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Executive Summary  
1. This summary briefly reviews climate change projections and the exposure of wildlife habitats, plant communities, and 

species in Maine to climate change.  Its goal is to provide wildlife and conservation biologists with a technical summary 

that they can use as information resource for assessing the vulnerability of wildlife habitats, plant communities, and 

species to climate change. 

 

2. Key climate change projections to  2100 

• Average temperatures are projected to increase 3° to 14° Fahrenheit (F) in winter and 3° to 11°F in summer with the 

greatest warming in northern Maine and the least along the coast. 

• Precipitation is projected to increase 2 to 14 %.  Precipitation will increase in the winter, spring, and fall but change 

little in the summer.  A 10 to 15% increase in precipitation is projected for the winter.   

• An increase in evapotranspiration rates due to temperature increases, coupled with no change in summer 

precipitation and lengthened growing season, will reduce late summer soil moisture and stream flow levels. 

• Maine’s streams and rivers are projected to undergo a significant hydrological shift from a snowmelt-dominated 

regime with high-flow and ice scouring conditions in the spring to a rain-dominated regime with reduced high-flow 

conditions in winter. 

• Length of the snow season is projected to slightly decline under low emission scenarios and up to 50% with high 

emission scenarios. 

• The length of growing season is projected to increase by 1 to 2 days per decade. 

• Sea level is predicted to increase 5 to 15 inches, or possibly much more than that, and coastal sea water temperature 

is predicted to increase 6° to 10°F. 

• CO2 concentrations are predicted to double by  2100. 

• Ocean acidification is projected to reach levels unprecedented in the past several million years and be irreversible for 

millennia. 

 

3. Exposure of wildlife habitats and plant communities – The Maine State Wildlife Action Plan (SWAP) identifies 21 key 

habitat types in the state for which the following predictions should be considered:   

• Coastal habitats most likely to be affected by climate change include: Unconsolidated Shore (beaches and mudflats) 

and Estuarine Emergent Salt marsh.  These habitats will be greatly affected by the rate and amount of sea level rise. 

• Aquatic habitats most likely to be affected by climate change include: Cold-water Freshwater Lakes and Ponds, Cold-

water Rivers and Streams, ephemeral wetlands, and Peatlands.  These habitats will be greatly affected by 

temperature increases and changes in hydrology.  

• Terrestrial habitats most likely to be affected by climate change include: Coniferous Forest (many types including 

boreal forest types [especially spruce flats] and types dominated by eastern hemlock), Mountaintop Forest 

(including krummholz), and Alpine habitats.  These habitats may be greatly affected by increase in air temperature 

and the forested habitats may be affected by climate-induced outbreaks of pest species. 

 

4. Exposure of species – All groups of native species are predicted to be greatly affected by climate change:   

• Boreal and alpine species, cold-water species, species using low-lying coastal habitats, and species at the southern 

edge of their range are expected to be most negatively affected.   

• Populations of other native species that are highly specialized in their habitat use or have very low populations may 

also be affected.  

• Effects from insect pest species, exotic plant species, and exotic marine species on plant communities and terrestrial, 

aquatic, and coastal and estuarine wildlife habitats may increase. 

 

5. Other Considerations  - Climate change is also likely to have significant impacts on the condition and distribution of key 

ecosystem services beyond biodiversity and that are also dependent on wildlife habitats, including nature-based 

recreation, locally-grown food, wood products, and fisheries. 

 

 

Recommended Citation:  Whitman, A. B. Vickery, P. deMaynadier, S. Stockwell, S. Walker, A. Cutko, and R. Houston.  2010. Climate 

Change and Biodiversity in Maine: A climate change exposure summary for participants of the Maine Climate Change Species 

Vulnerability Assessment. Manomet Center for Conservation Sciences (in collaboration with Maine Beginning with Habitat Climate 

Change Adaptation Working Group) Report NCI-2010-2.  22 pp. Brunswick, Maine. Available online at: www.manometmaine.org 
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User Instructions 
Please carefully review portions of this document relevant to the species you are scoring.  We created this 

document to give survey participants a quick reference on climate change exposure and a common starting 

point.  Although you may wish to use additional reference material, this is not required. 

1. All participants should read the sections titled “1. Introduction” and “2. Climate Change Projections” (4 

pages) in order to appreciate the range of projected climate change impacts to Maine’s ecosystems. 

2. All participants should read the habitat sections related to the species that they have chosen to score.  

There are three habitat sections: “3A. Marine”, “3B. Aquatic” and “3C. Terrestrial” (2-3 pages each). 

3. Plant ecologists may need to re-read habitat sub-sections in “3B. Aquatic” and “3C. Terrestrial” about 

the specific habitats for the plant species that they have chosen to score. 

4. Wildlife ecologists should read taxonomic sub-sections in “4. Animal Species Groups” about the 

taxonomic groups for the animal species that they have chosen to score. 
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1. Introduction 
Earth’s atmosphere is undergoing unusual changes that 

may be altering the global climate (Jacobson et al. 2009).  

Over the last decade and a half, scientific consensus has 

emerged that climate change is occurring, and at a faster 

rate than was originally predicted (Parmesan and 

Galbraith 2004).  Not only is the climate demonstrably 

changing, but the ecological consequences that were 

recently predicted to occur decades from now (e.g., 

species range shifts, animal community disruptions, 

flooding events linked to changes in rainfall patterns) are 

now occurring (Parry et al. 2007, Root et al. 2003).  We 

know from modeling and field research that if these 

impacts continue to grow, ecosystems will undergo major 

changes (Galbraith et al. 2006) that threaten both 

biodiversity and the delivery of critical ecosystem services 

(Hughes et al 1997).  A recent global study estimated that 

15–37% of endemic species could become extinct by 2050 

(Thomas et al. 2004).  Although many efforts are working 

to reduce emissions of greenhouse gases (GHGs), climate 

change will likely continue as the already elevated 

atmospheric levels of GHGs will persist for centuries 

(Frumhoff et al. 2007).  Hence, ecological impacts due to 

climate change now are inescapable. 

 

Climate change will greatly affect Maine’s ecosystems and 

biodiversity in many ways, possibly including (but not 

limited to): shifting species distributions, increasing 

drought stress for plant communities and aquatic 

systems, raising temperatures, amplifying pest and 

disease outbreaks, and increasing plant growth fertilized 

by higher ambient CO2 levels (Jacobson et al. 2009, 

Frumhoff et al. 2007).  Managing the variety of changes 

will be challenging for even the most experienced wildlife 

and conservation biologists because they will be working 

under novel and ever-changing climate regimes, and plant 

and wildlife communities (Lawler et al. 2010).  Increasing 

climate change knowledge among Maine’s wildlife and 

conservation biologists is an essential first step if they are 

to select and deploy new, practical strategies to conserve 

Maine’s biodiversity. 

One means for building the knowledge of wildlife and 

conservation biologists about climate change is to involve 

them in a climate change vulnerability assessment (Kelly 

and Adger 2000), an approach now recommended by 

national groups such as the Association of Fish and 

Wildlife Agencies (Association of Fish and Wildlife 

Agencies 2009 ).  One type of climate change vulnerability 

assessment uses the expert opinions of climate scientists, 

wildlife and conservation agency staff, academia, and 

other expert biologists to assess the relative vulnerability 

of species and habitats to climate change.  The results of 

this assessment can be further used to prioritize and 

direct adaptive conservation measures.  Vulnerability can 

be assessed by breaking it into three components: (1) 

exposure to significant climate change impacts, (2) 

sensitivity to climate change impacts, and (3) capacity to 

adapt to new climate regimes (Kelly and Adger 2000, 

McCart. 2001).  This report summarizes climate change 

exposure impacts to the species and major habitats using 

information derived from regional climate projections. 

 

This report has been developed to assist experts 

conducting vulnerability assessments of species of 

greatest conservation need (SGCN), wildlife habitats, and 

plant communities in the State of Maine (adaptation 

capacity will also be assessed later).  It does not assess the 

potential expansion of and colonization by native species 

and habitats more common in areas south of Maine.  It 

has three parts:  (1) a summary of climate change 

projections for Maine, (2) a review of predicted climate 

change exposure for Maine’s major wildlife habitats and 

plant communities, and (3) a review of predicted climate 

change exposure for Maine’s SGCN animal species. 
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Fig. 1.  The three climate divisions in Maine (from NOAA’s National 

Climatic Data Center and after Jacobson et al. 2009). These climate 

divisions span 54%, 31%, and 15% of the state’s total area, 

respectively. 

 

2. Climate Change Projections 
This section summarizes climate change projections for 

Maine from Jacobson et al. (2009) and Frumhoff et al 

(2007).  Readers should review these reports for more 

information.  Finer-scale projections for Maine were not 

included because they were not better at distinguishing 

projected regional climate change trends. 

Temperature 

Maine is projected to become warmer in all four seasons 

within 100 years (Jacobson et al. 2009).  Projected 

temperature increases will be greatest in the Northern 

climate division, and lowest in the Coastal climate division 

(Fig. 1).  Average temperatures are projected to increase 

3° to 14°F in winter and 3° to 11°F in summer, by 2100. 

Rainfall and Snow 

Maine is projected to experience an overall 2 to 14% 

increase in precipitation with precipitation increases in 

the winter, spring, and fall but little change in 

precipitation in the summer (Jacobson et al. 2009).  An 8.4 

to 15.9% increase in precipitation is projected for the 

winter (Jacobson et al. 2009).  Greater precipitation 

increases are projected under high GHG emissions 

scenarios, which also project a greater proportion of 

winter precipitation falling as rain (Hayhoe et al. 2007).  If 

low emissions scenarios prevail, Maine could retain much 

of its snow season—between two and four weeks of snow 

cover per winter month.  If a high emissions scenario 

prevails, by 2050 Maine’s snow season could decline by 

about half.  These projected trends could lead to a 

significant hydrological shift in Maine’s streams and rivers, 

from a more gradual snowmelt-dominated regime with 

greatest peak runoff and ice scouring conditions in the 

spring (in the Northern and Southern Interior climate 

divisions) to a rain dominated regime with the greatest 

lower peaks of rapid runoff in winter.  A transition 

between regimes could include greater ice movement and 

scouring throughout the winter.   

 

The frequency and severity of heavy rainfall events is 

projected to increase under low and high emissions 

scenarios but with some uncertainty (Jacobson et al. 

2009, Hayhoe et al. 2007).  The Northeast may experience 

>10% increase in the number of annual extreme rainfall 

events and a 20% increase in the maximum amount of 

rain that falls in a five-day period in a year (Frumhoff et al. 

2007).  The possible combination of increasing summer 

temperatures and unchanging summer precipitation 

levels could yield higher levels of evapotranspiration and 

reduced stream flows (Huntington 2003).  Hence, annual 

flows may decline 11 to 13% and July-September flows 

may decline 48% in Maine (Huntington 2003). 

Length of Growing Season 

The interval between first and last frost dates and length 

of growing season are projected to increase by 1 to 2 days 

per decade in response to increased air temperature 

(Hayhoe et al. 2007).   

Soil Moisture and Drought 

Projections about soil moisture and drought are less 

certain because summer precipitation projections could 

remain unchanged, decline, or increase and because other 

hard-to-predict factors like cloud cover would affect soil 

moisture.  Projected increases in temperature combined 

with most projections of summer precipitation suggest 

would yield greater evapotranspiration levels; hence, 

average late-summer levels of soil moisture are projected 

to decline and that would increase the frequency of 

drought (Hayhoe et al. 2007).  The frequency of short-

term (one to three months) drought is projected to 

greatly increase in Maine under all scenarios and become 

more widespread under high emissions scenarios (Hayhoe 

et al. 2007).  Medium-term (three to six months) drought 

and long-term drought (> six months) are projected to 

become slightly more frequent (Hayhoe et al. 2007).   
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Atmospheric Changes 

CO2 - GHG emissions are predicted to have two 

ecologically significant effects on atmospheric gases.  The 

greatest impact is that CO2 concentrations may double or 

triple.  Greater CO2 concentrations make it easier for 

plants to absorb CO2, hence plant productivity, including 

forest productivity, is projected to increase (Ollinger et al. 

2008).  As a result, plants may reduce the production of 

secondary compounds in leaves that ward off pests and 

pathogens (Ollinger et al. 2008).  Hence, while plant and 

forest productivity increases, so might outbreaks of pest 

species (Ollinger et al. 2008).  Experimental studies have 

found that some plant species increase productivity in 

response to elevated CO2 levels and other species do not.   

 

Ozone - Another notable atmospheric impact is that 

temperature increases might increase the breakdown of 

atmospheric hydrocarbons into ozone, increase ozone 

concentrations, and potentially damage terrestrial 

ecosystems (Kunkell et al. 2008).  While there is ample 

uncertainty about the size of ozone increase, it is likely to 

affect coastal areas the most (Kunkell et al. 2008). 

Coastal and Estuarine Conditions 

Sea-level Rise (SLR) 

Global warming could raise sea levels by causing ocean 

water to expand as it warms and by melting ice on land.  If 

high emissions scenarios prevail, global sea level is 

projected to rise at least 5 to 15 inches by 2100 (Jacobson 

et al. 2009).  However, these projections do not account 

for the recent melting of major ice sheets or the potential 

for accelerated melting and, hence, are likely 

conservative.  Future sea level rise (SLR) may exceed three 

times this estimate, i.e., 15 to 45 inches by 2100 

(Rahmstorf et al. 2007).  With an increase in sea level, 

Maine’s coast may also face substantial increases in the 

extent and frequency of coastal flooding and erosion.  By 

2050, the “100-year coastal storm” is projected to occur 

every two to three years (Frumhoff et al. 2007).    

Surface Sea Temperature 

By  2100, regional sea surface temperatures are projected 

to rise an additional 4 to 5°F under the lower emissions 

scenario and 6 to 8°F under the higher emissions scenario 

(Frumhoff et al 2006).  In the near term, this may be 

ameliorated by periodic influxes of cold water from the 

Labrador Current.  The frequency of these influxes is 

driven by Arctic climate change impacts on the North 

Atlantic and depends on current trends in sea ice, 

freshwater export, and surface ocean salinity in the Arctic 

(Greene et al. 2008). 

Ocean Salinity 

The salinity of the Gulf of Maine (GOM) system could be 

affected by climate change impacts on the salinity of the 

Labrador Current and by varying precipitation levels and 

seasonal river flows on coastal waters.  In the GOM, the 

Labrador Current strongly affects salinity by bringing cold, 

relatively low-salinity water from the Labrador Sea around 

Newfoundland and Nova Scotia through the Northeast 

Channel to the Gulf of Maine (Townsend 1998).  It is 

expected to become fresher as precipitation and melting 

in the Arctic increase (Curry et al. 2003, Greene and 

Pershing 2004).  Such a pattern occurred in the 1990s and 

is predicted to re-occur (Greene et al. 2008).  

Ocean Acidification 

Ocean acidification is the acidification of sea water by the 

absorption of CO2.  The ocean absorbs about 1/3 of 

current global CO2 emissions (Sabine et al. 2004).  When 

CO2 combines with sea water, it lowers its pH, which 

makes the ocean more acidic (Feely et al. 2004).  If this 

trend continues unabated, ocean acidification will reach a 

level that is unprecedented in the past several million 

years and will be irreversible for millennia (Feely et al. 

2004).   Increases in sea water acidity or ocean 

acidification will reduce the concentration of CaCO3 

(carbonate), which can impede or prevent calcification by 

marine organisms (Orr et al. 2005) including plankton, 

clams, crabs, shrimp, and lobster.  The effects cannot be 

precisely projected, but there is a risk of profound 

changes to coastal and pelagic food webs (Orr et al. 2005).   

Marine ecosystems in high latitudes may show the effects 

of ocean acidification before tropical ecosystems because 

CaCO3 levels are much lower at high latitudes than in 

tropical areas (Farby et al. 2008). 

Stressors Related to Climate Change 

Exotic Species, Pests, and Pathogens 

Coastal and Estuarine Invasive Species – Climate change 

will likely increase the threat posed by invasive marine 

species (Occhipinti-Ambrogi 2007).  For example, warming 

sea temperatures may allow invasive species such as the 

Asian shore crab (Hemigrapsus sanguineus) to colonize 

areas of Maine’s coast beyond Penobscot Bay where 

mean summer temperatures cooler than 54°F (13°C) 

prevail (Stephenson et al. 2009).  Under a low emissions 

scenario with a 3.6°F (2°C) rise in global temperature, the 

invasive Asian shore crab (Hemigrapsus sanguineus) is 

projected to extend its range northward into Atlantic 

Canada at high densities (Van Guelpen et al. 2005).  With 

warming, some species such as invasive sea quirt species 

may establish earlier in the season and out compete 

native species because community composition is often 

determined by which species settles first (Stachowicz et 
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al. 2002).  Rising mean winter water temperature has 

been correlated to invasions by exotic coastal and 

estuarine species in New England (Stachowicz et al. 2002). 

 

Aquatic Invasive Species – Climate change may enhance 

the introduction of aquatic invasive species by (1) 

eliminating cold temperatures that limit establishment, 

(2) eliminating winter hypoxia that limits survival, (3) 

enhancing their competitive and predatory effects on 

native species, and (4) by increasing the virulence of some 

diseases (Rahel and Olden 2008).   Asian clam (Corbicula 

fluminea) is a recent invasive aquatic species in the 

Northeast that displaces native mussel species (Graney et 

al. 1980).  This species is limited to water temperatures > 

35-37°F but may be adapting to colder temperatures. 

 

Terrestrial Pest Species – Increased temperatures will 

likely make terrestrial ecosystems more vulnerable to 

native and exotic pests.   The populations of balsam wooly 

adelgid (Adelges piceae) and hemlock wooly adelgid 

(Adelges tsugae, HWA) are held in check in Maine by low 

winter temperatures, although recent, mild winters may 

be responsible for the expansion of both species (Paradis 

et al. 2008).  Under low emissions scenarios, a HWA 

infestation covering the southern half of Maine is 

projected.  In New Hampshire, the recent population 

trend of forest caterpillars has been increasing, become 

more variable, and is correlated with summer thermal 

sums (Reynolds et al. 2007).  An increase in forest pest 

outbreaks could significantly increase nutrient cycling and 

nitrogen leaching to surface waters (Murdoch et al. 2000). 

 

Terrestrial Exotic and Invasive Plant Species – Climate 

change is predicted to make plant communities more 

vulnerable to exotic and invasive plant species by 

increasing the frequency of disturbance events that lead 

to rapid change in plant communities (Dale et al. 2001).  

Because most exotic plant species have high growth rates 

and long-distance dispersal traits, they have a competitive 

advantage over native species for colonizing and 

establishment, especially following ecosystem disturbance 

(Dukes and Mooney 1999).  In forests, invasive species, 

both exotic and native, may reduce the resilience of plant 

communities to climate change by overwhelming forest 

regeneration of native species (Burke and Grime 1996).  

One exotic plant species, Japanese honeysuckle (Lonicera 

japonica), increased growth and percent cover in an 

experimental study of a forest plant community when 

exposed to elevated CO2  levels (Belote et al. 2003). 

Other Stressors 

As humans adapt to climate change, their actions may 

have far-ranging impacts on Maine’s biodiversity:  There 

will be efforts to protect property from SLR and expand 

renewable energy.  Maine may become more attractive 

than other regions and the productivity of its forest and 

farm lands could increase.  Hence, the impact of these 

activities on Maine’s biodiversity could expand: 

 

Armoring – With rising seas and more frequent storm 

surges, it is likely that both municipalities and private 

landowners will seek ways to protect coastal property and 

infrastructure.  Unfortunately, this may exacerbate 

erosion and inundation of beaches and salt marshes.  

Further, in areas where there is development immediately 

inland and above current high tides, natural inland 

“migration” of coastal wetlands will be impeded. 

 

Wind Energy Development – The shift toward renewable 

energy has led to an increase in wind power on high-

elevation sites and a greater number of access roads and 

new corridors for power lines.  Wind power could pose an 

increasing threat to sensitive mountaintop species and 

migratory birds and bats.  Poorly routed power line 

corridors could fragment forest habitats for forest interior 

species.  Conversely, energy right-of-ways will provide 

more habitat for early successional scrub-shrub species.  

Finally, energy development in general may provide new 

routes for exotic and invasive species to penetrate 

previously intact forest ecosystems. 

 

Forest Management – Widespread biomass harvesting for 

energy production could threaten some northern forest 

species and reduce mature forest habitats.  However, an 

increase in forest carbon offset projects might benefit 

some forest species by reducing harvest intensity slightly 

and increasing longer-rotation forestry. 

 

Habitat Fragmentation – As temperatures increase in the 

eastern U.S, Maine’s climate will remain comparatively 

cooler and ameliorated by a maritime effect.  This may 

make Maine even more attractive for people escaping 

warming climates and development elsewhere.  Hence 

the new residential development, especially along coastal 

and inland water bodies may expand, thereby 

fragmenting intact terrestrial and riparian habitats.    

 

Agriculture – Although agriculture occupies a small 

proportion of land in Maine and is generally declining , the 

extent of agricultural land has expanded slightly in coastal 

counties.  When coupled with an increasing growing 

season in northern New England (Wolfe et al 2008), 

increased demand for food due to climate change related 

crop failures elsewhere could lead to an expansion of 

agriculture. 
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3. Exposure of Wildlife Habitats 

and Plant Communities to Climate 

Change 
The composition of nearly every plant community and 

wildlife habitat in Maine is likely to be affected by climate 

change (Jacobson et al. 2009).  Over 44% of the Maine 

landscape is predicted to change to other habitats in the 

next 100 years making Maine the state with the greatest 

percent of area vulnerable to climate change (Malcolm 

and Markham 2000). 

 

Climate change is predicted to alter species distributions, 

their life histories, community composition, and 

ecosystem function at global and local scales (McLaughlin 

et al. 2002).  The most commonly studied impact is range 

shift of species.  Most species will likely shift ranges north 

and/or upwards in elevation (Davies et al. 2009, Davis and 

Shaw 2001).  Yet, range shifts may not be symmetrical 

because the factors that determine a species’ range limits 

vary at different boundaries (Varrin et al. 2007).  Although 

southern limits may be governed by biotic factors (e.g., 

competition), the northern limits may be governed by 

abiotic factors (e.g., climate; McCarty 2001). This has large 

implications for predicting climate change impacts to 

species. As climate envelopes shift north, species whose 

northern range limits are determined by temperature will 

be released by these limits and will shift north (e.g., 

winter temperature for the northern cardinal in Maine 

[Cardinalis cardinalis]).  At southern range limits, species 

may experience increasing biotic stress that leads to range 

contraction (e.g., pine marten [Martes americana] 

competition by fisher [Martes pennanti], which is 

mediated by snow depth limits; Krohn et al. 1995).  

 

Based on current projections, rates of change for climate, 

species ranges, and habitats will be high.  Across the 

globe, climate change velocity is projected to exceed the 

capacity of many species and communities to keep up 

with their climate niche space (Malcolm et al. 2005).  For 

species moving in an unbroken wave front, the migration 

rates required to keep up with projected change in 

climate niche are extremely high by historical standards 

(Clark 1998, McLachlan et al. 2005).  In a simulation study 

from Ontario, required movement rates averaged 3280 

ft/yr (1,000 m/yr) for tree species (Malcolm et al. 2005).  

This exceeds typical rates following the recent glacial 

retreat, which were <1640 ft/yr (500 m/yr; Clark 1998) or 

perhaps even <328 ft/yr (100 m/yr; McLachlan et al. 

2005), although some tree species may have achieved 

rates of >3280 ft/yr (1,000 m/yr; Clark 1998).  Hence, 

some tree species may take >100 years to begin to 

colonize significant portions of new habitat (Iverson et al. 

2005). 

3A. Coastal and Estuarine Habitats 

Marine Open Water - Projected changes in coastal water 

temperatures may increase the occurrence of warm-

water species from the south and result in a retreat of 

cold-water species to northern marine systems (Frumhoff 

et al. 2007).  Most projections for the northwest Atlantic 

and Gulf of Maine predict warming sea temperatures.  

The surface sea temperatures (SST) in the Gulf of Maine 

are projected to increase, with the greatest increases in 

winter SSTs, which could affect species intolerant of the 

higher SSTs (Van Guelpen et al. 2005).  However, it is also 

possible that climate change might temporarily increase 

the circulation of cool, low-salinity water from the 

Labrador Current into the Gulf of Maine and reduce sea 

water temperatures (Jacobson et al. 2009, Greene et al. 

2008).  This can increase water column stratification, 

which in turn may be linked to observed changes in 

phytoplankton, zooplankton, higher trophic level 

consumer populations, and the entire marine food web.  

As a result, some northern species might temporarily 

move south (Greene et al. 2008).  Sea temperatures 

increase following an increasing trend in air temperatures, 

may initially cool due to the strengthening of the Labrador 

Current, or may follow a warming trend that is 

periodically interrupted by cold water pulses from the 

Labrador Current.  

 

Estuaries and Bay – Projected changes in water 

temperature may increase the occurrence of warm-water 

species from the south and result in a retreat of cold-

water species to northern marine systems.  Increases in 

variation of seasonal river flow will increase 

sedimentation and turbidity of coastal waters (Ashton et 

al. 2007).  This, if coupled with sea temperature increases, 

could reduce productivity and habitats of seaweed beds, 

kelp beds and eel grass beds (Horton and McKenzie 

2009a).  However, summer runoff declines could reduce 

estuarine eutrophication (Horton and McKenzie 2009a). 

 

Rocky Coastline and Islands – Rocky coast and island 

habitats may have little exposure to climate change 

(Frumhoff et al. 2007). 

 

Unconsolidated Shore – Beach/dune ecosystems will be 

highly susceptible to impacts from SLR and storm events 

(Gulf of Maine Council Habitat Restoration Subcommittee 

2004).  By 2050, the “100-year storm” is projected to 

occur every two to three years in the Northeast (Frumhoff 

et al. 2007).  SLR is projected to result in severe erosion 

and shoreline retreat through the next century (Ashton et 

al. 2008). 
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Estuarine Emergent Salt marsh – Maine has about 20,000 

ac (79 km
2
) of salt marsh, more than any other New 

England state (Jacobson et al. 1987).  Future tidal marsh 

acreage will be determined by: (1) accretion (the natural 

accumulation of marine sediments within a salt marsh) in 

relation to the rate of SLR, (2) the erosion rates on the 

seaward marsh edge, and (3) the availability of space that 

allows marsh to migrate inland.  Marshes will be affected 

by both SLR and storm events.  In the Northeast, SLR is 

likely to outpace accretion and inundate existing coastal 

marshes, resulting in rapid loss and conversion (from high 

to low marsh to mudflat) and result in landward salt 

marsh migration and the replacement of other tidal 

marshes (Ashton et al. 2007, Hartig et al. 2002).  Accretion 

potentially might reduce flooding, but this depends on 

sediment availability and accumulation rates of organic 

matter.  In Maine, many high salt marsh environments 

may revert to low salt marsh habitats (Slovinsky and 

Dickson 2008), or may disappear altogether if their 

landward migration is blocked (Jacobson et al. 2009).   

 

Four studies have projected sea-level changes in Maine.  

For a small portion of Rachel Carson National Wildlife 

Refuge (NWR) in southern Maine, Slovinsky and Dickson 

(2008) used static inundation models and projected a 

large loss of high salt marsh area and large increase in low 

salt marsh area for scenarios with a 1-ft, 2-ft, and 3-ft 

increase in sea level.  A second projection study covered 

the Rachel Carson NWR using the Sea Level Affecting 

Marshes Model (SLAMM
1
; Clough and Larson 2008a).  

They projected SLR to result in large declines of brackish 

marsh, tidal swamp, estuarine beach, but an increase in 

tidal flat, salt marsh, and transition salt marsh by 2100. 

 

A third study used static inundation models and LIDAR 

elevation data to model a 2-foot SLR, Slovinsky and 

Dickson (2010) projected >50% loss of high salt marsh 

                                                 
1
 Like any model, SLAMM entails various assumptions, simplifications, 

and uncertainties. The reliability of forecasts is also a function of data 

input accuracy. More information on the SLAMM model is available 

here: http://www.warrenpinnacle.com/prof/SLAMM/index.html.  It 

models and makes assumptions about accretion, soil saturation, 

overwash, erosion, and inundation. 

area and small (~15%) to large (>>100%) increases in low 

salt marsh area at three sites in mid-coast Maine: Back 

Bay (Portland), Cousins River (Yarmouth), and Thomas Bay 

(Brunswick). 

 

A fourth study was conducted by Clough and Larson 

(2008b) at Moosehorn NWR in eastern Maine using 

SLAMM.  SLR was projected to result in a decline in 

brackish marsh, but an increase in salt marsh, estuarine 

beach, and transition salt marsh by 2100.  The Moosehorn 

NWR’s high tide range (approximately 20 ft [6 m]), 

combined with the significant vertical relief, help to 

explain the predictions of resilience to SLR at this site.  

This projection suggests that the salt marshes of eastern 

Maine may be less vulnerable to SLR than the salt 

marshes of mid-coast and southern Maine. 

 

Overall, salt marsh habitat of southern and mid-coast 

Maine may be more vulnerable to SLR than eastern Maine 

because brackish marsh and potentially high salt marsh 

are the most vulnerable to SLR.  Salt marshes in eastern 

Maine may be less vulnerable to SLR because they are 

dominated by low salt marsh and high-relief coastal 

topography.  Plant species occupying coastal wetlands, 

including salt marshes, tidal marshes and swamps, and 

low-lying, non-tidal freshwater wetlands in the coastal 

zone are projected to be exposed to rising sea level 

(Frumhoff et al. 2007).    

Climate Change Exposure Summary for 

Coastal and Estuarine Habitats  

Coastal and estuarine habitats are exposed to the full 

suite of climate change stressors (Table 1).  Open water 

and estuarine ecosystems may principally be affected by 

SLR and possibly by changes in water temperature, 

salinity, and pH.  Changes in seasonal patterns of 

precipitation and runoff may alter hydrologic and 

chemical characteristics of coastal marine ecosystems, 

affecting species composition and ecosystem productivity 

of coastal and estuarine ecosystems. 

 

Table 1.  Maine State Wildlife Action Plan (SWAP) coastal and estuarine habitats, dominant climate change stressors, and climate 

change exposure. 

SWAP Habitat Dominant Climate Change Stressors 
Estimate of Climate  

Change Exposure 

Marine Open Water Sea temp. increase/decrease, ocean acidification High 

Estuaries and Bays SLR, Sea temp. increase, ocean acidification Medium 

Rocky Coastline and Islands  SLR, sea temp. increase, ocean acidification Medium 

Unconsolidated Shore (beaches & mudflats)  SLR, sea temp. increase, ocean acidification High 

Estuarine Emergent Salt Marsh SLR, sea temp. increase, ocean acidification High 
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3B. Freshwater Wetland Habitats 

Freshwater wetland systems will likely be increasingly 

exposed to changes in hydrology and temperatures due to 

climate change.  This could change annual flow patterns 

and lower summer water levels for aquatic habitats.  For 

water bodies, water temperatures will increase.  For 

wetlands, lower water levels may affect hydro-period and 

vegetation. 

 

River and Stream Habitats – River and stream habitats 

will be affected by rising temperatures, and changes in 

flow patterns and ice break up.  A shift from a snowmelt-

dominated regime to a regime of winter runoff, coupled 

with projected precipitation increases, may increase 

winter flooding of riparian and wetland habitats and soil 

erosion and sedimentation, which could destabilize 

stream and river channels (Ashmore and Church 2001).  

Periods of high stream flow in the spring are projected to 

occur earlier and decrease in length, while summer low-

flow periods will last longer (Hayhoe et al. 2007), possibly 

subjecting wetlands, including vernal pools, to extended 

dry periods and disrupting their hydrology (Brooks 2009, 

Frumhoff et al. 2007).  As a result, vernal pools, 

ephemeral streams, low-order streams, outwash plain 

pond shores, and their fauna have high vulnerability to 

climate change (Brooks 2009).  Mid-winter thaws are 

predicted to become more frequent, leading to more river 

bed scouring events (Beltaos and Burrell 2003). 

 

Climate change could alter the chemistry of streams and 

rivers.  Increases in extreme rainfall events, coupled with 

interludes of longer dry periods, could increase the 

frequency of highly-concentrated pulses of non-point 

pollutants (e.g., phosphorus, nitrates, acid rain, pesticides, 

herbicides).  A reduction in snowmelt could reduce acidic 

pulses that now occur in spring runoff.  Re-flooding of 

drought-exposed wetlands after a period of low-water 

levels can briefly increase methyl-mercury production in 

surface waters (Murdoch et al. 2000).   Mid-winter thaws 

could become more frequent leading to more frequent ice 

jam conditions and river bed scouring events (Beltaos and 

Burrell 2003).  Eventually, rivers in the region may 

become ice free, a trend that would be enhanced by an 

increase in winter rainfall; seasonal ice scouring that is 

essential for maintaining some river shore plant species 

could then disappear (Beltaos and Burrell 2003). 

 

Freshwater Lakes and Ponds – Changes to lake ice 

duration and surface water temperatures will strongly 

affect primary productivity, dissolved oxygen (DO), 

thermal habitat, and invertebrate and fish communities.  

Climate change may increase or reduce productivity.  

Lakes may experience longer ice-free periods due to 

warmer temperatures and this may increase biological 

activity (Schindler et al. 1996).  However, the likelihood of 

oxygen depletion in lakes could increase with climate 

change (e.g., Mackenzie-Grieve and Post 2006), especially 

in oligotrophic water bodies (Murdoch et al. 2000).  

Increased lake temperatures could reduce levels of 

dissolved oxygen saturation, which, when coupled with 

likely increases in primary production, could deplete 

summer oxygen.  Lengthened periods of water 

stratification during summer could also increase the 

frequency of anoxia in bottom waters and reduce DO 

habitat availability in summer. 

 

Emergent Marsh and Wet Meadows – Emergent marsh 

and wet meadow habitats are strongly susceptible to 

alterations in hydrology, including both surface water 

runoff and groundwater discharge (Environment Canada 

2004).  Changes in the timing and amount of annual 

precipitation predicted with climate change will likely 

affect the distribution of wetland systems, particularly 

vernal pools and wet meadows, and for many wetland 

plant species.  These changes may require that wetland-

dependent species relocate via available corridors to 

other wetland systems if they are to survive.  Extended 

droughts that occur earlier in the growing season, along 

with elevated temperatures and lower groundwater table, 

may reduce the distribution and condition of wetlands 

throughout the state.  Reduced summer discharge of 

rivers into the coastal zone could cause saltwater 

intrusions into upper tidal reaches of rivers and affect 

tidal wetlands (Murdoch et al. 2000).   

 

Climate change could affect vernal pools by shortening 

effective hydroperiods.  Temperature increases will 

increase evapotranspiration and could result in a negative 

annual water balance earlier in the year and in earlier 

pool drying.  This would result in shortened spring 

hydroperiods with potential negative impacts to vernal 

pool fauna.  In addition, precipitation events could occur 

less frequently but more intensely and droughts could 

become more frequent and longer and cause pools 

(chiefly smaller pools) to repeatedly dry and re-flood.  This 

could also kill developing amphibian and invertebrate 

eggs or larvae. 

 

Peatlands – Many North American peatlands have lasted 

for millennia through long wet and dry periods, but their 

future stability under climate change is uncertain 

(Environment Canada 2004).   Maine’s peatlands may be 

vulnerable to climate change because their distribution is 

governed primarily by climate (Davis and Anderson 2001).  

Increases in summer drought, despite overall increasing 

precipitation, could also impair southern peatlands 

(Gorham 1991, Burkett and Kusler 2000).  Fens may be 
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vulnerable to changes in ground water level, which plays a 

crucial role in the accumulation and decay of organic 

matter and governs plant community structure (Seigel 

and Glaser 2006).  Under most emissions scenarios, they 

could decline because ground water levels will fall as 

evapotranspiration increases with temperature, unless 

offset by an increase in summer precipitation (Moore et 

al. 1997; Myer et al. 1999).  Some fens may be resilient if 

their water input flows from deep groundwater systems 

(Winter 2000).  Overall, bogs are vulnerable to declines in 

precipitation levels because precipitation is their only 

water input (Winter 2000).  Jacobson et al. (2009) 

suggests that increased drought could dry out thousands 

of acres of peatlands.  In ombrotrophic bogs, shrubs may 

increase their dominance at the expense of graminoids if 

climate change decreases water levels and increases 

temperatures (Weltzin et al. 2000).  Overall, climate 

change might cause some peatlands to decline and 

community compositional changes in other peatlands, 

such as bog plant communities slowly converting into fen 

plant communities.  If the hydraulic head in the recharge 

areas providing the ground water that sustains calcareous 

fens decreases with climate change, non-calcareous 

tolerant species may out-compete calcareous plant 

species (Siegel and Glaser 2006, Almendinger and Leete 

1998). 

 

Forested Wetlands – Forested wetlands may become 

more influenced by declining high flows from summer 

rainfall and less dependent on spring flow events and ice 

jams (Prowse and Beltaos 2002).  The corresponding 

decline in high flow periods, together with longer growing 

season evaporation periods, may reduce soil moisture of 

some floodplain forests.  The unique floodplain forests of 

the Saco, Penobscot, upper Kennebec, and Sebasticook 

Rivers could convert to meadow or upland forests 

(Jacobson et al. 2009).  Reduced summer discharge in 

rivers into the coastal zone could result in saltwater 

intrusions into upper tidal reaches of rivers, which could 

affect riparian swamps (Murdoch et al. 2000).  High-flow 

conditions in the spring are projected to occur earlier and 

be shorter in duration, while summer low-flow conditions 

could last longer (Hayhoe et al. 2007), possibly subjecting 

seasonal headwater streams and wetlands, including 

vernal pools, to extended dry periods that disrupt their 

hydrology (Frumhoff et al. 2007).   

 

Other Aquatic Habitats – High-flow conditions in spring 

are projected to occur earlier while low-flow conditions in 

summer will last longer (Hayhoe et al. 2007), possibly 

subjecting other aquatic habitats to extended periods of 

low water (Frumhoff et al. 2007).  Aquatic vegetation 

communities may be fairly resilient to direct impacts of 

increased temperatures but climate change might 

increase phosphorus levels, reduce oxygen saturation, 

and accelerate eutrophication (McKee et al. 2003).  

Climate Change Exposure Summary for 

Freshwater Wetland Habitats 

Aquatic habitats are likely to be exposed to many climate 

change stressors (Table 2), although the uncertainty of 

precipitation projections makes it difficult to predict 

impacts (Jacobson et al. 2009).  Changes in seasonal 

patterns of precipitation and runoff due to climate change 

will likely alter hydrologic characteristics of aquatic 

systems, affecting their composition and ecosystem 

productivity.  Populations of aquatic organisms may 

decline in response to changes in the frequency, duration, 

and timing of extreme precipitation events, such as floods 

or droughts. Changes in the seasonal timing of snowmelt 

will alter stream flows, potentially interfering with the 

reproduction of many aquatic species.  Open water bodies 

will also be strongly affected by increasing water 

temperature, as air temperatures are likely to increase, 

and by an extended period of low-water conditions in the 

summer.  Wetlands may be affected by longer periods of 

low-water conditions in the late-summer. 

 

Table 2.  Maine State Wildlife Action Plan (SWAP) freshwater wetland habitats, dominant climate change stressors, and climate 

change exposure. 

SWAP Habitats Dominant Climate Change Stressors 

Estimate of 

Climate  

Change Exposure 

Rivers & Streams  
Water temp. increase, drought, peak of high-flow levels shifting from spring 

to winter 
High 

Freshwater Lakes & Ponds 
Water temp. increase, drought, peak of high-water levels shifting from 

spring to winter 
High 

Emergent Marsh & Wet 

Meadows 
Drought, peak of high-water levels shifting from spring to winter Medium 

Shrub-scrub Wetland  Drought, peak of high-water levels shifting from spring to winter Medium 

Peatlands  
Water temp. increase, drought, peak of high-water levels shifting from 

spring to winter 
High 

Forested Wetland  Drought, peak of high-flow levels shifting from spring to winter Medium 
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3C. Upland Habitats 
Deciduous and Mixed Forest – Forests in the Northeast 

are predicted to significantly change in the next 100 years 

under every emissions scenario (Prasad et al. 2007).  The 

extent of oak and pine forest types is projected to 

increase and expand into central and possibly northern 

Maine (Iverson et al. 2008a).  Under the lowest emissions 

scenario, Maine is predicted to retain its northern 

hardwood forest.  Northern hardwood tree species may 

achieve increased growth rates under any emissions 

scenario due to higher temperatures, a longer growing 

season, and potential CO2-driven increases in 

photosynthesis and water-use efficiency.  If CO2 

fertilization does not occur, growth rates are projected to 

slightly increase.  Under the higher emissions scenario, 

growth rates of northern hardwoods may decline by  2100 

due to temperature stress (Ollinger et al. 2008).  Under 

high emissions scenarios, oak-hickory forest types are 

projected to dominate most of southern and central 

Maine and Maine will lose northern hardwood forest.  In 

contrast, Tang and Beckage (2010) projected a modest 

loss of regional northern hardwood forest.  Hemlock 

wooly adelgid is projected to expand into southern Maine 

with warming and eliminate Eastern hemlock (Tsuga 

canadensis) (Paradis et al. 2008).  Birch-aspen forests 

would also be highly vulnerable to climate change 

(Neilson 1995). 

 

Paleo-climate studies of lake sediments indicate that 

moisture regime could determine the composition of 

Maine’s future forest.  During past warm/moist climate 

periods (warmer than present), forests were dominated 

by Eastern hemlock, American beech (Fagus grandifolia), 

and oak spp. (Quercus spp.) (Shuman et al 2004).  During 

past warm/dry periods, they were dominated by oak spp. 

and hickory spp. (Carya spp.) and Eastern hemlock greatly 

declined perhaps because of drought (Shuman et al 2004).   

  

Coniferous Forest Habitats – Boreal coniferous forest 

habitats are predicted to decline across the region.  The 

fertilization effect of increasing atmospheric CO2 levels 

may moderate regional declines of boreal forest due to 

climate change (Tang and Beckage 2010).  Increased CO2 

levels can increase water use efficiency and rates of net 

canopy CO2-fixation by inducing the stomatal closure of 

plants and reducing leaf transpiration (Tang and Beckage 

2010).  In contrast, Ollinger et al. (2008) projected growth 

rates for balsam fir (Abies balsamea) and red spruce 

(Picea rubens) that would decline after 2050.   

 

Coastal and interior forests dominated by Eastern 

hemlock will likely decline under a low emissions scenario 

due to the spread of hemlock wooly adelgid and could be 

largely eliminated from Maine under a high emissions 

scenario (Paradis et al. 2008).  Under the lowest emissions 

scenario, Maine and the Northern Forest region are 

predicted to lose much of their spruce-fir forest, which 

would including upland spruce-fir forest and lowland 

spruce flats (Prasad et al. 2007).  Birch/aspen forests and 

boreal mixed wood forests (birch, black/red spruce, and 

balsam fir) would also be greatly reduced by  2100 (Prasad 

et al. 2007).  Tang and Beckage (2010) also projected a 

significant decline of boreal conifer forest with some 

boreal forest areas persisting in the mountains. 

 

Dry Woodlands and Barrens – These habitats may be 

vulnerable to increased drought and invasion by exotic 

plant species due climate change.  Many barren 

community types, including sandplain grasslands and 

pitch pine barrens, only occur as fragmented patches on 

today’s landscape and are closely associated with 

outwash sands.  Potential for these communities and their 

species to shift range may be limited. 

 

Mountaintop Forest (including krummholz) – Coniferous 

forest habitats that are sub-alpine are predicted to 

decline greatly across the region.  In northern New 

England, a 7°F (3°C) summer temperature increase is 

projected to potentially eliminate nearly all sub-alpine 

forest except for small patches in New Hampshire’s 

Presidential Range (136 ac [55 ha]) and on Mount 

Katahdin in Maine (49 ac [20 ha]; Rodenhouse et al. 

2008).  This projection may not be accurate, as this 

climate niche modeling study did not factor in (1) the 

competitive advantage of sub-alpine spruce and fir over 

other tree species on low-quality, high-elevation sites (Lee 

et al. 2005) and (2) the effects of extreme events like icing 

on stature and structure of sub-alpine forests (Kimball and 

Weihrauch 2000). 

 

Many tree species are limited by soil type and may 

individually make future elevation shifts (Lee et al. 2005).  

Hence, a simple ecotone shift of current plant community 

types in response to climate change is not expected.  An 

upward shift of sugar maple (Acer saccharum) might be 

limited because suitable substrate is lacking at high 

elevations (Lee et al. 2005).  On the other hand, American 

beech might increase in abundance above its current 

elevation limits (Solomon and Leak 1994), even displacing 

spruce and fir on some soils (Lee et al. 2005).  Eastern 

hemlock, common to shallow, coarse, or poorly drained 

soils at low elevations, may expand its distribution 

upward as it id during past warmer periods (Spear et al. 

1994) and displace spruce and fir on poorer soils (Lee et 

al. 2005).  White pine (Pinus strobus) shifted its elevation 

limits in the past in response to warming (Shuman et al. 

2004).  The forest montane ecotone between northern 

hardwood forest and spruce-fir forest in Vermont already 

appear to be rapidly shifting upward (Beckage et al. 2008).  
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Hence, the current pattern of montane forest community 

zonation could disappear (Lee et al. 2005). 

 

Alpine Habitats – Alpine habitats can be strongly affected 

by climate change (Kimball and Weihrauch 2000, Lesica 

and McCune 2004), including changes in temperature and 

CO2 concentration.  With warming, tree lines can be 

expected to rise in elevation, which will reduce the extent 

of alpine habitats (Spear 1989, Miller and Spear 1999).  

Using pollen and macrofossils, similar tree line shifts 

occurred during warming about 3,500 year BP.  Because 

tree line represents the long-term average climatic history 

of a site, it is predicted to occur at elevations lower (i.e., 

warmer) than expected because of the relatively slow 

upslope movement of trees.  Moreover, the elevation of 

tree line is also affected wind and ice (Kimball and 

Weihrauch 2000).  This, coupled with the fact that alpine 

communities persisted through the Holocene warming 

period (Miller and Spear 1999), suggest that alpine 

habitats may persist under low emissions scenarios.  In 

the nearby Chic Choc Mountains, tree line has not shifted 

but alpine meadow habitats have declined 0.11%/year 

and shrub habitats have expanded by 0.28%/year from 

1973 to 2004 (Fortin and Pilote 2008).  Walther (2002) has 

documented climate-related elevation shift of alpine 

plants and rising tree line across the globe.  Across the 

Northeast, alpine habitat islands smaller than Mount 

Washington and Mount Katadhin may be lost (Kimball 

1997).  The persistence of alpine communities in the 

Northeast during a warming period ~5,000 year BP (Miler 

and Spear 1989) suggests that alpine plant species may 

persist through  2100, though perhaps to a reduced 

extent.  Graminoid species may outperform other species 

due to greater drought resistance and enhanced 

competitive ability at higher CO2 levels.  Snow bed species 

well adapted to sites that stay cool may be especially 

vulnerable to climate change (Schöb et al. 2009). 

 

Grassland, Agricultural, Old Field – These habitats may be 

vulnerable to increased drought and increases in exotic 

plant species.  Projected increases in drought may 

increase the likelihood of fire and other forest 

disturbances (Ollinger et al. 2008), which might increase 

these habitats. 

 

Other Terrestrial Habitats – Little is specifically known 

about how climate change might affect other Maine 

SWAP habitats including: Shrub / Early Successional & 

Regenerating Forest, Urban / Suburban, Cliff Face & Rocky 

Outcrops (including talus), and Caves and Mines. 

Climate Change Exposure Summary for 

Upland Habitats 

Terrestrial habitats are primarily exposed to air 

temperature changes, drought, pests, exotic species, and 

CO2 fertilization (Table 3).  Dominant plant species will 

shift ranges in response to climate changes.  Modest 

drought increases may limit many plant species and plant 

communities.  Increasing pest and exotic species are 

expected to affect composition of wildlife habitats and 

plant communities.  Coniferous forest, mountaintop 

forest, and alpine areas are projected to decline greatly in 

Maine and the Northeast (H. Galbraith, pers. comm.).  

Modest declines may occur for many deciduous and 

mixed forest types while oak-hickory forest types are 

projected to increase.  Other terrestrial habitats may also 

experience climate change impacts. 

Table 3.  Maine State Wildlife Action Plan (SWAP) upland habitats, dominant climate change stressors, and climate change exposure. 

SWAP Habitat Dominant Climate Change Stressors 
Estimate of Climate  

Change Exposure 

Deciduous and Mixed Forest 
Air temp. increase, drought, pest impacts, exotic species, 

CO2 fertilization 
High 

Coniferous Forest 
Air temp. increase, drought, pest impacts, exotic species, 

CO2 fertilization 
High

 

Dry Woodlands and Barrens  Air temp. increase, drought, pest impacts Low 

Mountaintop Forest (including krummholz) Air temp. increase, drought, pest impacts High 

Alpine  Air temp. increase, CO2 fertilization High 

Shrub / Early Successional & Regenerating Forest  Air temp. increase, drought, exotic spp. Low 

Grassland, Agricultural, Old Field  Drought, exotic spp. Low 

Urban / Suburban  Drought, exotic spp., pest impacts Low? 

Cliff Face & Rocky Outcrops (including talus) Air temp. increase, drought Moderate 

Caves and Mines Peak of high-flow conditions in winter? Low 
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4. Animal Species Groups 

Invertebrates  

Coastal and Estuarine Invertebrates – Climate change 

poses many threats to coastal and estuarine 

invertebrates, including: ocean acidification, sea 

temperature change, air temperature increases (for 

intertidal species), and the facilitation of invasive species.  

Ocean acidification will reduce the concentration of 

carbonate, which is needed by clams (class: Bivalvia), 

mussels (Bivalvia), lobsters (subphylum: Crustacea), 

barnacles (subphylum: Crustacea), sea urchins (class: 

Echinoidea), corals (class: Anthozoa), and some plankton, 

to build their shells and other hard parts (Fabry et al. 

2008).  Ocean acidification might not affect all marine 

species but it will dissolve the shells of some species and 

prevent other species from building their shells properly 

(Orr et al. 2005), which affects their ecology, mortality, 

and populations (Fabry et al. 2008).  High emissions 

scenarios could reduce the reproduction of copepods and 

sea urchins (Kurihara et al. 2004), important species in 

Maine’s marine systems.  Many subarctic marine species 

may be replaced by temperate species from south of Cape 

Cod as the Gulf of Maine warms because many subarctic 

species reach the southern edge of their range in the Gulf 

of Maine (Adey and Steneck 2001) and  rising summer 

temperature will reduce their reproductive output and/or 

survival rates (Mieszkowska et al. 2006).   

 

Aquatic Invertebrates – Aquatic invertebrates could be 

subjected to significant changes in hydrology and 

increased water temperatures driven by climate change 

(Williams et al. 2007).  One such change, projected 

increases in winter rain, could increase the frequency of 

floods and ice flows that scour streambeds and kill aquatic 

insect larvae (Frumhoff et al. 2007).  In warmer, dry years, 

mayflies (order: Ephemeroptera) may emerge earlier and 

be smaller than in high-water years when emergence was 

delayed and feeding by larvae was extended (Harper and 

Peckarsky 2006).  Climate-induced changes in 

temperature and flow pattern could accelerate 

emergence, thereby reduce mayfly size, fecundity, and 

population viability.  Freshwater mussels (class: Bivalvia) 

are susceptible to climate change impacts including: 

warmer water temperatures, longer periods of low flows, 

other changes in seasonal flows, floods, and impacts on 

host fish species (US Fish and Wildlife Service 2009).  If 

summers become drier, mussel beds would be more 

vulnerable to drying out.  A consequence of increased 

temperatures could be that female mussels release 

glochidia into the water column earlier, thus uncoupling 

the timing of mussel and host fish reproduction cycles, 

especially in anadromous fish.  A decline in host Atlantic 

salmon (Salmo salar) and brook trout (Salvelinus 

fontinalis) populations could reduce recruitment of some 

mussel species.  For freshwater mussel species with 

critical host relationships with cold-water fish; their 

reproductive success may decline as suitable thermal 

habitat for their host species diminishes (New Hampshire 

Fish and Game Department 2005) which could include 

eastern pearlshell (Margaritifera margaritifera) and brook 

floater (Alasmidonta varicosa) in Maine. 

 

Terrestrial Invertebrates – In Massachusetts, the 

emergence of butterfly (order: Lepidoptera) species is 

correlated with spring temperatures and is predicted to 

emerge two days earlier for every 1.8
o
F (1

o
C) increase in 

temperature (Polgar et al. 2009).  Butterfly and moth 

species (order: Lepidoptera) have been widely shown to 

shift northward in response to climate change (Parmesan 

et al. 1999).  Walther (2002) has documented across the 

globe climate-related northward range shifts for 39 

butterfly species.   Climate change may reduce the extent 

of habitat for alpine invertebrates (McFarland 2003).  The 

phenology of invertebrate pollinators and host plants 

could become asynchronous, with deleterious impacts to 

both pollinators and hosts (Hegland et al. 2009).   

Fish  

Marine and Anadramous Fish - Climate change may affect 

marine species by: disrupting food webs, enhancing 

habitat conditions for invasive species, causing range 

shifts, creating asynchrony between key life history events 

and appropriate habitat conditions, and increasing the 

negative impacts of other environmental stressors in 

estuaries and coastal bays (Connelly et al. 2007).  A key 

concern is the projected transformation of estuaries from 

being dominated by salt marsh habitats to being 

dominated by open water habitats where primary 

productivity is driven by macro-algae, submerged aquatic 

plants, or phytoplankton (Erwin et al 2006).  Major 

changes in secondary production might also occur.  The 

loss of the detritus food web within emergent marshes 

might severely jeopardize nursery areas for commercially 

important fisheries (Bertness 1999).  In the North Atlantic, 

some range shifts have been observed for pelagic fish 

species (Rijnsdorp et al. 2009). 

 

Inland Fish – Cold-water habitats are predicted to decline 

in the region as air temperatures warm and, 

subsequently, water temperatures increase.  Many warm-

water species will replace cold-water fish species (Eaton 

and Scheller 1996).  In summer, warmer water 

temperatures and anoxia in deep waters could increase 

the release of methyl-mercury in aquatic habitats and, 
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consequently, increase mercury levels in fish 

(Scheuhammer and Graham 1999). 

 

Streams and Rivers – Fish species in lowland streams and 

species that require cool water (e.g., trout, salmon), are 

likely to be the most severely affected by climate change 

in Maine (Williams et al. 2007).  The percent of streams 

with temperatures suitable for cold-water salmonids is 

predicted to decline, with southern coastal and interior 

areas becoming marginal habitat (Williams et al. 2007).  

Projected increases in winter rain could result in more 

frequent damaging floods and ice flows that scour 

streambeds, causing erosion and in-stream 

sedimentation, killing eggs, larvae, and adult fish that 

cannot find suitable refuge (Frumoff et al. 2007).  In 

summer, water quality might be diminished by lowered 

water levels or decreased river flows, increases in 

temperature, prolonged summer dry seasons, and heavier 

rainfall (Vasseur et al., 2008). 

 

Lakes and Ponds – Stefan et al. (2001) predicted that the 

percentage of lakes suitable for cold-water fisheries 

would decline 45% in the northern U.S.  Much of this 

decline is expected because cold hypolimnetic refuges 

could shrink and have reduced O2 levels (Stefan et al. 

2001).  Moreover, native warm-water fish species are 

expected to colonize new lakes, which can lead to local 

extirpation of native minnows and negative impacts on 

native top predators (MacCrae and Jackson 2001). 

Reptiles and Amphibians 

Terrestrial Amphibians and Reptiles – Climate change 

may affect amphibians (class: Amphibia) and reptiles 

(class: Reptilia) in four ways (Lind 2008): (1) increasing 

variability of environmental and habitat conditions; (2) 

altering the phenology (timing) of events essential to their 

life history; (3) increasing impacts of pathogens and 

invasive species; and (4) amplifying the effects of other 

environmental stressors (e.g., chemicals) (Lind 2008).  

Over the long term, the frequency and duration of 

extreme temperature and precipitation events may 

reduce the persistence of local populations, their 

dispersal capabilities and the functionality of 

metapopulations.  Synergisms among a variety of 

environmental stressors have been documented to 

adversely affect native amphibians and reptiles, and 

climatic changes may exacerbate these stressors.  Longer 

lasting summer low-flow periods with occasional rainfall 

may affect vernal pools and other seasonal wetlands 

(Hayhoe et al. 2007) that are essential for many species.  

A large proportion of northeastern amphibians use vernal 

pools for breeding or foraging activity (Calhoun and 

deMaynadier 2008) and thus potential shortening of 

vernal pool hydroperiod could negatively impact habitat 

quality and extent for several amphibian species in Maine 

(Brooks 2009).  This change in hydro-regime would 

negatively impact developing larval amphibians, which 

require a minimum period for development to 

metamorphosis (Brooks 2009).  

 

For turtles (order: Testudines), climate change may 

increase or decrease population growth rates (Inkley 

2004).  For example, painted turtles (Chrysemys picta) 

grow larger in warmer years and may reach sexual 

maturity faster (Frazer et al. 1993).  On the other hand, 

warming may lead to the loss of snow cover, which 

insulates hatchlings that overwinter in the nest against 

the killing effects associated with rapid temperature 

changes during winter hibernation (Breitenback et al. 

1984).  In nearby Nova Scotia, Hermand and Scott (1994) 

speculated that the Blanding's turtle (Emydoidea 

blandingii) may be highly vulnerable to climate change 

impacts, such as declines in water levels and further 

isolation of wetlands due to water level declines.  In 

Maine, Blanding’s turtles more frequently use pocket 

swamps and vernal pools with longer hydro-periods than 

those with shorter hydro-periods (Beaudry et al. 2009), 

which suggests that climate change could be another 

stress to this state’s already endangered population. 

Birds 

Seabirds – Seabirds may be vulnerable to reductions in 

prey due to climate change (Irons et al. 2007).  Common 

Murre (Uria aalge) showed population declines with large 

temperature shifts in either direction.  This pattern was 

replicated during both climate oscillations.  Negative 

population trends in seabirds may also indicate changes in 

the underlying marine food webs.  Hence, similar 

widespread fluctuations in response to climate shifts are 

likely for other ecosystem components (marine mammals, 

fish, and invertebrates).  Loss of nesting island habitats by 

rising sea levels will also have consequences for these 

species.  SLR may reduce nesting and loafing habitat for 

seabirds, including Roseate terns (Sterna dougallii) and 

common terns (Sterna hirundo) (New Hampshire Fish and 

Game Department 2005). 

 

Shorebirds – During their energetically demanding 

migrations, many shorebird (Charadriiformes) species 

depend on tidal sand and mud flats for foraging.  Up to 

50% of shorebird foraging habitats during migration may 

be at risk at some sites in the U.S. (Galbraith et al. 2005).  

Climate change may also increase mortality on the 

wintering grounds by reducing the quality of their prey 

and roost site availability (Durell et al. 2006).  Moreover, 

extensive loss of breeding habitat (40-57%) due to climate 

change (IPCC 2002) also threatens shorebird populations 

(Galbraith et al. 2005, Zöckler 2000). 

 

Wetland Species – Wetland species may face an 

increasingly variable hydrological cycle where some 
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wetlands dry out in some years and result in smaller 

clutch sizes, nesting failures, and reduced fecundity 

(Wormworth and Mallon 2006).  Coastal wetlands will 

also be affected, due to rising sea level and changes in 

seasonal flows.  SLR and variable rainfall could limit 

wading bird access to feeding areas and result in a wider 

variation in wader reproduction (Butler and Vennesland 

2000).   

 

Forest Species – Populations of boreal forest species are 

expected to greatly decline as the extent of their boreal 

forest habitat declines (Rodenhouse et al. 2008).  Under 

low emissions scenarios, the extent of northern hardwood 

forest may increase, but many new northern hardwood 

areas are likely to have low forest productivity and be 

low-quality habitat, resulting in low nesting productivity 

and greater population vulnerability due to other factors 

(Rodenhouse et al. 2008).   Under high emissions 

scenarios, the extent of northern hardwood forest may 

decline, as presumably will populations of bird species 

associated with northern hardwoods (Rodenhouse et al. 

2008).   

 

Migrant Bird Species – Migrant species may be at higher 

risk than non-migrant species because climatic change 

may affect migrant species in their wintering areas, during 

migration, and on their breeding grounds (Aloha et al. 

2004).  They are exposed to the additive climatic risk for 

each habitat used each year, with the sum total being 

cumulative catastrophic effects (Huntley et al. 2006).  The 

winter survivorship of many neo-tropical migrants may 

decline if predicted reductions in precipitation and 

increased drought occur on their winter areas in Central 

and northern South America (Rodenhouse et al. 2009).  

Moreover, climate change is affecting the phenology of 

bird migration, with many migratory bird species having 

shifted their arrival dates up to three weeks earlier over 

70 years (Price and Root 2002).   

 

Both phenological miscuing (responding inappropriately 

to climate change) and phenological disjunction (where a 

species becomes asynchronous with its environment) 

have been shown for some migrant bird species (Crick 

2004).  With disjunction, egg hatching can occur when 

food supplies are less abundant, as peaks in food 

availability can shift to track local weather patterns.  Such 

shifts in migration phenology have the potential to 

decouple bird migration peaks and egg hatching/fledging 

times from peaks in food supply (e.g., McCarty 2001).  

Short-distance migrants may use temperature of 

wintering areas as a migration cue such that their 

migration patterns are still in synchrony with food 

availability (Milller-Rushing et al. 2008).  The migration 

times of most long-distance migrants may not be 

changing (Miller et al. 2008), but in some species this 

pattern has already led to disruption of time-sensitive 

relationships, such as those between breeding time and 

food abundance (Both et al. 2006).   

Mammals 

Marine Mammals – Climate change effects for most 

whales (Cetacea) are unknown (Learmonth et al. 2006).  

Seals (Phocidae) may experience a reduction in coastal 

loafing and nursing habitat due to SLR (New Hampshire 

Fish and Game Department 2005).   

 

Terrestrial Mammals – Increases in temperature may 

affect boreal mammal species (Jacobson et al. 2009).  For 

example, the moose (Alces alces) population growth rate 

in northern Minnesota was strongly negatively associated 

with mean summer temperatures of the preceding 

summer and the species is expected to be extirpated from 

Minnesota under high emissions scenarios (Murray et al. 

2005).  Increased summer drought frequency seems likely 

to reduce the abundance of small flying insects with 

aquatic larval stages upon which many bat species forage 

(Rodenhouse et al. 2009), with potentially negative 

consequences for bat populations in Maine.   

  

Carnivores – Some mammals may have species ranges 

that are defined by both their climate niche space and by 

competing species that are often closely related 

(Dormann et al. 2009).  For example, Canada lynx (Lynx 

canadensis) and pine marten are both dependent on deep 

snow to avoid competing with their respective congeners, 

bobcat (Lynx rufus) and fisher.  Once annual snowfall 

declines below a key threshold—106 in/yr (270 cm/yr) for 

lynx (Hoving et al. 2005) and 76 in/yr (192 cm/yr) for 

marten (Krohn et al. 1995)—both species may decline and 

eventually disappear, to be replaced by their competitors, 

bobcat and fisher, respectively.      
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