of certain proportion of late
successional forest, the landscape level DFC is maintenance of spatial and temporal heterogeneity by
natural disturbance processes, except for fire which will be actively suppressed.
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3. Functional Landscape Linkages

The different ecosystem types (e.g., estuaries, streams and terrestrial uplands) contained in the greater
SWBCA do not exist as independent units with discrete, impermeable boundaries. At the most basic
level, the nature of these cross-system linkages is characterized by the transfer of material and energy
across system boundaries. This transfer can be mediated by both physical and biological agents. For
example, geomorphic events and processes (e.g., landslides, debris flows, hill slope hydrology) deliver
the basic habitat constituents (sediment, woody debris and fine allotochonous organic inputs, and
water) from terrestrial ecosystems into streams (Benda et al. 1998, Benda et al. 2004, Bilby R.E. and
Bisson 1998a, Naiman et al. 2000) Further physical processing within the stream ecosystem, for
example by flood events, transfers these materials (and new materials originating from within the
stream ecosystem) to estuaries, and ultimately, the marine environment.

Biotic agents also transfer materials across ecosystem boundaries. Beavers (Castor canadensis) are a
classic example of a biotic agent mediating entry of terrestrial organic materials into aquatic ecosystems
(Naiman et al. 1998). Beaver activity also influences rates of material processing within the stream
ecosystem (e.g., sediment and water retention behind dams). An important attribute of biotic-mediated
transfer of material across ecosystem boundaries is the potential to move material against
physical/energy gradients. Perhaps the best known example from the Pacific Coastal Ecoregion is the
movement of marine derived nutrients (MDN) from the ocean through estuaries and into streams by
anadramous fish (McClain 1998). The MDN contained in the salmon carcasses can then be further
translocated by a secondary biotic agent (i.e. carnivorous mammals) from the stream ecosystem into
terrestrial habitats, where the MDN are ultimately incorporated into the terrestrial vegetation (Helfield
and Naiman 2006). Both beavers and anadromous fish are present in the SWBCA.

A DFC for the SWBCA is to restore and maintain functional landscape linkages for the movement of
material across ecosystem boundaries, such that the functioning of each component ecosystem is
maintained. Implicit within this objective is the restoration and maintenance of material pools that have
been depleted by past management, such as the distribution of large live trees and woody debris across
the landscape. Also subsumed within this broad desired future condition is constraining the rate of
delivery of materials within the bounds of a “natural” range of variability —e.g., pootly designed,
constructed or maintained road networks alter patterns of delivery of sediment and water from uplands
into streams, inhibiting stream functioning and degrading habitat.

4. Habitat for Late-successional Dependent Species

Late-successional habitats are extremely rare in the low elevation forests of southwestern Washington.
The SWBCA plays a key role in the regional landscape since the Refuge and Preserve host some of the
last old-growth forests in the area, and are some of the only locations where late-successional forests
will be promoted and allowed to develop, assuming the current management regime of private forest
land in southwest Washington does not drastically change. Of particular interest is the marbled
murrelet, a seabird that requires large branches for nesting, typically of sizes found only on old-growth
trees. Silvicultural intervention is thought to be a means to accelerate the development of late
successional forest attributes in previously harvested forests. Long term restoration research at
Ellsworth Creek will explore coastal forest restoration pathways at a landscape scale. These studies will
provide valuable insight into effective strategies to accelerate the development of old-growth structure
to provide habitat for late-successional dependent species. To be clear, the goal is habitat for late-
successional species in general, rather than specific habitat elements, as in many single species
restoration plans (Carey 2003a). It is assumed that returning the SWBCA to a condition where natural,
as opposed to anthropogenic processes, are allowed to operate will result in the development and
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maintenance of late-successional habitats that provide suitable habitat for multiple late successional
dependant species (see Spatial and Temporal Heterogeneity).

5. Desired Future Conditions: Synthesis

The desired future condition for the SWBCA is one characterized by resilient, functioning terrestrial,
aquatic and estuarine ecosystems. This condition necessitates that landscape level linkages be intact,
and that rates and quantities of materials flowing through system linkages are consistent with those that
produce desired functionality. Recognizing that natural disturbance events will stochastically (randomly)
occur, the DFC for SWBCA, in terms of landscape and stand level pattern and content, is also
characterized by a spatially and temporally heterogeneous distribution of patches at various stages of
response to (i.e. time since) disturbance. In contrast to current conditions, the desired future structure
of the landscape will primarily be controlled by natural process, as opposed to human disturbances
such as the recent management regime of timber harvest. It is assumed that the amount of late-
successional forest habitat will increase substantially from the current level as the DFCs are realized.
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B. SCIENTIFIC JUSTIFICATION

1. Scientific Basis for Restoration Silviculture in Spruce-Hemlock Forests

Since the implementation of the Northwest Forest Plan restoration of young, previously harvested
forest to late-successional structure, composition and function—particularly habitat function—has
emerged as a management objective for many public, and increasingly, private forest lands. Large scale
silvicultural experiments, as well as reconstructions of the developmental history of old-growth forests
have been undertaken in an effort to inform silvicultural interventions in young previously harvested
forests designed to accelerate the development of old-growth characteristics (Carey 2003b, Carey et al.
1999¢, Harrington et al. 2005, Hunter 2001, Muir et al. 2002, Poage and Tappeiner 2002, Tappeiner et
al. 1997, Winter et al. 2002a, Winter et al. 2002b, Zenner 2005). These studies have identified
manipulation of forest stand density and species composition as a primary strategy for restoring late-
successional characteristics in previously harvested young stands.

Truncating or completely bypassing the competitive exclusion stage of forest structural development is
the core idea underlying the theoretical basis for restoration of late successional characteristics in
young-managed conifer forests along the Pacific Northwest Coastal Region. With this direction in
restoration, competitive exclusion is abbreviated via stand density management, and typically
accomplished silviculturally with thinning (DeBell et al. 1997) - although planting at low densities
following harvest may also minimize the competitive exclusion stage if natural regeneration is not
abundant. Thinning reduces stand density, thereby increasing the relative amount of resources (light,
water, nutrients) available to the residual stems left following thinning (Oliver and Larson 1996, Smith
D.M. et al. 1997). Decreasing overstory density also increases the amount of resources available to
understory herb and shrub species because the residual trees left following thinning cannot capture all
of the available resources on the site. Understory vegetation in thinned stands has been shown to be
more similar to old-growth than unthinned young stands (Bailey J.D. and Tappeiner 1998, Garman et
al. 2003, Lindh and Muir 2004, Thysell and Catrey 2001). Thinning stimulates establishment and
development of understory shade tolerant conifers (Alaback and Herman 1988, Bailey J.D. and
Tappeiner 1998, Curtis et al. 1998, Harrington et al. 2005, Ruth and Harris 1979). A vertically
continuous understory and midstory shade tolerant canopy is a defining characteristic of old-growth
forests (Franklin J.F. and Van Pelt 2004, Franklin J.F. et al. 2002). Recruitment of shade-tolerant trees
is a rate-limiting factor in the development of old-growth structure (Acker et al. 1998, Keeton and
Franklin 2005). The rate of understory development in natural stands is also related to overstory
composition; understory plant community development proceeds particularly slowly in stands with a
strong dominance of western hemlock in the overstory (Stewart 1988). Therefore, thinning provides a
mechanism to accelerate the rate of development of old-growth canopy structure in young, single
cohort stands, particularly in coastal stands dominated by western hemlock.

Responses of forest biota, in terms of both direction and magnitude, to thinning are variable across
species. Abundance and development of understory vegetation including shade tolerant trees appears
to increase in most cases (Bailey and Tappeiner 1998, Alaback and Herman 1988, Harrington et al.
2005, Ruth 1979, Lindh and Muir 2004, Bailey and Tappeiner 1998, Garman et al. 2003, Curtis et al.
2000, Thysell and Carey 2001). In contrast, thinning tends to adversely affect macrofungi species
richness and biomass, at least in the short-term, and thinned stands tend to have less evenly
proportioned species composition (Colgan et al. 1999, Durall et al. 1999, Fogarty et al. 2001, Nozrvell
and Exeter 2004). . Thinning appears to have little or no effect, however, on lichen diversity (Curtis et
al. 2000, Peterson E.B. 2002, Peterson E.B and McCune 2001). Because lichen diversity and abundance
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are positively related to stand age, development of the lichen communities in forests is thought to be a
dispersal limited process (Curtis et al. 2000, Sillett et al. 2000). Hardwood patches have been identified
as “hot spots” for epiphytic lichen diversity in young-managed western coniferous forests (Neitlich and
McCune 1997), suggesting thinning entries should conserve hardwood tree species if maintenance of
lichen diversity is an objective. Initial results have found little effect of thinning on invertebrate
communities (Schowalter 2003); although additional time since treatment may reveal a treatment effect.
Similar to lichens, hardwood trees are associated with increased diversity of arthropods in young
conifer dominated stands (Muir et al. 2002, Schultz and De Santo 20006), suggesting that thinning
treatments should maintain tree species diversity if arthropod diversity is a management objective.
Thinning dense young conifer stands improved conditions for several bird species and heterogeneous
thinning treatments including substantial unthinned “skip” areas within the thinned matrix appear to
provide the greatest benefit to songbirds (Hagar et al. 2004, Hayes et al. 2003). Thinning effects on
small mammals are quite variable across species, making generalizations difficult (Suzuki and Hayes
2003). Based on habitat associations and thinning effects on vegetation it is thought that thinning could
have positive effects on small mammal populations (Carey 2000, Hayes et al. 1997). However,
conclusive results linking thinning treatments to changes in small mammal populations remain elusive.

Studies of the habitat requirements of the northern spotted owl and its primary prey species (Carey
2000, Hayes et al. 1997) provide insight into the desired future forest structure and composition
conditions and suggest pathways for managing young forests towards these specific late-successional
characteristics. However, views differ about the types and scales of spatial patterning that should be
introduced in restoration thinning treatments—termed variable density thinning (VDT) (Carey and
Johnson 1995, Carey et al. 1992, Carey et al. 1999¢), especially in regards to managing for listed species.
Spatial heterogeneity, a defining characteristic in VDT prescriptions, is conspicuously lacking from
restoration silviculture recommendations designed specifically to maximize marbled murrelet habitat
development in coast redwood stands to identify in greater detail the DFC (in terms of forest structure
and composition) for young forests being managed for late-successional characteristics. Data from
these studies form the basis of arguments about the types and scales of spatial patterning that should be
introduced in restoration thinning treatments—termed variable density thinning (VDT) (Carey 2003b,
Carey et al. 1999a). Silvicultural strategies for developing murrelet habitat are forced to balance the
tension that arises due to two conflicting objectives: 1) promoting the development of nesting habitat
(i.e. large tree and branch size, multi-layered canopies) while 2) minimizing understory plant response
to stand density reductions (which can have the effect of increasing local populations of murrelet nest
predators (Carey et al. 2003)).

Partial harvest for timber production objectives in spruce-hemlock forests of southeast Alaska resulted
in complex stands with old-growth attributes (Deal et al. 2002). Similarly, understory plant communities
in partially cut stands did not differ from understory plant communities in uncut old-growth forests
(Deal and Tappeiner 2002). These results suggest that silvicultural systems can be designed to produce
economic benefit and timber products while simultaneously maintaining stand structural diversity and
old-growth conditions (Deal et al. 2002). With respect to restoration silviculture in spruce-hemlock-
cedar forests, these results provide circumstantial evidence in support of the idea that woody biomass
can be removed during restoration silviculture treatments without compromising the objective of
enhancing the development of old-growth structure. Additionally, biomass removal in thinning is not
expected to adversely affect management objectives related to woody debris because stems removed in
thinning entries will be from small size classes and primarily western hemlock, which decomposes
rapidly (Edmonds et al. 2000, Hennon and Loopstra 1991). Woody debris loads are primarily limited by
piece size, not total amount. Thinning treatments, even with biomass removal, will accelerate the rate
of production of large woody debris by increasing residual tree diameter growth rates. However, the
long term effect of removing biomass eatly on in stand development is one of the key uncertainties in
restoration silviculture and will be examined as part of the experiment being installed within the
Ellsworth Creek Adaptive Management area.

South Willapa Bay Conservation Area Forest Landscape Restoration Plan - Page 47



Results from research and current scientific thinking support the notion that thinning can be used
successfully to direct and accelerate the development of forest vegetation structure and composition
towards old-growth conditions, although results characterizing effects of thinning on some populations
of forest biota are not yet available or able to be generalized. However, to the best of our knowledge
restoration silviculture has not been attempted in coastal spruce-hemlock-cedar forests. One exception
might be the “Fresca” block of the Olympic Habitat Development Study (Harrington et al. 2005)
which is located in a spruce-hemlock stand. Most of the studies cited above share one condition: they
were conducted in Douglas-fir forests. With respect to restoration silviculture, spruce-hemlock-cedar
forests differ from Douglas-fir forests in several critical ways, including different environmental regime,
species composition and relative abundance, and especially the dominant disturbance regime. One of
the central underpinnings of restoration silviculture in Douglas-fir forests is that anthropogenic
suppression of low and moderate severity fire has removed the key intermediate, natural disturbance
agent that reduces stand density and creates spatial complexity (Spies et al. 2002a). Thinning is thus
needed to take the place of fire. Conversely, wind, the primary driver of spatial complexity in Sitka
spruce forests, remains very much part of the system. Thus, the available restoration literature
(primarily studies in Douglas-fir forests) must be transferred to coastal forests with great care, with
restoration prescriptions formulated as working hypotheses.

Applying principles of stand dynamics and disturbance ecology to achieve DFCs

The preponderance of silviculture studies in the Pacific Northwest have been conducted in Douglas-fir
forests and thus don’t necessarily translate directly to spruce-hemlock-cedar forests. However, a
complimentary approach to transferring inferences about restoration is reasonable, if we begin by
understanding where differences occur in spruce-hemlock-cedar stand dynamics and disturbance
ecology principles. Thus, in the remainder of this section we further develop the scientific basis for
restoration silviculture in spruce-hemlock-cedar forests by considering the relevant silviculture and
stand dynamics literature with respect to the DFC’s for the SWBCA.

o Increasing forest stand resistance to wind disturbance: Stands with a relatively high component of western
redcedar tend to be more resistant to wind disturbance (Weetman and Prescott 2001). Historical
upland forests in the Ellsworth Creek watershed appear to be dominated by western redcedar
(Higure 4 — Historical Forest Composition), and current residual old-growth stands on Long Island
are also characterized by large, old western redcedar. As described above, past management has
shifted the current landscape to dense, even-aged western hemlock dominated stands that are
much more susceptible to high severity, catastrophic blow down. In the absence of future
management, structurally complex old-growth spruce-hemlock-cedar forest will take many
centuries to develop. Abundance of western redcedar will slowly increase as it preferentially
survives wind disturbance events, and will have colonization opportunities following wind
disturbance. However, its slower growth early in stand development compared with western
hemlock and Sitka spruce puts it at a major disadvantage in the dense single cohort stands that
currently dominate the SWBCA. Increasing western redcedar dominance in current young stands
via thinning and planting is expected to accelerate the development of large western red cedar,
thereby increasing the resistance of SWBCA forests to wind disturbance, and helping to shift the
landscape back toward a low-severity disturbance regime.

A second strategy to increase forest stand resistance to wind disturbance is by decreasing tree
height-to-diameter ratios via thinning. Evidence from several studies indicate that single cohort
stands become increasingly unstable—less resistant to wind disturbance—as they reach the
maturation stage of forest structural development (Harcombe et al. 2004, Harris 1989, Jane 1980,
Rebertus et al. 1997). Trees growing in dense, maturing stands reduce their crown depth (Oliver
and Larson 1996, Smith et al. 1997). As a result, stems reduce the degree to which they taper and
height-to-diameter ratios increase, ultimately leading to less stable trees. Reducing stand density
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with thinning can decrease height:diameter ratio and increase crown depths, particularly if
implemented eatly in stand development before crowns have been greatly reduced (Ruel 1995,
Wilson and Oliver 2000, Wonn and O'Hara 2001). Sitka-spruce and western hemlock are known to
increase diameter growth and decrease height-to-diameter ratios in response to thinning (de
Montigny and de Jong 1998, Mitchell 2000, Ruth and Harris 1979)

Multi-cohort stands may be more resistant to wind disturbance due to lower height-to-diameter
ratios (Mason 2002, Weetman and Prescott 2001). In addition to being more wind resistant,
multicohort stands will be more resilient to wind disturbance. Because understory and midstory
trees are already established in multicohort stands, overstory canopy gaps created by wind
disturbance are likely to be already filled by understory and midstory trees (Winter et al. 2002b).
Seedlings establish following thinning in coastal spruce-hemlock-cedar stands at high densities
(Alaback and Herman 1988, Harrington et al. 2005, Ruth & Harris 1979), indicating that thinning is
a mechanism to begin to transition stands from a single cohort to multicohort condition. Multi-
cohort, multi-species stands are also typically more resistant to insect and pathogen outbreaks
(Edmonds et al. 2000, Thies and Goheen 2002) and higher in overall biodiversity.

Developing late-successional habitat characteristics: Large individual trees are a defining characteristic of
old-growth forests (Franklin et al. 2002, Acker et al. 1998, Franklin et al. 2005), and are a
prerequisite to large diameter snags and downed logs. Lack of large trees is the primary component
lowering MOGI scores in maturing stands within the SWBCA. Additionally large, complex tree
crowns provide habitat for a range of epiphytes, lichens, other plants, and cavity dependent wildlife
species which is not afforded by structurally simple young tree crowns. Marbled murrelets also use
large diameter branches as nesting platforms (Carey et al. 2003). Ongoing research is drawing
increasing attention to the role of large horizontal structures and reiterated stems as drivers of
crown level habitat complexity and epiphyte community development. Density management
through thinning increases tree diameter growth (Marshall and Curtis 2002, Mitchell 2000, Ruth
and Harris 1979) which then sets the stage for the development of larger trees, snags, and downed
logs. In addition, increasing the growing space of individual trees slows crown recession (Ruth and
Harris 1979, Smith et al. 1997) and enhances the development of large diameter branches (Maguire
et al. 1991). Thinning can also stimulate epicormic branch development, particularly on Douglas-
fir. Manipulations within crowns of individual trees to promote the formation of trunk reiterations
may also be useful for developing murrelet nesting platforms (Berg et al. 1996, Carey et al. 2003).
Given the DFCs and the significant lack of late-successional habitat in the regional landscape,
accelerating the growth rate of trees, and formation of complex branch systems in young
previously harvested stands throughout the SWBCA is desirable.

Enbancing spatial heterogeneity: The spatial uniformity of managed plantations, especially those that
underwent extensive site preparation and pre-commercial thinning, is one of the key factors
limiting biodiversity. Silvicultural treatments can be used to restore and accelerate the development
of heterogeneity at multiple scales and is one of the main objectives of many forest restoration
treatments, particularly VDT (Carey et al. 1999a, Carey et al. 2003). In contrast to VDT, which was
initially developed around the habitat needs of spotted owls, recommendations for treatments
designed to specifically enhance development of marbled murrelet nesting habitat call for more
spatially uniform thinning in order to prevent conditions attractive to murrelet nest predators
(Carey et al. 2003). A landscape approach for the provision of habitat for listed species must use
multiple approaches to provide murrelet nesting habitat and spotted owl habitat simultaneously.
Thus, the type, extent and degree of spatial patterning introduced with thinning treatments should
reflect the current stand conditions, landscape context, and specific management goals for the
particular stand being managed. Some thinning treatments may be relatively uniform, while others
more heterogeneous.
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o Restoring landscape linkages: In many riparian areas dominated by red alder, accelerating the transition
to conifer dominated forests and increasing tree diameter growth will increase the availability of
large wood. In intensively harvested basins such as the Ellsworth Creek watershed, large diameter
woody debris are lacking in streams (Bilby R. E. and Bisson 1998a, Rentmeester 2004). If large
woody debris loads of large diameter pieces are below desired levels, it may be desirable to release
suppressed conifers from overstory red alder competition with thinning (Deal et al. 2004,
Emmingham et al. 2000); particularly in stream reaches where woody debris is delivered primarily
from adjacent riparian stands. Thinning in riparian areas to increase the diameter growth of
conifers should not eliminate overstory hardwoods however. Hardwoods are a source of diversity
of arthropod (Muir et al. 2002, Schultz and De Santo 2000) and lichen species (Neitlich and
McCune 1997) and provide qualitatively different allotochonous organic inputs into aquatic
systems compared to conifers. Planting may also be required if conifer establishment in riparian
stands is seed limited (Beach and Halpern 2001, Emmingham et al. 2000). Thinning dense, conifer
dominated young riparian stands can also lead to faster development and recruitment of large
wood, although in smaller streams, thinning can reduce recruitment of functional, small diameter
logs from competition related mortality (Beechie et al. 2000, Roni et al. 2002). Streams need both
large and small diameter logs and thus a mix of riparian thinning and no cut buffers are generally
recommended in dense, conifer riparian stands (Naiman et al. 2005), P. Bisson pers. comm. 2000).
Thinning to increase the availability of large wood in mass wasting zones is another consideration.
Many of these areas are currently densely stocked with young trees and will be able to deliver large
wood to the stream network for many decades.

In conclusion, decades of ecological and silvicultural research provide a strong scientific basis for forest
restoration in the SWBCA. A treatment regime of density management and manipulating species
composition with planting and thinning—tailored to individual stand conditions—will likely achieve
the objectives of increasing forest stand resistance to wind disturbance, increasing tree diameter growth
rates, restoring functional landscape linkages, and promoting the development of large diameter
branches suitable for marbled murrelet nesting platforms. However, the ability of restoration
silviculture to accelerate the development of old growth forests remains uncertain, particularly given
the tremendous complexity of these forests, climatic variability, the long timeframes involved, and the
lack of precedent in coastal spruce-hemlock-cedar forests. It will be necessary to formulate silvicultural
prescriptions designed to meet the DFCs and associated silvicultural objectives as working hypotheses
to be evaluated within an adaptive management framework.

2. Scientific Basis for Road Removal

The ecological effects of forest roads have been extensively researched in the Pacific Northwest. They
alter hydrology by reducing soil infiltration, converting subsurface flow to surface flow, concentrating
water through road drainage structures, and increasing peak flows (Jones et al. 2000, Luce 2002). They
can result in geomorphic changes, including chronic erosion and elevated sediment delivery into
streams (Gucinski et al. 2000, Megahan and Kidd 1972), extension of channel networks (Wemple et al.
1996), and increased risk and rates of mass wasting (Montgomery 1994, Swanson and Dyrness 1975).
Roads also influence the ecology of terrestrial and aquatic ecosystems through direct habitat
degradation and fragmentation, loss of soil productivity, spread of exotic, non-native species, and
associated human impacts as a result of increased access (Gucinski et al. 2000, Newcombe and
MacDonald 1991). Individual road segments differ greatly in their ecological impact, however, due to
site specific factors such as construction techniques, road grade, hillslope position, climate, basin
hydrology, soil properties, and underlying geology (Gucinski et al. 2000, Switalski et al. 2004).
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Types of Decommissioning

In order to address the negative effects caused by roads and restore natural hydrologic processes, road
decommissioning has become an important management consideration on public and private
forestland in the US and Canada. Many different interpretations of the term “road decommissioning”
are used by different agencies, however. Depending on management objectives, access needs, road
condition, relative risk, and budgets, several techniques or levels of road decommissioning exist. Below
is a summary of the basic approaches and terms defined as they will be used the SWBCA.

o Obliteration: The goal of obliteration is to remove the road and its associated impacts from the
landscape and set the stage for vegetation to re-colonize the site. All culverts are removed and
stream crossings are restored by excavating the fill down to the original land surface, re-contouring
the stream banks, and installing channel stabilization structures, sediment traps, and re-vegetating
where necessary. Compacted road surfaces are ripped, then side cast and other fill material is
moved to partially or fully re-contour to the natural hill-slope. Some combination of slash, woody
debris, and mulch is typically used to cover the re-contoured slope. Seeding or re-planting is often
a final step. Recovering the original topsoil may also aid in re-vegetative success and limit the
spread of non-native species on the site (Walder and Bagley 1998). Ideally, following obliteration,
subsurface water flow is no longer interrupted; peak flows, sedimentation, and mass wasting rates
return to pre-road levels; vegetation recovers; and fragmented habitat is reconnected., This
technique is generally restricted to roads that will be permanently removed from the road network,
as re-opening an obliterated road costs the same as construction of a new road.

o DPutting to Bed: The goal of stabilization, or “putting roads to bed”, is to eliminate or minimize the
hydrological and geological effects of a road, while leaving much of the road prism intact. Culverts
and stream crossings are removed, water bars and cross-road drains are installed, and problem
sidecast (soil cast aside during road construction) or cutslope areas (areas upslope from the road
where soil was removed) are stabilized by removing material and bringing slopes to a stable
gradient. In some instances, inboard ditches are removed and the road is out-sloped to restore
sheet flow. The road bed may be ripped or left intact, and can be covered with slash, woody debris,
or mulch. Putting roads to bed accomplishes three important mitigation goals: it stabilizes unstable
fill and sidecast; it removes ongoing hydrologic hazards, allowing streams to run unimpeded; and
dispersing concentrated water, surface water to the ground (Walder and Bagley 1998). Once put to
bed roads can be left to re-vegetate and fill in through natural processes and subsequently re-
constructed for future management entries if and when they are needed.

o Conversion to Trail- The goal is to reduce the impacts of the road, while converting it to a motorized
or non-motorized trail. High impact stream crossings ate typically removed, unstable fill, side cast,
or cutslopes are treated, and cross-road drains or gentle waterbars are installed to disperse
concentrated water. Lower risk culverts are often left in place and the road is generally not ripped,
although some treatment may be done on the sides of the road to reduce the width. Roads can be
easily re-constructed for future use. Ongoing monitoring and maintenance of these converted
roads are typically necessary to prevent culverts from plugging and erosion and rutting of the trail
surface.

e Road Closure: Roads are closed with gates, berms, or deep ditches (tank traps) to prevent un-
authorized use. The rest of the road is left untreated. In some instances, the first quarter mile or
the immediately visible part of a road is re-contoured and re-vegetated to camouflage the road and
therefore discourage vehicular travel. Road closures, when effective, can help mitigate road impacts
on road-averse species such as bears and elk (Walder and Bagley 1998). Closed roads can be easily
re-opened for future use. If abandoned or not maintained, however, culverts may fail when
plugged by debris or if they are insufficiently sized to convey peak stream discharges and the road
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will continue to alter hydrologic processes, and culverts will continue to act as barriers to fish
passage (Walder and Bagley 1998).

o Road Abandonment: This is the same as road closure except that access is left open. These roads
usually remain drivable until re-vegetation or erosion closes them in.

Effectiveness of Decommissioning

Although research into the effects of road decommissioning is relatively new, results indicate an overall
positive effect. In Redwood National Park, where full obliteration was first introduced, a major storm
in 1997 provided the opportunity to measure the effectiveness of two decades of road removal. Most
treated roads produced very little sediment and 80% of the road reaches had no detectable landslides
following treatment (Madej et al. 2001). In contrast, untreated roads produced four times the level of
sediment delivery as treated roads, mostly in the form of landslides (Bloom 1998, Madej et al. 2001).
Full obliteration has also been shown to greatly reduce landslide occurance in western Washington
(Harr and Nichols 1993), coastal Oregon (Cloyd and Musser 1997), and north-central Idaho (USFS
2003). Results suggest that hillslope position and slope gradient are important factor in determining
treatment success. Although treatments dramatically reduced landslide occurrence and sediment
delivery from upper- and mid-slope roads, steep lower-slope roads continued to have high failure rates
in some landscapes, no matter what treatments were used (Bloom 1998, Madej et al. 2001) .

Madej (2001) examined 207 stream crossings treated between 1980 and 1997 in Redwood National
Park, and found that: “The greater the stream power and the larger the excavation, the more the
channel eroded following treatment. Deeply incised channels that required more fill to be excavated
were more vulnerable to post-treatment erosion than shallow crossings with less road fill because the
reshaped stream banks were steeper and more likely to fail. Erosion following treatment is highly
variable, and many site-specific conditions (such as the presence of bedrock, springs, poorly drained
soils, incomplete excavations, and use of sediment control measures) can influence post-treatment
erosion as well.” In general, both Madej (2001) and Bloom (1998) found that most treated crossings
produced very little sediment and none triggered landslides or debris torrents. Five to 20 years after
culvert removals, Madej et al. (2001) found that pool habitat in excavated streams had only partially
recovered but a riparian zone of young red alder was providing a closed canopy and shade over the
streams.

The effectiveness of road decommissioning at reducing chronic erosion and sediment delivery has also
been examined. A short-term problem with decommissioning occurs following treatment when bare
re-contoured slopes or ripped road surfaces are most susceptible to erosion (Switalski et al. 2004).
While erosion has been shown to increase post-treatment, rates typically decline within one growing
season and eventually mimic natural slope conditions as vegetation returns (Gucinski et al. 2000, Luce
1997, Switalski et al. 2004, USES 2003).The key to reducing chronic erosion is re-vegetation. Adding
soil amendments, including sidecast topsoil, slash, mulches, biosolids (residual materials from
wastewater treatment), and fertilizers to ripped road surfaces or re-contoured slopes has been shown to
effectively increase infiltration and re-vegetation rates (Bergeron 2003, Bradley 1997, Luce 1997,
Switalski et al. 2004). In regions where rapid natural revegetation occurs, such as coastal areas like the
SWBCA, little to no mulching or replanting may be necessary.

Overall, results suggest that while road decommissioning creates short-term disturbances that can
temporarily increase sediment delivery, it can reduce chronic erosion and the risk of landslides over the
long term (Switalski et al. 2004). However, these conclusions are far from settled and site specific
factors have a large influence on results (Luce 2002, Switalski et al. 2004). Also, the larger question of
how effective road decommissioning is at restoring functional landscape linkages of stream and
terrestrial ecosystems is only beginning to be addressed. The experiment being conducted in the
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Ellsworth Creek Adaptive Management Area is expected to provide importation contributions to these
questions.

3. Risks associated with Active vs. Passive Management

While a solid scientific basis for active restoration of the SWBCA exists, there are risks and impacts
that must be weighed and analyzed. Natural processes created existing old growth forests over
hundreds of years, and some authors argue that managed forests are likely to eventually develop into
old growth on their own (Spies et al 2002, Winter 2002a), although climate change is a major wild card.
In addition, thinning and removing wood can have numerous negative impacts that may set landscapes
back ecologically. These may include elevated risk of annosum root rot, soil compaction, loss of
nutrients and organic matter, invasive species, loss of habitat features (snags, tall shrubs, rare plants),
detrimental disturbance to sensitive wildlife, and negative impacts of forest road systems such as
chronic, elevated sediment delivery to aquatic systems and habitat fragmentation. If stands are thinned
heavily, the open canopy can cause excessive understory shrub response or western hemlock
regeneration that can reduce habitat value for some species. Moreover, thinning to promote ecological
objectives is relatively new and more complex than traditional thinning for spacing. There is always risk
of misguided prescriptions and poor implementation that can homogenize or over-thin stands. Current
research indicates that the fine scale spatial patterns of trees left following typical thinning treatments
are different from those of overstory trees in old-growth forests (Larson, unpublished data).
Specifically, thinning can result in residual trees being spaced some minimum distance apart, and this
minimum spacing is greater than that observed for some overstory trees in old-growth forests.
Thinning treatments , therefore, have the potential to eliminate a fine-scale spatial pattern characteristic
of old-growth forests: closely spaced pairs and clumps of overstory trees as well as dense thickets of
midstory trees.

Conversely, there is also a risk in walking away and letting nature runs its course. A number of
researchers contend that plantations will not develop into old growth due to the suppression of
diameter growth and increased windthrow risk from developing at high densities (Andrews et al. 2005,
Poage and Tappeiner 2002, Spies et al. 2002a). Forests within the SWBCA are structurally and
functionally very different from landscapes dominated by old growth forest, both at the stand and
landscape scales. Stands also lack the legacies, species composition, and spatial complexity of a young
forest recovering from a natural blowdown event (Kohm and Franklin 1997, Lindenmeyer and
Franklin 2002). As described above, the whole system is likely to shift from a chronic, low-moderate
severity disturbance regime to a high severity, catastrophic regime if left alone. Population declines in
numerous terrestrial and aquatic species are unlikely to be reversed under such a scenario. Given the
tremendous reduction of old growth habitat in the region, the recovery of these species may depend on
actively restoring functional landscape linkages and encouraging specific structures and habitats.

Windthrow Risk

Stability of trees on wind prone sites is related to individual tree characteristics such as height, species,
diameter, crown size, crown density and root or stem rots as well as site characteristics such as rooting
depth, soil moisture, rooting substrate and topographic exposure and stand density (Edmonds 2002).
In dense competitive exclusion stands, trees tend have high height to diameter ratios with small crowns
and narrow rooting zones resulting in trees that are susceptible to complete blowdown or stem
breakage when they are exposed to strong winds. Western hemlock, with its shallow roots and
structurally weaker stems, is especially susceptible (Holmberg et al. 2006). In these dense stands,
however, the neighboring trees provide shelter and support, thus reducing the potential for windthrow.
Forest management can affect many of the tree and stand characteristics that drive the likelihood of
windthrow. On one hand, thinning can lead to more stable trees with lower height to diameter ratios,
especially if done early in stand development. On the other hand, opening up dense stands with tall,
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windthrow-prone trees can increase windthrow risk. Careful analysis of these two factors is critical in
successful use of silviculture to achieve old growth structure.

A windthrow probability model developed by Scott and Mitchell (2005) for Vancouver Island was built
into LMS to assess the current winthrow potential of stands and potential changes caused by
treatments on the SWBCA. Parameters used by the model are height to diameter ratio, percent live
crown, crown density, rooting substrate, post-thinning density and variable retention fetch, which is a
measure of the level exposure of a tree to winds. These parameters for trees with a DBH of >4” are
used to estimate the probability of windthrow for each tree in a unit after harvest. These probabilities
are averaged for the entire stand for an overall windthrow probability. The current conditions of the
SWBCA have a generally low probability of windthrow (Map — SWBCA Average Windthrow
Probability) because many of the stands are dense providing shelter and support for reduced
probability of windthrow. If not done carefully, active management could alter the current stability and
increase the probability of windthrow within treated stands.

Topographic exposure is an important aspect of windthrow that was not used in this model. Scott and
Mitchell (2005) compared their stand level model with a more complex model that incorporated
topographic position and storm patterns with structural variables. Based on field verification,

they found that the stand level model predicted windthrow risk as well or better than the more
complex model. Nevertheless, topographic position must also be taken into account in evaluating
windthrow risk. As winter storms that affect the SWBCA generally come from the southwest, areas
with a south and western exposure, especially along Bear River Ridge and the west side of Long Island,
would be expected to have a higher potential for windthrow. Ridge tops are also areas of high
exposure to winds and windthrow of trees. Evidence of this is seen in the SWBCA where there are
areas on ridges with a higher proportion of wind-firm western redcedar and less windthrow-prone
western hemlock.

Modeling thinning treatments
To analyze the potential benefits and risks from thinning, the Pacific Northwest Coast variant of the

Forest Vegetation Simulator (FVS) (Donnelley 1997) growth model was used within LMS to model
several basic treatment scenarios on 2 stands within the SWBCA (#17484 and #30027). FVS tends to
grow stands that have a lower height to diameter ratio and lower density than those found in the real
world. Fortunately growth in FVS can be adjusted. For this model FVS was calibrated by setting a
maximum SDI of 800 for all species other than Douglas-fir, which was set to 600, and then reducing
the basal area increment for the stand incrementally as it approaches the maximum SDI value. These
adjustments result in QMD increments that approximate those Curtis and Marshall (1986) found in the
LOGS studies as sites in SW Washington. As FVS is a not a spatially explicit model, it cannot model
horizontal spatial variability. It also does not model natural understory regeneration, but understory
trees can be added in. The simulators utility lies in modeling growth rates, mortality, changes in stand
density, height to diameter ratios, and crown development. In terms of old growth structure, it can thus
predict the development of large trees, snags, downed logs, and shifts in species composition and
diameter distribution. The Modified Old Growth Index (MOGTI) was incorporated into LMS to
measure these output variables. A snag to downed wood algorithm and a decay function that accounts
for differences in decay rates by species and log sizes were both built into the LMS MOGI output. This
approach is similar to other simulation studies that have used growth models to test the effects of
thinning on development of old growth structure (Acker et al. 1998, Andrews et al. 2005, Garman et al.
2003)

The first stand, #17484 is a dense 13 year old plantation, but young enough where tree competition has
not become intense. Three treatment scenarios were run: 1) a no-thin, 2) 2 light thinning entries (I.-L)
in 2010 and 2035 to increase diameter growth while favoring western redcedar and Sitka spruce, and 3)
a heavier initial thinning (H-T) to encourage Douglas-fir growth followed by a second thinning where
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nearly all Douglas-fir are removed. The stands were grown out 50 years. Both the thinning treatments
moved the stand from hemlock dominance to redcedar and Sitka spruce dominance and result in
significantly higher diameter growth than the no-thin. The H-L treatment results in larger number of
big trees (20-40” dbh). The MOGI value is higher in L-L because of a higher number of large snags
(20”+dbh) and more downed wood. The All MOGI values are heavily influenced by the presence of
large volumes of dead wood. Mortality from self-thinning within FVS is known to be excessively high
and thus it is likely that actual snag TPA and CWD volumes will be lower in all scenarios, but especially
in the no-thin. The excessive mortality also reduces diameter growth suppression in dense stands and
number of large trees and snags may be even lower in the no-thin scenario. L-L. may provide the best
trajectory to move the stand to a higher MOGTI as it balances diameter growth with snag and downed
wood generation. However, a large input of dead wood could easily be created by a windthrow event in
the H-L scenario. This dead wood would likely be larger than in the other two scenarios and thus
persist for longer. Both L-L and H-T have a SDI of 333 at year 2055 and may need to be thinned in the
future to maintain tree growth. Finally, windthrow risk was not affected by thinning.

The second stand #30027 is a 76 year old, dense western hemlock stand on Long Island. Its current
MOGT score is low due to a lack of snags over 20 dbh and low downed wood levels. Three treatment
scenarios were also run: 1) no-thin, 2) a single mid-story thin (H) to encourage development of trees
over 40 inches dbh, and 3) 2 lighter thins (L.-L) to remove trees in the 6-20 inches dbh classes to reduce
competition and encourage overall tree growth. Both the thinning options increase MOGI over the no-
thin alternative due to a higher number of trees over 40” dbh. Downed wood is lower in both the
thinning treatments, while large snags remain the same. The relatively small increase in diameter growth
from thinning is due to the stands older age and the fact that competition has reduced crown lengths.
In general, once conifers in this region start slowing down in height growth around age 70, their ability
to build crown and accelerate growth rates in response to thinning decreases (Oliver and Larson 1996,
Tappeiner et al. 2002). Older trees still respond to thinning, however, and growth responses are
generally observed over time (Latham and Tappeiner 2002). The same issues with the FVS as discussed
above are likely reducing the difference in diameter as well. Of the two thinning treatments H has a
slight decrease in windthrow probability over no-thin because average height:diameter ratio improves
as many of the small diameter trees are removed with little change in the amount of exposure to the
overstory trees. In contrast, L-L does increase windthrow potential by further exposing the overstory
trees to wind by reducing the density of the overstory in the second thinning.

The two treatment scenatios are provided as a modeling exercise and do not represent actual
prescriptions that will be implemented. The results of these treatment scenarios are presented in SVS
visualizations in I'igures 11 and 12. The images are caricatures and do not represent the actual location
of trees in the stand. These scenarios do show, however, that opportunities do exist for accelerating the
development of large trees and snags, and shifting species composition, without dramatically affecting
the amount of live and dead biomass on the site. Thinning treatments can also be designed to minimize
a future increase in windthrow probability. Having the windthrow model implemented within LMS
allows assessment of treatments in a gaming context to assess changes in windthrow to guide the
development of prescriptions. More than anything, the scenarios clearly show that thinning eatly in
stand development produces much greater differences in diameter growth over later thinning.
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Current, Age 12 Age 52 No-Thin
No

Thin | L-L H-L
Year 2005 | 2055 | 2055 2055
Age 12 52 52 52
TPA 2,328 | 1,035 126 133
DBHgq 1.1 6.9 18.4 17.8
Avg. Ht 8 54 105 110
SDI 66 574 334 333
Vol/Ac 0| 34,215 | 50,083 | 37,278
Wind Pb 0.00 0.00 0.01 0.01
MOGI 11 43 56 45
10-19.9" 0 123 72 84 . .
50-39.9" 0 11 39 43 Age 52: 2 Light Thins (L-L)
40"+ 0 0 0 0
L Snags 0 2 14 5
CWDVol | 1087 | 5581 4960 3688
DDI 10 42 51 50

DBHgq: Quadratic mean diameter (inches)
Avg Ht: Avg height (feet)

LCR: Live crown ratio

SDI: Stand density index

Vol/Ac: Sctibner bf volume/acte (mbf)
Wind Pb: Windthrow probability

MOGI: Modified old growth index
10-19.97: Trees per acre of trees 10-19.9” dbh
L snags: Snags per acre over 20” dbh
CWD vol: Cubic volume of CWD; ft3/ac
DDI: Diameter diversity index
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Age 52: 1 Heavy, 1 Light Thin (H-L)

Figure 11: Treatment scenarios and results for stand # 17484.
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Year 2005 | 2055 | 2055 | 2055
Age 761 126 126 126
TPA 500 | 428 285 223
DBHq 104 | 1237 | 1346 | 1348
Avg He 6] 66 52 52
SDI 628 | 602 459 440
Vol/Ac | 69.0| 871| 846| 815
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20-39.9" 2] 50 40 46
40"+ 1 2 5 4
L Snags 0 14 13 15
CWDVol | 1003 | 7379 | 6009 | 6586
DDI 65| 65 71 65

DBHgq: Quadratic mean diameter (inches)
Avg Ht: Avg height (feet)

LCR: Live crown ratio

SDI: Stand density index

Vol/Ac: Sctibner bf volume/acte (mbf)

Wind Pb: Windthrow probability

MOGTI: Modified old growth index

10-19.9”: Trees per acre of trees 10-19.9” dbh
L snags: Snags per acre over 20” dbh Age 126: 2 Light Thins (L-L)
CWD vol: Cubic volume of CWD; ft3/ac
DDI: Diameter diversity index

Figure 12: Treatment scenatios and results for stand # 30027
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C. OPERATIONAL CONSTRAINTS

1. Staff Capacity

The Refuge and the Conservancy have limited resources devoted to management and restoration of the
forested landscape. Existing staff resources for the Refuge include a Refuge Manager and Wildlife
Biologist, while the Conservancy’s staff includes a Program Director, and Project Ecologist. Both
managers are responsible for all stewardship, managerial, and administrative issues on their respective
ownerships while the biologist and ecologist lead research and monitoring activities. A Forester and
Forest Technician are also employed by the Conservancy to meet obligations under existing federal
grants for implementing restoration actions across the SWBCA landscape. These two positions are
largely dedicated to scoping and supervising contract work associated with road removal and forest
thinning projects. Additional support for road removal comes from a small staff of heavy equipment
operators at the Refuge who can be assigned to restoration projects as time allows.

2. Financial Resources & Considerations

Financial resources to cover the expenses of restoration come from internal operating funds, public
and private grants, and other private fundraising activities. As of 20006, two federal grants comprise the
majority of all funds used for restoration —a U.S. Fish and Wildlife Service Community Conservation
Initiative (CCI) grant ($750,000) and a grant from the Nestucca Oil Spill Mitigation Fund ($215,000).
The five-year (2005-2009) CCI grant is administered by the Conservancy specifically to remove or
repair 15 miles of forest road and ecologically thin 1,500 acres of young-managed forest across the
SWBCA. Nestucca mitigation funds are administered by the Refuge primarily for road remowval, forest
restoration, and monitoring of marbled murrelet populations on the Refuge. Given the existing staff
capacity, these grant resources are expected to cover the on-the-ground costs of restoration activities
through 2008. It is expected that approximately 3-5 miles of forest road and 500 acres of young-
managed forest can be treated on an annual basis during that time period. Beyond 2008, additional
funds must be raised through some combination of new grant sources, fundraising efforts, or the sale
of timber from restoration thinning to sustain restoration activity within the SWBCA.

While producing revenue is not the primary management objective, the ability of the Conservancy and
Refuge to fund road decommissioning, road maintenance, and forest and stream restoration activities
will be significantly affected by the revenue that can be produced from forest thinning. Even though
the decision of when and how to treat stands will be driven by ecological criteria, the costs and
potential revenues from alternative treatments must be factored in as they will determine what is
economically feasible. The following assumptions and considerations will be used to assist managers in
being as efficient as possible while allowing for the generation of revenues within the boundaries of the
overall ecological objectives.

Management Costs

The costs of management activities will always be highly dependant upon regional rates within the
forest industry in southwest Washington and northwest Oregon (Table 8). Fortunately, this region has
a high likelihood of maintaining its forest management infrastructure over time and so costs should
stay relatively low compared to other geographic areas. Ranges for average costs for different activities
were researched relative to the local area. These numbers are only contractor costs and do not include
administration costs. They also will change over time.
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Table 8: Average range of contractor costs for management activities in 2006 in southwest Washington -

administration costs are not included. Costs are expected to change constantly over time.

Management Activity

Contract cost range

Ground based thinning (less than 35% slopes)
Cable thinning (uphill) (greater than 35% slopes)
Cable thinning (downhill)

Helicopter Yarding

$125-175/ mbf (1000 board feet)
$200-250/ mbf
$300-350/ mbf
$350-450/ mbf

Hauling

$30-65/ mbf

Pre-commercial thinning

Falling and leaving selected trees. (MDL treatments)
Vegetation Control (Manual slashing)

Vegetation Control (Spot spraying)

Planting & Browse Control

$100-150/ acre
$40-50/ hour

$0.50 per seedling
$0.40 per seedling
$150/acre (100 tpa)

Road Obliteration
Putting roads to bed

$15,000-100,000/ mile
$5,000-50,000/ mile

Reducing harvest costs is dependent on a number of factors.

e Projects must be large enough to absorb a contractors mobilization costs (moving equipment
in and out) and keep the equipment and crews busy for as long as possible.

e Projects should aim to be at least 50 acres in size for any single type of yarding, and over 100
acres for combined operations (e.g., cable/ ground).

e Several stands may make up one project, but stands should be as close together as possible.

e Thinning should be combined with road decommissioning in one contract to increase project
size and get better bids as many logging contractors have excavators and bulldozers and are
happy to have more work for their machines.

Another major factor in reducing yarding costs for forest thinning is production rates (Kellog et al.
2002). As logging contractors base their bids on the estimated number of truck loads they can produce
per day, average yarding distances, volumes removed per acre, and log size will largely determine
yarding costs. For ground base yarding, average yarding distances should be no more than 600 feet with
a maximum yarding distance of 1,200-1,500 feet, depending on whether yarding is uphill or downhill.
Distances can be longer, but it is general ecologically less damaging and economically advantageous to
build temporary spur roads to avoid longer distances. For uphill cable yarding, 1,000-1,200 feet average
distance is ideal with a maximum of 1,600-1,800 feet. Downbhill cable yarding is much slower and
damaging, and distances should be no more than 500 feet. For helicopter yarding, average distance
should be no more than 1 mile, and ideally 0.5 miles. In terms of log size, the larger the logs that will be
removed, the higher production rates will be. As the planned thinning in the Refuge and Conservancy
ownerships will involve thinning primarily small trees (7-14 inches dbh), production rates will be slower
and costs higher. Finally, production rates are highly dependent on the volumes per acre removed. In
general, removing less than 10 mbf (thousand board feet) per acre of small diameter, low value logs
with cable yarding is not economically viable. This level can be lower if higher value species such as red
alder are removed or ground based yarding is being used. Overall, it is unlikely that it will be
economically desirable to remove wood in stands younger than 25 years of age, or in stands with total
volumes less than 20 mbf/acre. However, there are no magic numbers in terms of age, standing
volume, or tree size for when wood should be removed during a thin. Site specific conditions,
prescription objectives, contractor rates, log prices, thinning history, and many other factors play into
these stand by stand decisions.
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Due to the relatively low economic value of western hemlock (which will be the primary species
removed within the SWBCA), the removal of small diameter trees, and the amount of steep ground
that will require cable yarding, it will be a challenge to ensure that thinning projects are economically
viable. To address this reality, managers should creatively factor in logging system requirements into
prescriptions and work constructively with contractors. For example, heavier thin areas and gaps can be
placed in areas that are closer to landings and easy to yard from, while lightly thinned areas and skips
can be left to the logging contractor to place in areas that are difficult to yard from. If done with care,
this approach can reduce costs without sacrificing any of the desired ecological objectives.

Costs for pre-commercial thinning (young drop-and-leave), planting, and vegetation control are also
driven by production rates. Dense stands with larger trees will be more expensive to pre-commercial
thin. Also, complex prescriptions that are hard to understand and implement will increase costs. Yet,
with creativity and through trial and error, prescriptions that achieve the desired ecological objectives
can be made simple enough for most contractors to implement at competitive rates. SWBCA managers
have already begun to work closely with contractors to make this happen. Costs for road
decommissioning are determined by the level of re-contouring desired, topographic position, grade,
road width, the amount of fill or side cast material to be removed, the number of culverts and stream
crossings, and how the final surfaces will be treated (mulched, covered with slash, seeded, etc). In
general, managers must weigh the ecological gains of full vs. partial contouring against the
exponentially higher cost of full re-contouring.

Revenues

Gross revenues from thinning projects will depend on the prices of the species and log sizes that are
removed. The primary species to be harvested will be western hemlock, Douglas-fir, and red alder, in
that order. Small diameter Sitka spruce and western redcedar may occasionally be removed from stands
dominated by those species. Log prices from local mills as of October, 2006 are provided in Table 9,
for the three primary species. Although log prices will fluctuate significantly through time, it is likely
that the relative order of value for different species will remain the same over the next 10-15 years.
Markets for FSC certified logs or logs with unique qualities should be periodically explored as higher
prices may be found.

The basic log sizes, or “sorts” currently used by mills are based on inside bark, top diameters, but
typical dbh values are also presented using a log length of 30 feet (Table 9). These sorts are likely to
change through time as markets and mill technologies evolve. Minimum top diameters are currently 4.5
or 5 inches, which translates into a minimum 7 inches dbh tree. Logs with a top diameter smaller than
4.5 inches may be removed and sold as pulp, but pulp prices are currently too low to make this
economical.

Table 9: Average log prices in southwest Washington for Oct 2006. Prices ate per thousand board feet (mbf).
Tonnage prices for chip and saw logs were converted using 6.9 tons/mbf for Douglas-fir and 7 tons/mbf for
western hemlock. Source (Log lines, Oct 2006)

Sort Western Hemlock Douglas-fir Red Alder
Chip & Saw (#4 saw) $315 $445 $625
5-7” top (7-12” dbh)
Small Sawlogs (#3 saw) $410 $500 $730
87-11” top (12-15” dbh)
Large Sawlogs (#1-2 saw) $440 $575 $830
12”4+ top (15-22” dbh)
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3. Applicable forest practice Iaws and policies

The Refuge and the Conservancy must comply with similar but somewhat different set of state and
federal laws and regulations when conducting forest management activities. The Conservancy, as a
private forest owner, must comply with Washington State Forest Practice Act (FPA) and water quality
laws. This requires the Conservancy to apply for permits under FPA regulations for forest
management actions that may affect the resources of the state. The Refuge, as a federal agency, is not
required to obtain state permits for similar work (the Refuge nonetheless strives to conduct work at or
above these standards). The Refuge is required, however, through the National Environmental Policy
Act (NEPA), to conduct a review of significant management actions. NEPA also requires the
Conservancy to consult with federal natural resource management agencies prior to using federal
dollars to conduct management actions.

Riparian Areas, Shorelines, and Wetlands

Based on the current FPA, the approximately 45 miles of fish bearing (type I) streams within the
SWBCA are required to have a 170 foot buffer for site class 2 areas and a 140 foot buffer for site class
3 areas on both sides of the stream. Shorelines have the same buffer requirements. Partial harvesting
can take place outside of an inner, 50 foot no cut buffer. Non-fish bearing, perennial streams (type N)
are required to have a 50 foot no cut buffer on each side, on half of the entire stream length. Harvest
machinery is not allowed in forested wetlands, but trees may be removed via skyline or ground based
cable yarding.

Topography and Unstable Landforms

As described previously, the steep terrain, heavy precipitation, and susceptible bedrock types make soils
in the SWBCA prone to mass wasting events. The Map — Ellsworth Creek Unstable LLandforms
displays the watershed contains a large number of convergent headwalls, bed rock hollows, inner
gorges, and unstable sections of former deep-seated landslides (Map — SWBCA Slope Stability Hazard).
These features will need to be carefully identified on the ground when managers plan forest thinning
and road removal projects. In order to remove wood from these areas, FPA rules require a Class 4
Special permit. This involves obtaining a geotechnical design and report that describes how the risk of
mass wasting and damage to streams, shorelines, and public safety will not be increased.

State and Federal Listed species

The Conservancy and Refuge must follow all applicable laws and regulations pertaining to active
management which could impact endangered species. As stated above, a particular emphasis will be
placed on avoiding disturbance to listed species. All forest management activities will be aimed at
increasing suitable habitat over time.

The principal operational constraints on forest management activities pertaining to listed species occur
in relation to marbled murrelets and, to a lesser degree, spotted owls. Both species have specific
protection measures codified within FPA regulations. These regulations are largely intended to control
the level of impact from industrial scale forest practices, such as clearcut harvesting, where listed
species are present. Since forest restoration is the primary goal within the SWBCA, alternative
practices may be appropriate. The Conservancy will consult with the appropriate State and Federal
regulators prior to implementing alternative practices.

4. Access, road network, and logging systems

The extensive road network in the SWBCA provides sufficient and often redundant access for wood
removal for almost every part of the landscape. Recent and planned road obliteration has and will
remove access to some areas, although a significant number of road segments can be removed from
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the system without reducing the number of acres that can be accessed. Maintaining roads on the steep
terrain of Bear River Ridge will require significant time and resources. Fully putting road segments in
steep terrain to bed between treatments is possible in most cases, but may not be much more
economically advantageous than obliteration. The roads on gentle topography to the west and south of
Bear River Ridge and on Long Island, however, will be much easier to put to bed between treatments.

On terrain with slopes below 35%, ground based yarding is possible in most cases (Kellog et al. 2002)
whereas on steeper ground cable yarding will be necessary. Forwarders can operate on slopes as high as
45%o, but they can only move downhill when loaded and must have a gentler path to get to the top of
the slope. In stands that are mostly below 35% slope, but have occasional steeper pitches, ground
based machinery can pull logs in with a winch when necessary. Landings appear sufficiently close
together, in most stands throughout the SWBCA, to avoid the need for temporary spur roads. As the
road system is mainly on ridgetops, most stands are well positioned for uphill cable yarding with
maximum yarding distances of around 1,200-1.800 feet. Yarding corridors for cable thinning are
typically 100-150 feet apart and are 6-12 feet wide. Several contractors in the region have small, light,
and mobile yarders that are well designed for thinning small diameter trees and have experience
implementing ecologically oriented prescriptions.

5. Community & stakeholder context and desires

Various people, communities and organizations have interest in the Refuge for a variety of reasons and
purposes, and must be considered in making management decisions. Local individuals and tourists
have common interests in the Refuge as a place that provides hiking, boating, hunting, camping,
wildlife viewing, bird watching and interpretation of the natural world. The Refuge is also valued for
its role in protecting and enhancing wildlife and natural habitats, apart from these recreational
offerings. Local communities use the Refuge as a place to conduct educational field trips. The Refuge
is also valued for the aesthetic beauty it imparts to the area and the effect that has on quality of life for
residents and for the draw it imparts on tourists.

Local individuals have mixed feelings about the Ellsworth Creek Preserve’s value considering its recent
history as commercial timberland and the importance of logging jobs and revenue to the local
economy. However continuing uses such as hiking and hunting mean that the land is valued for similar
purposes under the Conservancy’s ownership. Camping is not permitted on the Preserve, and nature
interpretation is not currently presented in any regulatly organized fashion. The limited drive-in access
is valued because most private forestland roads in the area are gated.
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RESTORATION PROGRAM AND SCHEDULE

Excavator recontouring at a stream crossing road removal site
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A. MANAGEMENT APPROACH

1. Silvicultural System

A silvicultural system is a progression of treatments during the life of a stand designed to achieve the
desired stand level structural objectives (Smith D.M. et al. 1997). The set of treatments is heavily
influenced by the ecosystem characteristics, landowner goals, and management constraints of a
particular ownership. The system outlined here for the SWBCA reflects the over-aching goal of
restoring resilient old-growth forests and habitat for threatened species, the desire to generate revenue
to help defray the costs of landscape restoration, and the ecological dynamics of spruce-cedar-hemlock
forests. The system combines silvicultural treatments with natural stand development processes and
disturbance agents to shift stands onto development trajectories that meet the DFCs (Iigure 13 —
Conceptual Harvest Systems). A key principal of the system is to restore the species diversity, spatial
complexity, and decadence that exist in natural young stands recovering from disturbance but are not
present due to past management. A second key principle is to accelerate the development of large trees,
future large snag and CWD recruitment, and vertical canopy layering. A third principal is that while
natural processes serve as an important guide, actively manipulating developmental processes to
achieve the DFCs may move stands through an unnatural pathway for a period of time.

Response to Disturbances and Forest Health Issues

Unlike traditional silvicultural systems, the system for the SWBCA does not view natural disturbances
and forest health issues as factors that must be controlled and stopped to reduce losses to timber value.
Instead, disturbances are viewed as key architects of the complexity inherent in old growth forest
(Franklin et al. 2002). Dwart mistletoe, for example, plays a key role in developing murrelet nesting
platforms in western hemlock and will generally be promoted in treatments. Wind and annosum root
rot act together as major drivers of overstory mortality, decadence creation, and horizontal
diversification. Salvage operations to remove wood in blow down patches will not likely occur, as
downed logs are a key habitat feature and substrate for tree species colonization. Animal damage often
creates decadence in trees that lead to cavity formation in live trees. Decadence in live or dead trees
provides critical nesting, hiding, and foraging habitat for suites of wildlife, fungal, and insect species.

While most disturbances are “natural”, they may or may not push the stand towards the DFC’s. Thus,
when disturbances threaten to move stands away from key structural goals, they will be managed or
contained as much as is practical. Fire, while a historic disturbance agent, will be actively suppressed,
given the small amount of old growth forest left with the regional landscape. Too much annosum root
rot can lead to early mortality of the overstory and preclude the development of large diameter trees. It
will not be encouraged and stumps will be cut at least 12 inches high to avoid spread. Planted seedlings
will be protected from browse to improve their chance of survival. Salvage may occur in cases of severe
blow down where subsequent outbreaks of Douglas-fir beetle (Dendroctonus psendotsuage) or other beetles
threaten remaining stands. Most importantly, stands will be managed to promote species and structural
diversity that will act as a buffer against epidemic outbreaks of hemlock looper, spread of Swiss Needle
cast, or catastrophic blow down (Edmonds et al. 2000, Thies and Goheen 2002).
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New Terminology:

In an effort to distinguish ecologically oriented silvicultural systems from traditional wood production
forestry, other ownerships and authors have coined many new terms such as “Thinning for diversity”
(Hunter 2001), “Ecological thinning”, “Restoration thinning” (Erckmamn and others 2000), “New
forestry” (Holmberg et al. 2000), and “Biodiversity pathways” (Carey et al. 1999b). These terms are often
vague descriptions of approaches that involve a mix of truly new restoration techniques and traditional
silvicultural tools applied to non-traditional objectives. They have generated confusion among stakeholders
and the forestry community and skepticism among some older foresters. To avoid confusion, terms from
traditional silviculture are used in this plan where possible. However, the silvicultural system defined here is
fundamentally different from traditional even or uneven-aged systems where the primary reason to grow
and harvest trees is wood production and revenue generation. In this system, the primary reason to cut,
remove or plant trees is to achieve ecological objectives. In many cases, the felled trees will be left on the
ground. In other cases, the wood will be removed to generate income for other restoration when it can be
done without compromising long term ecological objectives. Thus new terms were created for this system
to where it is necessary to capture this fundamental difference and also to use terms that more precisely
reflect their meaning.

Treatments

The silvicultural system consists of 4 different treatment categories that are described below, each
containing multiple treatment types (Table 10). Treatments will be done at various stages of stand
development with an end goal of an old growth dominated, self-sustaining forest ecosystem that is not
dependent on perpetual management intervention. Unlike even-aged or uneven-aged silvicultural systems, it
does not have a regeneration harvest component.

Table 10: Categories and treatment types for the Conservancy/NWR

Category Treatment Type Acronym
Drop and Leave 1. Young: Variable Density Thin YDL
2. Mature: Individual Tree Selection MDL
Biomass Removal 1. Variable Density Thin BR
2. Individual Tree Selection
3. Group Selection
Understory Management 1. Planting
2. Shrub Control (around seedlings)
3. Browse Protection (seedlings)
4. Understory, Variable Density Thin uT
5. Invasive Species Control
Decadence Acceleration 1. Snag or Wildlife Tree Creation DA
2. Course Wood Creation
3. Fungal/Mistletoe Inoculation

a. Drop and Leave

This category applies to all treatments where trees are felled and left on the ground to decompose. Such
treatments will be used in both young and older stands when it is not ecologically appropriate and/or
economically viable to remove wood from a stand. In dense, young stands (typically 12-25 years old)
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with small diameter trees that are not merchantable, young drop and leave treatments (YDL) will be
used. While these are similar in many respects to “pre-commercial thinning” (PCT) and PCT crews will
be contracted to get the work done, they will not be designed to set stands up for commercial harvest,
and thus a different name is warranted. Instead of thinning for spacing as in traditional PCT treatments,
“variable density thinning” (VDT) (Public Forestry Foundation 2001) will be used. Variable density
thinning is similar to traditional thinning in that it secks to reduce stand density to increase diameter
growth and crown development on residual trees throughout a stand. It differs, however, in that it also
seeks to create varying densities in a stand to promote horizontal patchiness, species diversity, and
multiple canopy layers (Carey 2003b, Lindenmeyer and Franklin 2002). This patchiness is achieved in
prescriptions by a combination of favoring certain tree species; varying spacing targets; leaving pairs or
clumps of dominant trees, and by adding in “skips” or no thin areas, and heavy thin areas, or gaps.

In older stands, drop and leave treatments will be generally be targeted at fostering specific, individual
tree attributes in certain parts of a stand, and not involve treating entire stands to achieve a specific
density reduction goal. Examples include increasing habitat suitability near large trees with murrelet
nesting platforms, releasing understory conifers in red alder dominated stands, accelerating diameter
growth of a selected number of dominant conifers on unstable slopes or riparian areas for future LWD
recruitment, and creating small gaps where conifers can be planted. The best term for this approach is
“Individual Tree Selection” (Smith D.M. et al. 1997), which is used in uneven-age management systems
to target individual trees or small groups of trees for release or removal. This approach has also been
called “Individual Tree Culturing” or “Crop Tree Management” — here we use the term mature
individual tree selection or just mature drop-and-leave (MDL). In some cases, girdling may be used to
kill trees instead of falling them. This is cheaper and usually effective as girdled western hemlock trees
tend to fall over quickly (Hennon and Loopstra 1991).

Biomass Removal

This category applies to treatments where felled trees can be removed from stands without
compromising long term ecological objectives. Treatment types used will generally be variable density
thinning, individual tree selection, or a combination of the two. Group selection may also be used to
transition some mature red alder stands to conifer dominated stands by creating larger gaps or patch
cuts, or to treat extremely dense conifer stands that will not respond well to thinning and are likely to
experience significant windthrow. Generally, biomass removal (BR) treatments will occur in 30-80 year
old stands were net positive revenue generation is possible, or at least where projects are revenue
neutral. While biomass removal treatments are similar to “commercial thinning”, they are not
“commercial” in that they are not designed to be intermediate treatments that set stands up for a final
regeneration harvest where revenue generation is a major goal. Instead, they are designed to accelerate
or reduce specific stand development processes to create complexity and develop old growth structure.
What distinguishes them ecologically from drop and leave treatments is that the logs or “biomass”
created from felling targeted trees will be removed from the system. Hence, the term “Biomass
Removal”. Where necessary or more appropriate, areas of drop and leave treatments may be embedded
within an overall biomass removal treatment for a specific stand (i.e. shoreline buffers, unstable slopes,
etc).

Understory Management

While natural regeneration will be relied on as the main source of understory colonization in stand
development, trees may be planted in some circumstances at various stages of stand development. To
accelerate the development of a large western redcedar component, it may be planted in stands where it
is pootly represented and few overstory trees exist to provide seed source. In stands heavily dominated
by red alder, a mix of conifers may be planted in gaps to prevent shrubs from dominating the site and
making natural regeneration very difficult (Tappeiner et al. 2002). In general, planted seedlings, along
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with some natural seedlings of desired species, will be protected from the heavy browse and intense
shrub competition that exist in this area until they are “free to grow”. Without such follow-up
management, survival and growth of planted seedlings is typically poor (Emmingham et al. 2000). Non-
native species will also be controlled as needed, especially highly invasive species that can overwhelm
native plant communities. Manual and chemical means will be used.

In older stands where the understory tree layer is uniformly dense throughout a stand and is shading
out other understory plants, variable density thinning of the understory layer (UM) may be used to
create patchy understory and midstory canopy layers. This may be necessary in stands where dense
western hemlock regeneration results from heavy overstory thinning or has already occurred in small
fragments of mature or old growth forests adjacent to clearcuts. While this type of thinning is similar to
young drop and leave treatments, it is specific to managing the understory. In general, understory
management will typically be done in conjunction with overstory treatments, but may occur on its own
in certain cases.

d. Decadence Acceleration

Downed logs, snags, or wildlife trees (e.g., live trees with broken tops, cavities, large branch platforms,
or other decadence) may be created in stands deficient in these critical habitat structures. Inoculation of
trees with specific fungi or mistletoe may also be pursued where deemed necessary. These treatments
may be done in conjunction with other treatments, but may also occur on their own.

2. Determining and Prioritizing Forest Treatments

Landscape Scale Management Designations

The first step in determining which parts of the Conservancy and Refuge ownerships should be treated,
and which treatment method was appropriate, was done at the landscape scale. Areas of high value to
landscape processes, areas high in biodiversity, or other unique or sensitive areas were first identified and
the appropriate type of management determined. The experimental treatment (control, road removal, or
thin) designations for each basin within the Ellsworth Creek Adaptive Management area was then
incorporated. Next, the remaining portions of the landscape were analyzed to determine what categories of
treatments were appropriate, given stand conditions and landscape scale considerations (Figure 14 —
Decision Model).

As both ownerships had been previously partitioned into defined stands based on past timber management,
the final step was to place each stand into a specific management designation based on the above analysis
(Map — SWBCA Management Designations). In most cases, designations were clearly prescribed by the
management objectives, legal requirements, or practical considerations such as road access or social factors.
As new knowledge is gained, forest conditions change, and roads are removed through time changes in
designations may occur and boundaries are expected to shift. The designations are described below:

o Reserves. These include the existing blocks of old growth larger than 5 acres and the Research
Natural Areas. The only management intervention that may take place is fire suppression and
removal of invasive non-native species. The area in this category is 965 acres.

o Control Areas: These are areas where silvicultural treatments will not take place, for at least the next
10 years, in order to have an experimental control to evaluate the effects of restoration silviculture
in other parts of the landscape. They also provide for landscape heterogeneity by ensuring that a
portion of young stands remains in an untreated condition. They include the no-thin and road
removal basins within the Ellsworth Creek Adaptive Management area, as well as a control area on
the north end of Long Island. The total area in this category is 2,418 acres.

o Limited Management Areas: These are areas where biomass removal treatments are rarely appropriate
given regulatory requirements or organizational management constraints. Other silvicultural
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treatments such as drop and leave, decadence acceleration, or understory management treatments
may be more appropriate to achieve ecological objectives. Limited management areas include
shoreline, wetland, and stream buffers; 300 ft. murrelet buffers around existing old growth stands
and occupied habitat; unstable landforms; and a visual buffer around the Refuge headquarters
complex. The approximate area in this category is 3,961 acres, although this number is likely to rise
as additional unstable slopes or other sensitive areas may be identified and reclassified in the
future.

Unreserved Management Areas: This is the remaining part of the landscape where restoration
silviculture may be fully applied. The types of treatment used in specific areas will be driven by the
process outlined in the decision model (Figure 14— Decision Model). In areas where wood can be
economically removed without compromising long term ecological objectives, biomass removal
treatments will be done. In other areas, young or mature drop and leave, decadence acceleration, or
understory management treatments may be done as needed to achieve ecological objectives. Areas
that are not appropriate, or are not expected to benefit from active management, will not be
entered (i.e., estuarine forested wetlands, no cut “skips” embedded within other treatments, etc).
The total area in this category is 6,828 acres. However, as additional unstable slopes and other
sensitive areas may be designated, the total acreage in this category is likely to decrease.
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Figure 14: Decision Model for designating treatments on the Ellsworth Creek Preserve and Willapa
National Wildlife Refuge.
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Prioritization Framework for Scheduling Treatments

Prioritization is rarely a linear, formulaic process. Instead, it involves considering and balancing a number
of overlapping, conflicting, or interconnected factors that operate on multiple scales. In order to prioritize
treatments for this plan within the given management designations, the following set of considerations were
used. The framework provides guidelines for future planning and scheduling efforts and is summarized in

Table 11.

Table 11: Prioritization framework for scheduling treatments

Factors Components
Contribution to Major ¢ Expand and connect blocks of late-seral forest
Landscape Goals o Stream Network Function (LWD & sediment)

¢ Murrelet Habitat
¢ Landscape Windthrow Dynamics (restoring landscape level
disturbance resiliency)

Coordinating treatments ¢ Grouping stands for treatment within a road system
with road system needs o DPutting road systems “to bed” after area is treated
o Treating stands were road removal is a high priority
Stand Level Structural e Stand density
Conditions o Windthrow susceptibility: Topographic position and HDR

¢ Response to thinning: Live crown ratio & diameter growth
» Thinning window: projected loss of crown & stability
e Species loss: competitive Exclusion of WRC

Economic Factors « Markets, harvest costs, revenue potential
¢ Revenue potential now vs. later weigh against structural tradeoffs

Management Needs: ¢ Experimental design needs
o Regular and manageable work flow
s Stable revenue stream

The contribution of individual stands to landscape processes and the timeline in which they can provide
key functions were the first considerations that were evaluated. Stands that could expand marbled murrelet
nesting habitat, increase availability of large woody debris to the stream network, or enlarge and connect
existing blocks of old growth habitat in the short to medium term (5-50 years) were given high priority.
Examples include mature drop and leave or biomass removal treatments in 60-80 year old stands to
promote trees with large branch platforms, or mature drop and leave treatments in riparian areas where
midstory conifers are suppressed by mature red alders. The potential for a particular stand to improve its
contribution to functional landscape linkages through treatments should always be the first consideration in
restoration silviculture as the major goals are generally landscape based. In contrast, focusing first on the
stand level makes sense when wood production is the driving goal.

Coordinating treatments with road system needs was another major factor. In most cases, groups of stands
that are accessed by the same road system will be treated in the same time period. Roads will be opened or
re-constructed to access a particular area and then those that are not critical to the overall road network will
be obliterated, put to bed, or converted to trails once the treatments are completed. Roads that are put to
bed can then be re-opened to access stands that will receive another biomass removal treatment in 15-30
years and subsequently obliterated. This will allow for operational efficiencies and reduce the number of
road system miles that have to be kept open and maintained. Groups of stands accessed by roads that are a
high priority for removal were given extra priority in the near term.
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Stand level structural conditions such as stand density, wind firmness, crown ratios, and competitive
exclusion of key species were also factored in. Stands that are nearing the end of their “thinning window”,
the period when response to thinning will be high and the risks of post-thinning windthrow the lowest,
were given high priority. Key thresholds used were height to diameter ratios (HDR) that are approaching
80 (measured at dbh) (Mustard and Harper 1998, Newton and Comeau 1990, Wonn and O'Hara 2001) and
live crown ratios (LCR) approaching 40% (Emmingham et al. 2000, Holmberg et al. 2006, Oliver and
Larson 1996) in the dominant and co-dominant trees. An HDR threshold of 60 was used for stands in
topographic positions that are subject to high winds. The wind model was also used to evaluate the
windthrow risks of thinning vs. not thinning. Trees can recover from high height to diameter ratio and low
live crown ratio, but as trees exceed the levels described above the risk of windthrow increases significantly
and response to thinning will take a long time (Deisenhofer 2000, Kneeshaw et al. 2002, Wright E.I. et al.
2000). In general, if even-aged stands in this forest type are kept below an overstory Stand Density Index of
350-400 they will not miss their thinning window (Holmberg et al. 2006). Stands that have exceeded these
levels and are well past their window were given a lower priority and may be more suitable for a group
selection treatment. Another factor included was increased competitive exclusion of understory plants as
canopies close and shade out the understory with time. In particular, the likelithood of losing western
redcedar if thinning was delayed and the opportunity to promote its growth and presence within the
overstory was examined.

Structural conditions were also weighed against economic considerations. For some 25-60 year old stands,
waiting 5-10 years before thinning will not make much difference structurally, but will have a big impact on
the revenue side. For example, in some young stands that missed an early young drop and leave treatment
waiting until a revenue positive biomass removal treatment was feasible made sense as increases in heigh to
diameter ratios, declines in live crown ratios, and effects on long term diameter growth were minimal. On
the other hand, implementing a drop and leave treatment in the next few years sends other stands on a
faster track to achieving old growth structure and created an opportunity for a net positive second thinning
entry in 10-20 years. High and low prices for particular species were also considered in cases where
ecological factors were roughly equal. Staying attuned to market changes in the future will likely have a
significant impact on revenue generation without compromising ecological objectives.

Growth models, economic analysis tools, and wind models within LMS were used to evaluate the ecological
and economic tradeoffs between treating stands under alternative treatment scenarios. While these must be
balanced with field evaluation and human judgment, they provide powerful analytical tools for managers to
use in future planning efforts provided that their limitations are fully understood.

A final set of considerations used in prioritizing stands were management needs. The “vegetation
manipulation” basins within the Ellsworth Creek Adaptive Management Area were prioritized for eatly
treatment in the same year to begin the experiment and minimize treatment differences. The other
management need was a regular work flow that fit within staffing and budgetary constraints and produced a
stable revenue stream. As a good portion of the young plantation stands in the SWBCA have not been
thinned, there is backlog of thinning needs. Not all stands will be able to be thinned at their ideal time,
however, due to the practical limits of management resources.

3. Determining and Prioritizing Road Treatments

Forest roads within the SWBCA were built with commercial timber hauling as the main purpose. Purchase
for the purpose of conservation has changed that rationale. Although timber hauling for restoration
purposes will remain a priority for some time, ecological considerations have become equally or more
important. The Ellsworth road inventory ranked mass wasting hazards by severity and imminence, each on
a scale of 1 to 10. Approximately three miles of the higher combined ranking roads have been removed
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already. The Refuge road inventory identified hazard sites and highlighted the most urgent. One mile of
road including multiple urgent hazards has already been removed at Teal Slough.

On the Ellsworth Creek Preserve, roads located within experimental basins were randomly assigned a fate.
All roads will be removed from road removal basins (although roads skirting the edges along the ridge top
between two basins may be kept to avoid creating a highly inefficient road system). Roads within the
control basins and thinning basins will be maintained to standards that reduce threats to the forest and
aquatic ecosystems. Some roads in these basins will be removed if that is the most appropriate threat
reduction strategy. Roads completely outside the experimental basins will be upgraded to similar high
standards or decommissioned depending upon the access need and the inventoried condition and risk, as
well as timing considerations and available budget.

On the refuge, experimental considerations do not apply. Forest road upgrade and removal decisions on
the refuge were made with the following considerations: In general, in order to reduce forest
fragmentation, roads will be removed as soon as access is no longer required. Mainline roads required for
emergency access will be maintained. Other roads may be kept as or converted to hiking trails. Where
near-term hazards are minimal roads will be kept until forest restoration activities can take place.

4. Generalized Forest Treatment Scenarios

The generalized prescription concepts that follow focus on the main, stand level processes at play. Site
specific factors such as protection and special management for sensitive habitats, legacy features, unstable
slopes, riparian areas, etc are implicit and not described here. Actual stand-level prescriptions are not
presented in this plan as they cannot be developed without a forester completing a detailed assessment of
the forest inventory data and evaluating site specific field conditions (see Appendix B for a more detailed
process to follow in developing actual stand-level prescriptions).

Young Stands: Cohort establishment (0-10 years)

The key developmental process occurring in these stands are cohort establishment and canopy closure. If
canopy closure has not set it and openings in the young canopy are still present, the opportunity to impact
the long term species composition of the overstory by planting exists. Once canopy closure sets in,
introducing new species that will occupy the overstory will be practically impossible for many decades.
Also, western redcedar is unlikely to naturally colonize the understory until much later in stand
development. In several very young stands that were clearcut and planted just prior to being acquired by
the Conservancy or Refuge, abundance of western redcedar and Sitka spruce is quite low. Thus planting 20-
50 trees per acre is recommended, and some shrub control and removal of western hemlock around the
seedlings will likely be necessary as part of the planting effort. Browse control will also be necessary.

Young Stands: Canopy Closure (10-30 years)

In stands where canopy closure is just occurring, an early young drop and leave treatment combined with
planting can achieve the twin goals of increasing the abundance of western redcedar and Sitka spruce where
necessary and maintaining rapid diameter growth throughout early stand development by delaying the onset
of crown recession. Seedlings should be planted in small gaps. Depending on the height of the existing
trees, the seedlings may not grow into the overstory over time, but will form a midstory layer.

Once canopy closure sets in, the main processes that will shape long term vertical and horizontal
complexity at this stage of stand development are crown class differentiation and early stratification. Young
drop and leave treatments should seck to prevent a portion of intermediate western redcedar and Sitka-
spruce from being overtopped and relegated to the midstory by having wide spacing targets around select
trees of those species. In the rest of the stand, trees of all species that are at lower end of the height
distribution and clearly in the midstory should be left to form a future mid-story. This can be accomplished
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with a minimum height threshold. Care should also be taken to not eliminate fine scale heterogeneity:
clusters or pairs of dominant trees. Upper diameter targets, or specifying that trees within a certain distance
of each other be left, can achieve this.

In terms of density reduction targets, the projected timing of the next entry and the landscape level need
for carly-seral habitat are key factors. The heavier the thinning, the longer crown closure, the onset of
increasing height to diameter ratios, and competitive exclusion of shrubs and slower growing western
redcedar will be delayed. The thinning window for future thinning entries will also be prolonged. If
thinning is very heavy (below 150 tpa), however, a second wave of cohort establishment may occur that will
set back the density reduction goals of the treatment and possibly create a need for another young drop and
leave treatment. Also, opportunities for future, revenue generating biomass removal treatments will be
reduced.

To introduce additional spatial complexity in young drop and leave treatments, some areas of the stand
should be left un-thinned or lightly thinned to allow for the onset of competitive exclusion and all the
habitats and subsequent processes associated with it. For example, understory tree colonization later in
stand development is greatly facilitated by an understory with few no shrubs and other plants. This in turn
is one of the key processes of vertical canopy development and horizontal complexity. Unless there is a
landscape level need to maintain early-seral shrub communities throughout stand development, gaps are
generally unnecessary. Likewise, introducing additional variation in spacing is typically not necessary unless
further treatments are not likely for the particular stand. In that case, 20-50 dominant trees per acre should
be thinned to a wider spacing so they can maintain rapid diameter growth and avoid intense competition
for many decades. This can be done with a diameter and species rule, where trees of a certain species
and/or above a certain diameter receive a wider spacing target. Uniform, heavy thinning (below 150 tpa)
should be avoided as it tends to homogenize stands and sets back the natural processes that set stands up
for later development of horizontal and vertical complexity. In general, multiple thinning entries are
preferable to a single entry as unintended consequences are not as severe and mid-course corrections are
possible. The option of follow-up mature drop and leave treatments should be maintained if possible where
future biomass removal treatments are unlikely.

In stands with high proportions of Douglas-fir or red alder in the dominant and co-dominant crown classes
and where future biomass removal treatments are likely, young drop and leave treatments should seck to
keep a significant proportion of these two species while maintaining a component of intermediate or
suppressed western hemlock, Sitka spruce, and western redcedar that will be overtopped by the dominant
trees and move into the midstory. Eventually, much of the Douglas-fir and red alder can be “thinned from
above” to produce revenue and release the remaining trees. As long as the other species do not have too
much side competition from other trees in their cohort, they should retain enough crown to maintain their
release potential (Deisenhofer 2000, Emmingham et al. 2000, Kneeshaw et al. 2002, Miller and
Emmingham 2001, Wright E.F. et al. 2000).

Finally, within older stands in this category, where competitive exclusion has been the dominant process for
some time, the thinning window may have passed. In such cases, the understory is typically completely
shaded out, crowns have lifted beyond 40% live crown ratio, and midstory trees (often western redcedar)
have very high height-to-diameter ratios and low live crown ratios leading to low vigor and imminent
mortality. In these cases, a moderate to light young drop and leave treatment, with heavier release of
dominant trees and any western redcedar that has a lower height-to-diameter ratio and higher live crown
ratio is advised. Gaps that open the stand to excessive windthrow risk should be avoided. Once the stand
has recovered live crown and height-to-diameter ratios, another entry will likely be necessary to keep
excessive competition from returning to the stand.
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Mid-age stands: Competitive exclusion and biomass accumulation (30-60) vears

Once the process of competitive exclusion is well underway, opportunities to shape species composition,
manipulate stratification to encourage midstory development, build stem stability, slow crown recession,
and maintain diameter growth begin to decrease exponentially with time in dense stands. If a stand received
a prior young drop and leave treatment, densities are not too high, understory shrub communities are still
present, and height to diameter ratios of the overstory trees are below 60, a similar approach as described
above for young drop and leave treatments should be taken.

Several key differences exist, however. Selecting 20-50 dominant trees per acre for heavy release should be
given high priority. These are the “golden years” of height and diameter growth and the opportunity to
influence the development of large trees with long full crown is greatest at this stage. Understory tree and
shrub colonization will likely be stimulated in these areas. Depending on how much past PCT treatments
homogenized the stand in terms of spacing and species composition, small gaps and planting may be
necessary to add trees species diversity. For stands dominated by Douglas-fir or red alder, a large portion of
these species can be removed from the overstory at this time. If any midstory western redcedar exist and
have good stem form, they should be released. Skips are still necessary for the reasons stated above, and to
allow for intense competition to create areas with unstable trees in parts of the stand. If a whole stand
consists of large, stable trees, the ability of wind to create heterogeneity later in stand development may be
reduced. Skips will also be necessary to protect sensitive habitats, critical habitat features, and provide
refugia for fungal mats that can be damaged by ground based thinning (Colgan et al. 1999, Smith J.E. et al.
2002). In general, the more complex these stands are, the less additional heterogeneity will need to be
introduced. Creating or greatly expanding gaps to promote early-seral habitat is likely to be low priority at
this phase as maintaining these early-seral habitats can be accomplished with greater success in younger or
older stands. Likewise, accelerating decadence through snag or CWD creation at this stage is not likely to
be a high priority. Protecting existing snags and wildlife trees, relying on natural decadence formation
processes, and waiting until trees are larger is advisable. Habitat needed at the landscape must be taken into
account, however.

In stands where competition has been intense for many years, height to diameter ratios are high, and live
crown ratios are low, several critical questions must be addressed: Do the dominant and co-dominant trees
have sufficient live crown to respond to thinning? Is the stand heavily dominated by hemlock, or is a
significant Sitka-spruce, western redcedar, and Douglas-fir component present? How much will thinning
increase the risk of major windthrow? Given the answers to these questions, is shifting the stand away from
a catastrophic windthrow trajectory possible? If it is, then several light, relatively uniform thinning entries
with skips and attention to fine scale heterogeneity should be pursued. If not, and the stand is important at
the landscape scale for marbled murrelet habitat, it should be left alone or given a light MDL treatment
targeted at enhancing branch structures on specific trees to create better marbled murrelet nesting
platforms. If the stand is not important for marbled murrelets, a group selection approach can be taken to
create large gaps or expand existing ones. This will accelerate the process of re-initiating the stand through
gap-phase development as wind will expand the gaps over time. If natural regeneration of western redcedar
and Sitka spruce is not sufficient, they will need to be planted in the gaps to ensure that relatively species
composition shifts away from hemlock. Group selection can also be used in red alder stands to transition
large patches of pure red alder towards mixed conifer stands. A significant portion of the alder should be
left however.

Mature stands (60-100 years)

Similar to the previous category, the stability, risk of windthrow, and existing complexity of these stands
will determine what treatments are appropriate. As height growth is peaking and beginning to slow at this
stage, opportunities to build crown, significantly increase diameter growth, and build stem stability by
thinning are declining. Wind and other exogenous mortality agents are likely to start breaking these stands
up and thus gap creation, understory tree colonization, mid-story development, and decadence creation will
slowly become the dominant processes as competitive exclusion wanes.

South Willapa Bay Conservation Area Forest Landscape Restoration Plan - Page 75



In stands with a high ratio of trees with long crowns and a balanced composition of species, opportunities
to prolong the period of rapid diameter growth and crown development still exist. A mix of heavier release
of dominant and midstory trees, small gap creation or expansion to stimulate understory development, light
to moderate thinning in the rest of the stand, and significant areas in skips should be pursued. Individual
tree selection approaches to target specific species and trees for release and to promote large branches or
epicormic branching should be included. In areas where murrelet habitat is a high priority, lighter, more
uniform thinning and avoiding heavy stimulation of the understory is preferable. Decadence acceleration
through snag creation or drop and leave treatments should be considered in stands where windthrow or
other agents are not creating these structures.

In stands in this category where competition has been intense for many years and height-to-diameter ratios
are high, the same questions and choices must be faced as stands in this condition in the last category.
Thinning these stands too heavily will significantly increase their risk of windthrow. Group selection
treatments combined with planting are likely to be preferable to thinning. Either way, treatments must be
designed with a higher level of stand examination and analysis.

5. Sale and collection of non-timber forest products

Many current non-timber forest products exist on SWBCA ownership such as: cedar shake/shingle logs,
salal, ferns, moss, and hard rock with the potential to generate revenue. However, the expected revenues
from these non-timber forest products, when compared to expected timber sale revenue, would generate
less than 1% of projected revenues for the Conservancy and/or Refuge lands. The level of ecological risk
associated with these activities likely ranges from minor to severe. In addition, a program to sell and
administer contracts to remove these minor forest products is very labor intensive and difficult to monitor
and control.

Since cedar logs and trees are recognized as being valuable for their contribution to LWD, long-term snag
retention, and other ecological processes, it would be counter-productive to have it removed as shake or
shingle bolts. Therefore, it will be the policy of SWBCA to not engage in marketing commercial cedar bolt
sales.

The removal of salal, fern, moss, and other minor forest products may impact the long-term ecological
recovery of SWBCA forests. Furthermore, a program to sell, monitor and administer contracts for these
products would likely exceed the revenue that would be generated. Therefore, it will be the policy of
SWBCA to not engage in marketing commercial minor forest products.

6. Development and use of onsite rock resources

Within the local area, hard rock is a limit resource and in high demand. Because the supply of hard rock on
the ownership is scarce and can be quite costly to purchase, even from neighboring Templin Pit, it is not
advisable to sell hard rock if only to preserve it for long term use within the ownership. It will be the policy
of SWBCA to not engage in marketing its limited rock supply.

The Conservancy is committed to developing and using its hard rock resources in a manner that limits the
disruption of natural systems. All rock development activities will be conducted following a written Pit
Development and Reclamation plan. These plans will identify the limits of mining and present the
intended methods and sequence of development and reclamation. Methods to minimize the delivery of
sediment to the aquatic ecosystem are by nature, very site specific and will be addressed on a site by site
basis within the Pit Development and Reclamation plan for each rock source.
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Disturbance potential from loud rock development activities, especially blasting, on nesting murrelets and
their chicks is of particular concern. Fortunately, because none of the available rock pits occur near
suitable murrelet habitat, the likelihood of disturbance is minimal in the near term. As adjacent forests
mature, disturbance potential could rise. To minimize potential for disturbance, where rock pits occur
within /4 mile of suitable marbled murrelet nesting habitat, the Conservancy will not conduct blasting or
mechanical crushing activities during the breeding season, from April 1 to September 15. Less noisy
activities like loading and hauling at these rock pits will not occur during the “daily peak activity period” of
one hour before to two hours after sunrise, and one hour before to two hours after sunset during the
breeding season. Where pits occur more than 4 mile from suitable habitat blasting will normally be
restricted to dates outside the breeding season, but loading and hauling will not be limited by the daily peak
activity period.

7. Use of chemicals

Forest management on the SWBCA will employ silvicultural systems, integrated pest management, and
strategies for controlling pests or invasive species that minimize the need for the use of chemicals.
Specifically, chemicals should only be used where less environmentally hazardous techniques have been
shown through research or empirical experience to be ineffective. Chemical use may be necessary to
control invasive weed species that have the potential for altering forest habitat function and in some cases
where invasive or native species are aggressively encroaching on active forest roads. When chemicals are
applied, the least environmentally hazardous option will be used to minimize effects on non-target
organisms or ecological systems. Furthermore, where chemical use is deemed necessary, trained applicators
will follow all applicable safety precautions and chemicals will be stored and disposed of in a safe and
environmentally appropriate manner.

8. Local access and hunting

Both the Refuge and the Conservancy are committed to continue providing access for hunting, hiking and
other hike-in recreational activities. Hunters and hikers may be affected by the removal of roads, but
sufficient active roads and trails will remain to provide reasonable access. Vehicular access is likely to
remain restricted to the existing open roads.

Vehicular access is to remain restricted to the existing open roads. Use of off road vehicles (i.e.
motorcycles, ATV’s, 4-wheel drive trucks, etc.) often cause unacceptable impacts to soil and water
resources, and are difficult to monitor and control. Therefore, it will be the policy of SWBCA to not allow
these motorized vehicles in the forest, unless specifically granted to conduct authorized research,
monitoring activities, and directly related Conservancy and/or Refuge business.

Although it generally does not allow hunting on its preserves, the Conservancy recognizes the importance
of the long-valued local tradition of hunting in the Ellsworth Creek/Bear River to the community.
Therefore, hunting for Roosevelt elk, Black-tailed deer, and black bear in accordance with State laws and
regulation is allowed on Ellsworth Preserve. Incidental take of cougar and coyotes is known to occur but is
not condoned. Refuge forestlands are also generally open to hunting activities.

9. Use of revenue generated from timber sales

As discussed above, revenue generation is expected when thinning commercial aged forests to reach
ecological targets. These revenues will be solely used to fund additional restoration work within the project
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area in accordance with all applicable state and federal regulations and guidelines, and policies of the
Conservancy and Refuge System. Accounting mechanisms have been put in place to ensure detailed
tracking of these restoration revenues.
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B. IMPLEMENTATION SCHEDULE

1. Restoration Thinning and Road Treatment Schedule

Based on the landscape level management designations, the generalized treatment scenarios described
above, and other factors outlined in this plan, forest stands throughout the SWBCA were placed in a
treatment category (i.e., biomass removal, drop and leave, etc). Stands where active management will occur
were then scheduled for treatment at least once in the 20 year planning horizon considered in this plan.
Five time periods used for scheduling were used (Table 12); an annual basis for the first three years (2007-
2009), the subsequent 7 year period (2010-2016), and concluding with a final 10 year period (2017-2026),
(see corresponding Treatment Maps for these periods). The first three years were planned out in greater
detail to give managers a concrete action plan for the immediate future. It is likely, however, that minor
changes will be made in these first three years due to more detailed site specific analysis, market changes,
and management practicalities. The forth (2010-2016) and fifth (2017-20206) time periods should be
considered pools of stands in which treatment will likely be appropriate, based on current data and growth
modeling. The fifth period includes approximately 2,900 acres of stands treated in the first 4 periods that
are likely to be ready for a second entry. In this plan, a special effort was also made to optimize the timing
and extent of management activities so road improvements and thinning are coordinated to reduce road
system impacts and achieve operational and cost efficiencies.

Managers will need to continually re-assess the thinning pool and establish concrete management schedules
in 2-3 year annual increments. It is likely that not all the acres identified in a single time period will actually
be treated as some will be deferred or deemed not necessary to achieve the overall ecological objectives.
What is important is that all of the stands within each pool are assessed at the beginning of the time period
to determine when a treatment is appropriate. New information from adaptive management, natural
disturbances, changing markets, and evolving management approaches will affect management direction
over time, and thus more concrete plans for the forth and fifth time periods were not made at this time.

Table 12: Restoration thinning treatment types and acres per time period for each ownership.

Treatment | Owner 2007 2008 2009 2010-2016 | 2017-2026 Totals
Young TNC 405 674 544 762 188 2573
Drop & WNWR 163 0 108 671 45 987
Leave Total 567 674 652 1433 233 35061
Mature TNC 0 0 26 59 0 85
Drop & WNWR 8 98 169 13 0 288
Leave Total 8 98 195 72 0 373
Biomass TNC 0 261 345 871 3238 4715
Removalt WNWR 0 148 0 26732 519 3339
Total 0 409 345 3545 37563 80541&3
1 Not all the acres in this category will be treated as up to 1/3 of the total acreage in individual stands
may be left in buffers or skips for streams, sensitive areas, or stand level variability. A portion of these
buffers may be treated with MDL treatments where appropriate.
2Some of the BR treatments in years 2010-2016 may pushed off until 2017-2026
3'This includes acres that receive YDL and BR treatments in years 2007-2016 and will likely be ready
for a second treatment in years 2017-2026.
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It should be noted that wood will not be removed from all the acres within the biomass removal category.
In each stand, up to 1/3 of the total acreage may be left in buffers or skips for streams, unstable slopes,
sensitive areas, or stand level variability. A portion of these buffers or skips may be treated with mature
drop and leave treatments where appropriate. For example, many stands on Long Island slated for a
biomass removal treatment will contain shoreline buffers where mature drop and leave treatments or no
treatment will occur. In addition, the 8,054 total acres in the biomass removal category (Table 12) includes
3,000 acres of 27 entries into stands that were treated with young drop and leave or biomass removal
treatments in the first four time periods years. Subtracting these 3,000 acres and assuming 20% of the
remaining acres will be left in buffers or skips, an approximate total of 4,000 acres of the SWBCA will be
treated with biomass removal treatments. This equates to roughly 30% of the 14,170 acre of forested
habitat in the SWBCA.

From 2007 through 2016, the active road system will be reduced by a projected total of 53.8 miles (Table
13) or roughly half of the current total for the total landscape. This is in addition to the 4.5 miles of road
that have already been obliterated. Roughly 5.7 miles of new road will be built, primarily to move the road
system to ridge top locations and away from mid and lower slope positions. Following treatments, the road
density will decline significantly from the current level throughout the SWBCA. The road treatments listed
in table 13 and shown in the Treatment Maps do not include the re-opening of previously put-to-bed roads
for 2nd entries in the 2017-2026 time period. As the need for 2 entries for specific stands is not certain at
this time, it is difficult to predict which roads will be re-opened and when. After the 27d entry, these roads
may be obliterated or put to bed again, depending on the likelihood of future entries.

Table 13: Road treatment types per time period and ownership

Treatment Owner 2007 2008 2009 2010-2016 Totals
Obliterate TNC 2.8 6.6 8.9 0.3 19.3
WNWR 0.3 0.0 0.0 9.5 9.8
Total 3.1 6.6 8.9 9.7 29.1
Put to Bed TNC 7.2 1.5 2.3 3.0 15.8
WNWR 0.0 1.4 0.0 1.3 2.7
Total 7.2 2.9 2.3 4.2 18.5
Convert to Trail | TNC 0.1 0.0 0.8 0.2 1.1
WNWR 0.0 0.0 0.0 5.1 5.1
Total 0.1 0.0 0.8 5.3 6.2
Build TNC 2.1 1.3 2.1 0.0 5.7
WNWR 0.0 0.0 0.0 0.0 0.0
Total 2.1 1.3 2.1 0.0 5.7

2. Landscape Simulation of Treatments

The Landscape Management System (LMS) was used to model the effects of restoration thinning. Stands
were grown out 50 years in 5 year increments and treated according to their scheduled timeframe and type
of treatment young drop and leave, biomass removal, mature drop and leave, or no entry. Only treatments
in the first 20 years, as covered by this plan, were included. A no-treatment scenario was also run as a
baseline to compare to the effects of thinning. The Pacific Northwest Coast variant of FVS was used in the
model and was calibrated based on data from the LOGS Studies (Curtis and Marshall 1986, Hoyer et al.
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1996). As complete inventory data was not available for all stands, average stand metrics were used to
create a “sample” stand for each stand type. These “sample” stands were used to model stands for which
stand data was not available. Treatments were not designed to exactly mimic the individualized treatments
for each stand that will occur in reality. Instead generalized treatments were used for each treatment type.
Also, FVS and LMS cannot model variable density thinning or group selection treatments. Thus the
rationale for the modeling scenario is not to predict the exact consequences of treatments, but rather to
examine the relative effects of thinning vs. no-thinning on different components of forest structure and
explore the hypothesis that thinning will accelerate the development of late-seral structure. While modeling
cannot provide an answer to this hypothesis, it can provide important insights and help frame questions for
monitoring and experimentation over time. The treatments incorporated into the landscape model were as
follows:

®  Young drop and leave : Thin trees over 5 inches dbh from below to 100 SDI, thin trees under 5
inches to 150 TPA, then plant 75 tpa of western red cedar and 75 tpa of Sitka spruce. The
stands that are slated for follow-up biomass removal treatment in years 2017-2026 in the plan
were then thinned back down to 100 SDI in from below, but leaving all trees under 8 inches
dbh. This follow-up treatment was done in year 2025.

e Biomass removal- Stands were thinned to 50 tpa from below in the 6-12 inch dbh range and 25
tpa from below in 12-20inch dbh range. All trees less than 6 inches dbh and larger than 20
inches dbh were retained. This thinning from the middle approach was derived from the rules
in the WA DNR Forest Practices Regulations for buffers adjacent to marbled murrelet habitat
(WAC 222-16, 2006) While this treatment removed too many large trees in some stands, it was
a good generalized prescription that thinned stands heavy enough to see significant effects
from thinning 50 years in the future. Actual prescriptions for older conifer stands will generally
be lighter and may involve multiple entries. Red alder stands were thinned with this same
prescription as it removed most of the alder and left behind the smaller conifers.

e Mature drop and leave: Reduce BA of all trees in the 8-20 inch dbh range by 50%, leaving all
trees less than 8 inches and greater than 20 inches dbh.

e Noentry: Approximately half the stands in the SWBCA are within reserves, control areas, or
limited management areas.

The Modified Old Growth Index (MOG]I), as described previously, was used as the primary metric to
evaluate the results of the modeling exercise. The MOGI scores for all the stands in the entire SWBCA
landscape were calculated at 5 year intervals for both the thinning and no-treatment scenarios (Figure 15).
The box plots reveal very little difference in MOGI scores between the treatment and no-treatment
scenarios. Further analysis of the data showed no statistical differences. This result should be viewed with
caution due to a number of factors. First, roughly half of the stands in the SWBCA landscape will not be
entered and thus have the same MOGI scores in both scenarios. This suppresses the effect of thinning vs.
not thinning. Second, an examination of the 4 different components of the MOGI shows that thinning
increases some components while depressing others. Third, thinning effects on MOGI scores vary
considerably for different stand types and age classes.
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Figure 15: Modified Old Growth Index Scores (MOGTI) for all stands within the SWBCA landscape for both no-
thinning and thinning scenarios. The median value is represented by the solid line in each box and the upper and
lower edges of the boxes are the 25% and 75% percentile values. The top and bottom of each “whisker” or vertical
line show the upper and lower quartile of the data and the end of each whisker is the maximum and minimum value.
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Figure 16: Overall Modified Old Growth Index scores (MOGI) and different MOGI components in 2055 by stand
type. Data is from 87 stands that have full inventory data and are slated to receive treatment entries.
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In order to tease out these factors, MOGI scores in the year 2055 were analyzed for stands that receive
treatment entries and have actual inventory data (Figures 16). When overall MOGI scores ate broken down
by stand type (Figure 16A), it becomes clear that stands treated at a young age (under 15 yrs: H1, D1) show
the biggest gains from thinning treatments in the model. This is due to the fact that increased diameter
growth following thinning sends the number of trees per acre over 20 inches dbh significantly higher.
While the tpa of trees over 20 inchesdbh is not one of the 4 main components of the MOGI, it improves
the diameter diversity index component (Figure 16B) and the number of snags over 20 inches dbh per acre
component (Figure 16H). As more live trees over 20 inches dbh exist, more are available to become snags.
In addition to a greater number of trees over 20 inches dbh, the diameter diversity index was improved by
additions to the lower diameter classes from planting and faster movement of trees through all diameter
classes. The downed log volume component is not significantly affected by thinning at this early age (Iigure
16L). Similar to the large snags, the increase in tree size leads to larger downed wood that decays more
slowly. This offsets the higher total amount of dead wood recruitment in the untreated stands that is
smaller in diameter and thus decays more quickly. Also, additional 204 entry biomass removal treatments are
light thinnings from below that do not remove many trees in the co-dominant and dominant crown classes.
The number of trees over 40 inches dbh is not affected in these younger stands as the dominant trees do
not reach this size in the 50 year modeling timeframe. While FVS was calibrated based on field data to
model diameter growth increases from thinning for this model run, it likely is still underestimating diameter
growth. It is possible that at least some dominant trees in stands on high productivity sites will be over 40
inches dbh when they reach ages 60-65.

Stands in the 15-30 year age class showed slight increases in overall MOGI scores. Similar to the very
young stands, increased diameter growth in treated stands pushed up the diameter diversity index, tpa of
trees over 40 inches dbh, and snags/actre over 20 inches dbh. However, roughly half of these stands
received the marbled murrelet biomass removal treatment that removed a significant portion of trees in the
co-dominant and dominant crown classes, leading to a significant decline in downed wood volume
compared to the no-treatment scenario. Despite the calibration of FVS to address its typical overestimation
of mortality, especially in un-thinned stands, it is likely that downed log recruitment is still being over-
estimated in un-thinned stands. Also, while competition mortality kills the most trees in young stands,
exogenous mortality (windthrow, pathogens, insects, etc) is often responsible for a majority of the total
volume of downed wood as it typically kills larger trees in a stand (Lutz and Halpern 2000). Predicting
mortality from stochastic events such as windthrow is very challenging and is not well modeled in FVS
mortality functions. As thinning increases both windthrow and spread of annosum root rot, treated stands
will likely experience significant recruitment of larger downed wood that is not accounted for in this
modeling scenario. Also, the downed wood component of the MOGI does not distinguish between
different sizes of logs. While many wildlife species use smaller down logs, large logs are critical for many
species (Marcot et al. 2002) and a defining element of old growth forests (Harmon et al. 1986). Thus in
terms of habitat value, the loss of smaller diameter dead wood from thinning vs. no-treatment may be
offset by higher recruitment levels of large dead wood in thinned stands that results from increased
diameter growth and elevated exogenous mortality of large trees.

The older conifer stands (H3, H4) and all the red alder stands experienced small declines in MOGI scores
following treatment. While the increased diameter growth from treatment pushes up the tpa of trees over
40 inches dbh, the removal of a significant portion of trees in the co-dominant and dominant crown classes
depresses all the other MOGI components relative to the no-treatment scenario. The diameter diversity
index is also lower in the treated scenatio as thinning moves trees out of the lower diameter classes faster
than under the no-treatment scenario. Natural regeneration, which is stimulated by thinning, is not
accounted for in FVS and thus replenishment of trees in the lower diameter classes is not occurring in the
model. Similar to 15-30 year old stands, the large difference in downed log levels between treated and
untreated stands is likely overestimated. However, the model clearly demonstrates that relatively heavy
thinning from the “middle” and the resulting removal of dominant and co-dominant trees reduces the pool
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of mid and larger sized trees from which snags and downed logs can be recruited. While windthrow will
likely create more snags and downed logs in thinned stands over time, it will also reduce the pool of live
trees that will develop into large, old growth trees. In stands where windthrow is not too high, the total
amount of dead wood recruitment is likely to be lower in treated stands in the medium term (50-100 yrs).
Where high windthrow leads to high mortality and dead wood recruitment, stands may not have sufficient
overstory canopy left to meet late seral canopy cover thresholds (50-70% canopy cover from the overstory).
Downed wood could also be created by dropping, girdling, or topping trees, although one of the goals of
management in the SWBCA is to restore natural processes of decadence formation.

In order to gauge the effects of thinning on windthrow , treated and untreated stands were run through the
windthrow probability model that was built into LMS (Scott and Mitchell 2005) (Figure 17). While the
effect of treatment is negligible in most stand types, it roughly doubles in the older conifer stand types (H3
& H4). This is the result of the relatively heavy biomass removal treatment in these mostly dense stands
that have high height to diameter ratios. It confirms that recruitment of larger dead wood is likely in
thinned stands. Also, the model assumes that stands remain closed throughout the 50 year period and does
not factor in creation and expansion of windthrow pockets over time and the resulting exponential increase
in pocket area. As heavy thinning will significantly open up these older stands, it is likely to accelerate the
break up of stands compared to the no-treatment scenario, especially on exposed sites. The group selection
approach to high risk stands was not included as FVS cannot model group selection. Group selection
leaves most of a stand intact and thus windthrow is likely to be lower overall and concentrated on the edges
of gaps. In younger stands, the decreases in height to diameter ratios and increases in crown ratios from
thinning appear to make up for the lower density and inter-tree sheltering. The higher resilience of western
red cedar to windthrow is not accounted for by the model.
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Figure 17: Windthrow probability in 2055 by stand type. Data is from 87 stands that have full inventory data and are
slated to received treatment entries.

Overall, the modeling exercise illustrates the key tradeoffs from thinning vs. no-treatment. Thinning
increases diameter growth of residual trees which leads to eatlier recruitment of larger dead wood as well as
“bigger trees faster”. It also moves small and medium sized trees through the diameter class distribution
faster, which translates into accelerated development of mid-story layers. However, by reducing overall
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stand biomass it may reduce overall dead wood recruitment, at least in a 50 year time horizon. If
prescriptions are heavy and remove significant number of trees in the upper half of the diameter
distribution, numbers of medium to large sized live trees will be reduced which will shrink the recruitment
pool for similar sized snags and downed logs. Exogenous disturbance agents, primarily wind in this case,
are likely to compensate for the reduction in competition mortality driven dead wood recruitment. Heavy
thinning, however, is likely to result in high levels of windthrow in a short timeframe that may reduce
overstory canopy cover beyond levels typically associated with late seral forests for a significant period of
time.

These tradeoffs explain why MOGI scores were essentially unchanged across the SWBCA landscape by the
treatment scenario compared to no-treatment. In 50 years, the model shows that roughly half of the
landscape will have a MOGI score above 50, with the older managed stands nearing 60, compared to the
current average old growth score of 62. This does not mean that the managed stands will be fully functional
old growth, however. The overestimation of downed wood recruitment by LMS is likely inflating scores.
There is also a large degree of variance in FVS’s predictions of stand conditions 50 years in the future,
especially in older stands. Most important, the MOGI only considers 4 variables, whereas the structure of
old growth forests is much more complex. What the high MOGI scores do suggest, however, is that these
stands will begin displaying many of the components of current old growth forests within 50 years and,
therefore, may also begin to support some old growth dependent species.

Modeling results also suggest that thinning can generate an economic return without compromising desired
structural development objectives. Beyond this minimum threshold, results indicate that thinning can
accelerate the development of at least some components of old growth structure, especially when thinning
is done early in stand development. Thinning prescriptions must be light enough to ensure than sufficient
biomass remains for dead wood recruitment and to avoid excessive windthrow, yet heavy enough to
promote diameter growth, under and midstory development, and encourage some windthrow. The
individualized LMS prescriptions created for a 70 year old stand eatlier in this document came close to
achieving this balance and increased the overall MOGI score relative to no-treatment. Similar individualized
prescriptions could be designed and re-run through the LMS model for all stands and would likely increase
the treatment effect on landscape level MOGI scores.

The objective of this modeling exercise, however, was to examine the relative effects of thinning vs. no-
thinning on different components of forest structure, not to show that thinning could achieve higher
MOGT scores. This type of modeling exercise cannot incorporate all of the real-world details required to
develop site-specific prescriptions. These modeling results do provide a preliminary test of the use of
thinning to accelerate the development of late-successional forest conditions, and offer a foundation from
which site specific prescriptions can be developed. Creating such prescriptions will take time, careful
thought, and trial and error. Over time, they will provide an opportunity to empirically test the hypothesis
that thinning can accelerate the development of late-seral structure and refine our understanding and
models of forest development.

3. Projected Volume and Revenue Qutputs

A preliminary economic analysis of the planned treatments over the next 20 years was performed to obtain
a crude estimate of volume production and revenue flow. The TNC and WNWR ownerships within the
SWBCA were grouped together for this analysis. In order to provide an accurate estimate that accounts for
different log sort and species prices, volume per acre outputs for different stand types, and ground based
vs. cable yarding costs, a forecasting spreadsheet was designed. The spreadsheet can be adjusted over time
as prices and costs change. Log prices were based on October 2006 prices (Table 9). Logging costs were
assumed to be $225/mbf for cable yarding, $175/mbf for ground based yarding (processer/forwarder
combination), and $40/mbf for hauling. Each stand slated for a biomass removal treatment was evaluated
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to determine the extent of ground based vs. cable yarding required. The number of ground based and cable
acres of each forest type for each time period where biomass removal treatments will occur was then
calculated. The total acreage for each stand was reduced by 20% to account for buffers and skips. Volume
produced per acre for different stand types was determined in LMS by growing them forward until their
planned thinning date, running several different thinning treatments, and then adjusting for overestimation
of volume by LMS. Adjustments were based on stand volumes from actual forest inventory data vs. LMS
volume, and professional experience from thinning similar stands. The values are conservative by design
and range from 7 mbf/acre for thinning in 25-35 year old stands to 13 mbf/acte for 60+ year old stands.
Actual volume per acre outputs may be higher, especially within older stands.

The total volumes by species, sort, and time period were then calculated (Table 14 — also see Table 12 for
acreage figures) for the analysis. The estimated total harvest volume is 65 million board feet over 20 years,
which equates to an average of 3.25 million board feet per year; however, annual volume production will
fluctuate over this time period. As the ecological need and economic viability of planned 27 entries in years
2017-2026 will be not known for some time, thinning acreages and volume production may be lower than
projected, especially towards the end of the planning period..

While logging costs are subtracted for this analysis, estimated revenue generation by species, sort and time
period (Table 15) do not reflect the costs of forest or road management. To account for inflation, totals for
cach time period were discounted by 5%. For time periods 2010-2016 and 2017-2026, midpoint years were
used for discounting. The total net present value is $6.5 million, which equates to an annual revenue stream
of $325,000. This number will of course fluctuate based on prices, costs, and annual volume production.

Table 14: Volume production by species, sort, and time period. All numbers are Scribner volumes in thousand board
feet (mbf).

Species Sort | 2007 2008 2009 | 2010-2016 | 2017-2026 Total
#4 0 1896 1630 15208 11461 30195
WH-SS #3 0 1437 1158 9873 4550 17019
#1-2 0 392 303 2446 1471 4612
#4 0 262 249 2828 4819 8157
DF #3 0 0 0 891 3225 4117
#1-2 0 0 0 0 0 0
#4 0 0 0 217 67 284
RA #3 0 0 0 433 134 567
#1-2 0 0 0 325 100 425
Total 0 3,987 | 3,341 32,221 25,828 65,376
Annual Volume
Production 0 3,987 | 3,341 4,603 2,583
Total Thinning
Acres’ 0 327 276 2836 3005 6443
Average Mbf/Acre 0 12.2 12.1 11.4 8.6 10.1
" This total assumes that 20% of the Biomass removal acres listed in table 12 will be left
in skips or buffer.
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Table 15: Revenue generation by species, sort, and time period.

Price/
Species | Sort mbf 2007 2008 2009 2010-2016 2017-2026
#4 $315 $0 $597,258 $513,402 | $4,790,470 $3,610,251
WH #3 $410 $0 $589,151 $474,960 | $4,048,129 $1,865,396
#1-2 $440 $0 $172,330 $133,358 | $1,076,335 $647,424
#4 $445 $0 $116,578 $110,885 $1,258,313 $2,144,258
DF #3 $500 $0 $0 $0 $445,566 $1,612,746
#1-2 $575 $0 $0 $0 $0 $0
#4 $625 $0 $0 $0 $135,364 $41,835
RA #3 $730 $0 $0 $0 $316,210 $97,727
#1-2 $830 $0 $0 $0 $269,645 $83,335
Gross Total $0 | $1,475,318 | $1,232,606 | $12,340,034 | $10,102,973
Total Logging Costs $0 $983,761 $838,530 | $7,279,661 $6,194,767
Net Revenue $0 $491,557 $394,076 | $5,060,372 $3,908,206
Net Revenue per Acre $0 $1,504 $1,427 $1,785 $1,301
Net Present Value
(5% Discount Rate) $0 $468,150 $357,438 | $3,776,128 $1,879,914
Total Net Present Value $6,481,630
Annualized NPV Revenue Stream $324,082
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C. MONITORING

Monitoring the success of restoration treatments and recovery of late-successional forest species is an
important component of the management plan for the SWBCA; however, resources for monitoring are
limited. Compliance and validation
monitoring of specific road and forest
management treatments is expected to
occur as a regular component of such
actions. Effectiveness monitoring of fish
and wildlife populations, and habitat
responses to management actions will occur
as funding and resources allow. The Refuge
is planning to continue limited breeding
season surveys of marbled murrelets in
select forest stands following standard
protocols (Evans et al. 2003). Other
ongoing monitoring includes chum salmon
spawning counts along a reference stream
reach in the Ellsworth Creek drainage
conducted annually by the WDFW. The
foundation for monitoring the effectiveness
of forest management and restoration
within the SWBCA, however, will rely on an extensive experimental adaptive management study within the
Ellsworth Creck watershed. This adaptive management study is one of the most extensive studies
concerning forest restoration at a landscape scale in the Pacific Northwest.

Taking measurements at one of 224 permanent forest plots.

1. Adaptive Management

A considerable amount of research has taken place in the Pacific Northwest concerning old-growth forest
ecology, growth and yield in young-managed forests, stream ecology, and wildlife-habitat relationships and
other topics; however, as outlined in this plan, debate continues over how young-managed forest
landscapes should be managed for restoration (e.g., Young Stand Management Forum, Olympia
Washington, April 2003). Hot topics in this debate concern the economic motives of forest thinning, within
stand damage caused by thinning treatments, impacts of forest roads, and effects on aesthetic or spiritual
values in forest landscapes. Findings from ongoing research do not resolve these issues, and leave managers
with several management alternatives — many of which are equally scientifically and socially justifiable.
Managing these forest landscapes through an adaptive management process (Walters and Holling 1990)
offers a method to test alternative management practices simultaneously and improve our understanding of
how these systems respond to various forms of management intervention. In the Stuslaw National Forest,
the Five Rivers Landscape Management Project (USES 2001) has recently been implemented specifically to
address these management questions. In the SWBCA, the Ellsworth Creek watershed offers an additional
site, time within the Sitka spruce Zone (Franklin and Dyrness 1988), where these questions can be
addressed at a landscape scale.

To meet the mutual goals of restoring the Ellsworth Creek Preserve, and addressing the key scientific
uncertainties that remain regarding restoration treatments, the Conservancy will follow an active adaptive
management process. Furthermore, the Conservancy will work toward linking this project with other
landscape restoration efforts throughout the Pacific Northwest to promote synergistic mechanisms for
increasing our collective knowledge of ecosystem recovery within young-managed forest landscapes.
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An active adaptive management system offers the best chance to rapidly increase our management
knowledge because it takes an experimental approach to simultaneously testing multiple restoration
treatments - all of which have equal validity given our current state of knowledge (Bormann et al. 1999,
Taylor B. et al. 1997, Walters and Holling 1990). In contrast, more commonly applied reactive and passive
adaptive management systems (Figure 18) inhibit rapid learning because they apply only a single
management regime to a problem (reactive and passive), or do not include monitoring as a key element of
the design (reactive) (Bormann et al. 1996). Due to its landscape-scale size, topographical and
geomorphological layout (i.e., multiple westward flowing tributary basins), single ownership, and the
Conservancy’s flexibility toward implementing a range of management regimes, the Ellsworth Creek
watershed is an ideal setting to implement an active adaptive approach to restoration.

| External Stimuli (e.g. Congress, lawsuits, research) |

Reactive A B (¢} D

| External Stimuli (e.g. Congress, lawsuits, research) |

Passive ( Monitor,
evaluate

| External Stimuli (e.g. Congress, lawsuits, research) |

Monitor,
evaluate

Active

Figure 18. The flow of knowledge and modification of management regimes (A, B, C, D) under
reactive, passive, and active adaptive management strategies. In an active adaptive management
strategy, equally appropriate management treatments (B1, Bo, B3) are simultaneously applied and
tested using an experimental design (Adapted from: Bormann et al. 1996).

The Conservancy worked with an external science review panel to develop a study design (Rolph and Beggs
2000) (that will simultaneously test rates of ecosystem recovery and cost effectiveness using three different
restoration pathways (Map — Ellsworth Creek Experimental Basins). Each pathway is equally justifiable
given our current understanding of forest restoration.

1. Road Removal — forest stands will be left to develop without management intervention and all roads will
be permanently abandoned (unless constrained by management or legal restrictions).

e Advantages — very low cost of forest management, quickly eliminates signs of human management
(e.g., roads, new stumps), forest stands may develop different characteristics than thinned stands,
reduces forest fragmentation and sediment delivery from roads.

e Disadvantages — high initial financial costs for road abandonment, forest growth models predict
stagnation within the stem exclusion stage, windthrow may be high due to increasing stem-
diameter ratios, lack of access for management.

2. Vegetation Management — forest stands will be actively thinned during the initial treatment period (first 10
years) and at recurring intervals to promote forest growth and the development of structural
complexity. Roads will be maintained to allow for harvest and other management operations.

e Advantages — the time period for forest stands to obtain characteristics typical of late-successional
forests should shorten: tree growth rates should increase, stands should quickly develop structural
and compositional complexity, understory vegetation diversity should increase, large wood delivery
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should increase in shorter timeframe. Some revenue generation from sale of commercially thinned
trees.

e Disadvantages — increased ground disturbance and potential for invasive species introductions,
higher sediment production and delivery to streams, higher forest fragmentation from roads,
windthrow may be high in areas with high stem/diameter ratios and along road corridors,
continued cost of road maintenance, signs of human management will be evident.

3. Control — forest stands will remain unthinned during the initial treatment period (first 10 years) and all
roads will be maintained or repaired as needed. This management pathway will be re-evaluated in 10
years in an adaptive management context.

e Advantages —lowest initial cost of management, sign of human management is reduced within
forest stands, forest stands may develop different characteristics than thinned forests over time.

e Disadvantages — moderate potential for introduction of invasive species along road corridors,
continuing threat of sediment delivery from roads, ongoing costs of road maintenance, ongoing
stand fragmentation from roads, future management options within forest stands may decline as
young stands develop with high stem densities.

The Conservancy began implementing the experimental adaptive management study in 2005. Baseline data
is currently being collected on a variety of indicator variables and will continue through the winter of 2007-
2008. Indicator variables include:

e Stream hydrology

e DPhysical stream habitat

e Hydrologic connectivity of roads and streams
e TPorest structure and composition

e TPorest bird abundance

e  Headwater stream amphibians abundance

e Spawning populations of coho salmon

e Stream macroinvertebrate composition

e LiDAR data

In general, no active management will occur within the adaptive management study area during the baseline
data collection period. Two exceptions to this rule include: a) roads rated as high hazards for failure or
showing imminent signs of failure will be treated uniformly throughout the study area, and b) thinning for
restoration purposes within young-managed forest stands (less than 20 yrs of age) may occur within the
study area, but only outside of the 8 designated experimental tributary basins.
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APPENDIX A: ECOLOGY OF SPRUCE-HEMLOCK FORESTS
By: Andrew Larsen and Derek Churchill

Natural Disturbances

Disturbances play important roles in structuring the coniferous forests of western North America (Agee
1993, Franklin et al. 2002, Veblen et al. 1994). Their variation in type, extent, intensity and frequency lead
to unique post-disturbance conditions and forest developmental pathways. Stand replacing disturbances
initiate the forest development sequence while chronic, small-scale disturbances are important agents of
tree mortality and pattern formation within the development sequence. Wind is the primary disturbance in
coastal Sitka spruce Zone forests. Storms with hurricane force winds—potential stand replacing events—
have swept the western Washington coast approximately once every 20 years in the last 200 years
(Henderson et al. 1989). Of these events, the “21 Blow” of 1921 and the Columbus Day Storm of 1962
were the most significant, with estimated 7 and 11 billion board feet of timber volume blow down in the
storms, respectively. In addition, smaller windstorms blow down or damage individual trees or groups of
trees on a much more frequent basis. Additional complexity is introduced by feedbacks between wind-
created edges along canopy gaps and blowdown areas, which expose additional trees to wind disturbance
(Greene et al. 1992). As a consequence, wind disturbance become chronic, and blowdown patches can be
seen to grow and migrate across coastal forest landscapes at annual to decadal time scales in complex wave
and partial wave patterns (Harcombe et al. 2004). The net effect of this variable-intensity wind disturbance
regime is a complex landscape mosaic of different patch types and sizes, often with high within-patch
heterogeneity.

Fires, while rare, also perturb coastal Sitka spruce Zone forests. The incidence of fire in these forests is low
because ignition sources are infrequent and ignitions rarely coincide with fuel moisture levels conducive to
carrying wildfire. The limited available fire history data for Sitka spruce forests indicates that stand
replacement fires occur only during extreme weather conditions associated with dry east winds (Agee 1993).
Long and Whitlock (2002) estimated a fire return interval of 240 £ 30 years over the past 2700 years at a
site just south of the project area in northwest Oregon. In the Sitka spruce Zone forests of the Olympic
Peninsula fires have burned with a return interval of approximately 900 years (Henderson et al. 1989). A
major stand-replacing fire event—the Nestucca Fire— burned Sitka spruce Zone forests at what is now the
Cascade Head Experimental Forest in northwest Oregon sometime between 1845 and 1849 (Morris 1934,
Munger 1944). The Nestucca fire started in the Willamette Valley and was pushed over the Coast Range by
strong east winds. It is unknown if this significant fire was of natural or human origin. In any case, stand
replacement fire events are certainly possible in the Sitka spruce Zone, although the probability of
occurrence is quite low.

Reconnaissance in the largest old-growth patch on Long Island revealed occasional isolated fire-scarred
western redcedar snags, confirming that fire has been present to some degree in recent centuries. As the
old-growth patch has no evidence of a recent stand-replacement event, these solitary fire-scarred snags
likely represent trees that were struck by lightening and subsequently smoldered and charred, with the fire
remaining small in extent. Recent lightening strikes in 2005 on Long Island and within the Ellsworth Creek
watershed provide circumstantial evidence in support of this idea.

Landslides are another major disturbance type that affects coastal forests, (Powell et al. 2003, Skaugset et al.
2002, Wegmann 2004). Shallow, rapid translational landslides appear to comprise the bulk of soil mass
movements in the Ellsworth Creek watershed, although deep-seated landslides are also apparent (Wegmann
2004). They can be categorized as either debris slides, where the debris is deposited at the foot of the failure
scarp, or debris flows, in which material has a high water content, is mobilized down slope, and enters the
stream channel network (Skaugset et al. 2002). By creating sites with exposed mineral soil in the terrestrial
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uplands, landslides create opportunities for eatly successional species to establish and thus maintain
diversity in upland forest plant communities. Another important function of landslides, specifically debris
flows, is to transport sediment and large woody debris from terrestrial uplands to the stream network. They
reconfigure aquatic ecosystems (Montgomery D.R. and Buffington 1998) and deliver pulses of the basic
habitat elements required for streams to develop optimal habitat function (Reeves et al. 1995).

Forest Development Pathways

Old-growth Sitka spruce Zone forests are structurally similar to old-growth Douglas-fir forests (Franklin et
al. 2005). The well studied structural development of Douglas-fir forests (Franklin et al. 2002, Zenner 2005)
is helpful in understanding structural development in Sitka spruce forests, especially in managed stands as
historic clear-cutting was typically a high severity disturbance that placed new stands on an even-aged
trajectory similar to Douglas-fir stands after a high severity fire. However, the dominant disturbance in
natural Sitka spruce Zone forests—wind—differs from that of Douglas-fir forests, which are influenced
relatively more by fire. The silvics of the major species are also different. Thus, while reviewing the
developmental sequence of Douglas-fir forests, we will also identify the key differences of Sitka spruce
Zone forests.

Franklin et al. (2002) present an eight stage conceptual model for Douglas-fir forest development following
stand-replacing disturbance. Each structural stage is named for the dominant structural development
processes at that point in development. Many developmental processes operate at any one time in stand
structural development, however; forests do not develop in an orderly fashion. General trends are certainly
identifiable, but high variability in natural forests is the rule rather than the exception.

The developmental sequence is initiated in the disturbance and legacy creation stage. The type and intensity
of the stand replacing disturbance create the substrate and biological legacies (living organisms, dead
organic matter, and biologically-derived spatial patterns that persist following a disturbance) that set the
stage for stand development. Stand replacement windstorms create a complex substrate of overturned
rootwads with depressions of exposed mineral soil, downed logs, and intact pre-disturbance forest soils that
is very different from the predominance of exposed mineral soil after a high intensity fire. In addition a
larger number of live trees tend to persist through windstorms as opposed to high intensity fire. Much
recent research on biological legacies has focused on residual live green trees, including their distribution
(Keeton and Franklin 2004, Keeton and Franklin 2005) affects on stand volume growth (Acker et al. 1998,
Zenner et al. 1998), influence on spatial patterns of regenerating trees (Goslin 1997), contribution to stand
structural complexity (Zenner 2000), and influence on rates of forest succession (Keeton and Franklin
2005). In all these examples, the influence of the stand-initiating disturbance, and especially the biological
legacies, is apparent decades or even centuries later in stand development.

Following disturbance and legacy creation, stands enter the cohort establishment stage. This stage is
characterized by the establishment of a new cohort of conifer tree seedlings that is highly variable in time
and space. The establishment of tree populations is limited or facilitated by five broad factors: seed
availability and dispersal; environmental conditions; competition with non-tree vegetation; seed and
seedling loss to herbivory and pathogens; and repeat disturbance prior to the sexual maturity of the new
cohort. The first three factors operate in serial progression. Environmental conditions only limit tree
regeneration after viable seed reaches the site, and competing non-tree vegetation only becomes limiting
after tree species germinants have survived the initial environmental filter. The last two factors operate
more-or-less throughout the tree establishment process.

In the moderate, moist Sitka spruce Zone cohort establishment is typically a relatively rapid process. Both
spruce and hemlock are prolific seed producers (Ruth and Harris 1979) and seedlings typically establish at
very high densities. Western redcedar also establishes, but at lower densities. The growing conditions are
also quite favorable for competing non-tree vegetation however; if seed source is limiting immediately
following fire a dense shrub layer may establish, limiting further tree seedling recruitment (Tappeiner et al.
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2002). Because the dominant disturbance in the Sitka spruce Zone is wind, advanced regeneration often
survives in its relatively sheltered position in the understory and can dominate the new cohort. Cohort
establishment thus precedes the disturbance and legacy creation stage.

The next structural development stage following cohort establishment is distinguished by closure of the
tree canopy. Canopy closure brings about extremely rapid shifts in the environmental conditions at the site.
Understory light levels shift from nearly full sun to quite dark. Temperature and moisture regimes become
moderated by the tree canopy, as well as understory wind speeds. Community composition begins to
change following canopy closure. Shade intolerant, early successional herb and shrub species begin to be
excluded from the site and successful establishment of additional tree seedlings ceases.

With the development of a closed, interlocking canopy forest development enters a developmental period
marked by intense competition and biomass accumulation. At extreme levels, competition results in the
mortality of those plants unable to capture enough resources to compensate for respiration costs.
Competition in the moist Sitka spruce Zone forests is assumed to be primarily competition for light, which
is generally thought of as a one-sided process (Cannell and Grace 1993, Cannell et al. 1984, Ford 1975,
Ford and Diggle 1981) . In one-sided (asymmetrical) competition for light, a tall plant does not compete
with a short plant, at least not above the level of the highest foliage on the shorter plant, while short plants
compete directly with adjacent taller plants.. Alternately, two-sided or symmetrical competition occurs
when plants share scarce resources in proportion to their size. If symmetrical competition is occurring even
small plants will adversely affect the growth of large plants, as in the ponderosa pine/grand fir (Pinus
ponderosa/ Abies grandis) stands studied by McDowell and colleagues (2003), where water use by young grand
fir limited growth of old-growth ponderosa pine. Competition for belowground resources is generally
thought of as a two-sided process; the ability of a plant to extract limited belowground resources is
proportional to the size of its root system. In reality, both one-sided and two-sided competition likely
occurs in Sitka spruce Zone forests. However, stand structural development is likely influenced more
strongly by one-sided competition for light than by two-sided below ground competition.

Competition related tree mortality prevails during the competitive exclusion/biomass accumulation stage.
Growth rates and eatly canopy differentiation determine the “winners”. Slower growing species such as
western redcedar are often out-competed and decline in relative abundance. The spatial outcome of
competitive tree mortality is an overall homogenization of the forest stand structure. Subordinate trees and
plants die, and recruitment of additional tree seedlings is excluded (Harcombe 1980) resulting in a canopy
structure characterized by a single uniform layer of foliage (Van Pelt and Nadkarni 2004). Dense clumps of
trees self-thin, reducing within-stand variation in tree density. Trees surviving competitive mortality tend to
be distributed in a spatially regular pattern (Kenkel 1988). While competition related mortality dominates
tree demography, ecologically significant competition-independent tree mortality due to disturbance
typically occurs during the competitive exclusion/biomass accumulation stage. For example, in a young
Cascadian Douglas-fir-hemlock forest (Lutz and Halpern 2000) found that while the frequency of
suppression mortality of trees was 2.5 times greater than that of mortality due to disturbance, neatly four
times more biomass was lost to disturbance mortality.

Gradually, the developing stand transitions from the competitive exclusion/biomass accumulation stage
into the maturation stage. Maturation is marked by the attainment of maximum height and crown spread.
As overstory trees slow their crown expansion the intensity of competition for light lessens. Consequently,
the dominant agents of tree mortality shift from competition related processes to density-independent
processes, such as small scale disturbance, pathogens and insects. Understory light levels increase, allowing
the development and re-establishment of understory plants and shade-tolerant tree species in the lower
canopy. However, this process can be very slow in mature stands with a strong western hemlock
component—a common scenario in the Sitka spruce Zone. Working in mid-elevation forests in the Oregon
Cascades Stewart (19806, 1988) found that shade tolerant tree regeneration was delayed and understory plant
community development was limited in stands with hemlock-dominated overstories , relative to Douglas-fir
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dominated stands. The denser hemlock canopy likely transmits less light, restricting understory
development. By extension, Sitka spruce Zone forests that established with a high initial western hemlock
overstory component my experience delays in maturation relative to stands that established with a relatively
large Sitka spruce overstory component.

Once understory trees have established, further small-scale canopy disturbances create opportunities for
growth of shade-tolerant trees into the middle and overstory strata (Winter et al. 2002), resulting in a
vertically continuous canopy and a diversity of live tree sizes. This stage is termed vertical diversification.
As overstory trees which have grown to substantial size at this developmental stage succumb to mortality,
woody debris loads increase from the low levels typical of the early maturation stage to those typical of old-
growth forests. In coastal forests, much of the overstory tree mortality at this stage arises due to
interactions between pathogens (root and butt rots) and wind. Large branch systems develop during
vertical diversification, as does decadence in live trees (e.g. stem rot, cavities, bark scarring, broken tops,
etc.), creating diverse canopy habitat for animals and epiphytes.

The horizontal diversification stage follows vertical diversification and describes the process by which a
forest stand develops a spatially heterogeneous structure in a horizontal plane. Horizontal diversification
subsumes many tree birth, death and growth processes, of which the net effect is to transform the
homogenous young stand (i.e. a stand in the competitive exclusion/biomass accumulation stage) into a
spatially heterogeneous forest. Horizontal heterogeneity, defined as the presence of multiple patches within
a forest stand which together form a fine scale structural mosaic, is considered an emergent property of
old-growth forests (Franklin and Van Pelt 2004) and is thought to originate primarily from a combination
of spatially-ageregated tree mortality and competitive interactions between different subpopulations of trees
(Franklin et al. 2002, Larson and Franklin 2000).

The final developmental stage identified by Franklin et al (2002) is pioneer cohort loss, which is simply the
loss of the last members of the original stand initiation cohort. In the Douglas-fir forests described by
Franklin et al. (2002) this represents a potential loss of forest structure and function since Douglas-fir
generally does not regenerate in canopy gaps. The analogue for Sitka spruce Zone forests would be the loss
of large, dominant spruce. However, in spruce forests the pioneer cohort loss stage does not have the
same consequences for forest structure, composition and function as in Douglas-fir forests because spruce
is capable of regenerating in canopy gaps (Taylor 1990), thereby maintaining a spruce component over time
spans greater than the longevity of the original spruce cohort.

Two major stand development pathways exist in coastal spruce-hemlock-cedar forests and arise from
variation in severity of the dominant disturbance, wind (Figure: 1). Sites with greater exposure to wind tend
to experience high severity disturbance and stand development follows a catastrophic pathway (i.c.,
Franklin et al. 2002). Due to their prolific seed production and rapid eatly growth, western hemlock, and to
much a lesser extent, Sitka spruce tend to be the dominant species in this pathway. Relatively less exposed
sites experience chronic, low severity wind disturbance, which manifests as small scale, canopy-thinning
disturbances (Winter et al. 2002). The chronic disturbance pathway tends to select for wind resistant,
western redcedar and leads to relatively open, cedar dominated stands that are increasingly resistant to wind
disturbance over time (Weetman and Prescott 2001). At the landscape scale, topographic heterogeneity
create a mosaic of young, even aged stands developing along the catastrophic pathway following high
severity wind disturbance and old-growth, all aged stands maintained by low and moderate severity wind
disturbance (Kramer et al. 2001, Weetman and Prescott 2001).
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Figure 1: The effects of topography on wind disturbance and forest development

Long term studies of forest development following stand replacement fire at Cascade Head Experimental
Forest provide additional insight into forest structural development in the Sitka spruce Zone. Stand
replacement fire burned the Northern Oregon Coast Range in circa 1845 (Morris 1934, Munger 1944),
including the area now designated as the Cascade Head Experimental Forest. Following fire, stand
structural development proceeded along the sequence described by Franklin et al. (2002) up to the end of
the competitive exclusion stage and beginning of the maturation stage (Harcombe 19806). Permanent plot
studies then demonstrate accelerating mortality and biomass loss in maturing forests (Acker et al. 2000,
Greene et al. 1992, Harcombe et al. 1990) from a complex pattern of wind disturbance (blowdown).
Harcombe et al. (2004) used aerial photographs to characterize this wave like pattern as it advanced
through Cascade Head over a 40 year period.

Susceptibility of a forest stand to windthrow increases with stand age in coastal forests (Harmon et al. 2004,
Harris 1989, Jane 19806, Rebertus et al. 1997, Wimberly and Spies 2001) (Figure 2). As trees grow taller they
become less able to withstand the physical forces of high velocity winds, leading to increases incidence of
mechanical failure either by uprooting or stem breakage. Stem, butt and root rots in older (larger) trees also
increase the likelihood of windthrow (Edmonds et al. 2000). Also, once gaps in the canopy have been
created, the remaining trees are more exposed and susceptible. Topography interacts with prevailing wind
directions (storm tracks) such that different locations will have greater or lower susceptibility to windthrow
(Kramer et al. 2001). On sites predisposed to catastrophic windthrow by the local topographic context,
forest structural development will be truncated, seldom reaching the later stages (i.c. vertical and horizontal
diversification) of forest structural development.
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Figure 2: The influence of stand structure and wind disturbance on forest developmental pathways.

In the case of the Cascade Head, both topographic position and decreased resistance to wind disturbance
due to unstable, single cohort stand structure dominated by tall, slender trees have contributed to the
observed pattern of partial blowdown waves (Harcombe et al. 2004). These waves initiated from discreet
canopy gaps that have slowly spread and coalesced through time. A similar phenomenon has been observed
in other coastal, wind-disturbed forests (Rebertus and Veblen 1993, Rebertus et al. 1997). Thus, the
implication is that conversion of wind resistant cedar dominated old-growth stands (sezs# Weetman and
Prescott 2001) to even aged hemlock dominated stands has decreased the resistance to wind disturbance,
particularly on sites with only moderate topographic protection from storm tracks.

Red alder aggressively invades many sites in the Sitka spruce Zone following disturbances. Consequently,
pure stands of red alder, or mixed alder - conifer stands often develop following logging or natural
disturbance (Deal et al. 2004). Red alder is a short lived species; two major successional pathways are
possible in maturing alder stands. Spruce, hemlock and cedar are all able to persist in the understory of
alder stands. Thus, a common successional sequence is a gradual transition from alder to conifer
dominance. Beach and Halpern (2001) found that distance to seed source was the most important
explanatory variable for patterns of conifer seedling abundance in alder dominated riparian forests.
Substrate (woody debris) was positively related to hemlock and spruce seedling abundance, while conifer
seedling abundance declined with increasing herb and shrub cover. The same study found no relationship
between conifer seedling abundance and overstory cover, suggesting that alder does not competitively
exclude conifer seedlings from the understory. If conifer seed is not available, or if conifer seedling
establishment is otherwise limited (e.g. by competition with understory plants or herbivory), shrubs may
increase in dominance as the alder component senesces, further excluding conifer establishment and
maintaining a stable shrub community (Spies et al. 2002). Having some portion of the landscape maintained
in brushfields is not necessarily undesirable; the condition likely occurred naturally. However, management
action (e.g. planting conifer seedlings) may need to be taken on some sites if past harvesting has removed
local conifer seed sources.
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Mixed alder - conifer stands have the potential to develop heterogeneous stand structures with multiple
canopy layers and large diameter conifers (Deal et al. 2004). Rapid initial height growth by alder leads to
canopy stratification, with understory conifers persisting under an overstory of alder. Alder is a short lived
species however and mortality of overstory trees facilitates the eventual recruitment of suppressed conifers
into the overstory of mixed alder — conifer stands. Sitka spruce appears to be particularly adept at
responding to release from overstory alder competition (Deal et al. 2004).

Stream Geomorphology, Disturbances, and Habitat, including Riparian Areas
Stream geomorphology can be characterized at multiple spatial scales ranging from geomorphic provinces
to channel reaches. Three basic types of channel reaches exist: (Montgomery D.R. and Buffington 1998).

e  Colluvial reaches: These are typified by low volume, ephemeral flows and poor sediment sorting, as
debris flows are the primary sediment transport process in colluvial reaches.

e Bedrock reaches: These occur where sediment transport capacity exceeds sediment supply, preventing
the accumulation an alluvial sediment bed.

o Alluvial reaches: These occur where alluvial sediments accumulate and assume several different
morphologies (cascade, step-pool, plane-bed, pool-riffle, and dune-ripple) depending on the ratio of
sediment supply to transport capacity. These five types tend to arrange themselves within the channel
network according to stream gradient, with cascades morphologies typically found in steeper areas and
pool-riffle and dune-ripple reaches occupying low gradient locations. However, in-channel large woody
debris alters sediment delivery-transport relationships, forcing channel reaches to assume different
morphologies than would be expected in the absence of large wood in the stream channel. In-channel
woody debris can create suitable aquatic habitat in stream reaches that would otherwise be of low
habitat quality.

Disturbance regimes and processes change throughout the stream network (Montgomery D. R. 1999). As
stream channels increase in size, dominant disturbance processes transition from landslides and debris
flows to floods and channel migration/avulsion events. The frequency and magnitude of stream
disturbance regimes shifts from infrequent and high magnitude disturbances in small streams to higher
frequency and more moderate intensity in larger channels. Debris flows are primarily responsible for
delivery of large woody debris in high gradient headwater channels; while downstream transport, bank
erosion, and stand mortality are the primary causes of recruitment in low gradient, larger channels. Also,
habitat heterogeneity within channel networks is hypothesized to be strongly influenced by large deposits
of large woody debris in tributary junctions (Benda et al. 2004).

Riparian vegetation influences instream microenvironmental conditions, nutrient inputs and the quality and
quantity of allotochonous organic inputs (Naiman et al. 2000, Naiman et al. 1998, Spies et al. 2002).

Aquatic biota respond to changes in the quantity and quality of allotochonous inputs from riparian forests
(Bisson and Bilby 1998). Riparian forests represent an important habitat resource in their own right: 29% of
wildlife
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APPENDIX B: PROCESS AND GUIDELINES FOR DEVELOPING

STAND LEVEL PRESCRIPTIONS
By: Derek Churchill, Andrew Larson, & Kevin Cedar

Numerous land management agencies in western Washington such as the Washington State DNR
(Holmberg et al. 20006), the Olympic National Forest (Shoal 2002), the Cedar River Watershed (Erckmamn
and others 2000), Fort Lewis Military Reservation (Public Forestry Foundation 2001), and the Pinchot
Partners (Churchill et al. 2005) have translated the theoretical ideas of accelerating the development of old
growth structure into operational thinning prescriptions. Various scientists have also provided operational
level recommendations (Carey, pers. comm., Franklin pers. comm.). However, these recommendations are
geared towards creating old growth structure suitable for spotted owl habitat in mostly Douglas-fir
dominated forests. They also do not clearly articulate a thought process for determining the amount, scale,
and distribution of variability that should be introduced at different stages of stand development in
different forest types.

Applying these concepts and implementation strategies to the Sitka spruce forests of Willapa Bay, where
wind disturbance and prolific hemlock regeneration are defining attributes, is likely to lead to unintended
consequences. The following process was thus developed to guide managers in developing site-specific
prescriptions that have a clearly defined rationale of how to meet distinct objectives for particular stands. It
is an attempt to articulate and define the complete set of factors and thought processes that should be
addressed when designing prescriptions for a mix of objectives. Many of the steps will be obvious to any
land manager, while others may not be. It may seem at first glance to be overly complex, yet it is basically
what experienced foresters do intuitively. By ensuring that the prescription development is done in a
conscious, systematic fashion with a clear rationale can be explained, unintended consequences from
cookie-cutter prescriptions that can develop over time are more likely to be avoided. Most of the
information needed in the process has already been gathered, is presented in this plan, and can be further
analyzed using the multiple GIS layers, inventory data, and LMS tools collected and developed for these
ownerships. While this process is laid out in a linear fashion, prescription development is by nature an
iterative process and will involve going back and forth between steps.

1. Clearly Articulate Management Goals & Constraints

While the overall management objectives and landscape level, desired future conditions for the Refuge and
Conservancy ownerships have been laid out in this plan, it is critical that they be clearly fleshed out for the
specific stand in question. Getting clear and being upfront about the balance of ecological, economic, and
social needs and constraints of each particular project will continually refresh and allow for evolution of
overall management goals, avoid overuse of boilerplate language, and guard against loss of public trust.
Although this is an obvious and often repeated step, many land management agencies have been slow to
change their goals, thinking, and strategies as social values, ecological conditions, and scientific knowledge
have changed.

2. Assess Stand

o Landscape context: Several questions should be examined to get a clear picture of how the stand is
connected with the surrounding landscape. What is the condition of the landscape around this stand in
terms of stand structure, age class distribution, landscape heterogeneity, and habitat connectivity? What
functions does this stand provide at the watershed and landscape scales? Are there riparian areas,
streams, wetlands, unstable slopes, special habitats, rare species, or other features that are part of
important landscape level processes or habitat for key wildlife species? If so, assess the condition of
these areas relative to providing key functions. If treating several stands that are close together, much
of this step can be done for multiple stands at once.
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Site characteristics: The key physical factors that affect the vegetation and potential vegetation on the
site must be clearly understood by identifying the geological history, landform, topographic position,
soil characteristics, site productivity, and susceptibility to disturbance (primarily wind) of the site where
the stand is located. Also, identify the plant association group, its defining physiological and ecological
characteristics (i.e. low or high drought and frost tolerance, light vs. moisture limited, etc), and the
silvics of the tree species present (regeneration strategies, shade tolerance, lifespan, growth potential,
etc).

Stand development history: Summarize how the stand developed by listing all past management
activities (i.e. clear cut harvest, broadcast burning, planting, pre-commercial thinning, etc) and key
natural processes that also played a role (i.c. species colonization, windthrow, competitive interactions,
disease, etc). Next, using the explanation of natural stand development for this forest type provided in
appendix A, identify key differences between the developmental pathway of this stand and a theoretical
natural stand of a similar age developing after natural disturbance on this particular site. While the
natural pathway is not necessarily the ideal or target pathway, it is critical to understand what structures
and processes are different because of past management (i.e. lack of legacy live trees, snags, and CWD;
high proportion of Douglas-fir, reduced horizontal patchiness early in stand development, low crown
class differentiation, low species diversity, etc). Finally, attempt to determine the fine scale distinctions
in old growth development that exist in the specific plant association and topographic position of the
particular stand. For example, sites on drier soils on exposed ridge tops appear more conducive to
western redcedar dominated stands while protected riparian corridors favor Sitka spruce and western
hemlock.

Structure and composition of stand: Through both inventory data and thoroughly walking the stand,
managers should have a firm grasp of the following items:

- Stand density, diameter and height distribution, and species composition.

- Live crown and height to diameter ratios

- Live legacies

- Size, decay class, and expected longevity of snags, CWD, and wildlife trees:

- Horizontal patterning: patchiness

- Understory plant community composition

- Ongoing disturbances

Developmental processes: As described in appendix A, Franklin et. a