Sierra Nevada Individual Species

Vulnerability Assessment Briefing: Bighorn Sheep

Ovis canadensis sierra

Background and Key Terminology

This document summarizes the primary factors that influence the vulnerability of a focal
resource to climate change over the next century. In this context, vulnerability is a function of
the sensitivity of the resource to climate change, its anticipated exposure to those changes, and
its capacity to adapt to changes. Specifically, sensitivity is defined as a measure of whether and
how a resource is likely to be affected by a given change in climate or factors driven by climate;
exposure is defined as the degree of change in climate or climate-driven factors a resource is
likely to experience; and adaptive capacity is defined as the ability of a resource to
accommodate or cope with climate change impacts with minimal disruption (Glick et al. 2011).
The purpose of this assessment is to inform forest planning by government, non-profit, and
private sector partners in the Sierra Nevada region as they work to integrate climate change
into their planning documents.

Executive Summary

The overall vulnerability of Sierra Nevada bighorn sheep subspecies is ranked as moderate-high,
due to their moderate-high sensitivity to climate and non-climate stressors, low-moderate
adaptive capacity, and high exposure.

Sierra Nevada bighorn sheep are indirectly sensitive to climate-driven changes such as:

* temperature,

* precipitation, and

e fire.
Temperature is predicted to increase over the next century, and is likely to contribute to
reductions in alpine habitat extent for bighorn sheep. Although snow water equivalent at high
elevations in central and southern Sierra Nevada is expected to increase through the end of the
century, spring and summer precipitation, important for growth of forage plants, is predicted to
decrease over the next century.

Sierra Nevada bighorn sheep are also sensitive to non-climate stressors including:

* disease, and

* predation pressure.
These non-climate stressors can cause direct mortality, reduced fitness, and amplify the effects
of climate-driven changes. For example, pulmonary pathogens, contracted from domestic
sheep, may more readily develop into pneumonia by Sierra Nevada bighorn sheep suffering
from stress resulting from reduced forage quality and quantity. The capacity of Sierra Nevada
bighorn sheep to adapt to changes in climate however, will likely be facilitated by their use of a
range of systems, from alpine to pinyon-juniper and sagebrush steppe at lower elevations.
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Sensitivity & Exposure

Sensitivity to climate and climate-driven changes

Sensitivity of the Sierra Nevada bighorn sheep subspecies (hereafter ‘bighorn sheep’) to climate
change will be driven largely by the effect of temperature on alpine habitats, and precipitation
(snow and rain) and fire on forage quality and availability. Bighorn sheep use forage areas such
as alpine meadows with an abundance of forbs, as well as sagebrush-scrub communities
(Schroeder et al. 2010). Increased temperatures are projected to lead to declines in alpine and
subalpine habitat extent by 75-90% by the end of the century (Lenihan et al. 2003; Hayhoe et
al. 2004), potentially resulting in large reductions of alpine forage availability near escape
terrain. Annual precipitation and snowfall vary considerably in the Sierra Nevada where bighorn
sheep occur (Schroeder et al. 2010). Snow can affect the timing of green-up and availability of
vegetation used by mountain sheep (Rachlow and Bowyer 1991, 1994), and rain in spring and
summer is important for growth of forage plants used by bighorn sheep (Wehausen 1992,
Oehler et al. 2003 cited in Schroeder et al. 2010). Changes in the snow to rain ratio, and
reductions in spring and summer precipitation may affect forage opportunities for Sierra
Nevada bighorn sheep.

Habitat requirements differ between summer range and winter range and between sexes
(Schroeder et al. 2010). For example, proximity to escape terrain appears to be associated with
increased forage efficiency for females (Schroeder et al. 2010), which occur in areas of greater
visibility and spend more time foraging than males, and in winter, males use ranges with more
shrub and overall biomass than females (Schroder et al. 2010). Climate-driven changes to
forage availability and quality may impact the sexes differently.

Sierra Nevada bighorn sheep prefer terrain that allows for visibility of predators, and thus may
be negatively impacted by conifer encroachment (Latham 2010; Greene et al. 2012). Wildfire,
however, may indirectly benefit bighorn sheep by increasing visibility of predators, forb
availability, and forage quality (Greene et al. 2012), though due to differences in diet and
habitat use, males and females may be differentially impacted by fires (Schroder et al. 2010).

Future climate exposure

Climate and climate-driven changes important to consider for Sierra Nevada bighorn sheep
include increased temperatures, decreased precipitation and snowpack, and fire, and the
consequent impacts on forage availability and quality.
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Increased temperatures are projected to lead to declines in alpine and subalpine habitat extent
by 75-90% by the end of the century (Lenihan et al. 2003; Hayhoe et al. 2004), potentially
resulting in large reductions of alpine forage availability near escape terrain. However, models
also predict advancement of shrubland into alpine/subalpine habitats (Lenihan et al. 2003),
which may provide alternate forage sources.

Temperature: High elevation forests have seen pronounced increases in temperature over the
past century (Dolanc et al. 2013). Over the next century, annual temperatures in the Sierra
Nevada are expected to rise between 2.4-3.4°C varying by season, geographic region, and
elevation (Das et al. 2011; Geos Institute 2013). On average, summer temperatures are
expected to rise more than winter temperatures throughout the Sierra Nevada region (Hayhoe
et al. 2004; Cayan et al. 2008), with changes of least magnitude during both seasons anticipated
in the central bioregion (Geos Institute 2013). Associated with rising temperatures will be an
increase in potential evaporation (Seager et al. 2007).

Precipitation: Precipitation has increased slightly (~2%) in the Sierra Nevada over the past 30
years compared with a mid-twentieth century baseline (1951-1980) (Flint et al. 2013).
Projections for future precipitation in the Sierra Nevada vary among models; in general, annual
precipitation is projected to exhibit only modest changes by the end of the century (Hayhoe et
al. 2004; Dettinger 2005; Maurer 2007; Cayan et al. 2008), with decreases in summer and fall
(Geos Institute 2013). Frequency of extreme precipitation, however, is expected to increase in
the Sierra Nevada between 18-55% by the end of the century (Das et al. 2011).

Snow volume and timing: Despite modest projected changes in overall precipitation, models of
the Sierra Nevada region largely project decreasing snowpack and earlier timing of runoff
(Miller et al. 2003; Dettinger et al. 2004b; Hayhoe et al. 2004; Knowles and Cayan 2004; Maurer
2007; Maurer et al. 2007; Young et al. 2009), as a consequence of early snowmelt events and a
greater percentage of precipitation falling as rain rather than snow (Dettinger et al. 2004a, 2004
b; Young et al. 2009; Null et al. 2010). Annual snowpack in the Sierra Nevada is projected to
decrease between 64-87% by late century (Thorne et al. 2012; Flint et al. 2013), with declines of
10-25% above 3750 m (12303 ft), and 70-90% below 2000 m (6562 ft) (Young et al. 2009). The
greatest declines in snowpack are anticipated for the northern Sierra Nevada (Safford et al.
2012), with current pattern of snowpack retention in the higher-elevation southern Sierra
Nevada basins expected to continue through the end of the century (Maurer 2007). The
greatest losses in snowmelt volume are projected between 1750 m to 2750 m (5741 ft to 9022
ft) (Miller et al. 2003; Knowles and Cayan 2004; Maurer 2007; Young et al. 2009).

Snow provides an important contribution to spring and summer soil moisture in the western
U.S. (Sheffield et al. 2004), and earlier snowmelt can lead to an earlier, longer dry season
(Westerling et al. 2006). A shift from snowfall to rainfall is also expected to result in flashier
runoff with higher flow magnitudes, and may result in less water stored within watersheds,
decreasing meal annual flow (Null et al. 2010). Mean annual flow is projected to decrease most
substantially in the northern bioregion (Null et al. 2010).

- BE



Wildfire: Historically, forest fires were relatively rare in alpine and subalpine vegetation, and
did not play as strong a role in structuring these ecosystems as they did in lower elevation
systems (Van de Water and Safford 2011; Safford and Van de Water 2013). However, with
earlier snowmelt and warmer temperatures, models and current trends suggest that fire may
become a more significant ecological disturbance in high elevation forests through the 21°
century (Fites-Kaufman et al. 2007; Mallek et al. 2013), especially if climate warming leads to
densification of bristlecone stands (Dolanc et al. 2013). Both the frequency and annual area
burned by wildfires in the western U.S. have increased strongly over the last several decades
(Westerling et al. 2006). Fire severity in the Sierra Nevada also rose from 17% to 34% high-
severity (i.e. stand replacing) fire, especially in middle elevation conifer forests (Miller et al.
2009). In the Sierra Nevada, increases in large fire extent have been correlated with increasing
temperatures and earlier snowmelt (Westerling and Bryant 2006), as well as current year
drought combined with antecedent wet years (Taylor and Beaty 2005). Occurrence of large fire
and total area burned in California are predicted to continue increasing over the next century,
with total area burned increasing by up to 74% by 2085 (Westerling et al. 2011). The area
burned by wildfire in the Sierra Nevada is projected to increase between 35-169% by the end of
the century, varying by bioregion, with the greatest increases projected at mid-elevation sites
along the west side of the range (Westerling et al. 2011; Geos Institute 2013).

More information on downscaled projected climate changes for the Sierra Nevada region is
available in a separate report entitled Future Climate, Wildfire, Hydrology, and Vegetation
Projections for the Sierra Nevada, California: A climate change synthesis in support of the
Vulnerability Assessment/Adaptation Strategy process (Geos Institute 2013). Additional
material on climate trends for the system may be found through the TACCIMO website
(http://www.sgcp.ncsu.edu:8090/). Downscaled climate projections available through the Data
Basin website (http://databasin.org/galleries/602b58f9bbd44dffb487a04a1c5c0f52).

Sensitivity to non-climate stressors

Sierra Nevada bighorn sheep are also sensitive to a number of non-climate stressors that may
interact with climate-driven stressors to increase species vulnerability, including disease and
predation. Contact with domestic sheep may lead to mortality in bighorn sheep, potentially due
to transmission of pulmonary pathogens that lead to pneumonia-associated mortality (Martin
et al. 1996 and the references therein; Tomassini et al. 2009; Wehausen et al. 2011). In bighorn
sheep species, susceptibility to pathogen related mortality may be increased by food shortage
and stress, as well as periods of abnormal temperature and precipitation (Monello et al. 2001).
Climate-induced reductions in forage quality and availability may increase the incidence of
pneumonia and sheep mortality. Predation by cougar (Puma concolor) is a permanent pressure
on bighorn sheep populations (USFWS 2008). Although bighorn sheep and mule deer do not
strongly compete for forage, spatial proximity to deer may increase cougar predation (Johnson
et al. 2013). Predator-prey dynamics may be altered if Sierra Nevada bighorn sheep foraging
opportunities decline or shift away from escape terrain, or conifer encroachment reduces
visibility as a result of climate-driven changes.
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Adaptive Capacity

The capacity of Sierra Nevada bighorn sheep to accommodate changes in climate is likely
influenced by its small population size and specialized habitat use. The Sierra Nevada bighorn
sheep population has the lowest number and most restricted range of any bighorn species
(Sierra Nevada Bighorn Sheep Recovery Program 2013) and is listed as endangered under the
U.S. Endangered Species Act. The population is estimated at fewer than 500 individuals and
distributed in herd units occupying three distinct areas along the crest of the southern Sierra
Nevada. Despite their fragmentation, bighorn sheep have the ability to disperse long distances
provided suitable habitat remains connected. Although Sierra Nevada bighorn sheep are
dependent on alpine areas near escape terrain during portions of the year, they also occupy a
range of habitats, and have considerable plasticity in relation to the other subspecies of bighorn
sheep. Utilization of a range of systems, from alpine to pinyon-juniper and sagebrush steppe at
lower elevations (Schroeder et al. 2010) during the seasonal upslope and downslope migration
may indicate a level of plasticity that will aid Sierra Nevada bighorn sheep in adapting to climate
changes.
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