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SECTION 1. INTRODUCTION

The purpose of the Climate Change Effects Appendix C is to support the Supplemental Draft EIS
analysis by providing: (a) a broader regulatory discussion that supplements the Supplemental Draft
EIS; (b) background information on the potential impacts of climate change on species generally;
(c) support for and a general discussion of the literature regarding uncertainty and difficulty of
reaching definitive conclusions regarding species' response to climate change; and (c) a qualitative
assessment of the potential impacts of climate change to each Covered Species (which is applied to
the analysis in the Supplemental Draft EIS). It is important to understand that Appendix C is not
intended to provide a specific adaptive management strategy or make management
recommendations for the Tehachapi Uplands Multiple Species Habitat Conservation Plan (TU
MSCHP) Covered Lands. However, the analyses of climate change impacts on abiotic and biotic
resources contained in Appendix C identifies potential climate change issues and will help
establish the framework of adaptive management of the Covered Lands.

Appendix C includes a discussion of A Framework for Categorizing the Relative Vulnerability of
Threatened and Endangered Species to Climate Change (referred to herein as the “Draft
Framework™) published by the Environmental Protection Agency (EPA) for public review on
November 25, 2009 (74 FR 61671-61673). Appendix C does not formally apply the Draft
Framework methods to the Covered Species, but relevant principles from the Draft Framework
are applied to generally determine which Covered Species may be more or less vulnerable to
climate change effects in order to support the impact analysis in the text of the Supplemental
Draft EIS.

Appendix C is composed of the following main issues addressed in Sections 2 through 5:

Section 2:  Framework for regulation of greenhouse gases (GHGs) in the United States and
California

Section 3: Review of the projected and observed climate changes in California and their
general effects on vegetation communities and native and introduced species, as
well as a discussion of the inherent uncertainty in making precise predictions of
climate change impacts

Section 4:  An approach to evaluating species’ vulnerabilities to climate change

Section 5:  Potential climate change effects on abiotic and biotic resources and various
taxonomic groups, with specific applications to Tejon Ranch, Covered Lands,
and TU MSHCP Covered Species
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1.1 Summary

This subsection summarizes the main topics of Appendix C. Each of these topics are discussed
more fully below.

The 2009 California Climate Adaptation Strategy (CAS; California Natural Resources Agency
2009) identified both current changes in climate occurring in California and some resulting
effects. Specifically, climate changes in California to date include: increased average
temperature; more extreme hot days and fewer cold nights; seasonal shifts and lengthening of
growing season; and shifts in precipitation patterns, with less snowpack and snowmelt and
rainwater running off sooner. As a result, the CAS identified that California is currently
experiencing the following effects, including: more frequent and intense wildfires; increased sea
level by up to 7 inches over the 20" century; reduced water supply; and stress on infrastructure.

Future climate change impacts on Tejon Ranch, and specifically the Covered Lands on Tejon Ranch,
cannot be predicted with a high level of certainty, but it is expected that Tejon Ranch will experience
warmer temperatures, altered precipitation, and seasonal shifts and lengthening of the growing
season. The potential effects of such changes, both directly from climate change and indirectly from
the potential for more frequent and intense wildfires or droughts, for example, could include
alterations in runoff patterns, hydrology, vegetation communities, microclimates, and microhabitats.

Numerous studies of the effects of climate change on biota have been conducted and
comprehensive reviews, analyses, and integration of much of this research can be found in
various sources (Hansen et al. 2001; McCarty 2001; Parmesan 2006, 2007; Parmesan et al. 2000;
Parmesan and Yohe 2003; Walther et al. 2002). Parmesan (2006), for example, concluded that
changes in phenology' and distribution of well-studied terrestrial, marine, and freshwater plant
and animal species groups are occurring and are linked with local or regional climate change.
These changes include severe contractions and extinctions of range-restricted polar and
mountain-top species; disruptions of predator—prey and plant—insect relationships due to
differential responses to warming; evolutionary adaptations to warming in the interior portions of
species’ ranges, and rapid change in species’ resource use and dispersal at range margins; and
genetic shifts.

Although there is general consensus among scientists that climate change is occurring and will
have actual effects on biodiversity, ecosystem function, species, and habitats, there is currently a
high degree of uncertainty about species- and habitat-specific effects of climate change, at least at a
community, ecosystem, or regional level (California Natural Resources Agency 2009; Hansen et

' Phenology is defined as the “Study of the temporal aspects of recurrent natural phenomena and their relation to
weather and climate” (Lincoln et al. 1998).
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al. 2001; Hulme 2005; Mustin et al. 2007; Peterson et al. 2002; U.S. Fish and Wildlife Service
(USFWS) 2009; Walther et al. 2002). Some species may exhibit substantial effects, and others may
show no measurable effect (Parmesan and Yohe 2003; Visser and Both 2005). With such a high
degree of uncertainty in projected climate change effects on species, there is currently an effort to
understand what kinds of life history traits will make a species more or less sensitive to climate
change and thus allow scientists to identify those species that are most vulnerable.

The EPA published a notice of public comment period for A Framework for Categorizing the
Relative Vulnerability of Threatened and Endangered Species to Climate Change (or Draft
Framework) on November 25, 2009 (74 FR 61671-61673). The Draft Framework describes a
combined quantitative and qualitative method for evaluating threatened and endangered species’
relative vulnerability to climate change (note that this evaluation emphasizes a species’ relative
vulnerability, not its absolute vulnerability to climate change). The Draft Framework identifies
several factors that appear to distinguish species that are relatively more sensitive to climate
change from species that are likely to be relatively less sensitive.

According to the Draft Framework, species that are most sensitive to climate change are those
that are:

e Restricted in distribution (e.g., narrow endemic species)

¢ Small in population size

¢ Currently undergoing population declines

e Habitat specialists

¢ Found in habitats that are most likely to be affected by climate change.

Species that are least sensitive to climate change are those that are or have:

e Widely distributed
¢ Flexible habitat preferences
e Populations that are stable or increasing.

This appendix summarizes the main research findings for climate change effects for different
taxonomic groups, including amphibians and reptiles, birds, mammals, insects, and plants. Each of
the TU MSHCP species is then discussed in the context of these findings with respect to
characteristics of the Covered Species that may make them more or less sensitive to climate
change. It is important to understand that this analysis is qualitative and descriptive, and, in the
absence of species-specific information, does not imply an absolute sensitivity of a particular
species to climate change.
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Covered Species that have life history traits or exhibit other factors (e.g., declining populations)
consistent with species more sensitive to climate change include:

Tehachapi slender salamander
Yellow-blotched salamander
Purple martin

Tricolored blackbird

Western yellow-billed cuckoo
Willow flycatcher (both the little willow flycatcher and southwestern willow
flycatcher subspecies)
White-tailed kite

Valley elderberry longhorn beetle
Kusche’s sandwort
Round-leaved filaree

Striped adobe lily.

Covered Species that have life histories or other factors that are consistent with less sensitivity to
climate change compared to the species listed above include:

Western spadefoot

Coast horned lizard
Two-striped garter snake
California condor

Least Bell’s vireo

Yellow warbler

Ringtail

Tehachapi pocket mouse
Fort Tejon woolly sunflower
Tehachapi buckwheat

Tejon poppy.

Covered Species that have life histories and other factors that are consistent with species that are
generally insensitive to climate change include:

American peregrine falcon
Bald eagle

Burrowing owl

Golden eagle.
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Species that may be most sensitive to climate change tend to share in common characteristics
such as narrow geographic ranges (including elevation ranges), specialized habitat requirements
(e.g., preference for talus slopes by Tehachapi slender salamander), documented declining
populations, or habitats that are most likely to be affected by climate change (e.g., wetland and
riparian habitats).

Species that may be relatively less sensitive to climate change tend to be more variable with
regard to higher and lower risk characteristics. For example, condors are long-lived and are
mobile, opportunistic foragers, which are characteristics of lower risk species, but because they
have a fairly restricted geographic range, occur in small populations in the wild, and their natural
prey (e.g., deer) could be adversely affected by climate change, they could be more sensitive
than other scavenger species with broader ranges and larger populations, such as the turkey
vulture. As another example, the least Bell’s vireo is a riparian species whose breeding habitat is
somewhat restricted in California and is most likely to be affected by climate change. However,
the vireo population is expanding in California and it has broader habitat requirements than the
more restricted willow flycatcher, which may be relatively sensitive to climate change.

Species that likely are relatively insensitive to climate change tend to share common characteristics
such as large geographic ranges encompassing a broad range of climate conditions, stable or
increasing populations, flexible habitat and foraging requirements, or occupation of generally
hotter and more arid environments (e.g., sparse grasslands, open scrub, and desert). For example,
the burrowing owl has a broad geographic range (including extremely hot desert environments), its
habitat (open grassland, pasture, desert) is unlikely to be substantially affected by a hotter and drier
climate in California, and it is a generalist in its feeding habits (e.g., insects, small mammals,
reptiles, birds, and carrion). Although burrowing owl populations may be declining due to several
factors, including habitat loss, pesticide use, and introduced predators, it is unlikely that climate
change would add to or exacerbate existing stressors.

Because specific effects of climate change on species and their habitats are still speculative and
could change over time, both the State of California (California Natural Resources Agency 2009)
and USFWS (2009) emphasize flexible, adaptive strategies for coping with climate change. Hulme
(2005) states that adaptation strategies should focus on increasing the flexibility of managing
vulnerable ecosystems and increasing the adaptability of vulnerable ecosystems and species.
Management also needs to address interacting species and ecosystems. Halpin (1997)
recommended the following management prescriptions to address climate changes:

1. Selection of redundant reserves and selection of reserves that protect habitat diversity

2. Management for buffer zone flexibility
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3. Management for landscape connectivity

4. Management for habitat maintenance.

A discussion of the elements in relationship to the TU MSHCP is provided in Section 4.1,
Biological Resources, of the Supplemental Draft EIS.
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SECTION 2. REGULATORY FRAMEWORK FOR GREENHOUSE GASES

Regulation of greenhouse gases in the United States and California is relatively recent, beginning
in the mid-2000s. In the absence of major Federal efforts, California has taken initiatives to
establish goals for reductions of GHG emissions in California and to prescribe a regulatory
approach to ensuring that the goals would be met. While not as comprehensive, the Federal
government, primarily through actions of the U.S. Environmental Protection Agency (EPA), has
also begun to regulate GHG emissions. This section provides a brief foundation for these
regulatory efforts and discusses the key Federal and state regulatory efforts that could apply to
development under the TU MSHCP and the inhabitants of such development. This discussion is
broader ranging than the species-related text provided in Section 4.1, Biological Resources, of
the Supplemental Draft EIS. It relates to the overall context of efforts to control and reduce GHG
emissions. The success of these efforts will impact the future climate change models and
scenarios, and ultimately the effects, as discussed below.

2.1 Federal Measures

Endangerment Finding

On December 7, 2009, the Administrator of the EPA signed a final rule establishing the
foundation for regulation of GHGs from new motor vehicles as air pollutants under the Clean Air
Act (EPA 2009). The rule made two distinct findings regarding GHGs under Section 202(a) of
the Clean Air Act (42 U.S.C. 7401-7626):

e The Administrator found that elevated concentrations of GHGs—carbon dioxide (CO,),
methane (CHy), nitrous oxide (N,O), hydrofluorocarbons (HFCs), perfluorocarbons
(PECs), and sulfur hexafluoride (SF¢)—in the atmosphere threaten the public health and
welfare of current and future generations. This is referred to as the endangerment finding.

e The Administrator further found the combined emissions of GHGs—CO,, CH4, N>O, and
HFCs—from new motor vehicles and new motor vehicle engines contribute to the GHG
air pollution that endangers public health and welfare. This is referred to as the cause or
contribute finding.

This rule was prompted by the U.S. Supreme Court case, Massachusetts et al. v. EPA, where the
Supreme Court held that EPA has the statutory authority under Section 202 of the Clean Air Act to
regulate GHGs from new motor vehicles because GHGs meet the Clean Air Act definition of an air
pollutant. The court directed the Administrator to determine whether GHG emissions from new
motor vehicles cause or contribute to air pollution that may reasonably be anticipated to endanger
public health or welfare, or whether the science is too uncertain to make a reasoned decision.
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Mandatory Greenhouse Gas Reporting Rule

On September 22, 2009, EPA issued a final rule to require reporting of GHG emissions from all
sectors of the United States economy. Fossil fuel and industrial GHG suppliers, motor vehicle
and engine manufacturers, and facilities that emit 25,000 metric tons or more of CO, equivalent2
(CO;E) per year will be required to report GHG emissions data to EPA annually. The first annual
reports for the largest emitting facilities, covering calendar year 2010, will be submitted to EPA
in 2011. This new program will cover approximately 85 percent of the nation’s GHG emissions
and apply to roughly 10,000 facilities. EPA’s new reporting system will provide a better
understanding of GHG sources and will guide development of the best possible policies and
programs to reduce emissions. The data will also allow the reporters to track their own
emissions, compare them to similar facilities, and aid in identifying cost-effective methods to
reduce emissions in the future (EPA 2010a, 2010b).

Prevention of Significant Deterioration and Title V Greenhouse Gas Tailoring Rule

The Clean Air Act (CAA) established the Prevention of Significant Deterioration (PSD) and
Title V programs, which apply to stationary sources that emit certain levels of regulated air
pollutants (generally those pollutants for which EPA has established ambient air quality
standards and their precursors or has established emission standards). On June 3, 2010, EPA
published a final rule that tailors the applicability criteria that determine whether stationary
sources and modification projects become subject to permitting requirements for GHG emissions
under the PSD and Title V programs of the CAA (EPA 2010c). This rule establishes two initial
steps of the phase-in and commits the agency to take certain actions on future steps addressing
smaller sources, but it excludes certain smaller sources from PSD and Title V permitting for
GHG emissions until at least April 30, 2016.

Under Step 1, effective January 2, 2011, only sources currently subject to the PSD permitting
program would be subject to permitting requirements for their GHG emissions under PSD. For
these projects, only GHG increases of 75,000 tpy or more of total GHGs, on a CO2E basis, would
need to determine the Best Available Control Technology (BACT) for their GHG emissions.
Similarly for the Title V program, only sources currently subject to the program due to their criteria
air pollutant emissions would be subject to Title V requirements for GHGs. During Step 2 (July 1,
2011 to June 30, 2013), PSD permitting requirements will apply to new or modified facilities that

? Carbon dioxide equivalent (CO,E) is used to compare the emissions from various greenhouse gases based on their
emissions and global warming potential (GWP). In keeping with international reporting methods, CO,E is generally
reported in metric tons. The CO,E for a greenhouse gas is derived by multiplying the mass of the gas by its
associated GWP. For example, methane has a GWP of 21; thus, 1 metric ton of methane would be 21 metric tons
CO.E.
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emit GHG emissions of at least 100,000 tpy CO2E and modifications at existing facilities that
increase GHG emissions by at least 75,000 tpy CO2E. Facilities that emit 100,000 tpy CO2E or
more will be subject to Title V permitting requirements. Under Step 2, PSD and Title V permitting
requirements would apply to sources generating GHG emissions at the specified levels even if they
do not exceed permitting thresholds for any other pollutant (EPA 2010d).

Energy Independence and Security Act

On December 19, 2007, President Bush signed the Energy Independence and Security Act of
2007. Among other key measures, the Act would do the following, which would aid in the
reduction of national GHG emissions:

1. Increase the supply of alternative fuel sources by setting a mandatory Renewable Fuel
Standard (RFS) requiring fuel producers to use at least 36 billion gallons of biofuel in 2022.

2. Set a target of 35 miles per gallon for the combined fleet of cars and light trucks by
Model Year 2020; directs National Highway Traffic Safety Administration to establish a
fuel economy program for medium- and heavy-duty trucks and create a separate fuel
economy standard for work trucks.

3. Prescribe or revise standards affecting regional efficiency for heating and cooling
products, procedures for new or amended standards, energy conservation, energy
efficiency labeling for consumer electronic products, residential boiler efficiency, electric
motor efficiency, and home appliances.

EPA and NHTSA Joint Final Rule for Vehicle Standards

On April 1, 2010, the EPA and the Department of Transportation’s National Highway Traffic
Safety Administration (NHTSA) announced a joint final rule, effective July 6, 2010, to establish
a national program consisting of new standards for light-duty vehicles model years 2012 through
2016 (EPA and NHTSA 2010). The joint rule is intended to reduce GHG emissions and improve
fuel economy. EPA is finalizing the first-ever national GHG emissions standards under the Clean
Air Act, and NHTSA is finalizing Corporate Average Fuel Economy (CAFE) standards under
the Energy Policy and Conservation Act (EPA 2010e). This final rule follows the EPA and
Department of Transportation’s (DOT) joint proposal on September 15, 2009, and is the result of
the President Obama’s May 2009 announcement of a national program to reduce greenhouse
gases and improve fuel economy (EPA 2010f).

The EPA GHG standards require new passenger cars, light-duty trucks, and medium-duty
passenger vehicles to meet an estimated combined average emissions level of 250 grams of CO,
per mile in model year 2016, equivalent to 35.5 miles per gallon (mpg) if the automotive industry
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were to meet this CO2 level all through fuel economy improvements. The CAFE standards for
passenger cars and light trucks will be phased in between 2012 and 2016, with the final standards
equivalent to 37.8 mpg for passenger cars and 28.8 mpg for light trucks, resulting in an estimated
combined average of 34.1 mpg. Together, these standards will cut greenhouse gas emissions by
an estimated 960 million metric tons and 1.8 billion barrels of oil over the lifetime of the vehicles
sold under the program. The rules will simultaneously reduce greenhouse gas emissions, improve
energy security, increase fuel savings, and provide clarity and predictability for manufacturers
(EPA 2010f).

2.2 State Measures

The following legislation and Executive Orders established California’s goals to reduce GHG
emissions in the state and to respond to effects of climate change on the state’s resources.

Executive Order S-3-05

In June 2005, former governor Schwarzenegger established California’s GHG emissions
reduction targets in Executive Order S-3-05. The Executive Order established the following
goals: GHG emissions should be reduced to 2000 levels by 2010, GHG emissions should be
reduced to 1990 levels by 2020, and GHG emissions should be reduced to 80% below 1990
levels by 2050.

AB 32 and Scoping Plan

On September 27, 2006, in furtherance of the goals established in Executive Order S-3-05, the
legislature enacted Assembly Bill 32 (AB 32, Nuifiez and Pavley), the California Global Warming
Solutions Act of 2006. AB 32 requires GHG emissions to return to 1990 levels by 2020.

The California Air Resources Board (CARB) was assigned responsibility for developing and
carrying out the programs and requirements necessary to achieve the goals of AB 32. Under AB
32, CARB must adopt regulations requiring the reporting and verification of statewide GHG
emissions. This program will be used to monitor and enforce compliance with the established
standards. CARB is also required to adopt rules and regulations to achieve the maximum
technologically feasible and cost-effective GHG emission reductions. AB 32 allows CARB to
adopt market-based compliance mechanisms to meet the specified requirements. Finally, CARB is
ultimately responsible for monitoring compliance and enforcing any rule, regulation, order,
emission limitation, emission reduction measure, or market-based compliance mechanism adopted.

The first action under AB 32 resulted in the adoption of a report listing early action GHG
emission reduction measures on June 21, 2007. The early actions include three specific GHG
control rules. On October 25, 2007, CARB approved an additional six early action GHG
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reduction measures under AB 32. The original three adopted early action regulations meeting the
narrow legal definition of “discrete early action GHG reduction measures” include:

1. A low-carbon fuel standard to reduce the “carbon intensity” of California fuels

2. Reduction of refrigerant losses from motor vehicle air conditioning system maintenance
to restrict the sale of “do-it-yourself” automotive refrigerants

3. Increased methane capture from landfills to require broader use of state-of-the-art
methane capture technologies.

The additional six early action regulations, which were also considered “discrete early action
GHG reduction measures,” include:

1. Reduction of aerodynamic drag, and thereby fuel consumption, from existing trucks and
trailers through retrofit technology

2. Reduction of auxiliary engine emissions of docked ships by requiring port electrification
3. Reduction of perfluorocarbons from the semiconductor industry

4. Reduction of propellants in consumer products (e.g., aerosols, tire inflators, and dust
removal products)

5. Require that all tune-up, smog check, and oil change mechanics ensure proper tire
inflation as part of overall service in order to maintain fuel efficiency

6. Restriction on the use of sulfur hexafluoride (SFs) from non-electricity sectors if viable
alternatives are available.

As required under AB 32, on December 6, 2007, CARB approved the 1990 GHG emissions
inventory, thereby establishing the emissions limit for 2020. The 2020 emissions limit was set at
427 MMT COgE. In addition to the 1990 emissions inventory, CARB also adopted regulations
requiring mandatory reporting of GHGs for large facilities that account for 94% of GHG
emissions from industrial and commercial stationary sources in California. About 800 separate
sources that fall under the new reporting rules and include electricity generating facilities,
electricity retail providers and power marketers, oil refineries, hydrogen plants, cement plants,
cogeneration facilities that emit CO, in excess of specified thresholds, and other facilities that
emit CO; in excess of 25,000 metric tons per year from stationary combustion sources.

On December 11, 2008, CARB approved a Scoping Plan to achieve the goals of AB 32. The
Scoping Plan establishes an overall framework for the measures that will be adopted to reduce
California’s GHG emissions. CARB determined that achieving the 1990 emission level would
require a reduction of GHG emissions of approximately 29% below what would otherwise occur
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in 2020 in the absence of new laws and regulations, referred to as "business as usual." The
Scoping Plan evaluates opportunities for sector-specific reductions, integrates all CARB and
Climate Action Team early actions and additional GHG reduction measures by both entities,
identifies additional measures to be pursued as regulations, and outlines the role of a cap-and-
trade program. Additional development of these measures and adoption of the appropriate
regulations will occur over the next 2 years, becoming effective by January 1, 2012. The key
elements of the Scoping Plan (CARB 2008) include:

¢ Expanding and strengthening existing energy efficiency programs as well as building and
appliance standards;

e Achieving a statewide renewables energy mix of 33%;

e Developing a California cap-and-trade program that links with other Western Climate
Initiative partner programs to create a regional market system and caps sources
contributing 85% of California’s GHG emissions;3

e Establishing targets for transportation-related GHG emissions for regions throughout
California, and pursuing policies and incentives to achieve those targets;

e Adopting and implementing measures pursuant to existing state laws and policies,
including California’s clean car standards, goods movement measures, and the Low
Carbon Fuel Standard; and

¢ C(Creating targeted fees, including a public goods charge on water use, fees on high global
warming potential gases, and a fee to fund the administrative costs of the State of
California’s long-term commitment to AB 32 implementation.

Executive Order S-13-08

On November 14, 2008, former governor Schwarzenegger issued Executive Order S-13-08,
which is intended to hasten California’s response to the impacts of global climate change,
particularly sea level rise. It directs the California Natural Resource Agency, in cooperation with
the California Department of Water Resources, California Energy Commission, California’s
coastal management agencies, and the Ocean Protection Council to conduct public workshops to
gather information and request the National Academy of Sciences to prepare a Sea Level Rise
Assessment Report by December 1, 2010. The Business, Transportation, and Housing Agency
was ordered to assess the vulnerability of the state’s transportation systems to sea level rise

3 In 2009, a coalition of environmental groups brought a challenge to the Scoping Plan alleging that it violated
AB 32 and that the associated environmental review document violated CEQA by failing to appropriately analyze
alternatives to the proposed cap-and-trade program. On May 20, 2011, the San Francisco Superior Court entered a
final judgment in favor of the coalition. The Appellate Court stayed the Superior Court's injunction on June 3, 2011.
Meanwhile, in an effort to comply with the Superior Court's Judgment, on June 13, 2011,CARB released a draft
supplemental environmental document that analyzes alternatives to cap-and-trade. The portions of the Scoping Plan
that do not relate to cap-and-trade remain valid under the Superior Court's judgment.
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within 90 days of the order. The Office of Planning and Research and the California Natural
Resources Agency are required to provide land use planning guidance related to sea level rise
and other climate change impacts. The order also requires the other state agencies to develop
adaptation strategies by June 9, 2009 to respond to the impacts of global climate change that are
predicted to occur over the next 50 to 100 years. The final adaptation strategies report was issued
in December 2009. To assess the state’s vulnerability, the report summarizes key climate change
impacts to the state for the following areas: public health, ocean and coastal resources, water
supply and flood protection, agriculture, forestry, biodiversity and habitat, and transportation and
energy infrastructure. The report then recommends strategies and specific responsibilities related
to water supply, planning and land use, public health, fire protection, and energy conservation.

The following legislation and Executive Orders address California’s goals to increase the amount
of electricity produced by renewable energy sources.

SB 1078

Approved by former governor Davis in September 2002, Senate Bill 1078 (SB 1078, Sher)
established the Renewal Portfolio Standard program, which requires an annual increase in
renewable generation by the utilities equivalent to at least 1% of sales, with an aggregate goal of
20% by 2017. This goal was subsequently accelerated, requiring utilities to obtain 20% of their
power from renewable sources by 2010 (see SB 107 and Executive Orders S-14-08 and S-21-09.)

SB 107

Approved by former governor Schwarzenegger on September 26, 2006, Senate Bill 107 (SB 107,
Simitian) requires investor-owned utilities such as Pacific Gas and Electric, Southern California
Edison, and San Diego Gas and Electric, to generate 20% of their electricity from renewable
sources by 2010. Previously, state law required that this target be achieved by 2017 (see SB
1078).

SB 1368

On September 29, 2006, former governor Schwarzenegger signed SB 1368, which requires the
California Energy Commission to develop and adopt regulations for GHG emissions
performance standards for the long-term procurement of electricity by local, publicly owned
utilities. These standards must be consistent with the standards adopted by the California Public
Utilities Commission. On January 25, 2007, the California Public Utilities Commission adopted
an Emissions Performance Standard for any long-term power commitments made by the state’s
electrical utilities. Utilities are not allowed to enter into a long-term commitment to buy baseload
power from power plants that have CO, emissions greater than 1,100 pounds (0.5 metric ton) per
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megawatt-hour (MWh). On May 23, 2007, the California Energy Commission also adopted a
performance standard consistent with that adopted by the California Public Utilities Commission.

Executive Order S-14-08

On November 17, 2008, former governor Schwarzenegger issued Executive Order S-14-08. This
Executive Order focuses on the contribution of renewable energy sources to meet the electrical
needs of California while reducing the GHG emissions from the electrical sector. The governor’s
order requires that all retail suppliers of electricity in California serve 33% of their load with
renewable energy by 2020. Furthermore, the order directs state agencies to take appropriate actions
to facilitate reaching this target. The California Natural Resources Agency, through collaboration
with the California Energy Commission and Department of Fish and Game, is directed to lead this
effort. Pursuant to a Memorandum of Understanding between the California Energy Commission
and Department of Fish and Game creating the Renewable Energy Action Team, these agencies
will create a “one-stop” process for permitting renewable energy power plants.

Executive Order S-21-09

On September 15, 2009, former governor Schwarzenegger issued Executive Order S-21-09. This
Executive Order directed CARB to adopt a regulation consistent with the goal of Executive Order
S-14-08 by July 31, 2010. CARB is further directed to work with the California Public Utilities
Commission and California Energy Commission to ensure that the regulation builds upon the
Renewable Portfolio Standard program and is applicable to investor-owned utilities, publicly-
owned utilities, direct access providers, and community choice providers. Under this order, CARB
is to give the highest priority to those renewable resources that provide the greatest environmental
benefits with the least environmental costs and impacts on public health and that can be developed
most quickly in support of reliable, efficient, cost-effective electricity system operations.

Senate Bill X1 2

On April 12, 2011, Governor Jerry Brown signed SB X 1 2 in the First Extraordinary Session,
which would expand the RPS by establishing a goal of 20% of the total electricity sold to retail
customers in California per year, by December 31, 2013, and 33% by December 31, 2020, and in
subsequent years. Under the bill, a renewable electrical generation facility is one that uses
biomass, solar thermal, photovoltaic, wind, geothermal, fuel cells using renewable fuels, small
hydroelectric generation of 30 megawatts or less, digester gas, municipal solid waste conversion,
landfill gas, ocean wave, ocean thermal, or tidal current and that meets other specified
requirements with respect to its location. In addition to the retail sellers covered by SB 107,
SB X1 2 adds local publicly owned electric utilities to the RPS. By January 1, 2012, the CPUC is
required to establish the quantity of electricity products from eligible renewable energy resources
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to be procured by retail sellers in order to achieve targets of 20% by December 31, 2013; 25% by
December 31, 2016; and 33% by December 31, 2020. The statute also requires that the
governing boards for these utilities establish the same targets, and the governing boards would be
responsible for ensuring compliance with these targets. The CPUC will be responsible for
enforcement of the RPS for retail sellers, while the CEC and CARB will enforce the
requirements for local publicly owned electric utilities.

Title 24 Energy Efficiency and Building Standards

Title 24 of the California Code of Regulations, known as the California Building Standards Code,
is a compilation of various standards applying to the construction and operation of residential and
non-residential buildings in California. Title 24 is comprised of 12 parts. Part 6 of Title 24 is the
California Energy Code, or the Energy Efficiency Standards for Residential and Nonresidential
Buildings. The Energy Code was established in 1978 in response to a legislative mandate to reduce
California's energy consumption, and it is updated periodically to incorporate additional energy-
saving technologies and methods. Most recently, the California Energy Code was updated in 2008.
The 2008 standards apply to all buildings for which a permit was submitted after January 1, 2010,
and reflect additional attention to energy efficiency and GHG emission reduction.

The legislature also recently added Part 11 to Title 24, which comprises the California Green
Building Standards Code, also known as CalGreen. CalGreen imposes a number of energy-saving
and GHG-reducing requirements on California buildings, and contains a variety of voluntary
measures that can also be required, which would enable buildings to qualify for special recognition.

The following legislation and Executive Orders address California’s goals to reduce GHG
emissions from motor vehicles and fuels.

AB 1493

Recognizing that the transportation sector accounts for more than half of California’s CO,
emissions, the California Legislature adopted Assembly Bill 1493 (AB 1493, Pavley), which was
enacted on July 22, 2002. AB 1493 required CARB to set GHG emission standards for passenger
vehicles, light-duty trucks, and other vehicles determined by the state board to be vehicles whose
primary use is noncommercial personal transportation in the state. The bill required that CARB
set the GHG emission standards for motor vehicles manufactured in 2009 and all subsequent
model years. CARB adopted the standards in September 2004. EPA granted a waiver under the
CAA on June 30, 2009, to allow this state regulation and on March 29, 2010, the CARB
Executive Officer approved revisions to the motor vehicle GHG standards to harmonize the state
program with the national program for 2012 to 2016 model years (see EPA and NHTSA Joint
Rule for Vehicle Standards). The revised regulations became effective on April 1, 2010. When
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fully phased in, the near-term (2009-2012) standards will result in a reduction of about 22% in
GHG emissions compared to the emissions from the 2002 fleet, while the mid-term (2013-2016)
standards will result in a reduction of about 30%.

Executive Order S-1-07

Issued on January 18, 2007, Executive Order S-1-07 sets a declining Low Carbon Fuel Standard
(LCFS) for GHG emissions measured in CO,-equivalent gram per unit of fuel energy sold in
California. The target of the LCFS is to reduce the carbon intensity of California passenger
vehicle fuels by at least 10% by 2020. The carbon intensity measures the amount of GHG
emissions in the lifecycle of a fuel, including extraction/feedstock production, processing,
transportation, and final consumption, per unit of energy delivered. CARB adopted the
implementing regulation in April 2009. The regulation is expected to increase the production of
biofuels, including those from alternative sources such as algae, wood, and agricultural waste. In
addition, the LCFS would drive the availability of plug-in hybrid, battery electric, and fuel-cell
power motor vehicles. The LCFS is anticipated to replace 20% of the fuel used in motor vehicles
with alternative fuels by 2020.

SB 375

On September 30, 2008, former governor Schwarzenegger signed SB 375 (Steinberg), which
addresses GHG emissions associated with the transportation section through regional
transportation and sustainability plans. By September 30, 2010, CARB will assign regional GHG
reduction targets for the automobile and light truck sector for 2020 and 2035. The targets are
required to consider the emission reductions associated with vehicle emission standards (see AB
1493), the composition of fuels (see Executive Order S-1-07), and other CARB-approved
measures to reduce GHG emissions. Regional metropolitan planning organizations will be
responsible for preparing a Sustainable Communities Strategy within the Regional
Transportation Plan. The goal of the Sustainable Communities Strategy is to establish a
development plan for the region, which, after considering transportation measures and policies,
will achieve, if feasible, the GHG reduction targets. If a Sustainable Communities Strategy is
unable to achieve the GHG reduction target, a metropolitan planning organization must prepare
an Alternative Planning Strategy demonstrating how the GHG reduction target would be
achieved through alternative development patterns, infrastructure, or additional transportation
measures or policies. SB 375 provides incentives for streamlining CEQA requirements by
substantially reducing the requirements for “transit priority projects,” as specified in SB 375, and
eliminating the analysis of the impacts of certain residential projects on global warming and the
growth-inducing impacts of those projects when the projects are consistent with the Sustainable
Communities Strategy or Alternative Planning Strategy.
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2.3 CEQA-Related Developments

At the state and regional level, various regulatory developments have occurred in the context of
conducting environmental reviews of potential projects pursuant to the California Environmental
Quality Act (CEQA). These developments have centered largely around developing a
methodology for determining whether a project’s climate change impacts are significant.
Although NEPA and CEQA share many general characteristics, including their overall goals of
disclosure and consideration of potential environmental impacts, the specific requirements of the
two statutes are different. In particular, CEQA requires identification of significance thresholds
and a determination of significance, whereas NEPA requires that the magnitude of the impact be
analyzed, but does not compel a determination of significance. Nevertheless, because the
regulatory landscape with respect to climate change analysis under CEQA generally has
unfolded more rapidly than it has under NEPA, consideration of some of the major GHG
analysis developments under CEQA is warranted. The following discussion describes some of
the most relevant developments. This discussion is not exhaustive and is not intended to
represent a comprehensive picture of all GHG-related CEQA developments.

Senate Bill 97 (CEQOA Guidelines)

SB 97 required the Governor's Office of Planning and Research (OPR) to prepare amended CEQA
Guidelines for submission to the California Natural Resources Agency (CNRA) regarding GHG
analysis and feasible mitigation of the effects of GHG emissions as required by CEQA. The CNRA
was required to certify and adopt these revisions to the State CEQA Guidelines by January 1, 2010.
On December 30, 2009, the CNRA adopted the amendments to the CEQA Guidelines developed
by OPR (CEQA Amendments). The CEQA Amendments became effective on March 18, 2010.
Key elements of the CEQA Amendments are discussed below.

According to Section 15064.4(a) of the CEQA Amendments, lead agencies should “make a good
faith effort, based to the extent possible on scientific and factual data, to describe, calculate or
estimate” GHG emissions. Section 15064.4(b) provides that the lead agency should consider the
following when assessing the significance of impacts from GHG emissions on the environment:

e The extent a project may increase or reduce GHG emissions as compared to the
environmental setting.

e Whether the project emissions exceed a threshold of significance that the lead agency
determines applies to the project.

e The extent to which the project complies with regulations or requirements adopted
to implement a statewide, regional, or local plan for the reduction or mitigation of
GHG emissions.
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The revisions to Appendix G, Environmental Checklist Form, which is often used as a basis for
CEQA lead agencies' selection of significance thresholds, do not prescribe specific thresholds.
Rather, Appendix G asks whether the project would conflict with a plan, policy or regulation
adopted to reduce GHG emissions; or generate GHG emissions that would significantly effect
the environment, indicating that the determination of what is a significant effect on the
environment should be left to the lead agency.

Accordingly, the CEQA Amendments do not prescribe specific methodologies for performing an
assessment, do not establish specific thresholds of significance, and do not mandate specific
mitigation measures. Rather, the CEQA Amendments emphasize the lead agency’s discretion to
determine the appropriate methodologies and thresholds of significance consistent with the
manner in which other impact areas are handled in CEQA.

California Air Resources Board CEQA Guidance

CARB, which is the principal California state agency charged with GHG reduction efforts under
AB 32, has not proposed, recommended, or adopted a CEQA significance standard for GHG for
residential, commercial, mixed use, resort, or similar land use projects. In October 2008, CARB
released a preliminary draft proposal for identifying CEQA thresholds of significance for
industrial, commercial, and residential developments. The draft CARB thresholds proposed a
framework for developing thresholds of significance that relied upon the incorporation of a
variety of performance measures to reduce GHG emissions associated with a project, as well as a
numerical threshold of significance above which a project must include detailed GHG analysis in
an EIR and incorporate all feasible mitigation measures. Although CARB proposed a 7,000-tons-
per-year threshold for industrial projects, no numerical threshold for commercial and residential
projects was proposed. This process has not progressed since late 2008, and it is considered to be
on hold.

San Joaquin Valley Air Pollution Control District CEQA Guidance 4

In December of 2009, the San Joaquin Valley Air Pollution District (SJVAPCD) adopted,
Guidance for Valley Land-use Agencies in Addressing GHG Emission Impacts for New Projects
under CEQA (SJIVAPCD CEQA Guidance; SJVAPCD 2009a), and issued an accompanying
staff report further describing its adopted approach entitled Final Staff Report: Addressing
Greenhouse Gas Emissions Impacts Under the California Environmental Quality Act
(SJVAPCD Staff Report; SIVAPCD 2009b). The SJVAPCD CEQA Guidance is intended to

* The STVAPCD is one of a few air districts that has formally adopted guidance, including significance thresholds,
for evaluating GHG emissions from projects under CEQA. The East Kern Air Pollution Control District has not
adopted or proposed such guidance.
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assist lead agencies in their CEQA analysis of the climate change impacts from a development
project; it is not compulsory and is intended for use specifically in the CEQA context. The
SIVAPCD CEQA Guidance recognizes that determining a specific quantitative threshold above
which a project’s climate change impacts are significant is not scientifically possible and that
impacts must be considered in a cumulative context.

The SIVAPCD CEQA Guidance, therefore, suggests that a lead agency determine that a
development project’s GHG impacts are less than significant if it: (1) is exempt from CEQA; (2)
complies with an approved GHG emission reduction plan or GHG mitigation program for the
geographic area in which the project is located; (3) implements best performance standards
(BPS) that reduce project emissions by at least 29 percent below business as usual (BAU)5
consistent with the required emission reductions determined by CARB to achieve the goal set by
AB 32; or (4) does not implement BPSs, but demonstrates that a project’s emissions would be
reduced by at least 29 percent below BAU. SIVAPCD 2009a, pp. 4-5. SIVAPCD’s performance
standard approach is consistent with the statements of numerous experts and regulators that have
recognized that a specific number cannot be identified, above which a project’s impacts would
significantly contribute to climate change, and that specific impacts cannot be attributed to a
particular project. The SJVAPCD is now in the process of further refining the methodology to be
utilized in undertaking a CEQA analysis of GHG emissions, and developing the BPSs to be
applied to development projects.6

> BAU represents the emissions that would otherwise result in the absence of regulatory requirements or
project commitments.

® It should be noted that, although the STVPACD had not yet formally adopted this Guidance when the Tejon
Mountain Village EIR was prepared, the EIR did employ a significance approach consistent with the approach
ultimately recommended by the SIVAPCD. Accordingly, the Tejon Mountain Village EIR requires the project to
mitigate its GHG emissions by at least 29 percent below BAU.
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SECTION 3 REVIEW OF CLIMATE CHANGE AND EFFECTS

This section provides background information for observed and projected climate change in
California and the observed and potential effects of these changes on broad scale abiotic and
biotic resources in the state. A general review of the potential effects of climate change on biotic
systems, including vegetation communities and wildlife and plant species, and its relation to
introduced species that may affect native species and ecosystem function is provided, with
application to California where possible. This section also includes a discussion of the
uncertainty of climate change projections and its specific effects on biotic systems and species.
Thus, while a range of potential climate change effects may be identified, the exact impact of
climate change on a specific species in a specific location remains speculative. The information
provided in this section is applied to the Covered Lands and Tejon Ranch in general in Section 5.

3.1 Projected Climate Change and Effects in California

The 2009 California Climate Adaptation Strategy (CAS; California Natural Resources Agency
2009) identified several physical climate change effects that are currently occurring in California:

¢ Increased average temperature
e More extreme hot days and fewer cold nights
e Seasonal shifts and lengthening of growing season

e Shifts in precipitation patterns, with less snowpack and snowmelt and rainwater running
off sooner.

The CAS identified several consequences related to the observed climate changes, including:

® More frequent and intense wildfires

¢ Increased sea level by up to 7 inches over the 20" century
e Reduction in water supply

e Stress on infrastructure.

The CAS also identified several projected future effects of climate change based on information
developed by the Intergovernmental Panel on Climate Change (IPCC) (2007). These projected
effects are uncertain because they depend on several assumptions of the various climate models,
levels of future emissions, and uncertainty related to societal choices and policies (e.g., business
as usual or cooperative efforts to reduce GHGs). (Uncertainty in climate change scenarios and
effects is discussed in more detail below in Section 3.4.) The projected future effects identified
by CAS (California Natural Resources Agency 2009) that would occur under most climate
change scenarios include:
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e Temperature rise:

o 2°Fto 5°F by 2050; 4°F to 9°F by 2100

o More pronounced warming in summer than winter

o More pronounced warming inland than in coastal areas

o All models predict increased temperatures, with level of GHG emissions the biggest
uncertainty.

e Extreme weather events:

o More frequent and longer heat waves

o More frequent and more intense wildfires

o Prolonged drought

o Increased winter and spring flooding due to more rain relative to snow, and earlier
snowmelt.

e Precipitation changes:

o 12% to 35% reduction by 2050

o High uncertainty due to different models of where and how much snowfall and rain
patterns will change
= 11 of 12 precipitation models show overall decreases in rainfall in northern

California (12% to 35%)
= More water will fall as rain than as snow, affecting runoff patterns (earlier
snowmelt).
e Seasonal shifts
e Sea level rise:
o 12 to 18 inches by 2050; 21 to 55 inches by 2100
e QGenerally hotter and drier conditions
e Potential abrupt climate change:

o Although most models project gradual changes, tipping or threshold events could
cause rapid or abrupt changes both globally and in California due to events elsewhere
such as reduction in Arctic sea ice; accelerated melting of Greenland and Antarctic
ice sheets; release of methane from permafrost; warming of the Amazon and
intensification of El Nino/Southern Oscillation Cycles. Such threshold events could
accelerate the projected changes and reduce the time available for resources to adapt
to such changes (e.g., elevational or latitudinal range shifts). Species with lower
dispersal capabilities or more restricted tolerances (e.g., thermal tolerances) to habitat
changes would be at the greatest risk of extinction.

Potential future climate change impacts on Tejon Ranch, and specifically the Covered Lands on
Tejon Ranch, include warmer temperatures, altered precipitation, and seasonal shifts and
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lengthening of the growing season. The potential effects of such changes, both directly from
climate change and indirectly from more frequent and intense wildfires, include alterations in
runoff patterns, hydrology, vegetation communities, microclimates, and microhabitats. Although
these types of impacts are expected to occur, the existing climate change models do not have the
precision to make site-specific predictions such as the magnitude and direction of the effects
(e.g., more or less precipitation). Thus, these changes are accommodated for in the TU MSHCP
Section 8.1, Changed Circumstances, and TU MSHCP Section 8.3, Reconciliation of the No
Surprises Rule, Unforeseen Circumstances, and Adaptive Management in the MSHCP.

3.2 Climate Change Effects on Biology

The general relationships between climate and biology have been studied for more than 100
years (Parmesan 2006). The more formal study of the potential impacts of climate change on
biological diversity dates back to at least 1988 at the World Wildlife Fund’s Conference on
Consequences of the Greenhouse Effect for Biological Diversity (Peters 1992). This was the first
scientific meeting to specifically focus on the effects of global warming on biodiversity (Peters
1992). A series of papers published in Peters and Lovejoy (1992) addressed a variety of topics
regarding global warming effects on the environment, including effects on coastal-marine zones
(Ray et al. 1992); vegetation (Woodward 1992); soil biotic communities and processes (Whitford
1992); tropical forests (Hartshorn 1992); ecosystem response, habitat change, and wildlife
diversity (Shugart and Smith 1992); ecological, physiological, and behavioral responses by
animals (Dawson 1992; Myers and Lester 1992; Rubenstein 1992; Tracey 1992); and host-
parasite and disease-vector relationships (Dobson and Carper 1992). Since these seminal papers,
a substantial body of research has been generated to address global warming, now more
generally referred to as global climate change. Comprehensive reviews, analyses, and integration
of much of this research can be found in various sources (Hansen et al. 2001; McCarty 2001;
Parmesan 2006, 2007; Parmesan et al. 2000; Parmesan and Yohe 2003; Walther et al. 2002).

3.2.1 Species Effects

The data regarding the phenology and distribution of well-studied terrestrial, marine, and
freshwater plant and animal species groups show that ecological changes are occurring and that
these changes are consistent with predictions of global warming (Parmesan 2006; Walther et al.
2002). Parmesan (2006) concluded that specific changes were linked with local or regional
climate change, including: severe contractions and extinctions of range-restricted polar and
mountain-top species; disruptions of predator—prey and plant—insect relationships due to
differential responses to warming; evolutionary adaptations to warming in the interior portions of
species’ ranges, and rapid change in species’ resource use and dispersal at range margins; and
genetic shifts. Parmesan and Yohe (2003) estimated that 41% of the species examined (655 of
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1,598) exhibited climate change-related impacts. Parmesan (2006) found that amphibian groups
have been highly negatively affected by climate change. In a study of 1,700 species, Parmesan
and Yohe (2003) demonstrated average latitudinal shifts in species’ ranges toward the Earth’s
poles of 6.1 kilometers (3.8 miles), and advancement of spring shifts of 2.3 days per decade for
all species analyzed. Most projections of range shift are based on smaller-scale observation
within portions of a species’ range boundary, but entire range shifts by amphibian and butterfly
species have been observed (Parmesan 2006). Elevational range shifts also may occur, with
studies showing a general upward movement, such as lowland birds in Costa Rica beginning to
breed in montane cloud-forest habitat (Parmesan 2006; Walther et al. 2002).

One of the most frequently observed climate-related biological effects is the alteration of
species’ phenologies in relation to lengthening growing seasons in the Northern Hemisphere
(Parmesan 2006). Parmesan (2006) cites research on amphibians showing 10- to 13-day
advances in calling phenology of six frog species in upstate New York in a comparison of 1900
to 1912 and 1990 to 1999 records, and 1- to 3-week advances per decade in amphibian breeding
in England. More specific examples of species’ phenological alterations in relation to climate
change are discussed below with regard to taxonomic groups, including studies of species
occurring in California.

In addition, species-specific impacts of these climate change effects, there is also complexity in
species’ responses to climate change resulting from interactions across trophic levels (Hansen et
al. 2001; Walther et al. 2002). These interactions result from differences in species in their
physiological tolerances, life history strategies, probabilities of extinction and colonization, and
dispersal capabilities (Parmesan et al. 2000; Parmesan 2006; Walther et al. 2002). Range shifts
are expected to vary greatly among species due to their different dispersal capabilities (Hansen et
al. 2001; Walther et al. 2002), but in general it is likely that dispersal rates will be slower than
climate change effects (Hansen et al. 2001). It will be difficult or impossible for many species to
shift their ranges as rapidly as climate change affects their habitat. The timing and synchrony of
evolved life history strategies and relations between predator—prey, insect-host plant, and
pollinators—flowering plants are particularly sensitive to climate change, but there are relatively
few studies with sufficient information to address these impacts (Parmesan 2006).

A study in the Colorado’s Rocky Mountains on a site which experienced a 1.4°C rise in
temperature since 1965, but no change in snow cover, demonstrated a 14 day advancement in
spring arrival by American robins (Turdus migratorius) from 1981 to 1999 (Inouye et al. 2000). As
a result, the interval between the robin’s arrival date and appearance of bare ground had grown by
18 days, potentially adversely affecting the availability of food sources upon arrival. This study
also documented that yellow-bellied marmots (Marmota flaviventris) are emerging from
hibernation 38 days earlier, apparently from warmer spring temperatures, when there is still snow

DUDEK 26 June 2011



CLIMATE CHANGE EFFECTS AND THE TEHACHAPI UPLAND
MULTIPLE SPECIES HABITAT CONSERVATION PLAN

cover and no plants are available to eat. This decoupling of emergence and food availability may
increase the energetic cost of maintaining body temperature in the absence of food, resulting in
increased stress and potentially decreasing reproductive success (Inouye et al. 2000).

To date, most studies have been correlational or circumstantial in linking species impacts to
climate change. The mechanisms or causal factors of climate change responses are not well
studied or understood. These kinds of potential climate change effects also illustrate the
complexity and species-specific nature of species’ responses to climate change, resulting in a
high level of uncertainty of how species will respond to climate change. This uncertainty is
discussed more fully in Section 3.4 of this appendix. Although there is uncertainty in making
precise species-specific predictions (e.g., populations would decline by a certain percentage) and
causal mechanisms are not well understood, the available information is adequate for making
general assessments of the likely trajectory of species trends and identifying potential
management needs on Tejon Ranch and the Covered Lands under certain assumptions about
climate change effects.

The following sections review the climate effect literature for several taxonomic groups,
including amphibians and reptiles, birds, mammals, insects, and plants. Section 5 of this
appendix discusses in detail potential climate change impacts on TU MSHCP Covered Species.

Amphibians and Reptiles

Amphibians and reptiles, as ectotherms (environmental air temperature affects body
temperature), are strongly influenced by environmental conditions and as a group are likely to be
relatively sensitive to climate change (Lawler et al. 2010b; Walther et al. 2002). Examples of
climate-related amphibians and reptile responses and issues include:

¢ Physiological responses including reproduction, sex determination, and development

e Impacts on habitat quality

¢ Changes in breeding behaviors such as chorusing and spawning

e Range shifts, contractions and expansions

¢ Change in species richness

¢ Interactions between climate change and other stressors such as UV radiation, diseases
and pathogens, and contaminants

Environmental conditions affect their reproduction, development, spatial distribution, and
interactions with other species (Walther et al. 2002). The reproductive physiology of amphibians
and reptiles, including egg and sperm development, is affected by both temperature and
humidity, which then affects population dynamics (Walther et al. 2002). The sex of many
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reptiles, for example, is determined by the maximum temperature experienced during critical
phases of embryonic development. Warmer maximum temperatures could therefore have a
profound effect on sex ratios and population dynamics of reptiles, especially if occurring in
smaller populations in fragmented habitats where adaptations to restore appropriate sex ratios
may be more difficult (Parmesan et al. 2000).

Climate change may also affect microclimates and hydrology that could affect habitat for
amphibians, including stream flows, lake depths, amount and duration of winter snows, pond
hydroperiods, and soil moisture (Lawler et al. 2010b).

Climate change is linked with earlier choruses and spawning by amphibians (Parmesan 2007;
Walter et al. 2002), and amphibians have a significantly stronger shift to earlier breeding than
other taxonomic groups (Parmesan 2007). Some, but not all, amphibian species in Britain are
breeding earlier, which has altered trophic interactions (Walther et al. 2002). Examining
breeding data dating back to as early as 1967, Blaustein et al. (2001) reported earlier breeding by
western toad (Anaxyrus boreas) at one site in Oregon, but failed to document earlier breeding at
four sites by western toad and Cascades frog (Rana cascadae), spring peeper (Pseudacris
crucifer) in Michigan, and Fowler’s toad (Anaxyrus fowleri) in Ontario, Canada. However,
breeding time in western toad, Cascades frog, and spring peeper was positively correlated with
warmer temperatures. Fowler’s toad breeding showed no relationship to warmer temperatures,
but did show a statistically insignificant trend toward later breeding.

These data indicate that amphibian responses to climate change likely are variable and differ for
unknown reasons. Blaustein et al. (2001) suggest that long-term data are needed to understand
species’ responses and potential management needs. Corn (2003) reanalyzed the Oregon western
toad data used by Blaustein et al. (2001) and incorporated temperature and snow data from
automated and manual snow survey stations much closer to the study sites than the weather station
used in the Blaustein et al. (2001) study. Corn (2003) indicates that weather in mountain habitats
can vary over small spatial scales and that weather data from stations far from sites (up to 32
kilometers (19.8 miles) and 1,070 meters (3,500 feet) lower in elevation in the Blaustein et al.
study) may not be representative of weather conditions at the sites. Corn (2003) found significant
correlations between dates of breeding and snow accumulation and temperature and suggests that
winter snow accumulation is a better predictor of breeding phenology in montane amphibians.

Modeling of amphibian distributions in relation to climate change has yielded variable results.
Lawler et al. (2010b) examined the potential climate change effects on the distribution of 413
amphibian species in the western hemisphere (i.e., North, Central, and South America) using 20
climate simulations for the period 2071 to 2100 and concluded that major shifts in amphibian
faunas will occur in the future. They found species turnover of 10 to 20 percent with a lower
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GHG emissions scenario and at least a 30 percent turnover with a higher emissions scenario,
including a 50 percent turnover (reflecting the sum of local extirpations and colonizations
resulting from range contractions and expansions, respectively) in the eastern United States.
Generally, range shifts were species-specific, with several species showing poleward and
elevational shifts in their ranges, but overall species showed about three times more range
contractions than range expansions under both the lower and higher emissions scenarios. Based
on Figure 3 of Lawler et al.’s study (2010b), it appears that Southern California is projected to
have about 30 to 40 percent amphibian species turnover under the lower emissions scenario and
more than 60 percent species turnover under the higher emissions scenario.

Other modeling efforts project somewhat different results for amphibian distributions in North
America from those projected by Lawler et al. (2010b). Energy modeling of forest habitats by
Hansen et al. (2001) and climate projections from general circulation models (Currie 2001) project
that overall ectotherm species richness (including amphibians and reptiles) will increase
throughout the coterminous United States with climate warming, with modest increases in the
south and greater increases in the north. Currie (2001) suggests that amphibian richness is most
likely to increase dramatically in cold, high-elevation areas, which is consistent with Lawler et al.
(2010b) regarding elevation shifts for some species. However, it is unknown whether these
potential beneficial effects of warming on amphibians and reptiles will counteract the negative
effects currently contributing to population declines (Hansen et al. 2001). Arajuo et al. (2006)
reported a similar, but qualified, conclusion for amphibians and reptiles in Europe. They concluded
that a great proportion of amphibian and reptile species could expand their distributions if dispersal
was unlimited due to warming of cooler northern regions and creation of suitable habitat for
colonization. However, if species are unable to disperse (which is probably more realistic for
amphibians and reptiles than other more mobile species), their ranges are projected to decline due
to warming in the southwest of Europe, where temperatures would approach those of North Africa
where few amphibians are present. Furthermore, reduced availability of water may offset projected
range expansions even if the species were capable of dispersing.

Lawler et al. (2010b) discuss the uncertainty of such modeling efforts, which may occur for
several reasons, including inaccurate maps of species’ current ranges; complex biotic and
interspecific interactions; uncertainties about the relationship between precipitation changes
(including timing and magnitude in relation to temperature changes) and their species-specific
ecological or physiological effects (e.g., changed timing of precipitation may affect some species
but not others); and the difficulty of predicting future precipitation scenarios, especially for
different regions. For example, decreased precipitation in an area during one season may be
offset by increased precipitation in the same area in a different season.
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Amphibians are considered to be declining faster globally than either birds or mammals, and it is
estimated that 48% of the declining species are being affected by unidentified processes other
than habitat loss and overutilization (Stuart et al. 2004). These global declines have been
attributed to a variety of factors, including climate change, increased exposure to ultraviolet
radiation (UV-B), and increased prevalence of disease (Kiesecker et al. 2001), and it is expected
that complex interactions of several anthropogenic factors are involved (Collins and Storfer
2003). Collins and Storfer (2003) classify UV-B radiation, global climate change, contaminants,
and emerging infectious diseases as poorly understood potential factors in amphibian decline
likely having multiple ecological and evolutionary variables and interactions. Using
observational data and field experimentation, Kiesecker et al. (2001) examined the relationship
between precipitation, UV-B exposure, and infection by a pathogenic oomycete (Saprolegnia
ferax) (a water mold) on breeding by western toad in Oregon. They found that climate-induced
reductions in precipitation reduced water depth at oviposition sites, which increased embryo
exposure to higher UV-B levels, making them more susceptible to infection by S. ferax and
increasing mortality. Kiesecker et al. (2001) suggest that the intensification of ENSO cycles may
have increased the incidence and severity of S. ferax outbreaks.

The potential causes of amphibian declines in California were examined by Davidson et al.
(2002). Using logistic regression models, they tested hypotheses for declines due to pesticide
drift, habitat destruction, UV-B, and climate change (including precipitation effects) for eight
species: California tiger salamander (Ambystoma californiense), western spadefoot (Spea
hammondii), arroyo toad (Anaxyrus californicus), Yosemite toad (Anaxyrus canorus), California
red-legged frog (Rana draytonii), Cascades frog, foothill yellow-legged frog (Rana boylii), and
Sierra Nevada populations of the mountain yellow-legged frog (Rana muscosa). The ranid
frogs—California red-legged frog, foothill yellow-legged frog, Cascades frog, and mountain
yellow-legged frog—all showed significant declines associated with upwind agriculture that
could be sources of pesticides. Decline of the two lowland vernal pool-associated amphibians—
California tiger salamander and western spadefoot toad—were associated most strongly with
habitat loss due primarily to urbanization and, to a lesser extent, agriculture. While declines in
arroyo toad were related to urbanization and agriculture, Davidson et al. (2002) suggest that the
decline of this species is more likely related to other types of habitat impacts, such as recreation
impacts on streams, modification of flow regimes, and gravel mining. UV-B radiation and
climate change were not good predictors of declines for any of the species. Seven of the eight
species showed higher elevations at occupied sites where UV-B radiation would be highest—a
finding opposite from expected. With regard to climate change, only western spadefoot showed
relatively greater declines at southern and lower elevation sites, as predicted by the climate
change hypothesis, but these variables were not significant in the logistic regression analysis;
declines appear to be primarily due to habitat degradation.
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Bosch et al. (2006) examined the potential relationship between the chytridiomycete fungus
(Batrachochytrium dendrobatidis) and climate change (the climate-linked epidemic hypothesis) on
amphibian declines in a montane area of Spain. They demonstrated a significant relationship
between rising temperature and the occurrence of chytrid-related disease that has caused declines
of the midwife toad (Alytes obstetricans), fire salamander (Salamandra salamandra), and common
toad (Bufo bufo). Local weather variables are driven by general circulation patterns (primarily the
North Atlantic Oscillation) and the projected climate pattern in the region includes a higher number
of sunnier and hotter days, moderation of low temperatures, and a shorter winter season.

Birds

Among animal taxa, the link between climate change and animal responses is most well
documented in birds because birds are popular and easily identified (Walther et al. 2002).
Examples of climate-related bird responses include:

e Shifts to earlier spring activities such as arrival of migrants, first singing and breeding

¢ Changes in breeding patterns in relation to precipitation patterns (i.e., drought and wet cycles)
e Latitudinal and elevational range shifts

¢ Changes in species richness

¢ Genetic and behavioral adaptations to climate change

Although there is both geographic and species-specific variation, the most common changes in
birds noted since the 1960s are progressively earlier spring activities such as breeding, first
singing, and arrival of migrants (Butler 2003; Dunn and Winkler 1999; Inouye et al. 2000;
Jonzén et al. 2006; Murphy-Klassen et al. 2005; Torti and Dunn 2005; Walther et al. 2002).
Inouye et al. (2000), for example, found that American robins arrived 14 days earlier at the
Rocky Mountain Biological Laboratory in Colorado than in 1981. Jonzén et al. (2006)
documented advanced migration in both long- and short-distance migrant birds in Europe, with
long-distance migrants showing more advancement of migration. Butler (2003) found that 103
North American migrants arrived earlier in New York and Massachusetts in the period from
1951 to 1993 compared to 1903 to 1950. Birds wintering in the southern United States arrived on
average 13 days earlier, and birds wintering in South America arrived on average 4 days earlier.
Butler (2003) found that arrival advances were related to specific habitat types, with grassland
breeding species arriving on average 18 days earlier and forest species arriving on average fewer
than 5 days earlier. Butler (2003) suggested that grassland birds predominantly are seed eaters
and that seeds are available as soon as snow melts, whereas forest species are primarily insect
eaters and insect phenology may not be as advanced. Butler (2003) also found that five bird
species now overwinter in the Cayuga Lake Basin where they were previously unknown in the
winter. Murphy-Klassen et al. (2005) found significantly altered arrival dates for 27 of 96
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migrant bird species at the Delta Marsh in Manitoba, Canada, over a 63-year period. Over this
period, average monthly spring temperatures increased 0.6°C to 3.8°C for February through
May. Fifteen of the species showed a statistically significant relationship between arrival date
and temperature. Dunn and Winkler (1999) demonstrated that tree swallows (Tachycineta
bicolor) had advanced egg laying by 9 days between 1959 and 1991 and that this advance was
related to surface air temperatures at the time of laying. Torti and Dunn (2005) found that
advances in breeding activity by North American birds, however, are variable both among and
within species, indicating different sensitivities to climate change. Torti and Dunn (2005) suggest
that differential responses to climate change may be related to body mass, with smaller species
more affected than larger species. However, they also suggest that diet may play a role, which is
consistent with Butler’s (2003) observation of earlier arrivals of grassland granivores (seed
eaters) compared to forest insectivores (insect eaters).

Earlier breeding activity in seven common riparian bird species in relation to increased spring
temperatures has been demonstrated in a 20-year study in central Arizona (Martin 2007). Martin
(2007) found that advanced breeding did not directly affect starvation of young or clutch size.
The breeding season of single-brooded species was not extended, but it was for multi-brooded
species. The seven species showed variable responses to climate change. Populations of three of
the seven previously common species (green-tailed towhee [Pipilo chlorurus], orange-crowned
warbler [Vermivora celata], and red-faced warbler [Cardellina rubrifrons]) exhibited climate-
related declines. One species (MacGillivray’s warbler [Oporonis tolmei]) became locally extinct
due to a decline of canyon maple (Acer grandidentatum). These negative effects occurred due to
decreased abundance of preferred habitat (deciduous vegetation) and increased nest predation
rates. Less summer precipitation over time also was associated with increased nest predation.
One species (gray-headed junco [Junco hyemalis caniceps]) showed strong increases, and two
species (Hermit thrush [Catharus guttatus] and Virginia warbler [Vermivora virginiae]) showed
no detectable change. Complicating the trophic relationships, the deciduous vegetation decline
was attributed to increased browsing by elk (Cervus elephus), which were able to stay at higher
elevations due to a decline in snow accumulation. Thus, the effect of climate on the breeding
habitat was mediated by an increase in the abundance of a primary ungulate consumer rather
than a direct effect on the habitat (Martin 2007).

Species-specific effects of advanced migration are poorly understood, but breeding activity is the
most demanding period of the avian life cycle, and synchrony with food resources is essential
(Visser and Both 2005). Changes in spring arrival times by birds can therefore have a decoupling
effect of important ecological relationships. For example, in England a potential disruption of the
timing of winter moth (Operophtera brumata) and oak bud burst may be causing a mismatch
between moth availability and the peak food requirements by great tit (Parus major) nestlings
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(Walther et al. 2002). Parmesan (2007) cautions that this link has not been definitively
established, however, citing two studies with conflicting results regarding the synchrony of moth
hatching and oak bud burst.

Many factors likely are involved in the relationship between climate change and migratory
phenology, including photoperiod, local weather conditions, food availability at wintering,
stopover and breeding sites, population numbers, physiological condition, molt, migratory speed,
stopover frequency and duration, competition for resources, risk of mortality, and latitudinal
distributions (Ahola et al. 2004; Gordo 2007; Jonzén et al. 2007; Marra et al. 2005; Vihitalo et
al. 2004). The primary climate signal for spring activities by birds is spring temperature, but it
may be modulated by photoperiod (amount of daylight), genetic regulatory factors, and/or
population size (Walther et al. 2002). Autumnal changes in bird activities also are evident, but
less consistently among bird species (Walther et al. 2002).

Hedenstrom et al. (2007) used two modeling approaches to investigate potential differential
effects of climate on bird migration: the first approach took into consideration energetic factors
such as flight speed and foraging to examine migration speed and stopover behavior; a second,
more complex model looked at timing of migration, breeding, molt, and number of breeding
attempts. With regard to migration speed, an important factor is whether a particular species is
already migrating at maximum speed capacity based on the capacity to accumulate energy,
which is apparent in some shorebirds, geese, and swans; increased speed of migration is not
expected in these birds. Other species migrating below maximum capacity have the capacity to
increase migration speed, such as smaller passerines (perching birds), which have been observed
in both North America and Europe. The second model showed that departure from wintering
sites was unchanged for species with a winter molt, but advanced for species with a summer
molt. However, arrival on breeding sites was advanced for both groups. Timing and breeding and
number of successful broods were also affected by spring advancement, while start of molt was
unaffected. These models reveal complex interactions that are species-specific and strongly
driven by how climate change is expected to affect seasonality, timing of maximal food supply,
and the amplitude of resource curves. Depending on how these factors are combined in the
model, a number of outcomes can be generated.

The timing and speed of avian spring migration must also be synchronous with food availability
at stopover sites along the migration route and at the breeding site (Visser and Both 2005). Even
if climate change had a consistent effect, albeit unlikely, on food availability along the route (i.e.,
food availability was synchronously accelerated along the route and at the breeding site), species
for which photoperiod triggers migration would still risk a decoupling of migration and food
availability; in such cases birds may arrive too late at stopover sites and on breeding ground to
take advantage of peak prey productivity, as may be occurring with North American wood
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warblers (Parulidae) that are missing the peak of caterpillar production (Visser and Both 2005).
As noted above, American robins are arriving earlier than food sources are available in the
Rocky Mountains in Colorado (Inouye et al. 2000). Nooker et al. (2005) found that for breeding
tree swallows in Wisconsin, greater insect abundance was associated with shorter incubation
periods and laying earlier, heavier eggs.

Changes in precipitation patterns may also affect some bird species. For example, subordinate
females of the Galapagos mockingbird (Nesomimus parvulus) breed opportunistically in wet
years when food resources are high (Parmesan et al. 2000). Drier climates presumably would
reduce such opportunistic breeding, affecting breeding rates, genetics, and population structure
(Parmesan et al. 2000).

Range shifts have also been documented for birds (Hitch and Leberg 2007; Lemoine et al. 2007a;
Parmesan et al. 2000; Walther et al. 2002). Typically, in a given year distributions of bird species
may vary in relation to weather, with distributions shifting north during warmer weather and
south during colder weather (Parmesan et al. 2000). However, over time these “episodic” shifts
may result in long-term range shifts (Parmesan et al. 2000). For example, lowland birds in Costa
Rica are extending their distributions to higher areas, apparently due to changes in dry season
mist frequency (Walther et al. 2002). Twelve bird species have shifted their distributions an
average of 18.9 kilometers (11.7 miles) northward over a 20-year period due to warmer winter
temperatures (Walther et al. 2002). Lemoine et al. (2007a) examined the regional abundance of
159 species of Central European birds for the 23-year period between 1980 and 2002. They
demonstrated that while habitat availability was the most important factor in bird abundance
changes in the first decade, latitudinal distribution was the most significant predictor of
abundance changes in the periods from 1990 to 1992 and from 2000 to 2002. Over this 23-year
period, winter temperatures increased 2.71°C, and summer temperatures increased 2.12°C.
Lemoine et al. (2007a) concluded that climate change had overtaken land use changes as the
most significant factor in determining distributions of Central European birds. Hitch and Leberg
(2007) examined distributional North American Breeding Bird Survey data for 56 bird species
for the periods between 1967 and 1971 and between 1998 and 2002 and found a northward
latitudinal shift of 2.35 kilometers/ year (1.45 miles/year) by birds with southern ranges (i.e.,
species with a northern range boundary not north of approximately 44° North). A species of note
showing northerly shift, and discussed below, is the willow flycatcher (Empidonax traillii).

Modeling of forest habitats by Hansen et al. (2001) and climate projections from GCMs (Currie
2001) project that bird species richness is expected to decrease overall throughout the
coterminous United States with climate warming, with decreases in the south and no change or
slight increases in the north. Modeling of breeding bird distributions in Africa and Europe using
GCMs projected that by the late 21st century the range boundaries of many species will be
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shifted by more than 1,000 kilometers (620 miles) (Huntley et al. 2006). Furthermore, this
modeling projected that species with restricted ranges and/or those with specialized habitat
requirements will be most severely affected, and that migrants will be affected at wintering,
breeding, and migration stopover sites (Huntley et al. 2006). Based on an analysis of 21 census
sites in Europe, Lemoine et al. (2007b) found that bird community composition and species
richness have already changed in relation to climate change between 1968 and 2000 where
temperatures have increased since 1980.

An important question regarding observed latitudinal and elevation range shifts is how such
shifts may affect the extinction risk of species where these shifts may result in range contractions
and loss of available habitat. Sekercioglu et al. (2008) modeled the effects of elevational limits
on the extinction risks of landbirds, which comprise 87% of all bird species. Elevational ranges,
four Millenium habitat loss scenarios, and surface warming of 2.8°C (an intermediate value for
projected warming) projected an estimate of 400 to 550 landbird species extinctions, with 2,150
additional species at extinction risk by 2100. Of the species projected to become extinct, 79% are
not currently considered to be threatened with extinction, and many are montane species because
they will have nowhere to go. Generally, sedentary birds are at higher risk of extinction than
migratory birds.

Another important factor in risk to species is their ability to adapt to climate changes, both
behaviorally and genetically. Devictor et al. (2008) used a community temperature index (CTI),
which reflects for a species community or assemblage the ratio of low- and high-temperature-
associated species, to demonstrate that bird communities in France had shifted 91 kilometers (56
miles) northward between 1989 and 2006. However, the temperature increase had shifted 271
kilometers (168 miles) northward over the same time period, indicating that the bird
communities were not tracking the temperature changes fast enough, thus potentially
compromising their ability to adapt to climate change over the long term (Devictor et al. 2008).

Generally, the genetic responses of bird species to climate change are unknown, but a study by
Mgller and Szép (2005) demonstrated a microevolutionary response in a sexual secondary
characteristic by the barn swallow (Hirundo rustica). This genetic response was linked to climate
change on spring staging grounds in Algeria that reduced annual survival rates of males. Climate
change increased selection pressures, and males with longer tails bred more successfully. Barn
swallow tail feathers in males that provided a mating advantage increased by more than one
standard deviation between 1984 and 2003 in a Danish population, thus demonstrating a very
rapid microevolutionary response related to climate change (Mgller and Szép 2005). Although
this study demonstrates a relationship between climate change and a microevolutionary response
for barn swallows, these results cannot be generalized to other species. Therefore, while it is
acknowledged that genetic responses to climate may occur, without species-specific studies, the
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potential for such changes to occur in the avian Covered Species as adaptations to climate
change cannot be assessed without an understanding of how a particular species responds to
different selection pressures.

Mammals

The potential impacts of climate change on mammals have not been studied to the same extent as
amphibians, reptiles, and birds, but some potential climate-related responses by mammals are
similar to these taxa, including:

¢ Changes in abundance and taxonomic community structure

e Impacts on reproduction such as timing of breeding, fertility, fecundity, development and
juvenile mortality

e Latitudinal and elevational range shifts and contraction and expansions of ranges

e QGenetic and behavioral changes

¢ Rates of disease transmission

Climate change may affect mammal communities by causing changes in: (1) relative abundance
of individuals of a species, (2) taxonomic community composition resulting from local and
global extinctions, and (3) species richness (Barnosky et al. 2003). Although such changes are
natural events over geological time scales, an important question is whether projected warming
would have a fundamentally different effect on future mammal community changes. Barnosky et
al. (2003) used historic warming events and correlated assemblages of fossil mammals and
projected warming events to investigate this question and found that while current climate-
related mammal changes are consistent with the normal historic or background rate, with
projected climate changes the warming rates will exceed the norms for mammalian history. A
1°C increase over a 100-year period would result in morphological alterations related to
nutritional and other habitat changes in the environment, changes in relative abundance of
species, expansion and contractions of species ranges, and population-level genetic changes. A
5°C increase over a 5,000-year period would result in global and local extinctions and
immigrations, resulting in a clear change in taxonomic community composition.

Kerr and Packer (1998) used a GCM and the species-energy relationship to project future
mammal species biodiversity in Canada, including which species are likely to shift ranges as
temperatures increase, and which are likely to exhibit range contractions due to existing
limitations on the northern extent of their range. Kerr and Packer (1998) project that the Arctic
will experience the largest response by species and that southern regions of Canada will
experience smaller responses related to smaller predicted temperature changes. Twenty-five
mammal species have northern ranges bounded by the Arctic Ocean. Of these, Kerr and Packer
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(1998) focused on the collared lemming (Dicrostonyx groenlandicus), considered to be a
keystone species in the Arctic because of its importance as prey for many mammals and birds,
and found that approximately 60% of this species’ habitat could be lost with a 4°C warming.

Mammals may exhibit climatic limitations related to physiological processes, although for most
species these limitations are unknown (Parmesan et al. 2000). In the Dulzura kangaroo rat
(Dipodomys simulans), for example, body size is correlated with climate variability (Sullivan and
Best 1997). Range shifts by two mammals in Canada - northward expansion by red fox, and
range retreat by Arctic fox — have been linked with general warming (Walther et al. 2002).
Climate extremes affect development, fecundity, and juvenile mortality of some large mammals
such as red deer (Cervus elephus) and Soay sheep (Ovis aries) (Walther et al. 2002).

Similar to some birds, climate change is already affecting the spring phenology of some
mammals. As noted above, marmots at the Rocky Mountain Biological Laboratory in Colorado
are emerging from hibernation 38 days earlier when there is still snow cover and no plants are
available to eat, resulting in increased energetic stress and potentially decreasing reproductive
success (Inouye et al. 2000). Réale et al. (2003) found that red squirrel (Tamiasciurus
hudsonicus) populations in southwest Yukon, Canada, had advanced breeding (parturition date)
by 18 days over a 10-year period (6 days per generation) in relation to increasing spring
temperatures (almost 2°C mandatory reporting requirements over a 27-year period) and food
supply, and that this change was a plastic response to increased food supply and a
microevolutionary (genetic) response to selection pressures.

Climate change has been implicated in local extinctions of at least one montane mammal. Beever
et al. (2003) found that as of 1994-1999, pikas (Ochotona princeps) had apparently been
extirpated from 7 of 25 populations in Great Basin mountain ranges reported earlier in the
twentieth century. Using an information criterion model-selection method (Akaike’s information
criterion (AIC)), the best predictor of pika presence was the amount of talus. However, because
talus area would remain constant over the time scale of the observations (less than 100 years), this
variable cannot be a direct determinant of extinction (Beever et al. 2003). Maximum elevation of
talus habitat was also an important predictor of pika persistence. Beever et al. (2003) suggest that
warmer temperatures at lower elevations may be contributing to pika extirpations and at a rate
more rapid than indicated by paleontological records. For example, extirpations occurred in three
lower-elevation talus areas in close proximity to high-elevation populations. Beever et al. (2003)
hypothesize that thermal stress affecting pikas could operate in several ways, including changing
the composition and abundance of food source plants. Higher summer temperatures could reduce
mid-day foraging, preventing sufficient gain in body mass or hay to overwinter; and/or higher
summer temperatures may modify the thermal climate of the talus to a level that exceeds the pika’s
upper lethal temperature or interferes with its ability to thermoregulate.
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In contrast to the adverse effects of climate change on mammal species such as the Artic fox and
pika, other mammal species may benefit from climate change. Previtali et al. (2010) found that
the degu (Octodon degus), a common rodent of semiarid northern Chile in South America,
responded positively to wetter conditions during El Nifio events, reaching record high densities
and more stable populations related to changes in life-history parameters, such as adult survival,
juvenile persistence, and fecundity. Previtali et al. (2010) suggest that if climate change results in
increased frequency of El Nifio events, degu populations could increase and its range may
expand. Previtali et al. (2010) also suggest that such populations and/or range expansion could
significantly affect other small mammals and plant species, thus having a cascading effect on
other systems. Degus also can be agricultural pests and disease reservoirs (Previtali et al. 2010).

Disease transmission may be facilitated by extreme weather effects. Wet conditions result in high
reproduction rates by deer mice (Peromyscus maniculatus), which is a carrier of Hantavirus,
which is transmissible to humans and often lethal (Parmesan et al. 2000). As noted above, degus
can also be disease reservoirs (Previtali et al. 2010).

Modeling of forest habitats by Hansen et al. (2001) and climate projections from GCMs (Currie
2001) project that overall mammal species richness is expected to decrease throughout the
coterminous United States with climate warming, with decreases in the south, and with no
change or slight increases in the north.

Insects

Insects are highly responsive to climate change effects because of their strong dependence on
local conditions related to food availability. Examples of climate-related responses by insects
and issues include:

e Larval development related to food sources

e Responses to extreme weather events

¢ Advanced timing of migrations and desynchrony with food production
¢ Interactions of habitat loss and climate change

In general, herbivorous insects and larval development are tightly tied to the availability of
young plant material as food sources (Visser and Both 2005). Decoupling of this evolved
relationship through climate change could result in starvation or reduced reproductive fitness.

Like birds, a relatively large body of distributional data is available for butterflies because they
are popular and easy to identify. Documented phenological changes in butterflies include earlier
appearances in the winter and spring and northward range shifts by 39 butterfly species in North
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American and Europe by up to 200 kilometers (124 miles) over a 27-year period (Walther et al.
2002). Edith’s checkerspot (Euphydryas editha) in the western United States and Mexico has
shifted 124 meters (407 feet) in elevation and 92 kilometers (57 miles) northward since
beginning of the 20™ century (Walther et al. 2002). Many local extinctions of Edith’s
checkerspot have been associated with particular extreme weather events, such as the 1975-1977
drought in California that caused the extinction of 5 of 21 surveyed populations (Parmesan et al.
2000). Complicating predictions about specific climatic events on butterfly species is the
observation of opposite responses of two subspecies of Edith’s checkerspot to the same climate
event. Following winters with 50% to 150% higher than average precipitation, populations of
Bay checkerspot (E. editha bayensis) in the San Francisco area crashed while populations of
quino checkerspot (E. editha quino) in northern Baja California, Mexico, boomed (Parmesan et
al. 2000).

As a group, butterfly emergence or migratory arrival is advancing much earlier than first
flowering of herbs, indicating the potential of increasing asynchrony or decoupling of insect—
plant interactions (Parmesan 2007). A series of decouplings of important synchronized
environmental events can have a devastating effect on butterfly populations (Parmesan et al.
2000). For example, low snowpack in the Sierra Nevada in one year (1991) led to an early
emergence of the Edith’s checkerspot in April before flowers were in bloom, resulting in most
adults dying of starvation. The following year (1992), light snowpack resulted in early
emergence of adults, which then died during a normal May snowfall. These consecutive-year
events substantially reduced the local population. Two years later, unusually low June
temperatures killed about 97% of the butterfly’s host plant, and caterpillars starved to death. As
of 1999, this population of Edith’s checkerspot was still extinct.

McLaughlin et al. (2002) show that extinction of two Bay checkerspot populations was
facilitated by increasing variability in precipitation in concert with habitat loss. McLaughlin et al.
(2002) suggest that the variability in precipitation reduced the temporal overlap of larvae and
plants, increasing larval mortality and population fluctuations. With reduced available habitat
(due to invasion by non-native grasses and urban development), the Bay checkerspot is reduced
to small insular populations unable to withstand local extirpations.

To investigate potential climate change effects on the endangered quino checkerspot butterfly,
Preston et al. (2008) developed a climate-based niche model for larval host plants for the
checkerspot; snapdragon (Antirrhinum coulterianum), and plantago (Plantago erecta). Abiotic
variables in the model included average annual precipitation, average minimum low temperature
in January, average maximum highest temperature in July, median elevation for one square
kilometer, slope, and aspect. The niche model showed significant declines and fragmentation in
the two annual checkerspot larval host plant species, and 100% loss of current occupied areas
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with precipitation changes of £50% compared with current precipitation levels. There was also
shifting of habitat to the eastern portion of the currently occupied range and an upslope
movement from the lower foothills to higher elevations in adjacent mountains.

While some native species may be adversely affected by climate changes, other species may
benefit. Drought may facilitate population booms in insects such as beetles, aphids, and moths
(Parmesan et al. 2000).

While these studies demonstrate climate change effects on insect species, they also emphasize that
effects are likely to be site- and species-specific and that generalizing or predicting specific effects
from one species (or even subspecies) to another must be done with caution. Such generalizations
or predictions should be stated as hypotheses and supported with empirical evidence.

Plants

Plants are particularly sensitive to climate change because of their generally limited ability to
disperse to more suitable habitats (invasive species excepted). Examples of climate-related
responses by plants and issues included:

e Length of growing season

e Altered precipitation and hydrologic conditions

e Altered plant-insect relationships

e Limited dispersal capability, especially by endemic species

Climate change may affect plant species through changes in the length of the growing season,
changes in temperature regimes that may exceed a species’ tolerance, changes in precipitation,
and more frequent and intense wildfires. It is expected that plant species adapted to wet, humid,
and mesic environmental conditions would be affected by longer and more severe drought
periods related to climate change more than species adapted to more arid conditions. At a
community level, it is expected that mesic communities will convert to more xeric communities
in some areas. Altered hydrologic conditions (e.g., earlier snowmelt, lower summer flows, drier
spring and summer conditions, less groundwater, altered geomorphology, etc.) may affect
species and community composition in wetland and riverine systems. Because plants are often
dependent on highly co-evolved plant-insect relationships (e.g. pollination, seed dispersal),
climate change has a high potential to decouple these important relationships (as noted above
with the disconnect between butterfly emergence and host plant availability by Parmesan (2007))
and thus reduce plant productivity and biodiversity. Also, generally plants would be expected to
be more limited in dispersal than wildlife and may be less able to effectively respond to climate
change through range shifts.
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The factors affecting the sensitivity of plants to these types of climate change effects generally
should be similar to those identified in the Draft Framework for wildlife. That is, plant species
that are narrowly distributed, are small in population size, are currently undergoing population
declines, are habitat specialists (e.g., associated with certain soil types, microclimates, or
microhabitats), and are found in habitats sensitive to climate change should all be relatively
sensitive to climate change. Plant species that are widely distributed, have broad habitat
requirements, or have populations that are stable or increasing should be less sensitive.

Based on two assumptions about GHG emissions (higher and lower), two global climate models,
and two species dispersal scenarios (unrestricted movement and no movement), Loarie et al.
(2008) estimated that up to 66% of California’s endemic flora could experience more than 80%
reduction in range size within a century under a scenario without dispersal. The general trend
found in the study was that areas of high plant diversity tended to move north and towards the
coast (Loarie et al. 2008). The study also found that species that presently have overlapping
ranges may take different range shift trajectories in response to climate change, such as one
species moving south to higher elevation and the other moving north, resulting in disjunct ranges
and breaking up of the local flora (Loarie et al. 2008).

There is no species-specific information for the effects of climate change on the plant species
covered by the TU MSHCP, but information on population sizes and distributions and general
life history characteristics as they might relate to climate change are well enough understood to
make some general conclusions about likely trends associated with climate change.

3.2.2 Vegetation Communities in California

This section discusses observed and projected climate change effects on vegetation communities
in California. This background information is applied to Tejon Ranch and the Covered Lands in
Section 5.1 of this appendix.

Climate change may result in direct and indirect changes in vegetation communities in California
due to a variety of factors. Direct effects of climate change on vegetation communities may
occur due to changes in the length of the growing season, tolerances to temperature regimes, and
changes in precipitation. For example, plants in cooler environments generally tolerate shorter
growing seasons than those in warmer environments (Woodward 1992). As growing seasons
lengthen, it is expected that boundaries of the vegetation communities will shift both in latitude
and elevation. Precipitation levels are related to leaf and plant biomass; for example, annual
increases in precipitation of as little as 5 centimeters (less than 2 inches) can convert desert or
sparse scrub to herbaceous vegetation with scattered trees (Woodward 1992). Conversely,
prolonged drought would be expected to convert mesic vegetation communities to more Xeric
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communities at a local scale. A hotter and drier climate in California would facilitate expansion
of deserts and grasslands, resulting in a loss of native plant diversity and an increase in non-
native, invasive species (California Natural Resources Agency 2009).

Regional elevation shifts in xeric vegetation communities have been documented in California.
A study in the Santa Rosa Mountains of southern California, for example, found that dominant
species that are adapted to hot and dry desert conditions (e.g., creosote bush (Larrea tridentata),
white bur-sage (Ambrosia dumosa), and brittlebush (Encelia farinosa) had shifted upward by
about 65 meters between 1997 and 2006-2007 in association with increased surface warming,
more variable precipitation and decreased snow (Kelly and Goulden 2008).

As discussed above, modeling of plant changes in response to climate change scenarios indicate
a potential shift of high plant diversity to the coastal and northern regions of California and
breaking up of local floral communities (Loarie et al. 2008). The implications of these findings
for the Covered Lands are discussed in Section 5.1 of this appendix.

An indirect effect of climate change on vegetation communities is the lengthening of wildfire
seasons and increases in wildfire intensities. The CAS (California Natural Resources Agency
2009) indicated an increase of 57% to 169% in the intensity of wildfires in California, which
would result in vegetation alterations, such as converting shrublands to grasslands and increasing
fine fuel loads, as well as altering fire characteristics, such as fuel continuity, frequency, and rate
of spread. Increasing wildfire frequencies and intensity may also result in increased erosion of
uplands and sedimentation of rivers and streams, altering natural geomorphological processes
such as sediment transport and deposition. Along with altered hydrology due to the earlier
snowmelt, altered geomorphological processes may affect regeneration of early successional
riparian vegetation that depends on natural hydrology, flow events, sediment transport, point bar
formation, seed dispersal, and tree regeneration (California Natural Resources Agency 2009).

With regard to forest systems, modeling of community types by Hansen et al. (2001) using
climate models and known relationships between trees, climate, and soils projects several
changes in forest communities in the western United States: potential habitat for Douglas fir
(Pseudotsuga menziesii) will decrease along the Pacific coast but will expand east of the Cascade
and Sierra Nevada ranges; the ranges of several subalpine conifers in the west, such as
Engelmann spruce (Picea engelmannii) and mountain hemlock (Tsuga mertensiana), and several
species of fir are projected to contract; and habitat for ponderosa pine (Pinus ponderosa) is
expected to expand where other conifer species are contracting. The Sierra Nevada forests also
are extremely sensitive to wildfire regimes, where fire frequency is related to fuel loads,
temperature, and fuel moisture (Parmesan et al. 2000). Drought, in combination with extreme
high temperatures and low humidity, is an ideal condition for intense wildfires.
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Lenihan et al. (2003) used two general circulation models (GCMs) to project vegetation changes
in California. One of the models (Hadley Climate Center HADCM2 or “HAD”) projects a
warmer and wetter California in the future. The other model (National Center for Atmospheric
Research’s Parallel Climate Model or “PCM”) projects a hotter and drier California, consistent
with the scenario reflected in the CAS (California Natural Resources Agency 2009). Although
the two models project different precipitation scenarios, Lenihan et al. (2003) found that the
response of vegetation classes to climate change was similar under the two models except for
conifer forests. Generally, under the HAD model, advances of forest classes (alpine/subalpine
forest, evergreen conifer forest, and mixed evergreen forest) would occur into the Modoc
Plateau, the northern end of the Great Central Valley, and toward the higher elevation of the
Sierra Nevada. Under the drier PCM, grassland would advance into the range of mixed evergreen
woodland and shrubland as a result of a decline in the competitiveness of woody life-forms due
to reduced rainfall and increased fire events.

Kueppers et al. (2005) used a regional climate model (RCM) to study the potential impact of
climate change on distribution of blue oak, which is endemic to California and a relatively
common woodland type on the Covered Lands. Kueppers et al. (2005) determined that the range
of blue oak could decline by up to 59% and shift northward under the RCM model. This finding
contrasts with a comparable GCM that projects a 73% retention of the existing range for the
species. Kueppers et al. (2005) suggest that the different projections of the RCM and GCM are
due to greater warming and larger precipitation decreases projected under the RCM compared to
the GCM.

The implications of Lenihan et al. (2003) and Kueppers et al. (2005) findings for the Covered
Lands are discussed in Section 5.1 of this appendix.

3.3 Introduced Species

Climate change may have direct adverse effects on native species and their habitats, as discussed
above. However, climate change may also have adverse indirect effects resulting from the
introduction of non-native, invasive species that compound the stress of climate change. The
potential adverse effects of non-native species include herbivory, predation, disease, parasitism,
competition, habitat destruction, hybridization, and changed disturbance regimes and nutrient
cycles (Simberloff 2000). Climate change may exacerbate these effects by providing habitats for
the non-native species that were not otherwise available. Simberloff (2000) provides numerous
examples of invertebrate invasions in montane and tropical forests (e.g., gypsy moth (Lymantria
dispar), balsam woolly adelgid (Adelges piceae), and carnivorous rosy wolf snail (Euglandina
rosea); impacts on native Hawaiian birds from avian pox and malaria vectored by Asian myna
(Acridotheres) and other Eurasian birds; brown snake (Boiga irregularis) devastation of native
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birds on Guam; damaged forests in the continental United States and Hawaii by mammals such
as European wild boar, feral domestic hogs, and hybrids; various invasive plants such as Chinese
tallow (Sapium sebiferum), Chinese privet (Ligustrum sinense), black locust (Robinia
pseudoacacia), Norway maple (Acer platanoides), tree-of-heaven (Ailanthus altissima), and
princess tree (Paulownia tomentosa), each of which can displace or outcompete native species;
and plant pathogens such as Asian chestnut blight fungus (Cryphonectria parasitica), white pine
blister rust (Cronartium ribicola), and dogwood anthracnose (Discula destructiva). Feral pigs are
an existing issue on Tejon Ranch and degrade habitat for several Covered Species, as discussed
in Section 5 of this appendix. An emerging invasive pest in oak woodlands in southern California
is the goldspotted oak borer (Agrilus auroguttatus), which is native to oak forests of southeastern
Arizona (http://cisr.ucr.edu/goldspotted_oak_borer.html). In San Diego County, this species has
infested three oak species - coast live oak (Quercus agrifolia), canyon live oak (Quercus
chrysolepis), and California black oak (Quercus kelloggii), the latter two of which occur on
Covered Lands, and another host is interior live oak (Quercus wislizenii), which also occurs on
Covered Lands — these species are all members of the “red oak” group (http://cisr.ucr.edu/
goldspotted_oak_borer.html).

Woodland and shrubland communities may be vulnerable to conversion to more open savannah
and grassland communities directly as result of climate change and/or increased fire intensity or
frequency. As suggested by Lenihan et al. (2003), grassland would advance into the range of
mixed evergreen woodland and shrubland due to a decline in the competitiveness of woody life-
forms associated with reduced rainfall and increased or more intense fire events. D’ Antonio and
Vitousek (1992) discuss the mechanisms by which non-native grasses can outcompete native
vegetation, including inhibition of seedlings of woody species by light absorption, water uptake,
and nutrient uptake. Invasive grasses may also alter natural fire regimes due to high fuel loads
and higher volatility. Grasses also recover from fire more quickly than woody species. Invasion
by grassland therefore can then create a grass/fire cycle that increases the frequency, area, and
intensity of fires (D’ Antonio and Vitousek 1992).

As with native species, much more research is needed to understand the complex relationships
between climate change and non-native species invasions and to make specific predictions, but
such invasions are expected to be important as ranges shift and vegetation and habitat
degradation facilitates the introduction of non-native species (Simberloff 2000).

The implications of introduced species to the Covered Lands are discussed in Section 5 of
this appendix.
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3.4 Uncertainty of Climate Change Projections

As discussed above in this section, there is general consensus among scientists that climate
change is occurring and will have actual effects on biodiversity, ecosystem function, species, and
habitats (e.g., Parmesan et al. 2000, Parmesan 2006; Walther et al. 2002). A review of the
scientific literature by Parmesan (2006) revealed several climate change-related effects,
including severe contractions and extinctions of range-restricted polar and mountain-top species;
disruptions of predator—prey and plant—insect relationships due to differential responses to
warming; evolutionary adaptations to warming in the interior portions of species’ ranges, and
rapid change in species’ resource use and dispersal at range margins; and genetic shifts. While
the evidence for climate change effects is clear, there remains a high degree of uncertainty about
the specific nature of climate change scenarios (especially at regional or local scales), which
depends in part on the success of Federal and regional efforts to reduce and control GHG
emissions, and species- and habitat-specific effects of climate change at a community,
ecosystem, or regional level (California Natural Resources Agency 2009; Hansen et al. 2001;
Hulme 2005; Mustin et al. 2007; Peterson et al. 2002; USFWS 2009; Walther et al. 2002).

An important aspect of the species-specific effects of climate change is a species’ capacity to
adapt to climate change, either behaviorally (e.g., through habitat or range shifts or dispersal), or
genetically (see Parmesan 2006). Based in the Quaternary record, species typically have
responded to climate change by shifting their distributions rather than evolving in situ (Thomas
et al. 2004). However, not all species are adapting to climate change. Genetic adaptation to
climate change, which may include morphological, behavioral, or physiological changes, is
highly uncertain, and there are few examples in the scientific literature demonstrating genetic-
based responses to climate change or the capacity of species to evolve tolerances to climate
change (Parmesan 2007) (also see Section 3.21 for taxonomic group discussions above).
Attempts to create genetic models to examine adaptive responses to environmental change have
revealed the complexity and uncertainty of such modeling (Parmesan 2007). Genetic responses
to climate change depend on factors such as generation times, the genetic variation of local
populations, gene flow, and the inherent capacity of the genome to evolve traits to exploit
conditions (e.g., precipitation, temperature, food resources, etc.) outside those currently used by
the species.

Several climate variables, and their interactions, will affect the magnitude and rate of warming,
including the strength and direction of climate feedbacks (e.g., positive water vapor, albedo, and
carbon-cycle feedbacks), thermal inertia of the oceans, rate of GHG emissions, and aerosol
concentrations (Serreze 2010). The complex relationships among these variables will result in
uncertain regional expressions of climate change and will not be uniform across the planet or
even within the state of California (Serreze 2010). Lawler et al. (2010a) notes that there are at
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least 24 atmospheric-ocean general circulation models coupled with more than 10 different GHG
emissions scenarios being used to project climate change, with each producing different
projections of atmospheric GHG concentrations. Because of this kind of variability and inherent
uncertainty due to the different climate sensitivities of the models, the CAS (California Natural
Resources Agency 2009) is based on a set of six global climate models run under two emissions
scenarios (one a higher emission scenario and the other a lower emission scenario), yielding 12
combinations of climate model-emission scenarios. The CAS notes that the emission scenarios
do not bracket the entire range of future emissions scenarios, with even lower or higher scenarios
being possible. In addition, the likelihood of either of the two scenarios cannot be stated,
although a “business as usual” scenario would most resemble the higher emission scenario. This
combination of different climate models and emissions scenarios, which themselves are
uncertain, results in a high level of uncertainty in the projections for climate change, as stated in
the CAS:

“...there is considerable uncertainty regarding future levels of GHG emissions
due to the difficulty of predicting societal choices. It is compounded by scientific
uncertainty over how the climate will respond to a given amount of GHG
emissions. Global climate models also differ to some extent in how they treat
atmospheric, terrestrial and hydrological processes, resulting in different levels of
warming, and sometimes divergent patterns of precipitation.” (p. 16)

The uncertain future climate change scenarios, combined with the complexity of short- and long-
term stochastic (probabilistic) environmental events and intrinsic population dynamic, make it
difficult to link global climate effects to small-scale responses and to predict locally specific
effects (Walther et al. 2002). Some species may exhibit substantial effects, and others may show
no measurable effect (Parmesan and Yohe 2003; Visser and Both 2005).

In addition, Parmesan (2007) suggests that current estimates that species’ responses to climate
change, such as advancement of spring arrival and latitude shifts, are significantly affected by
study design and data-sampling statistical analysis methods. For example, increased numbers of
observers or increased population abundances unrelated to climate change may be interpreted as
range shifts (Parmesan 2007). While Parmesan (2007) estimated a “consensus’ average response
of between 2.3 and 2.8 days spring advancement per decade for global taxa, an analysis of
latitudinal data failed to show a significant trend in response. Generally, Parmesan (2007) found
a tremendous amount of variation of climate-related responses among species, both within
taxonomic groups and across broad taxonomic/functional groups experiencing similar climatic
trends, leading her to conclude that projections of effects on species across interacting trophic
levels will be difficult without long-term field observations. Visser and Both (2005) additionally
suggest that any observed changes to climate-related responses must be considered in the
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ecological context in which the species lives to understand the effects, and specifically how
climate change affects the optimum conditions of the activity that is most demanding of the
species, such as migration or reproduction. Botkin et al. (2007) review four different forecasting
methods for projecting the effects of climate change on biodiversity: (1) individual species-
specific models, (2) niche-theory models that group species by habitat, (3) general circulation
models (GCMs) and coupled ocean-atmospheric models, and (4) species-area curve models that
consider all species or large aggregates of species.

In summary, while climate change effects on species are clearly documented at the global and broad
regional scales, it is not possible at without long-term studies to make precise, quantitative
predictions about local-scale species responses to climate change. This is due to the combined
uncertainty of the climate models, a lack of regional or local precision of the climate models, the
uncertainty of future emission scenarios, and the complexity of species’ responses to climate changes
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SECTION 4. AN APPROACH TO ASSESSING SPECIES SENSITIVITY TO CLIMATE

Efforts are underway to understand what kinds of life history traits will make a species more or
less sensitive to climate change and thus allow scientists to identify those species that are most
vulnerable, and which may warrant additional study or adaptive management.” For example, the
EPA Draft Framework (74 FR 61671-61673) describes a combined quantitative and qualitative
method for evaluating threatened and endangered species’ relative vulnerabilities to climate
change, which includes taking a particular focus species through a series of four evaluation
“modules” that are briefly reviewed here. It should be noted, however, that the Draft Framework
has not been formally adopted. The notice of public comment period states that, “This document
has not been formally disseminated by EPA and does not represent and should not be construed
to represent any Agency policy or determination” (74 FR 61671). The Covered Species analysis
presented in Section 5 of this appendix is based on the identification of general factors by the
Draft Framework that can distinguish species that are relatively more sensitive to climate change
from those that are relatively less sensitive, thus indicating which species may require additional
study and management to address climate change effects. Determining the relative sensitivity of
species to climate change allows for a general scaling of climate change effects. For example, if
a species factor is declining populations due to loss of wetland habitat, hotter and drier
conditions can reasonably be expected to exacerbate habitat loss and contribute to the decline of
the species.

Module 1 of the Draft Framework scores a species’ baseline vulnerability to stressors, not
including climate change, based on several variables: current population size, current population
and range trend, current and future trends of non-climate stressors, generation times (i.e., years to
reproductive  maturity), vulnerability to stochastic events, future vulnerability to
policy/management changes, and future vulnerability to natural stressors.

Module 2 scores the likely vulnerability of the focus species to future climate change based on
several variables, including physiological vulnerability to temperature and precipitation change,
dispersive capability, degree of habitat specialization, likely extent of habitat loss due to climate
change, ability of habitats to shift at same rate as species, habitat availability within a new range
for a species, dependence on temporal inter-relationships (e.g., a species reliant on a certain food
supply at a specific time), and dependence on other species. It should be noted that the Module 2

7 Section 3 of this appendix discusses how climate change effects on biological systems are occurring on a global
scale, but that both the future climate change scenarios and the specific regional effects of climate change on overall
biodiversity, and on particular species and their habitats, are generally unknown or poorly understood (California
Natural Resources Agency 2009; Hansen et al. 2001; Hulme 2005; Peterson et al. 2002; USFWS 2009; Walther et
al. 2002). Thus, it is not currently possible to directly quantify and link the impacts of future climate change to
specific future impacts on Covered Species. However, likely general trends on species and their habitats associated
with climate change can be extrapolated from general principle, as is done in Section 5.
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evaluation could reveal that some species may benefit from future climate change; for example,
grassland species may benefit from increased wildfire and/or drought that reduce forest or
shrubland vegetation.

Module 3 combines the results of the scoring in Modules 1 and 2 and produces a matrix that
produces an overall vulnerability score for a species reflecting relative vulnerability, not an
absolute or quantified vulnerability, to climate change.

Module 4 is a qualitative scoring of the uncertainty of the vulnerability evaluation based on the
evaluation of Modules 1 through 3 that results in an index of uncertainty. The Draft Framework
indicates that certainty judgments most likely will be based on expert judgment rather than a
quantitative score.

The Draft Framework was applied to several sample species and generated several factors that
appear to distinguish species that are relatively more sensitive to climate change from species
that are relatively less sensitive.

Characteristics of species likely to be more sensitive to climate change include:

e Restricted distribution (e.g., narrow endemic species)

¢ Small population size

e Currently undergoing population declines

e Habitat specialists

¢ Found in habitats that are most likely to be affected by climate change.

Characteristics of species likely to be less sensitive to climate change include:

* Wide distribution
¢ Flexible habitat preferences
e Populations that are stable or increasing.

While species with these traits may be relatively more (or less) sensitive to climate change, they
are only general characteristics that help identify species that may be more (or less) sensitive to
climate change.

There is also emerging information in the scientific literature addressing the issue of species
sensitivity in relation to other life history traits. Morris et al. (2008), for example, used a
quantitative modeling approach to examine multiyear demographic data (population growth) for
36 plant and animal species with a broad range of life history strategies to determine how
sensitive the species would be to a changing and more variable climate. Morris et al. (2008)
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found that longevity was the key predictor, with short-lived species (insects, annual plants, and
algae) likely to be more sensitive to climate change than long-lived species (perennial plants,
birds, ungulates) regardless of taxonomic affiliation.

The analysis that follows uses these kinds of factors in qualitatively analyzing relative sensitivity
of Covered Species to climate change. The EPA Draft Framework, as described above, was not
formally applied for several reasons:

1. It has only been disseminated for public review and does not represent any Agency policy
or determination.

2. The process of working through Modules 1-4 requires compilation of an enormous
amount of species data, simplifying assumptions in the absence of empirical data, and
likely large scale habitat modeling, including habitat changes over time associated with
climate change. Developing the baseline information alone to run the evaluations is
beyond the scope of what is typically required for a Habitat Conservation Plan.

3. Such large-scale assessment efforts can only feasibly be conducted by teams of scientists
affiliated with government agencies (e.g., EPA, USFWS, U.S. Geological Survey, U.S.
Forest Service), universities, or large non-profit environmental organizations (e.g.,
Audubon Society).

4. Module 4, which requires qualitative certainty judgments, requires the input of many
scientists with diverse expertise, as well as peer review and likely several iterations to
come to some consensus on the results. Again, the scale of such an effort is beyond that
required for a typical Habitat Conservation Plan.

5. Because of the large amount of information needed to run the assessments and the many
participants in the process, such efforts are conducted over time scales of many months to
several years.

Moreover, as discussed above, neither the Draft Framework nor any other available analytical
tool, enable a quantitative assessment of the impacts climate change will have on the Covered
Lands or the Covered Species, or how these potential impacts will interact with other
occurrences, such as direct or indirect impacts associated with the TU MSHCP. The Council on
Environmental Quality (CEQ 2010) has recognized the infeasibility of directly linking the
impacts of a particular government action to specific climate change effects. In the absence of
available quantitative predictive tools, the Draft Framework concepts are employed to provide a
qualitative discussion of relative sensitivity of the Covered Species to climate change.
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SECTION 5. CLIMATE CHANGE EFFECTS ON COVERED LANDS

General principles linking climate change to vegetation trends and species’ population trends,
life history traits, and ecological relationships are sufficiently developed to generally identify the
potential for sensitivity of the vegetation communities and Covered Species on Covered Lands to
climate change. As indicated in Section 1, it is expected that the Covered Lands will experience
climate change effects such as warmer temperatures, altered precipitation, and seasonal shifts
and lengthening of the growing season. These climate changes, in association with potentially
more frequent and intense wildfires, may alter surface and groundwater hydrology, vegetation
communities, microclimates, and microhabitats. The TU MSHCP anticipates these changes may
result in different management needs and this is accommodated in Section 8.1, Changed
Circumstances, of the TU MSHCP.

5.1  General Abiotic and Biotic Responses to Climate Change

As discussed above in Section 3.2.2, climate change may result in direct and indirect changes in
abiotic and biotic resources in California due to a variety of factors. Vegetation communities
may be altered by several climate-related factors, including length of growing season,
precipitation amount and timing, temperature tolerances. A hotter and drier climate in California
would facilitate expansion of deserts and grasslands (California Natural Resources Agency
2009). Elevational shifts in desert-adapted vegetation have been documented in southern
California (Kelly and Goulden 2008). Increased intensity and frequency of wildfires would
increase recruitment of non-native grasslands, further increasing fuel loads, and increase erosion
of uplands and sedimentation of rivers and streams. Riparian and wetland communities also may
be degraded by changing precipitation patterns and altered hydrology.

These kinds of effects could occur on Covered Lands and Tejon Ranch in general. Studies of oak
woodlands in California by Kueppers et al. (2005) and Lenihan et al. (2003) suggest that
woodland forest vegetation communities in the Tehachapi Range may be sensitive to climate
change, potentially resulting in a conversion of some woodland communities to more savannah-
type and/or grassland communities (Lenihan et al. 2003),® or actual expansion of some oak
species in the region (Kueppers et al. 2005), as discussed below.

8 Figure 4A of Lenihan et al (2003) shows that simulated vegetation classes for the historical period (1961-1990) are
primarily grassland for the Tehachapi Range. In contrast, the current baseline vegetation map in Figure 4B of the
paper shows the Tehachapis as primarily mixed evergreen woodland based on Kiichler (1975), “Potential Natural
Vegetation of the United States.” Second Edition, American Geographical Society, New York. Although Lenihan et
al. note that the simulated vegetation (Figure 4A) and baseline vegetation (Figure 4B) maps are generally similar,
they are distinctly different for the Tehachapi Range and lower Sierra Nevada. Figure 4B is more consistent with the
mapped existing vegetation communities on Covered Lands, which are about 64% woodland, savannah, and conifer
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In addition, if fires of greater intensity and/or frequency associated with hotter and drier
conditions occur, woodlands and shrublands (scrub and chaparral communities) could convert to
grasslands, although such impacts may be less applicable to Tejon Ranch due to historic and
current grazing patterns. Grazing on Tejon Ranch reduces fuel loads, including in savannah
areas, thus reducing the magnitude of the positive feedback of grassland invasions that intensify
the grass/fire cycle. If cattle were removed, there would be even greater buildup of grasses, thus
increasing fine fuel loads, volatility and rate of spread, and increasing the chance of shrubland
and woodland conversions to grassland.

Woodlands are the most common vegetation community on the Covered Lands, accounting for
36% of the total cover, followed by oak savannah at 25%, grasslands at 19%, chaparrals at 11%,
scrubs at 6%, conifer forest at 3%, and riparian and washes at just over 1%. The Kueppers et al.
(2005) study modeled the potential impact of climate change on two of the oak woodland
constituents on Covered Lands—blue oak (Quercus douglassii) and valley oak (Quercus lobata).
Blue oak-dominated woodland accounts for 9,141 acres (19%) of the 49,031 acres of woodlands,
and blue oak savannah accounts for 5,157 acres (15%) of the oak savannah on Covered Lands.
Valley oak occurs on Covered Lands but co-occurs with blue oak and is mapped as a white oak
woodland or savannah. White oak savannah accounts for 9,076 acres (27%) of the savannahs and
white oak woodland accounts for 899 acres (2%) of the oak woodlands on Covered Lands.
Kueppers et al. (2005) determined that while the ranges of blue oak and valley oak in could decline
overall by up to 59% and 56%, respectively, and generally shift northward under a regional climate
model (RCM), the ranges of the both species may actually expand in the Tehachapi Range over
existing conditions.

5.2 Covered Species Responses to Climate Change

Section 3.2.1 provided a general review of climate change effects on species, and focused
reviews on amphibians and reptiles, birds, mammals, insects, and plants. Section 4 describes the
EPA Draft Framework used to analyze the potential effects of climate change on the Covered
Species in this section. The analyses presented in this section are not intended to make specific
predictions or forecasts about the Covered Species’ responses to climate change, but rather to
identify the characteristics of the species that may make them more or less likely to be sensitive
to climate change. As part of this analysis, current known and potential threats to Covered
Species are described and potential links between current threats and potential future threats to
the species are identified. Climate change effects may be additive to or interact with ongoing
threats so that a species is put under greater pressure. For example, overgrazing is an identified

forest. Both the HAD (Figure 6A) and PCM (Figure 6B) models project expansion of grasslands in the Tehachapis
in the 2070-2099 timeframe
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source of habitat degradation for several of the Covered Species. Overgrazing effects may be
intensified or exacerbated by climate change by altering grazing patterns, such as causing cattle
to congregate more heavily in riparian zones that are occupied by amphibians and riparian birds.
Information that links climate change to existing threats could help identify the Covered Species
that may warrant monitoring and management in the future.

The following subsections first summarize the climate change responses and issues for the
different taxonomic groups that were reviewed in Section 3.2.1. For each Covered Species within
each taxonomic group, the EPA Draft Framework (2009) concepts described in Section 4 of this
appendix are applied to identify characteristics of the species that are likely to be sensitive to
climate change, such as it occurs in a vulnerable habitat, it has a restricted range, etc. The natural
history of each species is then summarized and linked back to its potential sensitivity to climate
change. To the extent appropriate for each species, potential climate change effects will be
extrapolated to Tejon Ranch and Covered Lands.

5.2.1 Amphibians and Reptiles

As discussed in Section 3.2.1 of this appendix, climate change responses and issues related to
amphibians and reptiles include:

¢ Physiological responses including reproduction, sex determination, and development

¢ Impacts on habitat quality and food availability

¢ (Changes in breeding behaviors such as chorusing and spawning

® Range shifts, contractions and expansions

¢ Change in species richness

¢ Interactions between climate change and other stressors such as UV radiation, diseases
and pathogens, and contaminants.

Tehachapi Slender Salamander (Batrachoseps stebbinsi)

The Tehachapi slender salamander has several characteristics of species likely to be sensitive to
climate change:

e [t has a restricted geographic range

e Population sizes are likely to be relatively small

e [tis a habitat specialist

e [t occurs in habitat that is likely to be affected by climate change.
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Based on these characteristics, the potential impacts of climate change on Tehachapi slender
salamander include:

e Reduced available habitat and low ability to shift range

e Reduced reproductive activity, reduced suitability of oviposition sites, and reduced
egg viability

e Exacerbation of other threats that degrade habitat, such as feral pigs and cattle grazing

e Altered predator-prey relationships

¢ Increased vulnerability to pathogens

The Tehachapi slender salamander occurs in small populations, has a narrow geographic range,
and is closely associated with talus piles on seasonally shaded north-facing slopes. Tehachapi
slender salamander was observed in the TMV Planning Area during surveys in Monroe Canyon
(Dudek 2007a). It is usually observed in moist drainages with leaf litter, generally in mixed oak
and canyon live oak woodlands, often with California buckeye as an associated species (Dudek
2007a). There are also four CNDDB occurrences of Tehachapi slender salamander in the
Covered Lands, including: two in Bear Trap Canyon, one in a drainage adjacent to the California
aqueduct, and one in Tejon Canyon in the northeastern section of the southern portion of the
Covered Lands.

Tehachapi slender salamander habitat is potentially threatened by feral pigs, road construction,
mining, logging, cattle grazing, and flood control projects (Hansen and Stafford 1994; Jennings
1996; Hansen and Wake 2005).

Based on an unpublished communication to the USFWS from Hansen and literature on the
black-bellied salamander, the USFWS suggests that individuals may remain within
approximately 3 meters (10 feet) during their life time, depending on climate conditions (pers.
comm., Lechuga 2010). In any case, this species likely is high sedentary and unlikely to move
long distances from breeding sites due to its dependence on moist habitats and rocky substrates.
These factors together suggest that this species has relatively high sensitivity to climate change
because there is little potential for it to shift its range in response to adverse climate effects. If
precipitation declines, as is predicted for most of California, and conditions become hotter,
available habitat for this species could be reduced. Reduced precipitation may also affect
reproductive activity because this species reproduces during rainy periods in the winter and
spring. Perhaps moderating the potential effect of reduced precipitation is the possible long life
span of this species. Although Tehachapi slender salamander longevity is unknown, slender
salamanders (Batrachoseps spp.) may live for several years, so it is unlikely that even a
prolonged drought period in the future would extend beyond the lifespan of all individuals in a
population. Reduced or degraded habitat, and potential impacts on reproduction, may also
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exacerbate other potential threats identified for this species, such as feral pigs and cattle grazing
if climate change alters the rooting and grazing patterns of these species in suitable habitat for
the Tehachapi slender salamander. Although reduced precipitation could negatively affect
breeding activity and degrade habitat through a reduction in woodlands and drier microclimates
and microhabitats, warmer winter and spring temperatures may increase surface activity,
potentially counteracting these negative effects, at least to some degree. As noted above,
amphibians in general may exhibit range expansions based on habitat suitability modeling by
Currie (2001), but with the Tehachapi slender salamander being limited to small, discrete habitat
patches and having very limited dispersal, it may not benefit from warming in this way or be able
to respond to rapid climate changes. Also, any potential range expansion may be counteracted by
less precipitation and hotter summer temperatures.

As an invertebrate eater, Tehachapi slender salamander may also be sensitive to changes in food
availability related to climate change if the timing of its aboveground activity becomes
asynchronous with the peak activity of insect prey. Although the specific feeding habits of the
Tehachapi slender salamander are unknown, the related California slender salamander (B.
attenuatus) feeds on a variety of insects. If the Tehachapi slender salamander has similar feeding
habits, this flexibility may counteract climate change effects. Also, if the species’ aboveground
activity is plastic and responsive to aboveground environmental conditions, it may be able to
shift its aboveground activity to coincide with available food resources. These predator—prey
relations and their potential response to climate change, however, are unknown. It is also
unknown whether climate change could affect the abundance and behavior of predators of the
Tehachapi slender salamander, such as ringneck snake, beetle larvae and other predatory
arthropods, diurnal birds, and small mammals.

As discussed above, other potential sources of global decline in amphibians include UV-B
exposure, contaminants and pesticides, and diseases and pathogens. Tehachapi slender
salamander eggs are unlikely to be directly affected by UV-B exposure because eggs are laid in
moist places under surface objects, but hotter and drier conditions may affect the suitability of
oviposition sites and potentially reduce egg viability. With management of the Covered Lands,
contaminants and pesticides should not be a significant problem. The potential for pathogens and
diseases to affect the species is unknown, but if the species is affected directly (e.g., impacts to
egg viability) or indirectly (e.g., behavioral alterations, food availability, habitat degradation) by
climate change, its vulnerability to pathogens to may be increased (Kiesecker et al. 2001).

Western Spadefoot (Spea hammondii)

As discussed above, Davidson et al. (2002) found that declines in western spadefoot in southern
and lower elevation sites in California were consistent with climate change predictions, but, after
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accounting for habitat degradation, the effect of climate change was not a statistically significant
predictor variable in the logistic regression analysis. Davidson et al. (2002) concluded that habitat
degradation was the most important predictor in western spadefoot declines. Nonetheless, the
western spadefoot has several characteristics of species likely to be sensitive to climate change:

e Currently undergoing population declines. Jennings and Hayes (1994) estimated that
about 80% of its habitat in Southern California had been developed or converted to uses
incompatible with successful reproduction.

e A habitat specialist. Western spadefoot depends on ephemeral aquatic habitats such as
vernal pools for reproduction.

¢ Found in habitats most likely to be affected by climate change. Vernal pools and other
ephemeral aquatic habitats are highly dependent on precipitation. Reductions in
precipitation and warmer conditions could reduce breeding habitat for the spadefoot.

Based on these characteristics, the potential impacts of climate change on western spadefoot include:

e Reduced available breeding habitat

e Reduced reproductive activity, reduced suitability of oviposition sites, and reduced egg
viability if water at breeding sites evaporates too rapidly

e Exacerbation of other threats that degrade breeding habitat, such as cattle grazing

Unlike the narrowly distributed Tehachapi slender salamander and yellow-blotched salamander,
the western spadefoot has a wide geographic distribution, ranging from the north end of the
Central Valley of California, east of the Sierras and the deserts, to northwest Baja California
(Jennings and Hayes 1994; Stebbins 2003). It also has a broader elevational range (sea level to
4,000 feet) and occurs in a variety of habitats, including lowland, foothill, and mountain habitat.
This broad spatial and habitat range suggests that western spadefoot is fairly adaptable to a range
of environments and climate regimes, and likely would persist in at least parts of its range under
projected climate change scenarios as long as suitable breeding habitat is available.

As noted above, habitat degradation appears to be an important factor in the decline of the
western spadefoot. Habitat degradation may be related to overgrazing, off-road vehicles and
other activities which affect fluvial processes in burrow areas, and the spread of exotic plant
species. Spadefoot toad is also threatened by non-native predators such bullfrogs, crayfish, and
fish and other urban development-related factors such as artificial lighting, noise, and predators
such as cats and dogs.

Western spadefoot was not observed in the TMV Planning Area during the 2007 surveys (Dudek
2007a). Due to these negative survey results, western spadefoot is considered to have a low
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potential to occur on Covered Lands below 3,000 feet and a very low potential to occur above
3,000 feet.

As an ectotherm, and like other amphibians, western spadefoot is expected to be strongly
affected by environmental conditions due to potential effects on its reproduction. Development
of tadpoles, for example, requires a reliable aquatic environment that persists for at least 3 weeks
(Burgess 1950; Jennings and Hayes 1994). Although western spadefoots can accelerate
development under reduced water volumes (Denver et al. 1998), reduced precipitation, sunnier
conditions, and higher temperatures that could accelerate evaporation of breeding sites could
result in lower overall productivity.

If the species were to occur on Covered Lands, hotter and drier conditions could affect the
availability of reliable breeding pools. On the other hand, initiation of western spadefoot
breeding is responsive to warm rains (water temperature must be at least 10°C before eggs are
laid, with an upper range of about 30°C (Brown 1966, 1967)). If The Covered Lands becomes
warmer in the winter and early spring, conditions may actually become more suitable at higher
elevations. The current elevational distribution of western spadefoot is sea level to approximately
4,000 feet, with most populations at less than 3,000 feet. Much of the Covered Lands are
therefore at the upper elevational range of western spadefoot. It is possible that a milder climate
at higher elevations of its current range could increase the potential for western spadefoot to
occur on site in the future; as noted above, at present, western spadefoot is considered to have a
low potential to occur on Covered Lands at elevations below 3,000 feet, and very low potential
to occur at elevations above 3,000 feet. As discussed above, habitat modeling and climate
projections suggest that amphibians could expand their ranges in cold, high-elevation areas due
to a moderating future climate (Arajuo et al. 2006; Currie 2001; Hansen et al. 2001; Lawler et al.
2010b). However, as noted by Lawler et al. (2010b) and Arajuo et al. (2006), limited dispersal
capabilities by amphibians may reduce their potential to colonize new habitat areas. Also,
reduced water availability, and thus less reliable breeding pools, from lower precipitation may
offset projected range expansions.

Another potential benefit of climate change to western spadefoot is if climate change has a
disproportionate impact on non-native predators that require perennial aquatic habitat, including
non-native fish, bullfrogs (Rana catesbeiana), and crayfish (Procambarus spp.). If potential
breeding habitat is subjected to periodic drying, these non-native species may be locally extirpated,
leaving opportunities for western spadefoot to take advantage of ephemeral aquatic habitats.

Overgrazing is identified as a cause of habitat degradation for western spadefoot, and climate
change could alter grazing patterns such that such habitat degradation could be exacerbated if
cattle tend to congregate in suitable breeding habitat. However, moderate grazing may also serve
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as an effective management tool for this species in responding to climate change. Lawler et al.
(2010a) describe a climate-related management approach to vernal pool management where
moderate cattle grazing is used to manage the vernal pools, which can become overgrown with
vegetation and shorten the effective inundation period. Grazing extends the inundation period,
which would allow spadefoots to complete their aquatic life history phase.

Yellow-blotched Salamander (Ensatina eschscholtzii croceator)

The yellow-blotched salamander has several characteristics of species likely to be sensitive to
climate change:

e [t has a restricted geographic range

® Population sizes are likely to be relatively small

e [tis a habitat specialist

e [t occurs in habitat that is likely to be affected by climate change

Based on these characteristics, the potential impacts of climate change on yellow-blotched
salamander include:

¢ Reduced available habitat

e Reduced reproductive activity, reduced suitability of oviposition sites, and reduced egg
viability

e Exacerbation of other threats that degrade habitat, such as feral pigs and cattle grazing

e Altered predator-prey relationships

¢ Increased vulnerability to pathogens

Although the yellow-blotched salamander is likely to be sensitive to climate change, other factors
offset its likely sensitivity such as a broader geographic range, broader elevational range (1,400 to
7,500 feet), and broader habitat associations. Its habitat includes mountain meadows, mixed
conifers, and canyon live oak where canopies exceed 55%. Its occurrence is negatively associated
with the presence of blue oak (which, as noted above, is projected by Kueppers et al. (2005) to
contract in range as a result of climate change). Surveys for yellow-blotched salamander were
conducted in all suitable habitat within the TMV Planning Area (Dudek 2007a). Individuals were
observed in drainages in the southwestern portion of the Covered Lands generally east of
Grapevine Peak, in the vicinity of Silver, Monroe, Squirrel, Palos Altos, Johnson and canyons,
and along Bear Trap Canyon and its tributaries. There is one CNDDB occurrence of yellow-
blotched salamander in Covered Lands, in a drainage adjacent to and north of Rising Canyon.
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Yellow-blotched salamander is especially threatened by development and the cutting of oak
woodland in the Tehachapi Mountains (Jennings and Hayes 1994). In addition, other land uses
such as cattle grazing, hunting, camping, agriculture, and mining, may directly or indirectly
impact yellow-blotched salamanders by altering habitat or creating soil disturbance (Jennings
and Hayes 1994; Germano 2006). Additionally, feral pigs cause damage to animals and habitat
(pers. comm., Hansen and Wake 2008).

While its habitat affinities are broader than the Tehachapi slender salamander, if climate change
results in hotter and drier conditions on Covered Lands, suitable woodland habitat for the
yellow-blotched salamander could be reduced as a result of poorer growing conditions, less
recruitment of seedlings and saplings, higher incidence of pests or disease in unhealthy stands,
and more frequent and/or intense wildfires that could convert woodlands to savannah-like and
grassland vegetation communities. Similar to the Tehachapi slender salamander, degradation of
yellow-blotched salamander habitat caused by feral pigs and overgrazing could be intensified if
climate change alters the rooting and grazing patterns of these species.

Warmer weather on Covered Lands, if associated with adequate precipitation, could have some
positive effects on yellow-blotched salamander because the species currently uses loamy soils
that are generally warmer than surface air temperatures and moister than ambient conditions.
However, if a warmer climate is accompanied by less precipitation, this potential positive effect
could be counteracted by the species’ requirement of a moist habitat (Germano 2006), although
yellow-blotched salamander can withstand considerable dehydration (Cohen 1952;
CaliforniaHerps 2007). In addition, generally drier microclimates and microhabitats could
adversely affect this species. Juveniles appear to prefer moister habitat than adults, so less
precipitation and hotter conditions could disproportionately affect juveniles and may adversely
affect juvenile viability and their recruitment into the population.

Yellow-blotched salamanders feed on insects. Climate change could affect predator—prey
relations if yellow-blotched salamanders’ surface activity becomes asynchronous with peak
insect productivity. However, because yellow-blotched salamanders feed on a wide variety of
insects, indicating a flexible diet, they would not be as sensitive as a species that targets a more
narrow range of prey. Also, if the species’ aboveground activity is plastic and responsive to
aboveground environmental conditions, it may be able to shift its aboveground activity to
coincide with available food resources. These predator—prey relations and their potential
response to climate change are unknown. It is also unknown whether climate change could affect
the abundance and behavior of predators of the yellow-blotched salamander, including other
salamanders, beetle larvae, snakes, birds, and mammals (including mice, raccoons, and bears).
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Yellow-blotched salamander reproduction is unlikely to be significantly affected by increases in
UV-B exposure because females lay their eggs under bark, in rotting logs, and/or underground,
although eggs may be more vulnerable to desiccation under hotter and drier conditions.

Coast Horned Lizard (Phrynosoma coronatum)
The coast horned lizard has two characteristics of species less likely to be sensitive to climate change:

e [t is widely distributed

e [t has flexible habitat requirements and occurs in habitats that are less likely to be
affected by climate change

However, the coast horned lizard also has two characteristics that could make it more sensitive to
climate change than other more common reptile species:

e [t is a specialist feeder on harvester ants (Pogonomyrmex spp.), although the habitats that
support its primary prey are widely distributed and variable

e Populations are likely to be localized and relatively small, and are considered to be
declining due to habitat loss and indirect effects such as invasions by Argentine ants
(Linepithema humile)

The combined effects of these characteristics suggest that the coast horned lizard could be
sensitive to climate change. If climate change affects the abundance and/or distribution of
harvester ants, horned lizards could also be affected. As noted above, localized and small
populations are sensitive to stochastic factors that affect local population viability (i.e., small
populations are less resilient to changes that may affect reproduction, mortality, resource
availability, etc.). Climate change could exacerbate stochastic factors and result in a higher risk
of local extirpation.

Based on these characteristics, the potential negative impacts of climate change on coast horned
lizard include:

® Reduced available habitat and habitat fragmentation combined with low dispersal
capability and small populations

e Exacerbation of other threats that degrade habitat, such as cattle grazing

e Potential disruption of predator-prey (harvester ants) relationships
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However, coast horned lizard could also benefit from, or be relatively unaffected by, climate
change for several reasons:

e Positive (or neutral) response to conversion of shrubland sand woodland vegetation
communities to more arid-adapted communities such as grasslands and savannahs

¢ Potential for expansion of harvester ants to more arid vegetation communities

e Reduced impacts by Argentine ants, which are attracted to wetter microhabitats than
native harvester ants

The coast horned lizard occurs throughout most of California in locations west of the desert and
Cascade—Sierran highlands, in elevations from sea level to around 8,000 feet. Although broadly
distributed in California, the coast horned lizard had disappeared from about 35% of its historic
range by the early 1990s (Jennings and Hayes 1994), and currently is abundant only in localized
areas along the South Coast Ranges, and in isolated sections of natural habitat in the Central
Valley (California Department of Fish and Game (CDFG) 2007a). Surveys were conducted for
coast horned lizard as part of general surveys for reptiles in all suitable habitat within the TMV
Planning Area (Dudek 2007a). Coast horned lizards were observed in 12 different locations in
the TMV Planning Area. The majority of these occurrences were found in the southwestern
portion of the TMV Planning Area, southeast of Dry Field Canyon and north of Oso Canyon.
Coast horned lizard has been found in a wide variety of habitat types, including woodland, scrub,
chaparral, and grassland (Dudek 2007a; TRC 2007).

The main threats to the coast horned lizard are habitat loss and fragmentation, and the spread of
the Argentine ant (CDFG 2007). Other threat factors associated with urban development include
an increase in the abundance of urban-related predators, such as pets and stray and feral cats and
dogs; collecting of lizards; increased human activity resulting in habitat degradation (e.g.,
trampling of vegetation and introduction of exotic species); off-road vehicles; cattle grazing; and
frequent fires that may cause long-term habitat transitions from shrublands (scrubs and
chaparrals) to annual grassland, As a result of habitat loss and fragmentation and the spread of
Argentine ants, the coast horned lizard probably is sensitive to additional environmental stressors
such as climate change. Overgrazing related to climate change could cause habitat degradation.
Also, because 90% of its diet consists of native harvester ants (Pianka and Parker 1975), any
effects of climate change on food availability due to alterations in timing or abundance could
negatively affect this species. It is unknown whether harvester ants are sensitive to climate
change, but microhabitat changes associated with climate change, such as increased cover of
non-native annual grasses, could adversely affect native ants (however, see discussion below on
harvester ants).

DUDEK 63 June 2011



CLIMATE CHANGE EFFECTS AND THE TEHACHAPI UPLAND
MULTIPLE SPECIES HABITAT CONSERVATION PLAN

On the other hand, the coast horned lizard occupies areas with different regional climate regimes
(from sea level to montane habitats) within its geographic and elevational range in California.
Coast horned lizards occupy several vegetation types where conditions include loose sandy soils,
including California sagebrush scrub, annual grassland, chaparral, oak woodland, riparian
woodland, and coniferous forest (Klauber 1939; Stebbins 1954). The coast horned lizard’s
occurrence in a variety of habitats suggests that it has substantial flexibility to adapt to different
environmental conditions. For example, its daily diurnal activity is closely tied to surface
temperatures, with optimum activity occurring within a relatively broad temperature range of
29°C to 39°C (84°F to 102°F) (Heath 1965). When surface temperatures exceed 40°C, horned
lizards behaviorally thermoregulate by covering themselves with loose soil (Stebbins 1954).
Coast horned lizards exhibit other life history traits that should allow them to respond to
changing or variable environmental conditions such as drought. This species is relatively long-
lived, with individuals living more than 8 years (Baur 1986). Even if climate change, and
associated effects such as increased wildfires, resulted in conversion of vegetation communities
to more arid-adapted types (e.g., grasslands, oak savannas), as long as soil conditions were
appropriate and prey was available, coast horned lizards should effectively respond to the
changes. Coast horned lizards were observed in the TMV Planning Area in woodland, scrub,
chaparral, and grassland. Conversion of some woodlands and shrublands on Covered Lands to
more savannah-like and grassland communities probably would not directly affect the coast
horned lizard.

As noted above, potential effects of climate change on native ants are unknown. However, a
potential benefit of a hotter and drier climate in California to the coast horned lizard is the
possible contraction of Argentine ant distributions. This non-native ant disrupts natural
ecosystems by driving out or killing native ants in newly invaded territories, including harvester
ants, the coast horned lizard’s primary prey (Holway et al. 2002; Suarez and Case 2002).
Argentine ants are attracted to moist habitat conditions, typically areas with irrigation where
moisture collects underneath buildings, sidewalks, and rocks, and along fence lines. Argentine
ants have limited thermal tolerances and cannot invade hot, dry environments with low soil
moisture conditions. Native ants that are better adapted to hot, dry conditions, including
harvester ants, may more successfully coexist with Argentine ants under future climate
conditions in California because soil conditions would be drier in areas that are not irrigated or
subject to urban runoff.

As noted above, coast horned lizards could be affected by climate change through its effect on
prey availability. Interestingly, one study in southeastern Arizona by Brown et al. (1997)
demonstrated that harvester ants are sensitive to climate change, but in this study the climate
change was a period of higher precipitation, resulting in increased shrub cover in the study area.
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Brown et al. (1997) found that two harvester ant species (Pogonomyrmex rugosus and P.
desertorum) that are characteristic of open arid grassland and desert habitat decreased in relation
to wetter conditions and vegetation changes. Although the effect of a hotter and drier climate in
California on harvester ants is unknown, this study suggests that a conversion of shrubbier
vegetation to more arid grassland and desert conditions may favor harvester ants and could
indirectly benefit the coast horned lizard.

Hotter and drier conditions in the future could also facilitate population expansions of coast
horned lizard, consistent with the modeling for amphibians and reptiles by Currie (2001).
However, coast horned lizards probably have limited dispersal capabilities, as indicated by small
home ranges of usually less than 5 acres for horned lizards as a group (e.g., Munger 1984) and
home ranges of coast horned lizards in southern California of 3 to 3.5 acres (Suarez, pers. comm.
2005). In addition, existing habitat fragmentation in coastal regions of California likely will limit
the ability of coast horned lizards to colonize new habitats, although there could be some
elevational shifts in undisturbed montane areas.

Two-striped Garter Snake (Thamnophis hammondii)

The two-striped garter snake has two characteristics of species likely to be sensitive to
climate change:

e [t occurs in habitats that are more likely to be affected by climate change.
e Populations appear to have declined throughout much of its range.

However, the two-striped garter snake also has characteristics of species less likely to be
sensitive to climate change:

e [t still has a relatively broad geographic distribution
e [t occurs in a variety of aquatic and riparian habitats
e [tis a generalist in its feeding habits

Based on these characteristics, the potential negative impacts of climate change on two-striped
garter snake include:

e Reduced availability of wetland and riparian habitats and likely low dispersal capabilities

e Reduction of available prey in wetland and riparian habitats and consequent reduced
reproductive capacity

e Exacerbation of other threats that degrade habitat, such as cattle grazing, and predation
by feral pigs
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The two-striped garter snake is widely distributed in coastal California from the San Francisco
Bay area south to Baja California, including the southwestern portion of San Bernardino County,
western Riverside County, and all but the easternmost portion of San Diego County. It occurs in
a variety of perennial and intermittent streams within oak woodlands, shrublands, and sparse
coniferous forests from sea level to approximately 7,800 feet. However, it is a highly aquatic
snake and is not found far from water (Jennings and Hayes 1994). Two-striped garter snake was
observed in the southwestern and central portions of the TMV Planning Area east of Rising
Canyon, in Dry Field Canyon, and in Bear Trap Canyon. The species has been observed in oak
savannah and chaparral habitats near water sources (Dudek 2007a; TRC 2007).

Populations of two-striped garter snakes have been affected by the elimination of natural sloughs
and wetlands, loss of riparian habitat due to agriculture and urbanization, predation by non-
native bullfrogs, fish, and feral pigs, and loss of amphibian prey.

Even though it has a relatively wide geographic and elevational distribution, hotter and drier
conditions in California, and on Covered Lands, in the future could therefore result in reduced
aquatic habitat for this species, especially in ephemeral and intermittent creeks and drainages.
Alterations of water sources and associated wetland communities due to reduced precipitation,
flows, or earlier seasonal drying on Covered Lands could reduce the population size and
distribution of this species on site. Changes in the behavior of feral pigs related to climate change
could affect this species if pigs were attracted to its habitat under hotter and drier conditions.
Two-striped garter snake also feeds on a variety of aquatic prey and other species associated with
wet or moist habitats, including small fish, fry, and eggs (Cottus sp., Eucyclogobius sp.,
Gasterosteus sp., Oncorhynchus sp.), frogs and toads (Bufo sp., Rana sp., Pseudacris sp.), newts
(Taricha sp.), leeches and earthworms (Annelida), and insect larvae (Anthropoda) (Jennings and
Hayes 1994). Hotter and drier conditions therefore could reduce the distribution and abundance
of prey, or alter their timing of peak productivity in relation to the garter snake’s energetic
requirements. On the other hand, drier conditions could benefit the two-striped garter snake in
areas where it is preyed on by bullfrogs and introduced fishes such as bass (Micropterus sp.) if
their aquatic habitats experience periodic drying.

Given its broad geographic and elevational distribution, it is likely that the two-striped garter
snake can respond to a range of environmental conditions. It is unlikely that generally warmer
temperatures would directly adversely affect two-striped garter snakes, although individuals may
respond to changes in local conditions, such as microclimate, microhabitat, or hydrological
alterations. Two-striped garter snakes are most active in mornings and nights of warm days and
warm afternoons of cooler days (Zeiner et al. 1990a). They generally retreat to communal
hibernation burrows as the days shorten, generally in October and depending on latitude and
elevation, but will emerge from torpor to sun on warmer days (Jennings and Hayes 1994). Two-
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striped garter snakes give birth to live young, so climate change should have relatively little
direct effect on reproduction compared with egg-laying species. However, if energetic
requirements to support reproduction are compromised due to a lower availability of prey or
microclimate changes, reproductive output could be reduced.

It is unlikely that two-striped garter snake could expand or significantly shift its distribution in
response to hotter and drier conditions in the future, as generally suggested by habitat modeling for
amphibians and reptiles by Currie (2001). The dispersal capability of this species also is unknown,
but they have relatively small streamside home ranges of 0.012 to 1.2 acres, with a median of 0.37
acre (Jennings and Hayes 1994). Their winter upland home ranges adjacent to stream habitats are
somewhat larger, but still relatively small with a median of 0.84 acre (Jennings and Hayes 1994).

5.2.2 Birds

As discussed in Section 3.2.1 of this appendix, climate change responses and issues related to
birds include:

e Shifts to earlier spring activities such as arrival of migrants, first singing and breeding

¢ Changes in breeding patterns in relation to precipitation patterns (i.e., drought and wet cycles)
e Latitudinal and elevational range shifts

¢ Changes in species richness

¢ QGenetic and behavioral adaptations to climate change.

American Peregrine Falcon (Falco peregrinus anatum)

The American peregrine falcon has several characteristics of species less likely to be sensitive to
climate change:

e [t has a broad geographic range
e [ts populations appear to be increasing
e [t has flexible foraging habitat requirements.

Based on these characteristics, the use of Covered Lands by American peregrine falcon is
unlikely to be substantially affected by climate change.

The American peregrine falcon occurs in Alaska, western Canada, the Great Plains, the western
United States, and northern Mexico. It occurs throughout California, except for desert regions. The
principal cause of the peregrine falcon population decline was the use of organochlorine pesticides,
especially dichloro-diphenyl-trichloroethane (DDT), which metabolizes to
dichlorodiphenyldichloroethylene (DDE). The loss of suitable nesting places is probably detrimental
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to the species, and the loss of wetland habitat supporting large avian populations probably hurts
migratory populations (White et al. 2002). Since the 1980s, and following the ban of DDT in the
United States in 1972, the peregrine falcon population in the United States has been increasing due to
recovery efforts, including public and private captive breeding programs (White et al. 2002). Focused
surveys were conducted for American peregrine falcon in all suitable/potential breeding habitat
within the TMV Planning Area to search for nests (Dudek 2007a). It was observed foraging in the
TMYV Planning Area on one occasion during winter. This species has low potential to breed on
Covered Lands due to a limited amount of suitable nesting habitat.

The broad distribution of the species in different climate zones indicates that it should have high
flexibility in responding to climate change. Further, its occasional use of Covered Lands for
foraging and very limited potential to nest on site suggests that its use of the Covered Lands as a
result of climate change effects is unlikely to significantly change.

In addition to its broad distribution in the United States and Canada, the peregrine falcon’s foraging
habitat requirements are very flexible. This species is extremely mobile and may occur anywhere
there is suitable habitat and prey (e.g., mostly birds, but also small mammals) (Garrett and Dunn
1981), suggesting that it would be able to successfully track climate change effects on its prey base.
The main potential effect of climate change on foraging habitat would be a reduction of wetland
habitats used by prey birds such as shorebirds and waterfowl. However, common bird species such as
pigeons and doves make up a large part of the peregrine falcon’s diet. It is unlikely that potential
climate change effects on Covered Lands would significantly affect the availability of its prey on site.

Another potential effect of climate change, which is applicable to most birds, is the impact on eggs
and nestlings and whether increased temperatures could cause thermal stress. This is unlikely to
affect peregrine falcons because they nest over a wide geographic range with wide temperature
ranges. In California, for example, active nest sites are known from along the north coast of Santa
Barbara, the Sierra Nevada and other mountains of Northern California, San Diego County, and
downtown Riverside (Cleary-Rose 2002, pers. comm.). Thermoregulation of eggs and young in the
nest are more likely under the direct control of the birds than ambient conditions. Because the
peregrine falcon is unlikely to nest on site due to limited nesting habitat, any potential effects on
reproduction are unlikely to occur on Covered Lands.

Bald Eagle (Haliaeetus leucocephalus)
The bald eagle has several characteristics of species less likely to be sensitive to climate change:

e [t has a broad geographic range
e Its populations appear to be increasing
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e [t has flexible foraging habitat requirements.

Based on these characteristics, the use of Covered Lands by bald eagle is unlikely to be
substantially affected by climate change.

The bald eagle is the only sea eagle regularly occurring on the North American continent. Bald
eagles breed locally from Alaska eastward to Newfoundland and southward locally to Baja
California, Sonora, Texas, and Florida. The species winters in the large majority of the breeding
range but generally withdraws from central Alaska and the central and the northern portions of
Canada (AOU 1998). Individuals that breed in California may make only local winter
movements in search of food. Within mainland Southern California, the species primarily
winters at larger bodies of water in the lowlands and mountains (Garrett and Dunn 1981).
Threats to the bald eagle include habitat loss, effects of pesticides on reproductive success, and
persecution by humans. Special pressures on individuals in the southwestern United States
include heat stress, nest parasites, and entanglement in fishing line debris from intense fishing
pressure (60 FR 35999-36010).

The bald eagle was one of the species used in the Draft Framework to develop the vulnerability
assessment methods (Draft Framework Appendix B, “Example Narrative for Bald Eagle”). The
Draft Framework provided the following information to support the conclusions that the bald
eagle has a relatively low vulnerability to climate change:

e Populations of the species have been, and are, increasing throughout its North American
range; this species is highly mobile and has a high dispersal capacity.

¢ One of the main stressors on the bald eagle—DDT—has been banned in the United
States, and it is likely that effects of contaminants will continue to diminish.

e Due to its widespread distribution, relatively large population, and long adult lifespan
of decades, the bald eagle is relatively non-susceptible to adverse sporadic events such
as temporary food shortages or nest site destruction, as well as disease, parasitism, and
other stressors.

® Due to its widespread distribution in areas with different temperature and precipitation
regimes, it is unlikely to be directly affected by weather variables.

e Within the broad habitat types of wooded coastal, lake, or river margins, the species is
flexible in its habitat use, and it is likely to be able to shift habitats at the same rate as
climate change effects (e.g., shifting habitat use northward).

¢ The species has substantial potential for range expansion into extensive boreal forest habitat.

e The species has low potential to be dependent on temporal inter-relations and other
species, with the exception of salmon runs.
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Bald eagles have been observed infrequently foraging in the vicinity of Castac Lake over open
grasslands and chaparral habitats during various surveys conducted in portions of the Covered
Lands (Dudek 2007a). The CNDDB reports two bald eagle observations along the California
Aqueduct north of the southern portion of the Tehachapi Mountain Uplands (San Joaquin Valley
side) of the Covered Lands; the occurrence data is located in grasslands and agricultural fields
(CDFG 2008; TRC 2007). Because the bald eagle’s use of the Covered Lands is primarily
limited to foraging in the vicinity of Castac Lake, and because of its flexible foraging habitat
requirements, it is highly unlikely to be sensitive to potential climate change on Covered Lands.

Burrowing Owl (Athene cunicularia)

The burrowing owl has several characteristics of species less likely to be sensitive to
climate change:

e [t has a broad geographic range
e [t occurs in habitat that is less likely to be substantially affected by climate change
e [t has flexible foraging habitat requirements.

Based on these characteristics, the use of Covered Lands by burrowing owl is unlikely to be
substantially affected by climate change.

Burrowing owl, as a species, is widely distributed in the western hemisphere in North and
Central America. Burrowing owls in California belong to the western burrowing owl (A.
cunicularia hypugaea) subspecies, whose historical breeding range extended from southwestern
and south-central Canada southward through the Great Plains and western United States and
south to central Mexico. The burrowing owl also has a broad elevational range in California,
with nest sites documented from 200 feet below sea level in Death Valley to 12,000 feet in
Yosemite, indicating an ability to respond to a variety of climatic conditions, and likely the
ability to adjust to changing climate conditions.

CDFG protocol surveys were conducted in all suitable/potential breeding/foraging habitat within
the TMV Planning Area (Dudek 2007a). One migrant burrowing owl was observed near Tunis
Ridge in non-native grassland at approximately 4,900 feet. No burrowing owl breeding
observations have been made during surveys in any portion of the Covered Lands (Dudek 2007a).

Threats to the burrowing owl include the elimination of burrowing mammal populations through
control programs and habitat loss (Klute et al. 2003). Other reasons for decline of the burrowing
owl listed include habitat fragmentation, predation, illegal shooting, pesticides and other
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contaminants (Bates 2006; CDFG 2008; DeSante et al. 1997; USFWS 2002; Haug et al. 1993;
Klute et al. 2003).

The burrowing owl probably is not particularly sensitive to climate change. First, it is unlikely
that reproduction would be significantly adversely affected by climate change, such as
incubation of eggs and care of nestlings. Broods are raised in underground burrows where
microclimate conditions are affected by physical factors such as soil type, entrance aspect, slope,
burrow depth, and convection (Larson 2009). Such factors could affect nest site selection by
burrowing owls, but their importance is still poorly understood (Larson 2009). However, Lantz
(2005) did find that ambient air temperature was a factor in burrowing owl “daily nest survival”
in northeastern Wyoming, along with the effects of different breeding years and nest stages.
Nonetheless, the burrowing owl’s documented nesting activity in different climate regions
suggests that surface temperatures and other climate factors are not particularly critical limits on
nesting activities; that is, burrowing owls probably are able to tolerate a broad thermal range of
surface temperatures through various behavioral adjustments such as microhabitat selection (e.g.,
shade, burrows).

Second, burrowing owls occur in habitats less likely to be substantially affected by hotter and
drier conditions. In California, western burrowing owls are yearlong residents of flat, open, dry
grassland and desert habitats at lower elevations and they prefer treeless areas (Bates 2006).
Therefore, hotter and drier conditions, as well as more frequent and intense wildfires, are likely
to maintain and perhaps even expand habitat areas suitable for burrowing owls. In addition,
burrowing owls often use burrows made by fossorial mammals adapted to hot and dry
conditions, such as the California ground squirrel (Spermophilus beecheyi). California ground
squirrels are also very widespread in California (except for desert regions) and are very common
in disturbed and early successional habitats (Zeiner et al. 1990c), and therefore less likely to be
affected by direct and indirect climate change effects on vegetation communities.

Nesting by burrowing owls on Covered Lands has not been observed and climate change
therefore may not affect this species on site. However, if it were to nest on site in the future,
given its apparent adaptability to a broad range of climate and habitat conditions, it is unlikely
that reproduction would be significantly affected by potential climate change on Covered Lands.
Burrowing owls also are relatively generalist in their feeding habits, suggesting that they could
respond to changes in prey availability and abundance related to climate change more effectively
than feeding specialists. Their prey includes insects, small mammals, reptiles, birds, and carrion
(Zeiner et al. 1990b). Even with some alterations of predator—prey relationships related to
climate change, such as the appearance and peak productivity of insects, burrowing owls should
be able to respond to these alterations by taking alternate prey. Potential impacts of climate
change on prey availability and timing on Covered Lands similarly are not expected to be
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significant. Potential conversion of woodlands and shrublands to savannah-like and grassland
habitats is unlikely to reduce the availability of insects and small mammals in particular.

Although the burrowing owl is not expected to be directly sensitive to climate change based on
its habitat selection and foraging requirements, because it is considered to be declining and
subject to several threats, currently unknown climate-related factors or interactions could place
additional stress on the species.

California Condor (Gymnogyps californianus)

Potential climate change effects on the California condor are addressed with respect to potential
impacts on foraging habitat because Covered Lands only support foraging activity.

The California condor has two characteristics of species likely to be sensitive to climate change:

e [t has a relatively broad geographic range and is highly mobile.
e [t forages in habitat that is less likely to be substantially affected by climate change.

Based on these characteristics the use of Covered Lands by California condor is unlikely to be
substantially affected by climate change.

However, the wild population is still small and vulnerable to stochastic events. It also is subject
to several anthropogenic threats, including lead contamination, ingestion of microtrash, attraction
to humans and artificial structures, collisions with powerlines, and shooting. In addition, while it
has flexible foraging requirements in that it feeds on the carrion of various species, climate
change could reduce prey availability. Therefore, the condor may be more sensitive to climate
change than more common scavenger species such as turkey vulture, which has a larger, more
widespread population and a less restricted diet.

California condor foraging occurs in open terrain of foothill grassland and oak savannah habitats
and occasionally in open scrub habitat, although it may forage virtually anywhere within its
range where it locates prey. Condor foraging habitat tends to be relatively arid and therefore
should not be negatively affected by future hotter and drier conditions in California. The primary
potential effect of climate change on condor activity on Covered Lands is food availability, and
specifically the availability of naturally occurring deer carcasses and hunter-related gut piles.
Grazing and browsing behavior by deer may be affected by vegetation changes, such as increases
in non-native grassland and reduced shrub vegetation. Also, energetic and predator—prey
relationships of deer may be altered with a potential reduction of shrublands, woodlands, and
forests, exposing deer to harsher environmental conditions and potentially affecting
development, fecundity, and juvenile mortality (see Walther et al. 2002). Deer that are in poor
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condition may be more vulnerable to mountain lions. This predator—prey relationship could
change over time, however. Increased deer kills by mountain lions may increase food resources
for condors, at least in the short term, but chronically reduced deer populations may also cause a
reduction in the mountain lion population over time, and thus fewer kills. Combined with the
relatively small size of the wild condor population and other threats to the species, a loss of prey
availability over time could be a substantial negative effect of climate change on this species.

Golden Eagle (Aquila chrysaetos)
The golden eagle has several characteristics of species less likely to be sensitive to climate change:

e [t has a broad geographic range
e [ts populations are considered to be secure globally (although declining in California).
¢ [t has flexible foraging habitat requirements.

Based on these characteristics, golden eagle is unlikely to be substantially affected by climate
change throughout its range. However, because the species is declining in California, the
incremental contribution of climate change to existing stressors could have an adverse effect on
populations in the state and on Covered Lands for two possible reasons:

e Reduction of woodland and forest nesting habitats due to habitat conversion
e Reduced reproduction if prey availability is reduced

The golden eagle has a holarctic distribution (i.e., northern continents), extending as far south as
north Africa, Arabia, the Himalayas in the Old World, and Mexico in North America. Golden
eagles primarily occur in the western regions of North America and breed locally from Alaska
southward to northern Baja California and northern Mexico and eastward to the western Great
Plains. This species is sparsely distributed throughout most of California, occupying primarily
mountain, foothill, and desert habitats (Zeiner et al. 1990b). The golden eagle is rated as globally
secure, but vulnerable in California (NatureServe.org 2009). It ranges from sea level up to
11,500 feet in elevation (Grinnell and Miller 1944). This broad geographic and elevational
distribution indicates that the golden eagle tolerates a broad range of climatic conditions, and
suggests that it could effectively respond to climate change.

Golden eagles have been observed breeding in four areas in the TMV Planning Area (Dudek
2007a). Four nests, three of which were active in 2007, were observed in dense canyon live oak
forest and in mixed oak forests with California buckeye. Golden eagles have been observed
foraging throughout the Covered Lands, but were generally observed in grasslands, scrub
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communities, and open woodlands. Golden eagle is expected to occur in a regular distribution on
Covered Lands within suitable habitat based on observations within the TMV Planning Area.

Threats to the golden eagle in California include loss of foraging and nesting habitat largely due
to the loss of grasslands to agriculture and urbanization. Additional threats to this species are
human disturbance of nest areas leading to desertion of the nest in early incubation, urbanization,
poaching, and electrocution from high tension wires (Remsen 1978; Thelander 1974). Other
sources of direct golden eagle fatalities include wind turbine strikes and lead poisoning
(Thelander 1974).

The golden eagle requires broad, open terrain for hunting. Potential hotter and drier conditions
on Covered Lands in the future are therefore unlikely to negatively affect foraging habitat for
this species, and increasing aridity and opening of habitat due to drought and wildfires could
actually increase foraging habitat for golden eagles. Suitable nesting habitat for golden eagle on
Covered Lands, however, could be adversely affected if climate change causes a reduction or
thinning of woodland and forest habitats.

The golden eagle is a feeding generalist and an opportunistic forager (Olendorff 1976). It
primarily hunts lagomorphs (hairs, rabbits, and pikas) and rodents; it also hunts other medium to
large mammals, birds, reptiles, and some carrion (Johnsgard 1990; Olendorff 1976). For this
reason, it is unlikely that climate change would have a substantial negative effect on the ability
of golden eagles to forage. As noted above, drought and wildfire could increase the amount of
foraging habitat for golden eagles. However, breeding success is related to prey abundance, so
there is the potential for climate change to affect productivity if prey availability is reduced.

The golden eagle is still widespread globally and common in some areas of its range. In California,
however, the golden eagle has declined due to loss of foraging and nesting habitat; largely the loss
of grasslands to agriculture and urbanization. Additional threats to this species are human
disturbance of nest areas leading to desertion of the nest in early incubation, urbanization,
poaching, and electrocution from high tension wires (Remsen 1978; Thelander 1974). Other
sources of direct golden eagle fatalities include wind turbine strikes and lead poisoning (Thelander
1974). Although golden eagles probably are not particularly sensitive globally to the direct effects
of climate change for similar reasons as the peregrine falcon and bald eagle (i.e., widespread
distributions and habitat and foraging generalists), they are declining in California. Incremental
additional stress related to climate change, such as reduction on woodland and forest habitats used
for nesting, combined with existing stressors, could make this species somewhat more sensitive to
climate change in California compared to other parts of its range.
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Least Bell’s Vireo (Vireo bellii pusillus)
The least Bell’s vireo has two characteristics of species likely to be sensitive to climate change:

e [t has a relatively restricted breeding range in California.
e [t is a breeding habitat specialist and its breeding habitat is likely to be affected by
climate change.

In addition, as an insectivorous migrant, it may be more susceptible to decoupling of important
ecological relationships, such as predator—prey disruptions.

On the other hand, because the breeding population in California has shown substantial increases
over the last decade, it probably is relatively less sensitive to climate change than species
currently undergoing population declines.

Based on these characteristics, the potential negative impacts of climate change on least Bell’s
vireo include:

e Reduced availability of riparian habitats
e Reduction of available prey and consequent reduced reproductive capacity

The least Bell’s vireo formerly was commonly found in valley bottom riparian habitats from
Tehama County, California, southward locally to northwestern Baja California in the south, and
as far east as the Owens Valley, Death Valley, and along the Mojave River (Grinnell and Miller
1944). It was a common and widespread summer resident below approximately 2,000 feet in the
western Sierra Nevada, throughout the Sacramento and San Joaquin valleys, and in the coastal
valleys and foothills from Santa Clara County south (Zeiner et al. 1990b). It was also was
common east of the Sierra Nevada below approximately 4,000 feet in the Owens and Benton
valleys, along the Mojave River and other streams at the western edge of southeastern deserts,
and along the entire length of the Colorado River (Grinnell and Miller 1944).

Except for a few outlying pairs in Central California, the least Bell’s vireo is currently restricted
to Southern California south of the Tehachapi Mountains and to northwestern Baja California
(USFWS 2006a). USFWS protocol surveys were conducted in 2007 in all suitable/potential
breeding habitat within the TMV Planning Area (Dudek 2007a). These surveys were negative;
therefore, potential for least Bell’s vireo to nest or forage in the TMV Planning Area and on
Covered Lands is considered to be low.

The major threats to least Bell’s vireo include the loss and degradation of riparian habitat and
nest parasitism by the brown-headed cowbird (Molothrus ater) (USFWS 1998; 51 FR 16474).
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Least Bell’s vireo habitat has been impacted by the loss and modification of hydrological and
fluvial processes, sand mining, groundwater withdrawal, mosquito control, infestation of non-
native plant species (e.g., giant reed), loss of native habitat buffers, and edge effects from upland
development (Brown 1993).

Least Bell’s vireo breeding habitat in California generally is limited to willow (Salix spp.) riparian
vegetation communities located in the immediate vicinity of water courses below approximately
1,500 feet in elevation (51 FR 16474, USFWS 1998; Small 1994). Given its current limited
breeding range in California, it is unknown whether least Bell’s vireo would be able to shift its
distribution either northward or to higher elevations in response to climate change, such as on
Covered Lands, which range from approximately 2,000 feet to 6,000 feet in elevation.

Nesting sites are typically selected within structurally heterogeneous woodlands, forests, and
scrub that support dense vegetation near the ground and dense horizontally separated vegetation
higher up in the canopy (Goldwasser 1981; Gray and Greaves 1984; Kus 2002; RECON 1989).
If these riparian systems were substantially altered by hotter and drier conditions, or experienced
altered hydrologic regimes such as flood frequencies, volume, and/or timing, nesting habitat
could be degraded. Riparian plant succession appears to be an important influence in maintaining
vireo habitat (Franzreb 1989; Goldwasser 1981). For example, because vireos often nest in early
successional willow-dominated vegetation of 5 to 10 years in age (RECON 1989), fewer or
lower flow-volume flood events and generally drier conditions could favor mature riparian
systems dominated by cottonwoods (Populus spp.) with relatively little understory of willow and
mulefat (Baccharis salicifolia) typically used for nest sites. Less dense riparian vegetation at
nesting sites may also increase the vireo’s vulnerability to nest predators; nest parasites, such as
brown-headed cowbird; and other abiotic environmental factors that could affect nest success,
such as solar and wind exposure. These kinds of climate-related effects on riparian habitat could
occur on Covered Lands.

The species primarily feeds on spiders, bugs, beetles, bees, wasps, snails, grasshoppers, moths,
butterflies, and, rarely, fruit (Chapin 1925). As an insectivore, the least Bell’s vireo potentially is
sensitive to phenological effects of climate change that could decouple important predator—prey
relations. For example, with warmer winter and early spring conditions, peak insect production
could occur earlier or later than the vireo’s peak energy needs for optimum reproduction. Such
effects would depend on species-specific individual responses to climate change by the least
Bell’s vireo and its preys, such as changes in migration temporal patterns, host plant phenology,
etc. These relationships and their potential responses to climate change are unknown and,
therefore, specific predictions about the potential effects of climate change cannot be made.
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Willow Flycatcher (Empidonax traillii)

The willow flycatcher, including the little willow flycatcher (E. t. brewsteri) and southwestern
willow flycatcher (E. t. extimus) subspecies, has several characteristics of species likely to be
sensitive to climate change:

¢ Both subspecies have relatively restricted breeding ranges in California.

e Both subspecies are breeding habitat specialists and their breeding habitat is likely to be
affected by climate change.

® Breeding populations of both subspecies in California are relatively small.

In addition, as an insectivorous migrant, the willow flycatcher may be more susceptible to
decoupling of important ecological relationships, such as predator—prey disruptions.

Based on these characteristics, the potential negative impacts of climate change on willow
flycatcher include:

e Reduced availability of riparian habitats
e Reduction of available prey and consequent reduced reproductive capacity
e Exacerbation of other threats that degrade habitat, such as cattle grazing

The little willow flycatcher breeds in California from Tulare County north along the western side
of the Sierra Nevada and Cascades, extending to the coast in northern California. It is a rare to
locally uncommon summer resident from about 1,970 to 8,000 feet in elevation (Zeiner et al.
1990b). Most of the remaining breeding populations occur in isolated mountain meadows of the
Sierra Nevada and Cascades (Sanders and Flett 1989). Breeding populations of little willow
flycatcher in California are small. As of about 1998, about 28 to 41 breeding territories were
documented in Sierra and Alpine counties, and possibly one breeding territory was observed
along the Klamath River (Craig and Williams 1998). Approximately 114 little willow flycatcher
individuals were observed in Siskiyou and Plumas counties in 1997 (Craig and Williams 1998).

The southwestern willow flycatcher’s breeding distribution in California extends from the
Mexican border north to Independence in the Owens Valley, South Fork Kern River, and the
Santa Ynez River in Santa Barbara County (Craig and Williams 1998). Once considered a
widespread and common breeder in Southern California, the southwestern willow flycatcher had
declined precipitously throughout its range during the 50 years up to the 1980s (Unitt 1987). As
of 2000, the number of southwestern willow flycatchers in California was estimated at
approximately 200, recorded at 22 locations within 13 drainages (Finch and Stoleson 2000).
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USFWS protocol surveys were conducted in 2007 in all suitable/potential breeding/foraging
habitat within the TMV Planning Area (Dudek 2007a). Foraging observations of willow
flycatchers were made, and based on the timing of the observation, they were likely little willow
flycatchers migrating to breeding territories to the north (Dudek 2007a). Foraging observations
were made during the first two protocol survey periods in 2007, but were absent during the third
protocol survey period. These foraging observations were in willow-dominated riparian areas
adjacent to Castac Lake, near Cuddy Creek, in Beartrap Canyon, in Rising Canyon, and along
Grapevine Creek (Dudek 2007b). No breeding observations of willow flycatchers were made
(Dudek 2007b).

The major threats to the willow flycatcher are loss and degradation of suitable riparian breeding
habitat, due primarily to urbanization, overgrazing by livestock, and the conversion of riparian
habitat to agricultural land. Much of the remaining habitat in California is at the geographic and
elevation extremes reported for the species (Craig and Williams 1998). Brood parasitism by
brown-headed cowbirds has also contributed to population reductions, although the little willow
flycatcher subspecies appears to be affected less by cowbirds than other subspecies of willow
flycatcher, including southwestern willow flycatcher, because the breeding season is later than
that of the cowbird (Craig and Williams 1998).

Given their current limited breeding ranges in California, it is unknown whether either willow
flycatcher subspecies would be able to shift their distributions either northward or to higher
elevations in response to future climate change, such as on Covered Lands, which range from
approximately 2,000 feet to 6,000 feet in elevation. However, Hitch and Leberg’s (2007) analysis
of North American Breeding Bird Survey data comparing the periods of 1967-1971 and 1998—
2002 showed that the willow flycatcher had shifted its breeding range approximately 135
kilometers (84 miles) northward over the 26-year period between the two study periods. Although
the specific factors causing this northward shift are unknown, Hitch and Leberg (2007) suggest that
because 9 of 29 North American species examined showed significant northward shifts, and
because similar shifts have been observed on the European continent, it is difficult to identify
factors other than climate warming that could account for the shift of so many species. Based on
the Hitch and Leberg (2007) study, it appears that willow flycatchers have the ability to shift their
breeding range, but the limit to which they could respond to future climate change is unknown.

With small breeding populations, both subspecies of willow flycatcher are more likely to be
vulnerable to stochastic environmental events (e.g., severe weather events, precipitous declines
in prey, wildfire) than species with larger breeding populations that should be more resilient to
such events. These unpredictable environmental events may combine with existing stressors on
the species, such as habitat loss and degradation, invasive species, brown-headed cowbird nest
parasitism, and potential climate change effects.
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The willow flycatcher, in general, nests in willows, alders (Alnus spp.), and cottonwoods or other
riparian deciduous vegetation (Craig and Williams 1998). The little willow flycatcher appears to
prefer nesting near the edges of vegetation clumps and near streams (Sanders and Flett 1989).
Southwestern willow flycatchers invariably locate nests in areas with surface water nearby
(Phillips et al. 1966). These riparian vegetation communities are highly vulnerable to climate
change and if they were substantially altered by hotter and drier conditions, or experienced
altered hydrologic regimes such as flood frequencies, volume, and/or timing, nesting habitat, as
well as migration stopover habitat, for the willow flycatcher could be degraded. Similar to least
Bell’s vireo, less dense riparian vegetation at nesting sites may also increase the willow
flycatcher’s vulnerability to nest predators; nest parasites, such as brown-headed cowbird; urban-
related predators (e.g., house cats and other mesopredators such as skunks and raccoons); noise;
lighting; and other abiotic factors, such as solar and wind exposure. It has been observed, for
example, that grazing of willows by domestic livestock changes the willow foliage height and
volume, reducing habitat quality for southwestern willow flycatcher (Taylor 1986), and it is
expected that a hotter and drier climate could have similar effects, or exacerbate current stressors
that degrade habitat quality. As noted previously, small breeding populations would be more
sensitive to such effects than larger breeding populations. These kinds of climate-related effects
on riparian habitat could occur on Covered Lands.

Willow flycatchers are insectivores; over 95% of their diet consists of insects, of which over
40% are in the family Hymenoptera (mostly wasps and bees) (Craig and Williams 1998). As
described previously for the least Bell’s vireo, phenological effects of climate change that may
decouple important predator—prey relations could adversely affect the willow flycatcher, such as
potential asynchronies in the peak prey production with peak energy needs during reproduction.
These relationships and their potential responses to climate change are unknown and, therefore,
specific predictions about the potential effects of climate change on willow flycatcher predator—
prey relations cannot be made.

Purple Martin (Progne subis)
The purple martin has several characteristics of species likely to be sensitive to climate change:

e [tis uncommon to rare and occurs in small populations in California.
e [t appears to have undergone population declines in California, especially Southern California.
e [tis a habitat specialist and its breeding habitat is likely to be affected by climate change.

Based on these characteristics, the potential negative impacts of climate change on purple
martin include:
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e Reduction of available nesting habitat and increased competition with invasive species
such as European starlings for nest cavities

e Reduction of wetland and riparian habitats used for foraging

e Reductions in insect prey availability

Purple martins breed locally from British Columbia disjunctly eastward to Nova Scotia,
southward to Baja California, central Mexico, and the Gulf Coast. Although it has a wide (albeit
disjunct) distribution in North America, the purple martin is an uncommon to rare local summer
resident in wooded habitats throughout California (Zeiner et al. 1990b). It is a rare migrant in
spring and fall and is absent in the winter. In the south, it is now only a rare and local breeder on
the coast and in interior mountain ranges, with few breeding localities (Garrett and Dunn 1981).
In northern California, it is an uncommon to rare local breeder on the coast and inland (Airola
1980; McCaskie et al. 1979) and is absent from the higher slopes of the Sierra Nevada. The
species’ apparent absence from many potentially suitable areas in the northern Rockies,
intermountain region, California, Pacific Northwest, and Mexican highlands suggests that it has
specific habitat requirements that are unknown (Brown 1997).

Five to 10 pairs of purple martin were observed during focused surveys in the TMV Planning
Area, including breeding observations from near Monroe Canyon, east of Rising Canyon, and
west of Geghus Ridge, and foraging observations in those locations as well as near Silver and
Squirrel canyons (Dudek 2007a). Active breeding nests were observed in crevices or holes in
standing trees in oak woodland or oak savannah communities (Dudek 2007b; TRC 2007). Purple
martin also has been observed foraging in grassland, oak savannah, and oak woodlands within
the Covered Lands (Dudek 2007a; TRC 2007).

Numbers of the purple martin have declined markedly in recent decades because of the loss of
riparian habitat, removal of snags, and competition for nest cavities (Remsen 1978). Garrett and
Dunn (1981) concluded that the great decline of this species as a breeder in Southern California
can be linked to the explosive increase in the regional population of European starlings, which
compete with purple martins for nest cavities.

The localized distribution of the purple martin in California and its absence from potentially
suitable areas within its broader geographic range, and in particular higher elevations, suggests
that this species could be sensitive to climate change effects that reduce habitat suitability where
it currently occurs. However, the current lack of understanding about specific habitat features
required by this species precludes predictions about specific climate change effects. There is
some evidence that this species is specifically vulnerable to climate conditions. Weather-related
mortality periodically eliminates birds along the northern edge of the range, but these areas are
usually reoccupied by at least a few individuals within several years (Brown 1997). Interestingly,
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the purple martin’s overall northern breeding range limit in Canada appears to have shifted
southward in the last century. Installation of birdhouses in the middle and western Great Plains
may have permitted a range expansion in recent years. However, the population along the Pacific
Coast is declining (Brown 1997). Whether this apparent southward shift will change with future
climate change is unknown.

Purple martin foraging activity appears to be closely tied to water sources. Individuals usually
are observed in flight over grassland near water, wet meadow, and/or fresh emergent wetland
(American Ornithologists' Union 1998). Their diet is composed almost entirely of flying insects,
and types taken vary across season and probably depend on availability (Brown 1997). Purple
martins do not appear to feed when the surface air temperature is below about 10°C (50°F)
(Brown 1997). As with the other insectivorous birds discussed (least Bell’s vireo and willow
flycatcher), phenological effects of climate change that may decouple important predator—prey
relations could adversely affect the purple martin, such as potential asynchronies in the peak prey
production with peak energy needs during reproduction. In addition, a hotter and drier climate
could reduce suitable water-associated foraging habitats for this species and/or the distribution
and abundance of prey in these habitats. These relationships and their potential responses to
climate change are unknown and, therefore, specific predictions about the potential effects of
climate change on willow flycatcher predator—prey relations cannot be made.

Climate change could reduce the overall availability of suitable nest sites for the purple martin,
including on Covered Lands. Kueppers et al. (2005) and Lenihan et al. (2003) indicate contractions
and shifts in woodlands and forest in California. Community type modeling by Hansen et al.
(2001) indicated that fir, spruce, and mountain hemlock communities may contract in the western
United States, but that ponderosa pine communities may expand over the same area. In the western
United States, the purple martin nests in old woodpecker cavities mostly in habitats with patches of
tall sycamores, pines, spruce, fir, cypress, aspen, and other large trees in or near oak woodlands or
within open coniferous forests (Garrett and Dunn 1981; Zeiner et al. 1990b). They also nest in tall,
old, isolated trees and use oak on Tejon Ranch (Dudek 2007a; TRC 2007). Although the specific
effects of climate change on suitable nest sites on Covered Lands for purple martin are unknown,
its apparent flexibility in nest tree selection suggests that purple martins should be able to shift to
different trees if there is a selective loss of some species such as blue oak (see Kueppers et al.
2005). However, more frequent or intense wildfires may reduce the overall distribution of
woodlands and forests in California, including Covered Lands, thus reducing available nesting
habitat within the species’ breeding range. However, the more likely primary potential effect of
climate change on purple martins appears to be directly on individual birds (i.e., weather-related
mortality [Brown 1997]) and disturbance of predator—prey relations.
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Tricolored Blackbird (Agelaius tricolor)
The tricolored blackbird has several characteristics of species likely to be sensitive to climate change:

e [ts distribution is generally restricted to California.

e It exhibits substantial population fluctuations, with an apparent declining trend in
population sizes.

e [t is a breeding habitat specialist and its breeding habitat is more likely to be affected by
climate change.

e [t relies heavily on insect prey near breeding colonies

Based on these characteristics, the potential negative impacts of climate change on tricolored
blackbird include:

e Reduction of available wetland breeding habitat combined with limits to making range shifts

¢ Incrementally increased vulnerability to existing stressors such as pesticides and other
contaminants, human disturbances, and predators due to climate change that could cause
further population declines

e Reduced insect prey availability

The tricolored blackbird has a relatively restricted range, breeding from southern Oregon and the
Modoc Plateau of northeastern California, south through the lowlands of California west of the
Sierra Nevada to northwestern Baja California (Beedy and Hamilton 1999). Most populations are
restricted to the Central Valley and surrounding foothills, coastal, and some inland localities in
Southern California. The species is not migratory but is nomadic and highly colonial, although
little is known about the nomadic pattern (Orians 1960). Large flocks appear suddenly in areas
where they have been absent for months, they breed, and then quickly withdraw; a pattern known
as itinerant breeding (Orians 1960; Beedy and Hamilton 1999). Due to its restricted range, it is
unlikely that it could significantly shift its range in response to climate change, and it is possible
that its range could contract with the loss of suitable habitat, particularly if Southern California
becomes significantly hotter and drier.

The tricolored blackbird appears to be declining through its range in California. Surveys of the
tricolored blackbird indicate that while the overall geographic range of the species is little
changed since the mid-1930s, populations have shown a 37% decline during a 3-year period
from 1994 to 1997. The 1994 population was estimated to be approximately 370,000 breeding
adults, and in 1997 the population was estimated to be approximately 233,000 breeding adults
(Beedy and Hamilton 1997). Population declines are most apparent in the Central Valley of
California. Although tricolored blackbirds were once abundant in Southern California, they are
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now described as rare throughout this former range, except in some sections of San Diego
County (Beedy and Hamilton 1999).

The tricolored blackbird has been observed nesting in wetland habitats and foraging in the
southwestern portion of the TMV Planning Area around Castac Lake; the observed population
was approximately 15 individuals during surveys in 2007 (Dudek 2007a).

Tricolored blackbirds are currently subject to a variety of stressors that likely are causal factors
in their decline, and which could be exacerbated by climate change. Although they often change
nesting locations, tricolored blackbirds require secure nesting substrates, water, and suitable
foraging habitats for breeding (Beedy and Hamilton 1999). The tricolored blackbird prefers to
breed in freshwater marshes with dense growths of emergent vegetation dominated by cattails
(Typha spp.) or bulrushes (Schoenoplectus spp.), but have also established colonies in willows,
blackberries (Rubus spp.), thistles (Cirsium and Centaurea spp.), and nettles (Urtica sp.). A
principal factor implicated in the population decline and the loss of individual colonies is
elimination of wetland habitat, which has drastically reduced available nesting and foraging
habitat (Beedy et al. 1991). As far back as 1937, it was concluded that the anthropogenic-related
destruction of tricolored blackbird nesting habitats was an important factor in declines in this
species (Neff 1937). DeHaven et al. (1975) found fewer colonies, smaller colonies, and an
overall smaller population size in California than that documented by Neff (1937). This decline
has been attributed to the continued loss of suitable nesting habitat for the tricolored blackbird
(DeHaven et al. 1975). Predation is also a documented source of mortality, and this problem may
increase as the continued loss of wetlands and other nesting habitat forces nesting colonies into
confined areas. Higher rates of nesting failures and lower reproductive success have been
observed in small colonies when compared to large colonies (Orians 1960; Payne 1969). The
smaller colonies resulting from reduced nesting and foraging habitat may be more vulnerable to
disturbance by natural predators. These smaller colonies may also be less able to compete with
other species for the limited wetland nesting habitat. A hotter and drier climate in California
could further reduce suitable nesting habitat, which could increase the effects of these related
threats. Poisoning, either deliberate or indirect, and increased disturbance by humans, from
agriculture operations such as harvesting, have also been cited as contributing to the continued
population decreases (Beedy et al. 1991). Additionally, contamination by trace elements
(selenium) and pesticides are a potential cause of nesting failures (Beedy and Hayworth 1987).
With a potential reduction of nesting habitat due to climate change and potentially smaller and/or
fewer nesting colonies, tricolored blackbirds may have less resilience to these other threats.

In combination with these identified stressors on tricolored blackbirds, therefore, hotter and drier
conditions in California could further reduce suitable wetland nesting habitat for this species and,
thus, exacerbate its apparent declining population trend. As noted above, the observed population
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on Covered Lands was small in 2007, suggesting a limited availability of suitable nesting habitat
(although breeding populations can significantly vary from year to year). Alterations in wetland
nesting habitat on Covered Lands due to climate change could reduce the on-site population.

The tricolored blackbird feeds primarily on seeds and invertebrates, and requires an abundant,
concentrated supply of insects for successful breeding colonies. Observations of tricolored
blackbirds indicate that they require some free water in addition to insects. Various reports also
noted unexplained abandonment of entire colonies at advanced stages of nesting, which may
have been caused by insufficient food supplies to support their young (Beedy and Hamilton
1999). Any adverse effects of climate change on insect prey distribution or abundance could also
negatively affect nesting success.

Western Yellow-billed Cuckoo (Coccyzus americanus occidentalis)

The western yellow-billed cuckoo has several characteristics of species likely to be sensitive to
climate change:

e [t has a relatively restricted breeding range in the western United States.

e [ts population has declined substantially and current populations are small.

e [t is a breeding habitat specialist and its breeding habitat is more likely to be affected by
climate change.

In addition, as an insectivorous migrant, the western yellow-billed cuckoo may be more susceptible
to decoupling of important ecological relationships, such as predator—prey disruptions.

Based on these characteristics, the potential negative impacts of climate change on western
yellow-billed cuckoo include:

e Reduced availability of riparian habitats
e Reduction of available prey and consequent reduced reproductive capacity
e Exacerbation of other threats that degrade habitat, such as cattle grazing

The northern limit of breeding of the western yellow-billed cuckoo in the coastal states is now in
the Sacramento Valley, California and the northern limit of breeding in the western interior states
is southern Idaho (66 FR 38611-38626). Within California, the western yellow-billed cuckoo is
an uncommon to rare summer resident of valley foothill and desert riparian habitats in scattered
locations (Zeiner et al. 1990b). It breeds along the Colorado River; in the Sacramento and Owens
valleys; along the South Fork of the Kern River, Kern County; along the Santa Ana River,
Riverside County; and along the Amargosa River, Inyo and San Bernardino counties (Zeiner et
al. 1990b). It may also nest along the San Luis Rey River, San Diego County. A focused survey
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for western yellow-billed cuckoo was conducted in 2007 in all suitable/potential nesting habitat
within the TMV Planning Area (Dudek 2007a). The focused survey was negative and TMV
vegetation mapping did not identify areas with appropriate patch size or configuration likely to
support breeding territories; therefore, the potential for western yellow-billed cuckoo to nest or
forage in the TMV Planning Area is considered to be very low.

Major threats to western yellow-billed cuckoo are loss and fragmentation of riparian habitat
resulting from conversion to agriculture and other uses, dams and river flow management, stream
channelization and stabilization, groundwater pumping, invasion of habitat by non-native
species, and livestock grazing.

The western yellow-billed cuckoo was formerly much more common and widespread throughout
lowland California, but its population has been drastically reduced by habitat loss (Grinnell and
Miller 1944; Gaines 1974; Garrett and Dunn 1981). Based on data collected from 1978 to 1979
and 1985 to 1986 in California, Laymon and Halterman (1987) estimated between 50 and 75
western yellow-billed cuckoo breeding pairs in California. In a review of overall population
estimates north of Mexico for the western subspecies of the yellow-billed cuckoo, a total of 475
to 675 breeding pairs were estimated (Laymon and Halterman 1987). Similar to willow
flycatcher, the small breeding population of western yellow-billed cuckoo in California is likely
to be less resilient to stochastic events than species with larger populations. The added stress of
climate change, which could also intensify some of these stochastic events, such as severe storms
and increased frequency or intensity of wildfires, increasing the risk of local extirpations. More
so than some other riparian bird species, including least Bell’s vireo and willow flycatcher,
western yellow-billed cuckoo may be sensitive to habitat loss and degradation. For breeding, the
western yellow-billed cuckoo in California requires dense, wide riparian habitats with well-
developed understories where humidity is high and where the dense understory abuts slow-
moving watercourses, backwaters, or seeps (Garrett and Dunn 1981; Zeiner et al. 1990b).
Willow is almost always a dominant component of the vegetation. In the Sacramento River
Valley, this subspecies occupied home ranges varying from 20 to 100 acres or more of riparian
habitat (Gaines 1974; Laymon and Halterman 1987). In arid regions, breeding cuckoos are
restricted to river bottoms, ponds, swampy areas, and damp thickets, with nesting occurring in
willow, cottonwood, and mesquite (Prosopis spp.) (Hughes 1999).

The principal causes of riparian habitat losses are conversion to agriculture and other uses, dams
and river flow management, stream channelization and stabilization, and livestock grazing.
Fragmentation of riparian habitat also reduces the quality of the riparian habitat for the western
yellow-billed cuckoo. Fragmentation results in the loss of patches large enough to sustain local
populations, leading to local extinctions and the potential loss of migratory corridors, which may
affect the ability of the species to recolonize habitat patches (66 FR 38611-38626). Habitat
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fragmentation in California has been shown to exclude individuals where patch size is less than
328 feet by 984 feet (Hughes 1999). Hotter and drier conditions in California, as well as
hydrologic alterations (e.g., frequency, timing or seasonality, and volume of flows) along major
river courses currently used for nesting by the western yellow-billed cuckoo could result in loss
and fragmentation of the large, dense patches of riparian habitat required by the cuckoo for
nesting. As noted above, at present the Covered Lands do not appear to have riparian patches of
adequate size or configuration to support breeding territories for this species. Thus, climate
change impacts on the Covered Lands may not impact yellow-billed cuckoos. However, hotter
and drier conditions on Covered Lands in the future would probably reduce the likelihood of
western yellow-billed cuckoo nesting on site.

Like the other riparian birds discussed above, the western yellow-billed cuckoo is an insectivore.
It primarily takes large insects, including cicadas, katydids, and caterpillars (Hamilton and
Hamilton 1965). Phenological effects of climate change on predator—prey relations could
negatively affect the nesting success of this species.

White-Tailed Kite (Elanus leucurus)
The white-tailed kite has several characteristics of species likely to be sensitive to climate change:

e Populations may be declining within its range in California, although they appear to be
stable or increasing elsewhere.

e [t uses nesting and roosting habitats that may be more affected by climate change.

¢ [t has more specialized feeding habitats than many other raptor species.

In addition, as an insectivorous migrant, the yellow warbler may be more susceptible to
decoupling of important ecological relationships, such as predator—prey disruptions.

Based on these characteristics, climate change could have an adverse effect on populations in the
state and on Covered Lands for two possible reasons:

e Reduction of woodland and forest nesting habitats due to habitat conversion
e Reduced reproduction if prey availability is reduced

Although threatened with extinction in North America during the early twentieth century, the
white-tailed kite has recovered since then, expanding its range in the United States from small
portions of California, Texas, and Florida to Oregon and Washington as well as into the middle
portions of North America (Eisenmann 1971). Prior to the 1960s, this species occurred in low
numbers across much of its range. Population decreases appeared to be common during this time,
especially in Mexico and Central America; however, since 1960, the population status and range
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of this raptor in North America have improved markedly. The white-tailed kite has also rapidly
colonized habitats throughout much of Central America in previously uninhabitable regions
(Eisenmann 1971).

California is still considered to be the breeding range stronghold for the white-tailed kite in North
America. It is a common to uncommon, year-long resident in coastal and valley lowlands, rarely
found away from agricultural areas (Grinnell and Miller 1944). The kite is still common in the
Central Valley of California and along the entire length of the coast, with nearly all areas up to the
western Sierra Nevada foothills and southeastern deserts occupied (Small 1994; Dunk 1995).

A focused survey was conducted in 2007 for white-tailed kite within the TMV Planning Area to
search for nests (Dudek 2007a). One white-tailed kite was observed foraging in the TMV
Planning Area on several occasions. No nests were observed during this focused survey, which
was not unexpected the survey area is above the species’ typical breeding elevation. During other
various surveys conducted in portions of the Covered Lands, white-tailed kite has been observed
foraging in grasslands, agricultural areas, and wetland habitats adjacent to Castac Lake and along
Grapevine Creek (Dudek 2007a; TRC 2007). No nesting sites or immature individuals have been
have observed. It is assumed, therefore, that the white-tailed kite’s use of Covered Lands is
limited to foraging. While the white-tailed kite has extended its range and increased its numbers
in California in recent decades (Eisenmann 1971), it is still thought to be under stress and may be
in decline again. Although populations rebounded from earlier declines in the last century, recent
population declines may be related to reductions in the prey base due to the conversion of natural
or agricultural lands to urban or commercial land uses. Other threats to kite populations include:
clean farming techniques that leave few residual vegetation areas for prey; increased competition
for nest sites with other raptors and corvids; the loss of nest trees; and increased disturbances at
the nest (Dunk 1995). A relatively long-term drought throughout California during much of the
time period from 1982 to 1991 also may have contributed to population declines during that time
and for years afterward (Dunk 1995). This latter observation suggests that this species may be
sensitive to climate change that increases drought periods. As discussed below, foraging activity
on Covered Lands could be affected if hotter and drier conditions reduce available prey for the
white-tailed kite.

White-tailed kites typically nest in woodlands, but also in isolated trees. Nest tree species are
variable, with more than 20 species on record as having been used by the white-tailed kite. The
tree structure apparently is the most important determinant for use for the nest site (Dunk 1995).
Although the white-tailed kite may nest and roost in a variety of tree species, overall loss of
woodland and forest due to hotter and drier conditions and more frequent or intense wildfires
may reduce suitable nesting and roosting habitat for the species.
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The white-tailed kite preys mostly on voles (Microtus spp.) and other small, diurnal mammals,
and occasionally on birds, insects, reptiles, and amphibians. It preys on small mammals
approximately 95% of the time and can be considered a small mammal specialist (Dunk 1995).
White-tailed kite populations often vary in direct response to changing vole and rodent
populations, and kites are believed to become nomadic during low-abundance population cycles
of California voles (Microtus californicus) and small mammals (Dunk and Cooper 1994). Voles
tend to be associated with denser grasslands, wet meadow, and early successional montane
riparian communities (Zeiner et al. 1990c), so increasing aridity could negatively affect the
habitat of this important prey species for the white-tailed kite. If hotter and drier conditions on
Covered Lands in the future reduced grassland density, prey density and availability could be
affected due to loss of suitable habitat. In addition, hotter and drier conditions could reduce
rodent populations, including through lower production of offspring, increased mortality rates,
and competition for resources. Nest sites are also closely associated with suitable foraging
habitat with high rodent populations in the immediate vicinity of the nest. Erichsen et al. (1996)
described how successful nests are more often than not surrounded by preferred foraging habitat
(particularly agriculture) within a 0.5-mile radius of the nest; Hawbecker (1942) noted that
during the breeding season, kites seldom forage farther than a 0.5-mile radius from the nest site;
and Faanes and Howard (1987) also noted that within the 0.5-mile radius, there must be at least
50 acres of suitable foraging habitat to support a breeding pair of kites. These observations of the
relationship between a nest site and distance moved to suitable foraging habitat suggest that the
kite may be very sensitive to prey abundance and may not have the flexibility to forage much
farther from the nest site when prey availability is low. Whether the white-tailed kite could
successfully switch to other prey in the absence of an abundant vole population or other small
mammals is unknown.

At this time white-tailed kite is not expected to nest on Covered Lands because the area is above
its typical nesting elevation limit. However, if an altitudinal shift in nest site selection occurred
as a result of climate (see Parmesan 2007), white-tailed kites may attempt to nest on Covered
Lands. This possibility, however, could be counteracted by a reduction in prey within flying
distance of suitable nest sites.

Yellow Warbler (Dendroica petechia brewsteri)
The yellow warbler has several characteristics of species likely to be sensitive to climate change:

¢ [t has exhibited population declines in California, although it appears to be globally secure.

e [t is a breeding habitat specialist and its breeding habitat is more likely to be affected by
climate change; however, it may be able to shift breeding activity to some non-
preferred habitat.
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Based on these characteristics, the potential negative impacts of climate change on yellow
warbler include:

e Reduced availability of riparian habitats
e Reduction of available prey and consequent reduced reproductive capacity
e Exacerbation of other threats that degrade habitat, such as cattle grazing

Yellow warblers are broadly distributed, nesting from northern Alaska eastward to
Newfoundland and southward to northern Baja California and Georgia. In California, the yellow
warbler is an uncommon to common, summer resident in the north and locally common in the
south (Zeiner et al. 1990b). Within California, the subspecies D. p. brewsteri, which is the
subspecies likely to occur on Covered Lands, is thought to have declined. Populations in the
southwestern United States have declined dramatically in recent decades in many lowland areas
(southern coast, Colorado River, San Joaquin and Sacramento valleys) (Lowther et al. 1999).
The yellow warbler is now rare to uncommon in many lowland areas where formerly it was
common (Lowther et al. 1999). Due to its imperiled ranking in California, this subspecies is
more likely to be vulnerable to climate change effects than species that are more common and
occur in larger populations.

Yellow warblers in southern California usually breed in lowland and foothill riparian woodlands
dominated by cottonwoods, alders, willows, and other small trees and shrubs typical of low,
open-canopy riparian woodland (Garrett and Dunn 1981). They tend to nest in locations of
intermediate height and shrub density. Breeding generally occurs west of the Sierra Nevada to
the coastal slopes of Southern California, and from coastal and desert lowlands up to 8,000 feet
in the Sierra Nevada and other montane chaparral and forest habitats (Lowther et al. 1999). The
yellow warbler also breeds in montane chaparral, open ponderosa pine, and mixed conifer
habitats with substantial amounts of brush (Zeiner et al. 1990b). Breeding in montane shrubs and
conifers is perhaps a recent phenomenon (Gaines 1977).

Yellow warblers were observed in 2007 in the southwestern and central portions of the TMV
Planning Area, near Castac Lake and along Bear Trap Canyon during the breeding season
(Dudek 2007a). Five territories were recorded in the TMV Planning Area based on the presence
of singing males.

Yellow warblers are sensitive to habitat degradation and fragmentation and brood-parasitism by
brown-headed cowbirds (Lowther et al. 1999). Nest predation was found to be the major cause of
nest failure in a group of species in Alaskan wetlands including yellow warblers (Lowther et al.
1999). Habitat fragmentation, especially intense grazing where willow growth along riparian
habitats is reduced or removed, has had a major impact on populations in the western U.S.
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Populations along the stretch of the Salinas River in Monterey County declined 50% in 1980s;
the decline was attributed to loss of riparian habitat and increase of brown-headed cowbirds
(Lowther et al. 1999). Management of cattle grazing in the western U.S. to maintain willow
borders of riparian habitats helped to maintain yellow warbler populations (Taylor and Littlefield
1986). In southeast Arizona, the yellow warbler population density increased six fold within two
to three years after the cessation of livestock grazing in riparian habitat (Lowther et al. 1999).

With the documented adverse effect of habitat degradation and fragmentation on yellow
warblers, a hotter and drier climate could exacerbate habitat degradation and fragmentation,
possibly having similar effects to overgrazing where willow growth is reduced and suitable
nesting habitats become depauperate and more fragmented. These kinds of effects could occur on
Covered Lands with a hotter and drier climate. However, unlike the other riparian birds
discussed above — least Bell’s vireo, willow flycatcher, and yellow-billed cuckoo — the yellow
warbler appears to have somewhat broader nesting habitat requirements and possibly greater
flexibility in responding to climate change effects on nesting habitat. It has been documented to
nest in montane chaparral and conifers (Zeiner et al. 1990b). However, it cannot be expected that
non-riparian breeding habitats are optimum for the yellow warbler.

The yellow warbler feeds primarily on insects and other arthropods. As with the other
insectivorous birds discussed above, the yellow warbler may experience disturbances in
predator—prey relationships resulting from altered phenologies.

5.2.3 Mammals

As discussed in Section 3.2.1 of this appendix, climate change responses and issues related to
mammals include:

¢ (Changes in abundance and taxonomic community structure

¢ Impacts on reproduction such as timing of breeding, fertility, fecundity, development and
juvenile mortality

e Latitudinal and elevational range shifts and contraction and expansions of ranges
e QGenetic and behavioral changes
e Rates of disease transmission.

Ringtail (Bassariscus astutus)
The ringtail has one characteristic of species likely to be sensitive to climate change:

e [t is associated with riparian habitat and water sources that are more likely to be affected
by climate change.

DUDEK 90 June 2011



CLIMATE CHANGE EFFECTS AND THE TEHACHAPI UPLAND
MULTIPLE SPECIES HABITAT CONSERVATION PLAN

However, the ringtail also has two characteristics of species less likely to be sensitive to
climate change:

e [t has a broad geographic distribution in the southwestern United States and California.

e [ts populations within its broader range appear to at least be stable, although it appears to
have declined in some areas.

Based on these characteristics, the main effect of climate change on ringtail could be extirpation
from portions of its range in California where riparian and water resources become degraded. If
present on the Covered Lands, it would likely occur at very low population densities and would
be sensitive to adverse changes to water sources on the Covered Lands. .

The ringtail is found in the southwestern United States, in the states of Oregon, California,
Nevada, Utah, Colorado, Kansas, Arizona, New Mexico, Oklahoma, and Texas. The ringtail is
widely distributed in California where it is a locally common to uncommon permanent resident
(CDFG 2005). Its range includes most of California, with the exception of the extreme northeast
corner of the state and southern portions of the San Joaquin Valley. Orloff (1988) extended the
range of the ringtail to include the Mojave and Colorado deserts, Sacramento Valley, northern
portions of the San Joaquin Valley, northern Mono County, the high Sierra Nevada south of
Lake Tahoe, and northeastern portions of the state. Occurrence reports described by Orloff
(1988) suggest that ringtails are most abundant along riparian areas in northern California and
the Sierra Nevada foothills. Ringtails can be found at elevations of up to 9,500 feet, but are most
common at elevations between sea level and 4,600 feet.

Ringtails live in a variety of habitats within their range, but have a strong preference for rocky
areas such as rock piles, stone fences, canyon walls, and talus slopes (Davis and Schmidly 2007).
Suitable habitat for ringtails consists of various riparian habitats, due to increased availability of
food supply, and a mixture of forest and shrubland in close proximity to rocky areas and water
resources (CDFG 2005). Ringtails occur in semi-arid country, deserts, chaparral, oak woodlands,
pinyon pine woodlands, juniper woodlands, and montane conifer forests (Poglayen-Neuwall and
Toweill 1988). However, ringtails rarely occur farther than 0.6 mile (1 kilometer) from
permanent water (CDFG 2005).

A focused survey for ringtails was conducted in the TMV Planning Area in 2007 using
camera/scent station surveys, but the results were negative (Dudek 2007a). The large majority of
potential habitat for ringtail on Covered Lands occurs in the TMV Planning Area. Based on the
negative results of the extensive camera/scent station surveys in the TMV Planning Area, climate
change impacts on the Covered Lands may not impact the ringtail. If ringtail is present on
Covered Lands, it would only occur in a low population density, and any climate change-related
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impacts would be limited to a small number of individuals. Further, significant degradation of
water sources on the Covered Lands are unlikely due to the protections of the MSHCP.

Given its broad distribution in California in a variety of climate zones, it appears that the ringtail
has adapted to a range of habitat conditions and would be able to respond effectively to climate
change effects as long as key habitat features are present (rocky areas, talus slopes, and permanent
water sources). The key habitat factor that suggests a potential sensitivity to climate change,
however, is its strong association with permanent water. Ringtails therefore may experience some
habitat loss with a hotter and drier future climate in California where hydrologic conditions
change. In addition, increased and more intense wildfires could degrade or reduce the amount of
suitable habitat for this species because riparian habitat and water courses could be degraded due to
the direct effects of fires on vegetation and increased erosion and sedimentation.

There is very little information available to directly assess the current threats to ringtails.
However, the close association of ringtails to riparian habitats and permanent water sources,
combined with the extensive loss and fragmentation of such habitats throughout its range over
the last 150 years through urbanization and agricultural conversion, would suggest that the
population size of ringtails has declined in more developed areas of California. Climate change
effects, coupled with ongoing conversion of potential habitat, may contribute to declines in some
areas of California. Based on current information, it appears that the ringtail is not present on
Covered Lands. It is unknown why the ringtail is not present, but hotter and drier condition on
Covered Lands could reduce the likelihood of ringtail occupation on site if water sources are
reduced below current conditions.

Ringtails are omnivores and primarily forage for rodents (woodrats, mice, and squirrels), rabbits,
hares, carrion, and arthropods (Orthoptera, Coleoptera, and Lepidotera). They also may take
birds (usually small passerines), snakes, frogs, fish (Poglayen-Neuwall and Toweill 1988),
berries, and fruits (Belluomini 1980). Their omnivorous diet likely would make ringtails
relatively less sensitive to potential climate change effects on their food sources because they
should be able to shift their foraging to what food sources are available at a particular time.

Tehachapi Pocket Mouse (Perognathus alticola inexpectatus)

The Tehachapi pocket mouse has two characteristics of species likely to be sensitive to
climate change:

e [t has a restricted geographic distribution.
e [t likely occurs in small, local populations.
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However, as described below, pocket mice as a group are adapted both physiologically and
behaviorally to arid areas with ephemeral resources, and therefore may be relatively resilient to a
hotter and drier climate. Substantial impacts to this species from climate change are not
anticipated, although small, isolated populations are inherently at higher risk of local extinctions.
Climate change could contribute to this risk.

The Tehachapi pocket mouse is known from a few scattered localities in the Tehachapi
Mountains, from Tehachapi Pass on the northeast to the area of Mt. Pinos on the southwest, and
around Elizabeth, Hughes, and Quail lakes on the southeast. It has been recorded between 3,500
and 6,000 feet in elevation. A survey of a number of historical Tehachapi pocket mouse locations
in the 1980s failed to record any Tehachapi pocket mouse individuals (Laabs 2008).

Focused trapping surveys were conducted in representative suitable/potential habitat within the
TMYV Planning Area (Dudek 2007a). Tehachapi pocket mouse was detected in the southeastern
portion of the TMV Planning Area between Oso and Dark canyons near the southern border of
the site during various surveys. These occurrences were non-native grasslands and open oak
woodlands adjacent to scrub communities and coniferous/oak communities, specifically those
with a California juniper component. All of the occurrences in the TMV Planning Area are
within the Antelope—Fremont Valley watershed, and focused studies seem to indicate that this is
the northerly limit of the species’ range. The ridgeline above the Antelope-Fremont Valley
watershed occurrences, along with apparently unsuitable habitats, appears to pose significant
obstacles to expansion of range. Therefore, Tehachapi pocket mouse is not expected to occur
north of this watershed boundary.

The Tehachapi pocket mouse is most likely threatened by habitat fragmentation and isolation
caused by increased urbanization and agricultural intensification. The two factors of small range
and small scattered populations alone predispose this species to higher risk of extinction
compared to species with broader and/or large populations. Its small geographic distribution and
small populations suggest that it could be sensitive to climate change. There is little species-
specific information available on the life history of Tehachapi pocket mouse which could
indicate its potential response to climate change. However, like other members of the genus
Perognathus, the Tehachapi pocket mouse is a nocturnal granivore that probably feeds under and
around shrubs on a variety of grass seeds, as well as herbaceous plant material and insects (Verts
and Kirkland 1988; CDFG 2005). Other members of this species group are thought to aestivate
underground during very hot weather and hibernate in cold weather (CDFG 2005; Laabs 2008).
Therefore, Tehachapi pocket mouse probably has both behavioral and physiological adaptations
to climate extremes that would allow it to respond to a hotter and drier climate. Heteromyids
(pocket mice, kangaroo rats, and kangaroo mice), as a group, are well adapted to harsh, arid
environments, and have evolved various physiological adaptations to cope with harsh,
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unpredictable conditions, such as enhanced energy and water conservation, and seasonal
dormancy and topor (French 1993; Forman and Phillips 1993). Their surface activity related to
foraging and other important activities such as reproduction also reflect the requirements of their
ephemeral environments, such as collecting and caching seeds to compensate for periods where
food availability is low (Reichman and Price 1993). A potential limiting factor for this species
under a hotter and drier climate regime on Covered Lands would be a severe lack of food
resources during prolonged drought that may exceed the Tehachapi pocket mouse’s ability to
cope with extended lack of food. Also, a prolonged drought or more frequent and intense
wildfires could reduce shrub cover and plant diversity, reducing food resources over the long
term. Prolonged drought may temporarily reduce reproductive activity in Merriam’s kangaroo rat
(Dipodomys merriami) (Behrends, unpublished data). Although heteromyid rodents tend to be
longer-lived than many other rodent species occurring in mesic environments (thus foregoing
reproduction for one or more years is not as critical), a drought of several consecutive years
could exceed the typical life expectancy of the species and stress small, local populations.

5.2.4 Insects

As discussed in Section 3.2.1 of this appendix, climate changes responses and issues related to
insects include:

e Larval development related to food sources

e Responses to extreme weather events

¢ Advanced timing of migrations and desynchrony with food production
¢ Interactions of habitat loss and climate change

Valley Elderberry Longhorn Beetle (Desmocerus californicus)

The valley elderberry longhorn beetle has several characteristics of species likely to be sensitive
to climate change:

e [t has a restricted geographic distribution.

e [t occurs in small populations.

e [t appears to be undergoing population declines.

e [t is a habitat specialist and its habitat is more likely to be affected by climate change.

Based on these characteristics, the potential negative impacts of climate change on valley
elderberry longhorn beetle include:

e Reduced availability, size, and fragmentation of riparian (elderberry) habitats
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e Altered timing of flower production related to emergence, feeding and mating
e Exacerbation of habitat degradation such as by cattle and deer browsing

The valley elderberry longhorn beetle is endemic to the Central Valley of California, where it
only occurs in association with its host plant elderberry (Sambucus spp.) (Barr 1991; Collinge et
al. 2001). The elderberry tree is associated with riparian forests that occur along rivers and
streams in the Central Valley. Historically, valley elderberry longhorn beetle was believed to
have been restricted to an area of approximately 186 by 62 miles in the lower Sacramento and
upper San Joaquin Valleys (Collinge et al. 2001). At the time of its Federal listing as threatened
in 1980, valley elderberry longhorn beetle was known from less than 10 locations (USFWS
2007). At present there are approximately 190 records for valley elderberry longhorn beetle,
primarily thought to be due to increased survey efforts (USFWS 2006b). Based on Barr’s (1991)
survey, the only surviving valley elderberry longhorn beetle populations occur in isolated and
scattered localities from Redding in Shasta County south to the Bakersfield area. The valley
elderberry longhorn beetle, a wood borer, is completely dependent on elderberry, a common
shrub of riparian forests and adjacent upland habitats in California’s Central Valley (Barr 1991;
USFWS 1999; USFWS 2006b).

Elderberry shrubs were mapped within the TMV Planning Area in 2007 and exit-hole surveys
were performed on all suitable shrubs (Dudek 2007a). Survey results were negative for presence
of valley elderberry longhorn beetle. There are no known occurrences of valley elderberry
longhorn beetle in the Covered Lands.

The main threats to the beetle include loss and alteration of habitat by agricultural conversion;
overgrazing; levee construction, stream and river channelization, removal of riparian vegetation,
and riprapping of shoreline; non-native animals, such as the Argentine ant; and recreational,
industrial, and urban development (Talley et al. 2006a; USFWS 2006b; Talley et al. 2007). The
limited geographic range, high habitat specificity, limited dispersal ability, and small local
populations of this species make it especially vulnerable to extinction by stochastic events
(Talley et al. 2006b).

Three factors — limited geographic distribution, small isolated localities, and a single genus
riparian host plant — suggest that the valley elderberry longhorn beetle would be sensitive to
climate change. A hotter and drier climate could reduce suitable patches of elderberry within the
beetle’s range, further fragmenting and isolating populations and increasing the chance of local
extinctions. Reduced elderberry could occur on Covered Lands with a hotter and drier future
climate, further reducing the likelihood of the species occurring on site.
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The valley elderberry longhorn beetle’s life history also indicates that it could be sensitive to
climate change. The timing of adult emergence is closely linked to the time when elderberrys
produce flowers between March and mid-May (Collinge et al. 2001). Adults live only for a
number of days to a few weeks, mating and feeding on the leaves, flowers, and nectar of the
elderberry (Collinge et al. 2001). This tight coupling between adult emergence and flowering of
its host plant indicates that any asynchrony of this relationship due to climate change could
adversely affect reproduction by the valley elderberry longhorn beetle. Also, dispersal ability is
thought to be very limited in valley elderberry longhorn beetle, with Talley et al. (2007)
suggesting that adults move less than 164 feet (50 meters) from the sites at which they emerge.
Similarly, Collinge et al. (2001) found that within-drainage turnover was relatively high, while
between-drainage turnover was rare, again suggesting that dispersal ability is limited. This
limited dispersal probably would limit its ability to shift its range in response to climate change;
ie.,, it may not be able to track climate change rapidly enough to adapt to a changed
environment, particularly if suitable elderberry patches were reduced in size and amount and
separated by longer distances.

Changes in foraging patterns by herbivores related to climate change also could negatively affect
the valley elderberry longhorn beetle. Overgrazing by cattle and deer, which readily forage on
elderberry, also may negatively impact populations (USFWS 1984). If climate change reduces
forage for cattle and deer, including on Covered Lands, they may browse more frequently on
elderberry. As valley elderberry longhorn beetles are more common in denser, mature stands of
elderberry, overgrazing and thinning of these stands could lead to a decrease in the number of
valley elderberry longhorn beetles, while direct grazing damage to the elderberry plants could be
destructive to the larval and pupal stages of the species (Barr 1991).

5.2.5 Plants
As discussed in Section 3.2.1 of this appendix, climate responses and issues related to plants include:

¢ Length of growing season

e Altered precipitation and hydrologic conditions

e Altered plant-insect relationships

e Limited dispersal capability, especially by endemic species.
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Fort Tejon Woolly Sunflower (Eriophyllum lanatum var. hallii)

Fort Tejon woolly sunflower has two characteristics of species likely to be sensitive to
climate change:

e [t has a restricted geographic distribution
e [t occurs in small populations.

Based on these characteristics, the potential negative impacts of climate change on Fort Tejon
woolly sunflower include:

e Alteration of microhabitats/microclimates
e Exacerbation of habitat degradation by cattle grazing.

Fort Tejon woolly sunflower has a relatively narrow distribution limited to the southern
Tehachapi Mountains (near Fort Tejon) and occurs in Kern, Ventura, and Santa Barbara counties
at elevations between 3,600 and 5,000 feet. While this species is narrowly distributed, its known
habitat associations are fairly broad. Its general habitat is openings in chaparral and cismontane
woodland on slopes with loamy soils. It is unknown why Fort Tejon woolly sunflower has a
small geographic and elevational range, but it occurrence does not appear to be particularly
limited by a specific habitat type.

With the exception of the Tejon Ranch population, known populations generally are small,
ranging from about 37 individuals plants in a population in the Los Padres National Forest to
about 850 individuals in a population in Santa Barbara County. Within the TMV Planning Area,
36 occurrences totaling 3,000 to 8,000 individuals were documented in 2007 (Dudek 2007b). It
is a California Native Plant Society (CNPS) List 1B.1 taxon that is considered to be seriously
endangered in California. Road construction and maintenance, erosion, and development are
considered threats to specific populations of Fort Tejon woolly sunflowers (CNPS 2008; CDFG
2008). In addition, the Fort Tejon woolly sunflower is threatened by grazing and trampling by
cattle and livestock (CNPS 2008). The large flower heads of the various taxa within the
Eriophyllum lanatum complex attract a variety of potential pollinators, including beetles, several
species of bees, syrphid flies, and lepidoptera (Mooring 1975). With this variety of potential
pollinators, it is likely that Fort Tejon woolly sunflower would be relatively less sensitive to
potential insect-pollinators disruptions due to climate change compared with other species with
more restricted co-evolved relations with pollinators.

Although Fort Tejon woolly sunflower appears to have relatively broad habitat requirements and
may be pollinated by a variety of insects, its narrow geographic and elevational ranges indicate
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unknown factors such as microclimate factors that may be limiting its distribution and population
sizes. Given the existing threats listed above, climate change could exacerbate some existing
threats to this species. For example, grazing and trampling could become more of a threat if
grazing resources are reduced and cause cattle to overgraze areas that are occupied by the species.

Kusche’s Sandwort (Arenaria macradenia var. kushei)
Kusche’s sandwort has several characteristics of species likely to be sensitive to climate change:

e [t has a restricted geographic distribution.
e [t occurs in small populations.
¢ [t may have limited pollinators and low dispersal capability.

Based on these characteristics, the potential negative impacts of climate change on Kusche’s
sandwort include:

¢ Impacts on pollinators
e Potential extirpation of small local populations due to limited ability to make range shifts

Kusche’s sandwort has a very limited geographic distribution of several small populations on
Liebre Mountain (CDFG 2008; Stephenson and Calcarone 1999) and within the TMV Planning
Area (Dudek 2007b). Documented populations range from 5 plants to 650 plants. The seven
distinct occurrences in the TMV Planning Area totaled approximately 24 individuals (Dudek
2007b). Kusche’s sandwort may be threatened by land management activities, road maintenance,
and vehicles (CNPS 2008). Although these kinds of activities are not affected directly by climate
change, because known populations are highly restricted and small, Kusche’s sandwort may be
sensitive to stochastic change, which may be exacerbated by climate change and additive to other
threats to the species.

Pollinators for Kusche’s sandwort are not known, but for a related species — Arenaria
serpyllifolia — ants were the primary pollinator (Mayer and Gottsberger 2002). Its dispersal
capability also is not known, but a related species — Arenaria norvegica var. anglica) is known to
have low dispersal ability (Yorkshire Dales National Park Authority 2008). The potential
combination of limited pollinators and low dispersal ability suggest that this species may be
sensitive to climate change effects on potential pollinators and may be unable to respond to
climate change by shifting its distribution if currently occupied habitat becomes unsuitable.
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Round-leaved Filaree (California macrophylla)
Round-leaved filaree has several characteristics of species likely to be sensitive to climate change:

e [t is rare in southern California.

e [ts populations apparently are declining, especially in southern California.
e [tis associated with habitat factors that are patchily distributed.

e Its life history is strongly affected by climate conditions and wildfire.

Based on these characteristics, the potential negative impacts of climate change on round-leaved
filaree include:

e Negative response to changes in precipitation and temperature

e Reduced establishment in response to increased fire frequency or intensity

¢ Increased competition with invasive grasses and weeds

e Exacerbation of habitat degradation such as by feral pigs and cattle grazing

e Extirpation of small local populations due to likely limited ability to make range shifts

Overall, round-leaved filaree has a broad geographic distribution, ranging from northern Mexico
to Oregon and Southern Utah, including 27 counties in California ranging from Lassen County to
San Diego County. Approximately 105 unique populations have been reported in California.
Populations generally occur below 4,000 feet, but round-leaved filaree was recorded between
4,200 and 4,600 feet on Covered Lands during rare plant surveys in 2007 (Dudek 2007b). It is
associated with clay soils in cismontane woodland and valley and foothill grassland. It is a CNPS
List 1B.1 species and considered to be seriously endangered in California and very rare in
southern California (Reiser 2001). Overall threats to this species or reasons for decline include
urbanization, habitat alteration, vehicles, pipeline construction, feral pigs, non-native plants, and,
potentially, grazing (CNPS 2008).

Round-leaved filaree may be particularly sensitive to climate change effects due to its life history
characteristics. It is an annual or biennial species whose populations fluctuate annually in
response to precipitation frequency, timing, duration, and amount, and also to temperature.
Although the specific effect of long-term changes in these factors with climate change is
unknown, it is reasonable to assume that round-leaved filaree will be sensitive to any significant
change in climate. Round-leaved filaree also has a complex response to fire. Gillespie and Allen
(2004) found that establishment was reduced after fire disturbance even though seed production
increased. Round-leaved filaree, however, does respond favorably to removal of non-native
grasses by fire or weeding (Gillespie 2003). Existing potential threats on Covered Lands to this
species include feral pigs and grazing, and possibly non-native plants. These threats could be
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exacerbated by climate change if, for example, grazing resources are reduced and cattle
overgraze and trample areas that are occupied by the species. Increased frequency and/or
intensity of wildfires could promote invasions of occupied habitat on Covered Lands.

The round-leaved filaree’s reproductive strategy and dispersal ability also suggest potential
sensitivity to environmental change. Round-leaved filaree self-pollinates and flowers are open
for only one day; it does not appear to depend on pollinators or seed dispersers (Gillespie 2003).
Mature fruiting bodies can disperse up to five feet from the parent plant in the absence of wind.
Given that the species is restricted to patches of clay soils, it is likely that its dispersal
capabilities in association with climate change would be limited; the loss of friable clay
microhabitats may account for its limited distribution in southern California (Reiser 1994).

Striped Adobe Lily (Fritillaria striata)
Striped adobe lily has several characteristics of species likely to be sensitive to climate change:

e [t has a narrow geographic range.

e [ts populations may be declining.

e [t is associated with habitat factors that are patchily distributed.
e [ts life history is strongly affected by climate conditions.

Based on these characteristics, the potential negative impacts of climate change on striped adobe
lily include:

e Negative response to changes in precipitation

¢ Impacts on pollinator

¢ Increased competition with invasive grasses and weeds

e Exacerbation of habitat degradation such as by cattle grazing

e Extirpation of small local populations due to likely limited ability to make range shifts

The striped adobe lily is endemic to the southern Sierra Nevada foothills of eastern Tulare and
Kern counties (CDFG 2000). At least 23 extant populations of this species are known, all from
Kern County (CDFG 2008). The striped adobe lily is also a CNPS List 1B.1 species that is
considered to be seriously endangered in California.

The striped adobe lily occurs in cismontane woodland and in valley and foothill grassland habitats
(CDFG 2008). More specifically, it has been documented in blue oak woodland and non-native
grassland habitats (63 FR 177). Striped adobe lily is restricted to heavy, usually red, clay soils, but
the physiological and/or ecological basis for this restriction is not known (Stebbins 1989).
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As of 1999, the population status of striped adobe lily was unknown because data were not
available. However, the largest documented population of striped adobe lily occurs in Kern
County about 1 mile northeast of Long Tom Mine in the Pine Mountain U.S. Geological Survey
quadrangle. About 100,000 individuals were documented in this population in 1990, and
densities near the center of the occurrence ranged from five to nine plants per square foot
between 1998 and 2001 (CDFG 2008). The striped adobe lily was not observed in the TMV
Planning Area in 2007 (Dudek 2007b), but there are three CNDDB records of the species in the
northern portion of the Covered Lands near Tejon Hills (CDFG 2008).

The striped adobe lily is thought to be threatened by agriculture, urbanization, road maintenance
activities, and non-native plants (CNPS 2008; CDFG 2000). Heavy grazing has also directly
negatively impacted some populations (CDFG 2000), but the impact of grazing on the lily is not
understood (Stebbins 1989). Stebbins (1989) suggested that striped adobe lily may benefit from
light to moderate levels of grazing prior to early to mid-February (but after seed dispersal) due to
the effects that grazing has on reducing non-native competitors, such as non-native annual
grasses. Climate change could negatively affect this species on Covered Lands if cattle overgraze
and trample occupied habitat or invasion by non-native species is facilitated by increased fire
frequency and/or intensity.

Striped adobe lily may be sensitive to precipitation patterns. The species grows (vegetatively)
slowly from November through January and its reproductive phenology is correlated with
rainfall patterns. The size and total number of flowers per plant are greatly affected by the
amount and timing of winter rains (Stebbins 1989). Changes in precipitation patterns therefore
may have significant effects on this species.

No striped adobe lily seedlings have been reported, suggesting that reproduction may primarily
be vegetative, which would also account for the species’ limited distribution. Stebbins (1989).
However, the reproductive ecology and specific pollinating mechanisms of striped adobe lily are
not understood. Stebbins (1989) suggests that the pollination ecology of striped adobe lily may
be similar to other members of the lily family in the region (Stebbins 1989). Fritillaria spp. with
large nectaries are typically pollinated by wasps and Fritillaria spp. with normal-sized nectaries
are typically pollinated by bumblebees (Tamura 1998); striped adobe lily nectaries are
considered large according to the measurements established by Tamura (1998). This potential
dependence on a limited pollinator suggests that striped adobe lily may be sensitive to any
climate effects on plant-pollinator relations.
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Tehachapi Buckwheat (Eriogonum callistum)
Tehachapi buckwheat has two characteristics of species likely to be sensitive to climate change:

® A narrow geographic range
e Habitat factors that are patchily distributed.

A lower risk characteristic of Tehachapi buckwheat is that its life history that may be more suited
to a drier climate than some other species that are potential competitors for space and nutrients.
However, its close association with limestone many limit its ability to disperse.

Compared to the other plant Covered Species (except Tejon poppy), Tehachapi buckwheat may be
relatively less sensitive to climate change with regard to precipitation and temperature changes.
However, its narrow range and patchy distribution suggest that it may have limited ability to shift
ranges in response to climate change if necessary, resulting in an increased risk of extirpation.

Tehachapi buckwheat is a newly described perennial in the Buckwheat family (Polygonaceae)
(Reveal 2006), and is known only from the area immediately in and around the south central
portion of the Covered Lands. In the TMV Planning Area, Tehachapi buckwheat was observed in
31 occurrences representing approximately 500 to 600 individuals (Dudek 2007b). It is a CNPS
List 1B.1 species considered to be seriously endangered, although there are no documented
current threats to the species and the populations on the Covered Lands appear be secure.
Tehachapi buckwheat was observed on Covered Lands on limestone between 4,400 and 5,410
feet in elevation (Dudek 2007b; Intermap Technologies Inc. 2005). The majority of these plants
were observed in openings in chaparral on gravelly loam or rock outcrop complex (Dudek
2007b; U.S. Department of Agriculture 1981).

There are no specific life history data for Tehachapi buckwheat to determine its potential
response to climate change, but a related species - Kern buckwheat (Eriogonum kennedyi var.
pinicola) - appears to be intolerant of excessive shading and is “very competitive on sites where
tall and fast-growing species are excluded by moisture deficiencies, wind and winter cold.”
(Sanders 2008). In addition, the wool on the leaf surface of Kern buckwheat may indicate that
the species is better adapted to conserve water because the wool creates a layer of air that
minimizes water loss due to wind (Sanders 2008). Tehachapi buckwheat also has a thick layer of
wool on its leaf surface, suggesting a similar adaptation and indicating that may be capable of
persisting in a drier future climate. However, an alternative hypothesis is that the thick layer of
wool on the leaf surface is a mechanism for trapping fog droplets, which may make it more
vulnerable to warmer, drier climates (B. Preston, pers. comm. 2010). Additional study is needed
to understand the function of leaf surface wool and how the species may response to drier
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conditions. Nonetheless, Tehachapi buckwheat may be more threatened by increases in local
water conditions due to potential competition with fast-growing species. Also, water and moist
conditions attract Argentine ants which displace native ant species that could be important seed
dispersers or pollinators (Holway et al. 2002; Suarez et al. 1998). Drier and hotter conditions
may discourage the invasion of Argentine ants into areas supporting Tehachapi buckwheat.

Tehachapi buckwheat may be pollinated by a variety of beetles and ants (Dudek 2007b). Based
upon pollination syndromes (Howe and Westley 1988; U.S. Forest Service 2008) and site
observations (Dudek 2007b), it is most likely that this species is pollinated by beetles and ants,
but no data are available regarding pollinators for this species. Very little else is known about the
natural history of this species. Dispersal information is not available for this species but Stokes
(1936) found that Eriogonum spp. seeds are dispersed by animals, streams, wind, and rain. This
potential flexibility in dispersal mechanisms suggests that dispersal ability probably would not be
a limiting factor related to climate change.

Based on information for other Eriogonum species, it is not likely that Tehachapi buckwheat
would be particularly affected by a hotter and drier climate, but it’s very small range indicates
that other factors are limiting its expansion and how these factors may be affected by or interact
with climate change is unknown.

Tejon Poppy (Eschscholzia lemmonii ssp. kernensis)
Tejon poppy has two characteristics of species likely to be sensitive to climate change:

® A narrow geographic range
e Habitat factors that are patchily distributed.

A lower risk characteristic of Tejon poppy is that its life history that may be more suited to a
drier climate that some other species.

Compared to the other plant Covered Species (except Tehachapi buckwheat), Tejon poppy may
be relatively less sensitive to climate change. However, potential negative impacts of climate
change on Tejon poppy include:

e Exacerbation of habitat degradation such as by cattle grazing
® Increased competition with invasive grasses
¢ Extirpation of small local populations due to potential limited ability to make range shifts

Tejon poppy is endemic to central and western Kern County. The California Natural Diversity
Database (CNDDB) includes 58 occurrences of this species (CDFG 2008). The Tejon poppy
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grows on clay soils (Cypher 2006; CDFG 2008; Twisselmann 1967) and in sandy soils (CDFG
2008) between approximately 525 and 3,280 feet in elevation (CNPS 2008). Tejon poppy has
always been rare due to its restricted range and affinity for clay soils (Cypher 2006). It is a CNPS
List 1B.1 species and considered to be seriously endangered in California due to its rarity (CNPS
2008). However, none of the documented populations are known to have been extirpated, so the
current population status of this species is assumed to be stable. Tejon poppy may be threatened
by grazing and competition from non-native plants (CNPS 2008). Tejon poppy was not observed
in the TMV Planning Area during rare plant surveys in 2007 (Dudek 2007b).

Most of the verified reports of Tejon poppy in the CNDDB from Elk Hills are from arid vegetation
communities, including valley saltbush scrub, with common saltbush (Atriplex polycarpa), and
non-native annual grasses such as red brome (Bromus madritensis ssp. rubens), wild oats (Avena
fatua), and rat-tail fescue (Vulpia myuros) (CDFG 2008). These communities probably are not
highly sensitive to projected climate change in California. However, climate change could result in
overgrazing and trampling of occupied habitat. Increased fire frequency/and or intensity could
increase competition between Tejon poppy and non-native species.

Tejon poppy is an annual and flowers from March to May (CNPS 2008). It is normally scarce,
but it can grow in dense colonies in wet years. In certain areas, Tejon poppy is present in all but
the driest years (Twisselmann 1967). Therefore, although it responds positively to high
precipitation, it appears to be able to withstand relatively dry periods. Also, its association with
valley saltbush scrub and annual grasslands suggests that it is fairly tolerant of varying
precipitation levels.

While the primary mechanism of dispersal is explosive dehiscence (bursting or splitting) of the
capsules, Clark and Jernstedt (1978) observed that seeds in many species of Eschscholzia,
including E. lemmonii, appear to be adapted for runoff dispersal that can occur over greater
distances. Various aspects of the seed morphology allow the seed to float and, therefore, allow
for dispersal to occur via runoff. However, even this “greater distance” is relative to the primary
mechanism of explosive dehiscence, and may still only occur in a local area (B. Preston, Pers.
Comm. 2010). Nonetheless, lower amounts or frequencies of runoff could negatively affect
dispersal by Tejon poppy.
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