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[bookmark: _GoBack]Module 6: Modern (Living) Animals – What Do the Habitat Preferences and Geographic Distribution of Modern Animals Tell Us about Why Animals Live Where They Do?
James S. Oliver III and Russell W. Graham

· A major tool paleoecologists use in their work is their knowledge of the ecology of modern animals and plants. By knowing the habits and habitats preferred by living animals or ones closely related to those found as fossils, paleoecologists can reconstruct past climates and ecosystems (See accounts of species attached to this exercise). Caution: However, this approach may be limited for fossils older than 125,000 years, since over long periods of time species can evolve and adapt to different environments and temperature regimes limiting the utility of modern analogues.
· Before examining what specific fossils tell us about past North American climates and ecosystems, it is useful to see what their modern distributions are to see if we can discern clues about their habitat preferences.

· Exercises:· Northern Pocket Gopher (Thomomys talpoides)
· Yellow-Cheek Vole (Microtus xanthognathus)
· Red-Backed Vole (Myodes gapperi)
· Least Shrew (Cryptotis parva)
· Black-Tailed Prairie Dog (Cynomys ludovicianus)
· Heather Vole (Phenacomys intermedius)
· Eastern Woodrat (Neotoma floridana)
· North American River Otter (Lontra canadensis)
· Nine-Banded Armadillo (Dasypus novemcinctus)
· Pronghorn Antelope (Antilocapra Americana)
· Mountain Sheep (Ovis Canadensis)
· Reindeer (Rangifer tarundus)
· White-Tailed Deer (Odocoileus virginianus)
· Musk Ox (Ovibos moschatus)


· For each of the species on the right, go to Neotoma Explorer to obtain a map of their modern distribution. If a distribution map is not available there, do a Google search for that species’ distribution map. Now, compare each animal’s distributions to the North American temperature and precipitation maps given in Module 3.
1) Does temperature seem to explain the distribution of some animals more than others? If so, which animals now prefer cold climates (and of course the associated resources found there)? Which seem to prefer warmer/moderate temperatures?
2) Does precipitation/moisture seem to explain the distribution some animals more than others? If so, which animals now prefer moister climates (and of course the associated resources found there)? Which seem to prefer dry climates?
3) Do small, medium, or large animals seem more sensitive to climatic conditions? Why might this be the case? 
4) For what animals does elevation seem to play a role in their distribution? Do any seem to prefer higher elevations? Why might this be the case?
5) Why do you think climate play an important role in determining where organisms live?
6) What other environmental factors besides climate might play an important role in where an animal lives?






Accounts of Species for Module 6
The accounts of species for this module have been taken from a variety of sources. They are mainly designed to help the participant have a better understanding of the animal. Three common sources of information are: Animal Diversity Web (ADW) by the University of Michigan (https://animaldiversity.org/), Smithsonian Institution North American Mammals (https://naturalhistory.si.edu/mna/), and Mammalian Species (https://www.mammalsociety.org/publications/mammalian-species), American Society of Mammalogists. For more details on specific taxa one should consult these references and others mentioned in them and those listed at the end of each discussion here.

Order: Insectivora (Insectivores)
Family: Soricidae (Shrews)

Least Shrew, Cryptotis parva (Say, 1823)
[image: ]
Least Shrew feeding on an earthworm (© Copyright The Smithsonian Book of North American Mammals, edited by Don E. Wilson & Sue Ruff, 1999.)
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Modern distribution of Cryptotis parva from Neotoma database.

Body Size: Length Range, 61-89mm (2.5-3.5in); Weight Range, 3-10 g (0.007-0.022 lbs).

Physical Description: This grey-brown to reddish-brown shrew has a long, pointy snout, small eyes, and almost invisible ears. It is one of the world’s smallest mammals. 

Distribution: The modern range of the Least Shrew extends from central South Dakota to western Massachusetts in the north, along the Atlantic seaboard to Florida in the east, along the Gulf of Mexico to northeast Mexico in the south, and to northwestern Wyoming in the west. 

Habitat:  Although the Least Shrew prefers moist (mesic), open grasslands, marshes, and meadows with dense herbaceous vegetation, leaf-litter and loose soil, it can be found in uplands where vegetation and ground cover ensure adequate insects for feeding. Nests are located under fallen logs or branches, under flat rocks, and in shallow burrows. Forests seem to be avoided unless located near an open area.

Diet: The Least Shrew diet consists mainly of small insects, earthworms, centipedes, slugs, sow bugs, and larvae, which it normally eats whole. It will also feed on carrion (dead animals) and occasionally on seeds and fruits. It has been known to live in beehives, feeding on the larvae. Because of it’s very high energy needs (it has a very high metabolism that consumes a lot of energy), the Least Shrew eats 60-100% of its body weight daily and requires a constant access to high quality foods.

Behavior: This small insectivore is mainly nocturnal, but may be active throughout the day. Its small eyes and ears give it very poor eyesight and hearing. As one might expect of an animal with a large snout, the Least Shrew hunts primarily by smell. Touch (feeling the vibrations created by nearby prey) is also important in locating prey. Its venomous saliva will paralyze prey somewhat larger than itself, and consequently, its bite is painful to humans. Food is cached. In contrast to most other shrews, the Least Shrew is quite social, sharing food, cooperating in digging burrows, and sharing sleeping space. Colonies of upwards of 5-25 individuals are not uncommon. Although often found in open spaces or brushy areas, the Least Shrew requires adequate leaf/vegetation litter for both insect foods and hiding themselves from predators. Various species of owls, hawks, skunks, and snakes are their major predators in the wild. In urban areas, house cats are an important predator.

Paleoecological Implications: The Least Shrew’s preference for moist, open habitats with adequate litter suggests that its Late Pleistocene occurrence in Dry Cave, NM and Upper Sloth Cave TX, well west of its modern westernmost distribution, indicates more moist conditions in west Texas and southern New Mexico than exist there today.

Web Resources: 
http://animaldiversity.org/accounts/Cryptotis_parva/
http://zipcodezoo.com/index.php/Cryptotis_parva
http://explorer.natureserve.org/
http://www.biokids.umich.edu/critters/Cryptotis_parva/

References: 
Hamilton, W. J. 1944. The biology of the little short-tailed shrew, Cryptotis parva. Journal of Mammalogy, 25: 1-7.
Whitaker, J.O., Jr. 1974. Cryptotis parva. Mammalian Species, 43: 1-8.









Order: Rodentia (Rodents)
Family: Sciuridae (Squirrels)

Black-tailed Prairie Dog, Cynomys ludovicianus (Ord, 1815)

[image: ]        
Black-tailed Prairie Dog (image by Chadh).
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Modern distribution of Cynomys ludovicianus from Neotoma database.

Body Size: Length Range, 350-450mm (14-18in); Weight Range, 700-1400 g (1.5-3.0 lbs); males are 10-15% larger than females.

Physical Description: Black-tailed prairie dogs have a cinnamon-colored dorsal coat that grades into a buff color on the ventral (underside) surface. The relatively short tail is black-tipped. 

Distribution: The modern range of Black-tailed Prairie Dogs extends from extreme southeast Alberta and southwest Saskatchewan in the north to east central Kansas in the east to southern Arizona, New Mexico and southwestern Texas in the south and west to the Colorado front range and east-central Montana. Prairie dog occurrence in otherwise suitable habitats has been considerably reduced by eradication efforts by ranchers. In most areas, prairie dogs exist only in protected refuges, parks, or government lands. Eradication efforts are thought to be the main reason why their primary predator, the Black-footed Ferret (Mustela nigripes) populations have dropped to such dangerously low levels.

Habitat: Black-tailed Prairie Dogs live in temperate, but dry short-, tall- and mixed-grass prairies, sagebrush steppes, and desert grasslands with deep, fine- to medium-textured soils and relatively sparse vegetation of sagebrush, greasewood, and prickly pear. Although often found near river floodplains, large ravines, and bottomlands, they do not live in moist areas with wet soils. Generally, prairie dogs prefer low vegetation and their feeding habits tend to keep plant stature low. 

Diet: This prairie dog secures its water requirements from green grasses or forbs (herbaceous flowering plant) and does not require permanent or standing water. Grasses, leaves, and stems including wheatgrass, buffalo grass, grama, rabbitbush, and scarlet globmallow as well as prickly pear cactus, thistles, and various roots constitute most of its diet.

Behavior: Black-tailed Prairie Dogs are highly social, perhaps best known for their communication system to warn others of predators. This diurnal squirrel will not usually venture out of its burrow on very hot (greater than 100° F) or during rainy or snowy days. Prairie dogs live in large “towns” or colonies that can be as large as 60 ha in size. Most prairie dog towns have a populations in the hundreds, but those with several thousand are not uncommon. One in Texas reportedly had a population in the millions. Males maintain a harem of females for mating. Black-tailed Prairie Dogs spend a lot of time building, maintaining, and grooming their burrows. Young are born in an altrical state and require several weeks of parental care (feeding and protection) before emerging from below ground. The primary predators include the black-footed ferret (Mustela nigripes) and the badger (Taxidea taxus). Other predators include various raptors, coyotes, and snakes.

Paleoecological Implications: Because of its preference for loose soils in grasslands with little vegetation, this gopher is a good indicator of grasslands. Its distribution in the Late Pleistocene is essentially the same as today with minor range extension to the east, southeast.

Web Resources: 
http://animaldiversity.org/accounts/Cynomys_ludovicianus/
http://zipcodezoo.com/index.php/Cynomys_ludovicianus
http://www.fs.fed.us/database/feis/animals/mammal/cylu/all.html
http://explorer.natureserve.org/


References: 
Hoogland, J. L. 1996. Cynomys ludovicianus. Mammalian Species, 535: 1-10.






Family: Cricetidae (Lemmings and Voles)

Yellow Cheeked (Taiga) Vole, Microtus xanthognathus (Leach, 1815)


[image: ][image: ]
Yellow Cheeked Vole (https://allabouttaigas2013.weebly.com/primary-consumers.html). Modern distribution of Microtus xanthognathus from Neotoma database.

Body Size: Length Range, 186–226 mm (7.3–8.9 in); Weight Range, 140–170 g (0.306–0.375 lbs).

Physical Description: The Taiga vole is the largest of the Microtus genera. The distinctive rust-yellow markings on its cheeks are present in adults.

Distribution: Today this vole is found primarily in the western parts of the boreal forest biome west of Hudson Bay to central Alaska.

Habitat: This vole occupies much of the boreal forest biome west of Hudson Bay and a small part of the tundra biome in Canada. It strongly prefers wet areas with productive plants such those in riparian settings, dense spruce forests, and those that grow in early successional forests after a disturbance (e.g., fire, recent glacial retreat, etc.). In all habitats the Yellow Cheeked Vole requires a heavy ground cover with mosses, loose, organic-rich soils with abundant rhizomes (which are a major food in winter), and close proximity to water.

Diet: This vole’s diet consists mainly of sedges, grasses, berries, and rhizomes.  Equisetum and epilobium rhizomes are cached and comprise the bulk of the winter diet in some areas.

Behavior: The Yellow Cheeked Vole seems to be somewhat social. Winter nests may contain up to 10 individuals, not all of who are related. Nests are either underground or wholly within the leaf/vegetation litter. Food caches for the winter are built near the main nest. The American Marten (Martes americana), ermine (Mustela erminea), least weasel (Mustela rixosa), wolf (Canis lupus), red fox (Vulpes vulpes), lynx (Lynx canadensis) and a variety of hawks and owls found in the boreal forest and tundra are this vole’s main predators.

Paleoecological Implications: Because the modern Yellow Cheeked Vole lives in northern North American latitudes with cold conditions and prefers wet areas in coniferous forests with abundant understory growth that includes rhizome plants, grasses, sedges, and Willowherb, its presence in a fossil assemblage likely indicates a cold and moist boreal environment.

Web Resources: 
http://animaldiversity.org/accounts/Microtus_xanthognathus/ 
http://zipcodezoo.com/index.php/Microtus_xanthognathus
http://explorer.natureserve.org/

References: 
Conroy, C., Cook, J. 1999. Microtus xanthognathus. Mammalian Species 627: 1-5.


Red Back Vole, Myodes gapperi (Vigors, 1830)

[image: ][image: ]
Myodes gapperi (photo by Phil Myers, Museum of Zoology,University of Michigan on Animal Diversity Web), modern distribution from Neotoma database.

Body Size: Length Range, 146-222 mm, including 30-50 mm tail (5.75-8.75 in); Weight Range, 6-42 g (0.013-0.093 lbs).

Physical Description: As suggested by its name, the pelt of this vole’s back (dorsal surface) is brownish-red from forehead to rump. The eyes are large and the ears easily visible.

Distribution: The modern range of the Red Back Vole stretches from Newfoundland Canada to the Chesapeake Bay in the east, southwest down the Appalachia Mountains to the Smoky Mountains of northern Georgia, north to the Great Lakes area and north-central Montana, down the Rocky Mountains as far as south-central Arizona and New Mexico, west to the Cascade Mountains, and east from north-central British Columbia to Hudson Bay.

Habitat:  The Red Back Vole is a characteristic resident of the boreal forest biome, occupying mesic and xeric cool, mossy, and rocky areas of the boreal forest. It prefers coniferous forests, but may also occupy the tundra, bogs, and mixed deciduous/coniferous forests. In much of the Canadian boreal forest, this vole may be found in muskegs, spruce and fir bogs, sedge marshes, levees with abundant willows, wet prairies, and tundra. In the southern parts of its range, this vole is restricted to alpine settings with stands of ponderosa pine, hemlock, red and white spruce, mesic meadows, sedge and grass areas, and rocky slopes. In the upper Midwest, it is found in a variety of mixed deciduous-coniferous forests, usually with a heavy brush understory. In all areas it requires an abundant litter of rotting trees, stumps, branches, leaves, etc.

Diet: Red Back Voles are omnivorous dietary generalists, switching foods according to abundance and availability. Plant foods include berries, mosses, lichens, ferns, seeds, nuts, roots, bark, and fungi. Insects may be eaten regularly, but form only a small part of their overall diet. This vole has particularly high water requirements, a significant factor in habitat selection.

Behavior: Red Back Voles, while more active at night (nocturnal), will be active at other times depending on the season and latitude. They tend to be more nocturnal in the winter and in more northern habitats. They are not social and do not form colonies. This vole is quite agile – they are good climbers and hoppers. They are known to be rather nervous and sensitive to disturbance. The timing and severity of the first freezes in the fall, severity of the mid-winter, and timing of the spring thaw may be critical to red back vole populations. Early freezes before food can be cached, a harsh winter, and late thaw may combine to significantly increase mortality and reduce local populations. Major predators include a variety of Mustelids, particularly the short tailed weasel (Mustela erminae), and a variety of owls and hawks.

Paleoecological Implications: The Red Back Voles’ affinity for coniferous forests, abundant leaf litter, and high daily water requirements suggests that their presence in the fossil record is a good indicator for cool and wet coniferous or mixed coniferous/deciduous forests.

Web Resources: 
http://animaldiversity.org/accounts/Myodes_gapperi/
http://zipcodezoo.com/index.php/Myodes_gapperi
http://explorer.natureserve.org/
http://www.biokids.umich.edu/critters/Myodes_gapperi/

References: 
Merritt, J.F. 1981. Clethrionomys gapperi. Mammalian Species, 146: 1 - 9. American Society of Mammalogists.







Eastern Woodrat, Neotoma floridana (Ord, 1818)

[image: https://cff2.earth.com/uploads/2017/04/20103156/eastern_woodrat_neotoma_floridana-800x500.jpg][image: ]
Easter Woodrat (https://www.earth.com/animals/eastern-woodrat-neotoma-floridana/), modern distribution from Neotoma database.

Body Size: Average Length, 320 mm males, 369 mm females; Range, 305-450 mm males, 300-399 mm females; Weight Average, 299 g males, 216 g females, Range, 220-384 g males; 174-260 g females.

Physical Description: The Eastern woodrat is a large, stocky bodied woodrat covered with long, soft, brownish-gray fur. The long (15-20cm) tail is bi-colored (brownish-gray on the ventral (top) side and white on the dorsal (bottom) side.

Distribution: The Eastern woodrat is widely distributed in the southeast US extending from central Florida west to eastern Texas north to eastern Colorado and western South Dakota and east to Rhode Island. Most of its range coincides with the temperate eastern hardwood forests, but some westernmost populations occupy grasslands.

Habitat: Eastern woodrats occur in a variety of habitats with a temperate climate, but prefers moister areas in hardwood forests near water bodies with dense groundcover. It is found in deciduous forests, swamps, marshes, and near rivers, but in some western area inhabits grasslands.

Diet: Eastern woodrats are dietary generalists and feed on nuts, seeds, fungi, roots, stems, foliage, fruits, and occasionally insects. They prefer moist foods but their winter diet consists largely of stored (cached) dry seeds and nuts gathered during throughout the fall.

Behavior: The nocturnal Eastern woodrat builds large nests that may reach a height of 1m (3ft) of sticks, twigs, and leaves in holes in the ground, logs, and rock crevices. Their nests, sometimes called houses, are often occupied by other animals including rabbits (Sylvilagus floridanus, S. aquaticas, S. palustris), white-footed mouse (Peromyscus leucopus), and amphibians. Although they do not hibernate, they will spend long periods of time in their nests during harsh winter weather. The nests afford protection from many predators too large for the entrance. Their primary predators outside the nest include great horned owl (Bubo virginianus), red fox (Vulpes vulpes), gray fox (Urocyon cinereoargenteus), and raccoon (Procyon lotor). The timber rattlesnake (Crotalus horridus), black rat snakes (Elaphe obsoleta) and long-tailed weasels (Mustela frenata) will enter woodrat nests.

A notable behavior is their habit of collecting non-food and non-nest material objects and placing them in their nests, earning them their packrat nickname. Consequently, ancient packrat nests often contain plant and animal remains useful in paleoenvironmental reconstructions.

Paleoecological Implications: With a single exception of fossil Eastern Woodrat in eastern New Mexico (Harris 1984), the known Late Pleistocene (29 – 10ka) distribution is nearly identical to the modern Eastern Woodrat distribution.

Web Resources: 
http://www.mnh.si.edu/mna/main.cfm
http://animaldiversity.org/accounts/Neotoma_floridana/
http://www.iucnredlist.org/details/42650/0

References: 

Harris, A. H. 1984. Two new species of late Pleistocene woodrats (Cricetidae: Neotoma) from New Mexico. Journal of Mammalogy 65:560-566.

Wiley, R. W. 1980. Neotoma floridana. Mammalian Species, 139: 1-7.


Western Heather Vole, Phenacomys intermedius (Merriam, 1889)	


[image: ][image: ]
Heather Vole (image credit: http://redbuttecanyon.net/mammalian/p_intermedius.html), modern distribution from Neotoma database.

Body Size: Average Length, 138 mm, Range: 122-155 mm; Weight Range, Range: 30-40 g 

Physical Description:  Heather voles are small dusky-brown to brown rodents with short ears and a short, thin tail. Examination of the cheek teeth is necessary for identification. 

Distribution: The Heather vole is widely distributed in boreal forests of North America. . In the western USA it is found in mountainous areas as far south as New Mexico. 

Habitat: The Heather vole is found in a variety of boreal areas (drier, open coniferous forests, moister riparian areas, and alpine and sub-alpine meadows). The Heather vole prefers drier (xeric) habitats in close proximity to water, but is be found in moist (mesic) areas as well. It typically occupies areas with a good heath understory (e.g., dwarf birch, blueberry, soapberry) and attendant ground cover of leaves and twigs, but may also be found at the shrubby forest edge and more moist mossy meadows. In the Rocky Mountains it is found at progressively higher elevations from north to south because environments get warmer and drier to the south. 

Diet: Heather voles are dietary generalists and feed on a variety of green vegetation, including leaves, seeds, and berries in the summer, and lichens and the bark and shoots of willow and other shrubs in winter. Willow and dwarf birch bark, bearberry, blueberry, soapberry, and mountain cranberry are favorite foods.

Behavior: Heather voles are active in twilight and at night (they are crepuscular and nocturnal). This vole is active year round and builds both summer and winter nests made of twigs, grass, and leaves. Summer nests are in underground burrows under logs and rocks while winter nests are found above ground level – usually adjacent to a bush, rock, or stump. To provide insulation from the cold, winter nests are better lined with shredded leaves, lichen, and twigs. Food is cached near the nest. Raptors and small to medium carnivores prey on voles.

Paleoecological Implications: Because it is restricted to boreal habitats and high elevations in the western USA, its presence in the fossil record is considered a good indicator of cool, moist climates and a plant community dominated by conifers and shrubby vegetation.

Web Resources: 
http://www.mnh.si.edu/mna/main.cfm
http://animaldiversity.org/accounts/Phenacomys_intermedius/

References: 
McAllister, J. and R. Hoffmann. 1988. Phenacomys intermedius. Mammalian Species  305: 1-8.
Foster, J. B. 1961. Life history of the Phenacomys vole. Journal of Mammalogy, 42(2), 181-198.





Family: Geomyidae (pocket gophers)

Northern Pocket Gopher, Thomomys talpoides (Richardson, 1828)

[image: ][image: ]
Northern Pocket Gopher (image by Ty Smedes), modern distribution from Neotoma database.

Body Size: Length Range, 165-260 mm; Weight Range, 60-160 g.

Physical Description: Gophers show characteristics typical of fossorial (burrowing) mammals including a well-muscled head and shoulders with little neck, short legs, small eyes, and special curved claws. Their prominent incisors as well as their cheek teeth are ever-growing. The Northern Pocket Gopher has a silvery-brown fur. Like other gophers the Northern Pocket Gopher has cheek pouches. 

Distribution: The Northern Pocket Gopher’s modern range extends from east-central Alberta to extreme southeastern Manitoba in the north to central South Dakota and northwest New Mexico in the south to Cascade and Sierra Nevada Mountains in the west.

Habitat: The Northern Pocket Gopher is typicall found in areas where the soil is soft and dry enough for their burrowing. They tend to prefer the short grass prairie, but are also found in open forests where brush and groundcover provide sufficient dietary resources. They do not do well in areas where summer temperatures are greater than about 100° F. Exposure to temperatures greater than 100° F (37.5° C) are often fatal. Although it prefers looser soils, the Northern Pocket Gopher is less specialized in its soil preference than other pocket gophers. The greatest population densities are found in herbaceous mountain meadow grasslands and tundra, sagebrush steppe, and grasslands with interspersed or nearby aspens (Populus tremuloides). They are particularly abundant in elevations between 1220-2745 meters (4000-9000 feet), but may experience high mortality in areas with deep snowpack due to burrow flooding after snowmelt.

Diet: The pocket gopher is a dietary generalist that eats most species of succulent grasses, forbs, and shrubs. Most of its diet consists of the below ground plant parts (roots and tubers) it encounters in burrow construction and maintenance. 

Behavior: As indicated by its ever-growing incisors, long claws, and muscular head, neck, and shoulders, the Northern Pocket Gopher is an avid digger. It uses its large cheek pouches to transport excavated dirt from its burrows to the surface. During daylight hours it remains in its burrow, but becomes active at dusk and night emerging to maintain burrow entrances and forage for food. Gophers will create food caches in snow that are often dominated by dandelion. Their fossorial life-ways provides good protection from most above ground predators active during the day (e.g., coyotes (Canis latrans) and bobcats (Lynx rufus), but are particularly vulnerable to predation by owls who hunt at dusk and during the night. Gopher snakes (Pituophis catenifer), rattlesnakes (Crotalus viridis), long-tailed weasels (Mustela frenata), and the American Martin (Martes americana) may all prey on Northern Pocket Gophers in their burrows.

Paleoecological Implications: Because of its preference for loose soils on the short-grass prairie, this gopher is a good indicator of grasslands and perhaps – given their abundance in subalpine meadows and tundras in the western and southern mountainous parts of their range, and presence in cooler northern grasslands – cool and moist conditions.

Web Resources: 
http://animaldiversity.org/accounts/Thomomys_talpoides/
http://zipcodezoo.com/index.php/Thomomys_talpoides#pane2
https://www.youtube.com/watch?v=QUy1_CSBFs4
https://youtu.be/pa91FN_37LQ
https://www.youtube.com/watch?v=JEthRtDQ3eU&ebc=ANyPxKpbTkQ6r3am3zuzRltBwgsDeoTXZ4LIerM6j_iK2Q6UTpSZ8OBbhR6Sy8vKrwxDzI9wdwas
http://wdfw.wa.gov/living/gophers.html

References: 
Verts, B. J., & Carraway, L. N. 1999. Thomomys talpoides. Mammalian Species, 618:1-11.
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