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VIII. Implications for Mammals, Birds, 

Invertebrates, Lichens, & Mosses  

Based on a search of peer-reviewed studies, government reports, and publications from non-governmental 

organizations, sufficient information is available to discuss observed trends and future projections in the 

NPLCC region for the following terrestrial species groups: 

1. Mammals 

2. Birds 

3. Invertebrates 

4. Lichens & mosses 

Chapter VII provides general information on implications for species, populations, and biological 

communities. The following structure will be used to present information on the implications of climate 

change for the NPLCC region’s terrestrial species, populations, and communities: 

 Observed Trends – observed changes for southcentral and southeast Alaska, western British 

Columbia, the Pacific Northwest, western Washington, western Oregon, and northwest 

California. One section includes information on changes observed in North America. For 

context, summary information on observed changes globally, for North America, or for 

western North America is also provided. 

 Future Projections – projected direction and/or magnitude of change for southcentral and 

southeast Alaska, western British Columbia, the Pacific Northwest, western Washington, 

western Oregon, and northwest California. For context, summary information on future 

projections globally, for North America, or for western North America is also provided. 
 Information Gaps – information and research needs identified by literature searches, as well 

as our summary of the sections missing information in this chapter. 

Loss and deterioration of habitat seem to be the most likely impacts of climate change on vertebrates.
2156

 

Migrants (i.e., migratory species) may be affected disproportionately because of their reliance on high 

latitude, high altitude and wetland habitats as well as on particular stopover sites, which are vulnerable 

not only to habitat loss, but also to a reduction in seasonality (especially at high latitudes/altitudes) as 

winter temperatures are increasing faster than summer ones.
2157

 Consequently, we may see either a 

reduction in migratory tendency – already apparent at mid-latitudes – or an expansion in the range of 

resident species.
2158

 

Unlike vertebrates, which have the capacity to cross hundreds or thousands of kilometres, yet still home 

in on specific breeding, stop-over or non-breeding sites, most insect species have much more diffuse 

                                                      
2156

 Verbatim from Robinson et al. (2008, p. 92). Robinson et al. refer the reader to Table 1 in the cited article for 

this information. 
2157

 Verbatim from Robinson et al. (2008, p. 92-93). Robinson et al. cite Hassol (2004) and MEA (2005) for 

information on the vulnerability of stopover sites to habitat loss, and IPCC (2007) for information on reductions in 

seasonality. 
2158

 Verbatim from Robinson et al. (2008, p. 93). Robinson et al. cite Fiedler (2003) for information on reduced 

migratory tendency at mid-latitudes. 
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migratory patterns, and are heavily dependent on appropriate weather conditions.
2159

 Trends in 

herbivorous insect abundance have been found along climatic gradients and trends in biodiversity along 

altitudinal, latitudinal, and habitat gradients.
2160

  

The greatest risks to the vast biodiversity represented by moss and lichen communities are poor air quality 

and loss of critical habitats.
2161

 

  

                                                      
2159

 Verbatim from Robinson et al. (2008, p. 90) 
2160

 Verbatim from Progar & Schowalter (2002, p. 129). Canopy arthropod assemblages along a precipitation and 

latitudinal gradient among Douglas-fir Pseudotsuga menziesii forests in the Pacific Northwest of the United States. 

Progar & Schowalter cite Landsberg & Gillieson (1995), Strathdee & Bale (1995), and Hysell et al. (1996) for 

information on trends in abundance along climatic gradients. Progar & Schowalter cite Stevens (1992) and Olsen 

(1994) for information on trends in biodiversity along altitudinal gradients, Gaston (1996) and Hodkinson (1997) for 

information on latitudinal gradients, and Kitching et al. (1993) for information on habitat gradients. 
2161

 Verbatim from USGS (2002, p. 4) 
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1. Mammals 

Any major shift in precipitation (drier or wetter) would be expected to influence communities of small 

mammals by favoring either dry or wet-adapted species.
2162

 Reproductive success in many temperate bat 

species is linked to precipitation.
2163

 

Extensive studies of large mammals indicate that climatic extremes appear to influence juvenile survival, 

primarily during winter, although not independently of population density.
2164

 The impact of such life 

history responses (i.e., changes in development and fecundity) responses on population dynamics can 

occur years later when cohorts have reached reproductivie matury and may, as in the case of Soay sheep, 

occur only above certain population densities.
2165

 

Observed Trends 

Western North America 

Confirmed northern hibernacula (i.e., winter hibernation sites) of little brown bats extend to mid-latitude 

regions of Canadian provinces and maritime-influenced areas of Alaska, where a model (i.e., of the 

relationship between ambient temperature and energy expenditure during hibernation) predicts successful 

hibernation by most individuals, but not into higher latitudes and continental regions, where the model 

predicts that successful hibernation is energetically impossible.
2166

 Energetic constraints at higher 

latitudes should be especially severe for juveniles, owing to their limited capacity to grow and fatten 

during a short active season.
2167

 

A red squirrel population in the southwest Yukon, Canada, faced with increasing spring temperatures and 

food supply has advanced the timing of breeding by 18 days over the last 10 years (6 days per generation) 

(study period: 1989-2001, with a population of approximately 325 squirrels near Kluane Lake).
2168

 

Longitudinal analysis of females breeding in multiple years suggests that much of this change in 

parturition date (i.e., date of birth) can be explained by a plastic response to increased food abundance 

(3.7 days per generation).
2169

 Significant changes in breeding values (0.8 days per generation), were in 

concordance with predictions from the breeder’s equation (i.e., an equation used to predict evolutionary 

responses to selection; 0.6 days per generation), and indicated that an evolutionary response to strong 

                                                      
2162

 Verbatim from Hixon et al. (2010, p. 283). Hixon et al. cite Grayson (2000) for this information. 
2163

 Verbatim from Hixon et al. (2010, p. 284). Hixon et al. cite Frick et al. (2010) for this information. 
2164

 Verbatim from Walther et al. (2002, p. 394). Walther et al. cite Post & Stenseth (1999) and Milner et al. (1999) 

for this information. 
2165

 Nearly verbatim from Walther et al. (2002, p. 394). Walther et al. cite Post & Stenseth (1999) and Forchhammer 

et al. (2001) for information on the temporal lag of impacts to population dynamics, and Grenfell et al. (1998) for 

information on impacts taking place only above certain population densities. 
2166

 Nearly verbatim from Humphries et al. (2002, p. 315). Climate-mediated energetic constraints on the 

distribution of hibernating mammals. Humphries et al. refer the reader to Figure 3 in the cited article for this 

information. 
2167

 Nearly verbatim from Humphries et al. (2002, p. 315). Humphries et al. cite Kunz et al. (1998) for this 

information. 
2168

 Nearly verbatim from Réale et al. (2003, p. 591). Genetic and plastic responses of a northern mammal to 

climate change.  
2169

 Nearly verbatim from Réale et al. (2003, p. 591) 
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selection favoring earlier breeders also contributed to the observed advancement of this heritable trait.
2170

 

The timing of breeding in this population of squirrels, therefore, has advanced as a result of both 

phenotypic changes within generations, and genetic changes among generations in response to a rapidly 

changing environment.
2171

 

Specific information on observed trends for several larger mammals, including wolverine, gray wolf, 

grizzly bear, mountain goat, mule deer, elk, and lynx, is available: 

 Wolverine: Historically, wolverines were abundant in the forests of Canada, the Cascades, the 

Sierra Nevada, the Rocky Mountains, the Great Lakes area, and northeastern United States.
2172

 In 

southern portions of the wolverine’s range in western North America, wolverine populations 

occupy peninsular extensions of boreal forests in montane regions.
2173

 In a study of the 

wolverine’s bioclimatic envelope worldwide, North America wolverines located their dens within 

the spring snow coverage, and most dens (45 of 65; 69%) were locaed in areas that were snow-

covered for six to seven years (study period: 2000-2006; Figure 65).
2174

 Globally, 95% of summer 

locations and 86% of winter locations fell within the spring snow coverage.
2175

 In seven of eight 

North American study areas (i.e., includes all those in western North America) and in southern 

Norway, wolverines selected for areas within the spring snow coverage during winter, summer, 

and when seasons were pooled.
2176

 Wolverine populations in the lower 48 states are increasingly 

fragmented and isolated from each other and from larger wolverine populations in British 

Columbia and Alberta.
2177

 

 Gray wolf: Before Europeans arrived, gray wolves roamed nearly all of North America from 

Alaska to Mexico and the Pacific to the Atlantic.
2178

  

 Grizzly bear: Grizzly bears thrived throughout western North America, as far south as 

Mexico.
2179

 

 Mountain goat: Mountain goats are native to Alaska, British Columbia, the Cascade Mountains, 

an a few other areas in the lower 48 states.
2180

 

 Mule deer and elk: Fossil records indicate that elk and mule deer reached western North 

America by the end of the Pleistocene Ice Age or earlier.
2181

 Mule deer occupy most regions from 

Alaska, in Canada west of Alberta, and south into northern Mexico.
2182

 Elk are distributed in 

                                                      
2170

 Nearly verbatim from Réale et al. (2003, p. 591) 
2171

 Verbatim from Réale et al. (2003, p. 591) 
2172

 Verbatim from North Cascades Conservation Council (2010, p. 23) 
2173

 Verbatim from Copeland et al. (2010, p. 234). The bioclimatic envelope of the wolverine (Gulo gulo): do 

climatic constraints limit its geographic distribution? 
2174

 Verbatim from Copeland et al. (2010, p. 239) 
2175

 Nearly verbatim from Copeland et al. (2010, p. 239). Copeland et al. refer the reader to Table 1 in the cited 

article for this information. 
2176

 Nearly verbatim from Copeland et al. (2010, p. 239) 
2177

 Verbatim from North Cascades Conservation Council (2010, p. 23) 
2178

 Verbatim from North Cascades Conservation Council (2010, p. 24) 
2179

 Nearly verbatim from North Cascades Conservation Council (2010, p. 25) 
2180

 Nearly verbatim from North Cascades Conservation Council (2010, p. 26) 
2181

 Nearly verbatim from DeVos, Jr. & McKinney (2007, p. 3). DeVos, Jr. & McKinney cite Dawson (1967), 

Kurtén & Anderson (1980), Bryant & Maser (1982), Harris (1987), and Geist (1998) for this information. 
2182

 Verbatim from DeVos, Jr. & McKinney (2007, p. 12). DeVos, Jr. & McKinney cite Mule Deer Working Group 

(2003) and Heffelfinger (2006) for this information. 
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many of the same regions as mule deer, but occur in a more patchy distribution.
2183

 In the coastal 

rain forest ecoregion (i.e., most of the NPLCC region), productivity and recruitment of mule deer 

populations, which are non-migratory, has declined in this ecoregion during recent years.
2184

 

Recent studies in Oregon suggested mule deer avoided areas used by elk.
2185

 Further, reductions 

in herbaceous and shrub productivity and senescence (i.e., deterioration with age) of browse are 

associated with declining abundance of mule deer in the American West during recent decades, 

whereas abundance of elk increased as these changes occurred.
2186

 

 Lynx: Habitat fragmentation and interspecific competition are two important forces that 

potentially affect lynx populations.
2187

 Habitat fragmentation tends to facilitate competition by 

generalist predators, of which the most likely beneficiary is the coyote.
2188

 Competition could 

take the form of exploitation by other predators of snowshoe hares, particularly the coyote, or 

involve interference competition, with larger-bodied carnivores acting aggressively toward lynx, 

even killing them.
2189

 Overall, Buskirk et al. (2000) suspect that interference competition is more 

likely to be the critical form of competition that needs to be evaluated for lynx in the contiguous 

United States.
2190

 Cougars, in particular, appear to be effective interference competitors with 

lynx.
2191

 Of these three carnivores (i.e., coyote, bobcat, cougar), all are more widespread and 

more abundant within the southern distribution of the lynx than 50 years ago.
2192

 

Southcentral and Southeast Alaska 

The body size of masked shrews in Alaska increased significantly during the second half of the twentieth 

century.
2193

 Specimens were collected between 1950 and 2003; 88% of them (i.e., 572 of 650 total 

specimens) were collected between May and August.
2194

 Evidence indicates that warmer winter weather 

conditions increased the survival rate of shrew’s prey (small invertebrates that are sensitive to the cold 

and whose availability decreases in cold winters), providing greater food availability for the shrew.
2195

 

In a modeling and connectivity study by Murphy et al. (2010), four species with very different 

connectivity issues were selected for evaluation.
2196

 Caribou were selected to represent mammal species 

                                                      
2183

 Verbatim from DeVos, Jr. & McKinney (2007, p. 12) 
2184

 Verbatim from DeVos, Jr. & McKinney (2007, p. 14) 
2185

 Verbatim from DeVos, Jr. & McKinney (2007, p. 16) 
2186

 Nearly verbatim from DeVos, Jr. & McKinney (2007, p. 17). DeVos, Jr. & McKinney cite Germaine et al. 

(2004) for information on declining abundance of mule deer in the American West in recent decades. 
2187

 Verbatim from Buskirk et al. (2000, p. 83). Habitat fragmentation and interspecific competition: implications 

for lynx conservation. 
2188

 Verbatim from Buskirk et al. (2000, p. 83) 
2189

 Verbatim from Buskirk et al. (2000, p. 95) 
2190

 Nearly verbatim from Buskirk et al. (2000, p. 95) 
2191

 Verbatim from Buskirk et al. (2000, p. 95) 
2192

 Nearly verbatim from Buskirk et al. (2000, p. 83) 
2193

 Verbatim from Jezierski et al. (2010, p. 9). Jezierski et al. cite Yom-Tov & Yom-Tov (2005) for this 

information. 
2194

 Nearly verbatim from Yom-Tov & Yom-Tov (2005, p. 804). Global warming, Bergmann’s rule and body size in 

the masked shrew Sorex cinereus Kerr in Alaska. 
2195

 Nearly verbatim from Jezierski et al. (2010, p. 9). Jezierski et al. cite Yom-Tov & Yom-Tov (2005) for this 

information. Note: The information on reduced availability of invertebrates in cold winters is also obtained from 

Yom-Tov & Yom-Tov (2005, p. 807-808). 
2196

 Murphy et al. (August 2010, p. 32) 
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with few migration constraints; Alaska marmot were selected to represent mammals with limited range 

and migration capability; trumpeter swans were selected to investigate how statewide landscape 

connectivity issues would apply to breeding bird populations; and reed canary grass was selected as an 

invasive plant species that uses the human footprint on the landscape for initial dispersal and may benefit 

from a warming climate.
2197

 The latter three – Alaska marmot, trumpeter swan, and reed canary grass – 

are currently found in the NPLCC region. Alaska marmot is discussed in this section, trumpeter swan is 

discussed in Section 2 (Birds), and reed canary grass is discussed in a companion report to this one that 

focuses on freshwater ecosystems.
2198

 

The Alaska marmot, a relic species from the Beringia Ice Age, has limited adaptability and dispersal 

ability and thus makes an excellent case study for connectivity and habitat loss for endemics (native 

species) in arctic environments.
2199

 Data for thirty-four known occurrences of Alaska marmots were 

provided by the Alaska National Heritage Program, based on various sources including the Gunderson 

                                                      
2197

 Verbatim from Murphy et al. (August 2010, p. 32) 
2198

 For information on reed canarygrass, see Tillmann & Siemann (2011#), Chapters #.# and #.#. 
2199

 Verbatim from Murphy et al. (August 2010, p. 35). The authors cite Gunderson et al. (2009) for information on 

adaptability and dispersal ability. 

Figure 65. Distribution of wolverine dens in North America overlaid on the spring snow coverage in (a) the Rocky 

Mountains of British Columbia, Canada and the western U.S.; (b) Alaska, U.S.; and (c) Ontario, Canada. The 

gradient in the spring snow coverage represents the number of years out of seven (2000-2006) in which snow cover 

was present from 24 April to 15 May.  

Source: Reproduced from Copeland et al. (2010, Figure 2, p. 236) by authors of this report. 
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collections.
2200

 Murphy and colleagues used SNAP climate data for June and December mean temperature 

and precipitation for 2000–2009 to develop a climate envelope and current potential distribution based on 

known occurrence sites.
2201

 However, terrain roughness was also added as a covariate.
2202

 Rockiness, 

steepness, and associated biophysical features are of great importance to marmot habitat, since Alaska 

marmots use rock piles for cover.
2203

 It cannot be presumed that the species is absent from areas for which 

no data exist (Figure 66).
2204

  

 

Figure 66. Known Alaska marmot distribution and modeled current distribution. Since no absence data exist, it 

cannot be assumed that marmots do not also inhabit similar habitat in which no confirmed presence data are 

available. Source: Reproduced from Murphy et al. (2010, Fig. 19, p. 36) by authors of this report.  

 

Because of their high requirement for forage biomass, early stages of plant succession are important to 

moose.
2205

 Over years, quality of summer forages vary with respect to the intensity of solar radiation and 

winter forage abundance varies with the extent and duration of snowfall.
2206

 For example, moose select 

more mature spruce and deciduous habitats during deep snow.
2207

 In the western Copper River Delta from 

1959 to 1986, during periods with less snow, moose occupied areas with a higher proportion of willow-

sweetgale and closed alder-willow.
2208

 However, as snow depth increased, moose increased use of 

                                                      
2200

 Verbatim from Murphy et al. (August 2010, p. 35). The authors cite Gunderson et al. (2009) for information on 

the Gunderson collections. 
2201

 Nearly verbatim from Murphy et al. (August 2010, p. 36) 
2202

 Nearly verbatim from Murphy et al. (August 2010, p. 36) 
2203

 Verbatim from Murphy et al. (August 2010, p. 36) 
2204

 Verbatim from Murphy et al. (August 2010, p. 35) 
2205

 Verbatim from Stephenson et al. (2006, p. 360). Spatio-temporal constraints on moose habitat and carrying 

capacity in coastal Alaska: vegetation succession and climate. Stephenson et al. cite Oldemeyer & Regelin (1987), 

Regelin et al. (1987), and Saether & Anderson (1990) for this information. 
2206

 Verbatim from Stephenson et al. (2006, p. 360). Stephenson et al. cite Bo & Hjeljord (1991) for information on 

summer forage and Coady (1974) for information on winter forage. 
2207

 Verbatim from Stephenson et al. (2006, p. 369). Stephenson et al. cite Peek et al. (1976), Hundertmark et al. 

(1990), Ballard et al. (1991), Miquelle et al. (1992), and MacCracken et al. (1997) for this information. 
2208

 Verbatim from Stephenson et al. (2006, p. 369) 
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relatively open canopy cottonwood and spruce types.
2209

 Further, moose responded to deep snow by 

concentrating in outwash plain community types within the primary winter range (i.e., in glacial outwash 

plain instead of uplifted marsh).
2210

 Typically, this meant migrating farther (> 1.2 miles, 2 km) from early 

winter transitional ranges in outlying areas of the uplifted marsh.
2211

 Overall, there was a significant 

northerly and westerly shift in the core area with increasing winter severity.
2212

  

Successional modeling suggests a decline in the availability of vegetation types important to moose 

during severe winters with deep snow.
2213

 Low willow communities are expanding in the uplifted marsh, 

a landform used primarily during summer and mild winters.
2214

 However, tall willow communities that 

provide winter forage are declining and are being replaced by Sitka spruce forest in the glacial outwash 

plain.
2215

 Consequently, nutritional carrying capacity of moose on the outwash plain during winter will 

decline by 42% during 1959-2013.
2216

 

Western British Columbia 

British Columbia has intact large-mammal predator-prey systems with continentally important 

populations of grizzly bear, Stone’s sheep, mountain goat, woodland mountain caribou, grey wolf, 

cougar, wolverine, lynx, and fisher marten.
2217

 Ten to twenty grizzly bears are present in the British 

Columbia North Cascades.
2218

 Among widespread species, caribou, moose, elk, grizzly bear, and cougar 

have locally varying population trends (Figure 67). Some local populations are increasing or have 

expanding ranges; others are stable, declining, or at risk, and a few have been extirpated (for example, the 

Dawson caribou, last observed on the Queen Charlotte Islands in 1908).
2219

 Among rare species with 

limited ranges, both Vancouver Island marmot and spotted owl are endangered.
2220

 While spotted owl 

populations are decreasing, Vancouver Island marmot populations are increasing as a result of captive 

breeding and reintroduction efforts.
2221

 Although few or no population trend data exist for many species 

(e.g., Pacific water shrew, marbled murrelet), their habitat is known to be declining in quantity and 

quality due to logging, urbanization, and agriculture.
2222

  

Pacific Northwest 

Western gray squirrel distribution in Oregon and Washington is mostly in conifer-hardwood forests with 

a strong component of Oregon white oak, and the forests they inhabit usually have some species of oak 

                                                      
2209

 Verbatim from Stephenson et al. (2006, p. 369) 
2210

 Nearly verbatim from Stephenson et al. (2006, p. 369) 
2211

 Verbatim from Stephenson et al. (2006, p. 369) 
2212

 Nearly verbatim from Stephenson et al. (2006, p. 368). Stephenson et al. report statistics for the northerly (r = 

1.0, P < 0.001) and westerly (r = -0.9, P = 0.03) shifts in the core area with increasing winter severity. 
2213

 Verbatim from Stephenson et al. (2006, p. 359) 
2214

 Verbatim from Stephenson et al. (2006, p. 359) 
2215

 Verbatim from Stephenson et al. (2006, p. 359) 
2216

 Verbatim from Stephenson et al. (2006, p. 359) 
2217

 Nearly verbatim from Pojar (2010, p. 10) 
2218

 Nearly verbatim from North Cascades Conservation Council (2010, p. 25) 
2219

 Verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 67) 
2220

 Verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 68) 
2221

 Verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 68) 
2222

 Nearly verbatim from B.C. Ministry of Forests, Mines and Lands. (2010, p. 68) 
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present.
2223

 Western gray squirrels have been positively associated with food-producing shrubs including 

snowberry, California hazel, bigleaf maple, vine maple, salal, and blackberries, and negatively associated 

with Scotch broom.
2224

 As noted in Chiller et al. (2000), Ryan and Carey (1995a) suggested two of the 

most limiting factors of western gray squirrel abundance are the availability of oak-dominated habitats 

and the availability of mast, and they suggested that management for western gray squirrels include a 

minimum of 18 square feet (~1.7 square meters) basal area of oaks.
2225

 Chiller et al. (2000) further note 

that Ryan and Carey predicted that the minimum size required for oak stands to support western gray 

squirrels was two to three acres (~0.8-1.2 hectares) for short-term usage and greater than five acres (~2 

hectares) to support long-term requirements.
2226

 

                                                      
2223

 Verbatim from Chiller et al. (2000, p. 31-32). Chiller et al. cite Cross (1969) for information on Oregon white 

oak and Asserson (1974), Cross (1969), Foster (1992), and Gilman (1986) for information on oak species in general.  
2224

 Nearly verbatim from Chiller et al. (2000, p. 32). Chiller et al. cite Ryan and Carey (1995b) for this information. 
2225

 Verbatim from Chiller et al. (2000, p. 32). Chiller et al. cite Ryan & Carey (1995a) for this information. The 

secondary source is a Gen. Tech. Rep. 348 from the Pacific Northwest Research Station of the U.S. Forest Service 

and is titled “Biology and management of the western gray squirrel and Oregon white oak woodlands: with 

emphasis on Puget Trough.” 
2226

 Nearly verbatim from Chiller et al. (2000, p. 32). Chiller et al. cite Ryan and Carey (1995a) for this information. 

Figure 67. Population trends of some forest-associated species. 

Source: Reproduced from B.C. Ministry of Forests, Mines, and Lands (2010, Figure 4-3, p. 67) by 

authors of this report. 
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Western Washington 

Wildlife is abundant in the North Cascades, with many widespread species and others that are more 

limited by habitat characteristics.
2227

 Black bears, bobcats, coyotes, marten, deer, raccoons, and small 

mammals are common.
2228

 Other species, such as grizzly bears, mountain lions, lynx, wolverines, wolves, 

elk, mountain goats, western gray squirrels, river otters, golden eagles, marbled murrelets, and northern 

spotted owls are much less common.
2229

 Alpine and subalpine habitat areas provide important habitat for 

wolverines, grizzly bears, wolves, and mountain goats.
2230

 Low elevation forests also provide winter and 

spring habitat for migratory species like elk, deer, and their predators (e.g., wolves, cougars, coyotes).
2231

 

Specific information on observed trends for wolverine, gray wolf, grizzly bear, mountain goat, and fisher 

is available: 

 Wolverine: The current range of wolverines in the lower 48 states has declined dramatically, 

with fewer than 1,000 individuals distributed widely in the more remote regions of the Cascades 

and Rocky Mountains.
2232

 Wolverines all but disappeared from Washington in the early 1900s.
2233

 

During the past two decades, wolverines have been sighted in the Mt. Baker-Snoqualmie and 

Okanogan-Wenatchee National Forests.
2234

 Only about 30% of the most suitable habitat for 

wolverines in Washington State is protected as national park or wilderness.
2235

 

 Gray wolf and grizzly bear: Only about 50% of the most suitable habitat for gray wolves and 

grizzly bears is protected by park or wilderness status.
2236

 By 1930, wolves were thought to be 

extirpated from the North Cascades of Washington and were rarely seen in the North Cascades of 

British Columbia.
2237

 The current North Cascades grizzly bear population has fallen to an 

unsustainable level.
2238

 The population in Washington is estimated to be only five to ten bears.
2239

  

 Mountain goat: There are multiple mountain goat herds in and around the North Cascades 

National Park.
2240

 However, mountain goats are more vulnerable to population declines than most 

other ungulate species.
2241

 

 Fisher: Fishers have only 19% of their most suitable habitat protected in national parks or 

wilderness.
2242

 

                                                      
2227

 Verbatim from North Cascades Conservation Council (2010, p. 8). Biodiversity conservation in the North 

Cascades. 
2228

 Nearly verbatim from North Cascades Conservation Council (2010, p. 8) 
2229

 Verbatim from North Cascades Conservation Council (2010, p. 8) 
2230

 Verbatim from North Cascades Conservation Council (2010, p. 4) 
2231

 Nearly verbatim from North Cascades Conservation Council (2010, p. 20) 
2232

 Verbatim from North Cascades Conservation Council (2010, p. 23) 
2233

 Verbatim from North Cascades Conservation Council (2010, p. 24) 
2234

 Verbatim from North Cascades Conservation Council (2010, p. 24) 
2235

 Verbatim from North Cascades Conservation Council (2010, p. 19). North Cascades Conservation Council cites 

Cassidy et al. (1997) for this information. 
2236

 Verbatim from North Cascades Conservation Council (2010, p. 19) 
2237

 Verbatim from North Cascades Conservation Council (2010, p. 24) 
2238

 Verbatim from North Cascades Conservation Council (2010, p. 25) 
2239

 Verbatim from North Cascades Conservation Council (2010, p. 25) 
2240

Verbatim from North Cascades Conservation Council (2010, p. 26) 
2241

 Nearly verbatim from North Cascades Conservation Council (2010, p. 26) 
2242

 Nearly verbatim from North Cascades Conservation Council (2010, p. 20) 
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Western Oregon 

Mammal species found only in (i.e., endemic to) Oregon include two species of shrew (Baird’s shrew, 

Pacific shrew) and the Camas pocket gopher.
2243

 The red tree vole is endemic to Oregon and extreme 

northeastern California, and the gray vole is endemic to Oregon and Clark County of Washington.
2244

 

Four species are reported to be closely associated with grasslands in the Willamette Valley: the deer 

mouse, camas pocket gopher, gray-tailed vole, and red fox.
2245

 The Camas pocket gopher and gray-tailed 

vole are both endemic to the Willamette Valley, including into Clark County, Washington in the case of 

the gray-tailed vole.
2246

 Numerous mammals in the Willamette Valley take opportunistic advantage of 

mast crops, tree cavities, and other special attributes of oak stands, but only three species demonstrate a 

close affinity for pure oak stands or the oak component within mixed stands: the California vole, western 

gray squirrel, and Columbia white-tailed deer.
2247

 The Columbian white-tailed deer was reportedly 

common on prairies and savannas at the time of European settlement, but only relict populations currently 

exist in Clatsop, Columbia, and Douglas Counties.
2248

 The species is believed to have been extirpated 

from the Willamette Valley.
2249

 

Species listed under the Endangered Species Act include the endangered Columbian subspecies of the 

white-tailed deer, gray wolves, and the threatened Canada lynx, although lynx are not known to breed in 

Oregon.
2250

 Wolverine, possibly extirpated from Oregon but still occasionally reported, require persistent 

winter snows for successful reproduction and, thus, have been negatively affected by declining snowpack 

across North America.
2251

 

In the Willamette Valley, 48 percent of the stomach contents of four black-tailed deer were comprised of 

acorns.
2252

 

Northwest California 

Information needed. 

                                                      
2243

 Nearly verbatim from Hixon et al. (2010, p. 282) 
2244

 Nearly verbatim from Hixon et al. (2010, p. 282) 
2245

 Nearly verbatim from Vesely & Rosenberg (2010, p. 15). Vesely & Rosenberg cite O’Neil et al. (2001) for 

information on the red fox. 
2246

 Verbatim from Vesely & Rosenberg (2010, p. 15) 
2247

 Verbatim from Vesely & Rosenberg (2010, p. 15). Vesely & Rosenberg cite O’Neil et al. (2001) for information 

on Columbia white-tailed deer. 
2248

 Verbatim from Vesely & Rosenberg (2010, p. 16). Vesely & Rosenberg cite Verts & Carraway (1998) for this 

information. 
2249

 Verbatim from Vesely & Rosenberg (2010, p. 16). Vesely & Rosenberg cite O’Neil et al. (2001) for this 

information. 
2250

 Nearly verbatim from Hixon et al. (2010, p. 282) 
2251

 Nearly verbatim from Hixon et al. (2010, p. 284). Hixon et al. cite Brodie & Post (2010) for this information. 
2252

 Nearly verbatim from Chiller et al. (2000, p. 30). Chiller et al. cite Coblentz (1980) for this information. 
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Future Projections 

Western North America 

An analysis of potential climate change impacts on mammalian species in eight U.S. national parks 

indicates that if atmospheric CO2 doubles over baseline levels used in current assessments, U.S. national 

parks stand to lose between 0% and 20% of current mammalian species diversity in any one park (the 

majority of parks stand to lose between 0% and 10%), with an average loss for all parks of 8.3% (under 

CGCM2 coupled to MAPSS).
2253

 Table 31 shows results for western North America. The greatest losses 

across all parks occurred in rodent species (44%), bats (22%), and carnivores (19%).
2254

 Species are 

projected to decline in direct proportion to their current relative representation within parks.
2255

 However, 

species gains to the parks should outweigh species losses.
2256

 Burns et al. (2003) estimated that parks will 

gain between 11.6% and 92.5% more species relative to current numbers, with an average gain across all 

parks of 48.1%.
2257

 Results suggest that the effects of global climate change on wildlife communities may 

be most noticeable not as a drastic loss of species from their current ranges, but instead as a fundamental 

change in community structure as species associations shift due to influxes of new species.
2258

 

There is little research on the effects of climate change on bats in the western United States, although 

Adams and Hayes (2008) determined that the fringed bat had high water requirements during lactation 

and would have less successful reproduction if the climate becomes more arid.
2259

 In a study of little 

brown bats, integrating projections of climate change into a model (i.e., of the relationship between 

ambient temperature and energy expenditure during hibernation) predicts a pronounced northward range 

expansion of hibernating little brown bats within the next 80 years (by 2080 under HadCM2-GAX; 

baseline not provided).
2260

 The correspondence between predicted and observed hibernaculum (i.e., winter 

hibernation sites) microclimates and between predicted and observed northern hibernaculum localities 

provides strong evidence that the distribution of little brown bat is constrained by thermal effects on 

hibernation energetics.
2261

 

                                                      
2253

 Nearly verbatim from Burns et al. (2003, p. 11475). Burns et al. refer the reader to Table 1 in the cited article for 

this information. 
2254

 Verbatim from Jezierski et al. (2010, p. 11). Jezierski et al. cite Burns et al. (2003) for this information. 
2255

 Verbatim from Jezierski et al. (2010, p. 11). Jezierski et al. cite Burns et al. (2003) for this information. 
2256

 Nearly verbatim from Burns et al. (2003, p. 11476). Global climate change and mammalian species diversity in 

U.S. national parks. Burns et al. refer the reader to Table 1 in the cited article for this information. 
2257

 Verbatim from Burns et al. (2003, p. 11476). Burns et al. refer the reader to Table 2 in the cited article for this 

information. 
2258

 Verbatim from Burns et al. (2003, p. 11476) 
2259

 Nearly verbatim from Hixon et al. (2010, p. 284) 
2260

 Nearly verbatim from Humphries et al. (2002, p. 313) 
2261

 Nearly verbatim from Humphries et al. (2002, p. 315). In the cited article, Humphries et al. refer the reader to 

Figure 2 for information on hibernaculum microclimates and to Figure 3 for information hibernaculum localities. 
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Contiguous areas of snow cover >386 square miles (>1000 square kilometers) in size, which are large 

enough to support small breeding populations of wolverines and presumably large enough for short-term 

population persistence, are retained in both the Ensemble 2085 and 29 May MODIS projections (i.e., an 

ensemble of 10 GCMs under the A1B scenario for 2070-2099; baseline period unclear, and for MODIS, a 

comparison of persistent snow cover on May 29 vs. May 15).
2262

 In particular, British Columbia contains 

extensive areas of spring snow cover that are connected to snow-covered areas in northwestern 

Montana.
2263

 Additionally, large snow-covered areas exist in northern Washington, along the Montana–

Idaho border, and in the Greater Yellowstone Area.
2264

 States in the contiguous U.S. where wolverines 

currently occur (Washington, Idaho, Montana, and Wyoming) retain 75.3% of their spring snow cover 

based on Ensemble 2045 (i.e., an ensemble of 10 GCMs run with the A1B scenario for 2030-2059; 

baseline period unclear).
2265

 However, by the late 21
st
 century, dispersal modeling indicates that habitat 

                                                      
2262

 Nearly verbatim from McKelvey et al. (2011, p. 2894). Climate change predicted to shift wolverine 

distributions, connectivity, and dispersal corridors. Note: McKelvey et al. follow the methods of Hamlet & 

Lettenmaier (2005) and Elsner et al. (2010). The former method begins with data from 1915-2003, and reports 

results for several time periods within that range. The latter uses a 1917-2006 basline. 
2263

 Verbatim from McKelvey et al. (2011, p. 2894) 
2264

 Verbatim from McKelvey et al. (2011, p. 2894). McKelvey et al. refer the reader to Figure 13 in the cited article 

for this information. 
2265

 Nearly verbatim from McKelvey et al. (2011, p. 2894). Note: McKelvey et al. follow the methods of Hamlet & 

Lettenmaier (2005) and Elsner et al. (2010). The former method begins with data from 1915-2003, and reports 

results for several time periods within that range. The latter method uses a 1917-2006 basline. 
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National 

Park

Current 

species 

richness
1

Species 

lost

Species 

gained
Turnover

2

Glacier 52 2 45 43
7 

(15.6)

2 

(4.4)

7 

(15.6)

5 

(11.1)

22 

(48.9)

1 

(2.2)

1 

(2.2)

Yellowstone 53 0 49 49
6 

(12.2)

4 

(8.2)

10 

(20.4)

4 

(8.2)

23 

(26.9)

1 

(2.0)

1 

(2.0)

Yosemite 64 6 25 19
2 

(8.0)

3 

(12.0)

5 

(20.0)

1 

(4.0)

13 

(52.0)

1 

(4.0)

0 

(0.0)

Zion 53 1 41 40
3 

(7.3)

5 

(12.2)

7 

(17.1)

3 

(7.3)

19 

(40.1)

2 

(4.9)

2 

(4.9)

Source: Modified from Burns et al. (2003, Tables 1-2, p. 11475-11476) by authors of this report.

1. Based on park species lists and Faunmap data for mammal species available.

2. Turnover calculated as species gained minus species lost.

3. Values are numbers and percentages (in parentheses) of species gained.

Table 31. Current species found in four western U.S. national parks and predicted species losses, gains, and net 

turnover under a doubling of atmospheric CO2. 
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isolation at or above levels associated with genetic isolation of wolverine populations becomes 

widespread.
2266

 Overall, wolverine habitat is expected to persist throughout the species range at least for 

the first half of the 21
st
 century, but populations will likely become smaller and more isolated.

2267
 

deVos Jr. & McKinney (2007) expect the abundance and distribution of mule deer and elk in hotter and 

drier ecoregions to be adversely affected most as climate change progresses.
2268

 Conversely, in ecoregions 

where extreme winters presently limit these populations in some years (i.e., generally outside the NPLCC 

region), short-term effects on abundance and distribution may be positive, but long-term effects are 

uncertain.
2269

 Further, deVos Jr. & McKinney (2007) suggest abundance of elk may increase at least 

locally in many areas of western North America due to their ability to utilize a wide array of low to 

moderate quality forage to meet their metabolic demands.
2270

 Throughout elk and mule deer range in 

western North America, if elevated levels of atmospheric CO2 increase concentrations of secondary plant 

compounds that potentially inhibit digestion, forage digestion by mule deer likely would be inhibited 

more than elk.
2271

  

A parasite of concern as global warming continues is the mule deer muscleworm, a common parasite of 

black-tailed deer and mule deer in western North America.
2272

 The muscleworm has the potential to for 

population-level impacts to mule deer and other native cervids and bovids.
2273

 Northern distribution of 

this parasite is likely limited by cold temperatures suitable for larval development, but climate warming 

may soon eliminate such constraints.
2274

 

Southcentral and Southeast Alaska 

Climate change effects on wildlife in coastal temperate forests will be driven primarily by changes in 

snowpack and growing season length.
2275

 Snow depth and duration exert major effects on habitat for 

animals, burying forage for herbivores such as black-tailed deer, moose, and mountain goat, and 

providing protective cover for subnivean mammals such as the Northwestern deer mouse, long-tailed 

vole, and common shrew, and insulation to denning black and brown bears.
2276

  

Rapid climate change will likely have significant negative affects to endemic species living in 

southeastern Alaska in part due to their isolation on islands.
2277

 Young managed rainforests of 

southeastern Alaska provide marginal habitat for Wrangell Island red-backed voles, but continued 

warming could increase fragmentation of red-backed vole populations by rendering clearcuts and young 

                                                      
2266

 Nearly verbatim from McKelvey et al. (2011, p. 2882) 
2267

 Nearly verbatim from McKelvey et al. (2011, p. 2882) 
2268

 Nearly verbatim from DeVos, Jr. & McKinney (2007, p. 2) 
2269

 Nearly verbatim from DeVos, Jr. & McKinney (2007, p. 2) 
2270

 Nearly verbatim from DeVos, Jr. & McKinney (2007, p. 23) 
2271

 Nearly verbatim from DeVos, Jr. & McKinney (2007, p. 17). DeVos, Jr. & McKinney cite Baker & Hansen 

(1985), Lindzey et al. (1997), and Keegan & Wakeling (2003) for this information. 
2272

 Nearly verbatim from DeVos, Jr. & McKinney (2007, p. 18) 
2273

Verbatim from DeVos, Jr. & McKinney (2007, p. 18). DeVos, Jr. & McKinney cite Lankester (2001) for this 

information. 
2274

Verbatim from DeVos, Jr. & McKinney (2007, p. 18) 
2275

 Verbatim from Wolken et al. (2011, p. 17) 
2276

 Verbatim from Wolken et al. (2011, p. 17) 
2277

 Verbatim from Kelly et al. (2007, p. 64) 
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second-growth stands unsuitable.
2278

 Red-backed voles have high water requirements and are ordinarily 

excluded from clearcuts and young second-growth stands of western coniferous forest, because conditions 

are too dry in the exposed ground vegetation.
2279

 The extent to which other mesic forest specialists will be 

impacted remains unclear, but continued warming and drying will likely reduce the abundance and 

diversity of fungal communities, a potentially important food item of several endemic small mammals, 

including flying squirrels.
2280

 

Models suggest that the distribution of the little brown bat will expand northward in Alaska in the next 

century in response to warming temperatures and shorter winters in its current range.
2281

 

Using the covariates mentioned above (see “Observed trends: Southcentral and Southeast Alaska”), 

results from Random Forests™ modeling showed shrinking range size for the Alaska marmot (A1B 

scenario; Figure 68).
2282

 Statewide, total range area shrank by 27% by 2039, 81% by 2069, and 87% by 

2099, as compared with present estimated range size (2000-2099).
2283

 In addition, previously contiguous 

habitat areas became disconnected.
2284

 

 

Figure 68. Projected Alaska marmot distribution. Marmot range is expected to diminish sharply as climate warms 

and alpine habitat shrinks. Clockwise from top left: 2000-2009, 2030-2039, 2060-2069, 2090-2099. Source: 

Reproduced from Murphy et al. (2010, Fig. 20, p. 37) by authors of this report.  

                                                      
2278

 Nearly verbatim from Kelly et al. (2007, p. 63). Kelly et al. cite Smith & Nichols (2004) for information on 

marginal habitat for red-backed voles. 
2279

 Verbatim from Kelly et al. (2007, p. 63). Kelly et al. cite Smith & Nichols (2004) for this information. 
2280

 Verbatim from Kelly et al. (2007, p. 63-64). Kelly et al. cite Meyer & North (2005) for information on fungal 

communities and Smith (2007) for information on endemic small mammals, including flying squirrels. 
2281

 Verbatim from Jezierski et al. (2010, p. 10). Jezierski et al. cite Humphries et al. (2002) for this information. 
2282

 Nearly verbatim from Murphy et al. (August 2010, p. 36) 
2283

 Verbatim from Murphy et al. (August 2010, p. 36) 
2284

 Verbatim from Murphy et al. (August 2010, p. 36) 
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Longer growing seasons could benefit wildlife species such as black-tailed deer by increasing the total 

area of snow-free winter range, increasing winter energy availability, decreasing winter energy 

expenditures, and increasing the availability of high quality foods in spring at a critical time of the annual 

nutritional cycle, thereby decreasing winter mortality.
2285

 Increasing populations of deer, on the other 

hand, are likely to exert significant browsing pressure on the vegetation of their habitat, changing 

vegetation composition and structure.
2286

 Deer, vegetation, and wolves are likely to interact in complex 

patterns in relation to a changing climate, principally mediated through snow regime; populations may 

grow during successive mild winters but crash more severely during periodic cold winters.
2287

  

Winter range availability, especially during periodic severe winters, will ultimately dictate the upper limit 

of the Copper River Delta moose population.
2288

 The decline in early successional communities such as 

gravel and open alder-willow and the increase in more mature types foretells a future decline in the forage 

base in the glacial outwash plain.
2289

 By 2040, closed alder-willow also will begin to decline and 

subsequently the cottonwood communities follow.
2290

 Estimates of the nutritional carrying capacity for 

moose in the glacial outwash plain winter range are shown in Table 32. 

High-elevation snowpack will affect 

some animals directly, such as mountain 

goats.
2291

 However, it will affect a wide 

range of low-elevation animals indirectly 

through effects on streamflow and the 

production and availability of salmon, 

which are a major summer food resource 

for a diverse group of mammals, birds, 

and insects.
2292

 Salmon play a critical 

role in body size, population density, and 

productivity of brown bear, nesting 

success and productivity of bald eagle, 

timing and success of reproduction in mink, and body condition and survival of American marten.
2293

 In 

the coastal temperate forest, as in other regions, the responses of anadromous salmonids to climate change 

differs among fish species and depends on their life cycle in freshwater and at sea.
2294

 For additional 

                                                      
2285

 Verbatim from Wolken et al. (2011, p. 17). Wolken et al. cite Parker et al. (199) for this information, with the 

exception of information on decreasing winter mortality. 
2286

 Verbatim from Wolken et al. (2011, p. 17). Wolken et al. cite Hanley (1987) for this information. 
2287

 Verbatim from Wolken et al. (2011, p. 17-18) 
2288

 Verbatim from Stephenson et al. (2006, p. 370) 
2289

 Nearly verbatim from Stephenson et al. (2006, p. 369) 
2290

 Verbatim from Stephenson et al. (2006, p. 369) 
2291

 Verbatim from Wolken et al. (2011, p. 18) 
2292

 Verbatim from Wolken et al. (2011, p. 18). Wolken et al. cite Gende et al. (2002) for this information. 
2293

 Verbatim from Wolken et al. (2011, p. 18). Wolken et al. cite Hilderbrand et al. (1999) for information on brown 

bear, Hansen (1987) for information on bald eagle, Ben-David (1997) and Ben-David et al. (1997a) for information 

on mink, and Ben-David et al. (1997b) for information on American marten. 
2294

 Verbatim from Wolken et al. (2011, p. 18). Wolken et al. cite Bryant (2009) for this information. 

Table 32. Estimates of the nutritional carrying capacity for 

moose in the glacial outwash plain winter range of the west 

Copper River Delta, Alaska, during 1959-2040 under very mild 

(no snow) and severe winter conditions. 

Burial of 

browse by snow 

Nutritional Carrying Capacity, by Year 

Absolute change (% change vs. 1959) 

1959 1986 2013 2040 

None 
1,110 

(N/A) 

1,126 

(+1.4%) 

950 

(-14%) 

871 

(22%) 

Severe (~50%) 
453 

(N/A) 

310 

(-32%) 

261 

(-42%) 

239 

(-47%) 

Source: Modified from Stephenson et al. (2006, Table 8, p. 368) 

by authors of this report. 
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information on the implications of climate change for Pacific salmon, please see the cited companion 

report.
2295

 

Western British Columbia 

Herbivores (including large ungulates) currently may base their reproductive cycles or seasonal 

migrations on day-length, while vegetation emerges in the spring more as a consequence of local 

temperatures.
2296

 As local temperatures increase and vegetation leafs out earlier in the season, successful 

herbivore reproduction might decline—as it evidently has in Arctic caribou.
2297

 However, some species 

that have been transplanted to southern latitudes have adapted quickly.
2298

  

Western Washington 

Wolverine habitat is being directly threatened by climate change.
2299

 As temperatures rise, more and more 

of the wolverine’s high mountain habitat will probably be lost.
2300

 Snow is an important, even critical, 

component of the wolverine’s seasonal habitat requirements and is considered an obligate component of 

reproductive denning habitat through thermal benefits and protection from predators.
2301

 The distribution 

of spring snow cover has been shown to be concordant with year-round wolverine habitat associations as 

well as specific movement paths.
2302

 As such, the distribution of spring snow cover appears to define a 

bioclimatic niche for the wolverine, the distribution and productivity of which may be adversely impacted 

by global warming.
2303

 For example, wolverines need deep snow cover from February to early May to 

provide insulation for kits in their dens.
2304

 Reduced snow cover will impact the availability of denning 

sites.
2305

 Ideal denning sites are becoming more scarce as the snow in high mountain areas melts out more 

quickly in the spring.
2306

 

Western Oregon 

Canada lynx are associated with winter snow cover and could be affected by changes in snowpack.
2307

 In 

addition, snowshoe hares are a key prey item in northern North America food webs and an essential prey 

for the Canada lynx, making it an appropriate focal species for understanding functional mismatches 

among interacting species under climate change.
2308

 In a study from the northern Rocky Mountains, 

                                                      
2295

 Tillmann & Siemann (2011a) 
2296

 Nearly verbatim from Pojar (2010, p. 20) 
2297

 Nearly verbatim from Pojar (2010, p. 20). Pojar cites Post & Forchhammer (2008) for this information. 
2298

 Nearly verbatim from Pojar (2010, p. 20). Pojar cites Demarchi & Mitchell (1973) for this information. 
2299

 Verbatim from North Cascades Conservation Council (2010, p. 24) 
2300

 Verbatim from North Cascades Conservation Council (2010, p. 24) 
2301

 Nearly verbatim from Running & Mills (2009, p. 20). Running & Mills cite Magoun & Copeland (1998) for this 

information. 
2302

 Verbatim from Running & Mills (2009, p. 20). Running & Mills cite Schwartz et al. (in press) for this 

information. 
2303

 Verbatim from Running & Mills (2009, p. 20) 
2304

 Nearly verbatim from North Cascades Conservation Council (2010, p. 24) 
2305

 Verbatim from North Cascades Conservation Council (2010, p. 24) 
2306

 Verbatim from North Cascades Conservation Council (2010, p. 24) 
2307

 Nearly verbatim from Hixon et al. (2010, p. 284). Hixon et al. cite Verts & Carraway (1998) for information on 

the association of Canada lynx with snow cover. 
2308

 Nearly verbatim from Mills et al. (2013, p. 7360). Camouflage mismatch in seasonal coat color due to 

decreased snow duration. Mills et al. cite Traill et al. (2010) for this information. 
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without evolution in coat color phenology (i.e., from brown to white in winter and from white to brown in 

spring), reduced snow duration will increase the number of days that white hares will be mismatched on a 

snowless background by four- to eightfold by the end of the century (2070-2099 vs. 1970-1999; 19 

CMIP5 models run with RCP4.5 and RCP8.5; see Box 1).
2309

 For additional information on lynx, please 

see the section in this chapter on observed trends in Western North America. 

Northwest California 

Information needed. 

Information Gaps 

Additional information on observed trends and future projections for northwest California are needed, 

future projections for western Oregon, and specific projections throughout the NPLCC region are needed, 

as few to no studies are presented here.  

Anticipating the impacts of future climate change on mammals requires:  

1. Understanding how to accurately downscale global climate change models to regional scales 

2. Understanding the effects of climate on habitat (in particular, vegetation and surface water) 

3. Understanding the effects of changes in habitat, precipitation, and temperature on physiology, 

behavior, and population dynamics 

4. Understanding complex interactions among species and with other factors, such as disease.
2310

 

The first two areas are being addressed in other arenas of climate change research, whereas the third often 

must be approached on a species-by-species basis.
2311

 Species inhabiting deserts, high elevations, and 

other ecosystems already identified as “high risk” are the most obvious candidates for future research.
2312

 

Refining predictions for future precipitation and identifying basic relationships among mammalian 

population dynamics and climate variables may be the highest priorities for future research.
2313

 In 

addition, shysiological investigations into critical temperatures for the wolverine could be important for 

understanding and anticipating the potential impacts of climate change on wolverine distribution and 

population persistence.
2314

 

  

                                                      
2309

 Nearly verbatim from Mills et al. (2013, p. 7360). Mills et al. cite Traill et al. (2010) for this information. 
2310

 Nearly verbatim from Hixon et al. (2010, p. 284) 
2311

 Verbatim from Hixon et al. (2010, p. 284) 
2312

 Verbatim from Hixon et al. (2010, p. 284). Hixon et al. cite Loarie et al. (2009) for information on desert species 

and Parmesan (2006) for information on high elevation species. 
2313

 Verbatim from Hixon et al. (2010, p. 284) 
2314

 Nearly verbatim from Copeland et al. (2010, p. 242) 
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2. Birds 

The direct effects of climate change on birds include loss of critical habitat, behavior, distribution, 

population dynamics, and phenology; many of these effects are driven by changes in precipitation and 

temperature.
2315

 For example, the response of insect phenology to temperature change (approximately 6 

days per °C) is greater than that of birds (~2 d/°C), creating a mismatch between date of egg-laying and 

peak food abundance.
2316

 Overall, climate change is expected to lead to significant range changes for 

many bird species.
2317

 Indirect effects of climate change on birds include sea level rise, changes in fire 

regimes, vegetation changes, land use changes, altered competitive interactions among species, and 

ecosystem reordering.
2318

 Birds most at risk from habitat loss are those that are specialized in their habitat 

needs – including those species that are restricted to islands, alpine zones, or coastal beaches for critical 

parts of their life history.
2319

 This section focuses on observed trends and future projections for terrestrial 

birds in the NPLCC region. 

Observed Trends 

North America 

The egg-laying date in tree swallows advanced by up to nine days during 1959-1991.
2320

 This advance in 

phenology was associated with increasing surface air temperatures at the time of breeding.
2321

 There was a 

significant negative interaction between longitude and temperature, which indicates that the relationship 

between laying date and temperature was steeper (i.e., more negative), and thus the rate of change in 

laying date was greater, at more western locations (higher longitude).
2322

 In contrast, there was a positive 

interaction between latitude and temperature, which indicates that the relationship between laying date 

and temperature was steeper, and thus the rate of change in laying date was greater, at more southern 

locations (lower latitude) within the range of swallows (northern U.S. and Canada).
2323

 The mechanism 

for earlier laying in tree swallows is probably an advancement in the date of emergence or peak 

abundance of aerial insects.
2324

 Tree swallows feed primarily on dipterans and other flying arthropods 

                                                      
2315

 Nearly verbatim from Audubon Washington (2009a, p. 1). Birds & Climate Change: Washington’s Birds at 

Risk. 
2316

 Nearly verbatim from Robinson et al. (2008, p. 92). Robinson et al. cite Sparks & Menzel (2002) and Root et al. 

(2003) for information on the response of insect and bird phenology to temperature change. Robinson et al. cite Both 

et al. (2004) for information on the mismatch between date of egg-laying and peak food abundance. 
2317

 Nearly verbatim from Audubon Washington (2009a, p. 1) 
2318

 Verbatim from Audubon Washington (2009a, p. 1) 
2319

 Verbatim from Audubon Washington (2009a, p. 1). Washington Audubon cites Butler & Taylor (2005) for this 

information. 
2320

 Verbatim from Dunn & Winkler (1999, p. 2487). Climate change has affected the breeding date of tree 

swallows throughout North America. 
2321

 Verbatim from Dunn & Winkler (1999, p. 2487). Note: Dunn & Winkler report a strong negative relationship 

between laying date and spring temperatures, i.e., the mean of April and May temperatures: p = 0.0001 (p. 2489). 
2322

 Verbatim from Dunn & Winkler (1999, p. 2489). Dunn & Winkler refer the reader to Table 1 in the cited article 

for this information. 
2323

 Nearly verbatim from Dunn & Winkler (1999, p. 2489). Dunn & Winkler refer the reader to Table 1 in the cited 

article for this information. 
2324

 Verbatim from Dunn & Winkler (1999, p. 2489) 
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whose abundance is directly related to air temperature.
2325

 Alternatively, higher spring temperatures could 

advance laying directly by reducing the energy requirements of pre-reproducitve females.
2326

 

Across North America, tree swallows show extraordinarily little 

variation in the relationship between clutch size and timing of 

breeding.
2327

 As in other studies of tree-swallow breeding biology, the 

very strong effect of lay date on clutch size was negative: for every day 

later that a bird began laying, its final clutch size averaged 0.03 fewer 

eggs.
2328

 However, the distributions of egg-laying dates were more 

constricted in the warmest (and earliest) years, suggesting that changes 

in mean clutch size might be constrained by changes in the distribution 

of laying dates.
2329

 

In the U.S., although only 2% of forest bird species show high 

vulnerability to climate change, more than half of the species with 

medium or high vulnerability were not previously considered species of 

conservation concern.
2330

 Among species that are restricted to a single 

forest type, a higher proportion of birds in eastern forests (75%) show 

medium or high vulnerability than birds in western (57%), boreal 

(49%), or subtropical (27%) forests.
2331

 

Southcentral and Southeast Alaska 

A large tree die-off (of white spruce trees in the Copper River area due to a spruce beetle infestation) 

decreased the density of ruby-crowned kinglets as their habitat structure changed.
2332

 The extensive tree 

mortality, however, opened the forest allowing shrubs to proliferate and concurrently greatly reduced the 

population of an important avian nest predator (red squirrel).
2333

 The opening of the forests and the 

reduction of nest predators overall appears to have benefitted breeding birds.
2334

 

In a modeling and connectivity study, Murphy et al. (2010) selected the trumpeter swan as a species of 

interest because, like many other birds species in the state, it is migratory.
2335

 As such, statewide 

                                                      
2325

 Verbatim from Dunn & Winkler (1999, p. 2489-2490). Dunn & Winkler cite Robertson et al. (1992) for 

information on feeding preferences for dipterans and flying arthropods, and Roeder (1953) for information on the 

relationship between abundance and air temperature. 
2326

 Verbatim from Dunn & Winkler (1999, p. 2490). Dunn & Winkler cite Winkler & Allan (1996) and D. W. 

Winkler & P. O. Dunn, unpublished data, for this information. 
2327

 Verbatim from Winkler et al. (2002, p. 13598). Predicting the effects of climate change on avian life-history 

traits. 
2328

 Verbatim from Winkler et al. (2002, p. 13597). Winkler et al. refer the reader to Table 1 in the cited article for 

this information. Winkler et al. cite Winkler & Allan (1996), Dunn et al. (2000), and Stutchbury & Robertson (1988) 

for information on other studies of tree-swallow breeding biology. 
2329

 Verbatim from Winkler et al. (2002, p. 13595) 
2330

 Nearly verbatim from North American Bird Conservation Initiative (2010, p. 20) 
2331

 Verbatim from North American Bird Conservation Initiative (2010, p. 20) 
2332

 Nearly verbatim from Kelly et al. (2007, p. 62) 
2333

Verbatim from Kelly et al. (2007, p. 62). Kelly et al. cite Matsuoka et al. (2001) for this information. 
2334

Verbatim from Kelly et al. (2007, p. 62). Kelly et al. cite Matsuoka et al. (2001) for this information. 
2335

 Nearly verbatim from Murphy et al. (2010, p. 38) 

Figure 69. U.S. forest bird 

vulnerability to climate change. 

Overall, only 2% of forest bird 

species show high vulnerability to 

climate change, and another 30% 

show medium vulnerability.  

Source: Reproduced from NABCI 

(2010, p. 20) by authors of this 

report. 
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connectivity of habitat may not be an issue for them.
2336

 However, quantity and quality of habitat are 

pertinent to the survival of this species.
2337

 Swans are limited, in part, by summer season length to fledge 

their young.
2338

 Trumpeter swans in Alaska require 138 ice-free days to fledge their young 

successfully.
2339

 Trumpeter swans in Alaska have responded positively to a longer growing season by 

extending their breeding season.
2340

 In addition to the longer breeding season, habitats that were 

previously inhospitable to this species have become available as a result of an extended ice-free 

period.
2341

 This range expansion, however, may result in competition with the tundra swan for breeding 

areas.
2342

 Figure 71 shows the current and projected range for trumpeter swans. 

Western British Columbia 

Information on observed trends for birds on southeast Vancouver Island is available, and is presented 

following information on goshawks, Wilson’s phalarope, Lewis’s woodpecker, Swainson’s thrush, and 

yellow warbler: 

 Goshawks: Warmer, wetter springs in west central B.C. could be at least partly responsible for 

reduced nest area reoccupancy and breeding success of goshawks.
2343

 Increased precipitation is 

linked to a decrease in prey abundance, and warmer spring temperatures are associated with high 

rates of mortality as a result of attacks on nestlings by black flies.
2344

  

 Wilson’s phalarope: When all observations are considered, there is no apparent trend in timing 

of northward movements of Wilson’s phalarope over the past 82 years (i.e., 1922-2003), although 

there are an increasing number of later observations with the passage of time.
2345

 When the 

observations are separated into two groups (coastal and interior) there again is no strong 

distinction, although more of the later observations appear among interior ecoprovinces.
2346

 

However, examining only the earliest and latest dates of arrival produced unexpected results.
2347

 

The smaller coastal population appears to be arriving significantly later, and departing 

significantly earlier, though the relationship is not strong.
2348

 Available data on clutch initiation 

for Wilson’s phalarope indicate that birds in the Georgia Depression breed earliest (May 22
nd

 on 

average, compared to the rest of the province), but there are no data after 1976 when the tendency 

                                                      
2336

 Verbatim from Murphy et al. (August 2010, p. 38) 
2337

 Verbatim from Murphy et al. (August 2010, p. 38) 
2338

 Verbatim from Murphy et al. (August 2010, p. 38) 
2339

 Verbatim from Murphy et al. (August 2010, p. 38). The authors cite Mitchell (1994) for this information. 
2340

 Verbatim from Leicht-Young et al. (2013b, p. 2). Observed changes in phenology across the United States – 

Alaska and the Arctic. 
2341

 Verbatim from Leicht-Young et al. (2013b, p. 2) 
2342

 Verbatim from Leicht-Young et al. (2013b, p. 2). Leicht-Young et al. cite Schmidt et al. (2011) for this 

information. 
2343

 Nearly verbatim from Pojar (2010, p. 16) 
2344

 Nearly verbatim from Pojar (2010, p. 16). Pojar cites Doyle (2008) for this information. 
2345

 Nearly verbatim from Bunnell & Squires (2005, p. 21). Evaluating potential influences of climate change on 

historical trends in bird species. Bunnell & Squires refer the reader to Figure 17 in the cited report for this 

information. 
2346

 Verbatim from Bunnell & Squires (2005, p. 21) 
2347

 Nearly verbatim from Bunnell & Squires (2005, p. 21). Bunnell & Squires refer the reader to Figure 19 in the 

cited report for this information. 
2348

 Verbatim from Bunnell & Squires (2005, p. 21) 
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to arrive later begins.
2349

 However, from 1958 to 1987, there was no discernible trend in date of 

clutch initiation.
2350

 Maps of relative density between decades for Wilson’s phalarope suggest 

both spatial extension of the range northward and an increase in relative density within northern 

regions.
2351

 By the 1990s, the northward extension of the range had proceeded such that almost 

30% of occupied cells were north of 52° N (vs. < 5% during the 1960s).
2352

 

 Lewis’s woodpecker: While there are no apparent trends in arrival and departure dates of 

migrants, there is an apparent increase in over-wintering birds.
2353

 Within the Georgia Depression 

over-wintering records increased from four during the period 1890 to 1950 to 40 during the 

period 1960 to 2003.
2354

 The maps of relative density between decades suggest that there has been 

relatively little tendency for Lewis’s Woodpecker to move farther north in the province, but that 

there has been an increase in relative density in northern regions of its occupied range.
2355

  

 Swainson’s thrush: There is no evidence of over-wintering in the northeast, but an increase in 

over-wintering in both the coastal and interior ecoprovinces.
2356

 Moreover, there may be a 

tendency to arrive early in coastal ecoprovinces.
2357

 The tendency for earlier arrival is strongest in 

the southern coastal areas, becoming increasingly less so in more northern regions.
2358

 The 

regression analyses estimate 5.6 days earlier per decade on the coast, 4.2 days per decade for the 

interior, but only 2.0 days per decade in the northeast.
2359

 The earlier arrival in coastal areas is 

particularly pronounced, and combined with the later departure suggest that migratory individuals 

are extending their duration of stay in British Columbia by about 10 days per decade.
2360

 Maps 

suggest that by the 1990’s the Swainson’s thrush expanded its range in central and northern areas 

of the province, though the bulk of numbers remained concentrated in the south (vs. 1960s).
2361

 

The percent of total observations over the entire province that were north of 54° increased from 

0.7% to 12% between the same two decades (i.e., 1990s vs. 1960s).
2362

 

 Yellow warbler: Over the past century, the yellow warbler has shown a pronounced tendency to 

arrive earlier and depart later.
2363

 The tendency for early arrival is more apparent in southern and 

                                                      
2349

 Nearly verbatim from Bunnell & Squires (2005, p. 21-22). Bunnell & Squires refer the reader to Figure 19 in the 

cited report for this information. 
2350

 Nearly verbatim from Bunnell & Squires (2005, p. 38). Bunnell & Squires refer the reader to Figure 36 in the 

cited report for this information. 
2351

 Nearly verbatim from Bunnell & Squires (2005, p. 34). Bunnell & Squires refer the reader to Figure I.5 in the 

cited report for this information. Note: Bunnell & Squires state both trends are statisticall significant. 
2352

 Nearly verbatim from Bunnell & Squires (2005, p. 34). Bunnell & Squires refer the reader to Figure 32a in the 

cited report for this information. Note: Bunnell & Squires state the extension is significant: K-S test, p = 0.003. 
2353

 Nearly verbatim from Bunnell & Squires (2005, p. 25). Bunnell & Squires refer the reader to Figure 21 in the 

cited report for this information. 
2354

 Verbatim from Bunnell & Squires (2005, p. 25) 
2355

 Verbatim from Bunnell & Squires (2005, p. 35). Bunnell & Squires refer the reader to Figure I.6 in the cited 

report for this information. 
2356

 Nearly verbatim from Bunnell & Squires (2005, p. 26) 
2357

 Verbatim from Bunnell & Squires (2005, p. 26) 
2358

 Verbatim from Bunnell & Squires (2005, p. 26) 
2359

 Verbatim from Bunnell & Squires (2005, p. 26). Note: Bunnell & Squires state these trends are significant (p < 

0.01), but the r
2
 value for the northeast is particularly weak (p. 26). 

2360
 Verbatim from Bunnell & Squires (2005, p. 26) 

2361
 Nearly verbatim from Bunnell & Squires (2005, p. 35). Bunnell & Squires refer the reader to Figure I.7 in the 

cited report for this information. 
2362

 Nearly verbatim from Bunnell & Squires (2005, p. 36) 
2363

 Nearly verbatim from Bunnell & Squires (2005, p. 29) 
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the most northern populations.
2364

 The tendency for later departure and increasing incidence of 

over-wintering is apparent only in the south.
2365

 Maps suggest that by the 1990’s the yellow 

warbler has clearly expanded its range into more northerly areas of the province, though the bulk 

of numbers remain concentrated in more southerly regions.
2366

 

On southeast Vancouver Island, tests were conducted to determine whether bird abundance in remnant 

patches of Garry oak and adjacent Douglas-fir is related to Garry oak volume, patch size or 

urbanization.
2367

 Information on bird presence and abundance in Garry oak habitat, Douglas-fir 

communities, and in response to urbanization and human population density is available: 

 Bird presence and abundance in Garry oak habitat: Only two species favor Garry oak habitat 

over Douglas-fir forest.
2368

 The brown-headed cowbird is avoiding the closed-canopy forest and 

selecting for oak habitat.
2369

 The chipping sparrow is also selecting for Garry oak habitat.
2370

 

Unlike the cowbird, it is restricted to those oak patches surrounded by Douglas-fir forest, thus 

showing a response to surrounding habitat.
2371

 The chipping sparrow may be the only species for 

which the Garry oak ecosystem is a vital component for its persistence in the region.
2372

 Further 

studies on chipping sparrow use and productivity in other open-habitats are needed to test this 

claim.
2373

 

 Bird presence and abundance in Douglas-fir communities: Although a community of oak 

associated species is not currently present, a small Douglas-fir forest community existed.
2374

 

Three species (winter wren, brown creeper and golden-crowned kinglet) showed preference for 

Douglas-fir forest patches.
2375

 These species are associated with conifer forests in other Pacific 

Northwest landscapes.
2376

 

 Effects of urbanization and human population density on bird presence and abundance: 

Urbanization factors, rather than patch type, were related to population size for the majority of the 

species analyzed.
2377

 Human population density—an indicator of urbanization in the landscape—

was correlated to population size for five species (orange-crowned warbler, chestnut-backed 

chickadee, dark-eyed junco, Townsend’s warbler, and Anna’s hummingbird).
2378

 

                                                      
2364

 Verbatim from Bunnell & Squires (2005, p. 29) 
2365

 Verbatim from Bunnell & Squires (2005, p. 29) 
2366

 Nearly verbatim from Bunnell & Squires (2005, p. 36). Bunnell & Squires refer the reader to Figure I.8 in the 

cited report for this information. Note: Bunnell & Squires state the expansion in space is significant: K-S test, p < 

0.034. 
2367

 Nearly verbatim from Feldman & Krannitz (2002, p. 169) 
2368

 Verbatim from Feldman & Krannitz (2002, p. 175) 
2369

 Verbatim from Feldman & Krannitz (2002, p. 175) 
2370

 Verbatim from Feldman & Krannitz (2002, p. 175) 
2371

 Verbatim from Feldman & Krannitz (2002, p. 175) 
2372

 Verbatim from Feldman & Krannitz (2002, p. 175) 
2373

 Verbatim from Feldman & Krannitz (2002, p. 175) 
2374

 Verbatim from Feldman & Krannitz (2002, p. 175) 
2375

 Verbatim from Feldman & Krannitz (2002, p. 175) 
2376

 Verbatim from Feldman & Krannitz (2002, p. 175). Feldman & Krannitz cite Anderson (1972), McGarrigal and 

McComb (1995) and Schwab and Sinclair (1994) for this information. 
2377

 Verbatim from Feldman & Krannitz (2002, p. 175) 
2378

 Verbatim from Feldman & Krannitz (2002, p. 175) 
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Pacific Northwest 

In a 12-year study of northern flickers, birds arrived earlier at breeding sites when temperatures along the 

migration route rose.
2379

 However, the strongest negative correlation between laying dates and ambient 

temperatures occurred after the arrival of most birds on the breeding site, which suggests that the ability 

of females to accumulate resources for egg laying on the breeding site was an important determinant of 

laying times.
2380

 At the population level, egg laying advanced by 1.15 days for every degree warmer on 

the breeding grounds.
2381

 At the level of individuals, laying dates advanced as females aged from 1 to 3 

years, and females in better body condition also laid earlier.
2382

 However, there was no interaction 

between female age and ambient temperature, which suggests that the age classes had equal capacity to 

respond to environmental change.
2383

 Reproductive output declined seasonally as a result of declines in 

clutch size and not as a result of reduced fledgling success.
2384

 This suggests that there is no ecological 

mismatch linked to prey availability for northern flickers and that individuals could benefit by laying 

earlier if spring temperatures allow.
2385

 

Among the 49 species highly associated with prairie-oak habitats, 21 have experienced extirpations, range 

contractions, and/or regional population declines.
2386

 Six species have expanded their range in prairie-oak 

habitats in the last fifty years.
2387

 Specific results for extirpations, range changes, and population trends 

are available: 

 Extirpations and range contractions: Nine prairie-oak species have experienced local or 

ecoregional extirpations and/or range contractions.
2388

 These species include sandhill crane, 

which was extirpated from the Puget Lowlands shortly after Euro-American settlement, and 

streaked horned lark, which has been extirpated from two ecoregions, Georgia Depression and 

Klamath Mountains.
2389

 Three prairie-oak species have been extirpated as breeding species from 

the region since the 1940s.
2390

 Burrowing owl had a breeding population in the Rogue Valley and 

scattered breeding pairs elsewhere.
2391

 Lewis’s woodpecker formerly bred throughout the 

region.
2392

 Say’s phoebe had local breeding populations in the Willamette Valley and the Klamath 

                                                      
2379

 Verbatim from Leicht-Young et al. (2013, p. 2) 
2380

 Verbatim from Wiebe & Gerstmar (2010, p. 917). Influence of spring temperatures and individual traits on 

reproductive timing and success in a migratory woodpecker. 
2381

 Verbatim from Wiebe & Gerstmar (2010, p. 917) 
2382

 Verbatim from Wiebe & Gerstmar (2010, p. 917) 
2383

 Verbatim from Wiebe & Gerstmar (2010, p. 917) 
2384

 Verbatim from Wiebe & Gerstmar (2010, p. 917) 
2385

 Verbatim from Wiebe & Gerstmar (2010, p. 917) 
2386

 Verbatim from Altman (2011, p. 194). Historical and current distribution and populations of bird species in 

prairie-oak habitats in the Pacific Northwest. 
2387

 Verbatim from Altman (2011, p. 194) 
2388

 Verbatim from Altman (2011, p. 199). Altman refers the reader to Table 1 in the cited article for this 

information. 
2389

 Verbatim from Altman (2011, p. 199) 
2390

 Verbatim from Altman (2011, p. 196). Altman refers the reader to Table 1 in the cited article for this 

information. 
2391

 Verbatim from Altman (2011, p. 196-197) 
2392

 Verbatim from Altman (2011, p. 197) 
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Mountains ecoregions.
2393

 The predominant pattern of range contraction starts at the northern end 

of a species range and moves southward.
2394

  

 Range expansions: Six prairie-oak species have expanded their breeding range in the last fifty 

years.
2395

 Two of the six species, white-tailed kite and western scrub-jay, appear to be continuing 

to expand their range; one species, acorn woodpecker, seems to have stabilized; and three species, 

Anna’s hummingbird, blue-gray gnatcatcher, and grasshopper sparrow, have only appeared in the 

region as breeding species in the last fifty years.
 2396

 The predominant pattern of range expansion 

starts at the northern edge of a species range and moves northward.
2397

 

 Population trends: Five species have a moderate or high degree of confidence in Christmas Bird 

Count trends from 1966-2006.
2398

 Two species are increasing – western bluebird (3.6% per year) 

and western scrub-jay (2.1% per year); two species are declining – slender-billed white-breasted 

nuthatch (2.2% per year) and western meadowlark (2.4% per year); and one has a stable 

population trend – acorn woodpecker.
2399

 

Additional information is available on the range and population of two species endemic to prairie-oak 

habitats west of the Cascades in the Pacific Northwest (the streaked horned lark, Oregon vesper sparrow): 

 Historic range: The historical breeding range of streaked horned lark included wet and dry 

prairie habitats and open coastal plains from the Georgia Depression ecoregion south through the 

Puget Lowlands and Willamette Valley ecoregions, and into the Rogue Valley, Oregon in the 

Klamath Mountains ecoregion.
2400

 The historical breeding range of Oregon vesper sparrow 

included dry prairie and oak savanna habitats from the Georgia Depression ecoregion south 

through the Puget Lowlands and Willamette Valley ecoregions, and into the Klamath Mountains 

ecoregion south to Del Norte County, California.
2401

  

 Population declines and current population estimate: Based on data from 544 roadside point 

counts in grassland habitats in the Willamette Valley in 1996 and repeated in 2008, the number of 

western meadowlark and Oregon vesper sparrow detections declined by 59% and 79% 

respectively.
2402

 Streaked horned lark detections remained relatively stable during the same time 

period.
2403

 Estimates of lambda that include vital rates from all streaked horned lark nesting areas 

in Washington (i.e., south Puget Lowlands, coast, islands in the Columbia River) indicate that the 

population is declining by 40 percent per year between 2002-2005, apparently due to a 

combination of low survival and fecundity rates.
2404

 Estimates of regional population size for 

                                                      
2393

 Verbatim from Altman (2011, p. 197) 
2394

 Verbatim from Altman (2011, p. 194) 
2395

 Verbatim from Altman (2011, p. 210) 
2396

 Verbatim from Altman (2011, p. 210) 
2397

 Verbatim from Altman (2011, p. 194) 
2398

 Nearly verbatim from Altman (2011, p. 212) 
2399

 Verbatim from Altman (2011, p. 212) 
2400

 Verbatim from Altman (2011, p. 196). Altman cites Beason (1995) and Pearson & Altman (2005) for this 

information. 
2401

 Verbatim from Altman (2011, p. 196). Altman cites Jones & Cornely (2002) for this information. 
2402

 Verbatim from Altman (2011, p. 211). Altman cites Altman (1999) for information on the 1996 study and Myers 

& Kreager (2010) for information on the 2008 study. 
2403

 Verbatim from Altman (2011, p. 211-212) 
2404

 Verbatim from Altman (2011, p. 212). Altman cites Camfield et al. (2010) for this information and reports 

lambda as follows: λ = 0.61 ± 0.10 SD (SD = standard deviation).  
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these two subspecies is < 2,000 (i.e., 1170-1610) birds for streaked horned lark and < 3,000 (i.e., 

1540-2770) birds for Oregon vesper sparrow.
2405

 

In the maritime Pacific Northwest (i.e., west of the Cascade Mountains), bird communities and effects of 

fire are best known from the western hemlock vegetation type, which has a high-severity fire regime.
2406

 

The post-fire stand-initiation stage in this type supports a reasonably distinct avifauna compared to other 

successional stages, a phenomenon that has been documented for high-severity fire regimes in other 

regions.
2407

 In general, there is a high turnover of species after high-severity fires, with a shift primarily 

from canopy-dwelling to ground-, shrub-, and snag-dwelling species that mostly are not associated with 

other successional stages.
2408

 The most likely bird communities vulnerable to these changes (i.e., changes 

in fire suppression) are in low-severity, high-frequency fire regimes that include the Douglas-fir type, 

drier portions of the white fir type, Oregon-

oak woodlands and savannas, native 

grasslands and sclerophyllous shrublands 

(i.e., shrublands composed of vegetation 

with hard leaves and a short distance 

between leaves along the stem).
2409

 

Western Washington 

Many of Washington’s 74 Important Bird 

Areas are vital stops along the Pacific 

Flyway, one of the Western Hemisphere’s 

biannual migration routes (Figure 70).
2410

 

In the North Cascades, low elevation forests 

provide winter and spring habitat for 

migratory wildlife and essential habitat for 

several endangered birds (e.g., spotted owls, 

marbled murrelets). 
2411

 In Washington 

State, only 33% of the most suitable habitat for spotted owls and 25% of the most suitable habitat for 

marbled murrelets are protected in national parks or wilderness.
2412

 Currently, the spotted owl population 

in Washington State continues to decline precipitously due to loss of habitat and possibly competition 

from barred owls.
2413

 Recent surveys have found significantly fewer owls than were found in surveys 

performed only a decade ago.
2414

 The marbled murrelet population in Washington, Oregon, and California 

                                                      
2405

 Nearly verbatim from Altman (2011, p. 213). Note: The specific estimates of breeding populations are found in 

Table 3 in the cited article. 
2406

 Nearly verbatim from Huff et al. (2005, p. 46). Fire and birds in maritime Pacific Northwest. 
2407

 Verbatim from Huff et al. (2005, p. 46) 
2408

 Verbatim from Huff et al. (2005, p. 46) 
2409

 Nearly verbatim from Huff et al. (2005, p. 46) 
2410

 Audubon Washington (2009b, p. 2). State of the Birds 2009: Summary Report. 
2411

 Nearly verbatim from North Cascades Conservation Council (2010, p. 4) 
2412

 Verbatim from North Cascades Conservation Council (2010, p. 20). North Cascades Conservation Council cites 

Cassidy et al. (1997) for this information. 
2413

 Verbatim from North Cascades Conservation Council (2010, p. 27) 
2414

 Verbatim from North Cascades Conservation Council (2010, p. 27) 

Figure 70. Washington's Important Bird Areas comprise 

diverse natural habitats from shrub-steppe to mountains, forests 

to shores, and the open Pacific Ocean.  

Source: Reproduced from Washington Audubon (2009b, p. 2) 

by authors of this report. 
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has been declining precipitously at four to seven percent per year.
2415

 Only nine nests have been found in 

Washington State, although the breeding population is estimated at 1,800 birds.
2416

 

Western Oregon 

In Oregon, 360 bird species regularly occur and an additional 135 are more occasional visitors.
2417

 Among 

land birds breeding in Oregon, three are federally listed under the U.S. Endangered Species Act: Northern 

Spotted Owl, Western Snowy Plover, and the Marbled Murrelet.
2418

 The largest urban areas in Oregon are 

located in the Willamette Valley, and common urban birds such as Vaux’s swift and common nighthawks 

are declining.
2419

 Resident urban birds appear to be holding their own, yet migrants such as the swifts and 

nighthawks are not.
2420

 

Data from the Breeding Bird Survey indicate 15 species are experiencing significant population declines 

in western Oregon grasslands.
2421

 Only two species, the common yellow-throat and red-winged blackbird, 

are increasing in numbers.
2422

 At least six species once present on Willamette Valley grasslands no longer 

breed in the region or have been entirely extirpated: the sandhill crane, burrowing owl, Lewis’ 

woodpecker, Say’s phoebe, lark sparrow, and black-billed magpie.
2423

 Two subspecies endemic to 

western Oregon grasslands, the streaked horned lark and Oregon vesper sparrow were once common in 

the Willamette Valley, but now only occur in local populations.
2424

 

Oak woodlands support avian communities that differ from conifer-dominated stands in the Willamette 

Valley and have a higher proportion of Neotropical migrants.
2425

 Species that are characteristic of oak 

woodlands and less common in conifer forests include the western wood-pewee, lazuli bunting, Cassin’s 

vireo, and Bullock’s oriole.
 2426

 In a comparison of bird communities observed in oak woodlands during 

1967-68 to observations made at the same sites 28 years later, three species (yellow warbler, common 

bushtit, and chipping sparrow) were common during the earlier period but were not detected at all during 

the later survey.
2427

 Species that had increased in abundance included the Swainson’s thrush, Pacific slope 

                                                      
2415

 Verbatim from North Cascades Conservation Council (2010, p. 28). North Cascades Conservation Council cites 

McShane et al. (2004) for this information. 
2416

 Verbatim from North Cascades Conservation Council (2010, p. 28) 
2417

 Nearly verbatim from Hixon et al. (2010, p. 278). Hixon et al. cite Marshall et al. (2003) for this information. 
2418

 Nearly verbatim from Hixon et al. (2010, p. 278) 
2419

 Nearly verbatim from Hixon et al. (2010, p. 280). Hixon et al. cite NABCI (2009) for this information. 
2420

 Verbatim from Hixon et al. (2010, p. 280) 
2421

 Nearly verbatim from Vesely & Rosenberg (2010, p. 18). Vesely & Rosenberg cite Altman et al. (2001) for this 

information. 
2422

 Verbatim from Vesely & Rosenberg (2010, p. 18). Vesely & Rosenberg cite Altman et al. (2001) for this 

information. 
2423

 Verbatim from Vesely & Rosenberg (2010, p. 18). Vesely & Rosenberg cite Altman et al. (2001) for information 

on lark sparrow and O’Neil et al. (2001) for information on black-billed magpie. 
2424

 Verbatim from Vesely & Rosenberg (2010, p. 18). Vesely & Rosenberg cite Gabrielson & Jewett (1940) for 

information on past occurrence in the Willamette Valley and Altman (2003a), Altman (2003b), and Moore (2008a) 

for information on current occurrence in local populations. 
2425

 Verbatim from Vesely & Rosenberg (2010, p. 18). Vesely & Rosenberg cite Hagar & Stern (2001) for this 

information. 
2426

 Verbatim from Vesely & Rosenberg (2010, p. 18). Vesely & Rosenberg cite Hagar & Stern (2001) for 

information on Bullock’s oriole. 
2427

 Nearly verbatim from Vesely & Rosenberg (2010, p. 18). Vesely & Rosenberg cite Anderson (1970) for 

information on the 1967-1968 time period and Hagar & Stern (2001) for information gathered 28 years later. 
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flycatcher, and purple finch.
2428

 The principle cause for differences in species composition at the 

woodland sites were successional changes in the plant community and a resulting increase in tree density 

and canopy closure.
2429

  

Northwest California 

Using combined sensitivity and exposure scores as an index, Gardali et al. (2012) ranked 358 avian taxa 

in California, and classified 128 as vulnerable to climate change.
2430

 Birds associated with wetlands had 

the largest representation on the list relative to other habitat groups.
2431

 On the other end of the spectrum, 

grassland and oak woodland taxa were the least vulnerable to climate change.
2432

 Of the 29 state or 

federally listed taxa, 21 were also classified as climate vulnerable, further raising their conservation 

concern.
2433

 Integrating climate vulnerability and California’s Bird Species of Special Concern list 

resulted in the addition of five taxa and an increase in priority rank for ten.
2434

 

In central and northern California, 13 of 21 species (62%) of Nearctic-Neotropical birds showed a change 

in arrival time, with eight species arriving earlier, two later, and three with a mixed response at different 

sites.
2435

 Of the 13 species, 10 (77%) are classified as likely or highly like climate associates.
2436

 The 

remaining three species are possible climate associates.
2437

 Specific results for birds in northern California 

are provided in Table 33. 

Migrants tend to arrive earlier in association with warmer temperatures, positive NAO indices, and 

stronger ENSO indices.
2438

 Using correlation analysis, of the 13 species with a significant (P < 0.10) 

change in arrival, the arrival timing of 10 species (77%) is associated with both temperature and a large-

scale climate oscillation index (El Niño Southern Oscillation, ENSO; North Atlantic Oscillation, NAO; 

and/or Pacific Decadal Oscillation, PDO) at least at one location.
2439

  

                                                      
2428

 Verbatim from Vesely & Rosenberg (2010, p. 18) 
2429

 Nearly verbatim from Vesely & Rosenberg (2010, p. 18). Vesely & Rosenberg cite Hagar & Stern (2001) for 

this information 
2430

 Nearly verbatim from Gardali et al. (2012, p. 1). A Climate Change Vulnerability Assessment of California’s At-

Risk Birds. Note: Gardali et al. state that they judged adaptive capacity to be too difficult to score given how little 

information and guidance exists upon which to make objective assessments. They also state that several components 

of sensitivity may be considered indirect proxies of adaptive capacity, including dispersal ability and habitat 

specialization (p. 11). 
2431

 Verbatim from Gardali et al. (2012, p. 1) 
2432

 Verbatim from Gardali et al. (2012, p. 10-11) 
2433

 Verbatim from Gardali et al. (2012, p. 1) 
2434

 Verbatim from Gardali et al. (2012, p. 1) 
2435

 Nearly verbatim from Leicht-Young et al. (2013c, p. 2). Observed changes in phenology across the United 

States – Southwest: California, Nevada, Utah, Colorado, Arizona, and New Mexico. 
2436

 Verbatim from MacMynowski et al. (2007, p. 7). Changes in spring arrival of Nearctic-Neotropical migrants 

attributed to multiscalar climate. 
2437

 Verbatim from MacMynowski et al. (2007, p. 7) 
2438

 Verbatim from MacMynowski et al. (2007, p. 1) 
2439

 Verbatim from MacMynowski et al. (2007, p. 1) 
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Table 33. Arrival dates and climate associations of 13 northern California bird species. 

Species Climate* Time Period 
Median first 

arrival Julian
†
 date 

Median continuous 

arrival Julian date 

Barn swallow Very Likely 1980-2003 76 82.5 

Black-headed grosbeak Very Likely 1980-1992 107 110.5 

Black-throated gray warbler Likely 1979-1994 101 103 

House wren Possible 1982-1994 94.5 94.5 

MacGillivray’s warbler Possible 1981-1992 110 111 

Nashville warbler Likely 1980-1994 92.5 108.5 

Olive-sided flycatcher Likely 1979-1992 118 127 

Vaux’s swift Likely 1980-1994 102 106.5 

Warbling vireo Very Likely 1981-2003 90 92 

Western kingbird Very Likely 1979-2003 105 109 

Western tanager None 1979-2004 106 116 

Western wood-pewee Likely 1980-2003 121.5 127 

Wilson’s warbler Very Likely 1981-1994 97 103 

* Four categories of association between a species’ phenology and climate are defined: (1) very likely (significant 

correlations (P < 0.10) of the same sign for both temperature and a climate index at two or more locations); (2) 

likely (significant correlations of the same sign for both temperature and a climate index at one location); (3) 

possible (significant correlation with only one climate variable or inconsistent signs for climate variables between 

locations); and (4) none (no significant correlations between arrival and climate variables). Trends in arrival over 

the study period were calculated with linear regression. 
†
Julian date is the number of days since the beginning of the year. For example, Julian day 32 is February 1. 

Source: Modified from MacMynowski et al. (2007, Table 2, p. 5) by authors of this report. 

 

Future Projections 

Global 

Jetz et al. (2007) used the four Millenium Ecosystem Assessment (MA) scenarios, which incorporate 

information on climate change and land use change, to estimate impacts on the breeding range of 8,750 

land bird species (2050 and 2100 vs. 1985; IMAGE 2.2 model run with B1, B2, A1, and A2, one each for 

the four MA scenarios).
2440

 Based on scenarios of habitat change, between approximately 4.5% and 10% 

of species were projected to have more than half of their current range transformed to different habitats by 

2050, and approximately 10% to 20% were projected to have their range transformed by 2100.
2441

 

Specifically, Jetz et al. (2007) found that 950-1,800 of the world’s 8,750 species of land birds could be 

imperiled by climate change and land conversion by the year 2100.
2442

 Even under environmentally 

benign scenarios, at least 400 species are projected to suffer greater than 50% range reductions by the 

year 2050 (over 900 by the year 2100).
2443

 Although expected climate change effects at high latitudes are 

significant, species most at risk are predominantly narrow-ranged and endemic to the tropics, where 

projected range contractions are driven by anthropogenic land conversions.
2444

 Most of these species are 

                                                      
2440

 Nearly verbatim from Staudt et al. (2012, p. 5-13) 
2441

 Nearly verbatim from Staudt et al. (2012, p. 5-13 to 5-14) 
2442

 Nearly verbatim from Jetz et al. (2007, p. 1211). Projected impacts of climate and land-use change on the global 

diversity of birds. 
2443

 Verbatim from Jetz et al. (2007, p. 1211) 
2444

 Verbatim from Jetz et al. (2007, p. 1211) 
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currently not recognized as imperiled.
2445

 Climate change was the dominating effect driving range 

contractions in temperate regions, whereas land cover and land use change was the dominating effect in 

the tropics.
2446

  

With a different set of assumptions that allowed species to change their elevational limits in response to 

climate change, Sekercioglu et al. (2008) used an intermediate estimate of warming of approximately 5.0 

°F (2.8˚C) combined with the Millenium Ecosystem Assessment land cover change scenarios to project 

that by 2100, 4.5% to 6% of species would go extinct and an additional 20% to 30% of species would be 

at risk of extinction (2100 vs. 2000 under six emissions scenarios).
2447

 Sekercioglu et al. (2008) 

specifically considered the extinction risk of landbirds, 87% of all bird species.
2448

 Worldwide, every 

degree of warming projected a nonlinear increase in bird extinctions of about 100–500 species.
2449

 Only 

21% of the species predicted to become extinct in Sekercioglu et al.’s (2008) scenarios are currently 

considered threatened with extinction.
2450

 

For migratory birds, the effects of climate change will not be uniform across regions, so for long-distance 

migrants, in particular, the use of local climatic cues that historically have been used to identify the best 

time to migrate from the non-breeding areas may mean populations no longer arrive at breeding sites at 

the appropriate time.
2451

 This may partly explain why population declines in a wide range of temperate 

migrant birds are most pronounced for those that migrate the greatest distances.
2452

 Furthermore, delays in 

spring arrival by migratory birds may lead to increased competition for nest sites with species arriving 

earlier.
2453

 

Western North America 

In general, because of their large ranges and high reproductive potential, forest birds are predicted to fare 

better in a changing climate than birds in other habitats.
2454

 Important exceptions include species that are 

specialized on highly seasonal resources, such as aerial insects or nectar, or that are dependent on high-

elevation, extremely humid, or riparian forests.
2455

 For example, forest birds showing medium 

vulnerability include large flycatchers that feed on aerial insects and bird species in riparian or humid 

forests, mostly in the West, that are at risk from increased drought conditions and more frequent fires.
2456

 

                                                      
2445

 Verbatim from Jetz et al. (2007, p. 1211) 
2446

 Verbatim from Staudt et al. (2012, p. 5-14) 
2447

 Nearly verbatim from Staudt et al. (2012, p. 5-14). Note: Sekercioglu et al. provide real numbers in their 

estimates: a best guess of 400-550 landbird extinctions, and an additional 2150 species at risk of extinction by 2100. 
2448

 Sekercioglu et al. (2008, p. 140) 
2449

 Verbatim from Sekercioglu et al. (2008, p. 140). Climate change, elevation range shifts, and bird extinctions. 
2450

 Verbatim from Sekercioglu et al. (2008, p. 140) 
2451

 Nearly verbatim from Robinson et al. (2008, p. 92). Robinson et al. cite Visser et al. (2004) for this information. 
2452

 Nearly verbatim from Robinson et al. (2008, p. 92). Robinson et al. cite Sanderson et al. (2006) for this 

information. 
2453

 Nearly verbatim from Walther et al. (2002, p. 394). Walther et al. cite Both & Visser (2001) for this information. 
2454

 Verbatim from North American Bird Conservation Initiative (2010, p. 21). The State of the Birds Report on 

Climate Change: United States of America. 
2455

 Verbatim from North American Bird Conservation Initiative (2010, p. 21) 
2456

 Nearly verbatim from North American Bird Conservation Initiative (2010, p. 20-21) 
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White-tailed ptarmigan and rosy-finches may disappear from mountaintops as alpine tundra 

diminishes.
2457

 

The ranges of many forest birds will proabably shift as ranges of tree species shift, generally northward or 

to higher elevations.
2458

 Some species may become less common in the United States as their ranges 

increase in Canada.
2459

 Conversely, species currently occurring primarily in Mexico may become more 

common in the United States.
2460

 For Western Hemisphere landbirds, Sekercioglu et al.’s (2008) 

intermediate extinction estimates based on climate-induced changes in actual distributions ranged from 

1.3% (~2.0 °F, 1.1 °C warming) to 30.0% (~11 °F, 6.4 °C warming) of these species (2100 vs. 2000 under 

six emissions scenarios).
2461

 

Increased drought and frequency of fire in western forests may also alter forest bird communities.
2462

 

More than a third of forest birds are Neotropical migrants.
2463

 These long-distance migrating birds may 

experience mismatches in the timing of breeding with the availability of seasonal food resources, causing 

ecological disruption of bird communities or reproductive failure.
2464

 

Southcentral and Southeast Alaska 

Resident birds of the Sitka spruce and western hemlock forest in southeastern Alaska, such as blue 

grouse, may benefit as that forest type moves upslope and expands in size as warming trends continue 

over this century.
2465

 Alpine habitat, for species such as ptarmigan, is predicted to be reduced, fragmented, 

or even eliminated as it is converted to spruce/hemlock forest.
2466

 

Using the same methodology and climate data described for modeling biomes (see Chapter VI.2 in this 

report), Murphy and colleagues modeled potential shifts in swan climate-linked habitat, using SNAP 

temperature and precipitation data for summer and winter for the current decade and three future decades 

(2000–2009, 2030–2039, 2060–2069, and 2090–2099).
2467

 Model results showed distribution expanding 

west and north (Figure 71), but did not predict movement into the Arctic.
2468

 It should be noted that this 

shift might be happening already.
2469

 Since biologists cannot easily distinguish tundra versus trumpeter 

swans from the air, mixing is probably occurring already at the interface between habitats along the 

northern and western parts of the range.
2470

 

                                                      
2457

 Verbatim from North American Bird Conservation Initiative (2010, p. 5) 
2458

 Verbatim from North American Bird Conservation Initiative (2010, p. 21) 
2459

 Verbatim from North American Bird Conservation Initiative (2010, p. 21) 
2460

 Verbatim from North American Bird Conservation Initiative (2010, p. 21) 
2461

 Verbatim from Sekercioglu et al. (2008, p. 140) 
2462

 Verbatim from North American Bird Conservation Initiative (2010, p. 21) 
2463

 Verbatim from North American Bird Conservation Initiative (2010, p. 21) 
2464

 Verbatim from North American Bird Conservation Initiative (2010, p. 21) 
2465

 Verbatim from Kelly et al. (2007, p. 62) 
2466

 Verbatim from Kelly et al. (2007, p. 62) 
2467

 Nearly verbatim from Murphy et al. (August 2010, p. 38) 
2468

 Verbatim from Murphy et al. (August 2010, p. 38) 
2469

 Verbatim from Murphy et al. (August 2010, p. 38) 
2470

 Verbatim from Murphy et al. (August 2010, p. 38) 
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Figure 71. Potential expansion of trumpeter swan habitat. These predictions are based on 138-day ice-free season, 

summer and winter climate envelopes, as predicted by SNAP climate projections, and a competitive filter of non-

forested biomes to represent tundra swans (not included in this figure). Trumpeter swans are predicted to shift their 

range northward and westward over the course of this century. Clockwise from top left: 2000-2009, 2030-2039, 

2060-2069, 2090-2099. Red indicates trumpeters present. Green indicates trumpeters absent. Source: Reproduced 

from Murphy et al. (2010, Fig. 21, p. 39) by authors of this report.  

 

Western British Columbia 

Information needed. 

Pacific Northwest 

Model results for the northern spotted owl suggest that initial niche expansion may be followed by a 

contraction as climate change intensifies, but this prediction is uncertain due to variability in predicted 

changes in precipitation between climate projections (2011-2040 and 2061-2090 vs. 1961-1990 run with 

GISS-ER B1, ECHAM5 A2, and IPSL_CM4 A2 using Maxent).
2471

 Winter precipitation was the most 

important climate variable identified, a finding consistent with previous demographic studies that suggest 

negative effects of winter and spring precipitation on survival, recruitment and dispersal.
2472

 Specific 

results are available for changes in range size and location, predator-prey dynamics, and competition: 

 Change in range size and location: Extrapolation of the best combination vegetation-climate 

model to future climates (assuming static vegetation) suggests northward expansion of high 

suitability northern spotted owl habitat.
2473

 Under the combination model, the range centroid 

moved 15.2 miles (24.4 km) north–northeast over the current to distant-future (i.e., 1961-1990 to 

                                                      
2471

 Nearly verbatim from Carroll (2010, p. 1432). Role of climatic niche models in focal-species-based conservation 

planning: Assessing potential effects of climate change on northern spotted owl in the Pacific Northwest, USA. 
2472

 Verbatim from Carroll (2010, p. 1435). Carroll cites Franklin et al. (2000) for this information. 
2473

 Verbatim from Carroll (2010, p. 1436) 
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2061-2090) period.
2474

 Range size under the combination model was 4.60% and 2.52% larger 

than current range size for mean near-future and distant-future predictions, respectively (i.e., 

2011-2040 and 2061-2090).
2475

 However, model results suggest that an initial expansion in the 

suitable climatic niche may be followed by a contraction as climate change intensifies.
2476

 Habitat 

suitability was reduced under projected future climates primarily in coastal Oregon (Figure 

72).
2477

 

 Altered predator-prey dynamics and competition with barred owl: Reduced winter 

precipitation and increased winter temperature under future climates might be expected to 

increase winter survival and nesting success and allow range expansion of prey species such as 

woodrat that currently occur at high densities only in the southern portions of the range.
2478

 

Further, climate change could enhance the northern spotted owl’s resiliency to barred owl 

competition, or alternately, such competition could make the northern spotted owl’s northern 

range unavailable before it becomes more climatically favorable.
2479

 

The projected northward expansion of prairie-oak habitat with climate change could result in further 

species range expansions, in particular for migratory species occurring in the Klamath Mountains such as 

ash-throated flycatcher and blue-gray gnatcatcher.
2480

 The northward expansion of habitat also may 

support the continued spread of species with expanding ranges such as white-tailed kite and western scrub 

jay.
2481

 Further, it may enhance opportunities for species such as slender-billed white-breasted nuthatch, 

lark sparrow, and western meadowlark to repopulate areas to the north and beyond where their range has 

retracted from.
2482

 

                                                      
2474

 Nearly verbatim from Carroll (2010, p. 1434) 
2475

 Nearly verbatim from Carroll (2010, p. 1434) 
2476

 Verbatim from Carroll (2010, p. 1436) 
2477

 Nearly verbatim from Carroll (2010, p. 1434). Carroll refers the reader to Figure 1c in the cited article for this 

information. 
2478

 Verbatim from Carroll (2010, p. 1436). Carroll cites Noon & Blakesley (2006) for this information. 
2479

 Nearly verbatim from Carroll (2010, p. 1437) 
2480

 Verbatim from Altman (2011, p. 215) 
2481

 Verbatim from Altman (2011, p. 215) 
2482

 Verbatim from Altman (2011, p. 215) 
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Western Washington 

For Washington’s birds, temperature change is most likely to directly affect those species with limited 

ability to seek new ranges.
2483

 This includes species that are already near the southern or altitudinal limit 

of their ranges.
2484

 White-tailed ptarmigan, a species of alpine zones, could be pushed from its mountain 

top ranges.
2485

 This includes a population of ptarmigan near Mount Rainier, which is isolated from other 

Washington populations and may be genetically unique.
2486

 Ptarmigans are not migrants and typically 

move only short distances during the year, so the likelihood that individuals would migrate northward is 

remote.
2487

  

Gray-crowned rosy-finch, another summer denizen of the alpine zone, would likely see its habitat 

shrink.
2488

 These finches are strong fliers and do range widely.
2489

 In response to increased temperatures 

they may simply move their range northward, with their numbers in Washington much reduced.
2490

 The 

                                                      
2483

 Verbatim from Audubon Washington (2009a, p. 9) 
2484

 Verbatim from Audubon Washington (2009a, p. 9) 
2485

 Verbatim from Audubon Washington (2009a, p. 9) 
2486

 Verbatim from Audubon Washington (2009a, p. 9) 
2487

 Verbatim from Audubon Washington (2009a, p. 9) 
2488

 Verbatim from Audubon Washington (2009a, p. 9) 
2489

 Verbatim from Audubon Washington (2009a, p. 9) 
2490

 Verbatim from Audubon Washington (2009a, p. 9) 

Figure 72. Results of analysis of habitat suitability for Northern Spotted Owl in the Pacific Northwest, USA, based 

on maximum entropy (Maxent) models using both climate and vegetation data. Figures show (a) predicted 

probability under current (1961–1990) climate, (b) mean predicted probability under three representative projections 

of future (2061–2090) climate, (c) change in probability between current and mean future predictions, and (d) 

coefficient of variation of future predictions.  

Source: Reproduced from Carroll (2010, Figure 1, p. 1433) by authors of this report. 
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American pipit, another alpine breeding bird, barely has a range toehold in Washington.
2491

 This species 

would likely shift northward as its mountain top habitat shrinks.
2492

  

The three examples above all refer to birds that breed in Washington.
2493

 Also potentially affected are 

birds that traditionally winter in Washington.
2494

 Birds such as the northern shrike, snowy owl, and 

common redpoll that now descend from the northern boreal forests and subarctic may find Washington 

too warm in winter to meet their life history needs, or may find themselves competing with species that 

once migrated out of the state for winter, but no longer migrate under milder winter conditions.
2495

 

Additional species potentially impacted by climate change are listed in Table 34. 

Table 34. Washington Important Bird Area (Figure 70) species potentially impacted by increased forest fire 

intensity and changes in temperature and precipitation driven by climate change. 

Forest Fire Intensity 

Beneficial Low Risk Moderate Risk High Risk 

Black-backed woodpecker 

Olive-sided flycatcher 

Sooty grouse 

Williamson’s sapsucker 

Northern goshawk 

Dusky grouse 

White-headed woodpecker 

Hermit warbler 

Flammulated owl 

Changes in temperature and precipitation 

 Black-crowned night-

heron 

Cinnamon teal 

Common goldeneye 

Hooded merganser 

Osprey 

Lewis’s woodpecker 

American bittern 

Canvasback 

Ring-necked duck 

Lesser scaup 

Ruddy duck 

Virginia rail 

Sora 

Sandhill crane 

Long-billed dowitcher 

Wilson’s snipe 

Wilson’s phalarope 

Forster’s tern 

Willow flycatcher 

Western grebe 

Clark’s grebe 

Black-necked stilt 

American avocet 

Long-billed curlew 

Black tern 

Source: Reproduced from Audobon Washington (2009, Tables shown on p. 7 and p. 10) by authors of this report. 

 

Western Oregon 

The Willamette Valley provides refuge for hundreds of thousands of Canada geese, dunlin, and other 

water birds in the winter.
2496

 The predicted warmer, wetter winters could enhance this wetland/savanna 

habitat.
2497

 However, the more ephemeral wetlands are created by rain, the more they are drained for 

                                                      
2491

 Verbatim from Audubon Washington (2009a, p. 10) 
2492

 Verbatim from Audubon Washington (2009a, p. 10) 
2493

 Verbatim from Audubon Washington (2009a, p. 10) 
2494

 Verbatim from Audubon Washington (2009a, p. 10) 
2495

 Verbatim from Audubon Washington (2009a, p. 10) 
2496

 Nearly verbatim from Hixon et al. (2010, p. 280). Hixon et al. cite Taft & Haig (2003) for this information. 
2497

 Verbatim from Hixon et al. (2010, p. 280) 
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agricultural reasons.
2498

 Thus, summer residents such as Oregon’s state bird, the western meadowlark, 

may not fare as well as warmer temperatures dry up water resources and invertebrates.
2499

 

Impacts will probably be high for mountainous wetlands where temperature-sensitive birds will be unable 

to move upslope.
2500

 Lack of water or declining water levels in permanent and ephemeral Cascade 

Mountain lakes may most affect nearby cavity-nesting ducks such as the mergansers, common goldeneye, 

and bufflehead.
2501

 Other Pacific forest birds of similar concern include marbled murrelet, spotted owl, 

olive-sided flycatcher, varied thrush, band-tailed pigeon, Rufous hummingbird, white-headed 

woodpecker, and chestnut-basked chickadee.
2502

 

Warmer, wetter winters and hotter, drier summers may prove to be an additional challenge for the 

threatened northern spotted owl in the Coast Range and Cascade Mountains.
2503

 Glenn (2009) and Carroll 

(2010) both found changing climate, particularly wetter winters, accounted for moderate to high amounts 

of variation in owl survival and population growth rates.
2504

  

McRae et al. (2008) similarly found that small changes in vital rates resulting from climate change or 

other stressors can have large consequences for population trajectories in winter wrens in mature conifer 

forests in the Cascades (i.e., in the Upper South Santiam Watershed in the Willamette National Forest), as 

well as song sparrows, which prefer more open, shrubby Cascade habitats:
2505

 

 With minor warming (i.e., +2.7 °F, +1.5 °C in 2045 vs. 20
th
 century) and reduced fecundity (i.e., 

5% over 50 years), winter wren populations declined an average of 47% and 61% by 2060 and 

2100, respectively, and song sparrows declined an average of 30% and 27%, respectively (vs. 

1990).
2506

  

 For both species, maximum declines resulted from the combination of the reduced fecundity 

climate scenario and the development scenario, with winter wrens declining by 55% and 71% in 

2060 and 2100, respectively, and song sparrows declining by 39% and 32%, respectively.
2507

 

 When combined with the conservation land-use scenario, the fourth climate scenario (i.e., 5% 

decline in fecundity over 50 years) resulted in winter wren populations that were an average of 

41% smaller in 2060 than those in which fecundity remained unchanged; by 2100, the reduced 

fecundity populations were an average of 53% smaller.
2508

 Here, modest improvements in average 

                                                      
2498

 Verbatim from Hixon et al. (2010, p. 280). Hixon et al. cite Taft et al. (2008) for this information. 
2499

 Nearly verbatim from Hixon et al. (2010, p. 280) 
2500

 Verbatim from Hixon et al. (2010, p. 280). Hixon et al. cite NABCI (2010) for this information. 
2501

 Nearly verbatim from Hixon et al. (2010, p. 280) 
2502

 Nearly verbatim from Hixon et al. (2010, p. 280). Hixon et al. cite NABCI (2009) for this information. 
2503

 Verbatim from Hixon et al. (2010, p. 280). Hixon et al. cite Johnson (1994), Glenn (2009), and Carroll (2010) 

for this information. 
2504

 Verbatim from Hixon et al. (2010, p. 280) 
2505

 Nearly verbatim from Hixon et al. (2010, p. 280-281) 
2506

 Verbatim from McRae et al. (2008, p. 85). A multi-model framework for simulating wildlife population response 

to land-use and climate change. 
2507

 Verbatim from McRae et al. (2008, p. 85-86). McRae et al. refer the reader to Figures 5g-j in the cited article for 

this information. 
2508

 Nearly verbatim McRae et al. (2008, p. 87). McRae et al. refer the reader to Figure 5 in the cited article for this 

information. 
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habitat suitability index scores across the landscape did little to offset even small effects on vital 

rates that could result from climate change or other stressors.
2509

  

Changes in habitat suitability for winter wrens and song sparrows given changes in land use and climate 

change were also projected: 

 Winter wrens: For winter wrens, mean habitat suitability index values based on FORCLIM 

predictions for 2050 increased a maximum of 4.1% (Conservation scenario, major climate 

change: +5.8 °F, +3.2 °C with 22% increase in winter precipitation and 9% increase in summer 

precipitation in 2045 vs. 20
th
 century) and decreased a maximum of 1.9% (Plan Trend, no climate 

change) relative to 1990 values.
2510

  

 Song sparrows: Mean habitat suitability index values for song sparrows increased a maximum of 

3.4% (Plan Trend, major climate change) and decreased a maximum of 11% (Development, no 

climate change) relative to 1990.
2511

 

Habitat changes were primarily driven by conversion of coniferous stands to early seral stages by forest 

harvest, or conversion to older seral stages through stand growth.
2512

 In contrast to considerable habitat 

impacts of different land-use scenarios, climate change had little effect on habitat quality for either 

species.
2513

 More specifically, with regard to impacts on habitat quality, simulations for 1990-2050 

indicate that climate change slightly improved habitat suitability index scores across the Upper South 

Santiam Watershed for both winter wrens and song sparrows.
2514

 Yet this result is tempered by the 

additional finding that consequences of more direct (and less predictable) impacts of climate change on 

species’ demographic rates may be much larger still.
2515

 

Northwest California 

Analysis suggests that, by 2070, individualistic shifts in species’ distribution may lead to dramatic 

changes in the composition of California’s avian communities, such that as much as 57% of the state 

(based on the scales of communities that Stralberg et al. 2009 examined) may be occupied by novel 

species assemblages (Figure 73; RegCM3 under A2 and run under two boundary conditions: NCAR 

CCSM3.0 for 2038-2069 vs. 1968-1999 and GFDL CM2.1 for 2038-2070 vs. 1968-2000).
2516

 An even 

greater area would be considered no-analog if finer community delineations were considered.
2517

 Thus, 

although net changes in the distributions of common species may be relatively small due to the 

combination of local decreases and increases, the cumulative effect on community composition is likely 
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 Verbatim McRae et al. (2008, p. 87) 
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 Nearly verbatim McRae et al. (2008, p. 82) 
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 Verbatim McRae et al. (2008, p. 82) 
2512

 Verbatim McRae et al. (2008, p. 82). McRae et al. refer the reader to Figures 2 and 3 in the cited article for 

examples of habitat changes for selected scenarios. 
2513

 Verbatim McRae et al. (2008, p. 82). McRae et al. refer the reader to Figures 2, 3, 4, 5a, and 5b in the cited 

article for this information. 
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 Nearly verbatim McRae et al. (2008, p. 86) 
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 Nearly verbatim McRae et al. (2008, p. 88) 
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 Nearly verbatim from Stralberg et al. (2009, p, 3). Re-shuffling of species with climate disruption: a no-analog 

future for California birds? 
2517

 Verbatim from Stralberg et al. (2009, p, 3) 



 

 
305 

to be great due to variation in individual species’ responses to climate disruption and resulting differences 

in geographic shifts.
2518

 

The expected percentage of no-analog bird communities was dependent on the community scale 

examined, but consistent geographic patterns indicated several locations that are particularly likely to host 

novel bird communities in the future.
2519

 For example, regions of high geologic diversity such as the 

Klamath Mountains in northern California, which represent the convergence of three mountain ranges, 

may have high bird community heterogeneity and thus greater potential for the re-shuffling of species.
2520

 

Information Gaps 

Additional information is needed on future projections for western British Columbia, as no studies were 

available. Additional information is also needed on future projections for southcentral and southeast 

Alaska and northwest California, as results from only one or two studes are presented here. 

Since most of Oregon’s birds are migrants, there is a need to understand how their world is changing in 

each phase of their annual cycle and how carryover of changes in one phase of the annual cycle is 

affecting the next.
2521

 In many cases, migrant pathways to winter sites or locations of these winter sites 

are unknown.
2522

 Closer to home, there is a need to better document basic information on distribution, 

abundance, elevation, and habitats used by birds now and as they change in the future.
2523

  

  

                                                      
2518

 Verbatim from Stralberg et al. (2009, p, 3) 
2519

 Verbatim from Stralberg et al. (2009, p, 1) 
2520

 Nearly verbatim from Stralberg et al. (2009, p, 4). Stralberg et al. cite Whittaker (1960) for information on the 

convergence of three mountain ranges in the Klamath Mountains. 
2521

 Nearly verbatim from Hixon et al. (2010, p. 281). Hixon et al. cite Webster et al. (2002) for this information. 
2522

 Nearly verbatim from Hixon et al. (2010, p. 281) 
2523

 Nearly verbatim from Hixon et al. (2010, p. 281) 

Figure 73. Number of modern analogs for predicted future bird communities across climate models and 

distribution-model algorithms. ‘‘Analog’’ communities are those for which Bray-Curtis dissimilarity was less than 

an ROC-determined (i.e., Receiver Operating Characteristic-determined) optimal threshold, based on a 60-group 

level of community aggregation. Predictions of future bird communities are based on: (A) GFDL CM2.1, Scenario 

A2, 2038–2070, generalized additive models. (B) GFDL CM2.1, Scenario A2, 2038–2070, maximum entropy 

models. (C) NCAR CCSM3.0, Scenario A2, 2038–2069, generalized additive models. (D) NCAR CCSM3.0, 

Scenario A2, 2038–2069, maximum entropy models.  

Source: Reproduced from Stralberg et al. (2009, Figure 2, p. 4) by authors of this report. 
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3. Invertebrates 

Unlike vertebrates, which have the capacity to cross hundreds or thousands of kilometres, yet still home 

in on specific breeding, stop-over or non-breeding sites, most insect species have much more diffuse 

migratory patterns, and are heavily dependent on appropriate weather conditions.
2524

 In addition, return 

migrants are normally not the same individuals (or even of the same generation) that migrated originally 

and, with the notable exception of winter roost sites of the monarch butterfly they do not seek specific 

sites.
2525

 Changes in regional climate, whether caused by human or natural factors, can benefit some 

butterfly species while increasing the likelihood of extinction for others.
2526

 Climate change may impact 

butterfly populations in several ways, including affecting the nutrient content and palatability of host 

plants, the timing of host plant availability, and the vulnerability of butterflies to predators and 

parasites.
2527

 

A trend in changing climate (e.g., rising temperatures) will have the following possible consequences for 

arthropods (i.e., insects and their relatives, such as spiders, mites, and centipedes) and other species: 

1. Dying out locally or regionally, 

2. Moving to a place where suitable conditions do exist (assuming such a place is available), or 

3. Adapting and remaining in the same area.
2528

 

The faster the rate of climate change, the more likely that scenarios (1) and (2) will occur and the less 

likely that scenario (3) will occur.
2529

 The critical issue with arthropods and climate change is a potential 

shift in seasonal timing (i.e., phenology) of critical life-history events, such as egg deposition, growth 

rates of immature stages, and timing of maturation of adults.
2530

 The sequence of development through 

life-history stages (egg, larva, pupa, adult) is intimately timed to occur in synchrony with other biological 

events.
2531

 

Observed Trends 

Global 

Introduced exotic earthworms now occur in every biogeographic region in all but the driest or coldest 

habitat types on Earth.
2532

 The global distribution of a few species (e.g., Pontoscolex corethrurus) was 

noted by early naturalists, but now approximately 120 such peregrine (i.e., ability to become widespread 

                                                      
2524

 Verbatim from Robinson et al. (2008, p. 90) 
2525

 Verbatim from Robinson et al. (2008, p. 90) 
2526

 Verbatim from Stinson (2005, p. 103). Washington State status report for the Mazama pocket gopher, streaked 

horned lark, and Taylor’s checkerspot. 
2527

 Verbatim from Stinson (2005, p. 103). Stinson cites Hellmann (2002b) for this information. 
2528

 Nearly verbatim from Hixon et al. (2010, p. 272) 
2529

 Verbatim from Hixon et al. (2010, p. 272) 
2530

 Nearly verbatim from Hixon et al. (2010, p. 271) 
2531

 Nearly verbatim from Hixon et al. (2010, p. 271) 
2532

 Verbatim from Hendrix et al. (2008, p. 593). Pandora’s Box contained bait: the global problem of 

introduced earthworms. 
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when introduced to new environments, which may be far from a species’ native habitat) species are 

recognized to be widespread from regional to global scales, mainly via human activities.
2533

 

Western North America 

Two well‐known western butterflies, the Edith’s checkerspot and sachem skipper, have shifted their 

ranges northward and/or upward.
2534

 Information on sachem skipper is provided in the section on the 

Pacific Northwest. Parmesan (1996) censused populations of Edith’s checkerspot butterfly throughout its 

range, and found significant latitudinal and altitudinal clines in population extinctions at sites undegraded 

by human activities, producing a northwards and upwards shift in the species’ range.
2535

 Sites where 

previously recorded populations still existed were on average 2° farther north than sites where 

populations were extinct.
2536

 Populations in Mexico were four times more likely to be extinct than those 

in Canada.
2537

 Net extinctions also significantly decreased with altitude.
2538

 Populations above 7,874 feet 

(2,400 meters) were significantly more persistent than those at all lower elevations.
2539

 Although a 

predicted result of climate warming is an increased extinction rate at the very lowest elevations, no such 

trend appears in the data.
2540

 

Earthworms are keystone detritivores that can influence primary producers by changing seedbed 

conditions, soil characteristics, flow of water, nutrients and carbon, and plant–herbivore interactions.
2541

 

The invasion of European earthworms into previously earthworm-free temperate and boreal forests of 

North America dominated by maple, oak, birch, pine and poplar has provided ample opportunity to 

observe how earthworms engineer ecosystems.
2542

 Impacts vary with soil parent material, land use 

history, and assemblage of invading earthworm species.
2543

 Impacts include: 

 Earthworms reduce the thickness of organic layers, increase the bulk density of soils and 

incorporate litter and humus materials into deeper horizons of the soil profile, thereby affecting 

the whole soil food web and the above ground plant community.
2544

 In some forests earthworm 

invasion leads to reduced availability and increased leaching of nitrogen and phosphorus in soil 

horizons where most fine roots are concentrated.
2545

 

                                                      
2533

 Verbatim from Hendrix et al. (2008, p. 593) 
2534

 Nearly verbatim from Running & Mills (2009, p. 15). Running & Mills cite Parmesan & Galbraith (2004) and 

Crozier (2003) for this information. 
2535

 Nearly verbatim from Parmesan (1996, p. 765). Climate and species’ range. 
2536

 Verbatim from Parmesan (1996, p. 765) 
2537

 Verbatim from Parmesan (1996, p. 765) 
2538

 Verbatim from Parmesan (1996, p. 765). Parmesan refers the reader to Figures 1 and 2b in the cited article for 

this information. Parmesan reports statistics for this finding as P = 0.04. 
2539

 Verbatim from Parmesan (1996, p. 765). Parmesan reports statistics for this finding as P = 0.016. 
2540

 Verbatim from Parmesan (1996, p. 765) 
2541

 Verbatim from Frelich et al. (2006, p. 1235). Earthworm invasion into previously earthworm-free temperate and 

boreal forests. 
2542

 Verbatim from Frelich et al. (2006, p. 1235) 
2543

 Verbatim from Frelich et al. (2006, p. 1235) 
2544

 Verbatim from Frelich et al. (2006, p. 1235) 
2545

 Verbatim from Frelich et al. (2006, p. 1235) 
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 Mixing of organic and mineral materials turns mor into mull humus which significantly changes 

the distribution and community composition of the soil microflora and seedbed conditions for 

vascular plants.
2546

  

 Recent studies on the foraging behavior of salamanders (Plethodon spp.) suggest that introduced 

earthworms may play an important role in salamander diets, especially in lowland forests and 

during rainy seasons.
2547

 Earthworms apparently increase the fecundity of adult salamanders by 

providing a high protein food source, but decrease the survival rates of young salamanders, 

presumably by reducing populations of smaller invertebrate food sources, or by altering the 

habitat in other ways.
2548

 

Southcentral and Southeast Alaska 

Information needed. 

Western British Columbia 

Information needed. 

Pacific Northwest 

The sachem skipper has expanded its range up the west coast of the United States over the past 40 years, 

recently colonizing areas where winter minimum temperature has risen 5.4 °F (3 °C) since 1950 (Figure 

74).
2549

 In chronic cold stress experiments, survivorship declined sharply in diurnally fluctuating thermal 

regimes typical of the current range edge.
2550

 High mortality occurred under constant 32 °F (0 °C) 

conditions as well as in fluctuating regimes, implying that thermal insulation from snow would not 

protect sachem skipper.
2551

 There was no evidence of evolution in cold tolerance at the range margin, 

despite strong selection.
2552

 Thus, winter warming was apparently a prerequisite for the range 

expansion.
2553

 

Historical records indicate that at least 24 butterfly species were associated with upland prairies in the 

Willamette Valley, of which 13 species are extinct or exist only as isolated populations on relict patches 

of native upland prairie.
2554

 Characteristic upland species include the checkered skipper, Sonora skipper, 

and anise swallowtail.
2555

 Common Lepidoptera of wet prairies include the sheep moth and field crescent 

                                                      
2546

 Verbatim from Frelich et al. (2006, p. 1235) 
2547

 Verbatim from Bohlen et al. (2004, p. 431). Non-native invasive earthworms as agents of change in northern 

temperate forests. Bohlen et al. cite Maerz et al. (in press) for this information. 
2548

 Verbatim from Bohlen et al. (2004, p. 431-432) 
2549

 Verbatim from Crozier (2003, p. 649). Winter warming facilitates range expansion: cold tolerance of the 

butterfly Atalopedes campestris. Crozier refers the reader to Figure 1 in the cited article for this information. 
2550

 Verbatim from Crozier (2003, p. 648) 
2551

 Verbatim from Crozier (2003, p. 648) 
2552

 Verbatim from Crozier (2003, p. 648) 
2553

 Verbatim from Crozier (2003, p. 648) 
2554

 Verbatim from Vesely & Rosenberg (2010, p. 19). Vesely & Rosenberg cite Wilson et al. (1998a) for this 

information. 
2555

 Verbatim from Vesely & Rosenberg (2010, p. 19) 
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butterfly.
2556

 Two of the butterflies most closely 

associated with prairies of western Oregon are Fenders 

blue butterfly and Taylor’s checkerspot butterfly.
2557

 

The former species is federally listed as endangered and 

the latter species is a candidate for federal listing, and 

both are listed under the Interagency Special Status 

Sensitive Species Program.
2558

 Thirty-two species of 

Lepidoptera are closely associated with oak woodland 

habitats; many of these species are wholly dependent on 

oaks or related genera (family Fagaceae).
2559

  

In a study of canopy arthropod assemblages in nine 

Douglas-fir forests in south Puget Sound and the Oregon 

and Washington Cascades, on average, estimates of 

richness and Shannon-Wiener diversity were higher in 

the northern forests than the southern forests.
2560

 The 

canopy invertebrate communities of the nine forests can 

be distinguished along a latitudinal gradient, a 

precipitation gradient and between old-growth and 

mature Douglas-fir trees.
2561

 Of 91 taxa collected, 15 

(16%) showed significant association with forest, 12 

(13%) with subregion, 8 (9%) with precipitation level, 

and 4 (5%) with stand age at the Andrews Forest.
2562

 

Fungivorous arthropods, especially Camisia carrolli 

(Acari: Camiisidae, oribatid mite), were the most 

abundant feeding group in all forests and exhibited the 

expected higher association with cooler, moister 

forests.
2563

  

                                                      
2556

 Verbatim from Vesely & Rosenberg (2010, p. 19). Vesely & Rosenberg cite Wilson et al. (1998a) for 

information on field crescent butterfly. 
2557

 Verbatim from Vesely & Rosenberg (2010, p. 19) 
2558

 Nearly verbatim from Vesely & Rosenberg (2010, p. 19). Vesely & Rosenberg refer the reader to Table 1 in the 

cited report. 
2559

 Nearly verbatim from Vesely & Rosenberg (2010, p. 19-20). Vesely & Rosenberg cite Miller & Hammond 

(2007) for this information. 
2560

 Nearly verbatim from Progar & Schowalter (2002, p. 132). Progar & Schowalter refer the reader to Table 2 in 

the cited article for this information. 
2561

 Verbatim from Progar & Schowalter (2002, p. 133). In the cited article, Progar & Schowalter refer the reader to 

Figure 2A for information on the latitudinal gradient, Figure 2B for information on the precipitation gradient, and 

Figure 3 for information on the distinction between old-growth and mature Douglas-fir trees. 
2562

 Verbatim from Progar & Schowalter (2002, p. 133). In the cited article, Progar & Schowalter refer the reader to 

Tables 3, 4, 5, and 6 for information on significant association with forest, subregion, precipitation level, and stand 

age, respectively. 
2563

 Verbatim from Progar & Schowalter (2002, p. 135). Progar & Schowalter refer the reader to Table 3 in the cited 

article for this information. 

Figure 74. Overwintering range of sachem skipper 

(shaded) inWashington, Oregon, California, and 

Nevada from Opler (1999), modified to include the 

western range expansion (lighter shading). 

Colonization dates of sachem skipper by four cities 

in Oregon and Washington show the chronology of 

the range expansion. Contour lines represent the 

January average minimum 24.8 °F (-4 °C) 

isotherm from 1950–1959 (solid) and 1990–1998 

(dotted) (NCDC 2000).  

Source: Reproduced from Crozier (2003, Figure 1, 

p. 649) by authors of this report. 
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Additional results for association with regional forests, precipitation, and stand age are available: 

 Regional forests: Shannon-Wiener diversity increased with latitude.
2564

 Herbivore abundance 

generally decreased with increasing latitude, but most of the Lepidoptera larvae were found at the 

Andrews Forest (Oregon).
2565

 Sap-feeding insects were abundant across all forests.
2566

 However, 

aphid abundance (giant conifer aphids and Elatobium spp.) was much higher in the Washington 

forests.
2567

 Fungus-feeding arthropods also had higher abundance in the Washington forests, 

although two of the predominant taxa (large Jugatala spp. and Eremaeus spp.) increased in 

abundance with decreasing latitude and were significant indicator taxa of the southern forests.
2568

 

Predators were significantly more abundant in the northern forests.
2569

 Gall midge (Diptera: 

Cecidomyiidae), an aphid-feeding predator, erythraeid mites, and parasitic Hymenoptera (i.e., a 

large order of insects comprising sawflies, wasps, bees, and ants) showed strong association with 

the northern, Washington forests.
2570

 

 Precipitation gradient: Herbivores, as a functional group, showed significantly higher 

association with the drier forests.
2571

 Although not significant, sap-feeding arthropods showed a 

higher association with drier forests.
2572

 Mealybugs, however, were significantly associated with 

moderate levels of precipitation.
2573

 Fungus-feeding arthropods were widespread in the canopy 

communities among the forests, and represented a large portion of the total taxa.
2574

 The 

distribution of individual taxa varied with the level of precipitation.
2575

 Camisia carrolli (i.e., an 

oribatid mite) and hypogasturid Collembola (i.e., a family of springtails, hexapods related to 

insects) showed strong association with wetter forests, whereas the large Jugatala spp. was 

associated with drier forests.
2576

 Predators, as a functional group, showed strong association with 

wetter forests.
2577

 In particular, gall midges exhibited a significant decrease in abundance as 

precipitation declined.
2578

 In contrast, therid spiders and net-winged insects (e.g., lacewings) were 

associated with drier forests.
2579

 

 Stand age: Six stands of old-growth and six stands of mature Douglas-fir were randomly 

interspersed at the Andrews Forest.
2580

 Several taxa showed significant differences in association 

between old-growth and mature stands, suggesting that arthropod communities change with 

                                                      
2564

 Verbatim from Progar & Schowalter (2002, p. 133) 
2565

 Nearly verbatim from Progar & Schowalter (2002, p. 133) 
2566

 Verbatim from Progar & Schowalter (2002, p. 133) 
2567

 Verbatim from Progar & Schowalter (2002, p. 133). Progar & Schowalter refer the reader to Table 4 in the cited 

article for this information. 
2568

 Verbatim from Progar & Schowalter (2002, p. 133) 
2569

 Verbatim from Progar & Schowalter (2002, p. 133) 
2570

 Nearly verbatim from Progar & Schowalter (2002, p. 133) 
2571

 Verbatim from Progar & Schowalter (2002, p. 133). Progar & Schowalter refer the reader to Table 5 in the cited 

article for this information. 
2572

 Verbatim from Progar & Schowalter (2002, p. 133) 
2573

 Verbatim from Progar & Schowalter (2002, p. 133) 
2574

 Verbatim from Progar & Schowalter (2002, p. 133) 
2575

 Verbatim from Progar & Schowalter (2002, p. 133) 
2576

 Nearly verbatim from Progar & Schowalter (2002, p. 133) 
2577

 Verbatim from Progar & Schowalter (2002, p. 133) 
2578

 Verbatim from Progar & Schowalter (2002, p. 133) 
2579

 Nearly verbatim from Progar & Schowalter (2002, p. 133) 
2580

 Verbatim from Progar & Schowalter (2002, p. 134) 
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increasing tree age or stand development.
2581

 Sap-feeders were strongly associated, and 

fungivorous arthropods approached significant association, with old-growth Douglas-fir.
2582

 The 

pine needle scale and Cooley spruce gall adelgid showed a high association with older trees.
2583

 

Two fungivorous oribatid mites, Camisia carrolli (i.e., an oribatid mite) and Scapheremaeus spp. 

(i.e., a genus of oribatid mites) were significantly associated with old-growth Douglas-fir.
2584

 

Native earthworms were likely an important component of Willamette Valley plant communities prior to 

invasion by European species.
2585

 The Oregon giant earthworm was early described as occupying native 

prairies, and its rarity is often attributed to the loss of this plant community.
2586

 However, most of the 

locations where the Oregon giant earthworm has been found (only 15 reported specimens, 

http://www.xerces.org/oregon-giant-earthworm/) were found in gallery hardwood forests in the 

Willamette floodplain, and the most recent observation was in a mixed hardwood-conifer floodplain 

forest.
2587

 

Northwest California 

Drought resulted in the extinction of some Edith’s checkerspot butterfly populations in California.
2588

 

McLaughlin et al. (2002) reported an increase in the variability of growing-season rainfall after 1971, 

which likely caused the extinction of two populations of Bay checkerspot (endemic to the San Francisco 

Bay area).
2589

 They suggested that extremes in annual precipitation reduced the development overlap of 

larvae and host plants leading to wide population fluctuations.
2590

 The butterfly populations were unable 

to survive the climate change because habitat loss had reduced them to small insular populations.
2591

 

Future Projections 

Global 

Migration is only likely to be a successful strategy for insects that are associated with widespread, albeit 

still seasonal, habitats, and such species are doing well, as migratory journeys may be becoming 

easier.
2592

 The disruption of phenological synchrony (appropriately timed occurrence of critical life 

                                                      
2581

 Verbatim from Progar & Schowalter (2002, p. 135-136). Progar & Schowalter refer the reader to Table 5 in the 

cited article for information on significant differences in association between old-growth and mature stands. 
2582

 Verbatim from Progar & Schowalter (2002, p. 134). Progar & Schowalter refer the reader to Table 6 in the cited 

article for this information. 
2583

 Verbatim from Progar & Schowalter (2002, p. 136) 
2584

 Nearly verbatim from Progar & Schowalter (2002, p. 136) 
2585

 Verbatim from Vesely & Rosenberg (2010, p. 20). Vesely & Rosenberg cite Bailey et al. (2002) for this 

information. 
2586

 Verbatim from Vesely & Rosenberg (2010, p. 20) 
2587

 Verbatim from Vesely & Rosenberg (2010, p. 20). Vesely & Rosenberg cite a personal communication with J. 

Gervais of Oregon State University for information on the most recent observation of native earthworm. 
2588

 Verbatim from Stinson (2005, p. 103). Stinson cites Singer & Ehrlich (1979) for this information. 
2589

 Nearly verbatim from Stinson (2005, p. 103) 
2590

 Verbatim from Stinson (2005, p. 103) 
2591

 Verbatim from Stinson (2005, p. 103). Stinson cites McLaughlin et al. (2002) for this information. 
2592

 Nearly verbatim from Robinson et al. (2008, p. 90). Robinson et al. cite Warren et al. (2001) for information on 

species that are doing well. 

http://www.xerces.org/oregon-giant-earthworm/
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stages) between herbivores and their host plants, or between predators and their prey, may be a key 

pathway for climate change to impact insect ecology.
2593

 

With a warming climate, the demarcation lines of earthworm distributions might advance poleward and to 

higher elevations, where few or no earthworms occur owing to continental and alpine glaciations.
2594

 In 

the short term, especially in areas previously devoid of earthworms, invasive earthworms may increase 

the decomposition of soil organic matter and release more CO2 into the atmosphere, and in some cases 

also more nitrous oxide.
2595

 In the longer term, earthworm activities may increase sequestration of organic 

carbon in soil via protection from decomposition within water-stable aggregates resulting from earthworm 

castings.
2596

 In addition to the possible expansion of regional peregrines, rapid adaptations (phenotypic 

and genetic) among known invasive species should be considered as possible mechanisms that could 

accelerate their spread into new habitats.
2597

 Conversely, introduced species with narrower temperature or 

moisture tolerances may become more restricted in distribution under warmer or drier conditions induced 

by climate change.
2598

 

North America 

Earthworm invasions may have important interactions with other rapid changes predicted for northern 

forests in the coming decades, including climate and land-use change, increased nutrient deposition, and 

other biological invasions.
2599

 Positive or negative interactions may occur, such as an acceleration of 

carbon loss (climate warming and earthworm invasion), increased gaseous or hydrologic flux of nitrogen 

(atmospheric deposition and earthworm invasion), or nutrient stress (drought or pollution and earthworm 

invasion).
2600

 The increasing length of growing seasons and enhanced productivity currently occurring at 

northern latitudes are likely to contribute to a more rapid northward expansion of earthworm populations 

and introductions of exotic species formerly limited by colder temperatures.
2601

 

At this point it appears likely that warming climate will allow higher deer populations in northern forests 

as well as faster northward expansion of invading earthworm populations.
2602

 Thus Frelich et al. (2006) 

hypothesize that warmer temperatures, deer, and earthworms will work synergistically to change 

temperate forest ecosystems much faster than any one of these factors would by itself.
2603

 

                                                      
2593

 Verbatim from Logan et al. (2003, p. 131). Logan et al. cite Watt & MacFarlane (2002) for this information. 
2594

 Nearly verbatim from Hendrix et al. (2008, p. 605-606). 
2595

 Verbatim from Hendrix et al. (2008, p. 606). Hendrix et al. cite Potthoff et al. (2001) and Speratti & Whalen 

(2008) for information on CO2 and Rizhiya et al. (2007) for information on nitrous oxide. 
2596

 Verbatim from Hendrix et al. (2008, p. 606). Hendrix et al. cite Bossuyt et al. (2005) and Martin (1991) for this 

information. 
2597

 Nearly verbatim from Hendrix et al. (2008, p. 606). Hendrix et al. cite Terhivuo & Saura (2006) for this 

information. 
2598

 Verbatim from Hendrix et al. (2008, p. 606) 
2599

 Verbatim from Bohlen et al. (2004, p. 427) 
2600

 Verbatim from Bohlen et al. (2004, p. 434) 
2601

 Verbatim from Bohlen et al. (2004, p. 434). Bohlen et al. cite Papadopol (2000) and Zhou et al. (2001) for 

information on increased length of growing season and enhance productivity at northern latitudes. 
2602

 Verbatim from Frelich et al. (2006, p. 1243) 
2603

 Nearly verbatim from Frelich et al. (2006, p. 1243) 
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Southcentral and Southeast Alaska 

Information needed. 

Western British Columbia 

Information needed. 

Pacific Northwest 

The implication of sachem skippers’ thermal constraint in the context of global warming is mixed.
2604

 

Pacific Northwest regional climate models predict increasing winter precipitation over the next 

century.
2605

 Increased snowfall will decrease the probability of persistence.
2606

 However, warming 

temperatures at the northern range edge will generally enhance persistence in this species, especially 

where snow transforms into rain.
2607

 

In a study of canopy arthropod assemblages in Douglas-fir forests in the Oregon and Washing Cascades 

and southe Puget Sound, Progar & Schowalter (2002) anticipate that species characterizing old-growth 

forests will decline overall as anthropogenic influences continue to reduce the expanse of remnant forests 

to areas that cannot sustain habitats associated with old-growth communities.
2608

 Climate change, in 

particular warming and drying, will exacerbate these impacts by taxing the buffering effect of forest area 

on local temperature and relative humidity.
2609

 Such impacts may especially affect the arboreal oribatid 

mites that are sensitive to changes in moisture and humidity, existing in micro-ecosystems that require 

several hundred years to develop.
2610

 These changes should result in a northward shift of the arthropod 

communities distinguished by Progar & Schowalter (2002).
2611

 

Northwest California 

Larval growth and survival of an oak specialist butterfly (Propertius Duskywing) was examined in 

Oregon and California to determine if the insect could change tree hosts (to different oak species) after 

moving to a new area under climate change; findings suggest local adaptation of butterflies to specific oak 

species often precluded their populations from colonizing new areas under climate change.
2612

 

Greenhouse experiments suggested that increased temperature (5.9 °F, 3.3 °C) alone would not hurt Bay 

checkerspot butterfly (endemic to the San Francisco Bay area) populations if larvae still had access to 

                                                      
2604

 Nearly verbatim from Crozier (2003, p. 653) 
2605

 Verbatim from Crozier (2003, p. 653). Crozier cites Leung & Ghan (1999) for this information. 
2606

 Verbatim from Crozier (2003, p. 653) 
2607

 Verbatim from Crozier (2003, p. 653) 
2608

 Nearly verbatim from Progar & Schowalter (2002, p. 137) 
2609

 Verbatim from Progar & Schowalter (2002, p. 137). Progar & Schowalter cite Chen et al. (1992) for this 

information. 
2610

 Verbatim from Progar & Schowalter (2002, p. 137) 
2611

 Nearly verbatim from Progar & Schowalter (2002, p. 137) 
2612

 Nearly verbatim from Staudinger et al. (2012, p. 2-4). Staudinger et al. cite Pelini & others (2010) for this 

information. 
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Indian paintbrush, but might lead to extinctions of populations dependent on plantain, unless they were 

able to compensate by earlier emergence.
2613

 

Information Gaps 

Additional information is needed on observed trends and future projections for southcentral and southeast 

Alaska and western British Columbia. Additional information is also needed on observed trends and 

future projections for northwest California, as the information presented here is limited or outside the 

NPLCC region. 

Two components that are essential to a well-planned comprehensive study of arthropods and climate 

change are (1) landscape-scale monitoring of species assemblages involving permanent sites subjected to 

repeated intra-annual sampling efforts at a frequency of 7-10 day intervals, and (2) expertise in 

identification of various species groups.
2614

 The scope of the project at a landscape scale is a critical issue 

because the expected shift in species ranges may occur across hundreds to thousands of miles.
2615

 

Therefore, a monitoring plan should encompass transects, founded on elevation or latitude, that represent 

gradients of climate conditions across a broad geographical region.
2616

 A species complex, involving 

dozens to hundreds of species, should be monitored.
2617

 A novel approach, yet to be conducted by any 

group of scientists, would be to integrate arthropods into climate studies in concert with other species, all 

of which are associated via ecological connections, such as food webs.
2618

  

                                                      
2613

 Nearly verbatim from Stinson (2005, p. 103). Stinson cites Hellmann (2002a) for this information. 
2614

 Verbatim from Hixon et al. (2010, p. 274) 
2615

 Verbatim from Hixon et al. (2010, p. 274) 
2616

 Verbatim from Hixon et al. (2010, p. 274) 
2617

 Verbatim from Hixon et al. (2010, p. 274) 
2618

 Verbatim from Hixon et al. (2010, p. 274) 
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4. Lichens & mosses 

Bryophytes and lichens, collectively referred to as non-vascular cryptogams, are important components of 

forests and other ecosystems around the world.
2619

 Many species are sensitive to air pollution and have 

been used as biological indicators of change.
2620

 The 

greatest risks to the vast biodiversity represented by 

moss and lichen communities are poor air quality and 

loss of critical habitats.
2621

  

Bryophytes and lichens affect hydrology, 

microclimate, nutrient cycling, and food web and 

community dynamics:  

 Hydrology: Moisture from fog and rain is 

collected by cryptogams growing on branches 

in the canopy, tree trunks, and the ground.
2622

 

Consequently, cryptogams slow the rate at 

which water is lost from the forest 

ecosystem.
2623

 In addition, they reduce erosion, 

a process that can that can wash away soil 

nutrients, damage the forest floor, and 

adversely affect the integrity of streams.
2624

  

 Microclimate: Water stored in bryophytes and 

lichens evaporates slowly, and helps to 

maintain a humid environment in forests long 

after rainfall has ceased.
2625

 In the humid 

conditions created by cryptogams, plant leaves 

lose less water so they can keep their pores 

open longer and continue 

photosynthesizing.
2626

 

 Nutrient cycling and productivity: Lichens 

and bryophytes concentrate various nutrients 

deposited from the atmosphere, which in turn 

become available to other plants when they are 

leached by rainfall.
2627

 Lichens with 

                                                      
2619

 Verbatim from USGS (2002, p. 2). Bryophytes and lichens: small but indispensable forest dwellers. 
2620

 Verbatim from USGS (2002, p. 4) 
2621

 Verbatim from USGS (2002, p. 4) 
2622

 Verbatim from USGS (2002, p. 2) 
2623

 Verbatim from USGS (2002, p. 2) 
2624

 Verbatim from USGS (2002, p. 2) 
2625

 Verbatim from USGS (2002, p. 2) 
2626

 Verbatim from USGS (2002, p. 2) 
2627

 Verbatim from USGS (2002, p. 2) 

Lichens consist of a fungus and an alga or a 
cyanobacterium. The alga provides 
carbohydrates (via photosynthesis) to the 
fungus, while the fungus provides structure, 
nutrients, water, and protection to the alga. 
Lichens are grouped into three categories 
according to their shape: foliose (leaf-like), 
fruticose (shrub-like), and crustose (growing 
closely attached to a surface). Further, 
cyanolichens are capable of nitrogen 
fixation, while alectorioid lichens refer to 
pendulous species in the Alectoria, Bryoria, 
and Usnea genera, commonly called hair 
lichens. 

Bryophytes include mosses, liverworts, and 
hornworts. Their tissues for transporting 
food and water are more primitive than 
plants, and most bryophytes obtain their 
water through direct surface contact with 
the environment. During dry conditions, 
bryophytes may dry out completely, but can 
return to normal function when moisture is 
restored.  

Both lichens and bryophytes can 
reproduce sexually or asexually, for example 
by releasing spores or by breaking off to 
form new individuals. In lichens, if fungal 
spores are released, a partner alga must be 
present for a lichen to reform.  

Source: McCune (1993), USGS (2002) 
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cyanobacterial partners, such as seaside kidney and lettuce lung, are able to fix nitrogen (i.e., 

convert nitrogen gas into a usable form, which vascular plants cannot do).
2628

 Large trees with 

large branches provide a habitat substrate for lichens that fix atmospheric nitrogen and provide 

nutrient capture for the forest ecosystem.
2629

 When these lichens decompose (for example after 

being knocked to the ground), the nitrogen leaches into the soil and becomes readily available for 

other plants.
2630

 Site-to-site differences in lettuce lung abundance and local patterns of 

temperature and precipitation determine how much nitrogen is fixed in a given forest.
2631

 

 Food web dynamics: Rodents eat ground-dwelling lichens, whereas elk and deer are especially 

fond of nitrogen-rich lichens such as lettuce lung.
2632

 Many invertebrate animals, such as some 

insects, make their homes in mats of bryophytes and lichens.
2633

 Invertebrates hiding amongst 

these cryptogams are a food source for various birds that may also take advantage of the natural 

nesting sites afforded by cryptogams or use them as a source of materials for nest building.
2634

 

For example, many species such as the marbled murrelet, rufous hummingbird, and winter wren 

use mosses for nesting material.
2635

 Fremont’s horsehair lichen plays an important role in Sierra 

Nevada forest ecology as the principal nesting material and a critical winter survival food for 

northern flying squirrels when hypogeous (i.e., below the soil surface) truffles are not 

available.
2636

  

Observed Trends 

Global 

The British Isles contain approximately 1,900 lichen species (approximately 45% of European lichen 

diversity), making lichens one of Britain’s most important contributions to international biodiversity and 

a key group in UK conservation strategy.
2637

 

Western North America 

Among the non-vascular flora, approximately 105 moss species and varieties are endemic to western 

North America, representing about 18% of the moss flora.
2638

 Of these, some 20 mosses are found west 

                                                      
2628

 Nearly verbatim from USGS (2002, p. 2) 
2629

 Nearly verbatim from Franklin et al. (2006, p. 103-104) 
2630

 Nearly verbatim from USGS (2002, p. 2) 
2631

 Verbatim from Antoine (2004, p. 86). An ecophysiological approach to quantifying nitrogen fixation by Lobaria 

oregana.  
2632

 Verbatim from USGS (2002, p. 2) 
2633

 Verbatim from USGS (2002, p. 3) 
2634

 Verbatim from USGS (2002, p. 3) 
2635

 Nearly verbatim from USGS (2002, p. 3) 
2636

 Verbatim from Rambo (2010, p. 1034). Habitat preferences of an arboreal forage lichen in a Sierra Nevada 

old-growth mixed-conifer forest. Rambo cites Maser et al. (1986) and Hayward & Rosentreter (1994) for 

information on nesting material, and McKeever (1960) and Maser et al. (1986) for information on winter survival 

food. 
2637

 Verbatim from Ellis et al. (2007, p. 218). Response of British lichens to climate change scenarios: Trends and 

uncertainties in the projected impact for contrasting biogeographic groups. Ellis et al. cite Mackey et al. (2001) and 

Coppins (2002) for information on the number and diversity of the UK’s lichens. Ellis et al. also cite UK BAP 

(1999), Coppins (2003), and Gibby (2003) for information on lichens as a key contribution from Britain to 

international biodiversity and for information on lichens as a key group in UK conservation strategy. 
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but not east of the Cascade Range.
2639

 The proportion of endemic liverworts is similar, about 16%.
2640

 

Nine moss and three (monotypic) liverwort genera are endemic to Pacific North America.
2641

 The 

proportion of the lichen flora that is endemic to western North America is high, but the number is 

unknown to Hutten et al. (2002).
2642

  

Rates of lichen litterfall in north temperate ecosystems exhibit distinct annual and seasonal variation, with 

higher rates typically observed during the winter period, as a result of storms and ice accumulation.
2643

 

Thus, lichen litter loading at the forest floor surface may be quite episodic, with significant deposition of 

organic matter on snowpack surfaces.
2644

 

Southcentral and Southeast Alaska 

Information needed. 

Western British Columbia 

Lichens form an important component of high elevation forested ecosystems in north-central British 

Columbia (Cariboo Mountains), with canopy lichen loading reaching 882 pounds per hectare (400 

kilograms per ha; 1 hectare ≈ 2.5 acres).
2645

 Snowmelt events, in particular, rather than vertical gradients 

in canopy microclimate, are a primary factor that directly controls lichen growth rates.
2646

 Hair lichen 

communities in Engelmann spruce – subalpine fir forests of the northern Cariboo Mountains (i.e., outside 

the NPLCC region) show distinct vertical zonation.
2647

 Alectoria sarmentosa reaches peak abundance in 

the lower canopy (over 77 kilograms per hectare, 35 kg/ha) whereas Bryoria spp. lichens reach peak 

abundance in the upper canopy (over 551 lbs/ha, 250 kg/ha).
2648

 These distribution patterns are 

accentuated by stand structure with trees growing in clumps retaining significantly higher lichen loading 

on a per branch basis compared to solitary trees.
2649

  

The vertical zonation of lichen communities is accompanied by distinct trends in canopy microclimate.
2650

 

Snowmelt events account for the largest proportion of observed thallus (i.e., the body of the lichen) 

                                                                                                                                                                           
2638

 Verbatim from Hutten et al. (2002, p. 56). Inventory of the mosses, liverworts, hornworts, and lichens of 

Olympic National Park, Washington: species list. Hutten et al. cite Lawton (1971) and Schofield (1985) for this 

information. 
2639

 Verbatim from Hutten et al. (2002, p. 56). Hutten et al. cite Lawton (1971) for this information. 
2640

 Verbatim from Hutten et al. (2002, p. 56). Hutten et al. cite Schofield (1985) for this information. 
2641

 Verbatim from Hutten et al. (2002, p. 56). Hutten et al. cite Schofield (1985, 2002) for this information. 
2642

 Nearly verbatim from Hutten et al. (2002, p. 56) 
2643

 Verbatim from Coxson & Curteanu (2002, p. 399). Decomposition of hair lichens (Alectoria sarmentosa and 

Bryoria spp.) under snowpack in montane forest, Cariboo Mountains, British Columbia. Coxson & Curteanu cite 

Esseen (1985), Grier (1988), and Waterhouse et al. (1991) for this information. 
2644

 Verbatim from Coxson & Curteanu (2002, p. 399) 
2645

 Nearly verbatim from Coxson & Curteanu (2002, p. 395). Coxson & Curteanu cite Campbell & Coxson (2001) 

for this information. 
2646

 Nearly verbatim from Campbell & Coxson (2002, p. 552). Canopy microclimate and arboreal lichen loading in 

subalpine spruce-fir forest. 
2647

 Verbatim from Campbell & Coxson (2002, p. 537) 
2648

 Verbatim from Campbell & Coxson (2002, p. 537) 
2649

 Verbatim from Campbell & Coxson (2002, p. 537) 
2650

 Verbatim from Campbell & Coxson (2002, p. 537) 
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hydration in both Alectoria and Bryoria.
2651

 Upper canopy Bryoria rely more heavily on snowmelt events 

to sustain thallus hydration, whereas lower canopy Alectoria utilize summer rainfall events to a greater 

extent.
2652

 An important exception to this pattern is seen under midwinter conditions, when solar 

insolation is insufficient to sustain prolonged lower canopy snowmelt.
2653

 

In an experimental study of the decomposition of hair lichens (specifically, Alectoria sarmentosa and 

Bryoria spp.) under snowpack in north-central B.C. (i.e., the Cariboo Mountains in an area transitional 

between the Interior Cedar Hemlock and Engelmann Spruce-Subalpine Fir biogeoclimatic zones, outside 

of the NPLCC region), lichen samples that were buried in the lower snowpack all winter long (196 days) 

lost two-thirds (65%) of their original mass.
2654

 In contrast lichens placed on the snowpack in mid- (127 

days) or late-winter (61 days) lost only 6–15% of their total mass, far less than would be predicted on the 

basis of time in snowpack alone.
2655

 Early-winter litterfall samples had a significantly higher mass loss 

than did mid-winter and late-winter litterfall samples.
2656

 There were no significant differences in mass 

loss between samples placed in snowpack in the mid-winter versus late-winter period.
2657

 

A major result of placing lichen litter-bag samples under the snowpack was the decline in total nitrogen 

content, falling by near half in both Alectoria and Bryoria.
2658

 Percent carbon content, on the other hand, 

was relatively unchanged, compared to control samples, resulting in higher carbon to nitrogen ratios in 

lichen samples from under the snowpack.
2659

 Thus, all lichen samples placed within the snowpack showed 

much higher carbon to nitrogen ratios on removal, indicating rapid leaching of readily soluble cellular 

constituents in the snowpack environment.
2660

 

Pacific Northwest 

Bryophytes and lichens are especially conspicuous in forests of the Pacific Northwest.
2661

 Common 

witch’s hair is a sensitive species commonly found in Pacific Northwest forests.
2662

 Cyanolichens 

dominate epiphyte assemblages in wet old-growth, mid-elevation Douglas-fir forests of Oregon and 

Washington.
2663

 The lettuce lung lichen is the most abundant nitrogen-fixing lichen in these forests, often 

accounting for 60-80% of the total epiphytic lichen biomass.
2664

 It has been estimated that lettuce lung 

                                                      
2651

 Verbatim from Campbell & Coxson (2002, p. 537) 
2652

 Verbatim from Campbell & Coxson (2002, p. 537) 
2653

 Verbatim from Campbell & Coxson (2002, p. 537) 
2654

 Nearly verbatim from Coxson & Curteanu (2002, p. 395) 
2655

 Verbatim from Coxson & Curteanu (2002, p. 395) 
2656

 Verbatim from Coxson & Curteanu (2002, p. 398). Coxson & Curteanu report statistics for this finding as 

ANOVA P < 0.001, α = 0.05. 
2657

 Verbatim from Coxson & Curteanu (2002, p. 398). Coxson & Curteanu report statistics for this finding as 

ANOVA P > 0.1. 
2658

 Verbatim from Coxson & Curteanu (2002, p. 398). Coxson & Curteanu refer the reader to Table 3 in the cited 

article for this information. 
2659

 Verbatim from Coxson & Curteanu (2002, p. 398) 
2660

 Verbatim from Coxson & Curteanu (2002, p. 395) 
2661

 Nearly verbatim from USGS (2002, p. 2) 
2662

 Verbatim from USGS (2002, p. 4) 
2663

 Verbatim from Antoine (2004, p. 82). Antoine cites Neitlich (1993), Pike et al. (1975), and Sillett (1995) for this 

information. 
2664

 Verbatim from Antoine (2004, p. 82). Antoine cites McCune (1994), Pike et al. (1977), and Sillett (1995) for 

this information. 
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provides an average of 7.1 pounds (3.2 kilograms) of nitrogen for each hectare of Pacific Northwest forest 

(1 hectare ≈ 2.5 acres).
2665

 In areas where it reaches peak abundance, as in close proximity to major 

streams in old-growth Douglas-fir forests, the magnitude of its contribution to the forest nitrogen budget 

may be higher than has previously been acknowledged.
2666

 

Epiphyte biomass on branches and trunks was estimated for 42 individual felled trees, distributed among 

three Douglas-fir/western hemlock stands aged 95, 145, and 400+ years, in the western Cascade Range of 

Oregon and Washington, then extrapolated to the whole stands by regression techniques.
2667

 In general the 

spatial sequence of dominance of the four groups studied, from upper canopy to forest floor, was: "other" 

lichens (i.e., predominantly tube lichens and ragged lichens), alectorioid lichens, cyanolichens, and 

bryophytes.
2668

 This pattern was consistent among all three stands, except that the series was truncated in 

the younger stands where cyanolichens were essentially absent and bryophytes were much less 

abundant.
2669

 Additional information on the variation in lichen biomass by stand age is available: 

 Overall: Epiphyte biomass was greatest in the old-growth stand.
2670

 The zones of these functional 

groups of epiphytes apparently migrate upward in forests through time.
2671

 For example, the tube 

lichens and ragged lichens that dominate throughout canopies in young forests are found 

primarily in the upper canopies of old forests.
2672

 

 “Other” lichens (i.e., predominantly tube lichens and ragged lichens) dominated the upper 

canopy in the old growth and had highest biomass in the 95-year stand.
2673

  

 Alectorioid lichens tended to peak at a height just below “other” lichens, and had only slightly 

higher biomass in the 400- than the 145-year stand which, in turn, had more alectorioid biomass 

than the 95-year stand.
2674

  

 Cyanolichens peaked at a height below alectorioid lichens in the old growth and were virtually 

absent from the younger stands.
2675

  

 Bryophytes dominated closest to the ground in the old growth and, although present on tree bases 

in all stands, were much more abundant in the 400-year stand.
2676

 

                                                      
2665

 Nearly verbatim from USGS (2002, p. 3) 
2666

 Verbatim from Antoine (2004, p. 86). Antoine cites Howe (1978), McCune et al. (2002), and Sillett & Neitlich 

(1996) for information on the location of peak abundance in lettuce lung. 
2667

 Verbatim from McCune (1993, p. 405). Gradients in epiphyte biomass in three Pseudotsuga-Tsuga forests of 

different ages in western Oregon and Washington. 
2668

 Nearly verbatim from McCune (1993, p. 405) 
2669

 Verbatim from McCune (1993, p. 407) 
2670

 Nearly verbatim from McCune (1993, p. 408) 
2671

 Verbatim from McCune (1993, p. 405) 
2672

 Verbatim from McCune (1993, p. 405) 
2673

 Verbatim from McCune (1993, p. 408). McCune refers the reader to Figures 2 and 3 in the cited article for this 

information. 
2674

 Verbatim from McCune (1993, p. 408). McCune refers the reader to Figures 2 and 3 in the cited article for this 

information. 
2675

 Nearly verbatim from McCune (1993, p. 408) 
2676

 Verbatim from McCune (1993, p. 408). McCune refers the reader to Figures 2 and 3 in the cited article for this 

information. 
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Western Washington 

More than 1,280 species of mosses, liverworts, hornworts, and lichens have been catalogued from the 

Olympic Peninsula, and species new to the area are still frequently discovered.
2677

 Within Olympic 

National Park, collections and locality data are available for some 900 species.
2678

 At present, no mosses, 

liverworts, or lichens are known to be endemic exclusively to the Olympic Mountains.
2679

 

At the Wind River Canopy Crane Research Facility (i.e., an old-growth Douglas-fir forest located in the 

Gifford Pinchot National Forest), estimated annual nitrogen fixation by lettuce lung is 3.3 pounds per 

hectare (1.5 kilograms ha
-1

; 1 ha ≈ 2.5 acres).
2680

 For additional information on the study method, please 

see the following section on Western Oregon. 

Western Oregon 

In the Willamette National Forest, Peck & McCune (1997) used a retrospective approach to compare 

canopy lichen litter in adjacent, paired stands of rotation age (55–120 yr): one with and one without old-

growth (> 300 yr) remnant trees.
2681

 They sampled three functional groups of lichens in 17 stands in 

western Oregon (i.e., 13 low-elevation and 4 mid-elevation stands): alectorioid lichens, cyanolichens, and 

green-algal foliose lichens.
2682

 Biomass varied by elevation, the presence or absence of remnant (old-

growth) trees, and the number and density of trees: 

 Elevation: Alectorioid lichens were most abundant in mid-elevation stands, whereas 

cyanolichens and green-algal foliose lichens were most abundant in low-elevation stands.
2683

 The 

mean biomass of alectorioid lichen litter was 0.66 g/ m
2
 higher in the mid-elevation sites than in 

the low-elevation sites.
2684

 The mean biomass of cyanolichen litter and of green-algal foliose 

lichen litter was 0.06 g/m
2
 and 0.29 g/ m

2
 higher in the low-elevation sites than in the mid-

elevation sites, respectively.
2685

 Cyanolichens were absent from all mid-elevation sites and some 

low-elevation sites.
2686

 

 Presence or absence of remnant (old-growth) trees at low-elevation: Alectorioid lichens and 

cyanolichens (i.e., lichens associated with old-growth) were most abundant in remnant plots, 

                                                      
2677

 Verbatim from Hutten et al. (2005, p. 55). Hutten et al. cite Rhoades (1997), supplemented with data from 

Hutten et al.’s project, for this information. Note: Table 1 in the cited report lists 1,283 as the total number of 

species documented from the Olympic Peninsula in 2004 (see p. 52 in the cited report). 
2678

 Verbatim from Hutten et al. (2005, p. 55) 
2679

 Verbatim from Hutten et al. (2002, p. 56) 
2680

 Nearly verbatim from Antoine (2004, p. 82) 
2681

 Nearly verbatim from Peck & McCune (1997, p. 1181). Remnant trees and canopy lichen communities in 

western Oregon: a retrospective approach. 
2682

 Nearly verbatim from Peck & McCune (1997, p. 1181). Note: The alectorioid lichens were composed of 

common witch’s hair lichen, species in the beard lichen group, and several spcies of hair lichens. The cyanolichens 

consisted primarily of lettuce lung, with small amounts of kidney lichens, specklebelly lichens, and spotted lichens. 

The green-algal foliose lichens were primarily tube lichens, ragged lichens, and coral lichen. 
2683

 Verbatim from Peck & McCune (1997, p. 1184) 
2684

 Nearly verbatim from Peck & McCune (1997, p. 1184). Note: Peck & McCune report statistics for this finding 

as df = 16, P < 0.001. 
2685

 Nearly verbatim from Peck & McCune (1997, p. 1184). Note: Peck & McCune report statistics for these 

findings as df = 16, P = 0.01 for cyanolichen litter and df = 16, P = 0.03 for green-algal foliose litter. 
2686

 Verbatim from Peck & McCune (1997, p. 1184) 
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whereas green-algal foliose lichens were most abundant in nonremnant plots.
2687

 Total lichen 

biomass was not significantly greater in the remnant plots than in the nonremnant plots.
2688

 The 

biomass of alectorioid lichens and cyanolichens was greater in the remnant plots, with a mean 

difference in biomass between the remnant and non-remnant plots (remnant – nonremnant) of 

0.23 ± 0.03 grams per square meter (g/m
2
) for alectorioid lichens and 0.08 ± 0.09 g/m

2
 for 

cyanolichens.
2689

 Green-algal foliose lichen litter biomass was greater, on average, by 1.3 ± 0.40 

g/m
2
 in nonremnant plots than in remnant plots.

2690
 

 Elevation and presence or absence of remnant (old-growth) trees: Biomass of alectorioid 

lichen and cyanolichen litter was greater in low-elevation sites with remnant trees than in those 

without remnant trees by 86% and 233%, respectively.
2691

 The biomass of green-algal foliose 

lichen litter was 80% greater in mid-elevation sites without remnant trees than in those with 

remnant trees.
2692

 Total lichen litter biomass was slightly, but not significantly, greater in stands 

with remnant trees at both low elevations (by 23%; ~816 pounds per hectare, 370 kilograms/ha 

standing biomass in remnant stands) and mid elevations (by 12%; ~1,036 lbs/ha, 470 kg/ha 

standing biomass).
2693

  

 Number and density of trees: Cyanolichen litter biomass was positively related to the number of 

remnant trees present; alectorioid and green-algal lichen litter biomass were negatively correlated 

with the density of trees in the regeneration cohort.
2694

 Alectorioid lichen biomass was not 

correlated with any other stand characteristic or any of the current or historic context 

variables.
2695

 

Studies undertaken in the H.J. Andrews Experimental Forest during the 1970’s estimate that lettuce lung 

lichen may fix up to 9.9 pounds of nitrogen per hectare per year (4.5 kilograms N2 ha
-1 

yr
-1

; 1 hectare ≈ 

2.5 acres), over 50% of the annual new nitrogen input to the forest’s nutrient budget.
2696

 Using data from 

2000-2001 (analyzed with a model based on physiological field measurements and laboratory 

experiments), Antoine (2004) estimated lettuce lung may fix 5.7-36.4 pounds of nitrogen per hectare per 

year (2.6–16.5 kg N2 ha
-1 

yr
-1

) depending on its stand-level canopy biomass:
2697

 

 With 1213 pounds per hectare (550 kg ha
-1

) standing biomass of lettuce lung, estimated annual 

nitrogen fixation was 5.7 pounds of nitrogen per hectare per year (2.6 kg ha
-1

).
2698

 

                                                      
2687

 Nearly verbatim from Peck & McCune (1997, p. 1184) 
2688

 Nearly verbatim from Peck & McCune (1997, p. 1184). Peck & McCune refer the reader to Table 2 in the cited 

article for this information. Note: Peck & McCune report statistics for this finding as df = 25, P = 0.34.  
2689

 Nearly verbatim from Peck & McCune (1997, p. 1184). Note: Numbers reported as mean ± 1 SD (standard 

deviation). 
2690

 Nearly verbatim from Peck & McCune (1997, p. 1184). Note: Peck & McCune report statistics for this finding 

as df = 25, P < 0.001. 
2691

 Verbatim from Peck & McCune (1997, p. 1181) 
2692

 Verbatim from Peck & McCune (1997, p. 1181) 
2693

 Verbatim from Peck & McCune (1997, p. 1181) 
2694

 Verbatim from Peck & McCune (1997, p. 1181) 
2695

 Verbatim from Peck & McCune (1997, p. 1184) 
2696

 Nearly verbatim from Antoine (2004, p. 82). Antoine cites Denison (1979) and Pike (1978) for information on 

estimates of nitrogen fixation by lettuce lung, and Sollins et al. (1980) for information on the percent of the annual 

new nitrogen input from nitrogen fixation by lettuce lung. 
2697

 Nearly verbatim from Antoine (2004, p. 82) 
2698

 Antoine (2004, Table 2, p. 85) 
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 With 3499 pounds per hectare (1587 kg ha
-1

) standing biomass of lettuce lung, estimated annual 

nitrogen fixation was 17 pounds of nitrogen per hectare per year (7.5 kg ha
-1

).
2699

 

 With 5776 pounds per hectare (2620 kg ha
-1

) standing biomass of lettuce lung, estimated annual 

nitrogen fixation was 27.1 pounds of nitrogen per hectare per year (12.3 kg ha
-1

).
2700

 

 With 7767 pounds per hectare (3523 kg ha
-1

) standing biomass of lettuce lung, estimated annual 

nitrogen fixation was 36.4 pounds of nitrogen per hectare per year (16.5 kg ha
-1

).
2701

 

 Note: Standing biomass is from five different old-growth Douglas-fir forests. Results for the fifth 

forest are provided in the section on Western Washington. 

Northwest California 

In a study of habitat preferences for Fremont’s horsehair lichen in the southern Sierra Nevada, the lichen 

had strong positive associations with red fir, proximity to streams, and decreasing vapor pressure deficit 

(VPD, the difference between the moisture content of air and the amount of moisture air can hold when 

fully saturated).
2702

 Specific results for tree association and proximity to streams are available:  

 Tree association: Biomass averaged across tree heights was estimated as 15.9, 0.60, 0.15, 0.25, 

and 0.19 grams per meter in red fir, white fir, incense cedar, Jeffrey pine, and sugar pine, 

respectively.
2703

 The amount of the lichen averaged across tree heights was significantly greater 

in red fir than in white fir, incense cedar, Jeffrey pine, or sugar pine.
2704

 The amount of the lichen 

in white fir was also significantly greater than in incense cedar or sugar pine, but not Jeffrey 

pine.
2705

  

 Proximity to streams: Regressions showed strong positive correlations between lichen 

abundance and proximity to red fir, white fir, and sugar pine to perennial water.
2706

 To further 

study growth and proximity to water, 792 lichens were also transplanted to 18 trees in the study 

area.
2707

 Transplant growth was significantly greater in trees less than 82 feet (25 meters) from 

water (11.4%) than in trees greater than 82 feet (25 m) from water (9.7%).
2708

  

                                                      
2699

 Antoine (2004, Table 2, p. 85) 
2700

 Antoine (2004, Table 2, p. 85) 
2701

 Antoine (2004, Table 2, p. 85) 
2702

 Nearly verbatim from Rambo (2010, p. 1034) 
2703

 Nearly verbatim from Rambo (2010, p. 1034) 
2704

 Nearly verbatim form Rambo (2010, p. 1037). Rambo refers the reader to Figure 1in the cited article for this 

information. Rambo reports statistics for this finding as P < 0.0001. 
2705

 Nearly verbatim form Rambo (2010, p. 1037). Rambo reports statistics for these findings: P = 0.0045 for white 

fir compared to incense cedar, P = 0.0196 for white fir compared to sugar pine, and P = 0.1484 for white fir 

compared to Jeffrey pine. 
2706

 Nearly verbatim form Rambo (2010, p. 1037). Rambo refers the reader to Figure 3in the cited article for 

information on red fir. Rambo reports statistics for these findings: R
2
 = 0.579 for red fir, R

2 
= 0.392 for white fir, R

2 

= 0.693 for sugar pine, and P < 0.05 for each. 
2707

 Rambo (2010, p. 1036-1037) 
2708

 Verbatim from Rambo (2010, p. 1034) 
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Future Projections 

Global 

Lichen-rich terricolous (i.e., living on the ground or in soil) communities are maintained by the absenceof 

strong interspecific competition, and may therefore be susceptible to vegetation change driven by climate 

warming.
2709

 Experimental research to simulate the effects of climate warming (increased temperature and 

improved soil nutrient status) has demonstrated an increase in canopy height and the dominance of more 

competitive tall-stature species, causing a decline in abundance of small-stature species, including 

terricolous lichens.
2710

 

In a study of 26 British lichen species, the projected bioclimatic response based on the UKCIP02 

scenarios strongly indicates a loss of bioclimatic space for Northern species and an increase in bioclimatic 

space for Southern species (2050s vs. 1961-2000 under B2 and A1F1).
2711

 Results are also available for 

Oceanic species: 

 Northern species: Ten species categorized as Northern-montane and Northern-boreal each show 

a consistent and strong decrease in projected range, compared between the modeled present-day 

climatic setting and the 2050s climate change scenarios, with significant loss of climate space 

compared to little or no gain.
2712

 Based upon the spatial trends in the UKCIP02 data, Northern-

montane and Northern-Boreal species will be most susceptible to the effects of projected climate 

change towards their southern range margins (Wales, northern England and the Scottish borders) 

and towards the west of their range in Scotland.
2713

 The climate is projected to remain relatively 

more suitable for this suite of species in the mountains and Straths of north-east Scotland (i.e. the 

Cairngorm region).
2714

 Projections for Northern-montane species are consistent with experimental 

evidence demonstrating a decline in lichen occurrence following the simulated effects of climate 

change (e.g. increased temperature and nutrient cycling), which may shift the balance of arctic-

alpine communities in favor of more competitive species.
2715

 

 Southern species: The present-day bioclimatic range occupied by the suite of Southern species is 

projected to shift northwards, into Wales, much of northern England, the Scottish borders and the 

                                                      
2709

 Verbatim from Ellis & Yahr (2011, p. 467). An interdisciplinary review of climate change trends and 

uncertainties: lichen biodiversity, arctic-alpine ecosystems and habitat loss. 
2710

 Verbatim from Ellis & Yahr (2011, p. 467). Ellis & Yahr cite Chapin et al. (1995), Press et al. (1998), 

Cornelissen et al. (2001), Graglia et al. (2001), Hollister et al. (2005), Klanderud & Totland (2005), Walker et al. 

(2006), and Klanderud (2008) for this information. 
2711

 Nearly verbatim from Ellis et al. (2007, p. 227). Ellis et al. refer the reader to Figures 6a and 6b in the cited 

article for information on northern species, and to Figure 6c for information on southern species. 
2712

 Verbatim from Ellis et al. (2007, p. 222). Ellis et al. refer the reader to Figures 6a in the cited article for 

information on Northern-montane species, to Figure 6b for information on Northern-boreal species, and to Figure 7 

for the comparison between modeled present-day and 2050s conditions.  
2713

 Verbatim from Ellis et al. (2007, p. 229) 
2714

 Verbatim from Ellis et al. (2007, p. 229) 
2715

 Verbatim from Ellis et al. (2007, p. 227). Ellis et al. cite Chapin et al. (1995), Press et al. (1998), and 

Cornelissen et al. (2001) for this information. 
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eastern coast of Scotland.
2716

 The group of eight species categorized as Southern-widespread 

show a consistent increase in projected range northward.
2717

 

 Oceanic species: Species categorised as Oceanic-northern show a consistent loss in projected 

range between the modelled present-day climatic setting and the 2050s climate change scenarios, 

though the magnitude of this shift is less than for species comprising the Northern groups.
2718

 

Two species categorized as Oceanic-widespread show little or no change in the availability of 

bioclimatic space, while a third species (Pyrenula macrospora) shows an increase in projected 

range, compared between the modelled present-day climatic setting and the 2050s climate change 

scenarios.
2719

 

Southcentral and Southeast Alaska 

Information needed. 

Western British Columbia 

Information needed. 

Western Washington 

The cascading effects of rapid climate change could have a major impact on an island-type flora (i.e., 

potentially those found on the Olympic Peninsula) where species may be more easily lost than 

replaced.
2720

 

Western Oregon 

Information needed. 

Northwest California 

As reported by McCune et al. (2007), where environmental conditions may already be marginal for 

Bryoria (i.e., Bryoria spp. of which Fremont’s horsehair lichen is one species) in this more southerly 

extent of its range (i.e., southern Sierra Nevada), it could be especially vulnerable to increasing stresses 

from air pollution and changing climate.
2721

 Bryoria has known sensitivity to air pollution, and vapor 

pressure deficits may increase with warming regional temperatures.
2722

 

                                                      
2716

 Nearly verbatim from Ellis et al. (2007, p. 229) 
2717

 Verbatim from Ellis et al. (2007, p. 222) 
2718

 Verbatim from Ellis et al. (2007, p. 225). Ellis et al. refer the reader to Figure 6d in the cited article for 

information on Oceanic-northern species and to Figure 7 for information on the comparison to Northern groups. 
2719

 Verbatim from Ellis et al. (2007, p. 225). Ellis et al. refer the reader to Figure 6e in the cited article for 

information on the Oceanic-widespread species and to Figure 7 for information on the comparison between modeled 

present-day conditions and the 2050s climate change scenarios. 
2720

 Nearly verbatim from Hutten et al. (2002, p. 59) 
2721

 Nearly verbatim from Rambo (2010, p. 1040) 
2722

 Nearly verbatim from Rambo (2010, p. 1040) 
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Information Gaps 

Information is needed on observed trends for southcentral and southeast Alaska, western British 

Columbia, and northwest California, as no information is available or is from outside the NPLCC region. 

Information is also needed on future projections throughout NPLCC region.  

Research should examine in more detail the metapopulation response to climate change: i.e., the spatial 

arrangement of habitat patches of varying quality, with respect to likelihoods of dispersal and 

establishment, and spatially explicit changes in model parameters under climate change scenarios.
2723

 The 

metapopulation approach would benefit from targeted molecular research to examine population 

processes in lichens, also integrating studies on cryptic speciation and the potential for in-situ 

adaptation.
2724

  

                                                      
2723

 Verbatim from Ellis & Yahr (2011, p. 477) 
2724

 Verbatim from Ellis & Yahr (2011, p. 477) 
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