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How do animals respond to climate change? There are primarily five different responses: stasis, macroevolution, microevolution, dispersal, and extinction.

1. Stasis: Stay where they are with no biological change. 

Fossil evidence indicates that the eastern woodrat (Neotoma floridana) has not significantly changed its distribution in the last 20,000 years. 

2. Macroevolution: Evolve into new species that adapt to new climate conditions. 

Generally, species need 100s of thousands or millions of years to evolve into a new species. Given the rapid change of the late Quaternary climate and the projected rate of future climate change, there is not enough time to evolve into new species. Evolution may explain long-term adaptations to climate change.

3. Microevolution: Slightly modify morphological features like tooth morphology, body size, etc. or change their phenological response (e.g., time of eruption and flowering for plants or breeding schedule for animals, etc.) to adapt to different environmental conditions but do not evolve into a new species.) (see McCain and King 2014).

Research (Hadly 1997) has shown that the body size of gophers (Thomomys talpoides) changed in response to climate change in the Yellowstone area within the last 4000 years. However, analyses have shown that this was not a shift in geographic distribution but an adaptation within a local population, although genetic shifts have been noted (Nussey et al. 2005, Bradshaw and Holzalfel 2006).
Red Squirrels (Tamiasciurus hudsonicus) in the Yukon, Canada have advanced their breeding to earlier in the spring in response to warmer temperatures and earlier food availability (spruce cones) over several generations indicating biological selection and thus an evolutionary (genetic) response to climate change (Réale et al. 2003).

Fig. 1. Tamiasciurus hudsonius from
https://en.wikipedia.org/wiki/American_red_squirrel
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[image: ]Some bird populations, notably the European Great Tit (Parus major), now lay their eggs earlier in the year so young hatching coincides with the earlier maturation of their main food, caterpillars. Over several generations the offspring born earlier have a significantly greater likelihood of survival and reproduction demonstrating a genetic response to climate change.

Fig. 2 Parus major from 
https://en.wikipedia.org/wiki/Great_tit







4. Dispersal: Species can shift their geographic range to areas that are more conducive to their life style (Elmahagen et al. 2015). Dispersal, a more “permanent” movement in range differs from Migration, a seasonal change. Caribou (Rangifer tarandus) migrate from the tundra to the northern boreal forest in the winter and back to the tundra the following summer.

    The pika (Ochotona princeps), a small relative of rabbits, is 
     adapted to rocky talus slopes in cold, alpine environments. They 
     are extremely temperature sensitive and will die with just a few 
     hours when exposed to temperatures greater than 78° F. Pikas 
     have experienced over a 30% contraction of their California, 
    Oregon, and Nevada range due to increasing temperatures and 
     in some areas have become extirpated (Beever et al. 2011; 
     Stewart et al. 2015).
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Fig. 3. Global warming over the past century has already caused contraction of the pika range, particularly in the far west where many populations have been extirpated from many mountaintops. Pika range prediction map (right) showing probability of local extirpation (red = high, blue = low) based on work by Dr. S. Loarie in Keller, H. (2015). A geospatial analysis of climate change and its effect on the American Pika’s habitat in the Great Basin. Projects in Geospatial Data Analysis: Spring 2015.
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[image: ]Contracting ranges of Snowshoe hare, Wolverine, Fisher, Caribou, and other species dependent on snow cover have been noted over the historic period (e.g., Laliberte & Ripple 2004; Mills et al. 2013).











 
Fig. 5. Changing distribution of four cold and snow adapted animals, the fisher, the wolverine, the marten, and the caribou. While the changes in the range of many animals is related to direct human-caused habitat loss. The contraction of much of the southern ranges of these animals is largely due to climate warming in the historic period. The wolverine and marten, for example, are well-adapted to snow and require a deep snow pack for winter burrows. After Laliberte & Ripple, W. J. (2004, Fig. 2). 
Fig. 4. The snowshoe hare is adapted to snowy conditions (top left). Its southern range is decreasing, partly due to a reduction in snow cover duration. In Wisconsin (right), for example, it remains in the northern part of the state (gray), but decreasing periods of snow cover between 1980 and 2014 are responsible for significant northward range contraction (in red). Local snowshoe hare extirpation throughout its southern range is likely related to increasing predation caused by the mismatch in the timing of its seasonal phenotypic change in coat color and surrounding snow conditions (above right).  Top hare photo by Sparky Stensaas (http://thephotonaturalist.com/2013/03/23/white-critters-of-winter/). Bottom hare photo by L. Scott Mills (North Carolina State University. (2016, January 22). Evolutionary clock ticks for snowshoe hares facing climate change: Study shows mismatch in coat colors kills. ScienceDaily.) Map from http://labs.russell.wisc.edu/pauli/climate-change-and-snowshoe-hares/



The geographic distribution of polar bears is changing because of melting of sea ice. They are spending more time in on land as sea ice (their preferred habitat from which they hunt for marine animals) extent decreases (Gleason and Rode 2009). Apparently, the length of their swimming trips in search of sea ice have increased considerably (Pilfold et al. 2016). 
[image: Polar Bear - Alaska (cropped).jpg][image: https://upload.wikimedia.org/wikipedia/commons/thumb/d/d8/Polar_bear_arctic.JPG/220px-Polar_bear_arctic.JPG]Fig. 6. Polar bear (Ursus maritimus) from
https://en.wikipedia.org/wiki/Polar_bear



Because of the lack of polar ice some polar bears (Ursus maritimus) have dispersed inland where they come in contact with the brown, or grizzly, bears (Ursus arctos). This contact may result in interbreeding and the formation of hybrids know as Grolar Bears or Pizzly Bears (Ursus maritimus x arctos).

[image: http://sciencenordic.com/sites/default/files/1_DSC_0003%20(1).jpg]
Fig. 7. Second-generation polar-grizzly hybrid, shot on Victoria Island, Canada. It is now on display in the Ulukhaktok Community Hall, Ulukhaktok, Canada. (Photo: A.E. Derocher)
From http://sciencenordic.com/grizzly-polar-bear-hybrids-spotted-canadian-arctic




5. Extinction: If climate change creates an environment outside of the species’ ecological niche, then the species may go extinct. Species are more prone to extinction if they have small geographic ranges and low population levels. Some, but not all, factors that lead to extinction are listed below:

It may be too hot, too cold, too dry, or too moist for their physiology or reproduction.

Foods once present may no longer present.

The environment may no longer provide the physiognomic features they need, to hide from predators or build their nests, borrows, etc.

Climate change may allow new predators or pathogengs for which the species has limited defense to move into an area.

[image: ]



The Monteverde harlequin frog (Atelopus varius), for example, has been driven to near extinction by a fungi that proliferated due to increasing temperatures (Pounds et al. 2006)










		     
                            Fig. 8. A dying frog infected with Chytridiomycosis, a disease caused by a pathogenic fungus. The Monteverde Harlequin frog, thought to be extinct until recently, is near the edge of extinction due to this disease of the skin due to this fungi which is increasing in numbers because of climate warming. Photo by Forrest Brem.


			







There are many examples of the extinction (extirpation) of local 
			populations (e.g. pikas, snowshoe hare, wolverines; see range 
			contractions above).

While few species are known to have gone extinct as a direct result 
of modern climate change, many are at risk of extinction in the
future.


Exercises

1. Using the Neotoma Datbabase map the modern distribution of Neotoma floridana and then overlay its distribution for the Full and Late Glacial using different symbols for the different times. What happened t the distribution. What type of response to climate change doe s this represent?
2. Will species be able to evolve into new species in order to adapt to future climate change? Why or why not? 
3. What is microevolution? Is it possible that some species may use this strategy to survive future climate change? Why or why not?
4. How does dispersal vary from migration? In the case of migration, how could phenology potentially impact a species?
5. What is local extinction called?
6. Using the Neotoma database, examine changes in the distribution of Ochotona princeps in the Full and Late Glacial and Early Holocene in comparison to its modern distribution.
7. In Greenland, plants are blooming several weeks before they did 20 years ago. Plants are most nutritious when they bloom and their nutritional value decreases after they bloom. Caribou in this region have not modified their appearance time in the region for the last 20 years so they arrive to have their calves after the maximum nutritional value (green flush) has passed. What are the possible implications for the caribou in this scenario?


Web Resources: 
https://www.nwf.org/Wildlife/Threats-to-Wildlife/Global-Warming/Effects-on-Wildlife-and-Habitat/Pika.aspx
https://www.nwf.org/News-and-Magazines/National-Wildlife/Animals/Archives/2006/No-Room-at-the-Top.aspx
http://labs.russell.wisc.edu/pauli/climate-change-and-snowshoe-hares/
http://evolution.berkeley.edu/evolibrary/news/090501_climatechange
https://www.youtube.com/watch?v=DRZ_PD7e3XA
https://www.youtube.com/watch?v=v9i2WYS60L4
http://news.nationalgeographic.com/2015/04/150430-extinction-climate-warming-animals-species-conservation-wildlife/
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