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Endemic Habitats 

Northern California Climate Change Vulnerability Assessment Synthesis 

An Important Note About this Document: This document represents an initial evaluation of vulnerability 
for endemic habitats 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 habitat vulnerability to changing climate conditions, and to provide a 
foundation for developing appropriate adaptation responses. 

Peer reviewers for this document included Anonymous (Bureau of Land Management), Julie Nelson (U.S. 
Forest Service), and Eric Ritter (Bureau of Land Management). Vulnerability scores were provided by 
Eureka and Redding workshop participants. 
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Habitat Description 

Within the context of this assessment, endemic habitats are considered geologic islands 
influenced by extreme abiotic factors relating to the soil/substrate (i.e., edaphic conditions), 
which can include shallow substrate depth, macronutrient deficiency, and high micronutrient or 
heavy metal toxicity. Examples of edaphic endemic habitats that occur in northwestern 
California include rock outcrops, cliffs and talus slopes; serpentine; hydro-thermally-altered 
rocks; saline-alkaline soils; and limestone and other carbonate rocks. In addition to surface 
edaphic endemic habitats, this vulnerability assessment also considers subterranean rock 
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shelters, limestone caves, and lava tubes in the northwestern California region. Because they 
are typically surrounded by much larger areas of normal substrates, these extreme geologic and 
edaphic habitats are analogous to isolated habitat islands (Kruckeberg 1986, 1991; Rajakaruna 
2004). Endemic ecosystems provide habitat for hundreds of plant, lichen, invertebrate, and bat 
species that have evolved in isolation under extreme site and/or microclimate conditions, 
resulting in many rare and/or endemic species (including single-site endemics) and unique 
species assemblages (Rajakaruna 2004; Safford et al. 2005; Kruckeberg 2006; O’Dell & 
Rajakaruna 2011; Yost et al. 2012; Harrison 2013; Rajakaruna et al. 2014). 
 
Rock outcrops, cliffs, and talus slopes 
Exposed bedrock outcrops, talus slopes, barrens, and cliffs are scattered across the region, 
often at higher elevations (Vuln. Assessment Workshop, pers. comm., 2017). These landforms 
occur in diverse geologic settings, with slopes that range from vertical to flat (Parisi 1988; 
Rundel & Millar 2016; Vuln. Assessment Workshop, pers. comm., 2017). Although the chemical 
composition of these habitats may not be unusual, frequent substrate movement and poor 
water-holding capacity results in low vegetation cover (Vuln. Assessment Reviewer, pers. 
comm., 2019). For example, Castle Crags bellflower (Campanula shetleri) and Castle Crags ivesia 
(Ivesia longebracteata) only occur in high granitic spires and cliffs near the town of Castella in 
Shasta County, where few other plants can survive (Vuln. Assessment Reviewer, pers. comm., 
2019). Because soil development in these environments is very slow, biological communities 
often include lichens on exposed surfaces and isolated vascular plants within protected 
microenvironments (Körner 2007; Aho et al. 2014). Many talus slopes are relict landforms, but 
some remain highly mobile (Luckman 2013). Cliffs may also occur naturally or along human-
created road cuts (Vuln. Assessment Workshop, pers. comm., 2017). 
 
Serpentine 
Ultramafic rocks (i.e., serpentine) include serpentinite and peridotite rocks, which weather at 
the Earth surface to form soils with distinctive chemical and physical properties (Kruckeberg 
1984; Alexander et al. 2007). The resulting soils have extreme deficiencies of macronutrients 
required by plants (e.g., nitrogen, phosphorus, potassium, calcium) and toxic concentrations of 
magnesium and heavy metals such as nickel (Kruckeberg 1984; Alexander et al. 2007). These 
properties restrict plant establishment and growth, so serpentine vegetation is generally sparse 
(Kruckeberg 1984; Alexander et al. 2007). Serpentine communities generally include many 
endemic plant species that are poor competitors in more productive soils, but have specialized 
physiological adaptations to cope with extreme calcium deficiency and magnesium toxicity 
(Safford et al. 2005; Alexander et al. 2007; Harrison 2013). In northern California, endemic 
serpentine habitats occur at a range of elevations in the Klamath Mountains and North Coast 
Ranges south through the Berryessa Snow Mountain National Monument (Kruckeberg 1984; 
Alexander et al. 2007). They are associated with several important ultramafic geologic features 
including the Josephine ophiolite (Harper 1984), the Rattlesnake Creek terrane (Wright & Wyld 
1994), and the Trinity Ultramafic Sheet (Alexander et al. 2007). 
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Hydrothermally-altered rocks 
Hydrothermally-altered substrates occur at hydrothermal steam vents and hot springs (O’Dell 
2014) and contain an abundance of elemental sulfur and sulfide minerals that undergo 
microbally-mediated oxidation upon exposure to the atmosphere (Billings 1950; Salisbury 1954, 
1964). This results in substrate acidification and the generation of sulfuric acid, exacerbating 
macronutrient deficiencies and heavy metal toxicity (Billings 1950; Salisbury 1954, 1964). The 
sulfuric acid and heavy metals can also affect perennial water sources as acid mine drainage 
(AMD; O’Dell 2014), which in northwestern California primarily occurs within the Shasta 
copper-zinc district (e.g. Iron Mountain northwest of Redding; Kinkel et al. 1956). 
Hydrothermally-altered habitats also occur in several other isolated mining complexes in the 
region (e.g. Grey Eagle Mine north of Happy Camp; Vuln. Assessment Reviewer, pers. comm., 
2019). Some plant species, such as Vaccinium shastense subsp. shastense, have become 
edaphic endemic specialists of hydrothermally-altered rocks of the region (Nelson & Lindstrand 
2015). 
 
Saline-alkaline seeps and sinks 
Saline substrates have a high concentration of salt, which impairs plant growth by making it 
difficult for plants to draw water from the soil and inhibiting metabolic processes (Saslis-
Lagoudakis et al. 2014). Saline substrates are frequently associated with alkaline pH, which 
decreases the soil availability of nutrients (Saslis-Lagoudakis et al. 2014). Some plant families 
(e.g., Chenopodiaceae) and particular genera in other plant families (e.g., Puccinellia in 
Poaceae) have specialized physiological adaptations to cope with high salinity (Saslis-Lagoudakis 
et al. 2014). For instance, saltgrass (Distichlis spicata) is a common indicator species from small 
saline springs and seeps (Vuln. Assessment Reviewer, pers. comm., 2020). The local endemic 
Puccinellia howellii is known from only one location, the 1-acre saline Crystal Springs complex 
within Whiskeytown National Recreation Area in the Klamath Mountains (Cooper & Wolf 2007). 
Other saline-alkaline spring/sink complexes are located between the cities of Weed and Yreka 
in Siskiyou County, which are ecologically most similar to saline-alkaline sinks of the Great 
Basin. Saline sites also occur in the geothermal region around Clear Lake (Vuln. Assessment 
Reviewers, pers. comm., 2019 and 2020). One species, Calochortus monanthus, was endemic to 
the saline-alkaline seep and wetland complexes in this area, but has not been seen in 100 years 
and is now presumed extinct (Rejmánek 2018; Vuln. Assessment Reviewer, pers. comm., 2019).  
 
Limestone, marble, dolomite, and other carbonate rocks 
Carbonate substrates are comprised of the skeletal remains of marine organisms (O’Dell 2014), 
and result in the opposite extreme chemical condition of serpentine with very high calcium to 
magnesium ratio (Kruckeberg 2006). Karst terrain occurs where these soluble rocks are 
dissolved by naturally acidic surface or groundwater, creating landscapes with complex 
underground systems that include caves, sinkholes, and large aquifers (Winter et al. 1998). 
Limestone and other soluble carbonate rocks (e.g., dolomite, marble, gypsum) are less 
prevalent in northern California than are volcanic, metasedimentary, sedimentary, granitic, and 
ultramafic rocks (Vuln. Assessment Reviewer, pers. comm., 2019). Although isolated chunks of 
limestone occur throughout the region, they only occur in more extensive contiguous outcrops 
within the Hosselkus and McCloud Formations in Shasta and Siskiyou Counties (Vuln. 
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Assessment Reviewer, pers. comm., 2019). These formations are home to a suite of rare, 
endemic plant species (Harrison 2013), including Shasta snakeroot (Ageratina shastensis), 
Shasta limestone monkeyflower (Erythranthe taylori), Shasta snow-wreath (Neviusia cliftonii), 
and Marble Mountain catchfly (Silene marmorensis; O’Dell 2014). 
 
Subsurface ecosystems – caves, rock shelters, and lava tubes 
Northern California contains caves formed by the dissolution of soluble rock (i.e., solution 
caves, which often occur within karst landscapes), caves and rock shelters that are formed by 
rock fall/talus features, and lava tubes (Winter et al. 1998; Vuln. Assessment Workshop, pers. 
comm., 2017). Caves contain distinct zones with differing environmental conditions and biotic 
communities: the entrance zone, twilight zone, and dark zone (Elliott et al. 2017). Generally, 
caves are very steady environments, with light, humidity, airflow, and air chemistry variability 
declining with increasing distance into the cave (Badino 2010; Vuln. Assessment Workshop, 
pers. comm., 2017). Caves are scattered throughout northwestern California, and are 
particularly common in the Klamath and Shasta-Trinity National Forests (Elliott et al. 2017). 
Larger groups of caves occur in the Marble Mountains and in the McCloud Limestone formation 
in the Shasta Lake region (Elliott et al. 2017), including Samwell Cave, which is located within 
karst topography near Shasta Lake (Vuln. Assessment Reviewer, pers. comm., 2019). 
Abandoned mines may also function as caves by providing habitat for cave-dwelling species 
(Elliott et al. 2017), and abandoned metal mines represent extreme edaphic habitats for plants 
(O’Dell 2014). 
 
The physical characteristics of rock shelters are more variable depending on the characteristics 
of surrounding rocks, and they typically do not have “dark zones” (Vuln. Assessment Reviewer, 
pers. comm., 2019). Fissures and cracks above the rock shelter may allow trapped moisture to 
make its way down onto the roof of the shelter, depositing salts (Vuln. Assessment Reviewer, 
pers. comm., 2019). Many rock shelters and some caves have aprons/cones of rock fragments 
in front of them, sometimes including cultural or anthropic deposits (Vuln. Assessment 
Reviewer, pers. comm., 2019). 
 
Lava tubes are volcanic features that form when the outer surface of a lava flow cools and 
hardens while the molten lava within continues to flow and eventually drains out of the 
hardened tube (Kilburn 2000). Volcanic terrain, such as occurs in Shasta and Siskiyou Counties, 
is associated with variable and complex substrates that can include exposed lava flows, scab 
rock, and tumuli (pressure ridges; Vuln. Assessment Reviewer, pers. comm., 2019). A very large-
diameter lava tube named Pluto’s Cave occurs in Shasta County (Vuln. Assessment Reviewer, 
pers. comm., 2019). However, most lava tubes in the state are clustered outside of the study 
area in northeastern California (Elliott et al. 2017).  

 

Executive Summary 

The relative vulnerability of surface endemic habitats in northern California was evaluated as 
moderate by regional experts due to moderate-high sensitivity to climate and non-climate 
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stressors, moderate exposure to projected future climate changes, and low-moderate adaptive 
capacity. Subsurface endemic habitats were evaluated as having moderate vulnerability due to 
low-moderate sensitivity, moderate-high future exposure, and low-moderate adaptive capacity. 
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• Air temperature, heat waves, precipitation amount and timing, soil moisture, drought, 
snowpack amount, timing of snowmelt/runoff 

Disturbance regimes:  

• Wildfire, flooding 

Non-climate stressors:  

• Invasive species, fire suppression, livestock grazing 

 

Endemic habitats are sensitive to climate factors that alter surface energy (e.g., air 
temperature, heat waves) and water supply (precipitation, soil moisture, drought, snowpack, 
timing of snowmelt and runoff) in endemic ecosystems. Changes in these factors may increase 
physiological stress in plants, altering competitive dynamics within species assemblages. 
Climate changes and disturbances (e.g., wildfire, flooding) can also result in physical changes 
such as soil erosion in endemic habitats, as well as altered microclimate conditions following 
changes in physical conditions or vegetation structure (e.g., type conversion of forest to 
chaparral following wildfire). Non-climate stressors can further exacerbate the negative impacts 
of climate change. For instance, increased competition from invasive species may contribute to 
the loss of rare plants and invertebrates, particularly where systems have already been altered 
or degraded (e.g., increased nutrient inputs in serpentine habitats). 
 

Rank (Confidence) Surface Endemic Habitats  Subsurface Endemic Habitats  

Sensitivity Moderate-High (High) Low-Moderate (High) 

Exposure Moderate (Low) Moderate-High (Moderate) 

Adaptive Capacity Low-Moderate (Moderate) Low-Moderate (High) 

Collective Vulnerability Moderate (Moderate) Moderate (Moderate) 
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Factors that enhance adaptive capacity:  

+ Support highly specialized biota adapted to unique environmental conditions 

+ Somewhat buffered from the impacts of human disturbance and invasive species 
colonization in high-elevation and/or remote locations 

+ Caves and talus habitats support relatively stable thermal regimes that are buffered from the 
impacts of rapid climate change 

Factors that undermine adaptive capacity:  

− Rock-dominated habitat cannot move in response to changing climate, and associated biota 
will likely need to adapt or migrate to new habitat to survive, if possible 

− Human visitation and use of caves can increase degradation and reduce adaptive capacity 

− Isolated, fragmented habitats; difficult for wildlife and plants to move between habitat 
islands 

 
The high topographic and geologic complexity of the region have contributed to high rates of 
genetic divergence and speciation within endemic habitats, allowing specialized species to 
survive in areas where competition from habitat generalists is low. Endemic habitats in 
northern California are typically isolated, which limits opportunities for biotic migration and 
dispersal in respose to climate and non-climate stressors. Endemic habitats are valued for their 
biological diversity and recreation potential, and many rare endemic plant species are 
protected by state and federal legislation. Management of these habitats is likely to focus on 
the identification and protection of refugia at varying spatial scales, as well as the protection of 
endemic habitats and rare species from land-use change and disturbance. 

 

Sensitivity and Exposure 

Surface endemic habitats were evaluated by regional experts as having moderate-high overall 
sensitivity (high confidence in evaluation) and moderate overall future exposure (low 
confidence) to climate and climate-driven factors, changes in disturbance regimes, and non-
climate stressors. Subsurface endemic habitats were evaluated as having low-moderate overall 
sensitivity (high confidence) and moderate-high future exposure (moderate confidence). 
 
Predicting the future persistence and distribution of edaphic endemic plants is difficult due to 
their association with unique geologic and topographic features. Changes in climatic conditions 
may impact the niche of endemic plant species, and the ability of a given species to migrate to 
newly suitable areas is dependent on both plant dispersal ability and the extent and continuity 
of appropriate edaphic conditions required for that species (Damschen et al. 2012; Cunze et al. 
2013). 
 

Sensitivity and future exposure to climate and climate-driven factors 

Regional experts evaluated surface endemic habitats 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). 
Subsurface endemic habitats were evaluated as having low sensitivity to climate and climate-
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driven factors (high confidence) and moderate-high future exposure to these factors (moderate 
confidence). Key climatic factors that affect endemic habitats include air temperature, heat 
waves, precipitation amount and timing, soil moisture, drought, snowpack amount, and timing 
of snowmelt and runoff (see Table 1).1 

Table 1. Current and projected future trends in key climate and climate-driven factors within the study 
region, as well as their potential impacts on endemic habitats. 

Air temperature and heat waves2 

Historical & current trends: 

• 0.03°C (0.05°F) decrease to 0.2°C (0.4°F) 
increase in the average annual temperature 
between 1900 and 2009 for the Northwestern 
California and Southern Cascade 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: 

• 2.2–5.5°C (4.0–9.9°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, and Southern Cascade 
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 2.2–6.7°C (4.0–12.1°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 

• Increased heat and drought may cause local extinctions of endemic plant species due to 
discontinuity (island-like distribution) of habitat (Ackerly 2003; Harrison & Noss 2017), and may 
already be occurring in lower-elevation Sedum species (Zika et al. 2018). Dispersal and migration 
from south-facing to north-facing slopes may allow some plant species to persist in topographic 
microrefugia and/or track their microclimate across the landscape (Damschen et al. 2010), 
depending on dispersal ability and edaphic habitat extent and connectivity (Loarie et al. 2008; 
Damschen et al. 2012; Anacker et al. 2013). 

 
1 Climate and climate-driven factors presented are those ranked as having a moderate or higher impact on one or 
more of the habitats considered in this group; additional climate and climate-driven factors that may influence 
subsurface habitats to a lesser degree include streamflow and water temperature. 
2 Trends in climate factors and natural disturbance regimes presented in this and subsequent summary tables are 
not habitat-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. 
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o Less frequent freeze/thaw cycles may benefit cliff-resident plants, mosses, lichens, and 
invertebrates by providing more stable environmental conditions (Vuln. Assessment Workshop, 
pers. comm., 2017). 

• Multiple studies have found that plants and invertebrates with narrow thermal tolerances are more 
vulnerable to climate change, while those that can withstand a wide range of temperatures are more 
likely to continue to experience conditions that remain within their thermal limits (Anacker et al. 
2013; Sánchez-Fernández et al. 2016). 

• In general, mobile species are less sensitive to extreme heat events than plants and sedentary 
wildlife species because they are able to seek out thermal refugia (Vuln. Assessment Workshop, 
pers. comm., 2017). 

• In subsurface habitats such as caves, annual and interannual temperature variability can be very low 
(Badino 2004, 2010). Due to the heat sink effect of rock (i.e., thermal inertia), cave interiors are likely 
to warm more slowly (by up to several decades) and steadily than surface habitats (Badino 2004). 
Cave entrances and shallow caves/rock shelters are likely to experience more rapid changes (Badino 
2004). 

• Other more general impacts of warming air temperatures include enhanced extent and rate of 
spread of invasive species in California (Wolf et al. 2016) and increased risk of wildfire due to 
reductions in fuel moisture (Abatzoglou & Williams 2016; Gergel et al. 2017). 

Precipitation amount/timing, soil moisture, and drought 

Historical & current trends: 

• 7.2–9.4 cm (2.8–3.7 in) increase in mean annual 
precipitation between 1900 and 2009 for the 
Northwestern California and Southern Cascade 
ecoregions (Rapacciuolo et al. 2014) 

• No published studies are available evaluating 
temporal soil moisture trends in the study 
region 

• 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: 

• 20% decrease to 34% increase in mean annual 
precipitation by 2100 (compared to 1951–
1980) for the North Coast, Northern Coast 
Range, Northern Interior Coast Range, Klamath 
Mountain, and Southern Cascade ecoregions 

(Flint et al. 2013; Flint & Flint 2014)3 

• 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) 

• 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) 

 
3 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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• 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 

• Soil texture and depth strongly influence water storage and soil moisture availability, and play a role 
in determining the distribution of endemic plant species. As a result, plant community composition 
within edaphic endemic habitats often varies along moisture gradients associated with differences in 
physical soil/substrate properties (Yost et al. 2012; Aho et al. 2014; Rossington et al. 2018). 
o Substrates with very shallow soils (e.g., rock outcrops) dry out quickly because they are unable to 

store water for longer periods, resulting in more variable moisture availability that is closely tied 
to precipitation timing (Vuln. Assessment Workshop, pers. comm., 2017). However, rock 
outcrops, cliffs, rock shelters, and talus slopes can contain pockets of sediment, and water can 
collect in fissures and cracks (Vuln. Assessment Reviewer, pers. comm., 2019). Soil moisture may 
also be higher in shaded microsites (e.g., under large blocks on talus slopes) where evaporation is 
reduced (Pérez 1998). 

• Changes in precipitation timing and amount are likely to impact the reproduction of edaphic 
specialists and could be associated with shifts in species composition towards more drought-tolerant 
species (Aho et al. 2014; Rossington et al. 2018; Zika et al. 2018). For instance, drier conditions may 
benefit succulents by giving them a competitive advantage over other species (Vuln. Assessment 
Workshop, pers. comm., 2017).  
o However, the high prevalence of stress-tolerant functional traits in plant communities adapted to 

harsh edaphic conditions (Fernandez-Going et al. 2012; Fernandez-Going & Harrison 2013) may 
reduce their sensitivity to drier conditions and increased drought compared to plant communities 
on more productive soils (Harrison et al. 2015a, 2015b). Nevertheless, extreme drought 
conditions may exceed critical stress thresholds for endemic habitats, resulting in declines in 
species richness and diversity (Damschen et al. 2010; Harrison et al. 2015b; Copeland et al. 2016). 

• Greater precipitation variability may increase the risk of invasion by non-native species. However, 
serpentine plant communities are generally more resistant to precipitation-driven changes in exotic 
species establishment compared to non-serpentine communities because nutrient limitations are 
the primary limiting factor rather than precipitation (Fernandez-Going et al. 2012; Eskelinen & 
Harrison 2013; Fernandez-Going & Harrison 2013). 

• Plants and invertebrates at cave mouths and organisms associated with shallow caves and rock 
shelters are likely more sensitive to changes in moisture, humidity, and drought compared to those 
that live within deeper environments (Vuln. Assessment Workshop, pers. comm., 2017). 

• In general, species with restricted dispersal ability are likely to be more sensitive to changes in 
temperature than mobile species because they are less able to shift their range in response to 
changing climatic conditions (i.e., due to lack of connectivity between isolated habitat patches) 
and/or seek out refugia during extreme events (Vuln. Assessment Workshop, pers. comm., 2017). 

• Decreased rainfall and drought reduces groundwater recharge and may result in decreased spring 
discharge or total drying of springs (Vuln. Assessment Reviewer, pers. comm., 2019). 
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Snowpack amount and timing of snowmelt and runoff 

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 

• Endemic habitats at high elevations are likely to be impacted by declines in snowpack, which provide 
a major moisture source in semi-arid environments (Bishop 2010). Snowpack declines are likely to 
be associated with reduced growth and reproduction and possible range declines in species 
impacted by reduced moisture availability (CDFW 2018; Zika et al. 2018).  
o For instance, Lassics lupine (Lupinus constancei), which exists only on high-elevation serpentine 

soils in Humboldt and Trinity Counties, experienced a significant decline in 2015 (CDFW 2018), 
likely due to negligible winter snowpack during the winters of 2013-2014 and 2014-2015, in 
combination with historic drought and fire (CDFW 2018). 

• The presence of snow insulates plants in the winter, providing protection from wind desiccation and 
extreme cold (Bishop 2010). Thus, snowpack reductions may increase plant mortality or injury 
(Bishop 2010). 

 

Sensitivity and future exposure to changes in natural disturbance regimes 

Regional experts evaluated endemic habitats as having moderate-high sensitivity to changes in 
natural disturbance regimes (high confidence in evaluation for surface habitats, moderate 
confidence for subsurface habitats). Surface endemic habitats were evaluated as having an 
overall moderate future exposure to these stressors within the study region (moderate 
confidence), while subsurface habitats were evaluated as having an overall moderate-high 
future exposure to these stressors (moderate confidence). Key disturbance regimes that affect 
endemic habitats are wildfire and flooding (see Table 2).4 

 
4 All disturbance regimes presented were ranked as having a moderate or higher impact on one or more of the 
habitats considered in this group. Earthquakes, volcanic activity, and landslides can also act as disturbances in 
these habitats. 
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Table 2. Current and projected future trends in natural disturbance regimes, as well as potential impacts 
on endemic habitats. 

Wildfire 

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 temporal 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 

• Fire regimes in endemic habitats are tied to those of the surrounding areas (Vuln. Assessment 
Workshop, pers. comm., 2017), but serpentine soils have a strong effect on vegetation community 
response to fire (Harrison et al. 2003; Safford & Harrison 2004, 2008). Generally, post-fire recovery 
on serpentine sites is slower compared to non-serpentine sites, likely because plant recruitment and 
growth is limited by nutrient availability rather than space and light as is often the case in 
surrounding areas (Harrison et al. 2003; Safford & Harrison 2004, 2008). In serpentine chaparral 
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communities, a more open habitat structure is also tied to reduced fire frequency and intensity 
(Safford & Harrison 2004; Anacker et al. 2011). 

• Vegetation structure change (e.g., conversion of forest to chaparral) alters microclimates on the 
ground, resulting in changes to understory communities (Vuln. Assessment Reviewer, pers. comm., 
2019). 

• Rock outcrops and talus slopes can act as firebreaks, limiting fire spread within forested areas (Vuln. 
Assessment Workshop, pers. comm., 2017). However, extreme heat, ash deposition, and smoke can 
impact vascular plants, lichens, mosses, and soil organisms within endemic habitats, particularly 
during high-intensity fires (Vuln. Assessment Workshop, pers. comm., 2017). 

• Wildfires burn vegetation at the mouth of caves and rock shelters, and may affect fauna that live at 
the entrance. Additionally, smoke can smudge cave/rock shelter interiors (Vuln. Assessment 
Workshop, pers. comm., 2017). The loss of surface vegetation can alter erosion and mineral/salt 
deposition in rock shelters (Vuln. Assessment Reviewer, pers. comm., 2019), while the loss of 
vegetation at the mouth of caves may expose the interior to human use and degradation (Vuln. 
Assessment Workshop, pers. comm., 2017). 

Flooding 

Historical & current trends: 

• No published studies are available evaluating 
temporal flooding trends in the study region 

Historical & current 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 

• Cave systems with direct hydrological connections to the surface may be subject to flooding during 
extreme precipitation events (Groves & Meiman 2005; Lee et al. 2012), particularly those that occur 
at lower elevations, along streams, and in canyon bottoms (Vuln. Assessment Workshop, pers. 
comm., 2017).  

• Changes in the frequency and/or magnitude of flooding may alter patterns of erosion and sediment 
deposition (Vuln. Assessment Workshop, pers. comm., 2017), and can increase the susceptibility of 
cave-dwelling species to invasive species or pathogens introduced by floodwaters (Lee et al. 2012). 

• Flooding can also alter hydrology in serpentine wetlands, potentially creating temporary hydrological 
connections with other aquatic systems through groundwater movement or surface flow (Vuln. 
Assessment Workshop, pers. comm., 2017) 

 

Sensitivity and current exposure to non-climate stressors 

Regional experts evaluated surface endemic habitats as having moderate sensitivity to non-
climate stressors (high confidence in evaluation), while subsurface habitats were evaluated as 
having low-moderate sensitivity (moderate confidence). Both surface and subsurface endemic 
habitats were evaluated as having an overall low-moderate current exposure to these stressors 
within the study region (moderate confidence for surface habitats, high confidence for 
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subsurface habitats). Key non-climate stressors that affect endemic habitats include invasive 
species, fire suppression, and livestock grazing (see Table 3).5 

Table 3. Key non-climate stressors that affect the overall sensitivity of endemic habitats to climate 
change. 

Invasive species 

Summary of Potential Impacts on Species Group 

• Yellow star thistle (Centaurea solstitialis), cheatgrass (Bromus tectorum), and other invasive grasses 
and forbs are among the most common invasive species in the region (Pitcairn et al. 2006; Brooks et 
al. 2016), particularly in disturbed areas (e.g., roadsides, clear-cuts, burned areas; Xiao et al. 2016). 
In general, invasion has the potential to alter ecosystems by displacing native plants, reducing 
wildlife habitat, driving more frequent fires due to greater fuel availability/continuity, altering soil 
chemistry, and impacting nutrient cycling and other ecosystem processes (Vitousek et al. 1997; 
Dukes & Mooney 2004; Brooks et al. 2016). 

• Rock outcrops, cliffs, and talus slopes are vulnerable to invasive annual grasses and forbs (Vuln. 
Assessment Reviewer, pers. comm., 2017). For instance, yellow star thistle is a well-established 
invader of limestone rock outcrops at moderate elevations in the eastern Klamath Range around 
Shasta Lake (Vuln. Assessment Reviewer, pers. comm., 2019). 

• Serpentine grasslands are naturally resistant to invasion due to their low nutrient availability. 
However, the addition of nitrogen (i.e., from industrial and vehicular emissions) allows exotic grasses 
and forbs to invade and establish dominance in low-nutrient soils, displacing native plants and 
pollinators (Huenneke et al. 1990; Weiss 1999; Vallano et al. 2012; Eskelinen & Harrison 2013). 
o Nitrogen deposition may also exacerbate the impacts of changing precipitation regimes by 

enhancing exotic species establishment in serpentine areas (Eskelinen & Harrison 2013). 

• Endemic habitats that occur in subalpine and alpine zones, such as talus slopes and rock outcrops, 
are also relatively resistant to invasion due to the short growing season (Körner 2003) as well as 
abiotic limitations such as low organic soil availability and/or a highly mobile substrate (Pauchard et 
al. 2009; Kulonen et al. 2017). Warmer temperatures, longer snow-free periods, and more frequent 
disturbances may allow upslope expansion of non-native species that were historically limited by 
harsh climatic conditions (Pauchard et al. 2009; Rundel & Keeley 2016; Lembrechts et al. 2018). 
o Exotic invertebrates and pathogens (e.g., white nose syndrome, caused by the fungal pathogen 

Pseudogymnoascus destructans) are a growing threat to endemic cave fauna (i.e. bats; Reeves 
2001; Elliott et al. 2017), particularly in shallow caves, cave mouths, and rock shelters at lower 
elevations (Vuln. Assessment Workshop, pers. comm., 2017). 

Fire suppression 

Summary of Potential Impacts on Species Group 

• The use of phosphorus-based fire retardant can cause eutrophication in subsurface aquatic systems, 
such as those associated with karst terrain and lava tubes (Tobin et al. 2015; Vuln. Assessment 
Workshop, pers. comm., 2017).  

 
5 Non-climate stressors presented are those ranked as having a moderate or higher impact on one or more 
habitats considered in this group; additional non-climate stressors that that may influence the habitat to a lesser 
degree include agriculture, dams, roads/highways/trails, timber harvest/clearcuts, mining, and recreation. 
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• On serpentine and other low-nutrient substrates, the use of fire retardant can increase vulnerability 
to invasive species by enhancing nutrient availability (Vuln. Assessment Workshop, pers. comm., 
2017). 

Livestock grazing 

Summary of Potential Impacts on Species Group 

• Historical and modern livestock trampling negatively impacts rock shelters near grazing locations, 
and climate change could increase the use of shelters by livestock as they seek to escape from heat 
(Vuln. Assessment Reviewer, pers. comm., 2019). 

• Livestock are also associated with the introduction of invasive species (Vuln. Assessment Workshop, 
pers. comm., 2017). 

 

Adaptive Capacity 

Both surface and subsurface endemic habitats were evaluated by regional experts as having 
low-moderate overall adaptive capacity (high confidence in evaluation; see Table 4). 
 
Table 4. Adaptive capacity factors that influence the ability of endemic habitats to adapt to projected 
future climate changes. Factors that receive a ranking of “High” enhance adaptive capacity for this 
habitat (+), while factors that receive a ranking of “Low” undermine adaptive capacity (-). 

Adaptive Capacity Factors 

Habitat extent, 
integrity, 
continuity, and 
permeability 

 
Surface habitats: 
Moderate extent (high 
confidence), moderate-
high integrity (high 
confidence), low 
continuity (high 
confidence), low-
moderate landscape 
permeability (high 
confidence) 
 
Subsurface habitats: 
Moderate extent (high 
confidence), moderate-
high integrity 
(moderate confidence), 
low continuity (high 
confidence), low 

• Endemic habitats are naturally isolated by the unique combination of edaphic 
conditions that define them. Associated plant communities are also 
comprised of isolated populations of species adapted to those conditions 
(Whittaker 1960; Kruckeberg 1986, 1991; Damschen et al. 2012).  

• Across disconnected sites such as rock outcrops, ridgetops, and rare soil 
types, there is little opportunity for dispersal and gene exchange by plants 
that lack adaptations for long-distance seed dispersal and animals that are 
sedentary or have small ranges (Damschen et al. 2012; Cunze et al. 2013; Zika 
et al. 2018). However, this isolation exerts a strong selective pressure on 
organisms, promoting adaptation and diversification in response to extreme 
edaphic conditions (Kruckeberg 1986; Ackerly 2003; Brady et al. 2005; Schenk 
et al. 2018). These adaptations give edaphic endemic plants an advantage 
over more generalist species, but they are often unable to compete with soil 
generalists (Damschen et al. 2012). 

• Plant dispersal limitations are likely to prevent migration in many naturally 
isolated habitats, and any distributional shifts that do occur may not occur at 
a rate comparable to the velocity of regional climate change (Loarie et al. 
2008; Damschen et al. 2012; Cunze et al. 2013).  

• Anthropogenic barriers (e.g., land-use conversion) are likely to further limit 
the potential migration of many rare plant species in response to climate 
change (Anacker et al. 2013).  
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landscape permeability 
(high confidence) 

• The integrity of serpentine plant communities is threatened by the existing 
presence of exotic species, and increasingly by habitat fragmentation and 
modification as a result of human land-use conversion and associated 
activities (Harrison & Viers 2007 and citations therein). For example, habitat 
fragmentation may reduce serpentine resilience to invasion by decreasing 
patch size (Harrison & Viers 2007 and citations therein). 

Habitat diversity 

Surface habitats: High 
physical/topographical 
diversity (high 
confidence), low-
moderate species 
diversity (low 
confidence), low-
moderate functional 
group diversity (low 
confidence) 
 
Subsurface habitats: 
High physical/ 
topographical diversity 
(high confidence), 
moderate species 
diversity (low 
confidence), low-
moderate functional 
group diversity (low 
confidence) 

• The Klamath-Siskiyou Mountains have a complex geologic history that has 
resulted in highly diverse topography as well as a wide range of rock types 
and parent materials occurring in the region. Although they remain relatively 
rare, the region contains an unusually high concentration of ultramafic 
substrates (i.e., peridotite and serpentine intrusions) and carbonate rocks 
(e.g., limestone, dolomite; Whittaker 1960).  
o Other factors that contribute to the high heterogeneity of endemic 

habitats in northern California are strong climatic gradients and variable 
disturbance history (Vuln. Assessment Workshop, pers. comm., 2017). 

o Rare endemic plants in areas with high topographic variability, such as in 
northern California, may be less vulnerable to climate change due to the 
greater probability of local refugia (Loarie et al. 2008; Anacker et al. 2013; 
Harrison & Noss 2017).  

• The extreme edaphic conditions characteristic of these substrates, in 
combination with their naturally fragmented distribution across the 
landscape, has resulted in high levels of genetic divergence and endemism 
observed in these habitats (Kruckeberg 1986, 1991; Ackerly 2003; Alexander 
et al. 2007; O’Dell & Rajakaruna 2011; Schenk et al. 2018). 

• The California Floristic Province (which includes California and small portions 
of Oregon, Nevada, and Baja California) likely has more edaphic specialists 
than any other floristic province in the world (Harrison 2013). 
o As of 2001, 879 (43%) of the state’s 2,058 special-status taxa (i.e., rare, 

threatened, or endangered species, subspecies, or varieties) are edaphic 
specialists. Of those, the largest proportion (298) are associated with 
serpentine substrates (CNPS 2001 and CDFW 2004 cited in Harrison 2013).  

o Safford et al. (2005) estimate that 12.5% of the state’s endemic species are 
broadly or strictly associated with serpentine, even though this substrate 
only accounts for 2% of the state’s area. Northwestern California has the 
highest serpentine endemic plant diversity in the state (Safford et al. 
2005). 

• Similar to the diversity of surface topography, subsurface caves, rock shelters, 
and lava tubes have created uniquely isolated microclimate islands for 
subterranean species, including many rare and endemic bats, salamanders, 
and invertebrates (e.g., arachnids, millipedes, springtails, ice crawlers, and 
beetles, among others; Elliott et al. 2017) 
o In northern California, Samwell Cave and Shasta Caverns are particularly 

noted for their high biodiversity (Elliott et al. 2017). 

• The high levels of species endemism in caves is due to a combination of 
extreme environmental conditions (which includes relatively stable 
temperature/humidity within cave interiors), natural isolation in scattered 
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caves, and the limited dispersal ability of cave-dwellers, among other factors 
(Barr & Holsinger 1985; Culver et al. 2000; Lefébure et al. 2006). 
o In general, cave entrance species are considered more vulnerable to 

climate change than deep cave dwellers due to more variable conditions 
(Vuln. Assessment Workshop, pers. comm., 2017). 

• On rock outcrops, cliffs, and talus slopes, overstory plants (e.g., trees, shrubs) 
are considered foundational species because they control light/shade and 
moisture/evapotranspiration, creating favorable microclimates for other 
species (Vuln. Assessment Workshop, pers. comm., 2017). 
o Lichens and mesic understory plants may be particularly sensitive to 

climate change (Vuln. Assessment Workshop, pers. comm., 2017). 

Resistance and 
recovery 

Surface habitats: 
Moderate-high 
resistance (moderate 
confidence), low 
recovery (moderate 
confidence) 
 
Subsurface habitats: 
Moderate-high 
resistance (moderate 
confidence), low 
recovery (high 
confidence) 

• Low dispersal capacity among many endemic species reduces the potential 
for population recovery/colonization following disturbance (Vuln. Assessment 
Workshop, pers. comm., 2017). 

• Serpentine habitats are relatively resilient to changing climatic conditions and 
exotic invasion because endemic plants are adapted to harsh growing 
conditions that exclude most habitat generalists (Eskelinen & Harrison 2013). 

• The nature of caves generally keeps them from changing rapidly (Badino 
2010; Covington & Perne 2016); however, once they are disturbed or altered 
they also recover very slowly (Vuln. Assessment Workshop, pers. comm., 
2017). 

• Rock outcrops, cliffs, and talus slopes are drought-prone environments and 
can experience extreme temperature fluctuations, so inhabitants are typically 
adapted to tolerate those conditions. Overall, humans have not had a 
significant impact on these habitats (Vuln. Assessment Workshop, pers. 
comm., 2017). 

• Rocky habitats and talus slopes in alpine ecosystems are expected to 
experience dramatic warming and may exhibit signs of change before other 
terrestrial ecosystems because of their high sensitivity to disturbance (Rundel 
& Millar 2016). 

Public and societal 
value 

Surface and subsurface 
habitats: Low-
moderate value (high 
confidence) 

• Endemic habitats are valued by the public for genetic/evolutionary diversity, 
aesthetic (beautiful plants), charismatic species (bats), and uniqueness/rarity 
(Vuln. Assessment Workshop, pers. comm., 2017).  

• Although state and federal policy support exists to protect rare endemic 
species (e.g., through state- and federal endangered species regulations; 
O’Dell 2014), little financial support for management is available (Vuln. 
Assessment Workshop, pers. comm., 2017). 

 
Surface habitats 

• The aesthetic value of rock outcrops, cliffs, and talus slopes is very high, even 
where flora and fauna are largely absent (Vuln. Assessment Workshop, pers. 
comm., 2017). 

• Societal support for management of rock outcrops, cliffs, and talus slopes is 
increased by rock climbers, wildflower enthusiasts, bird-watchers (looking for 
cliff-nesting raptors), wilderness societies, the Sierra Club, and the California 
Native Plant Society (Vuln. Assessment Workshop, pers. comm., 2017). 
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• The reintroduction of condors could influence societal support for 
management (Vuln. Assessment Workshop, pers. comm., 2017). 

 
Subsurface habitats 

• Caves have very high value to some northern California tribes (Vuln. 
Assessment Workshop, pers. comm., 2017). 

• Northern California has many caves on public lands (primarily National 
Forests) that are subject to protection via the Federal Cave Resources 
Protection Act of 1998 (16 USC 4301-4309; Elliott et al. 2017). The Federal 
Land Policy and Management Act of 1976 (PL 94-79) also prohibits 
destruction of caves and disturbance of cave fauna such as bats (Elliott et al. 
2017). At the state level, the California Cave Protection Act protects all caves 
and cave features and prohibits disturbing bats and other organisms (Elliott et 
al. 2017). 

• The National Speleological Society (national advocacy group) increases 
interest and conservation engagement (e.g., creation of the Klamath 
Mountain Conservation Task Force to organize the exploration and 
conservation of caves in the Marble Mountain karst area; Elliott et al. 2017), 
and local cavers can be active in northern California (Vuln. Assessment 
Workshop, pers. comm., 2017). 

• Gross vandalism, bat-killing diseases, and extinctions could influence societal 
support for cave management (Vuln. Assessment Workshop, pers. comm., 
2017). 

• Preservation of cultural deposits in caves may improve as humidity and water 
levels decrease (Vuln. Assessment Workshop, pers. comm., 2017). 

Management 
capacity and 
ability to alleviate 
impacts of climate 
change6 

 
Surface and subsurface 
habitats: Low-
moderate 
capacity/ability 
(moderate confidence) 

• Although the science and technology exist to support management of 
endemic habitats, capacity is very low (e.g., institutional will, political/social 
valuation, labor, funding). Limited interest further contributes to inaction 
(Vuln. Assessment Workshop, pers. comm., 2017). 
o In order to focus very limited resources, management generally focuses on 

the areas of most interest to the most people (Vuln. Assessment 
Workshop, pers. comm., 2017). 

• Use conflicts and competing interests include: people/political groups who 
have strong opinions but are unwilling to compromise, limited attention 
spans (unable to move quickly enough). However, there is little development 
pressure outside of recreation (Vuln. Assessment Workshop, pers. comm., 
2017). 
o Recreational activities and livestock use of rock shelters can conflict (Vuln. 

Assessment Workshop, pers. comm., 2017). 
o Rock climbers can conflict with botanists and birders around the use of 

rock outcrops, cliffs, and talus slopes (Vuln. Assessment Workshop, pers. 
comm., 2017). 

• Management efforts focused on maintaining endemic habitats, including rare 
species, over the coming century should include protection of refugia where 

 
6 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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climate conditions are believed to be relatively stable and the velocity of 
future change may be lower (Harrison & Noss 2017). Additionally, the 
identification and protection of microrefugia (created by vegetation or small-
scale topographic features; Rull 2009; Dobrowski 2011) is critical to the 
persistence of endemic species (Harrison & Noss 2017). 

• Management actions focused on the restoration of degraded endemic 
habitats may include the use of livestock grazing, invasive species control, 
prescribed fire, native plantings, erosion control, and other techniques 
focused on revegetation with native plants, manipulating soil properties, and 
restoring natural hydrology (Safford & Harrison 2008; O’Dell 2014). 

• Exposure of cliffs if Klamath dams are removed would be an opportunity to 
study species colonization rates (Vuln. Assessment Workshop, pers. comm., 
2017). 

• The expansion of monitoring efforts in endemic habitats such as caves and 
high-elevation cliffs and talus slopes could facilitate more effective ecosystem 
management by highlighting trends in climate conditions and species 
abundance/diversity (Sarr et al. 2007). For example, the Klamath Network 
Vital Signs Monitoring Plan (coordinated by the National Park Service) began 
monitoring cave vital signs in 2017 at Lava Beds National Monument in 
northeastern California and Oregon Caves Natural Monument and Preserve 
(Krejca et al. 2017). This program monitors variables that indicate the status 
of and potential trends in cave climate, water level in subterranean pools, 
focal species and communities, and human visitation (Krejca et al. 2017). 

• Little can be done for management of rock outcrops, cliffs, and talus slopes 
due to the scale of habitat and lack of access (Vuln. Assessment Workshop, 
pers. comm., 2017). 
o Managers may be able to limit the effects of increased wildfire (Vuln. 

Assessment Workshop, pers. comm., 2017). 

Ecosystem services • Workshop participants noted that endemic habitats provide a variety of 
ecosystem services, including: 
o Provisioning of food, fiber, genetic resources and plant breeding, natural 

medicines, ornamental resources, and fresh water; 
o Regulation of water purification (lava) and natural hazards; 
o Support of water cycling; and 
o Cultural/tribal uses for spiritual/religious purposes, knowledge systems, 

educational values, aesthetic values, social relations, sense of place, 
cultural heritage, inspiration, and recreation (Vuln. Assessment Workshop, 
pers. comm., 2017). 

• In addition to their important contribution to regional biodiversity, edaphic 
endemic plant species play an important role in reducing environmental 
hazards through restoration or phytoremediation of extreme substrates 
(O’Dell 2014). For example, revegetation of contaminated mine sites can 
reduce air and water pollution (USEPA 2011 cited in O’Dell 2014). 

• Endemic habitats that are buffered from extreme fluctuations in temperature 
(e.g., caves, talus slopes) may provide climate refugia for both edaphic 
specialists and generalist species over the coming century (Rundel & Millar 
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2016; Elliott et al. 2017). For instance, rock shelters and cave mouths can 
provide cool microclimates for terrestrial species (Sarr et al. 2007). 
Abandoned mines, which are widespread, may also provide seasonal thermal 
refugia for cave-dwelling species (Elliott et al. 2017). 

• Endemic habitats and associated edaphic specialists provide ideal model 
systems for research (Rajakaruna 2018). 

• Bat caves provide ecosystem services to both subterranean water bodies and 
surrounding terrestrial vegetation, with the latter occurring via nightly bat 
visits that can provide seed dispersal, pollination, and pest control (Medellin 
et al. 2017). 

• Tribes also value high-elevation rocky habitats as areas of spiritual retreat 
(York et al. 1993), vantage points for hunting/seeking game, and areas from 
which to view the impacts of fire and predicting weather and seasonal 
changes (Turner et al. 2011). 

 

Recommended Citation 
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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),7 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.8 

 
7 Sensitivity and adaptive capacity elements were informed by Lawler 2010, Glick et al. 2011, and Manomet Center 
for Conservation Sciences 2012. 
8 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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