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Salamanders 

Northern California Climate Change Vulnerability Assessment Synthesis 

An Important Note About this Document: This document represents an initial evaluation of vulnerability 
for salamanders in northern California based on expert input and existing information. Specifically, the 
information presented below comprises vulnerability factors selected and scored by regional experts, 
relevant references from the scientific literature, and peer-review comments and revisions (see end of 
document for a glossary of terms and brief overview of study methods). The aim of this document is to 
expand understanding of species vulnerability to changing climate conditions, and to provide a 
foundation for developing appropriate adaptation responses. 

Peer reviewers for this document included Justin Garwood (California Department of Fish and Wildlife), 
Brian Halstead (U.S. Geological Survey), Deanna H. Olson (U.S. Forest Service), and Chris Searcy 
(University of Miami). Vulnerability scores were provided by Brian Halstead. 
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Species Group Description 

The complex geology and changing environmental conditions in California have led to a diverse 
assemblage of locally endemic and regionally distributed salamander species, some of which 
are extreme habitat specialists (Petranka 1998; Bury & Pearl 1999; Thomson et al. 2016). These 
amphibians occur in a variety of terrestrial and aquatic habitats, and can be locally abundant 
(Welsh & Lind 1991; Good & Wake 1992; Petranka 1998) or inhabit very restricted ranges 
(Nauman & Olson 2004; Thomson et al. 2016; Bingham et al. 2018).  
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This assessment provides an overview of the semi-aquatic and terrestrial salamanders of 
northern California, focusing on both representative species and those that are particularly 
vulnerable to climate and non-climate stressors. These include the coastal giant salamander 
(Dicamptodon tenebrosus; a member of the Pacific giant salamander species complex), 
southern torrent salamander (Rhyacotriton variegatus), northwestern salamander (Ambystoma 
gracile), and plethodontid (lungless) salamanders (e.g., California slender salamander 
[Batrachoseps attenuatus], the Shasta salamander complex [Hydromantes shastae, H. samweli, 
and H. wintu], the Ensatina eschscholtzii complex, Aneides spp., and Plethodon spp.), among 
other species (Nauman & Olson 2004; Norgaard et al. 2016; Thomson et al. 2016; Bingham et 
al. 2018; Vuln. Assessment Reviewer, pers. comm., 2019). 

 

Executive Summary 

The relative vulnerability of 
salamanders in northern California was 
evaluated as moderate-high by regional 
experts due to moderate-high 
sensitivity to climate and non-climate 
stressors, moderate-high exposure to 
projected future climate changes, and 
low-moderate adaptive capacity. 
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Climate and climate-driven factors:  

• Precipitation (amount/timing), soil moisture, snowpack amount, timing of snowmelt and 
runoff, streamflow, water temperature, drought, air temperature, heat waves 

Disturbance regimes:  

• Wildfire, disease, flooding 
Non-climate stressors:  

• Dams and water diversions, residential and commercial development, pollution and 
poisons, fire exclusion/suppression, timber harvest, invasive species 

 
Salamanders are vulnerable directly (e.g., impaired respiration, mortality) and indirectly (i.e., 
through habitat change) to climate stressors, disturbance regimes, and non-climate stressors. 
Because some salamander species rely on distinct breeding, foraging, and dispersal habitat 
types for different life stages, they are likely vulnerable to an assortment of stressors over the 
course of their lives. Salamanders are sensitive to factors that result in warmer, drier terrestrial 
habitat and altered stream and pond hydroperiods. Impacts on terrestrial habitats, such as 
changes in soil moisture and vegetation, can directly affect juvenile and adult salamanders as 
well as developing embryos. Semi-aquatic salamanders are highly sensitive to factors that result 
in degradation or loss of streams, vernal pools, and permanent ponds. Fire, post-fire flooding, 
and debris flows also degrade or destroy aquatic and terrestrial habitat. Salamanders are 
subject to ongoing habitat loss and fragmentation from dams and water diversions, residential 
and commercial development, pollution, timber harvest, and invasive species, which restrict 

Salamanders Rank Confidence 

Sensitivity Moderate-High Moderate 

Future Exposure Moderate-High Moderate 

Adaptive Capacity Low-Moderate Low 

Vulnerability Moderate-High Moderate 
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movement and habitat recolonization. Cumulatively, habitat drying, fragmentation, and loss are 
likely to reduce salamander abundance and recruitment and may result in more isolated 
populations and restricted ranges due to highly specific habitat requirements in a landscape 
undergoing significant ecological transformations. 
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Factors that enhance adaptive capacity:  

+ Potential for behavioral response to unfavorable conditions, which could buffer effects of 
limited physiological adaptive capacity  

+ High local abundance  

+ Capability to persist in small remnant populations 
Factors that undermine adaptive capacity:  

− High habitat specificity including associations with narrow thermal and moisture regimes 

− Reduced genetic diversity and risk of extirpation due to habitat fragmentation 

− Limited physiological adaptive capacity (may not keep up with rapid environmental change) 

− Low public awareness of this species group 

 
Salamander distributions in northwestern California vary, with some species being widely but 
patchily distributed and others found only in very restricted locations. Both limited-range and 
widespread species in isolated habitats are highly vulnerable to habitat fragmentation/loss and 
changes that increase the risk of desiccation. Small, isolated populations of salamanders 
generally have less genetic diversity than more widely distributed species, especially in higher 
elevation habitats where dispersal is more difficult. Salamanders are able to exploit nearby 
microhabitats that offer thermal and/or hydrological refugia from climate change, but this 
behavioral plasticity is unlikely to compensate for all climate impacts. Life history traits also play 
a role in the ability of salamander species to accommodate and/or adapt to change. For 
instance, longer-lived species may be resilient to occasional extreme climate years; similarly, 
species with greater fecundity are more likely to survive ‘bust years’ due to adverse conditions. 
Over the longer term, some species may adjust to warmer temperatures or shorter active 
seasons by decreasing body size, but this response is unlikely to stop population losses from 
climate changes affecting multiple parts of a species life history. Although funding and other 
resources for salamander conservation are much less than for at-risk birds and mammals, there 
is some societal and regulatory support for protection of salamanders and their habitats. 
Potential management and conservation actions include enhancing habitat complexity to 
create microrefugia and minimizing land-use practices that degrade habitat and prevent 
dispersal.  

 

Sensitivity and Exposure 

Salamanders were evaluated by regional experts as having moderate-high overall sensitivity 
(moderate confidence in evaluation) and moderate-high overall future exposure (moderate 
confidence) to climate and climate-driven factors, changes in disturbance regimes, and non-
climate stressors. 
 



 

Climate change vulnerability assessment for the Northern California Climate Adaptation Project  
Copyright EcoAdapt 2019 

4 

Current statewide salamander distribution 
data are incomplete and projections of future 
distribution are not available. However, it is 
likely that the range of many species will 
contract as cool, moist forest microclimates 
are lost (McMenamin et al. 2008; Thomson et 
al. 2016) and headwater streams become 
warmer (Bury 2015). Studies of plethodontid 
salamanders in other regions of the country 
suggest that loss of climatically-suitable habitat may impact species with more southern ranges 
and/or smaller ranges to a greater degree (Milanovich et al. 2010).  
 
More recent studies modeling climate sensitivity in Oregon amphibians found that several 
plethodontids and one headwater stream-associated species were modeled as having very 
narrow climatic niche breadths (i.e., range of historical climate conditions within a species’ area 
of occurrence), suggesting high climate sensitivity. These included the Siskiyou Mountains 
salamander (Plethodon stormi), California slender salamander, southern torrent salamander, 
Del Norte salamander (P. elongatus), black salamander (Aneides flavipunctatus), clouded 
salamander (A. ferreus), and Dunn’s salamander (P. dunni). By contrast, the northwestern 
salamander and long-toed salamander (Ambystoma macrodactylum) occurred at sites with a 
broader range of composite climate conditions, suggesting lower climate sensitivity. After 
incorporating the geographic rarity of these species (from an Oregon perspective), Mims et al. 
(2018) found that the Siskiyou Mountains salamander had the highest values (i.e., greatest 
concern) among all amphibians modeled. Southern torrent salamanders, Del Norte 
salamanders, California slender salamanders, and black salamanders also scored high on the 
integrated rarity and climate sensitivity index, which may help inform assessments in California. 
 
Climate sensitivity assessments were also conducted for selected Pacific Northwest salamander 
species by Case (2014), using a combination of literature review and expert opinion to rank 
species’ climate sensitivity. Of the species that occur within the northern California study area, 
the most sensitive species were the southern torrent salamander (score of 84 out of 100), 
Siskiyou Mountains salamander (score of 79) and black salamander (score of 77).1 
 
The existence of habitat refugia will be important for survival in a changing climate (Humphries 
& Baldwin 2003). Thermal refugia could occur in late seral forests with high canopy cover (Frey 
et al. 2016). Talus slopes also offer an environment that is buffered from thermal extremes, 
though they are very patchily distributed (Vuln. Assessment Reviewer, pers. comm., 2019). 
Spring water sources are more likely to continue providing suitable habitat for aquatic species 
in a warmer climate (Vuln. Assessment Reviewer, pers. comm., 2019). 

 
1 In addition, 12 amphibian species are included in the Pacific Northwest Climate Change Vulnerability Assessment 
developed by M. Case and others (http://www.climatevulnerability.org/). 

Potential Changes in Species Group Distribution 

• Likely range contractions due to warmer, drier 
climate conditions 

• Potential refugia include springs and late seral 
forests  

Source(s): Milanovich et al. 2010; Bury 2015; 
Thomson et al. 2016; Frey et al. 2016; Vuln. 
Assessment Reviewer, pers. comm., 2019 

http://www.climatevulnerability.org/
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Sensitivity and future exposure to climate and climate-driven factors 

Regional experts evaluated salamanders as having moderate-high sensitivity to climate and 
climate-driven factors (moderate confidence in evaluation), with an overall moderate-high 
future exposure to these factors within the study region (moderate confidence). Key climatic 
factors that affect salamanders include precipitation (amount/timing), soil moisture, snowpack 
amount, timing of snowmelt and runoff, streamflow, water temperature, drought, air 
temperature, and heat waves.2  
 
Precipitation (amount/timing) and soil moisture 
Many northern California salamander species rely on precipitation to maintain rain-dominated 
aquatic systems and provide moist forest microsites (Vuln. Assessment Reviewer, pers. comm., 
2019). Thus, precipitation declines would likely lead to the loss of suitable breeding and 
foraging habitat within both aquatic and terrestrial systems (Blaustein et al. 2010; Thomson et 
al. 2016). For instance, terrestrial plethodontid salamanders must maintain moist skin that 
facilitates gas exchange, so they are typically most active (i.e., foraging, defending territories, 
seeking mates) at night when the relative humidity is high (Petranka 1998). During periods of 
decreased precipitation and soil moisture, individuals move underground or beneath moist 
decaying logs to avoid becoming desiccated (Spotila 1972; Blaustein et al. 2010).  
 
Changes in precipitation and soil moisture that affect vegetation (i.e., canopy cover) can directly 
impact adult and juvenile salamanders and the developing embryos of fully terrestrial species 
through morbidity and mortality (Blaustein et al. 2010). A recent landscape-scale gene flow 
analysis found that, in Oregon, forest cover was the top predictor of gene flow in the southern 
torrent salamander and another Rhyacotriton species (Emel et al. 2019). These results 
underscore the importance of forest cover in maintaining cool, moist surface microclimates for 
these moisture-reliant species, and emphasizes the need to consider microclimates within 
breeding, foraging, and dispersal habitats for amphibians with complex life histories (Emel et al. 
2019). Other factors that may affect moisture conditions in salamander habitats include aquatic 
proximity and riparian reserves (Brosofske et al. 1997; Anderson et al. 2007; Rykken et al. 2007; 
Olson & Kluber 2014), downed wood (Kluber et al. 2009), and rocky substrates, north-facing 
aspects and hill-shading (e.g., for the Siskiyou Mountains salamander; Olson et al. 2009; Reilly 
et al. 2009). 
 
Periods of increased precipitation would increase humidity on the forest floor, likely benefitting 
terrestrial salamanders that are unable to forage in dry leaf litter (Jaeger 1979; Jaeger et al. 
1995; Walton 2005). Increased precipitation levels have also been shown to affect reproductive 
success in many species of salamanders (Scott & Fore 1995; Harris & Ludwig 2004). For 
instance, above-average rainfall and associated improvements in terrestrial prey bases may 
contribute to increases in clutch size (Milanovich et al. 2006) and improved offspring health 
(Blaustein et al. 2010). 

 
2 All climate and climate-driven factors presented were ranked as having a moderate or higher impact on this 
species group. 
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Regional Precipitation & Soil Moisture Trends3 

Historical & current trends: 

• 2.6–9.4 cm (1.0–3.7 in) increase in mean 
annual precipitation between 1900 and 2009 
for the Northwestern California, Southern 
Cascade, and Great Valley ecoregions 
(Rapacciuolo et al. 2014) 

• No trends available for soil moisture 

Projected future trends: 

• 23% decrease to 38% increase in mean annual 
precipitation by 2100 (compared to 1951–
1980) for the North Coast, Northern Coast 
Range, Northern Interior Coast Range, Klamath 
Mountain, Southern Cascade, and Great Valley 
ecoregions (Flint et al. 2013; Flint & Flint 

2014)4 

• Seasonal changes are projected to be more 
significant as the wet season becomes wetter 
and shorter (i.e., later onset of fall rains and 
earlier onset of summer drought) and the dry 
season becomes drier and longer (Pierce et al. 
2018; Swain et al. 2018) 

• Overall, interannual variability is expected to 
increase (Pierce et al. 2018; Swain et al. 2018) 

• Decreased top-level soil moisture is likely even 
if precipitation increases due to temperature-
related changes in evaporative demand (Pierce 
et al. 2018) 

Summary of Potential Impacts on Species Group (see text for citations) 

• Loss of suitable breeding and foraging habitat where precipitation declines 

• Increased mortality of adult and juvenile salamanders as well as developing embryos due to 
declines in soil moisture and the loss of moist microsites 

 
Snowpack amount and timing of snowmelt and runoff 
Declines in snowpack amount and earlier timing of snowmelt and runoff are likely to alter 
stream hydrology and terrestrial habitat moisture availability, especially after the spring runoff 
period (McMenamin et al. 2008; Thomson et al. 2016). Hydrologic alterations due to these 
changes may drive loss or degradation of sensitive habitats (e.g., ephemeral ponds), which 
could result in salamander population declines or local extirpations (Blaustein et al. 2010). 
Snowpack and snowmelt changes that dry or eliminate habitat can also reduce recruitment by 
disrupting salamander phenology, functioning, and developmental timing (Vuln. Assessment 

 
3 Trends in climate factors and natural disturbance regimes presented in this and subsequent summary tables are 
not species group-specific; rather, they represent broad trends and future projections for the study region. The 
precipitation, temperature, climatic water deficit, and snowpack projections for this project are derived from the 
Basin Characterization Model, which uses modified Jepson ecoregions (Flint et al. 2013; Flint & Flint 2014). 
Projections for all other factors are based on a review of relevant studies in the scientific literature. For this 
project, exposure was evaluated by calculating the magnitude and direction of projected change within the 
modified Jepson ecoregions that include habitat distribution within the study geography. 
4 Projections for changes in annual and seasonal precipitation by ecoregion can be found in the full climate impacts 
table (https://bit.ly/2LHgZaG). 

https://bit.ly/2LHgZaG
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Reviewer, pers. comm., 2019); increasing respiratory stress (Hillyard 1999); and causing 
mortality (McMenamin et al. 2008; Thomson et al. 2016). 
 

Regional Snowpack & Snowmelt Trends 

Historical & current trends: 

• 15–39% decrease in April 1 snow water 
equivalent (SWE) between 1951 and 2010 for 
the Northwestern California and Southern 
Cascade ecoregions (Flint et al. 2013) 

• 15–40-day shift towards earlier date of 90% 
snowmelt across the western U.S. since 1915 
(Hamlet et al. 2005) 

• 10–30-day shift towards earlier timing of 
snowmelt-driven runoff across the western 
U.S. since 1948 (Stewart et al. 2005) 

Projected future trends: 

• Decreases in April 1 SWE by 2100 (compared 
to 1951–1980; Flint et al. 2013; Flint & Flint 
2014): 
o 86–99% decrease on the North Coast 
o 82–99% decrease in the Northern Coast 

Range 
o 99–100% decrease in the Northern Interior 

Coast Range 
o 72–94% decrease in the Klamath Mountains 
o 61–89% decrease in the Southern Cascades 

• Likely 5–15-day shift towards earlier timing of 
snowmelt-driven runoff in northern California 
by 2100 (up to 60-day shift across the western 
U.S.; Stewart et al. 2004; Rauscher et al. 2008) 

Summary of Potential Impacts on Species Group (see text for citations) 

• Loss or degradation of aquatic and terrestrial habitats due to hydrologic changes 

• Possible disruptions in salamander phenology, functioning, and developmental timing and 
increased risk of physiological stress and mortality 

 
Streamflow 
Stream and pond hydroperiod variation is a common risk factor for aquatic-breeding 
amphibians (Shoo et al. 2011). Reductions in water availability due to reduced snowpack and 
precipitation variability will likely affect the timing and magnitude of streamflows, particularly 
in smaller streams (Thomson et al. 2016). The southern torrent salamander is a headwater-
associated species occurring in intermittent streams with discontinuous flow (Olson & Weaver 
2007; Olson & Burton 2014; Olson et al. 2014). In northern California, this species is particularly 
vulnerable to changes in streamflow due to their narrow habitat requirements (i.e., small, high 
quality streams in late seral forests) and dependence on aquatic habitats at all life stages 
(Petranka 1998; Thomson et al. 2016; Vuln. Assessment Workshop, pers. comm., 2017). 
However, coastal populations may experience less extreme changes due to smaller projected 
precipitation changes on the coast compared to more inland sites (Thomson et al. 2016; Vuln. 
Assessment Workshop, pers. comm., 2017). The coastal giant salamander would likely also be 
severely impacted by reductions in streamflow due to their prolonged juvenile stage in coastal 
stream habitats (Petranka 1998; Vuln. Assessement Workshop, pers. comm., 2017), though 
they occur in slightly larger perennial streams compared to torrent salamanders (Olson & 
Weaver 2007; Olson & Burton 2014; Olson et al. 2014). Many other species dependent on 
aquatic habitat are likely sensitive to changes in streamflow, including the California newt 
(Taricha torosa), red-bellied newt (T. rivularis), rough-skinned newt (T. granulosa), and 
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northwestern salamander (Thomson et al. 2016; Vuln. Assessment Reviewer, pers. comm., 
2019). 
 

Regional Streamflow Trends 

Historical & current trends: 

• Shift towards earlier spring peak flows in 
snowmelt-dominated basins (Stewart et al. 
2005; Pierce et al. 2018) 

• In rain-dominated coastal rivers in northern 
California, minimum annual flows have 
decreased and late summer recession rates 
have increased over the past 40-80 years 
(Sawaske & Freyberg 2014; Asarian & Walker 
2016; Klein et al. 2017) 

• September streamflow declined at 73% of 
undammed sites in northern California and 
southwest Oregon (Asarian & Walker 2016) 

Projected future trends: 

• Generally, wet season flows are projected to 
increase and dry season flows are projected to 
decrease (Leng et al. 2016; Grantham et al. 
2018) 

• Overall increase in flow variability and earlier 
timing of spring peak flows (by up to 30 days; 
Stewart et al. 2005) 

• As a result of more extreme dry conditions, the 
lowest streamflow per decade is projected to 
be 30–40% lower by 2100 (Pierce et al. 2018) 

Summary of Potential Impacts on Species Group (see text for citations) 

• Reduced habitat availability for species that are dependent on aquatic habitats during one or more 
life stages 

 
Water temperature 
Water temperature affects salamanders directly through increased physiological stress, 
reduced reproductive success, and altered larval development and indirectly through decreased 
food availability (Blaustein et al. 2010; Bury 2015; Thomson et al. 2016). Many salamander 
species are strongly associated with coldwater habitats. For example, in Humboldt County, 
southern torrent salamanders occur primarily in headwater streams cooler than 13.5°C (56.3°F; 
Welsh Jr & Hodgson 2011; Thomson et al. 2016). Warm water temperatures can cause 
amphibians to metamorphose earlier and at smaller sizes (Vuln. Assessment Reviewer, pers. 
comm., 2019), which could be detrimental because size at metamorphosis is usually positively 
correlated with post-metamorphic survival (Scott 1994; Searcy et al. 2014). Reduced levels of 
dissolved oxygen in aquatic habitats, which are associated with warmer water temperatures, 
may also delay development and/or hatching of salamanders, or could cause premature 
hatching (Blaustein et al. 2010). Finally, increased water temperatures are likely to affect the 
availability of spring macroinvertebrates, an important salamander food source (Durance & 
Ormerod 2007). 
 

Regional Water Temperature Trends 

Historical & current trends: 

• ~0.1°C (0.2°F) per decade increase in mean 
August stream temperatures in northwestern 
California from 1976–2015 (Isaak et al. 2017) 

Projected future trends: 

• 0.4–0.8°C (0.7–1.4°F) per decade increase in 
mean August stream temperatures in 
northwestern California by the 2080s (Isaak et 
al. 2017) 



 

Climate change vulnerability assessment for the Northern California Climate Adaptation Project  
Copyright EcoAdapt 2019 

9 

Regional Water Temperature Trends 

o Corresponds to a 0.4°C (0.7°F) increase in 
air temperature and 5.3% decrease in 
discharge per decade 

o Corresponds to a 3.6°C (6.5°F) increase in 
air temperature and 1.2% decrease in 
stream discharge 

• 1–3°C (1.8–5.4°F) increase in the temperature 
of the Sacramento River by 2100 (Cloern et al. 
2011) 

Summary of Potential Impacts on Species Group (see text for citations) 

• Decreased reproductive success and altered larval development 

• Reduced abundance of macroinvertebrate food sources 

 
Drought 
Drought is likely to stress salamanders directly by increasing physiological stress and mortality 
rates, and indirectly by affecting habitat quality in both terrestrial and aquatic systems 
(McMenamin et al. 2008; Price et al. 2012; Thomson et al. 2016; Grant 2018). Semi-aquatic 
salamanders are highly vulnerable to drought impacts, with greater impacts on larval state than 
on adult salamanders in some habitats (Price et al. 2012). For example, northern dusky 
salamander (Desmognathus fuscus) adults adapt to drought conditions by temporarily 
emigrating to new habitats, but larval mortality is high (Price et al. 2012). Periods of drought 
may also limit foraging and courtship activity in terrestrial habitats due to increased 
vulnerability to desiccation (Jaeger 1979; Grant 2018). 
 
During drought, streamflow is significantly reduced and ponds may become ephemeral or dry 
earlier and more rapidly (McMenamin et al. 2008; Walls et al. 2013). Species that depend on 
ephemeral/intermittent and isolated aquatic habitats such as vernal pools and headwater 
streams are most vulnerable to drought (Rome et al. 1992). During the summer months, the 
loss of aquatic habitat impacts breeding salamanders (McMenamin et al. 2008), potentially 
resulting in reproductive failure (Blaustein et al. 2010) and/or extirpation (Walls et al. 2013). 
The coastal giant salamander and southern torrent salamander (Thomson et al. 2016; Vuln. 
Assessment Workshop, pers. comm., 2017) are especially vulnerable to hotter, drier conditions 
that eliminate or degrade aquatic habitat (Blaustein et al. 2010; Lawler et al. 2010). 
 
Plant community structure and composition within aquatic and terrestrial salamander habitat is 
also affected by drought and associated increases in wildfire risk, which can influence 
reproduction and recruitment (Blaustein et al. 2010; Vuln. Assessment Reviewer, pers. comm., 
2019). Loss of canopy cover and changes in vegetation as a result of drought can alter 
microclimatic factors, such as light, temperature, and moisture, as well as the accumulation, 
quality, and decomposition of the leaf litter that salamanders depend on to retain soil moisture 
and provide cover from predators (Petranka 1998; Kloeppel et al. 2003). 
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Regional Drought Trends 

Historical & current trends: 

• Drought years have occurred twice as often 
over the last two decades compared to the 
previous century (Diffenbaugh et al. 2015) 

• 2012–2014 drought set records for lowest 
precipitation, highest temperatures, and most 
extreme drought indicators on record (Griffin 
& Anchukaitis 2014; Diffenbaugh et al. 2015) 

Projected future trends: 

• Drought years are twice as likely to occur over 
the next several decades due to increased co-
occurrence of dry years with very warm years 
(Cook et al. 2015) 

• 80% chance of multi-decadal drought by 2100 
under a high-emissions scenario (Cook et al. 
2015) 

• Severe droughts that now occur once every 20 
years will occur once every 10 years by 2100 
and once-in-a-century drought will occur once 
every 20 years (Pierce et al. 2018) 

Summary of Potential Impacts on Species Group (see text for citations) 

• Altered behavior patterns and reduced fitness during periods of drought 

• Decreased quality and availability of aquatic habitat, likely resulting in reduced reproductive 
success in stream and pond-breeding salamanders 

 
Air temperature and heat waves 
Increases in air temperature are likely to affect salamanders directly by increasing thermal 
stress and desiccation, particularly during periods of reduced precipitation (Bogaerts 2004; 
Thomson et al. 2016). Salamander phenology (e.g. reproduction, foraging, estivation) may also 
be impacted by warmer temperatures, which are associated with reduced activity (Vuln. 
Assessment Reviewer, pers. comm., 2019). Plethodontid salamanders that rely heavily on 
cutaneous respiration are particularly vulnerable to warmer temperatures that increase the 
rate of evaporative water loss across their skin (Bogaerts 2004). Salamander species differ in 
their air temperature tolerance levels, but at very high temperatures salamanders may secrete 
mucous, seek cooler locations, lose coordination, become paralyzed, or die (Bogaerts 2004). 
Some salamanders appear to develop a tolerance for warm temperatures if they increase 
gradually (Bogaerts 2004). Air temperature, especially when combined with reduced 
precipitation, may also contribute to the loss or degradation of sensitive salamander habitats 
(e.g., ephemeral ponds), causing salamander population declines or local extirpations (Blaustein 
et al. 2010).  
 
Over the longer term, salamanders may adapt to warmer air temperatures through a reduction 
in body size, either through plasticity in growth response or changes in physiological response 
to energy allocation as hotter, drier weather causes salamanders to burn energy faster (Caruso 
et al. 2014). Studies from the 1950s to 2012 have shown that several plethodontid salamander 
species are now smaller in size, consistent with a plastic response of body size to climate 
change (Caruso et al. 2014). However, this response is unlikely to stop population losses from 
climate stressors that affect multiple parts of a species’ life history (Vuln. Assessment Reviewer, 
pers. comm., 2019). 
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Regional Air Temperature & Heat Wave Trends 

Historical & current trends: 

• 0.03°C (0.05°F) decrease to 0.5°C (0.9°F) 
increase in the average annual temperature 
between 1900 and 2009 for the Northwestern 
California, Southern Cascade, and Great Valley 
ecoregions (Rapacciuolo et al. 2014) 
o No seasonal temperature trends available 

• Increase in the frequency of humid nighttime 
events over the past several decades 
(Gershunov & Guirguis 2012) 

• High interannual and interdecadal variability in 
heat waves (Gershunov & Guirguis 2012) 

Projected future trends: 

• 2.2–6.1°C (4.0–11.0°F) increase in the average 
annual temperature by 2100 (compared to 
1951–1980) for the North Coast, Northern 
Coast Range, Northern Interior Coast Range, 
Klamath Mountain, Southern Cascade, and 
Great Valley ecoregions (Flint et al. 2013; Flint 
& Flint 2014) 
o 1.9–5.8°C (3.4–10.4°F) increase in average 

winter minimum temperatures 
o 2.0–6.8°C (3.6–12.2°F) increase in average 

summer maximum temperatures 

• Increased heat waves, with the greatest 
increase in humid nighttime heat waves and in 
coastal areas (Gershunov & Guirguis 2012) 

• 2–6°C (3.6–10.8°F) increase in the temperature 
of the hottest day of the year by 2100 (Pierce 
et al. 2018) 

Summary of Potential Impacts on Species Group (see text for citations) 

• Loss or degradation of habitat, potentially contributing to populations declines 

• Increased mortality due to physiological stress 

 
Sensitivity and future exposure to changes in natural disturbance regimes 

Regional experts evaluated salamanders as having moderate-high sensitivity to changes in 
natural disturbance regimes (low confidence in evaluation), with an overall moderate-high 
future exposure to these stressors within the study region (moderate confidence). Key natural 
disturbance regimes that affect salamanders include wildfire, disease, and flooding.5 
 
Wildfire 
Direct impacts of wildfire and post-fire debris flows on salamanders can include mortality 
within both terrestrial and aquatic habitats (Hossack & Pilliod 2011). Indirectly, wildfire and 
post-fire events (flooding, landslides, debris flows) primarily affect salamanders through 
alteration of terrestrial and aquatic habitats, with the impacts varying across habitats and 
spatial scales (Hossack & Pilliod 2011). Individual salamanders or small populations may 
respond to disturbances at the microhabitat level, where fires eliminate or alter cover through 
burning of understory vegetation and woody debris or deposit ash and sediment in aquatic 
substrates (Hossack & Pilliod 2011). At the macrohabitat level (e.g. forest, stream), fires may 
increase solar radiation and water temperatures, alter forest microclimates and hydroperiods in 
aquatic habitat, and enhance productivity in aquatic systems (Hossack & Pilliod 2011).  
 

 
5 All disturbance regimes presented were ranked as having a moderate or higher impact on this species group. 
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In general, species with a limited distribution (e.g., Hydromantes spp.), dependence on 
restricted microclimate associations, and limited capacity for recolonization are likely to be 
most affected by altered wildfire regimes (Pilliod et al. 2003; Hossack & Pilliod 2011). In 
addition, the sensitivity of salamanders to wildfire likely varies among life stages, populations in 
different geographic regions, and species, depending on life history characteristics (e.g., 
reproduction timing, larval period duration, adult mobility, and desiccation resistance; Pilliod et 
al. 2003). For instance, species with biphasic life cycles (e.g., southern torrent salamander) 
could be somewhat insulated from significant losses following wildfire in one habitat type (e.g., 
aquatic larvae die but terrestrial adults survive; Hossack & Pilliod 2011). Plethodontid 
salamanders also exhibit burrowing behavior during the summer months that can buffer them 
from the direct effects of wildfire during the period when fires are most likely to occur (Hossack 
& Pilliod 2011). 
 
Aquatic habitats 
Wildfire may cause significant changes in the structure and function of aquatic habitats (Corn et 
al. 2003; Dunham et al. 2007), particularly in smaller pools where changes in water quality (e.g., 
increased nitrogen and phosphorus) can have significant impacts on aquatic food webs (Batzer 
et al. 2000; Palik et al. 2001; Vuln. Assessment Workshop, pers. comm., 2017). Rapid increases 
in water temperatures can also occur during wildfire from fuel combustion or post-fire from 
increased solar radiation due to the loss of riparian vegetation (Minshall et al. 1997; Hossack & 
Pilliod 2011). Post-fire debris flows can reduce breeding habitat by filling pools and stream 
channels with sediment and debris (Hossack & Pilliod 2011; Norgaard et al. 2016), and pools 
that do not fill completely may still become shallower and more likely to dry before larvae can 
metamorphose (Sredl & Wallace 2000). However, over longer time scales the introduction of 
sediment and debris into streams can increase habitat complexity and enhance aquatic food 
production (Pilliod et al. 2003; Norgaard et al. 2016), which could improve foraging 
opportunities for salamanders. Reduced forest density following fire also increases the amount 
of runoff available for streamflow, potentially enhancing aquatic habitat (Pettit & Naiman 2007; 
Tague et al. 2009). 
 
Terrestrial habitats 
Low-intensity fires, such as occurs during prescribed or cultural burning, typically do not have 
significant effects on terrestrial salamander populations (Major 2005; Bagne & Purcell 2009; 
Norgaard et al. 2016; Karuk Tribe 2019), likely because patches of leaf litter and woody debris 
remain and overstory canopy closure is unaffected (Bagne & Purcell 2009). Wildfire can also 
increase recruitment of coarse woody debris to the forest floor (Major 2005; Lindenmayer & 
Noss 2006). Pockets of lower-intensity fire may provide critical refugia for salamanders that can 
later recolonize nearby areas burned at higher intensity (Hossack & Pilliod 2011). 
 
Higher-intensity fire is more likely to cause direct and the loss of prey and shelter (woody 
material; Bury et al. 2002; Norgaard et al. 2016). The loss of forest canopy can result in altered 
forest microclimates (i.e., reduced humidity, increased temperatures; Cummer & Painter 2007) 
and the loss of moist microsites utilized by salamanders (Norgaard et al. 2016). High-intensity 
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fires can also make soil hydrophobic for a period of time, reducing moisture storage capacity 
and increasing the risk of severe erosion and debris flows (Doerr et al. 2000; Mao et al. 2019). 

Regional Wildfire Trends 

Historical & current trends: 

• 85% of U.S. Forest Service lands in northern 
California are burning less frequently 
compared to pre-1850 fire return intervals, 
largely due to fire suppression (Safford & Van 
de Water 2014) 

• Fire size and total area burned increased on 
U.S. Forest Service lands in northwestern 
California between 1910-2008, with the 
highest values occurring after 2000 (Miller et 
al. 2012) 

• Changes in large fires (over 400 ha) in the 
inland northern California/Sierra Nevada 
region since the 1970s (Westerling 2016): 
o 184–274% increase in frequency  
o 270–492% increase in total area burned  
o 215% increase in length of the fire season 

• Changes in fire size, area burned, and fire 
frequency over the past several decades 
remain well below historical tribally-influenced 
frequency and extent of burning in California 
(Stephens et al. 2007) 

• No significant trends in the average areal 
proportion of high-severity fire were 
documented in northwestern CA from 1984–
2008 (Miller et al. 2012; Parks et al. 2015; Law 
& Waring 2015; Keyser & Westerling 2017) 
o The relatively short period of record for fire 

severity data may obscure long-term trends 
o To date, there are no peer-reviewed studies 

on trends in northern California fire severity 
that include data from the last ten years 

Projected future trends: 

• State-wide, up to 77% increase in mean annual 
area burned and 50% increase in the frequency 
of extremely large fires (>10,000 ha) by 2100 
(Westerling 2018) 
o Greatest increases in burned area (up to 

400%) occur in montane forested areas in 
northern California (Westerling et al. 2011; 
Westerling 2018) 

o Less significant increases or possible 
decrease along the North Coast (Westerling 
et al. 2011) 

• Little projected change in fire severity in 
northwestern California by 2050 in models 
based solely on historical fire-climate 
relationships (Parks et al. 2016) 
o However, human activity and fuel buildup 

from decades of fire suppression have 
altered historical fire-climate relationships 
(Taylor et al. 2016; Syphard et al. 2017; 
Wahl et al. 2019), and projections that 
incorporate these factors suggest that more 
significant increases in fire severity and size 
may occur (Mann et al. 2016; Wahl et al. 
2019) 

• The majority of impacts to natural and human 
ecosystems come from extreme fire events 
(i.e., fires that have a low probability of 
occurring in any given place and time), which 
are likely to increase over the coming century 
(Westerling 2018) 
o Generally, these patterns are not well-

represented in studies that evaluate indices 
of mean fire size, intensity/severity, etc. 

Summary of Potential Impacts on Species Group (see text for citations) 

• Immediate: 
o Adult mortality in terrestrial upland habitats 
o Reduced prey availability and decreased habitat quality in terrestrial upland habitats affected by 

severe fire, including alterations to microhabitats that could affect survivability 

• Short-term (~2-year):  
o Upland habitat degradation due to drier microclimates in areas where forest canopy was lost 
o Increased downed wood following low- to moderate-severity fires 
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Regional Wildfire Trends 

o Possible increases in aquatic productivity, which could improve foraging opportunities 
o Loss or degradation of aquatic and riparian habitats following post-fire debris flows 

• Long-term:  
o Possible expansion of aquatic habitat due to increased water yield following reduction of forest 

density 

 
Disease 
Like other amphibians, salamanders in northern California are affected by the introduced 
pathogenic chytrid fungus (Batrachochytrium dendrobatidis, Bd; Weinstein 2009; Sette et al. 
2015), which originated in Asia and has spread globally (O’Hanlon et al. 2018). A newly 
described chytrid species (B. salamandrivorans; Bsal) from Asia also appears to cause disease in 
some salamander species, warranting additional concern in northern California (Martel et al. 
2013, 2014; Yap et al. 2015; Richgels et al. 2016; North American Bsal Task Force 2019). These 
pathogens can cause effects ranging from disease tolerance to death in infected salamanders 
depending on factors including host susceptibility, fungal virulence, and environmental 
variables (Van Rooij et al. 2015). Both chytrid fungi can be carried by disease-tolerant host 
species, some of which are highly invasive such as the African clawed frog (Xenopus laevis; 
Vredenburg et al. 2013) and the American bullfrog (Rana catesbeiana; Huss et al. 2013), as well 
as by the native Pacific chorus frog (Pseudacris regilla; Reeder et al. 2012) and species common 
in trade markets (e.g., Bsal in Chinese fire-bellied newts [Cynops orientalis]; Yuan et al. 2018).  
 
Aquatic species are particularly vulnerable to infection because fungal zoospores are 
transmitted readily in water but become desiccated rapidly on land (Piotrowski et al. 2004). 
Terrestrial species with a higher degree of sociality are also more vulnerable due to increased 
disease transmission (Sette et al. 2015). Salamander declines due to chytridiomycosis appear to 
be driven by the interaction between increasing temperatures and disease, and salamander 
species adapted to cooler environments are likely to be most vulnerable to the disease as air 
temperatures continue to increase (Cohen et al. 2019). This may be partly because 
environmental stress due to climate change can compromise the immune system, increasing 
susceptibility to infection and survival (Rollins-Smith 2017). Altered precipitation patterns are 
also likely to impact fungal reproduction and transmission (Weinstein 2009). 
 

Regional Disease Trends 

Historical & current trends: 

• No trends available for disease 

Projected future trends: 

• Increased disease risk (e.g., chytridiomycosis) 
due to warmer temperatures and changes in 
precipitation that impact patterns of disease 
prevalence as well as susceptibility in stressed 
individuals (Pounds et al. 2006; Sette et al. 
2015) 
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Regional Disease Trends 

• Expansion of the projected future climate 
niche for Bd in northern temperate ecosystems 
(Xie et al. 2016) 

Summary of Potential Impacts on Species Group (see text for citations) 

• Increased illness and mortality, particularly in stressed individuals 

 
Flooding 
In both aquatic and terrestrial habitats, flooding can damage the physical environment (e.g., by 
removing cover), increase populations of potential competitors and predators, and/or cause 
direct salamander mortality (Palis 1996; Deitloff 2011). For instance, flooding can introduce 
fishes (salamander predators) into normally isolated, fishless wetlands (Palis 1996). Following a 
fire, flooding and landslides can deposit large woody debris into streams, but increased peak 
flows, erosion, and decreased bank stability can also remove large amounts of instream wood 
(Young 1994; Minshall et al. 1997). In low-elevation aquatic habitats, frequent flooding likely 
facilitates moderate to high gene flow by dispersing adult and larval salamanders to new 
habitats during the breeding season (Giordano et al. 2007). However, severe flooding can 
eliminate large numbers of young larval salamanders, while reducing competition for resources 
for those that survive (Petranka & Sih 1986). Flooding can also destroy/dislodge egg masses in 
side channels and stream oxbows (Vuln. Assessment Reviewer, pers. comm., 2019).  
 
Large landslides and debris flows associated with heavy precipitation and flooding can also 
cause significant mortality. For instance, genetic data of coastal giant salamanders has showed 
evidence of population bottlenecks that could be consistent with episodic mortality events such 
as a headwater failure that scours a drainage (Vuln. Assessment Reviewer, pers. comm., 2019). 
 

Regional Flooding Trends 

Historical & current trends: 

• No trends available for flooding 

Projected future trends: 

• More frequent/severe winter flooding due to 
an increase in extreme precipitation events 
(Dettinger 2011; AghaKouchak et al. 2018; 
Swain et al. 2018; Grantham et al. 2018) 

• State-wide, 200-year floods are expected to 
increase in frequency by 300–400%, becoming 
50-year floods (Swain et al. 2018) 

Summary of Potential Impacts on Species Group (see text for citations) 

• Reduced habitat quality, including the removal of cover and/or deposition of sediment and debris 

• Introduction of potential competitors and predators into salamander habitat 

• Increased salamander mortality, particularly among larval salamanders 
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Dependency on habitat and/or other species 

Regional experts evaluated salamanders as having high dependency on sensitive habitats (high 
confidence in evaluation) and low-moderate dependency on prey or forage species (low 
confidence). 
 
In northern California, salamanders are dependent on a variety of habitats and microhabitat 
conditions for survival and reproduction (Petranka 1998; Thomson et al. 2016). Salamanders 
that breed in aquatic habitats often occur in riparian or moist forests and near cold creeks, 
rivers, streams, lakes, and ponds (McComb et al. 1993; Welsh & Lind 1996; Petranka 1998). In 
general, stream-specialist salamanders require small, cold, and clear (often headwater) streams 
(Petranka 1998). Terrestrial species require deep leaf litter, coarse woody debris, and, for some 
species, rock crevices and talus slopes (e.g., Petranka 1998; Kluber et al. 2009). Some terrestrial 
and semi-aquatic species are strongly associated with late-seral forests (Blaustein et al. 1995; 
Petranka 1998; Olson et al. 2009). All salamanders that occupy terrestrial habitat for part or all 
of the year also require sufficient moisture to hydrate their highly permeable skin and adequate 
leaf litter for use as foraging grounds (Blaustein et al. 2010). All are also dependent on habitats 
that provide healthy macroinvertebrate populations as prey, though some species also prey on 
small mammals (Bury 2004; Thomson et al. 2016). 
 
Sensitivity and current exposure to non-climate stressors 

Regional experts evaluated salamanders as having moderate-high sensitivity to non-climate 
stressors (moderate confidence in evaluation), with an overall moderate current exposure to 
these stressors within the study region (low confidence). Key non-climate stressors that affect 
salamanders include dams and water diversions, residential and commercial development, 
pollution and poisons, fire suppression, timber harvest, and invasive species.6 
 
Dams and water diversions 
Dams can create impoundments that eliminate salamander habitat, especially for semi-aquatic 
species (Thomson et al. 2016). Water diversions and culverts can disturb salamander habitat 
and reduce reproduction by modifying water velocity and the hydrological processes affecting 
sediment transport and bedload (Sagar et al. 2007). Water diversions, which often occur in 
headwater streams, are of particular concern for the southern torrent salamander, which has 
been observed to occur above but not below such diversions (Thomson et al. 2016).  
 
Cannabis (Cannabis sativa or C. indica) production, in particular, is a major source of water 
diversion in salamander habitat in northern California (Bauer et al. 2015). Some watersheds on 
the North Coast have had up to 100% of their flow withdrawn during the summer growing 
season (Bauer et al. 2015). In some areas, growers may also dig out seeps and springs, 
permanently altering their hydrology (Vuln. Assessment Reviewer, pers. comm., 2019). 

 
6 Non-climate stressors presented are those ranked as having a moderate or higher impact on this species group; 
additional non-climate stressors that may influence the species group to a lesser degree include energy 
production/mining, and roads/highways/trails. 
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Residential and commercial development 
Land use and development (e.g., residential housing, vineyards, cannabis production) degrades, 
eliminates, and fragments salamander habitat. Land development can prevent successful 
dispersal of juveniles across habitats and result in substantial reductions in post-metamorphic 
survival, reducing population connectivity and viability (Cushman 2006). Development also 
reduces canopy cover and causes shifts in vegetation composition, which may alter 
temperature and moisture levels and affect the accumulation and decomposition of leaf litter 
that provides important salamander microhabitat (Blaustein et al. 2010). Cannabis cultivation, 
including grading, roadbuilding, and application of herbicides and pesticides, can negatively 
impact salamanders and their habitat (Thompson et al. 2014; Thomson et al. 2016). Pressure on 
salamander habitat from rural development is likely to increase on most of the privately-owned 
lands in the region as the wildland-urban interface expands and remote parcels are increasingly 
subdivided (Vuln. Assessment Reviewer, pers. comm., 2019). 
 
Pollution and poisons 
Salamanders are highly sensitive to pollutants that enter their habitat through both overland 
and aquatic pathways, including pesticides (Ryan et al. 2013), herbicides (Rohr & Palmer 2005), 
and chemical applications commonly used for fire suppression (Pilliod et al. 2003; Norgaard et 
al. 2016) or road maintenance (Karraker & Gibbs 2011). Salamanders may also be affected by 
leaching in mined areas, which can introduce mercury and other heavy metals into aquatic 
habitats (Vuln. Assessment Reviewer, pers. comm., 2019). Pollutants can affect salamanders by 
disrupting embryo development and reducing invertebrate prey availability, causing larval 
mortality (Ryan et al. 2013). The loss of invertebrate prey likely harms adults as well, 
particularly in species where the adults live in more aquatic habitats (e.g., newts; Vuln. 
Assessment Reviewer, pers. comm., 2019). Roads and trails introduce pollutants and 
contaminants to nearby aquatic habitats (Sagar et al. 2007), and aquatic breeding sites also can 
be acidified by weathering of rocks cut for road building and mining (Petranka 1998).  
 
Fire exclusion and suppression 
Fire exclusion can enhance the risk of high-severity fire in forests and riparian habitats by 
increasing fuel availability (Dwire & Kauffman 2003; Norgaard et al. 2016), with potential 
negative impacts on salamander habitat suitability (see Table 1; Bury et al. 2002; Pilliod et al. 
2003). Fire retardant chemicals used to suppress fires can cause salamander mortality (Pilliod et 
al. 2003; Norgaard et al. 2016). Fire suppression activities such as fuel break construction also 
have the potential to fragment salamander habitat (Vuln. Assessment Reviewer, pers. comm., 
2019). 
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Table 1. Impacts of fire exclusion/suppression on the resilience of salamanders to climate stressors and 
climate-driven changes in fire regimes (table adapted from Norgaard et al. 2016). 

Prior to Fire During Fire After Fire 

• Increased risk of high-
severity fire in riparian 
habitats due to fuel loading 

• Possible mortality due to 
introduction of toxins present 
in some fire-retardant 
chemicals  

• Reduced habitat suitability in 
riparian areas burned at high 
severity 

Source(s): Bury et al. 2002; Dwire & Kauffman 2003; Pilliod et al. 2003 

 

Timber harvest 
Historical timber harvesting practices did not consider broader ecosystem effects and have 
largely resulted in long-term, wide-ranging legacy impacts on salamander survival (Marsh & 
Beckman 2004; Karraker & Welsh 2006; Semlitsch et al. 2009) and population connectivity 
(Petranka 1998; Cushman 2006; Thomson et al. 2016). Practices such as historical clear-cutting 
killed salamanders by crushing them with heavy equipment as well as eliminating shading and 
leaf litter, increasing soil surface temperature, and reducing leaf litter moisture (DeMaynadier 
& Hunter 1995; Welsh & Droege 2001; Welsh & Hodgson 2008). The loss of these microhabitats 
increases physiological stress on salamanders because they rely on their moist skin as a 
respiratory organ (DeMaynadier & Hunter 1995). In riparian areas, the loss of the tree canopy 
after clear-cutting increases water temperatures, potentially reducing habitat for cold-adapted 
salamanders (Thomson et al. 2016). Such timber harvesting methods also have had negative 
impacts on genetic diversity by creating barriers to salamander movement across the landscape 
(Miller et al. 2006; Emel et al. 2019). For instance, the coastal giant salamander has shown 
lower levels of genetic variation in areas of recent clear-cuts, suggesting reduced population 
sizes and densities (Curtis & Taylor 2004). 
 
Some timber harvesting approaches can alter salamander behavior regarding habitat use. For 
instance, coastal giant salamanders tend to remain closer to streams, spend more time in 
subterranean refuges, and have smaller home ranges in areas of clear-cuts than in forested 
habitat (Johnston & Frid 2002). Some salamander species can better mediate the impacts of 
logging in milder and wetter habitats near the coast (Welsh 1990; Diller & Wallace 1996). More 
recent developments in forest density management and variable density harvest practices may 
ameliorate negative effects on terrestrial salamanders (Rundio & Olson 2007; Kluber et al. 
2009). Retention of riparian buffers are also proving successful at retaining stream-riparian 
forest salamander species persistence and instream habitat conditions (e.g., Olson & Rugger 
2007; Rundio & Olson 2007; Olson & Burton 2014; Olson et al. 2014). 
 
Invasive species 
Numerous aquatic invasive species are documented in northern California aquatic habitats in 
and adjoining ecoregions (Olson & Flitcroft 2018). In northern California, aquatic-breeding 
salamanders are negatively impacted by non-native fish and the American bullfrog, which 
increase competition or predation risk for salamanders (Welsh et al. 2006; Fuller 2008; Elliott et 
al. 2009). Although bullfrogs are currently restricted to low- and mid-elevation habitats, 
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warmer temperatures may allow their ranges to expand to higher elevations (Fuller 2008). 
Additionally, the loss of ephemeral habitats at higher elevations associated with drier 
conditions may also increase predation risk for native pond-breeding salamanders if they need 
to rely more heavily on permanent aquatic habitats where bullfrogs are found (Vuln. 
Assessment Reviewer, pers. comm., 2019). American bullfrogs can also be a vector that spreads 
the fungal pathogen Bd (Huss et al. 2013; Sette et al. 2015). 
 
Introduced species of non-native fish prey on eggs and larval salamanders, reducing 
populations (Gamradt & Kats 1996; Ryan et al. 2014). Introduced fish may also assume the role 
of apex predator in previously fishless lakes (Tyler et al. 1998; Elliott et al. 2009). For instance, 
the larval stage of the long‐toed salamander, a top predator in high‐elevation fishless lakes, 
decrease when lakes are stocked with trout, likely due to predation (Tyler et al. 1998; Welsh et 
al. 2006). Funk & Dunlap (1999) also found that the presence of trout effectively excluded long-
toed salamander populations from lakes; however, salamanders recolonized lakes after the 
extinction of trout populations. Introduced crayfish (Procambarus clarkii) are also known to eat 
the larvae and egg masses of California newts, which are less likely to exist in streams that 
contain crayfish (Gamradt & Kats 1996). 
 
In upland habitats, invasive wild turkeys (Meleagris gallopavo) and feral pigs (Sus scrofa) can 
reduce habitat quality and eat terrestrial salamanders (Vuln. Assessment Reviewer, pers. 
comm., 2019). 

 

Adaptive Capacity 

Salamanders were evaluated by regional experts as having low-moderate overall adaptive 
capacity (low confidence in evaluation). 
 
Species group extent, integrity, connectivity, and dispersal ability 

Regional experts evaluated salamanders as having a low-moderate geographic extent (high 
confidence in evaluation), moderate overall health and functional integrity (low confidence), 
and a low-moderate degree of connectivity between populations (low confidence).  
 
In northern California, many salamander species are widely but patchily spread across the 
landscape, while others are restricted to very small ranges (Nussbaum et al. 1983; Petranka 
1998; Thomson et al. 2016). For instance, the suite of three species of endemic Shasta 
salamanders (Hydromantes spp.) is found only within a limited area near Shasta Lake (Nauman 
& Olson 2004; Bingham et al. 2018), and the Siskiyou Mountains salamander is limited to a 
small range in the Siskiyou Mountains (Olson et al. 2009).  
 
Globally, 43% of amphibian species are experiencing population declines (Stuart et al. 2004), 
and declines in salamander species are part of this larger trend (Wake & Vredenburg 2008; 
Elliott et al. 2009; Thomson et al. 2016). Major declines have been documented in the 
abundance and range of many California species; for example,  the current range of many 
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salamander populations has been reduced by habitat loss and fragmentation as a result of 
development, timber harvesting, and disease, among other factors (Blaustein et al. 2010; Hof et 
al. 2011; Thomson et al. 2016). Climate change is expected to further accelerate abundance and 
range losses of amphibian species (Thomson et al. 2016). 
 
Regional experts evaluated salamanders as having a low dispersal ability (moderate confidence 
in evaluation). Barriers to dispersal were evaluated as having a moderate impact on the species 
group (moderate confidence). Land-use conversion, agriculture, roads/highways/trails, dams 
and water diversions, invasive species, timber harvest and clear-cuts, and geologic features 
were identified as the primary barriers to dispersal.7 These factors may prevent dispersal and 
successful recolonization of areas from which salamanders may have been extirpated (e.g., by 
distance or stressors such as wildfire, timber harvesting, water diversion, or disease; Thomson 
et al. 2016). The dispersal ability of salamanders is likely to be particularly limited by the 
practice of forest clear-cutting, as most species will not disperse any appreciable distance 
across non-forested habitat (Cushman 2006; Emel et al. 2019). The disappearance of some 
springs in a warmer, drier climate may also increase habitat fragmentation (Vuln. Assessment 
Reviewer, pers. comm., 2019). 
 
Mark-recapture studies and landscape genetics studies of gene flow patterns can offer insights 
to salamander movements and dispersal, but few studies of this nature have been investigated 
for salamanders in northern California. Known movement and dispersal distances range widely 
depending on species, available cover, distance to streams, and other factors (Johnston & Frid 
2002; Kluber et al. 2008; Emel et al. 2019). For instance, Hendrickson (1954) reported limited 
movement of only 1.5 m (5 ft) for the California slender salamander. By contrast, a summary of 
movement in Pacific Northwest salamanders by Olson et al. (2007) reported that salamanders 
captured away from streams (a measure of movement capability in stream-breeding 
salamanders) were found at maximum distances of 400 m for D. tenebrosus and 200 m for 
Rhyacotriton species (McComb et al. 1993; Gomez & Anthony 1996). Forest management can 
play a significant role in determining the movement and dispersal of some species. For instance, 
a study in British Columbia found that D. tenebrosus in clearcuts remained closer to streams, 
spent more time underground, and had smaller home ranges, whereas movements of 
salamanders in riparian buffer strips appeared similar to forested stands (Johnston & Frid 
2002). Olson and Kluber (2014) found a pattern of greater plethodontid movements among 
cover boards within 15 m of streams, and hypothesized that streamside riparian areas were 
functioning as critical habitat for some terrestrial salamanders due to their cool, moist 
microclimates (Anderson et al. 2007; Rykken et al. 2007), and were likely dispersal conduits. 
Overridge connectivity pathways linking headwater streams in distinct adjacent watersheds 
have also been modeled, showing potential dispersal routes and considerations for land 
management for species connectivity corridors (Olson & Burnett 2009, 2013). Using landscape 
genetics, Emel et al. (2019) confirmed gene flow of Rhyacotriton species across such ridgelines, 
with forest cover being a top predictor of gene flow among sites. Preliminary data for 

 
7 Barriers presented are those ranked as having a moderate or higher impact on this species; additional barriers 
that may limit habitat continuity and dispersal to a lesser degree include energy production and mining. 
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Dicamptodon tenebrosus also confirms overridge connectivity of populations in neighboring 
watersheds (D. Olson, pers. comm., 2019). 
 
Intraspecific/life history diversity 

Regional experts evaluated salamanders as having low-moderate life history diversity 
(moderate confidence in evaluation), moderate genetic diversity (low confidence), low-
moderate behavioral plasticity (moderate confidence), and moderate phenotypic plasticity (low 
confidence). 
 
Northern California salamanders demonstrate some diversity in life history strategies and 
behavioral/phenotypic plasticity, which likely evolved as adaptations to the wide range of 
habitats and climates they occupy (Welsh 1990; Petranka 1998; Thomson et al. 2016). 
Salamanders are able to move between habitat niches in response to local environmental 
stressors, providing them with some ability to mitigate the impacts of increasing stressors or 
disturbances (Welsh 1990; Diller & Wallace 1996). For instance, salamanders are known to 
retreat underground to avoid the impacts of high temperatures or short-term drought (Grant 
2018), or move to cooler aquatic refuge (Humphries & Baldwin 2003; Lake 2003) or thermally-
buffered talus slopes (Vuln. Assessment Reviewer, pers. comm., 2019). Terrestrial plethodontid 
salamanders can also delay egg-laying by several months in response to unfavorable 
environmental conditions (Petranka 1998). Over the longer-term, salamanders may adjust to 
warmer temperatures or shorter active seasons by decreasing body size, either through 
plasticity in growth response or changes in physiological response (i.e., energy allocation; 
Caruso et al. 2014; Grant 2018). Plethodontid salamander species have already demonstrated 
significant reductions in body size from the 1950s to 2012 as mediated through increased 
metabolism, consistent with a plastic response of body size to climate change (Caruso et al. 
2014). However, this response is unlikely to stop population losses due to climate changes that 
affect multiple parts of a species’ life history (Vuln. Assessment Reviewer, pers. comm., 2019). 
 
Genetic diversity of salamanders varies among species (Giordano et al. 2007; Thomson et al. 
2016), and can be extremely high for some species complexes (e.g., black salamanders; Reilly et 
al. 2012). Habitat elevation and topography influence genetic diversity within species by 
limiting dispersal across high ridges and other barriers (Giordano et al. 2007; Reilly et al. 2013). 
For instance, the southern long-toed salamander occurs in a larger variety of habitat types than 
any other salamander in the northwestern United States (Ferguson 1961; Nussbaum et al. 
1983), including arid grassland and sagebrush communities, dry woodlands, coniferous forests, 
alpine meadows, and a wide variety of intermediate habitat types (Ferguson 1961; Petranka 
1998; Pilliod & Fronzuto 2005). This species appears to be genetically differentiated at lower 
and higher elevation sites, and at higher elevation sites may have less genetic diversity due to 
lower connectivity and gene flow among sites (Giordano et al. 2007). Lack of habitat 
connectivity also plays a role in low genetic diversity for the southern torrent salamander in 
isolated pockets of vegetation (Petranka 1998; Emel & Storfer 2015). Because these 
salamanders rarely migrate long distances, small, isolated populations are at greater risk of low 
genetic diversity, increasing their vulnerability to stressors and disturbances in a changing 
climate (Giordano et al. 2007; Savage et al. 2010). Some species such as the black salamander 
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appear to comprise many Evolutionary Significant Units and/or species-level units, and a lack of 
knowledge about conservation genetics limits effective management of many species (Reilly et 
al. 2012; Reilly & Wake 2015). 
 

Resistance and recovery 

Regional experts evaluated salamanders as having low-moderate resistance to climate stressors 
and natural disturbance regimes (moderate confidence in evaluation). Recovery potential was 
evaluated as low-moderate (low confidence). 
 
Like many amphibians worldwide (Stuart et al. 2004; Wake & Vredenburg 2008), salamanders 
in California are declining due to climate change and habitat development and fragmentation 
(Thomson et al. 2016). Little demographic information exists to demonstrate recovery potential 
of these species (Vuln. Assessment Workshop, pers. comm., 2017). However, longer-lived 
species may be resilient to occasional periods of climate extremes. Similarly, species with 
greater fecundity may have more chances at surviving ‘bust years’ due to adverse conditions 
(Vuln. Assessment Reviewer, pers. comm., 2019). 
 
The limited ability of salamanders to disperse overland to new habitats reduces their ability to 
recover from localized disturbances that are likely to increase with climate change, including 
high-intensity wildfire and drying of habitat from increased air temperatures and hydrological 
changes (Petranka 1998; Thomson et al. 2016). In northern California, salamanders have 
adapted to habitat variability and environmental change through differing life history traits, 
behavioral plasticity, and physiological responses (Petranka 1998; Thomson et al. 2016). For 
example, the physiological response of skin shedding may be an important survival mechanism 
for salamanders against disease (Weinstein 2009), and salamanders may increase movements 
to cooler aquatic microrefugia in response to hydrologic changes in stream and pond habitats 
(Humphries & Baldwin 2003; Lake 2003). Species with greater dispersal ability may be better 
able to traverse landscapes to reach climate refugia in response to thermal and hydrologic 
changes such as these (Vuln. Assessment Reviewer, pers. comm., 2019). 
 
Management potential 

Public and societal value 
Regional experts evaluated salamanders as having moderate public and societal value (low 
confidence in evaluation).  
 
Despite their widespread distribution, salamanders are one of the least understood North 
American vertebrates due in part to their cryptic behavior (Petranka 1998), and there is limited 
public understanding of the threats facing salamanders (Vuln. Assessment Workshop, pers. 
comm. 2017). Multiple salamander species (e.g., southern torrent salamander, southern long-
toed salamander) are identified as conservation targets in the California State Wildlife Action 
Plan 2015 Update (CDFW 2015), several of which are also identified as federally sensitive 
species (CDFW 2019). However, funding and other resources for salamander conservation are 
much less than for similarly at-risk birds and mammals (Vuln. Assessment Reviewer, pers. 
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comm., 2019). There are some existing regulations to limit the effects of stressors on 
salamanders, including hunting, collecting, and timber harvest on stream-breeding species 
(Vuln. Assessment Workshop, pers. comm., 2017), and catastrophic events, such as high-
severity wildfires or prolonged droughts, would likely increase public awareness of and support 
for salamander conservation (Vuln. Assessment Workshop, pers. comm., 2017). 
 

Management capacity and ability to alleviate impacts8 
Regional experts evaluated the potential for reducing climate impacts on salamanders through 
management as low-moderate (low confidence in evaluation).  
 
The scientific literature suggests multiple approaches to protect salamanders and their habitats 
from changing stressors and disturbance regimes (Shoo et al. 2011). Many of these strategies 
focus on reducing habitat degradation and loss associated with non-climate stressors such as 
timber harvest. For instance, intensive management and harvesting techniques such as clear-
cutting and plantation forestry have significant adverse impacts on salamanders (DeMaynadier 
& Hunter 1995). Healthy populations of salamanders can be maintained by using partial harvest 
techniques and long-term rotation cycles, in combination with the protection of mature forests 
that provide optimal habitat (DeMaynadier & Hunter 1995). These protected areas should 
include core habitats within riparian zones utilized by breeding amphibians, with recommended 
buffer widths varying depending on upland harvest strategies (DeMaynadier & Hunter 1995; 
Semlitsch & Bodie 2003; Olson et al. 2007; Olson 2015; Reeves et al. 2018). These buffers may 
maintain populations and allow corridors for repopulation once forest regeneration has created 
suitable habitat in harvested uplands (Bury & Corn 1988a; Olson & Burnett 2009, 2013; Olson & 
Kluber 2014). Other salamander habitats that could be prioritized for protection include 
springs, seeps, and other headwater habitats (Petranka 1998); large rock outcrops; talus slopes; 
ponds; and unique patches of habitat that are critical to certain highly sensitive species (e.g., 
Del Norte salamander; Bury & Corn 1988b; Herrington 1988). However, these strategies may 
not sufficiently guard salamanders from the negative impacts of climate change due to their 
high sensitivity to desiccation (Vuln. Assessment Reviewer, pers. comm., 2019).  
 
Maintaining moist microsites in upland habitats is critical, and managers should consider 
leaving downed wood on the forest floor for terrestrial salamanders, as well as preserving 
canopy cover to prevent soil drying and the alteration of understory vegetation (Welsh & Lind 
1991; Olson & Burnett 2009, 2013; Shoo et al. 2011). Prescribed burning activities (including 
cultural burning practices; e.g., see Table 2) should be managed to minimize the risk of adult 
mortality, while maximizing the potential benefits of fire for aquatic and riparian systems (Bury 
et al. 2002; Dwire & Kauffman 2003; Norgaard et al. 2016; Karuk Tribe 2019). Other strategies 
that could minimize stress include minimizing disease spread by limiting pathogen introduction 
and promoting early detection through surveillance of high-risk areas (Richgels et al. 2016). 
 

 
8 Further information on climate adaptation strategies and actions for northern California can be found on the 
project page (https://bit.ly/31AUGs5). 

https://bit.ly/31AUGs5
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Table 2. Effects of prescribed fire on salamanders across time (table adapted from Norgaard et al. 2016). 
Cultural burning practices, in particular, have played a role in maintaining these species on the 
landscape over very long time scales. 

Immediate 2-Year Long Term 

• Cultural burning takes the 
salamander life cycle into 
account and avoids burning 
while salamanders are most 
vulnerable to mortality from 
fire 

• Increased stream 
productivity following fire 

• Recruitment of woody 
material from dead trees to 
aquatic and riparian systems 

• Increased temporal and 
spatial complexity in upland 
habitats 

• Reduced risk of high-severity 
fire 

Source(s): Bury et al. 2002; Dwire & Kauffman 2003; Perry et al. 2011; Norgaard et al. 2016; Karuk 
Tribe 2019 

 
Given the lack of data on amphibians, it will also be necessary to fill key research gaps on 
salamander ecology, distribution, genetics, and response to stressors/adaptation ability (Pilliod 
et al. 2003; Thomson et al. 2016; Vuln. Assessment Reviewer, pers. comm., 2019). For instance, 
research suggests that several species complexes (e.g., black salamanders, southern torrent 
salamanders) have very high genetic diversity and may represent multiple species (Miller et al. 
2006; Olson et al. 2009; Reilly et al. 2012), but our lack of knowledge about these species 
creates a management challenge (Vuln. Assessment Reviewer, pers. comm., 2019). Thomson et 
al. (2016) suggest that California launch a program that funds and synthesizes peer-review 
analyses of basic ecology combined with long-term monitoring studies to evaluate demographic 
trends at a set of sites for each species. Other research could include investigating the effects of 
wildfire on salamanders in cold headwater streams (Corn et al. 2003; Hossack & Pilliod 2011). 
 

Ecosystem services 
Salamanders play an important ecological role in both terrestrial and aquatic habitats as 
predators of invertebrates and small mammals (Bury 1972; Burton & Likens 1975; Best & Welsh 
2014), inhabiting an essential trophic level in the ecosystem in which leaf litter and invertebrate 
biomass is converted to vertebrate biomass far more efficiently than by birds and mammals 
(Pough 1980; Welsh & Lind 1992; Best & Welsh 2014). In turn, salamanders provide food for a 
variety of fish, snakes, small mammals, woodland birds and herons, and invertebrates (Petranka 
1998; Davic & Welsh 2004). For example, these small vertebrates inhabit an essential trophic 
level in the ecosystem in which leaf litter and invertebrate biomass is converted to vertebrate 
biomass far more efficiently than by birds and mammals (Pough 1980; Welsh & Lind 1992; Best 
& Welsh 2014). Aquatic-larval salamanders that transform to terrestrial adults also have a key 
functional role in transferring energetic subsidies from aquatic systems to uplands, and vice 
versa (reciprocal subsidies; (Baxter et al. 2005; Semlitsch et al. 2014). In addition, salamanders 
have many bioactive compounds in their skin, and they play important roles in nutrient cycling 
(Burton & Likens 1975; Semlitsch et al. 2014). Salamanders also provide an important service to 
humans as a biosentinel of ecosystem health and integrity (Petranka 1998; Davic & Welsh 
2004). 
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In addition to ecological values, the coastal giant salamander is a culturally significant indicator 
species for northern California tribes (Norgaard et al. 2016; Karuk Tribe 2019). For Karuk 
cultural practitioners, the presence of dead or dying salamanders indicates critically high water 
temperatures and imminent system collapse (Karuk Tribe 2019). In traditional Karuk culture, 
the coastal giant salamander is considered a spiritual being who transforms into a salamander 
to monitor water quality (Norgaard et al. 2016; Karuk Tribe 2019). Similar spiritual values of 
salamanders are echoed in other Northwest tribes, for example the Squamish Nation in British 
Columbia, Canada ascribes healing powers to salamanders, and has designated a stream 
reserve area as a “high spiritual value area” for salamanders (Olson 2014). 
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Northern California Climate Adaptation Project: 

Vulnerability Assessment Methods and Application 

 

Defining Terms 

Exposure: A measure of how much of a change in climate or climate-driven factors a resource is 
likely to experience (Glick et al. 2011). 

Sensitivity: A measure of whether and how a resource is likely to be affected by a given change 
in climate or factors driven by climate (Glick et al. 2011). 

Adaptive Capacity: The ability of a resource to accommodate or cope with climate change 
impacts with minimal disruption (Glick et al. 2011). 

Vulnerability: A function of the sensitivity of a particular resource to climate changes, its 
exposure to those changes, and its capacity to adapt to those changes (IPCC 2007). 

 

Vulnerability Assessment Model 

The vulnerability assessment model applied in this process was developed by EcoAdapt 
(EcoAdapt 2014a; EcoAdapt 2014b; Kershner 2014; Hutto et al. 2015; Gregg 2018),9 and 
includes evaluations of relative vulnerability by local and regional stakeholders who have 
detailed knowledge about and/or expertise in the ecology, management, and threats to focal 
habitats, species groups, individual species, and the ecosystem services that these resources 
provide. Stakeholders evaluated vulnerability for each resource by discussing and answering a 
series of questions for sensitivity and adaptive capacity. Exposure was evaluated by EcoAdapt 
using projected future climate changes from the scientific literature. Each vulnerability 
component (i.e., sensitivity, adaptive capacity, and exposure) was divided into specific 
elements. For example, habitats included three elements for assessing sensitivity and six 
elements for adaptive capacity. Elements for each vulnerability component are described in 
more detail below.  
 
In-person workshops were held in Eureka, Redding, and Upper Lake between May and October 
2017. Participants self-selected habitat and species group/species breakout groups and 
evaluated the vulnerability of each resource. Participants were first asked to describe the 
habitat and/or to list the species to be considered in the evaluation of an overarching species 
group. Due to limitations in workshop time and participant expertise, multiple resources were 
not assessed during these engagements. Evaluations for remaining habitats, species groups, 
and species were completed by contacting resource experts.10 

 
9 Sensitivity and adaptive capacity elements were informed by Lawler 2010, Glick et al. 2011, and Manomet Center 
for Conservation Sciences 2012. 
10 Resources evaluated by experts included: coastal bluff/scrub habitats, coastal conifer hardwood forest, true fir 
forest, lakes/ponds, freshwater marshes, vernal pools, seeps/springs, native insect pollinators, native ungulates, 
salamanders, frogs, native mussels, marbled murrelet, and northwestern pond turtle. 
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Stakeholders assigned one of five rankings (High, Moderate-High, Moderate, Low-Moderate, or 
Low) for sensitivity and adaptive capacity. EcoAdapt assigned rankings for projected future 
climate exposure. Rankings for each component were then converted into scores (High-5, 
Moderate-High-4, Moderate-3, Low-Moderate-2, or Low-1), and the scores were averaged 
(mean) to generate an overall score. For example, scores for each element of habitat sensitivity 
were averaged to generate an overall habitat sensitivity score. Scores for exposure were 
weighted less than scores for sensitivity and adaptive capacity because the uncertainty about 
the magnitude and rate of future change is greater. Sensitivity, adaptive capacity, and exposure 
scores were combined into an overall vulnerability score calculated as: 
 
 Vulnerability = [(Climate Exposure*0.5) x Sensitivity] - Adaptive Capacity 
 
Elements for each component of vulnerability were also assigned one of three confidence 
rankings (High, Moderate, or Low). Confidence rankings were converted into scores (High-3, 
Moderate-2, or Low-1) and the scores averaged (mean) to generate an overall confidence 
score. These approximate confidence levels were based on the Manomet Center for 
Conservation Sciences (2012) 3-category scale, which collapsed the 5-category scale developed 
by Moss and Schneider (2000) for the IPCC Third Assessment Report. The vulnerability 
assessment model applied here assesses the confidence associated with individual element 
rankings and, from these rankings, estimates the overall level of confidence for each 
component of vulnerability and then for overall vulnerability. 
 
Stakeholders and decision-makers can consider the rankings and scores presented as measures 
of relative vulnerability and confidence to compare the level of vulnerability among the focal 
resources evaluated in this project. Elements that received lower confidence rankings indicate 
knowledge gaps that applied scientific research could help address. 
 

Vulnerability Assessment Model Elements 

Sensitivity & Exposure (Applies to Habitats, Species Groups, Species) 

• Climate and Climate-Driven Factors: e.g., air temperature, precipitation, freshwater 
temperature, soil moisture, snowpack, extreme events: drought, altered streamflows, 
etc. 

• Disturbance Regimes: e.g., wildfire, flooding, drought, insect and disease outbreaks, 
wind 

• Future Climate Exposure: e.g., consideration of projected future climate changes (e.g., 
temperature and precipitation) as well as climate-driven changes (e.g., altered fire 
regimes, altered water flow regimes, shifts in vegetation types) 

• Stressors Not Related to Climate: e.g., tectonic and volcanic events; residential or 
commercial development; agriculture and/or aquaculture; roads, highways, trails; dams 
and water diversions; invasive and other problematic species; livestock grazing; fire 
suppression; timber harvest; mining; etc. 
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Sensitivity & Exposure (Applies to Species Groups and Species) 

• Dependencies: e.g., dependencies on sensitive habitats, specific prey or forage species, 
and the timing of the appearance of these prey and forage species (concern for 
mismatch) 

Sensitivity & Exposure (Applies to Species ONLY) 

• Life History: e.g., species reproductive strategy, average length of time to reproductive 
maturity 

 

Adaptive Capacity (Applies to Habitats, Species Groups, Species) 

• Extent, Integrity, and Continuity/Connectivity: e.g., resources that are widespread vs. 
limited, structural and functional integrity (e.g., degraded or pristine) of a habitat or 
health and functional integrity of species (e.g., endangered), isolated vs. continuous 
distribution 

• Landscape Permeability: e.g., barriers to dispersal and/or continuity (e.g., land-use 
conversion, energy production, roads, timber harvest, etc.) 

• Resistance and Recovery: e.g., resistance refers to the stasis of a resource in the face of 
change, recovery refers to the ability to “bounce back” more quickly from the impact of 
stressors once they occur  

• Management Potential: e.g., ability to alter the adaptive capacity and resilience of a 
resource to climatic and non-climate stressors (societal value, ability to alleviate 
impacts, capacity to cope with impacts) 

• Ecosystem Services: e.g., provisioning, regulating, supporting, and/or cultural services 
that a resource produces for human well-being 

 

Adaptive Capacity (Applies to Habitats ONLY) 

• Habitat Diversity: e.g., diversity of physical/topographical characteristics, component 
native species and functional groups 

•  

Adaptive Capacity (Applies to Species Groups, Species) 

• Dispersal Ability: i.e., ability of a species to shift its distribution across the landscape as 
the climate changes 

• Intraspecific/Life History Diversity: e.g., life history diversity, genetic diversity, 
phenotypic and behavioral plasticity 
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