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MACROPHYSIOLOGY OF MAMMAL DISTRIBUTIONS – DO SPECIES WITH HIGHER RATES OF 
BASAL METABOLISM HAVE LARGER GEOGRAPHIC RANGES? 
 
Salvatore J. Agosta*, Joseph Bernardo, and Michael A. Steele 
 
Department of Biology, Wilkes University, PA 18766 (SJA, MAS); Department of Natural Resources, Cornell 
University, NY 14853 (JB) 
 
Geographic range size (GRS) varies greatly even among closely related species, but the factors that determine 
this variation remain poorly understood. In extant terrestrial mammals, GRS (km2) ranges over 11 orders of 
magnitude. We hypothesized mechanisms relating species differences in basal metabolic rate (BMR) to dispersal 
potential, thermal tolerance, and energy demands that collectively predict a positive relationship between BMR 
and GRS. We used both phylogenetic (PGLS) and non–phylogenetic (OLS) regressions and multiple regressions 
to test this prediction using data on 574 species of extant terrestrial mammals. Both phylogenetic and non–
phylogenetic regressions indicated a weak positive relationship between BMR (mass–adjusted) and GRS 
(latitude–adjusted) across mammals (R2= 3%) and within rodents (R2= 4%). This relationship occurred only in 
species with geographic ranges centered in the Northern Hemisphere north of the Tropics, but not in the Tropics 
or Southern Hemisphere south of the Tropics. Multiple regressions including mass and latitude as additional 
predictors also showed a positive effect of mass–adjusted BMR on GRS in the Northern Hemisphere north of the 
Tropics. In addition, we found a positive global relationship between mass–adjusted BMR and the latitudinal 
extent of geographic ranges in carnivores (R2= 8%). The observed relationships between mass–adjusted BMR 
and GRS appear to take the form of a triangular constraint space, where high BMR is not a requirement for large 
GRS, but rather a constraint on persisting with small GRS. Overall, our results indicate that (1) significant 
predictors of GRS can depend on both geography and taxonomy; (2) latitude consistently explained the largest 
amount of variation in GRS; (3) neither mass, BMR or latitude explains much variation in mammal GRS. 
 
COMPARISON OF REST SITE SELECTION BETWEEN TRANSLOCATED AND RESIDENT 
MARTENS IN WISCONSIN 
 
Tanya R. Aldred*, Patrick A. Zollner, and Jonathan H. Gilbert 

 

Department of Forestry and Natural Resources, Purdue University, West Lafayette, IN 47907 (TRA, PAZ); 
Great Lakes Indian Fish and Wildlife Commission, Odanah WI, 54861 (JHG) 
 

American martens (Martes americana) remain Wisconsin’s only endangered mammal despite past translocation 
programs to restore them. Recent stocking efforts have attempted to supplement the current population of 
martens in the Chequamegon–Nicolet National Forests in northern Wisconsin. These restoration efforts include 
translocation of martens from a boreal cover–type in northern Minnesota to a mixed deciduous/coniferous 
cover–type in Wisconsin. One factor important in determining the success of translocation programs is 
considering habitat requirements and in particular, habitat selection. Wisconsin’s recent translocation project 
offered the opportunity to compare habitat selection criteria between translocated and resident martens. 
Presented here are the differences in microhabitat characteristics between resting sites of translocated and 
residents martens. During the winters of 2009 and 2010, 22 radio–collared martens (11 translocates, 11 
residents) were back–tracked and locations where they rested were recorded. A total of 54 rest sites were 
recorded (21 translocate, 33 resident) over the two–year study. We hypothesized that translocated martens would 
select resting habitat similar to Minnesota boreal forest types, whereas resident martens would select mixed 
deciduous/coniferous forest types. To test this hypothesis, we first used univariate logistic regression to 
determine the microhabitat variables. Next, multilevel models were used in program R to control for repeated 
measurements of individuals, and to determine the microhabitat characteristic(s) that were important in 
describing differences between translocates and residents. Akaike Information Criteria (AIC) suggests the null 
model may be best in describing differences between rest sites of translocated and resident martens indicating 
that they are not selecting rest sites with significant differences in microhabitat characteristics. This finding 



suggests that differences in resting habitat selection from source populations and release sites are not significant 
enough to merit concern for success of the supplementation program in northern Wisconsin. 
 
MICROSATELLITE DNA EVIDENCE OF AN ENDANGERED PRIMATE ELUCIDATES THE 
HISTORY OF AN AFRICAN RAINFOREST 
 
Julie Allen*, Michael Miyamoto, Chieh–Hsi Wu, Tamar Carter, Judit Ungvari–Martin, Kristin Magrini, and 
Colin Chapman 
 
Florida Museum of Natural History, University of Florida, Florida 32611 (JA, KM). Department of Biology, 
University of Florida, Florida 32611 (MM, JUM); The Bioinformatics Institute, University of Auckland, 
Auckland, New Zealand 92019 (CW). Genetics Institute, University of Florida, Florida 32611 (TC); Department 
of Anthropology & McGill School of Environment, McGill University, Quebec, Canada H3A 2T7 (CC) 
 
Red colobus monkeys are considered indicators of the overall health of their tropical rainforest, due to their 
sensitivity to environmental change and overhunting.  The red colobus population in Kibale National Park in 
Uganda is the only remaining unthreatened population of reasonable size.  With an estimated census size of 
~17,000 individuals, the species “indicates” that its forest habitat remains healthy. Here we use microsatellite 
DNA variation to evaluate the historical demography of red colobus within the park and therefore the long–term 
health of their habitat.  We find that the red colobus at Kibale constitute one large, inter–connected population. 
Finally, we find that this population has been stable for at least the last ~50,000 years and these molecular loci 
coalesce ~100,000 years ago. These results suggest that the forest habitat has also been stable throughout this 
time, and likely served as a Late Pleistocene refuge for many East African species.   
 
POPULATION DYNAMICS OF THE PALLID KANGAROO MOUSE, MICRODIPODOPS PALLIDUS 
(RODENTIA: HETEROMYIDAE) 
 
John J. Andersen*, John C. Hafner, and Jessica E. Light 
 

Department of Wildlife and Fisheries Science, Texas A&M University, 210 Nagle Hall, College Station, TX 
77843 (JJA, JEL); Department of Biology, Occidental College, Los Angeles, CA 90041 (JCH) 
 
The pallid kangaroo mouse (Microdipodops pallidus) is an ecological specialist found in the extreme arid 
regions of open, sandy habitat within the Great Basin Desert of the southwestern United States. Although the 
Great Basin is rich in animal and plant diversity, M. pallidus abundance has significantly decreased due to 
habitat alterations such as rise and fall of pluvial lakes and floristic transitions. Humans have also negatively 
impacted Microdipodops numbers through recent habitat destruction. These impeding threats have spurred 
research to discern evolutionary significant units (ESUs), which have discovered two distinct mitochondrial 
clades within the species. To expand upon this research, we have examined 98 individuals of M. pallidus using 
16 polymorphic microsatellite markers to assess gene flow, population structure, effective population size, 
population expansions and contractions, and other population genetic statistics both among populations and 
between mitochondrial clades. Microsatellites are independent markers that enable us to test previous findings 
based on mitochondrial data. These analyses will allow us to identify evolutionary distinct units within M. 
pallidus and identify areas in need of conservation. In addition, population genetic analyses will potentially help 
us understand the age of distinct ESUs and determine when each ESU invaded the Great Basin. These results 
will also give us insight on past climatic changes, timing of range expansions, and location of possible refugium.  
 
ECOLOGICAL NICHE MODELS: THE COMPLEMENT TO PHYLOGENY FOR DISENTANGLING 
CONTINGENCY AND DETERMINISM IN MAMMALIAN BIOGEOGRAPHY 
 
Robert P. Anderson 
 



Department of Biology, City College of the City University of New York, New York, NY 10031; Graduate 
School and University Center, City University of New York, New York, NY 10016; Division of Vertebrate 
Zoology (Mammalogy), American Museum of Natural History, New York, NY 10024 
 
Species distributions result from a complex interplay between deterministic processes (largely ecological) and 
contingent factors (unique accidents of Earth history).  Coupled with a great increase in the online availability of 
species occurrence records and environmental data, recent theoretical and computational advances now allow 
ecological niche modeling of species distributions.  Many data–related and methodological perils exist in such 
research, but ecological niche models have the potential to provide operational estimates of the abiotically 
suitable areas for individual species.  By doing so, they characterize the ecological stage (and its geographic 
configuration) upon which species interact with their environment and with each other, allowing unprecedented 
progress in biogeographic research over the past decade.  As such, niche models represent a complement to 
phylogenetic (and phylogeographic) studies, which reconstruct past differentiation and provide information 
regarding the group’s history.  Furthermore, niche models provide windows into the past (independent of 
phylogenetic information) and into the future, via their application to reconstructed paleoclimates and projected 
future climates.  Using examples from my collaborative research on small mammals in northern South America 
and in Madagascar, I illustrate the use of niche models in identifying allopatric populations, elucidating the role 
of climatic changes in species distributions, predicting patterns of genetic divergence, informing studies of 
speciation, and providing information regarding the likelihood of the extinction of populations and species. 
 
HABITAT REQUIREMENTS, BODY SIZE, AND TESTS FOR DIFFERENTIAL IMMIGRATION AND 
EXTINCTION IN SMALL MAMMALS OF THE SKY ISLANDS OF FALCÓN, VENEZUELA 
 
Robert P. Anderson*, Eliécer E. Gutiérrez, José Ochoa–G., Franger J. García, and Marisol Aguilera 
 
Department of Biology, City College of the City University of New York, New York, NY 10031 (RPA, EEG); 
Graduate School and University Center, City University of New York, New York, NY 10016, USA (RPA, 
EEG); Division of Vertebrate Zoology (Mammalogy), American Museum of Natural History, New York, NY 
10024 (RPA); Cabañas Bougainvillae, Los Taques, Paraguaná, Falcón, Venezuela (JOG); Departamento de 
Biología, Universidad de Carabobo, Valencia, Carabobo, Venezuela (FJG); Departamento de Estudios 
Ambientales, Universidad Simón Bolívar, Caracas, Venezuela (MA) 
 
A fascinating system of mesic montane “sky islands” surrounded by dry lowland vegetation exists in northern 
Venezuela. Our previous work in this system documented highly nested faunas of small non–volant mammals, 
with many genera dropping out at successive lowland depressions. It also indicated that although richness 
decreases with decreasing area, the fauna of the tiny Cerro Santa Ana isolated on the Península de Paraguaná is 
even poorer than predicted. Here, we test for two possible processes driving these patterns (differential 
immigration and extinction) by comparing the faunas of Cerro Santa Ana and the nearest range on the 
“mainland,” the Serranía de San Luis. We compiled natural history information for these species from 
throughout the country from the Smithsonian Venezuelan Project and a recent tome on the mammals of 
Venezuela. Specifically, we collated information regarding elevation, fidelity to mesic micro– and 
macrohabitats, and adult body size. With the elevational and habitat information, we tested the prediction of 
differential (lower) immigration of species with low tolerance for lowland and xeric conditions. The results 
indicated, although with weak statistical support, that species with high fidelity to highland and/or mesic 
conditions are differentially absent on Cerro Santa Ana (despite currently suitable conditions), suggesting a 
possible faunal filter to immigration in the drier intervening lowlands. Complementarily, we used the body–size 
information to test the prediction of differential extinction of small–bodied species. Metabolic theory and 
previous empirical research with small mammals in other systems predict that home–range size (and, thus, 
extinction risk) increases with decreasing body size for species smaller than ca. 100 g. Indeed, with strong 
statistical support, we detected differential absence of small–bodied species on Cerro Santa Ana (despite 
currently suitable conditions), indicative of the past extinction of such species there. In conclusion, we identified 
extinction and possibly immigration as drivers of the low richness of the small and isolated Cerro Santa Ana. 
 



MOUNTAIN LIONS OF THE GREAT BASIN: IDENTIFICATION OF SOURCE–SINK DYNAMICS 
USING BAYESIAN GENETIC TECHNIQUES  
 
Alyson M. Andreasen*, Kelley M. Stewart, William S. Longland, Jon P. Beckmann, and Matthew L. Forister 
 
Program in Ecology, Evolution and Conservation Biology, University of Nevada, Reno 89557, USA; 
Department of Natural Resources and Environmental Sciences, University of Nevada, Reno 89503, USA; 
USDA, Agricultural Research Service, University of Nevada, Reno 89512, USA; Wildlife Conservation Society, 
North America Program, Bozeman, MT 59715, USA; Biology Department, University of Nevada, Reno 89557, 
USA. 
 
Determining the effects of natural and anthropogenic influences on population dynamics is important for species 
that are cryptic and occur in low densities, especially for those whose populations are hunted. Because it is often 
logistically prohibitive to determine population boundaries and movement rates in the field for these species, 
genetic techniques may offer insight otherwise unattainable. We analyzed thirteen microsatellite loci for 776 
mountain lions (Puma concolor) using muscle tissue samples from individuals in the Great Basin throughout 
Nevada and the eastern Sierra Nevada mountain range to test the hypothesis that heterogeneous hunting pressure 
results in source–sink dynamics at the landscape scale. We used a combination of non–spatial (STRUCTURE 
software) and spatial (TESS software) model–based Bayesian clustering methods to identify genetically distinct 
populations. We then used a recently developed Bayesian multilocus genotyping method (BIMr software) to 
estimate asymmetrical rates of contemporary movement between those sub–populations and identify source and 
sink populations. We identified two populations at the highest level of genetic structuring with a total of five 
subpopulations in the Great Basin of Nevada and the eastern Sierra Nevada mountain range. Our results indicate 
that source populations are those under relatively less hunting pressure and contain refugia for mountain lions. 
Source populations identified in the study area received little back migration from sink populations calling into 
question whether the drain on these sources is sustainable.   
 
STRESS TRIANGLE: DO INTRODUCED PREDATORS EXERT INDIRECT COSTS TO BOTH 
AUSTRALIA’S PREDATORS AND PREY? 
 
Jennifer Anson*, Christopher Dickman, and Timothy Jessop 
 
School of Biological Sciences, University of Sydney, NSW 2006 (JA, CD); Department of Zoology, University 
of Melbourne, VIC 3010, Australia (TJ) 
 
Introduced predators, such as the European red fox (Vulpes vulpes), have broad scale conservation impacts in 
Australia and have been linked to losses of native vertebrate fauna. Novel predators can exert both consumptive 
and more subtle non–consumptive impacts on native species, with a lack of co–evolution potentially increasing 
competitive and predatory interaction strengths on Australian fauna. Here, we examine if novel predators exert 
physiological and nutritional costs on native arboreal vertebrates. We assess this using landscape–level 
differences in invasive predator density to compare measures of body condition and glucocorticoid 
concentrations in the common ringtail possum (Pseudocheirus peregrinus) and lace monitor (Varanus varius). 
These two focal species are the main prey and competitor, respectively, of V. vulpes in the study area of East 
Gippsland, Victoria. A strong nutritional cost was exhibited by V. varius to increased introduced predator 
density, suggesting strong resource competition between these two predators for a shared mammalian prey 
resource. Pseudocheirus peregrinus exhibited no changes in either adrenocortical or nutritional responses to 
increased introduced predator density. This suggests the common ringtail possum is naïve to V. vulpes, 
increasing its susceptibility to the consumptive impacts of this predator. 
 
THE PAST, PRESENT AND FUTURE OF AUSTRALIAN MAMMAL TAXONOMY: NEW STUDIES 
REVEAL UNSUSPECTED DIVERSITY IN VIRTUALLY EVERY GROUP. 
 
Ken Aplin 



 
Division of Mammals, National Museum of Natural History, Smithsonian Institution, Washington 20013–7012; 
Taxonomy Research and Information Network, URL: http://www.taxonomy.org.au/ 
 
Various historical, biological and philosophical factors have constrained the development of taxonomic 
knowledge about Australian biota, including its remarkably distinctive mammals. Historical factors include: the 
long period of colonial history prior to Federation of Australia in 1901; the delayed and minimal exploration of 
large parts of the continent; a historically low population density that continues today across most of northern 
and inland Australia; and historical reliance of State and National museums on government funding and absence 
of privately funded institutions. Biological factors include: the high level of endemism in all components of the 
biota that makes the overall challenge of biological inventory immense; the widespread decline and extinction of 
many groups of mammals through the 19th and 20th Centuries, limiting access to study materials; and the 
contrasting environmental histories of southern vs northern continental areas that has confounded attempts to 
understand the geographic patterning of biodiversity. The influence of philosophical factors is also clear, 
especially a dominant phase of ‘rationalization’ of Australian mammal diversity through the middle decades of 
the 20th Century – an event that obscured the true diversity in many groups. Recent application of genetic 
approaches, coupled with recent improvements in knowledge of regional environmental history, is driving a new 
phase of discovery of mammal diversity in Australia. Many taxa that were named historically are being 
resurrected from synonymy, though often in a very different sense to the original concept. Entirely new species 
and even genera of mammals are being documented, based on new collections but also on specimens available in 
collections since the 19th Century. Others again are being recognized from recent cave deposits – mammal 
species that probably declined to extinction during the Australian colonial period. The discovery of so much 
additional mammal diversity in Australia poses a major challenge in a nation where many species remain 
critically endangered and where conservation resources are already overstretched. 
 
CRYPTIC DIVERSITY IN AN ICONIC AUSTRALIAN MARSUPIAL: THE GREATER GLIDER, 
PETAUROIDES VOLANS 
 
Brian S. Arbogast*, Ken P. Aplin, Kyle N. Armstrong, Lisa M. Ogawa, and Andrea C. Taylor 
 
Department of Biology and Marine Biology, University of North Carolina Wilmington, Wilmington, NC 28403 
U.S.A. (BSA, LMO); Division of Mammals, National Museum of Natural History, Smithsonian Institution, 
Washington, D.C. 20013–7012; Taxonomy Research and Information Network, URL: 
http://www.taxonomy.org.au/ (KPA); Australian Centre for Ancient DNA, The University of Adelaide, 
Adelaide, South Australia 5005 (KNA); School of Biological Sciences, Monash University, Melbourne, Victoria 
3800, Australia (ACT) 
 
As the world’s largest gliding marsupial, the greater glider (Petauroides volans) is an iconic representative of the 
Australia fauna.  This species occurs in association with eucalypt forests along a relatively narrow band in 
eastern Australia.  Although currently considered a single species (with 2 subspecies, P. v. minor and P. v. 
volans), the greater glider exhibits a variety of striking color morphs and extensive size variation across its 
range.  This variation has contributed to a remarkably complex and unstable taxonomic history.  We used genetic 
and morphological approaches to examine evolutionary relationships among populations of the greater glider.  
Genetic analysis consisted of obtaining mitochondrial DNA sequence data from the ND2 gene; because of the 
relative paucity of recent specimens, we examined both modern tissues and skin samples from museum 
specimens.  Morphological analysis consisted of examining variation in external body features (body size, ear 
size, pelage characteristics), multivariate craniometrics, and aspects of dental morphology.  The results of this 
study are striking; phylogenetic analysis revealed 4 distinct mtDNA clades, each corresponding to a distinct 
group identified in the morphological analysis.  Thus, P. volans, as currently recognized, appears to be a 
species–complex of 4 distinct ‘taxa”.  The two most morphologically and genetically distinct forms are both 
found in Queensland (QLD):  one is restricted to the Wet Tropics and the other to central QLD; the ranges of 
these come close together near Townsville.  Further to the south 2 additional taxa occur, one in southeastern 
QLD and northeastern New South Wales (NSW) and the other in central NSW and Victoria.  These 2 taxa 



appear to interdigitate in NSW.  Further sampling is required to establish whether these forms represent distinct 
species or subspecies.  The combined data suggest that at least 3 of the taxa we identified should be recognized 
as distinct species: P. cinereus (Wet Tropics, northeastern QLD), P. minor (central QLD) and P. volans 
(southeastern QLD to Victoria); the latter is comprised of 2 lineages/ taxa, which we are tentatively referring to 
as P. v. incanus and P. v. volans.  This study demonstrates that stunning amounts of cryptic diversity can exist 
even within well–known, charismatic Australian mammals.  It also has direct implications for conservation and 
management, especially in the case of P. cinereus, which is likely to be restricted to a small region of the Wet 
Tropics of QLD.  
 
USING ANCIENT DNA METHODS ON INFORMATIVE MUSEUM SPECIMENS TO REALISE THE 
TRUE MAMMALIAN DIVERSITY OF AUSTRALIA 
 
Kyle N. Armstrong*, Fred Ford, Ken P. Aplin, Stephen C. Donnellan, and Alan Cooper 
 
Australian Centre for Ancient DNA, The University of Adelaide, Adelaide, South Australia 5005 (KNA, AC); 
Australian National Wildlife Collection, CSIRO Sustainable Ecosystems, Canberra, Australian Capital Territory 
2601 (FF, KPA); Evolutionary Biology Unit, South Australian Museum, Adelaide, South Australia 5000 (SCD); 
Taxonomy Research and Information Network, URL: http://www.taxonomy.org.au/ (KNA, FF, KPA, SCD, AC) 
 
Despite declining investment in museums and taxonomy generally, natural history collections are actually more 
relevant and useful than ever, for two reasons.  Firstly, the development of new technologies and methods for 
high resolution imaging and molecular sequencing can extract comprehensive datasets from specimens of 
increasing age and dubious appearance.  Secondly, the true diversity of Australasian mammals is unrealised, 
with many unresolved issues, and surprising incidences of cryptic taxa.  The application of ancient DNA 
techniques to specimens in natural history collections has been critical in our recent 'integration by congruence' 
approach to taxonomy in multiple collaborative projects.  DNA sequences derived from degraded or low copy 
number templates in material such as hair, teeth, nasal bone, dried skin and muscle scraped from skulls allowed 
taxonomically informative specimens to link molecular data derived from fresh or archived tissue with groups 
defined by morphological characters and geographic boundaries.  DNA sequences derived from this material: 1) 
placed representative individuals and types on previously defined phylogenetic clades using short but diagnostic 
sequences; 2) incorporated partial or complete genetic markers constructed from short contiguous fragments into 
‘modern’ genetic datasets; and 3) recovered the historical distribution patterns of genetic diversity from extinct 
populations.  We demonstrated multiple cryptic taxa in the widespread rodent Pseudomys delicatulus and the 
medium sized marsupial Petauroides, a five–fold increase in Planigale taxa across northern Australia, and 
showed that years of ecological studies have focussed on not one but two morphologically cryptic, distinct 
species of Melomys, Uromys, and Acrobates, which in the latter genus show levels of genetic divergence 
equivalent to that of genera.  Species discovery within existing natural history collections is a real possibility, 
and the cryptic diversity that we have demonstrated will be relevant in conservation efforts at multiple scales, 
from range–restricted species to broad regions containing multiple taxa.   
 
WHY THE PERSPECTIVE OF A PARASITE MATTERS  
 
Erika Arnold 
 
Department of Biological Sciences, University of Illinois at Chicago, Chicago, IL 60607 and the Department of 
Zoology, The Field Museum of Natural History, Chicago, IL 60605.  
 
Here I present an exploration of how ectoparasites use their mammalian hosts. Specifically, I demonstrate how 
analyzing parasite densities and location could provide useful information, impacting not only the host's parasite 
community but the ecosystem as a whole. The risk–versus–reward tradeoff that a parasite experiences is likely 
analogous to that of a larger forager, such as the host itself. Using both observations of density and location, in 
conjunction with site preference trials, one could create a map of host use for individual ectoparasite species. If 
host species vary in suitable habitat for a disease vector, such as a Lyme–bearing tick, then a calculation of 



useable habitat could explain why hosts are observed to vary in their ability to facilitate disease transmission 
(reservoir competency). Furthermore, with enough precision, a GIS–based analysis would provide a valuable 
tool for quantifying and predicting the transmission of disease through an ecosystem based on its mammalian 
hosts. 
 
ORIGIN OF THE WHITE TAIL DEER OF THE GUANTANAMO BAY NAVAL BASE IN CUBA 
 
Marina S. Ascunce*, Karen Olson, Bret M. Boyd, Jason Sumners, Rodney L. Honeycutt, and David L. Reed 
 
Florida Museum of Natural History, University of Florida, Florida 32611 (MSA, KO, BMB, DLR); Missouri 
Department of Conservation, Columbia, Missouri (JS); Natural Science Division, Pepperdine University, 24255 
Pacific Coast Highway, Malibu, California 90263 (RLH) 
 
White–tailed deer (Odocoileus virginianus; WTD) have a geographic distribution that ranges from Canada to 
northern South America and includes several Caribbean islands. Written accounts of introductions to Caribbean 
islands are common and sometimes hard to verify. White–tailed deer are uncommon in parts of Cuba, but a large 
population exists on the American Guantanamo Bay Naval Base. These Cuban deer are small in stature, not 
unlike the deer of the Florida Keys, which are only 90 miles from Cuba’s nearest shore. However, local reports 
claim that deer in Cuba were brought from the mainland US for hunting by a previous Naval Base commander in 
the 1930s or 1950s. To determine the source of introductions in the WTD of Guantanamo Bay Naval Base, we 
analyzed the genetic variation at 8 microsatellite loci in 155 deer from 16 sites, including 115 samples from 14 
sites in the southeast United States, 20 deer from the Florida Keys, and 20 from Guantanamo. We analyzed the 
deer genotypic data by conducting Bayesian clustering analyses implemented in the program STRUCTURE. All 
individuals were assigned with high probability to three distinct genetic clusters (K = 3), one consisting of deer 
from the southeast US, the other of deer from the Florida Keys, and the third cluster including deer from 
Guantanamo. Principal coordinate analysis (PCA) also revealed the same three major clusters. Deer from Cuba 
showed the highest FST values in pairwise comparisons. Finally, results of exclusion tests revealed that all of the 
mainland US populations as well as the Florida Keys deer could be excluded as the potential source of the WTD 
at Guantanamo. These analyses suggest that deer from the Guantanamo Bay Naval Base are genetically 
differentiated from the mainland US and Florida Keys deer populations. This casts doubt on the story of the deer 
arriving in Cuba with American servicemen in the mid–20th century. It is possible that the deer have arrived 
much earlier and from other geographic regions. Additional research may help to clarify the history of these deer 
and thus provide clear guidance to wildlife managers on the Base. 
 
META–ANALYSIS OF RESTING HABITAT SELECTION BY THE FISHER IN THE PACIFIC 
COASTAL STATES AND PROVINCES 
 
Keith B. Aubry*, Catherine M. Raley, Steven W. Buskirk, William J. Zielinski, Richard T. Golightly, Kathryn L. 
Purcell, Richard D. Weir, and J. Scott Yaeger 
 
USDA Forest Service, Pacific Northwest Research Station, 3625 93rd Ave. SW, Olympia, WA 98512 (KBA, 
CMR); Department of Zoology and Physiology, University of Wyoming, Laramie, WY 82071 (SWB);  USDA 
Forest Service, Pacific Southwest Research Station, 1700 Bayview Drive, Arcata, CA 95521 (WJZ); Humboldt 
State University, Department of Wildlife, Arcata, CA 95521 (RTG);  USDA Forest Service, Pacific Southwest 
Research Station, 2081 E. Sierra Avenue, Fresno, CA 93710 (KLP); Artemis Wildlife Consultants, 4515 Hullcar 
Road, Armstrong, British Columbia V0E 1B4 (RDW).  U.S. Fish and Wildlife Service, 1829 S. Oregon Street, 
Yreka, CA 96097 (JSY) 
 
In Washington, Oregon, and California, the fisher (Martes pennanti) is a candidate for listing under the federal 
Endangered Species Act.  Several radiotelemetry studies of resting habitat selection by fishers have been 
conducted in the Pacific coastal states and provinces, but the generalizability of observed patterns within that 
area is unknown.  A broadly applicable model of habitat selection would be useful for planning management 
activities in areas where intensive studies have not been conducted.  To develop such a model, we conducted a 



formal meta–analysis of habitat selection by the fisher in 8 geographic locations from north–central British 
Columbia to the southern Sierra Nevada in California, including all major areas that currently support fisher 
populations.  Each study included in the meta–analysis measured attributes of sites used by fishers for resting 
(i.e., the immediate vicinity of resting structures; typically <1 ha) and random sites representing availability in 
each study area.  We reviewed published and unpublished information on resting–site selection by fishers, and 
identified 9 habitat attributes that appeared to be largely independent, commonly measured, and plausibly 
important to the species across a broad geographic area: slope, aspect, canopy cover, log volume, basal area of 
large (51–100 cm dbh) conifers, basal area of large hardwoods, basal area of large snags, mean dbh of live 
conifers >10 cm, and mean dbh of live hardwoods >10 cm dbh.  Seven of the 9 attributes we analyzed were 
measured in all 8 studies, 1 in 7 studies (basal area of large snags), and 1 in 4 studies (log volume).  Our analyses 
revealed significant positive effect sizes for each of the 9 habitat variables we analyzed, despite substantial 
variation in environmental conditions among study locations.  Thus, in areas where fishers have not been studied 
and data on selection of resting sites is lacking, our findings provide empirical support for management or 
conservation actions that promote the retention or development of 1 or more of the variables included in this 
meta–analysis.  
 
TAPHRAYA NATIONAL PARK, THAILAND—A UNIQUE AND NEGLECTED PROTECTED AREA, 
AND THE SPECIES THAT CALL IT HOME 
 
Megan C. Baker, William J. McShea, Anthony J. Lynam, and JoGayle Howard 
 
Smithsonian Institution 1500 Remount Rd. Front Royal, VA 22630 (MCB, WJM and JGH); Wildlife 
Conservation Society 2300 Southern Boulevard Bronx, NY 10460 (AJL) 
 
TaPhraya National Park (TP) is one of five reserves that comprise the Don Phayayen and Khao Yai Forest 
complex (DPKY). Located approximately 200 km northeast of Bangkok, the forest complex covers 6,200 km2 of 
protected land. Lying on the eastern end of DPKY forest complex and sharing a border with Cambodia, TP is an 
important link for wildlife populations in Thailand and Cambodia. We report a comparison of mammal species 
richness and relative abundance for this park using standard techniques at two different periods. Wildlife 
Conservation Society conducted a camera trapping survey of DPKY forest complex in 1998 resulting in 1225 
camera nights at TP, and the Smithsonian conducted a similar survey in 2009 with 1376 camera nights of effort 
in TP. Both surveys recorded 23 species of mammals, including rare species such as: leopard (Panthera pardus), 
clouded leopard (Neofelis nebulosa), dhole (Cuon alpinus), large spotted civet (Viverra megaspila), and pangolin 
(Manis javanica). Although species richness was the same, relative abundance differed. The relative abundance 
of clouded leopards decreased from 0.033 in 1998 to 0.00 in 2009; however the relative abundance of the Asian 
leopard cat increased from 0.020 in 1998 to 0.030 in 2009. The distribution of species detected within the two 
studies has been mapped and the habitat noted. Longitudinal records, such as those presented here, increase 
understanding of rare species whose response to habitat and management activities is unknown. 
 
CLINICAL–BIOCHEMICAL ALTERATION IN GOATS DURING HELMINTHIASIS AND THEIR 
THERAPUETIC MANAGEMENT 
 
Siddiqua Bano and Naheed Sultana* 
 
Department of Zoology, A.N.D College, Harsh Nagar, Kanpur, Uttar Pradesh 208001, India 
 
The present investigation was conducted to assess the clinico–biochemical alterations in naturally infected goats 
with helminth parasites viz. trematoda, cestoda, nematode worms, showing clinical symptoms such as weakness, 
anemia, unthriftiness, diarrhea, submandibular oedema, rough body coat, reduced milk, meat and wool 
production. Present experiment was carried out on five positive goats, irrespective of age and sex. Naturally 
infected goats with helminth parasite were selected on the basis of faecal examination and clinical signs. Infected 
goats revealed significantly decreased serum calcium, phosphorous, total serum albumin, total serum protein and 
albumin–globulin ratio. Total serum globulin was noted to be non–significantly increased. 



The same infected goats were administered with Ivermectin injection @ 0.2mg/kg b.wt. subcutaneously and 
doramectin injection @ 0.2mg/kg b.wt. Comparative efficacy of drugs was based on the number of days taken 
for clinico–parasitological cure and the mean reduction EPG of faeces. During the experiment, Ivermectin and 
doramectin were found to cure helminth parasites in goats and 100% mean reduction in EPG was found by 
second week of treatment. No adverse effect such as gastric irritation and photosensitization were observed 
during the study period in any of the goats. The therapeutic management indicates that a single dose of 
ivermectin or doramectin both @ 0.2mg/kg b.wt s/c is equally effective against commonly occurring helminth 
parasites in goats. 
 
THE IMPACT OF WHITE–TAILED DEER ON THE DEVELOPMENT OF INTRODUCED 
GRASSLAND 
 
George O. Batzli* and Carrie E. DeJaco 
 
Department of Animal Biology, University of Illinois, Urbana, IL 61801 (GOB); Biology Department, Queens 
University, Charlotte, NC 28274 (CED) 
 
Grazing and browsing by high densities of white–tailed deer can reduce the contribution of their preferred foods 
to plant communities, including reductions of palatable herbaceous plants in prairie restorations, herbs in forest 
understories, and woody plants in forests.  Over 99% of native grassland in Illinois (tallgrass prairie) has been 
destroyed, and introduced grasses now dominate 19% of the land.  The impact of herbivores on these introduced 
grasslands, which develop on old fields, roadsides, pastures, and buffer strips and which provide habitat for the 
mammals, has received little study.  To test the hypothesis that damage by herbivorous mammals decreases the 
contribution of their preferred foods to these plant communities as they develop, we established a series of 
exclosures in three old fields of different ages (0, 3, and 12 years since release from row crops, disking, and 
planting of alfalfa).  Here we only present the results for white–tailed deer.   After six years, the main effect of 
deer appeared to be a reduction in the cover and stature of palatable, native goldenrods, and, as a result, an 
increase in the cover of alien species of plants.  The cover of woody plants may also have been reduced, but they 
only occurred in small numbers in our samples.  
 
REGIONAL AND LOCAL GENETIC STRUCTURE IN THE VIRGINIA OPOSSUM (DIDELPHIS 
VIRGINIANA) IN A FRAGMENTED LANDSCAPE 
 
William S. Beatty*, James C. Beasley, and Olin E. Rhodes, Jr.   
 
Department of Forestry and Natural Resources, Purdue University, West Lafayette, Indiana 47907 (WSB, JCB); 
National Wildlife Research Center, Fort Collins, Colorado, 80521 (OER) 
 
Forest fragmentation in the central United States has drastically altered habitat quality and the associated 
mammal community. As a result, high mesopredator densities often are observed in fragmented landscapes due 
to their behavioral plasticity and ability to exploit anthropogenic resources.  The Virginia opossum (Didelphis 
virginiana) is both a habitat and diet generalist and has recently expanded its range northward due to an increase 
in anthropogenic habitats.  In order to evaluate the effects of fragmentation on movement patterns in the Virginia 
opossum, we examined genetic structure at the regional and local scale in a fragmented, agricultural landscape in 
northern Indiana using 13 microsatellite loci.  We included 290 samples from 28 discrete habitat patches 
distributed across 1,165 km2, and evaluated genetic variation of opossums both among and within habitat 
patches.  Overall, we observed low, but significant levels of genetic structure.  Relatedness within patches was 
highly variable with a few patches exhibiting significantly higher levels of relatedness than random expectations, 
and there was no evidence of sex–biased natal dispersal.  These results contrast with previous field studies that 
documented male biased dispersal in the Virginia opossum in areas with large tracts of contiguous forest, 
indicating natal dispersal in this species may be strongly linked to landscape and habitat characteristics.       
 



A COMPARISON OF MICROHISTOLOGY AND PCR ANALYSIS IN ASSESSING DESERT 
BIGHORN SHEEP DIETS IN CENTRAL NEVADA 
 
Molly Bechtel*, David Thain, and Nathan Nieto 
 
Department of Animal Biotechnology, University of Nevada, Reno, Nevada 89557 
 
The desert bighorn sheep (Ovis canadensis nelsoni) is an important big game species in Nevada; unfortunately, 
several populations have experienced catastrophic die offs.  Few studies have assessed the diet of desert bighorn 
sheep and how forage type and quality may impact species’ health and ultimately contribute to population 
declines. Knowledge of forage consumption by desert bighorn sheep will allow wildlife conservationists to 
manage the range for optimal productivity, thus maintaining wildlife.  Until recently, microhistology was the 
only way to quantify diet in ungulates; however, microhistoloical analysis is very time consuming, can give 
unspecific and context–dependent results.  Furthermore, these results often depend on the amount of training of 
the observer.  DNA sequencing and PCR has shown to produce more taxonomically accurate and less biased 
results.   Microhistology and analyses of plant DNA sequences in fecal samples using PCR were compared for 
quantifying diet in a population of desert bighorn sheep in the Clan Alpines in central Nevada.  Generally, 
microhistology yielded results at the level of life–form (i.e. grass, shrub, or forb), while results from PCR 
analyses yielded more specific taxonomic identification.  DNA sequencing and PCR is a much more accurate, 
relatively unbiased and non–invasive way to determine forage preference in elusive wildlife. Information 
obtained from diet can be used to determine forage quality and further elucidate the role of diet in bighorn sheep 
health.  
 
PRONGHORN AND PETROLEUM: HAVE WE REACHED A BREAKING POINT IN THE UPPER 
GREEN RIVER BASIN OF WYOMING? 
 
Jon P. Beckmann*, Renee G. Seidler, Kim Murray, and Joel Berger  
 
North America Program,Wildlife Conservation Society, 301 N. Willson Ave., Bozeman, MT 59715 
 
Much uncertainty exists about effects of energy development on land use by wildlife.  Although natural gas 
extraction has expanded throughout western North America, there remains a paucity of data on how natural gas 
field development, infrastructure and associated human activities impact habitat use and behavior of species.  To 
develop prudent mitigation tactics, site specific information is often necessary.  In North America, two of the 
largest natural gas fields occur in the Upper Green River Basin (UGRB) of Wyoming, the southern extent of the 
Greater Yellowstone Ecosystem, an area that contains more than 100,000 wintering ungulates.  During a 5–yr 
period (2005–2010), we concentrated on patterns of habitat selection of individual–known pronghorn to 
understand how winter weather and increasing habitat loss due gas field development impact habitat selection.  
We used mixed–effects Resource Selection Function Models (RSF) on 250 GPS–collared adult, female 
pronghorn, and analyzed a comprehensive set of factors that included habitat (e.g. slope, aspect, plant cover 
type) and variables examining the impact of gas field infrastructure and human activity (e.g. distance to nearest 
road, distance to nearest well pad, habitat loss) inside gas fields. Our RSF models demonstrate: 1) a five–fold 
sequential decrease in habitat patches predicted to be of high use and 2) sequential fine–scale abandonment of 
areas with the greatest habitat loss and greatest industrial footprint by pronghorn due to gas field infrastructure.  
We will discuss the results of the RSPF models and how we used the models to evaluate the extent to which 
habitat classified as high use is concordant with areas designated crucial winter range by WGFD.  Finally, while 
other factors also govern population performance, we elected to examine four relatively simple surrogate 
measures of population performance for >400 collared, adult females in response to ambient conditions—stress, 
body mass, pregnancy, and survival—and their potential variation between pronghorn from control (i.e. no gas 
fields) and experimental (i.e. gas fields) sites.  We will report the results of the comparisons of these measures of 
population performance between the two groups from 2005–2009. 
 
 



LANDSCAPE–SCALE CONSERVATION AND MANAGEMENT OF MONTANE WILDLIFE: 
CONTEMPORARY CLIMATE MAY BE CHANGING THE RULES 
 
Erik A. Beever* 
 
U.S. Geological Survey, Northern Rocky Mountain Science Center, Bozeman, MT  59715, USA 
 
Montane ecosystems have been suggested by both paleontological and contemporary results to be systems of 
relatively rapid faunal change.  In addition to experiencing greater magnitudes of contemporary change in 
climatic parameters than species in other ecosystems, mountain–dwelling mammals must also accommodate 
greater intra–annual swings in temperature and wind speeds, poorly developed soils, and generally harsher 
conditions (e.g., lower availability of oxygen, poorer connection with other mountaintop habitats).  Research on 
a mountain–dwelling mammal species across 15 years of contemporary data and historical records from 1898–
1956 suggest that pace of local extinctions and rate of upslope retraction have been markedly more rapid in the 
last decade than during the 20th century, and that dynamics governing the extinction process differed greatly 
between the two periods.  This may mean that understanding past dynamics of species losses may not always 
help us predict the patterns of future loss. Given the prevalence and importance of clinal variability and ecotypic 
variation, phenotypic plasticity, behavioral plasticity, and variation in climatic conditions, it is not uncommon 
for widely–distributed species’ geographic ranges to be determined by different factors in different portions of 
their range.  Consequently, greatest progress in understanding phenomena such as distributional determinants, 
the local–extinction process, and factors acting as drivers of density and population dynamics will occur with 
coordinated, landscape–scale research and monitoring.  Landscape Conservation Cooperatives and Climate 
Science Centers are newly emerging efforts that may contribute greatly to such broad–scale investigations (e.g., 
climate–wildlife relationships).  Based on our empirical findings from several regions of western North America 
and our review of related literature, we propose some tenets that may serve as foundational starting points for 
mechanism–based research at broad spatial scales to inform management and conservation of diverse montane 
wildlife resources and the ecosystem components with which they interact. 
 
COMPLEXITY IN A WORMY WORLD: REVEALING PHYLOGEOGRAPHY AMONG 
CHIPMUNKS AND PINWORMS 
 
Kayce Bell*, Eric Hoberg, John R. Demboski, and Joseph A. Cook 
 
Department of Biology, University of New Mexico, Albuquerque, NM 87131 (KB, JC); US National Parasite 
Collection, ARS, USDA, Beltsville, MD (EH); Denver Museum of Nature & Science, Department of Zoology, 
Denver, CO 80205 (JD) 
 
Understanding the evolutionary history of hosts and parasites has wide–ranging implications, including 
consequences of global climate change on zoonotic pathogens and parasites, impact of biodiversity on pathogen 
emergence, and improving resolution of host phylogeographic history.  Current understanding of chipmunk 
genetic relationships suggest a complex and dynamic history produced their current diversity and distribution; 
including instances of mitochondrial introgression.  We generated phylogenies for western North American 
chipmunks (genus Tamias, subgenus Neotamias) and two associated pinworms (Syphacia eutamii and 
Heteroxynema cucullatum) to address questions about the history of this host–parasite relationship.  In particular, 
do pinworm and chipmunk phylogeographies suggest similar responses to past changes in populations, such as 
expansion and isolation?  Is there evidence of host–switching, possibly due to changes in host populations?  
Preliminary phylogeographic relationships suggest that within both pinworm species some genetic lineages have 
been associated with a host species or host lineage, while others are structured geographically.  While both 
species of pinworm are associated with the same host subgenus, each parasite species has different 
phylogeographic patterns, suggesting that each has had a different biogeographic history.  Unraveling the 
parasites’ biogeographic histories will provide insight into the complex history of the hosts. 
 
 



FAUNA CROSSINGS DOWN UNDER: WHO IS USING THEM AND WHY? 
 
Roberta Bencini*, Harriet Mills, Brian Chambers, Paul de Tores, Ian Harris, and Kaori Yokochi 
 
School of Animal Biology, The University of Western Australia, Western Australia 6009 (RB, HM, BC, IH, 
KY); Department of Environment and Conservation, Wildlife Research Centre, Perth, Western Australia 6946 
(PDT) 
 
Roads result in fragmentation of wildlife populations and direct mortality of animals.  To mitigate these negative 
impacts fauna crossing structures have been installed along highways in Western Australia.  Elsewhere, evidence 
of the use of such structures has been based on data from motion–activated cameras, which cannot determine if 
multiple individuals use them or infer their long–term conservation benefit.  We used subcutaneously implanted 
microchips and microchip decoders to investigate the number of individual southern brown bandicoots (Isoodon 
obesulus) using underpasses installed under the Roe Highway in Perth, WA.  We found that 28% of 
microchipped bandicoots used these underpasses.  However, when foxes (Vulpes vulpes), a species introduced to 
Australia, started to use these underpasses, the microchipped bandicoots started to disappear and were all 
presumably killed by foxes by the end of the study. 
Track counts observed on sand pads before and after the new Perth–Bunbury Highway was opened to traffic 
revealed that large underpasses (1.8 x 1.8 m opening) were used by kangaroos (Macropus fuliginosus; 550 
passes), bobtail lizards (Tiliqua rugosa, 36), foxes (23), bandicoots (9), cats (Felis catus, 7) and domestic dogs 
(Canis lupus familiaris, 7).  People on motorbikes (31) and pedestrians (5) also used them.  Bandicoots (38), 
kangaroos (24), foxes (16), cats (7), bobtail lizards (5) and a goanna (Varanus gouldii, 1) used small underpasses 
(0.6 x 0.6 m opening).  However, kangaroos stopped using the small underpasses when the highway was opened 
to traffic.  We have installed microchip decoders and cameras in eight underpasses and have initiated a program 
to trap and microchip fauna using these underpasses.  
A concurrent study is examining the movements of a threatened arboreal marsupial, the western ringtail possum 
(Pseudocheirus occidentalis), to assess the long–term conservation value of rope bridges installed across roads, 
including the maintenance and/or restoration of gene flow.  Eight of 42 radio collared possums died in the first 
year of the study, prior to the installation of rope bridges.  Mortality events were attributed to predation by foxes 
(5), or by an unknown predator (1) and road kill (2).  No radio–collared possums so far have crossed the road 
successfully. 
The presence of introduced predators coupled with naïve native prey species is a concern and we will continue to 
investigate the role of feral predators to establish if they use fauna crossing structures to ambush prey. 
 
ASM  POLICY GUIDANCE ON BEHALF OF RARE AND ENDANGERED NORTH AMERICAN 
MAMMALS, 1997–2010 
 
Bradley J. Bergstrom* and Steven R. Sheffield 
 
Department of Biology, Valdosta State University, Valdosta, GA 31698 (BJB); Department of Natural Sciences, 
Bowie State University, Bowie, MD 20715 (SRS), and College of Natural Resources and Environment, Virginia 
Tech, National Capital Region—Northern Virginia Center, Falls Church, VA 22043 (SRS) 
 
Over the most recent 12–year period, 23 separate science–based policy actions (resolutions and presidential 
position letters) were undertaken by the American Society of Mammalogists (ASM) on behalf of 11 North 
American mammalian species, specifically, and others collectively.  Most of these species were carnivores and 
most were listed or candidates for listing under the 1973 Endangered Species Act (ESA).  Two appeals were 
made on behalf of general procedures under the ESA law.  Most of these science–based conservation statements 
by the society targeted an agency of the federal government, but 3 targeted state or provincial governments. One 
of the appeals to a state (Alaska) met with a positive response and the prefered policy was implemented. Only 4 
of the  appeals to the U.S. government met with a positive response or improved policy by and during the 
presidential administration to whom the appeal was initially made (2 during the Bush administration and 2 
during the Obama administration).  Negative or no responses were received from the Clinton, Bush, and Obama 



administrations in 3, 10, and 2 cases, respectively.  But 4 negative responses from the Bush administration were 
overturned to a desirable outcome by the Obama administration.  Federal courts overturned agency rules changes 
7 times to the end result that ASM had argued for, and in one additional case restoring protection to a species 
that ASM had not argued for.  To date, policy directions (if not actual recovery benchmarks) have generally 
improved for Yellowstone Bison, Black–tailed Prairie Dog, Eastern Gray Wolf, Western Great Lakes Gray 
Wolf, Mexican Gray Wolf, Yellowstone Grizzly Bear, Polar Bear, Jaguar, Black–footed Ferret and Preble’s 
Meadow Jumping Mouse; whereas they are either tenuous or generally not improved for Northern Rocky 
Mountain Gray Wolf, lower 48 Grizzly Bear outside of national parks, Wolverine, and for other mammalian 
predators that are still threatened by targeted and non–targeted effects of government sponsored predator control. 
 
MITOCHONDRIAL DNA REVEALS A NEW SPECIES OF CARNIVOROUS MARSUPIAL IN 
TASMANIA 
 
Jeb Bevers*, Steven Robertson, Jan Zinck, Zachary D. Hyde, and Luis A. Ruedas 
 
Biology Department, Yavapai College, Arizona 86301 (JB); Audubon Society of Portland, Oregon 97210 (SR); 
Department of Biology, Portland State University, Oregon 97207 (ZDH, JZ); Department of Biology and 
Museum of Vertebrate Biology, Portland State University, Oregon 97207 (LAR) 
 
Carnivores have the power to polarize people on either side of the conservation debate: in Australia, one such 
carnivore is the putatively extinct Tasmanian wolf, with rumors of its existence continuing, and the search for 
which continues unabated.  We isolated DNA and sequenced the mitochondrial DNA Cytochrome b sequences 
of three feces found in North Central Tasmania between 1986 and 2002.  The sequences identify the source as a 
marsupial.  We find, however, that while they do not belong to the Tasmanian wolf, neither do they belong to 
any species known from Tasmania or Australia.  They identify an organism phylogenetically sister to the 
Tasmanian Devil, Sarcophilus harrisii, separated by a genetic distance 8.03%, corresponding to a divergence 
date of 4.18–5.01 million years.  Our findings suggest that there may exist an unknown species of carnivorous 
marsupial in Tasmania, one that should be found and conserved.  We also speculate that this sister taxon to S. 
harrisii may exhibit resistance to the facial tumors currently afflicting S. harrissii. 
 
USING REMOTELY–TRIGGERED CAMERAS TO INVENTORY FOREST MAMMALS: CAMERAS 
ARE NOT CREATED EQUAL 
 
Christopher Bottom and John A. Litvaitis* 
 
Department of Natural Resources, University of New Hampshire, Durham, NH 03824 
 
With the increasing popularity of remotely–triggered cameras in field research, a large variety of equipment and 
technologies have become available. The popularity of these cameras among non–scientists may also provide an 
opportunity to use volunteers in organized efforts to obtain information on the distribution and abundance of 
secretive and low–density forest mammals. One concern for applying a citizen–science approach is the ability to 
standardize methods. Differences in camera effectiveness may be a consequence of such parameters as trigger 
speed, detection field, and motion or heat detectors. To evaluate the effects of these parameters on the ability of a 
camera to detect forest mammals, we deployed six pairs of two different cameras that had substantially different 
attributes. Paired cameras were deployed for 343 trap nights and they recorded 150 photographs of 10 species of 
mammals (excluding humans and domestic dogs). Overall, the camera with a wide detection zone and fast 
trigger speed was more effective, capturing twice as many photographs as the other camera. Differences in 
detections were most notable among carnivores and small to medium–sized mammals. Our results suggest that 
remotely–triggered cameras can be used to inventory many forest mammals. Inventory methods that rely on bait 
to attract a specific species are less likely to be affected by differences among cameras types because bait can be 
placed directly in front of the cameras. However, investigators using cameras to track relative abundance 
(captures/night) or to estimate density without bait (using random encounter models) should include some 
consideration of the potential of sampling biases if a variety of cameras are deployed.  



 
IMPLICATIONS OF PRESCRIBED BURNING AND BUSH–HOGGING FOR PRAIRIE 
MAINTENANCE UPON ANNUAL SURVIVORSHIP OF TWO COMMON SMALL MAMMALS 
 
Kaeda C. Boyles*, Patrick A. Zollner, Jessica T. Rodkey, Valerie J. Clarkston, Matthew S. Kraushar, and Robert 
N. Chapman 
 
Department of Forestry and Natural Resources, Purdue University W. Lafayette, IN 47906–2400 
 
Habitat manipulation causes drastic changes in vegetative composition.  These vegetative changes can cause 
habitat requirements of mammals not to be met thereby reducing species’ survivorship.  Prescribed burning and 
bush–hogging are common methods for vegetative successional control.  This study was conducted at Purdue 
Wildlife Area, Tippecanoe County, IN from fall 2009 to fall 2010 at four trapping grids, one of which served as 
a control grid.  At another site a controlled burn during the spring of 2010 returned prairie grasses to dominance 
in a late successional prairie.  Bush–hogging during the fall of 2009 removed woody invasive species (autumn 
olive, Amur honeysuckle) from another grid so it was dominated by Rubus spp. and Rosa multiflora.  We 
conducted 10 day trapping sessions at all grids and used a Cormack Jolly–Seber model in program MARK to 
estimate survivorship of small mammals.  We investigated two common species, the white–footed mouse 
(Peromyscus leucopus) and meadow vole (Microtus pennsylvanicus).  Survivorship of Peromyscus leucopus 
increased after the burn.  After bush–hogging, survivorship of Peromyscus leucopus decreased slightly.  
Survivorship of Microtus pennsylvanicus was lower than that of Peromyscus leucopis after the burn and 
drastically lower after the bush–hogging.  Thus survivorship of these two species appears to be correlated.  One 
hypothesis for this relationship is that these two mammals are competing for a resource such as predator free 
space.  This suggests further investigations of species interactions through competition as well as seasonal 
effects in relation to habitat manipulations and effects on the survival of these two small mammals. 
 
ELEVATIONAL RAPOPORT’S RULE: MONTANE SMALL MAMMALS CHALLENGE ITS 
CONSISTENCY 
 

Kevin Bracy Knight* and Christy M. McCain 
 
Department of Ecology & Evolutionary Biology and CU Museum of Natural History, University of Colorado, 
Boulder, CO 80309, USA 
 
Elevational Rapoport’s Rule, proposed in 1992 by Stevens, predicts that a species’ elevational ranges (extents of 
distribution on a mountain) becomes larger at higher elevations, and that smallest ranges occurred in areas of 
highest diversity. Here we test the two predictions of an elevational Rapoport’s Rule: (1) a positive relationship 
with range size and elevation; and (2) a negative relationship with range size and diversity using 41 montane 
data sets of non–volant small mammals from around the globe. We compare three methods: (1) the Stevens 
method which uses species averages across each elevational band for range size and diversity; (2) the Midpoint 
method which uses averages of species whose midpoints occur in each elevational band for range sizes; and (3) a 
Quartile method that examines only the diversity of the smallest ranges (<1/4 of the mountain height) to see if 
they are negatively related to elevation and positively related to total diversity. The quartile method eliminates 
the influence of the mid–domain effect on elevational range distributions. For the prediction of increasing range 
size with elevation, strong support was detected for only 22%, 0%, and 7% of the data sets using Stevens, 
Midpoint, and Quartile methods respectively. For the prediction of decreasing range size with diversity, strong 
support was detected for only about 27%, 0%, and 22% of the data sets using Stevens, Midpoint, and Quartile 
methods respectively. We compare these results to tests of elevational Rapoport’s Rule for other vertebrates, 
invertebrates, and plants in the literature; we find similarly large variation and lack of consistent support for 
Rapoport’s Rule. Overall, we argue that elevational Rapoport’s Rule is an oversimplification of elevational range 
size distributions, and that studies suggest that enormous variability of elevation range size with elevation and 
diversity may be the rule rather than the exception.  
 



CO–EVOLUTION OF GENITAL MORPHOLOGY OF ARID ZONE OLD ENDEMIC AUSTRALIAN 
RODENTS—CRYPTIC FEMALE CHOICE OR SEXUAL CONFLICT?  
 
Bill Breed*, Chris Leigh, Tasha Speight, and Jenifer Washington 
 
Discipline of Anatomy & Pathology, School of Medical Sciences, Faculty of Health Sciences, The University of 
Adelaide, Adelaide, South Australia, 5005 
 
Postcopulatory sexual selection is a major driving force in bringing about morphological divergence of the male 
reproductive tract. Here we present data from two small arid zone old endemic Australian rodents: the Plains 
Mouse, Pseudomys australis, and Spinifex Hopping Mouse, Notomys alexis, in which dramatic differences in 
reproductive tract anatomy have evolved. Male P. australis have comparatively large testes (ca. 3.5% body 
mass), store very high numbers of sperm, and have large seminal vesicles and coagulating glands with the 
consequent formation of a vaginal plug occurring postcoitum for cervical sperm transport– the ancestral 
condition. In N. alexis, by contrast, testes are only around 0.15 % of body mass; they store comparatively low 
numbers of sperm in their excurrent ducts whereas the seminal vesicles, coagulating glands and dorsal prostate 
are all minute. Furthermore, P. australis males have a barrel – shaped penis that forms an apical cup during 
erection, whereas that of N. alexis is much narrower, has a much thinner baculum, does not form an apical cup, 
but has much larger, richly innervated, surface spines. Co–evolving with this male genital morphology is that of 
the female where  N. alexis, unlike P. australis, has a vagina with a very narrow lumen but thicker surrounding 
smooth muscle coat, whereas the cervix is far less bulky, less fibrous, and more cellular. This marked divergence 
in reproductive anatomy associates with differences in the animal’s copulatory behaviour with P. australis males 
exhibiting many intromissions and much pelvic thrusting prior to ejaculation, whereas in N. alexis there is one 
intromission, no pelvic thrusting, but a lock for up to 7 mins presumably related to which are the larger penile 
spines and thicker vaginal wall in males of this species. In N. alexis the cervix appears to act as a minimal barrier 
to sperm transport, thus no vaginal plug is required for sperm transport and hence greatly reduced seminal 
vesicles and coagulating glands have evolved. The possible selective forces bringing about these marked 
differences in reproductive morphology will be discussed. 
 
DESCRIPTION OF THE NESTS AND MOVEMENTS OF TWO SPECIES OF THOMASOMYS 
(CRICETIDAE) FROM AN ANDEAN WOODLAND IN ECUADOR 
 
Jorge Brito M. and William R. Teska* 
 
School of Biology and Chemistry, Central University of Ecuador, Quito, Ecuador (JBM); Department of 
Biology, Pacific Lutheran University, Tacoma, Washington 98447 (WRT) 
 
The subalpine Neotropical rainforest, one of the highest forests of the world, occurs only in the northern Andes.  
In these woodlands of Ecuador, evergreen trees, predominately Polylepis incana, form thickets of intertwined 
branches, trunks and roots.  Typically, the height of the tree canopy is about 5 m.  Mats of moss and lichen cover 
the forest floor and drape from branches.  This habitat and nearby páramo meadows contain an exceptionally 
high density and diversity of small mammals, including four species of Thomasomys (Cricetidae).  Within this 
genus, T. paramorum, a habitat generalist, and T. aureus, an arboreal specialist, are most abundant.  To elucidate 
niche partitioning between these two species, we used the spool–and–line technique to locate nests and record 
movement patterns at an elevation of 3,620 m in the El Angel Ecological Reserve.  T. paramorum readily 
climbed trees and agilely moved along twigs, but created shallow (less than 0.3 m) nests below ground and 
among tangles of roots within the forest.  These nests frequently consisted of dry leaves of Brachypodium and 
shredded bark of Polylepis.  One animal nested in the adjacent páramo within a hollowed–out mass of dry leaves 
in a frailejón (Espeletia pycnophilia).  Nests of T. aureus were constructed of small twigs, leaves, bark and moss.  
These globular shaped nests were found in the upper canopy, about 5 m above the ground; but once located, 
were readily visible.  For either species, there was no apparent relationship between density of the vegetation and 
nest placement because nests were often in open or exposed patches of forest.  Every nest for both species had 



two entryways.  The distance from point of capture to the nest for T. aureus was between 10 and 86 m, while T. 
paramorum traveled more circuitously and at distances between 45 and 160 m.  
 
IDENTIFICATION OF HABITAT CHARACTERISTICS OF BOBCATS (LYNX RUFUS) 
IN NEW HAMPSHIRE USING CONTRASTING HABITAT MODELS 
 
Derek J. A. Broman*, John A. Litvaitis, Patrick M. Tate, and Mark R. Ellingwood 
 
Department of Natural Resources and the Environment, University of New Hampshire, NH 03824 (DB, JL); 
Division of Wildlife, New Hampshire Fish and Game, NH 03301 (PT); Division of Wildlife, New Hampshire 
Fish and Game, NH 03301 (ME) 
 
Anecdotal information suggests that both the abundance and distribution of bobcats (Lynx rufus) within New 
Hampshire have increased after over 20 years of closed trapping and hunting seasons.  However, the only current 
information on bobcats in the State is reported sightings, incidental captures, and vehicle–related mortalities.  In 
response to this apparent change in status, this study’s objectives are to: evaluate spatial and temporal home 
range characteristics and habitat selection of monitored bobcats, compare statewide habitat suitability models 
developed using locations from telemetry and reported observations, and produce study area and statewide 
population estimates.  In the winter of 2009–2010, 12 adult bobcats (10 M, 2 F) were captured by cooperating 
trappers in a 1,862 km2 study area located in southwest New Hampshire and equipped with GPS tracking collars.  
We obtained 4,583 GPS locations from 11 of the 12 collared animals (10 M, 1 F).   These data were used to 
calculate seasonal and composite home ranges via fixed kernel density estimators and to build habitat suitability 
models using resource selection functions (RSF) following a used vs. available design.  Male and female 
composite home range sizes are comparable to those estimated in nearby states (♂ = 93.31 km2 and ♀ = 29.61 
km2, respectively).  Early observations suggest bobcats are associated with wetlands  in winter, agricultural 
fields  in summer, and continuously avoiding Class 1 and 2 roadways.  RSFs following the same design are also 
being applied to recently reported statewide sightings (n > 400).  An examination between these final models 
may support the use of solicited sightings to identify suitable habitat.  Combined with area requirements, such 
models will be used to generate study area and statewide population estimates.  If deemed valid, such a 
technique using reported observations from citizen scientists may serve as an inexpensive tool by which to make 
habitat and demographic inferences of a secretive species. 
 
GLOBAL PATTERNS OF FRAGMENTATION AND CONNECTIVITY OF MAMMALIAN 
CARNIVORE HABITAT 
 
Christopher L. Burdett*, David M. Theobald, Carlo Rondinini, Moreno Di Marco, Luigi Boitani, and Kevin R. 
Crooks 
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of Biology and Biotechnology, Sapienza Università di Roma, Viale dell’Università 32, 00185 Roma, Italy (CR, 
MDM, LB) 
 
Macroecological patterns provide valuable context for understanding the mechanisms that influence the 
abundance, distribution, and interactions of species at finer spatial scales. However, broad–scale studies are often 
limited to using coarse distribution data that assume species are uniformly distributed throughout their 
geographic range. This assumption clearly ignores the critical influence of habitat suitability on the distribution 
and abundance of species. Researchers at the University of Rome, as part of the IUCN’s Global Mammal 
Assessment (GMA) program, recently addressed this deficiency for mammals by developing expert–based 
models that depict a categorical gradient of habitat suitability throughout species’ geographic ranges. We used 
habitat–suitability models to quantify habitat fragmentation and connectivity throughout the geographic ranges 
of all terrestrial carnivores. We will present the results of three analyses of these data. First, we conducted 
comparative analyses to relate our fragmentation and connectivity metrics to common macroecological variables 
like geographic–range size, body mass, and taxonomy. Species with less fragmentation (i.e., more interior high–



quality habitat) had larger geographic ranges, a greater proportion of habitat within their range, and greater 
habitat connectivity.  Species with higher connectivity (i.e., less habitat isolation) also had a greater proportion 
of high–quality habitat, but had smaller, not larger, ranges, likely reflecting shorter distances between habitat 
patches for species with restricted distributions.  Fragmentation and connectivity did not differ among 
Carnivoran families, and body mass was marginally associated with connectivity but not fragmentation.  Our 
second analysis used our data to identify global hotspots of fragmentation and connectivity. We developed 
separate hotspot maps for each Carnivoran family. Finally, we also analyzed fragmentation and connectivity 
hotspots relative to various body–mass classes. This allowed us to identify areas with high potential for 
interaction and intraguild competition among carnivores, while concurrently relating these areas of sympatry to 
the threats posed by human activity. Collectively, our results show how the spatially–explicit nature and high 
resolution (300 m) of the GMA habitat–suitability models offer novel opportunities to enhance our 
understanding of carnivore ecology and conservation at the global scale. 
 
COMPARATIVE LIFE HISTORIES OF RODENTS 
 
Joseph R Burger 
 
Department of Biology, University of New Mexico, 87131 (NM) 
 
Rodent lineages have diverged remarkably in physiology, ecology, and behavior over millions of years of 
independent evolution. As a result, a variety of life history strategies have emerged. I use allometric scaling to 
determine similarities and differences in life history strategies within and between major rodent groups. This 
approach reveals striking differences in life history between distinct evolutionary lineages. Most notable are the 
hystricomorphs, whom produce few but large and precocial young. Additionally, I use a modified version of the 
Smith–Fretwell model of the trade–off between offspring number and size to investigate universal constraints to 
production in rodents. Despite apparent differences in life histories by lineages, all rodents are subject to the 
same fundamental metabolic constraints to production. 
 
TUSKS AND TESTOSTERONE: INVESTIGATING MALE SEXUAL MATURITY IN WILD 
DUGONGS (DUGONG DUGON) 
 
Elizabeth A. Burgess*, Tamara Keeley, and Janet M. Lanyon 
 
School of Biological Sciences, The University of Queensland, QLD 4072, Australia (EAB, JML); Taronga 
Western Plains Zoo, NSW 2830, Australia (TK) 
 
Population management of wild species requires an understanding of basic reproductive biology. Dugongs have 
a slow and highly variable reproductive rate, compared to other marine mammal species including manatees.  
Most of the information currently available on dugong reproduction has been obtained by histological 
examination of animals collected from harvest, strandings or incidental bycatch. In this study, we have 
developed a non–invasive technique of measuring fecal hormones as a tool for assessing reproductive maturity 
and activity in wild male dugongs. Androgens (such as testosterone) are important components of male 
endocrinology that can provide relevant data on reproduction, sexual maturity and seasonal reproductive trends. 
We report on the testosterone concentrations of dugongs (n = 310) from both sexes and different size–classes, 
and in relation to season and the growth of tusks as secondary sexual characteristics. In males, fecal testosterone 
was significantly higher in adult (901.4 ± 801.1 ng/g) than in juvenile dugongs (182.6 ± 113.1 ng/g). An increase 
in testosterone was also associated with the eruption of tusks in male dugongs (708.7 ± 207.3 ng/g; unerupted 
tusks 223.5 ± 72.5 ng/g). Our data suggests that male dugongs in Moreton Bay reproduce seasonally, showing a 
pronounced elevation of fecal testosterone concentrations during the winter and spring (1126.6 ± 819.1 ng/g) 
compared to the rest of the year (284.0 ± 295.0 ng/g). Elucidation of the relationship between maturity states as a 
function of season can be used to estimate the proportion of mature males within a population; an index that 
when combined with other vital reproductive rate information can be used to assess abundance status relative to 
carrying capacity. This project suggests fecal hormone analysis as a non–lethal way to obtain demographic 



information from sirenians, and that measuring testosterone in feces is effective in determining reproductive 
status and seasonal cyclicity in male dugongs. 
 
REDUCED GENE FLOW IN RINGED SEALS (PUSA HISPIDA) CAUSED BY HUDSON BAY 
 
Jacob J. Burkhart, Stephanie Sell, Ole Nielsen, Brendan P. Kelly, and Bradley J Swanson 
 
Department of Biology, Central Michigan University, Michigan, 48859 (JB, SS, BJS); Fisheries and Oceans, 
Manitoba, Canada R3T 2N6 (ON); National Science Foundation, Arlington, VA 22230 (BPK) 
 
Understanding ringed seal population structure requires examining the genetics of ringed seals during the 
breeding season. We obtained 416 samples from 12 locations along the North Slope of Alaska, western Canada, 
Hudson Bay, and the Baltic Sea during the breeding season. Samples came from live–captured seals, carcasses, 
and from sites on the ice where seals had molted immediately following the breeding season. Each sample 
was analyzed at 7 microsatellite loci. We estimated the number of genetic populations using STRUCTURE 
and BAPS. The degree of population structure (Fst), inbreeding (Fis), and relatedness were calculated using 
GenAlEx. STRUCTURE and BAPS both indicated that the most likely number of populations was one. The 
average degree of population structure between the Hudson Bay and western arctic sites (Fst=0.02) was 
significantly greater (P<0.001) than that between sites within the western arctic (Fst=0.005). Similarly, the 
average degree of population structure between Hudson Bay sites and the Baltic Sea (Fst=0.030) was 
significantly greater (P=0.009) than that between the western arctic sites and the Baltic Sea (Fst=0.019). The 
average number of effective migrants from Hudson Bay to the western arctic (Nm=8.10) was significantly 
less (P<0.01) than between sites within the western arctic (Nm=68.9). The average degree of relatedness 
between individuals in the Hudson Bay to individuals in the western arctic (r=–0.042) was significantly less 
(P=0.03) than that found between individuals just within the western arctic (r=0.008). Similarly, the average 
degree of relatedness between individuals in Hudson Bay to individuals in the Baltic Sea (r=–0.047) was 
significantly less than that between individuals in the western arctic to the Baltic Sea (r=0.003). Our results 
suggest that, while all of the marine ringed seals exist as a single population, the Hudson Bay seal 
populations experience some degree of isolation from the rest of the arctic and Baltic Sea populations. We 
suggest that the islands to the northwest of Hudson Bay may reduce dispersal westwards and the open ocean 
reduces seal movement to the east. 
 
CONSERVATION AND RESEARCH PRIORITY AREAS OF MAMMALS IN ECUADOR BASED ON 
SPECIES DISTRIBUTION MODELING  
 
Santiago F. Burneo 
 
Museo de Zoología, Pontificia Universidad Católica del Ecuador, Quito, Ecuador 
 
By analyzing distribution patterns of mammals from predictive models, conservation and research priority areas 
for Ecuador are proposed. After a selection process, 227 mammal species were analyzed from the 408 occurring 
in Ecuador. Over 11 000 georeferenced occurrence records were used with the modeling algorithm of maximum 
entropy (MaxEnt). The performance of the models was evaluated using the area under the ROC curve as 
indicator. Using statistically significant thresholds, presence/absence maps were generated for the selected 
species. With the overlap of individual distribution maps, a map of mammal species richness for continental 
Ecuador was generated. We analyzed the map of mammal richness in terms of political divisions, altitude, and 
ecoregions (according to the WWF) in order to identify areas in which, despite their high mammal richness, have 
been little studied in terms of collection efforts; these areas are considered priorities for research. On the other 
hand, the map of mammal richness in relation to the National Protected Areas System and maps of deforestation 
in Ecuador was examined to determine areas of high mammal richness that are not currently protected and are at 
greatest risk of changes in the near future; these areas are considered as conservation priorities. 
 



PROXIMATE CAUSES OF RAPID EVOLUTION IN RATS AND MICE ON THE CALIFORNIA 
CHANNEL ISLANDS  
 
David Byrn, Kashawneda Lee–Woodard1, Racheal Jackson1, and Oliver R. W. Pergams 
 
Olive–Harvey College, One of the City Colleges of Chicago, Dept. of Natural Sciences, 10001 S. Woodlawn 
Ave., Chicago, IL 60628 USA (DB, KLW, RJ, ORWP); Field Museum, 1400 S. Lake Shore Dr., Chicago, IL 
60605 USA (ORWP) 
 
Rapid morphological evolution has been shown to exist and is often mediated by human activity and 
environmental changes. Examples have been identified in rodent populations on islands, specifically deer mice 
(Peromyscus maniculatus) on the California Channel Islands. Over just 40 years, cranial and external 
measurements of the deer mice changed as much as 10% in some traits. Surprisingly, most of these changes were 
towards smaller size, and were not consistent with the Island Effect. There are several plausible explanations, 
including 1) the introduction of black rats (Rattus rattus) in the mid–19th century (black rats compete with deer 
mice  for resources and prey on young deer mice), 2) changes in vegetation, especially invasive vegetation, 3) 
changes in climate (temperature & precipitation), and 4) changes in human population density. To assess 
changes in rats, we took eleven cranial and four standard external measurements from 57 Rattus rattus 
specimens collected 1940–2000. Measurement errors were minimized using an extensive and novel procedure. 
We found rat cranial measurements to have grown as much as 11.06% larger in 43 years (2731 d), consistent 
with the Island Effect. Changes in rat cranial measurements were then compared with changes in 97 Peromyscus 
maniculatus anacapae (from Anacapa Island), 42 P. m. elusus (Santa Barbara Island), and 38 P. m. santacruzae 
(Santa Cruz Island). Changes in rats and mice were then compared to 1) population density of competitors, 2) 
climate (temperature & precipitation) change, 3) change in total vegetation density and change in proportion of 
invasive species, and 4) change in human population density. From this, we created a multivariate model of 
proximate causes of rapid evolution in rats & mice on islands.  
 
IN VITRO SPERM CAPACITATION IN A MARSUPIAL THE STRIPE–FACED DUNNART, 
SMINTHOPSIS MACROURA 
 
Natalie E. Calatayud and Marilyn B. Renfree  
 
Department of Biochemistry and Molecular Biology, Mississippi  State University, Starkville MS 39759, USA 
(NEC); Department of Anatomy,  University of Melbourne,  Vic 3010, Australia; Vitrolife, Englewood, CO 
80110, USA (NEC); Department of Zoology,  University of Melbourne , Vic 3010, Australia (MBR) 
 
Capacitation in marsupials is a poorly understood concept. Characteristics, such as motility, relate to the process 
of capacitation across all mammals but others, such as head rotation from a 'tack–shaped' to 'streamlined', are 
unique to marsupials.  Marsupial sperm maturation and survival in vitro is hard to achieve and maintain, and is 
highly species–specific. Furthermore, sperm–egg interactions in vitro are virtually impossible to achieve, with 
only one successful record of IVF in, Monodelphis domestica.  Our study explored the use of a commercially 
available IVF medium on motility and rotational changes of the sperm head in the Stripe faced dunnart, 
Sminthopsis macroura. This is the first study to characterise ionic pumps in any marsupial, for the purpose of 
illustrating the possible conserved role of biochemical pathways, such as tyrosine phosphorylation, in marsupial 
sperm capacitation (n=6). Progressive forward motility of caudal epididymal sperm cultured in IVF medium 
(GIVF), with or without recombinant human serum albumin (rHSA), (n=18) as well as the more commonly used 
holding medium, phosphate buffered saline (PBS) was examined (n=6). IVF medium, with or without rHSA, is a 
more suitable holding medium for marsupial caudal sperm than PBS, with increased motility (Two–way 
ANOVA, F=1,10=26.08, P=0.005) and an increased number of 't–shaped' heads than in PBS (Two–way 
ANOVA, F=1,31=7.66, P=0.0095). Culture of sperm in medium without additional protein led to a significantly 
higher number of motile sperm (Two–way ANOVA, F=1,10 7.66 P=0.0095) however, increased numbers of 
sperm had ‘t–shaped’ heads in the presence of rHSA (Two–way ANOVA, F=1,1054.35 P=0.05001). Subsequent 
IVF experiments in GIVFT resulted in sperm–zona binding and activation of ionic pumps (Ca2+, Na+/K+ and 



Na+/Ca2+) as determined by immunofluorescence. The distribution of ionic pumps, especially Ca2+ ATPase in 't–
shaped' sperm, reiterates the importance of ionic exchange in sperm capacitation and sperm–egg interactions, 
and the possible involvement of tyrosine phosphorylation in these processes. DNA fragmentation in both IVF 
and rHSA supplemented medium, assessed by tunnel assay and Caspase 3 distribution, was low, with 37% of 
cells undergoing apoptosis. In conclusion, both motility and head rotation were successfully stimulated in vitro 
and are good indicators of a sperms ability to fertilize, and the essential role ionic exchange plays in capacitation 
and gamete interaction. 
 
EVOLUTION OF IMMUNE SYSTEM GENES WITHIN THE HYAENIDAE FAMILY: 
IMPLICATIONS FOR MATE CHOICE 
 
K. J. Califf, B. L. Williams, and K. E. Holekamp 
 
Department of Zoology, Ecology, Evolutionary Biology and Behavior Program, Michigan State University, 203 
Natural Science, East Lansing, MI 48824, USA 
 
The major histocompatibility complex (MHC) is a group of highly diverse genes in the vertebrate genome that 
play a critical role in the immune system.  These genes have been shown in a variety of taxa to influence mate 
choice by mediating individual odors.  Many vertebrate species studied to date show a strong preference for 
mates dissimilar from themselves at MHC loci, providing their offspring with a diverse immune system capable 
of recognizing a large array of pathogens.  We explore the extent to which MHC similarity influences mate 
choice decisions in wild and captive populations of a carnivore known to encounter high levels of immune 
insults, the spotted hyena (Crocuta crocuta).  The social dominance and masculinized genitalia of female spotted 
hyenas, coupled with a robust immune system, make this a particularly interesting system in which to investigate 
questions of mate choice.  Using over twenty years of pedigree data and behavioral discrimination assays, we 
investigate the extent to which variation at three MHC loci influences mate choice patterns and odor preference 
in this species. 
 
HABITAT CONNECTIVITY FOR RED TREE VOLES ACROSS THE PACIFIC NORTHWEST 
 
Michael T. Calkins and Anita T. Morzillo 
 
Department Forest Ecosystems and Society, Oregon State University, OR 97331 
 
The red tree vole (Arborimus longicaudus) is a highly specialized microtine endemic to western Oregon and 
northwestern California.  Habitat loss and fragmentation of mature Douglas–fir forests as a result of extensive 
logging has resulted in concerns over the persistence of red tree voles because of their poor dispersal abilities, 
small litter sizes, slow growth rate, and extended parental care.  The objective of our study was to evaluate the 
distribution of red tree vole habitat across eight National Forests within their geographic range.  We developed 
habitat models using Maxent software in conjunction with LANDFIRE datasets and species occurrence records.  
We reclassified the model based on a minimum required patch size of 29.55 ha and used Patch Analyst to 
calculate the mean patch size, number of patches, and mean distance to nearest neighbor for all suitable patches 
in each National Forest.   Results suggest that the Siuslaw and Umpqua National Forests contain the least 
fragmented habitat with mean nearest neighbor distances and mean patch sizes, respectively, of 300 m and 547 
ha for the Siuslaw, and 251 m and 2,330 ha for the Umpqua.  These metrics are within the maximum observed 
dispersal distance of 340 m indicating potential connectivity among patches.  Mean distance to nearest neighbor 
for the remaining six National Forests ranged between 372 m to 1,108 m, signifying low potential for 
connectivity.  Data from our models can be used to better inform management plans for the red tree vole across 
National Forests within its geographic range. 
 
 
 
 



THE INFLUENCE OF SOCIAL BONDING BETWEEN UNRELATED FEMALES ON 
REPRODUCTIVE SUCCESS IN FERAL HORSES 
 
Elissa Cameron* and Wayne Linklater 
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of Wellington, New Zealand (WL) 
 
In many social species, females form close bonds with members of their group. These social bonds have been 
investigated in primates but rarely in other taxa. Primate studies show that reproductive success is increased for 
females with stronger social bonds, usually with kin. Such bonds may arise through kin selection and inclusive 
fitness rather than the direct benefits of association. In equids, females form long–term social groups with 
unrelated members. We recently demonstrated that social integration between these unrelated females increased 
birth rates and foal survival, and reduced harassment by males. We concluded that social integration has strong 
direct fitness benefits, such that social bonds could evolve based on direct benefits alone. Here we test whether 
strong relationships between individual females or more general social integration have a greater impact on 
reproductive success. Furthermore, we test whether foals of more integrated mares develop stronger bonds and 
integrate more quickly into new bands. We show that social integration has long–term, cross–generational 
reproductive benefits.  
 
I CAN SEE YOU, BUT YOU CAN’T SEE ME: THE RELATIONSHIP BETWEEN VISIBILITY AND 
CONCEALMENT IN SAGEBRUSH HABITAT AND POTENTIAL TRADEOFFS.   
 
Meghan. J. Camp*, B. A. Woods, J. L. Rachlow, T. R. Johnson, and L.A. Shipley.   
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Sciences, Washington State University, Pullman WA 99164 (LAS)  
 
Cover is a primary habitat need for all animals.  For prey species, cover provides concealment from predators, 
but it can simultaneously decrease visibility of the surrounding area.  Ecologists often measure cover with the 
implicit assumption that concealment and visibility are inversely related, although this relationship has not been 
thoroughly investigated.  We examined these functional components of cover from the perspective of a small 
mammal in shrub steppe habitat.  We measured concealment and visibility for both terrestrial and aerial 
predators at 3 sites used by pygmy rabbits (Brachylagus idahoensis) in Montana and Idaho and within nearby 
grassland vegetation.  We hypothesized that 1) concealment and visibility would differ across scales and study 
sites; 2) concealment and visibility would be inversely related; and 3) this relationship would differ across scales 
and sites.  If the relationship between visibility and concealment varies with vegetation structure, then animals 
might encounter differing tradeoff scenarios with respect to predation risk.  At our sites, both concealment and 
visibility differed significantly among sites and across scales of measurement.  Distance was positively related to 
concealment and negatively related to visibility.  Concealment was highest and visibility was the lowest at sites 
characterized by dense, continuous shrub cover and patchy shrub cover.  Terrestrial concealment and visibility 
were inversely related.  For all sites and distances, the slopes were negative and significantly different from –1, 
but this relationship differed among study sites.  At a small scale, pygmy rabbits traded off visibility for 
concealment in dense and sparse vegetation, but not in patchy vegetation.  Although cover is an intuitively 
simple concept, it is functionally more complex.  A more comprehensive understanding of these functions  will 
improve our ability to evaluate how cover mechanistically relates to predation risk and to design habitat 
restoration and management strategies for sensitive species.   
 
 
 
 



SPECIES LIMITS WITHIN THE PRAOMYS DELECTORUM COMPLEX (MURIDAE: MURINAE) OF 
EAST AFRICA: A MORPHOMETRIC REASSESSMENT AND BIOGEOGRAPHIC IMPLICATIONS 
 
Michael D. Carleton and William T. Stanley* 
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Praomys, a murid genus indigenous to Subsaharan Africa, consists of four morphologically well–defined 
complexes: the P. delectorum, P. jacksoni, P. lukolelae, and P. tullbergi species groups.  While recent works 
have elucidated species limits and distributions of the P. jacksoni and P. tullbergi complexes, the others remain 
poorly understood.  Recent faunal surveys, particularly within Tanzania, have produced material sufficient to 
explore patterns of craniodental variation among populations of the P. delectorum complex, which is 
discontinuously distributed from southern Kenya, through eastern and southern Tanzania, to northeastern 
Zambia and southern Malawi.  Historically, populations of this group have been allocated to as many as four 
taxa, including delectorum Thomas (1910), taitae Heller (1912), melanotus Allen and Loveridge (1933), and 
octomastis Hatt (1940).  We measured 18 craniodental variables on 540 skulls from 21 analytical samples, each 
restricted to montane forests of isolated mountain systems throughout the range of the complex.  Principal 
component, discriminant function, and cluster analyses were conducted to assess cranial differentiation among 
the populations sampled.  These multivariate results consistently disclosed three discrete groups that we 
recognize as species: P. delectorum in southern Malawi; P. melanotus in the Southern Highlands of Tanzania 
and Nyika Plateau of Malawi and adjacent Zambia; and P. taitae, widely ranging from mountains of southern 
Kenya across the Northern Highlands and Eastern Arc Mountains of Tanzania.  Species limits as inferred from 
traditional morphometric methods provide a taxonomic framework and attendant biogeographical hypotheses 
that should be tested with subsequent studies and other data sources. 
 
DIFFERENCES IN PHYLLOSTOMID BAT ASSEMBLAGES IN A LATITUDINAL AND 
DISTURBANCE GRADIENT ALONG WESTERN ECUADOR 
 
Juan P. Carrera–E., Noé de la Sancha, Sergio Solari, Nicté Ordóñez–Garza, Carleton J. Phillips, and Robert J. 
Baker 
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Ecuador is a biodiversity hotspot valuable for scientific research and conservation activities.  The western side of 
the country is a complex mosaic of ecosystems due to the confluence of the Choco–Darién humid region from 
the north, the Peruvian–Chilean dry forest from the south, and the presence of the Andes Mountains.  This 
complexity has allowed the coexistence of numerous species of bats with high levels of endemism.  In spite of its 
biological importance, the country is suffering an increased rate of deforestation, due mostly by extensive land 
use practices and the advance of human dwellings, which potentially would diminish populations of bats. This 
study aimed to assess differences in phyllostomid diversity between latitude and disturbance along western 
Ecuador. A total of 1,326 records pertaining to 50 species from 15 sampling localities collected in 2001 and 
2004 were analyzed. Basic diversity indices were calculated to describe diversity, dominance, richness, and 
evenness for each locality. A multivariate approach was conducted to assess differences in biodiversity between 
latitude and disturbance. A cluster analysis of similarity, using Jaccard similarity algorithm, was conducted to 
calculate and visualize similarity between sampling localities. A principal coordinates analysis, which is based 
on a presences/absence of species, was performed in order to understand the similarly between the two grouping 
named above. A discriminant function analysis followed by a multivariate analysis of variance was conducted to 
test if abundances between sites were significantly different between groupings. Finally, a metacommunity 



analysis was conducted to test for gradients and/or distribution patterns among all sampling localities. Our 
results showed significant differences between disturbed and non–disturbed habitat and among sites of varying 
latitude. This study supports the hypothesis that natural assemblages of phyllostomids have changed due to 
anthropogenic disturbances on the Ecuadorian landscape. 
 
WHICH HIPPOSIDEROS IS WHICH?  CRYPTIC SPECIES IN THE HIPPOSIDEROS CAFFER 
COMPLEX FROM UGANDA 
 
Serena A. Carroll*, Tara K. Sealy, Brian R. Amman, Alan Kemp, Robert Swanepoel, Pierre B. H. Formenty, 
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Roundleaf bats in the genus Hipposideros (Family Hipposideridae) comprise a wide–ranging and diverse group 
whose taxonomy remains poorly understood.  A total of 610 Hipposideros spp. were collected from the Ibanda 
District in southwestern Uganda during an ecological investigation of Marburg hemorrhagic fever in 2007–2008.  
A single Hipposideros sp. individual tested positive for Marburg virus RNA.  Attempts to determine the identity 
of the Hipposideros species collected were confounded by conflicting diagnostic characters.  Nose–leaf 
morphology suggested that the bats should be assigned to H. caffer while forearm measurements indicated that 
the bats corresponded to H. ruber.  Vallo et al. (2008) recently suggested that H. caffer and H. ruber were not 
reciprocally monophyletic species; rather, the caffer–ruber complex consisted of several cryptic species.  
Genetic evidence (cytochrome b) suggests that the Ugandan bats we collected at this location are most closely 
related to the Hipposideros sp. found within lineage C1, designated by Vallo et al. (2008).  This lineage is found 
near the type locality of and may represent the centralis form, which other investigators have recognized 
previously as H. c. centralis or H. r. centralis.  Further study and subsequent taxonomic revision is clearly 
warranted.  
 
RECIPROCAL FOOD SHARING IN VAMPIRE BATS, REVISITED 
 
Gerald Carter, Rob Mies, and Gerald Wilkinson 
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For cooperation in animal societies to be evolutionarily stable, some mechanism must prevent ‘tragedy of the 
commons’. Otherwise, non–helping ‘cheaters’ would obtain fitness benefits without paying costs. Reciprocity 
can prevent cheating because reciprocators only help individuals who helped them previously, but empirical 
evidence of reciprocity from nonhuman societies is scarce and controversial. The classic textbook example is 
food sharing in the vampire bat Desmodus rotundus (Wilkinson 1984 Nature). Vampire bats consume only 
blood, often fail to feed, and can die after 70 hours if unfed. But roostmates who will sometimes regurgitate 
blood donations to begging bats. The majority of donations are given to kin, but experiments with captive 
unrelated bats showed that bats donated to their past donors more than expected by chance. Wilkinson therefore 
proposed that both kin discrimination and reciprocity explain why food sharing in vampire bats is evolutionarily 
stable. However, this conclusion remains controversial and is based on only 4 cases. Several authors have 
suggested that food sharing between unrelated bats can be explained as a byproduct of harassment or kin 
altruism.  Are vampire bats truly returning favors? What's more important to donor bats: kinship or past help? I 



studied a group of captive and familiar vampire bats in Michigan, USA and 3 groups of wild–caught vampire 
bats of varying familiarity in Trinidad, West Indies. To induce food sharing, I isolated one subject each evening 
while roostmates were provided food. After food was removed, I returned the unfed subject and observed 
interactions for 2 hours. In the captive Michigan population, food sharing was common and reciprocal sharing 
occurred more than expected by chance supporting Wilkinson’s previous results. Food sharing did not occur 
however in the 3 other wild–caught groups from Trinidad. I will discuss possible explanations for paucity of 
food sharing in the Trinidadian bats. An analysis of relatedness inferred from microsatellite loci is forthcoming 
and will allow a comparison of kinship and past help as predictors of food sharing. 
 
CLINAL PATTERNS OF GENETIC AND PHENOTYPIC VARIATION IN TWO PINE SQUIRREL 
(TAMIASCIURUS) HYBRID ZONES 
 
Andreas S Chavez* and Jim Kenagy 
 
Burke Museum and Department of Biology, University of Washington, WA 98195 
 
A hybrid zone along an environmental gradient can serve as an important natural area to study divergent 
selection and identify intrinsic or extrinsic barriers that lead to reproductive isolation. Clinal patterns of genetic 
and phenotypic variation across a hybrid zone are often produced when divergent selection in the two parental 
habitats is strong enough to overcome the potential homogenizing effects of gene flow across the environmental 
transition. We studied genetic and phenotypic variation in hybridizing pine squirrels (Tamiasciurus spp.) in two 
hybrid zones in the Pacific Northwest that differ in their degree of environmental transition. The northern 
Cascades Mountains hybrid zone is characterized by a sharp forest transition between wet coastal and dry 
interior forests.  We found narrow cline widths for coloration, mtDNA clade assignment, and genotype 
assignment that were mostly confined within a narrow forest ecotone. In the eastern Oregon hybrid zone, which 
is not characterized by major transitions in forest types, we also found relatively narrow clines for genetic and 
phenotypic variation. Our multilocus genotyping analysis reveals the presence of later generation hybrids, which 
suggests hybrid viability and a lesser role for intrinsic factors in the producing narrow cline widths. We discuss 
other factors that may be contributing to the maintenance of these narrow clines.  
 
TEMPORAL DIET ANALYSIS OF A DECLINING MESOCARNIVORE, THE EASTERN SPOTTED 
SKUNK (SPILOGALE PUTORIUS) 
 
Amanda E. Cheeseman* and Elmer J. Finck 
 
Department of Biological Sciences, Fort Hays State University, Kansas 67601 
 
The once common eastern spotted skunk (Spilogale putorius), is now listed as threatened and endangered in 
parts of its range. While the decline of this species is correlated with the change in agricultural practices during 
the 1930s, such as clean farming practices and an increase in commercial monoculture, the exact cause of the 
decline is unknown. One suggested reason for the decline is that these changes in agricultural practices caused a 
change or decline in the prey base of S. putorius leaving the species malnourished and starving. This idea is 
supported by the recorded decline of this species prey base due to these same factors. For this project we will test 
the hypothesis that a shift from small–scale, low intensity, diverse farms to large–scale, high intensity, 
monoculture caused a change in the diet composition of the eastern spotted skunk S. putorius. To test this 
hypothesis we propose to use stable isotope analysis on an expanded temporal scale, i.e. using of hair samples 
collected from museum specimens of S. putorius from 1900 (before the decline) to the present. We will then 
compare these results to changes in landscape structure. Results will demonstrate the potential uses of these 
analyses in determining historical diet changes by shedding light on the biology of S. putorius over the last 
century. If detected, information on the changes in the diet composition of S. putorius will help determine how 
structure in an agricultural landscape affects current and historical relationships within ecosystems, and might 
aid in the conservation of S. putorius. In addition, these methods could be used in future long–term temporal 
isotope studies to determine changes in diet composition and its causes. These methods might prove especially 



useful in determining “ideal” diet composition of other rare and declining species where diet is unknown or a 
hypothesized factor in the decline of the species.  
 
NEOTROPICAL BAT METACOMMUNITIES IN A HUMAN–MODIFIED LANDSCAPE 
 
Laura M. Cisneros* and Michael R. Willig 
 
Department of Ecology & Evolutionary Biology and Center for Environmental Sciences & Engineering, 
University of Connecticut, CT 06269 
 
Rapid increases in human populations, and intensification of agriculture and urbanization, have produced 
severely altered landscapes worldwide. These disturbances are significant in Mesoamerica, where 80% of forests 
have been severely modified. The resultant human–modified landscapes threaten many native species, including 
Neotropical bats, which provide an array of ecological services that are vital to ecosystem sustainability. To 
inform regional conservation policy, an understanding of species distributions within fragmented landscapes and 
of the landscape characteristics that mold these distributional patterns is critical. We evaluated metacommunity 
structures (pattern defined by species distributions along an environmental gradient) of the phyllostomid bat 
assemblage, and its constituent frugivore and animalivore ensembles, within a landscape encompassing 
agricultural lands and forest patches in Costa Rica. Additionally, we assessed the association between landscape 
characteristics and the environmental gradient underlying metacommunity structure using Spearman rank 
correlations. The phyllostomid and frugivore metacommunities evinced Gleasonian structures (species 
idiosyncratically occur along a gradient) in the dry season and Clementsian structures (distinct compartments or 
communities occur along a gradient) in the wet season. The animalivore metacommunity exhibited random 
structures in both seasons. No landscape characteristic was associated with the dispersion of sites along the latent 
environmental gradient in the dry season. In the wet season, the dispersion of sites along the latent 
environmental gradient for the phyllostomid and animalivore metacommunities was correlated with forest area 
and landscape diversity. The dispersion of sites along the latent environmental gradient for frugivores in the wet 
was not associated with landscape characteristics. Season– and group–specific results may be the outcome of 
variation in resource availability. When resources are abundant, bats may exclusively reside in preferred areas. 
In contrast, distributions may become more pervasive when resources are rare. 
 
ROBOTIC SQUIRRELS AND INFRARED CAMERAS: A METHOD FOR ESTIMATING RISK OF 
PREDATOR ATTACK 
 
Valerie J. Clarkston*, Patrick A. Zollner, and Winston P. Smith 
 
Department of Forestry and Natural Resources, Purdue University, IN 47907 (VC, PZ); Pacific Northwest 
Research Station, Forestry Sciences Laboratory, WA 98512 (WS) 
 
Infrared cameras are used extensively to study and monitor wildlife populations. Here we present a novel 
method that uses infrared cameras and taxidermy models to estimate the risk of predator attack of two Sciurid 
species in different geographic locations. Eastern chipmunk (Tamias striatus) models were placed in seven 
different habitats in Wisconsin and flying squirrel (Glaucomys spp.) models were placed in three habitats in 
southeast Alaska. Survival of each model was estimated using known fates based on sample days and number of 
predator events captured by the cameras. Eastern chipmunk models were most frequently attacked in aspen 
stands and raptors were the most common predator in all habitats. Flying squirrel models were attacked in clear 
cuts and second growth stands but not in old growth stands, and black bears (Ursus americanus) and martens 
(Martes americana) were the only predators captured on camera. This method has the potential to quantitatively 
map a species risk of predator attack across a landscape. Previous maps of risk were generated using the giving 
up densities (GUD) technique that assesses an animal’s perception of risk during foraging instead of actual risk 
of attack with regards to the landscape. However, a post hoc power analysis of our preliminary results with 
power set to 90% and a medium effect size (0.25) suggests a sample size of 40 chipmunk and 69 flying squirrel 
models at minimum per habitat in order to detect a significant difference in survival. Our analyses revealed that 



studies using cameras and models to assess risk of predator attack may require extensive sampling effort in order 
to obtain statistical conclusions.   
 
DEVELOPMENT AND USE OF AN AUTOMATED DEVICE FOR CONDUCTING VISUAL 
DISCRIMINATION TESTS WITH WHITE–TAILED DEER  
 
Bradley S. Cohen, David. A. Osborn, George R. Gallagher, Robert J. Warren, and Karl V. Miller 
 
Warnell School of Forest and Natural Resources, University of Georgia, Athens, GA 30602, USA (BSC, DAO, 
RJW, KVM); Department of Animal Sciences, Berry College, Mount Berry, Georgia 30149, USA (GRG) 
 
Few studies have evaluated white–tailed deer sensory perception because of difficulties in training deer to 
respond to external stimuli.  We developed a system for training deer to associate a supra–threshold, white–light 
stimulus with a food reward through operant conditioning techniques.  The “deer–training–apparatus” (DTA) 
automatically dispensed food, rang a start buzzer, randomly assigned a stimulus light above one of two food 
troughs, and recorded each deer’s participation in each behavioral trial.  When a deer attempted to eat from a 
trough associated with a positive stimulus (light on), a correct response was recorded.  An incorrect response 
was recorded when a deer attempted to eat from a trough associated with a negative stimulus (light off).  Each of 
six adult, captive does correctly identified the positive reward in about 75% of trials by day 19 and 88.2 ± 3.9% 
by day 25.  We demonstrated that the DTA provided effective and efficient training of deer and its malleability 
makes it suitable for a variety of future research on behavior, perception, and preference among these animals.  
We then compared thresholds across wavelengths and delineated sensitivity measurements best fitting previous 
cone template functions.  Using the DTA we confirmed that white–tailed deer's relative spectral sensitivity is 
similar to their photoreceptic sensitivity.  More behavioral studies are needed to examine the visual system of 
white–tailed deer to better understand how deer perceive their world and how this perception influences their 
behavior. 
 
THE EFFECT OF DISEASE AND PARASITES ON ACTIVITY PATTERNS IN WHITE FOOTED 
MICE 
 
Christopher Collins and Roland Kays 
 
New York State Museum, Albany, NY 12208 (RK, CC). State University of New York, Albany, NY 12208 
 
A wide range of factors can influence an animal’s behavior and how it attempts to negotiate the inherent risks 
(such as disease, parasites, and adverse weather) and rewards (such as food, reproductive opportunities) 
associated with activity. Activity level is one measure of behavior that directly influences disease transmission 
and overall community ecology. White–footed mice (Peromyscus leucopus) are an important reservoir for 
Borrelia burgdorferi, the causative agent of Lyme disease, as well as a variety of other parasites, including Bot 
Fly (Cuterebra fontinella) larvae and several intestinal helminthes. The degree to which these pathogens 
influence activity levels is poorly understood. In this study, we determined the disease and parasite load of 
individual mice and continuously monitored activity levels through the use of an automated radio telemetry 
system. Overall, both gender and infection affected activity level, with male mice being less active than female 
mice, Borrelia infection decreasing activity, and Bot Fly and intestinal parasitism leading to increases in activity. 
Weather also influenced activity, with mice being more active on rainy nights or warm nights, compared to dry 
nights or cool nights. Our study shows that the activity levels of White–footed Mice are influenced by both 
intrinsic and extrinsic factors, including disease and weather. This variation in activity levels may translate into 
changes in disease transmission dynamics by influencing disease vector encounter rates. 
 
AIM–UP!  STIMULATING THE USE OF MUSEUM COLLECTIONS IN UNDERGRADUATE 
EDUCATION 
 
Joseph A. Cook, Eileen A. Lacey, Steffi Ickert–Bond, Scott V. Edwards, and Kayce Bell 



 
Museum of Southwestern Biology, University of New Mexico, Albuquerque, NM 87131 (JAC, KB); Museum of 
Vertebrate Zoology University of California, Berkeley, CA (EAL); University of Alaska, Museum of the North, 
Fairbanks, AK 99775 (SIB); Museum of Comparative Zoology, Harvard University, Boston MA 81657 (SVE) 
 
Natural history collections provide invaluable resources for numerous aspects of undergraduate education, 
including instruction in evolution, ecology, and conservation. The value of these resources as educational tools, 
however, is often poorly understood, even at colleges and universities that maintain such collections. AIM–UP! 
is an NSF–funded Research Coordinating Network (RCN) developed to increase awareness of natural history 
collections as critical resources for undergraduate instruction. Specific goals of the network include (1) training 
undergraduates in museum–based research, (2) developing instructional tools based on freely–accessible online 
museum databases, (3) informing educators at non–museum institutions regarding the instructional power of 
museum collections, and (4) interacting with the public to increase awareness of the educational importance of 
natural history museums. Each year of the initial 5–year project will emphasize a different conceptual theme: 
during our first year, the network has focused on developing integrated strategies for collecting and analyzing 
data from multiple taxonomic groups, each of which has distinct research and curatorial traditions. Starting with 
a seminar on this theme held at UNM (and attended electronically by network participants from other 
institutions), the network has developed an initial set of educational modules that draw upon the publicly–
accessible ARCTOS database to provide students with hypothesis–driven, inquiry–based learning opportunities 
rooted in natural history collections data. Educators from all institutions—those with museums and those 
without—are encouraged to visit our website (www.aim–up.org) and to consider participating in the network.  
 
HYGRIC PHYSIOLOGY OF MARSUPIALS  
 
Christine Cooper* and Philip Withers 
 
Environment and Agriculture, Curtin University, PO Box U1987 Perth Western Australia 6145 (CC); Animal 
Biology, University of Western Australia, Crawley, Western Australia 6009 (PW) 
 
Evaporative water loss (EWL) and metabolic water production (MWP) are important components of the water 
budget for endotherms. They can comprise up to 70% or more of the total water loss and intake respectively, and 
so relative water economy (RWE = MWP/EWL) is a useful index for assessing and comparing the water balance 
of different species. Water balance is compromised more rapidly than energy balance in mammals, so a species’ 
hygric physiology is under substantial selection pressure and is of particular adaptive significance. The existing 
dataset for hygric physiology of marsupials is small and variable due to methodological problems such as 
measuring standardised EWL. We quantify the significant effects of methodological issues such as ambient 
relative humidity and measurement duration, and develop a standardised approach to measurement of EWL and 
RWE. We then apply this methodology to measure EWL and calculate RWE for a wide range of Australian and 
American marsupials, providing a standardised, comparative dataset. From these studies, we have identified 
significant effects of allometry, phylogeny and habitat aridity on marsupial hygric physiology, indicating that 
body mass, evolutionary history and environment are all important determinates of water balance for marsupials. 
 
PHYLOGENETIC RELATIONSHIPS AND TRIBAL DIVERGENCE TIMES IN THE SUBFAMILY 
NEOTOMINAE 
 
Megan S. Corley*, Roy N. Platt, Brian R. Amman, and Robert D. Bradley 
 
Department of Biological Sciences, Texas Tech University, Lubbock, TX 79409 (MSC, RDB); Department of 
Biological Sciences, Mississippi State University, Mississippi State, MS 39762 (RNP); Center for Disease 
Control, Atlanta, GA 30333 (BRA); Natural Sciences Research Laboratory, Museum of Texas Tech University, 
Lubbock, TX 79409 (RDB) 
 



The subfamily Neotominae is a diverse and widespread group of rodents; however, there is some controversy 
surrounding the phylogenetic relationships within this group.  There have been multiple studies that have 
examined this subfamily utilizing morphological, allozyme, or karyotypic data, as well as mitochondrial and 
nuclear DNA sequences, which have led to various taxonomic arrangements.  More specifically, there have been 
several interpretations as to how many tribes should be recognized within this subfamily and the relationships of 
genera within each tribe.  Previous studies provided support for 4 tribes: Baiomyini, Neotomini, Peromyscini, 
and Tylomyini.  Some have suggested placement of Ochrotomys into a separate tribe (Ochrotomyini), whereas 
others have used Reithrodontomyini to represent the “old” Peromyscini.  More recently, 5 tribes (Baiomyini, 
Neotomini, Ochrotomyini, Peromyscini, and Reithrodontomyini) have been recognized based on molecular data.  
The goals of this study were: 1) to develop a robust, multi–gene phylogeny to acquire higher resolution at the 
tribal level of the Neotominae and 2) to use coalescence theory to date tribal origins to test the hypothesis of 
rapid divergence over a short time frame.  This study was the first to analyze combined mitochondrial and 
nuclear DNA sequences with representatives of all genera of neotomine–peromyscine rodents, including the 
Tylomyinae which historically have been placed in the subfamily Neotominae.  Additionally, we have examined 
for the first time the molecular relationships of Otonyctomys hatti. 
 
MACROPODID MARSUPIALS AS MODELS: PROSPECTS FOR BEHAVIOURAL ECOLOGY AND 
POPULATION DYNAMICS 
 
Graeme Coulson* and Marco Festa–Bianchet 
 
Department of Zoology, The University of Melbourne, Parkville, Victoria 3010, Australia (GC); Département de 
Biologie, Université de Sherbrooke, Sherbrooke, Québec J1K 2R1, Canada (MF–B) 
 
Macropodid marsupials (kangaroos and wallabies) represent a parallel radiation of herbivores to the eutherian 
ungulates, and are analogous in some aspects of morphology, physiology and ecology. In addition to their 
defining reproductive modes, there are other striking differences between macropods and ungulates.  We 
highlight some of these in kangaroos, and underline their potential for studies of behavioural ecology and 
population dynamics. (1) In marsupials, access to pouch young allows researchers to manipulate key life history 
variables such as fecundity and birth date. (2) There is no well–defined rut in kangaroos, as breeding is extended 
over several months and entrained to external, species–specific factors. This relaxed synchrony strongly 
influences male and female reproductive strategies, including sexual segregation. (3) Kangaroos are sexually 
dimorphic but have indeterminate growth, so a kangaroo population has a spectrum of body sizes depending on 
both sex and age composition as well as on resource availability. This size–age relationship among males can 
influence dominance hierarchies, reproductive success, and social and habitat segregation. The age–size 
structure of breeding females may have important effects on population dynamics. 
 
EXAMINING BASELINES FOR BIOLOGICALLY SIGNIFICANT GENETIC DIFFERENTIATION 
LEVELS: PANTROPICAL SPOTTED DOLPHINS AS AN EXAMPLE 
 
Sarah Courbis*, Robin W. Baird, Frank Cipriano, and Deborah Duffield 
 
Portland State University, P.O. Box 751, Portland, OR 97207 (SC, DD); Cascadia Research Collective, 218 1/2 
W 4th Ave., Olympia, WA 98501 (RWB); Genomics/Transcriptomics Analysis Core, Department of Biology, 
San Francisco State University, 1600 Holloway Ave., San Francisco, CA 94132 (FC) 
 
Population studies often rely on fixation indices like Fst to determine whether populations are differentiated, as 
this can indicate that separate management is warranted. It can be difficult to interpret biological significance 
when Fst values are low but significantly different from zero. At what level is gene flow restricted enough that 
populations should be managed separately? We suggest that one way to evaluate whether small Fst values 
indicate important barriers to gene flow is to compare Fst values with other populations considered to be separate 
based on factors such as extreme distance or morphological differences. We examined pantropical spotted 
dolphins from the coastal and offshore Eastern Tropical Pacific (ETP), Hawaiian Islands, and China/Taiwan to 



examine the utility of comparing Fst values across populations. Among Hawaiian Island regions, Fst values are 
significantly different from zero but small (ranging from 0.028–0.045 for microsatellites and 0.112–0.282 for 
mtDNA). We compared these Fst values with more distant populations in the ETP and China/Taiwan, which 
indicated that differences among Hawaiian Island regions were similar in magnitude to those found between the 
offshore and coastal ETP sub–species, but smaller than between the Hawaiian Island regions and the other 
regions examined. This suggests a level of reproductive isolation among the Hawaiian Islands regions that is 
comparable to that of offshore and coastal ETP populations, and supports the value of fixation index 
comparisons in evaluating differentiation among putative populations. Our results suggest that assigning specific 
numerical baseline Fst values may not always be biologically meaningful but that determining whether related 
populations with geographic or other separation show a preponderance of similar, lower, or higher fixation index 
values can help evaluate whether genetic differences among sympatric or parapatric groups warrants designating 
them as separate populations for management. Although this study used dolphins, this approach could be used 
for mammal populations in general. 
 
PHYLOGENETIC AND BIOGEOGRAPHIC RELATIONSHIPS OF SOUTH AMERICAN GRASS 
MICE, GENUS AKODON (RODENTIA: CRICETIDAE), USING A MULTI–GENE APPROACH 
 
Brandi S. Coyner*, Janet K. Braun, Michael A. Mares, and Ronald A. Van Den Bussche 
 
Department of Natural Resources and Environmental Sciences, University of Nevada, Reno, Nevada 89512 
(BSC); Sam Noble Oklahoma Museum of Natural History, Norman, Oklahoma 73072 (JKB, MAM); 
Department of Zoology, University of Oklahoma, Norman, Oklahoma 73072 (MAM); Department of Zoology, 
Oklahoma State University, Stillwater, Oklahoma 74078 (RAVDB) 
 
Phylogenetic relationships among 78 individuals of Akodon selected from throughout South America were 
examined using a concatenated dataset consisting of one mitochondrial gene (cytochrome b), one nuclear gene 
(dentin matrix protein 1), and one nuclear intron (thyrotropin). The combined dataset included 2,841 base pairs 
and was analyzed under maximum parsimony, maximum likelihood, and Bayesian criteria. A monophyletic 
Akodon clade is recovered, and relationships within this frequently intractable genus are well resolved. 
Monophyly of the boliviensis and the cursor groups is supported, and the two form a strongly supported sister 
relationship. Akodon azarae is basal to and forms a monophyletic group with the boliviensis+cursor clade, 
resolving the placement of A. azarae. The aerosus group and the varius group are paraphyletic as four members 
of the varius group (A. glaucinus, A. simulator, A. tartareus, and A. varius) fall within the aerosus group. Based 
upon chronophylogenetic analysis, the initial divergence within Akodon likely began during the Pliocene and 
ancestors of the four extant species groups emerge around the Pleistocene–Pliocene boundary. Most of the 
divergence within Akodon occurred between 0.5–1.5 million years before present (mybp), but some taxa 
diverged as recently as 300,000 years ago. The driving force behind Akodon speciation appears to be the 
expansion of the grassland specialists during glacial cycles and subsequent isolation in interglacial cycles that 
followed. 
 
ABUNDANCE AND DISTRIBUTION OF RIVER OTTERS IN YELLOWSTONE LAKE IN 
RELATION TO PREY DECLINES 
 
Jamie R. Crait* and Merav Ben–David  
 
Department of Zoology and Physiology, Program in Ecology, University of Wyoming, Laramie, WY 82071, 
USA 
 
River otters (Lontra candensis) in Yellowstone Lake, Yellowstone National Park, depend heavily on native 
cutthroat trout as prey.  However, non–native species, such as lake trout and whirling disease, have contributed 
to a severe decline in the lake's cutthroat trout population.  In addition, the impact of these stressors on cutthroat 
trout varies spatially within the Yellowstone Lake ecosystem.  We monitored otter activity at latrine (scent–
marking) sites on Yellowstone Lake and its tributaries during summers 2001–2009.  In addition, we used non–



invasive techniques to collect hair and scat samples at these sites for DNA analysis.  We genotyped 270 of the 
samples at 8 microsatellite loci and the SRY gene.  These samples represented 102 individuals over the duration 
of the study period.  Latrine site densities decreased with declines in cutthroat trout on several tributary streams, 
but remained similar on the lake shoreline throughout the study.  Otter activity at latrine sites similarly declined 
on tributaries, both in terms of scent marking rate and number of individuals visiting latrines.  On the lake 
shoreline the number of individuals visiting latrines increased; however, marking rates at these sites were lower.  
Currently we are using the genotyped samples in a capture–recapture analysis to estimate yearly changes in the 
number of otters, and reconstructing the otter population with a bioenergetics carrying capacity model.  
 
PATTERNS OF NEMATODE INFECTION IN A FREE–RANGING POPULATION OF EASTERN 
GREY KANGAROOS  
 
Jemma K. Cripps*, Ian Beveridge, Jenny Martin, and Graeme Coulson1 

 
Department of Zoology, University of Melbourne, Parkville, Victoria 3010, Australia (JKC, JM, GC); Faculty of 
Veterinary Science, University of Melbourne, Werribee, Victoria, 3029 Australia (IB) 
 
Eastern grey kangaroos (Macropus giganteus) defecate throughout their foraging areas and are susceptible to 
parasitism by gastrointestinal helminths via the faecal–oral route. Epidemiological studies on the patterns of 
helminth parasite infection in eastern grey kangaroos are limited to one investigation into mass mortality a single 
site in 1972. Little is known about patterns of parasite exposure and infection in this host species, especially in 
relation to season, sex and body condition. We collected monthly grass samples at a golf course at Anglesea 
(Victoria, Australia) and estimated the number of infective–stage larvae on the pasture. We also collected 
monthly faecal samples from individually–tagged free–ranging eastern grey kangaroos on the golf course and 
recorded stongyloid faecal egg counts.  Both the abundance of infective stage larvae on the pasture and faceal 
egg counts showed a seasonal pattern. The abundance of infective stage larvae on the pasture was low over 
summer, but peaked in winter, corresponding to the time at which rainfall increased. Faecal egg counts declined 
over summer and autumn before peaking in October. This seasonal pattern of infective larvae is similar to that 
observed in infective strongyloid larvae of domestic sheep, and suggests that infection in eastern grey kangaroos 
is closely tied to environmental conditions. 
 
EXPERIMENTAL MANIPULATION OF FERTILITY REVEALS LACTATION COSTS IN A FREE–
RANGING MARSUPIAL 
 
Jemma K. Cripps*, Michelle E. Wilson, Mark A. Elgar, and Graeme Coulson 
 
Department of Zoology, The University of Melbourne, Parkville, Victoria 3010, Australia 
 
Lactation is the most energetically expensive component of reproduction in mammals. Theory predicts that 
reproducing females will adjust their behaviour to compensate for increased nutritional demands, but requires 
experimental tests because comparisons of the behaviour of naturally reproducing and non–reproducing females 
cannot distinguish between individual differences and seasonal variation. We experimentally manipulated 
reproduction in free–ranging, eastern grey kangaroos (Macropus giganteus) using a fertility control agent. 
Marsupials are an ideal model taxon for such experiments because their brief gestation is followed by an 
extended period of lactation in the pouch, so reproductive status and the stage of offspring development can be 
easily discerned. In marsupials, the energetic demands of lactation are greatest around the time of permanent 
emergence from the pouch, when growth and development of the young is most rapid. Our novel field 
experiment revealed that females altered their behaviour in direct response to the energetic demands of 
reproduction: reproducing females increased bite rates, and thus food intake, when the energetic demands of 
lactation were highest. Reproducing females did not reduce the time spent vigilant for predators, but foraged less 
selectively in the fecal–contaminated pasture, risking infection by gastrointestinal parasites – a largely neglected 
cost of reproduction.  
 



MICROHABITAT USE BY GOLDEN MICE (OCHROTOMYS NUTTALLI) IN SOUTHERN ILLINOIS 
 
Amy Cross* and George Feldhamer 
 
Department of Zoology, Southern Illinois University Carbondale, IL 62901 
 
Golden mice (Ochrotomys nuttalli) reach the northern periphery of their range in southern Illinois, where they 
are a state threatened species.  Although they enjoy a fairly broad geographic distribution, golden mice are 
generally rare locally compared to more common sympatric Peromyscus species.  Usually associated with dense 
understory vegetation with an abundance of climbing vines, previous work in southern Illinois and elsewhere 
suggests that golden mice may actually use a variety of habitat types depending on local conditions.  The 
objective of our study was to quantify microhabitat use of golden mice. Nineteen microhabitat measurements 
were taken at each trap station on 7x7 grids on 3 study sites during the summer.  We discuss differences in 
significant microhabitat variables within and among each site for trap stations with and without golden mouse 
captures, as well as the impact of sympatric Peromyscus species on captures of golden mice. 
 
CONNECTIVITY OF IMPALA (AEPYCEROS MELAMPUS) POPULATIONS ACROSS TANZANIAN 
PARKS AND RESERVES 
 
Rachel S. Crowhurst* and Clinton W. Epps 
 
Department of Fisheries and Wildlife Science, Oregon State University, Corvallis, OR 97331 
 
Although maintaining population connectivity is widely regarded as a crucial goal for conservation, the history 
of interaction among wild populations is rarely known.  In Tanzania, dense areas of human settlement and 
agriculture surround national parks and game reserves.  These activities may sever potential dispersal routes, and 
isolated reserves are more likely to suffer species losses. However, before wildlife linkages can be designed and 
implemented, we must first understand the scales at which populations have interacted, and what landscape 
features may limit connectivity. To determine historical patterns of connectivity for impala (Aepyceros 
melampus) throughout south and central Tanzania, we genotyped 142 individuals from 7 national parks and 
game reserves at 8 microsatellite loci. Differentiation between populations was low–to–moderate, with Fst values 
ranging from <0.01–0.18. We used STRUCTURE, a genetic assignment program, to identify three distinct 
genetic clusters corresponding to northern, eastern, and western populations.  We also used Mantel tests to 
determine whether Euclidean distance or landscape resistance models that incorporated slope better explained 
genetic distances among populations.  At this scale, geographic distance between populations was not correlated 
with genetic distance; resistance models that assigned higher cost to steeper slopes were a much better predictor 
of population structure. The greatest genetic distance occurred across the Eastern Arc mountains.  These findings 
will help identify populations that historically had gene flow but may be at risk of isolation. In addition, by 
combining these genetic data with GIS–based landscape analyses, we will be able to inform design of wildlife 
linkages to prevent further isolation.   
 
THE ECOLOGICAL ROLE AND IDENTITY OF THE DINGO IN AUSTRALIA  
 
Mathew Crowther, Mike Letnic, and Melanie Fillios 
 
School of Biological Sciences, University of Sydney, NSW 2006 Australia (MC); School of Natural Sciences, 
University of Western Sydney, Locked Bag 1797, Penrith, NSW 2751, Australia (ML); Australian Key Centre 
for Microscopy and Microanalysis, Electron Microscope Unit, University of Sydney, NSW 2006, Australia (MF) 
 
Both the ecological role and the identity of the dingo are controversial topics within Australia. Recent work by 
us, and our colleagues, demonstrates that like large carnivores on other continents, dingoes have a major 
keystone role in Australian ecosystems. Our field data collected at arid locations provides evidence that removal 
of dingoes has cascading effects through lower trophic levels and is linked to the loss of native small mammal 



species and depletion of plant biomass. Kangaroos and red foxes were more abundant in the absence of dingoes 
while small mammals were less abundant where dingoes were absent suggesting that they may benefit from 
lower red fox numbers in the presence of dingoes. Using species distribution data, we predict that reintroducing 
or maintaining dingo populations would produce a net benefit for the conservation of threatened native mammals 
across > 2.4 x 106 km2 of Australia. However, being a species that has had a long history of hybridisation with 
domestic dogs, the actual identity of dingoes is also problematic. This problem is increased by tensions between 
those who view wild dogs as major agricultural pests, and those who see the need for dingo conservation. We 
demonstrate that not only hybridisation has blurred the definition of dingo, but also provide evidence that 
hybridisation has contributed to morphological change in dingoes.   
 
A QUANTITATIVE STUDY OF FRONTAL SINUSES IN CARNIVORA 
 
Abigail A. Curtis* and Blaire Van Valkenburgh 
 
Dept. of Ecology and Evolutionary Biology, University of California, Los Angeles, CA 90095 
 
Paranasal sinuses are hollow cavities within the skulls of mammals that form during development as the nasal 
epithelium escapes the cartilaginous nasal capsule and invades surrounding bones including the maxilla, 
ethmoid, sphenoid, and frontal. Among the paranasal sinuses, frontal sinuses are the most variable, and are 
highly homoplastic, suggesting that these cavities play an important role in skull function.  Many hypotheses 
have been proposed to explain the presence of sinuses including shock absorption during feeding/combat, 
removal of mechanically unnecessary bone, and mucous secretion, but few hypotheses have been tested, and 
none has achieved widespread acceptance. Previous studies have been limited by the fact that the paranasal 
sinuses are located within the skull, and were inaccessible without the use of destructive methods. Within the 
past decade, advanced imaging technologies, such as x–ray computed tomographic (CT) scanning, have 
prompted the development of novel methods to visualize and quantify three–dimensional data. Here we provide 
the first quantitative study of frontal sinuses for three carnivoran families (Canidae, Felidae, and Hyaenidae).  
These three families provide three independent examples of frontal sinus evolution, and cover a broad range of 
body size, skull size, and skull shape.  We used CT technology to construct volumetric models of frontal sinuses 
from which sinus size is measured, and quantify shape using spherical harmonics, a novel method that quantifies 
three–dimensional shape.  We examined scaling relationships between sinus size and shape and measures of 
skull and body size to test the hypothesis that sinuses form in areas where bone is mechanically unnecessary. 
Results show that sinus shape is convergent among distantly related species, and sinus size correlates strongly 
with measures of skull size, supporting the hypothesis that sinuses form where bone is mechanically 
unnecessary. 
 
IMMUNE VARIABILITY IN TUCO–TUCOS (CTENOMYS TALARUM): PARASITE EXPOSURE, 
MATING PREFERENCES AND ENERGETIC COSTS 
 
Ana Paula Cutrera*, Daniel Antenucci, María Sol Fanjul, Eileen Lacey, Facundo Luna, Julieta Merlo, and 
Roxana Zenuto  
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California, 94720 (EL) 
 
Parasites are expected to exert strong selection pressures on their hosts by affecting variables intimately linked to 
host fitness. Because hosts exhibiting less effective defenses should be selected against, it is intriguing that hosts 
vary so markedly in the strength and efficiency of their immune strategies. Two general explanations have been 
proposed to account for this variation. The first posits that parasite resistance is under genetic control, with 
diversifying selection on Major Histocompatibility Complex (MHC) genes acting to maintain variability in 
immune response. Under this hypothesis, selection on MHC genes may be mediated by pathogen exposure 
and/or mate choice. We examined whether MHC variability is associated with parasite resistance and mate 



choice in a natural population of Ctenomys talarum.  Our results indicated that a specific MHC allele was 
associated with resistance to an intestinal nematode and susceptibility to infection by an intestinal protozoan, as 
expected under a rare–allele selection model mediated by parasite exposure. With regard to mate choice, field 
data revealed that MHC heterozygosity among putative sires was significantly higher than expected, which is 
consistent with disassortative mating at MHC genes. The second major explanation for variability in immune 
defenses posits that because the immune response may entail substantial costs, variability can arise from 
differential allocation of resources to immunity vs. other costly physiological processes. Our studies of C. 
talarum indicated that mounting an antibody–mediated immune response was associated with a significant 
increase in energy expenditure and that the magnitude of a cell–mediated inflammatory response was positively 
correlated with energy expenditure, suggesting that pathogens can impact the energy budget of tucos, creating 
the opportunity for trade–offs. Collectively, these studies of Ctenomys are contributing to improved 
understanding of the bases for variation in immune defense in natural populations of mammals. 
 
FORAGING PATTERNS OF ISLAND FOXES: IMPLICATIONS FOR CONSERVATION 
 
Brian Cypher, Alexandra Madrid, Christine Van Horn Job, Erica Kelly, Stephen Harrison, and Tory Westall   
 
California State University–Stanislaus, Endangered Species Recovery Program, P.O. Box 9622, Bakersfield, CA 
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Scats (n = 2643) from endangered island foxes (Urocyon littoralis) were analyzed to (1) compare use of foods 
among islands and seasons, (2) identify preferred items, (3) determine use of non–native items, and (4) develop 
recommendations for habitat management/restoration that might increase food availability for foxes.  Scats were 
collected from all 6 islands with foxes (San Clemente, Santa Catalina, San Nicolas, San Miguel, Santa Rosa, and 
Santa Cruz).  Important items (>10% frequency of occurrence in scats) included deer mice, lizards, beetles, 
beetle larvae, Jerusalem crickets, sand crickets, grasshoppers, earwigs, terrestrial snails, and fruits of prickly pear 
cactus, toyon, manzanita, sea fig, and Australian saltbush.  Based on results from Santa Rosa where food item 
diversity is relatively high and fox density is relatively low (therefore providing the best opportunity for foxes to 
exhibit item preferences), deer mice, beetles, and Jerusalem crickets may be preferred food items for island 
foxes.  Non–native items commonly used by foxes included sea fig fruits, terrestrial snails, Myoporum fruits, 
and ungulate carcasses.  Habitat management and/or restoration that increases both the diversity of food items 
and the abundance of preferred items could help to moderate fluctuations in fox numbers associated with 
environmental variation (e.g., extended drought), thereby contributing to population security.  
 
EFFECTS OF VACCINATION PROGRAM ON STRESS HORMONE CONCENTRATIONS IN FREE 
RANGING DOMESTIC DOGS IN TANZANIA 
 
Anna Czupryna*, Rachel Santymire, Lisa Faust, Machunde Bigambo, Joel Brown, and Chris Whelan 
 
Department of Biology, University of Illinois at Chicago, IL 60607 (AC, JB, CW); Lincoln Park Zoo, Chicago, 
IL 60614 (AC, RS, LF, MB) 
 
Free ranging domestic dogs, Canis familiaris, are a conservation and public health concern in Tanzania because 
they are a reservoir for rabies. In villages west of Serengeti National Park, dogs have been vaccinated annually 
for rabies since 2003. In response, disease incidence has declined in human, dog, and wildlife populations, yet 
the full impact of the vaccination program on dog population dynamics remains unclear. In 2010, we established 
a longitudinal study to characterize and compare dog demography, welfare, and ownership patterns between 
villages with (n=2) and without (n=2) dog vaccinations west of Serengeti National Park. We measured dog stress 
hormone concentrations, through fecal corticosterone metabolite (FCM) analysis, as an indicator of welfare 
because stress can influence health and reproduction. Fecal samples were collected from individual dogs (n=112; 
14 females and 14 males from each of the four study villages). FCM were extracted using a field technique and 
analyzed with an enzyme–immunoassay at Lincoln Park Zoo, Chicago, IL USA. Mean FCM concentrations did 
not differ between dogs from the vaccination and non–vaccination zones (F1,110= 1.86, p=0.18; vaccination: 695  



+ 73 ng/g; control: 573 + 53 ng/g). Regardless of village, female dogs (760+80 ng/g) had higher (F1,110= 8.3, 
p<0.005) mean FCM concentration than males (509 + 35 ng/g). FCM concentrations were not influenced by 
body condition score (scale of 1–9; 1=poor, 5=ideal, 9=obese) (F3,108=0.6, p>0.6), or hyena sighting frequency 
(never, monthly, weekly, daily) in dog household (F3,108=0.85, p>0.4). Results suggest there is no relationship 
between villages with or without vaccination program and dog FCM concentrations. Higher female dog FCM 
concentrations may indicate stress associated with reproductive status.  Additional sample and household 
questionnaire analysis may reveal that stress in free ranging dogs could be attributed to factors such as feeding 
frequency, presence of fleas and ticks, and ownership practices. These data will help to further characterize dog 
welfare in Tanzanian villages, which, together with long term demographic data, will provide information vital 
to the continued planning, execution and success of dog vaccination programs near Serengeti National Park and 
other areas with dog–wildlife conflicts.  
 
SWAMP WALLABY MYCOPHAGY IN EUCALYPT FORESTS: PATTERNS IN RICHNESS AND 
COMPOSITION 
 
Melissa Danks*, Karl Vernes, Nigel Andrew, and Teresa Lebel 
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The swamp wallaby is a medium–sized macropod, common in eastern Australia, and traditionally thought of as a 
plant browser. Recent research has found that swamp wallabies regularly consume truffle–like fungi sporocarps. 
Truffle–like fungi are critical components of forested landscapes; their below–ground sporocarps are an 
important food resource for mycophagous (fungus–eating) mammals, which are, in turn, important spore 
dispersers. We sampled swamp wallaby faecal pellets and truffle–like sporocarps in three eucalypt–dominated 
forest types over summer and winter to test whether swamp wallabies consumed sporocarps in relation to their 
availability in the soil. At landscape–scale, fewer species were detected in the swamp wallaby diet than the 
sporocarp community, but at local–scale, diet richness did not differ significantly from community richness. Diet 
and community composition were significantly different at landscape–scale, while at local–scale this varied by 
forest type and season. Swamp wallabies consumed only ~60% of the taxa detected in sporocarp surveys but one 
quarter of taxa in their diet were not detected in surveys. Our results suggest that swamp wallabies are important 
truffle spore dispersers. Australian eucalypt forests support many sympatric mycophagists and a variety of 
truffle–like fungi spore dispersers is likely important to maintaining diverse and functioning forest ecosystems. 
 
HORMONE–MEDIATED MATERNAL EFFECTS IN RED SQUIRRELS 
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How organisms adapt to changing environments is a question that pervades all biological disciplines. The 
neuroendocrine system is highly sensitive to changes in the ecological or social environment and often responds 
by increasing or decreasing circulating levels of androgens or glucocorticoids. In mammals, changes in maternal 
hormone levels that are induced by the environment can generate variation in prenatal hormone exposure, which 
can have profound consequences on offspring phenotype. We took an integrative approach to determine how the 
endocrine responses of breeding female North American red squirrels (Tamiasciurus hudsonicus) to variation in 



their social environment can adaptively modify offspring phenotype via prenatal hormone exposure. Red 
squirrels in the Canadian Yukon live in a highly variable environment. Fluctuations in population density driven 
by resource pulses generate density–dependent selection on offspring phenotype. Population density during 
pregnancy reflects the competitive environment offspring will encounter and both are positively associated with 
the strength of directional selection on offspring growth rates. Female red squirrels could, therefore, increase the 
probability of their offspring recruiting into a population by adaptively modulating offspring growth rate 
according to population density experienced during gestation. We examined maternal hormones, behavior, and 
offspring phenotype across a gradient of population density and also during a large–scale experimental 
manipulation of perceived (acoustic) population density. We found that population density was positively 
correlated with fecal glucocorticoid (FCM) and androgen (FAM) metabolite concentrations, which both 
significantly increased offspring growth rates. Secondly, we found that experimentally increasing the frequency 
of territorial vocalizations using long–term playbacks caused elevation of FCM and FAM in breeding females. 
This study suggests that endocrine responses to the environment can enable female red squirrels to modify 
offspring phenotype adaptively. 
 
EVERYTHING BUT THE KITCHEN SINK: SATURATION IN MORPHOLOGY AND MOLECULES, 
GENE TREES, ECOLOGICAL CONVERGENCE AND PHYLOGENETIC CONFLICT IN THE 
PHYLLOSTOMIDAE 
 
Liliana M. Dávalos, Andrea L. Wetterer, Jonathan H. Geisler, and Nancy B. Simmons 
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Anatomical Sciences, SUNY Stony Brook, Stony Brook, NY 11794 (ALW); Department of Anatomy, New 
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In principle, all characters and trait systems in an organism share a common evolutionary history that can be 
estimated using phylogenetic methods. In practice, however, phylogenetic conflict is pervasive and its causes 
and consequences need to be investigated now more than ever, as ever expanding data sets can lead to high 
confidence on incorrect hypotheses caused by systematic biases. In the New World bat family Phyllostomidae 
incongruence between phylogenies derived from morphological and molecular analyses, and from different sets 
of molecules, has been more common than agreement. In this paper, we introduce new morphological data 
aimed at eliminating methodological sources of phylogenetic conflict: taxonomic sampling, too few characters 
sampled, or different algorithms used to estimate the phylogeny. We also evaluated the impact of biological 
sources of conflict, including saturation in morphological changes and substitutions, processes that result in 
incongruent gene trees, and convergent morphological and molecular evolution. Methodological sources of 
incongruence play some role in generating phylogenetic conflict, and are relatively easy to eliminate by 
matching taxon samples, scoring more characters, and applying the same algorithms to optimize phylogeny. The 
patterns of evolution emerging from the data were consistent with multiple biological sources of conflict, 
including saturation in morphological and molecular changes, ecological convergence, and incongruent gene 
trees. Applying methods to account for changes in saturation reduced, but did not completely eliminate 
phylogenetic conflict. Among the processes leading to incongruent gene trees we ruled out paralogy, lateral gene 
transfer, and poor taxon sampling and outgroup choice. To uncover and counter the possible effects of 
introgression and lineage sorting of ancestral polymorphism on gene trees will require great leaps in genomic 
and allelic sequencing in this species–rich family. We also found suggestive, but ambiguous evidence for 
adaptive molecular evolution leading to convergence in mitochondrial proteins. In conclusion, the biological 
processes that generate phylogenetic conflict are ubiquitous, and overcoming these conflicts requires more data 
and better models than have hitherto been used even in well–studied systems such as the phyllostomids. 
 
DETERMINANTS OF GLOBAL EXTINCTION RISK IN MARINE MAMMALS 
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The world’s oceans have undergone profound changes over the last century as a result of human activities. 
However, the consequences of escalating human impacts on marine mammal biodiversity remains poorly 
understood. Currently almost 40% of all marine mammals are considered data deficient by the IUCN Red List, 
and the potential impacts of climate change on marine mammals are only beginning to be understood. With the 
number and extent of human impacts on the marine environment expected to increase with projected human 
population growth in coming decades, a growing number of species will be subject to these threats. Predictive 
models of species at risk are key to informing present and future conservation needs, yet such models have not 
been explored for marine mammals. We developed predictive and spatially explicit models of marine mammal 
extinction risk using machine learning approaches coupled with spatial analyses of habitat productivity and 
human impacts, including climate change. We show that the speed of life history is overwhelmingly the most 
important predictor of extinction risk in marine mammals. Other top predictors of risk include small social group 
size and small geographic ranges. In general, intrinsic traits are more important predictors of extinction risk than 
extrinsic variables for marine mammals, as they measure the intrinsic susceptibility of species to human impacts. 
We also show that about 30% of all marine mammals, including many data deficient species, are predicted to be 
at risk of extinction, and identify nine global hotspots of marine mammal risk. 
 
A MULTI–METHOD APPROACH TO ASSESSING EASTERN SPOTTED SKUNK OCCURENCE IN 
LOUISIANA 
 
Rebecca Davis* and Paul Leberg 
 
Department of Biology, University of Louisiana at Lafayette, LA 70503 
 
Eastern spotted skunks (Spilogale putorius) are considered critically imperiled in Louisiana and appear to be in 
dramatic decline in many regions.  In Louisiana there was a 97% decrease in the number of eastern spotted 
skunk pelts sold by trappers between 1928–29 and 1966–67.  Other studies present evidence for wide spread 
declines during that same period but were unable to determine a single cause as to why spotted skunks 
populations are in decline. There has not been an assessment of the spotted skunk’s status in Louisiana in 35 
years; establishing a monitoring approach for the spotted skunks in Louisiana is warranted. Carnivores are 
difficult to study because of their low population densities, large home ranges, and reclusive habits. No single 
method of detection or assessment is appropriate for all species in all environments and conditions. Given this, 
track plates, remote cameras, glue traps as hair snares, live traps, transmitting collars, and a scat detection dog 
are being employed to locate Eastern spotted skunks in Louisiana. Track plates, a non–invasive device, have 
been used successfully in nearby states to detect skunks; thus far they have detected spotted skunks at one site 
Louisiana (out of 33 surveyed). Attached to the track plates are small squares of glue traps that successfully 
collect hairs of mammalian visitors. The hairs are used in conjunction with tracks to identify visitors, and helped 
confirm spotted skunk visitation of two track plates. Remote cameras placed near the track plates help to observe 
and confirm identification of track plate visitors. Thus far the cameras have not detected spotted skunks in 
Louisiana. Currently a scat detection dog is being trained on known spotted skunk scat from zoos. However, the 
diets fed to zoo skunks do not necessarily match diets of wild skunks which led to some problems in an Alabama 
study. Nevertheless scat detections dogs have been very successful at locating many animals’ scats. Live traps 
and radio–telemetry will be used in the upcoming field season in to assess skunk ecology in vicinity of the recent 
track plate visitations. 
 
 



FACTORS INFLUENCING THE BEHAVIOR OF KIT FOX AT WATER SOURCES IN THE MOJAVE 
DESERT 
 
Casey C. Day*, Lucas K. Hall, Matthew D. Westover, Robert J. Edgel, Randy T. Larsen, and Brock R. 
McMillan   
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Water developments have been widely used in the southwestern United States to provide free water for wildlife 
species.  Although typically designed to target certain species, these water sources are used by a variety of 
wildlife.  Water developments potentially concentrate both predators and prey and previous studies have 
demonstrated that behavior of wildlife at water sources may be influenced by factors related to risk of predation 
(e.g., visibility). We tested the hypothesis that behavior of kit fox (Vulpes macrotis) at water sources would vary 
as a function of a suite of variables that potentially influence risk of predation.  Variables we examined included 
design of water source, use of water source by potential predators, visual obscurity (topographical and 
vegetative) in the surrounding area, and distance to roads.  We examined behavior of kit fox using remote 
cameras and remote video cameras at randomly–selected water developments in the Mojave Desert region of 
southwestern Utah.  We found a positive correlation (r = 0.558, P = 0.024) between proportions of still–photos 
in which vigilance behavior was observed and of recorded video in which vigilance behavior was observed.  
This result indicates that still pictures alone may be sufficient for analysis of overall vigilance behavior.  
However, other response variables available in the videos provide additional information that is unattainable 
from analysis of pictures alone.  Of the variables examined, presence and type of roof structure at the water 
development contributed most to the proportion of time spent exhibiting vigilant behavior, drinking, and 
exhibiting vigilant behavior while not drinking.  In contrast, vegetative and topographical obscurity and distance 
to roads did not have a significant effect.  These results indicate that type of water development may influence 
the perceived risk of predation of kit fox more than its placement within the landscape. 
 
CONDITIONS AFFECTING ENVIRONMENTAL AND GEOGRAPHICAL DISTRIBUTION OF 
BLACK BEAR IN THE SIERRA MADRE OCCIDENTAL ECOREGION AND SKY ISLAND 
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Defining areas of potential distribution for large carnivores is a critical step for generating conservation 
strategies. Ecological niche modeling is an important tool for identifying priority areas for conservation of 
carnivores, in this case for the American black bear (Ursus americanus) in the Sierra Madre Occidental and Sky 
Island in northwest Mexico. Our objective was to define the areas and environmental factors that influence the 
distribution of the species. We used GARP to define the potential area of distribution using historical and current 
unique records of the species (n=111) and 23 bioclimatic and physical environment. We obtained a consensus 
model with a high probability of occurrence and power of prediction (X2= 269.319–378.194, p <0.001) and 
predicted the potential distribution area as 79% of the Sierra (175,568 km2), including the Sky Island region 
(Sonora and Chihuahua). Spatially combine the variables with the consensus model and obtained the values for 
PCA testing to determine the influence of variables on the ecological distribution of the species. For temperature 
in the first two components explained 87.2% of the cumulative variation, with the temperature of the hot and 
humid months the most contribution, in precipitation explained 91% in the first two components and the mean 
annual precipitation explains the largest contribution (43%), for its part, the altitude explains 99% of the 
variation. The variables that influence their distribution define a niche in the ecological dimensions of dry 
temperate forests (coniferous and pine–oak), with low precipitation and low temperature, with an altitude above 



1,500 m and slopes and roughness variables. These conditions prevail in much of the Sierra Madre Occidental 
and Sky Islands in the higher elevations in Arizona, New Mexico, Sonora, Chihuahua and Durango State. 
 
INFERRING THE ECOLOGY OF EXTANT AND EXTINCT AUSTRALIAN MARSUPIALS USING 
STABLE ISOTOPES AND DENTAL MICROWEAR TEXTURE ANALYSIS 
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Currently, global climate change is altering ecosystems and affecting mammalian distributions, abundances, 
interactions, and timing of seasonal activities.  Mammals not only are affected by these changes, they also can be 
used to infer past climate change and clarify subsequent responses of mammalian communities and their 
environments.  Geochemical tools including stable isotopes have proven effective at assessing current and past 
ecology and physiology of primarily eutherian mammals.  However, the combined use of stable isotope and 
dental microwear texture analysis (DMTA) on Australian marsupial mammals inhabiting landscapes potentially 
containing C3 grass, C4 browse, C4 grass, and/or C4 browse can clarify the ecology and physiology of extant 
and extinct taxa.  Specifically, carbon isotopes can be used to identify dietary niches including assessing how 
marsupials alter their diets temporally, spatially, and/or in response to climate change.  Furthermore, oxygen 
isotopes can be used to infer changes in aridity, relative seasonality, and drinking behavior.  DMTA uses white–
light confocal microscopy and scale sensitive fractal analysis to assess three–dimensional surfaces using a 
repeatable and automated method of quantifying microwear features that minimizes observer bias and allows for 
dietary interpretations based on the abrasiveness and/or hardness of consumed food items.  Collectively, these 
tools are used to first assess dietary variation among extant taxa, spatially in Australia ranging from temperate to 
tropical regions.  Subsequently, extant Australian marsupials serve as baseline data for interpreting the ecology 
and physiology of extinct taxa including a diversity of giant wallabies and kangaroos (e.g., Protemnodon brehus, 
Procoptodon goliah) to giant wombat–like animals (e.g., Diprotodon optatum, Zygomaturus trilobus).  Results 
demonstrate unique dietary niches of taxa such as Procoptodon goliah, a C4 browser potentially requiring 
greater water to offset the high–salt content in saltbush, a common C4 shrub.  Furthermore, dietary niches of 
extinct macropods including Macropus titan and Procoptodon ralpha can be classified as C3 grazers and C3 
browsers in a temperate region during the Pleistocene, respectively.  The combination of geochemical and dental 
microwear tools can synergistically improve our understanding of extant and extinct Australian marsupial 
ecology. 
 
AGE–RELATED MORPHOMETRICS IN THE EASERN MOLE (SCALOPUS AQUATICUS) 
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Nine skull measurements, three body measurements, and body mass were taken on 240 eastern moles (Scalopus 
aquaticus) to determine age and gender–related morphologic variation.  Mean values for males were 
significantly greater than females for all measurements (P < 0.0001). We estimated age of specimens based on 
tooth wear criteria of Hartman (1995).  We considered “young juveniles” as those caught January through June 
and assumed to be 1 to 6 mo. of age, and “old juveniles” as caught July through December that were 6 to 12 mo 
old.  Other age classes were adults 1 to 4+ years old.  Significant (P < 0.0001) age–related differences in 
measurements included body mass and width across the canines for females and males. We also found that tail 
length varied significantly (P = 0.004) among age classes.  We also investigated the correlation between the 
tooth wear technique for age estimation in eastern moles we used (Hartman 1995) vs. that used by Davis and 
Choate (1993)—six age classes based on exposure or ossification of maxillary bone over the buccal roots of the 
cheek teeth.  We found little relationship between the two estimation techniques because of high developmental 
variation among individuals in buccal ossification, and we discuss difficulties applying criteria for these age 
classes. 
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Although the Neotropics is one of the most species rich environments on Earth, the mechanisms by which such 
diversity arose are debated. One way to examine diversification patterns is by analyzing the relationship between 
gene genealogies and geography of a given clade (phylogeography). In order to do so, two pieces of information 
are required: i) clearly delimited species and their geographic distributions, and ii) a resolved and well–supported 
phylogeny. To date, diversification studies of neotropical taxa have been biased towards birds and frogs, with 
relatively little attention paid to small mammals. As one step in understanding the diversification of neotropical 
mammals, we assessed species limits and phylogenetic relationships of the South American marsupial genus 
Marmosops, a group of opossums distributed throughout neotropical humid forests. As a first assessment of 
species limits in this group, we sequenced the complete mitochondrial cytochrome–b gene (Cyt–b) from 170 
specimens representing 14 of the 15 described species. Our results show that there is greater genetic and 
geographic diversity within many of these species than is currently recognized by morphology–based taxonomy. 
To infer a well–supported phylogeny among Marmosops species, we sequenced two nuclear markers (the 
autosomal exon BRCA1 and an intron from the X–linked gene OGT) that exhibit slower mutation rates relative 
to the mitochondrial gene.  Phylogenetic analyses of this three–gene dataset resulted in a well–resolved topology 
with high nodal support. Our phylogeny reveals several intriguing biogeographic patterns, including a split of 
deeply divergent groups occuring north and south of the Amazon and Marañon–Amazon rivers, an early 
isolation of lineages within the Atlantic Rainforest, and the existence of numerous narrowly endemic Andean 
species. 
 
PREDATOR INTERACTIONS AND PREDATOR IMPACTS: THE AUSTRALIAN ARENA 
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The top mammalian predators in Australian systems have, until recently, been dominated by dasyurid and 
thylacinid marsupials. This marsupial hegemony was first challenged by the arrival of the dingo Canis lupus 
dingo around 4,000 years ago and is now under siege due to the introduction of the European red fox Vulpes 
vulpes and house cat Felis catus. These newcomers have had generally deleterious effects on both the marsupial 
predators and on smaller native species. In this presentation, we first review the kinds of interactions that occur 
among Australia’s predator guild and conclude that direct killing of marsupials by the new arrivals via predation 
or intense interference competition has been a key process in reducing the distribution and abundance of the 
(generally) smaller marsupial predators. The introduction of novel diseases such as toxoplasmosis has probably 
also taken a toll but is poorly understood. We then review evidence for the impacts of the native and introduced 
predators on prey populations, and show that the recent arrivals have more strongly depressive effects on prey 
than the native predators. We suggest that the strongly depressive effects of the introduced predators arise for 
two main reasons. First, their establishment in the Australian environment continues to be facilitated by people. 
This occurs directly by the provision of food and shelter resources and indirectly by the modification of the 
environment in ways that benefit the new arrivals. The introduction of further prey species such as rabbits 
Oryctolagus cuniculus and house mice Mus musculus also has favoured conditions for ‘invasional meltdowns’, 
leaving many native prey species captive in ‘predator pits’. Second, native species have not co–evolved with the 



new predators and either do not respond, or respond inappropriately, to cues to the risk of predation by the novel 
predator archetypes. Using ecological cascade theory, we conclude by suggesting that native species of predators 
and prey may best be conserved in many areas by using the dingo to suppress the deleterious impacts of the red 
fox and feral cat. In some areas, native prey may benefit also from suppression of feral cats by foxes. 
 
THE STATUS OF SWAMP RABBITS (SYLVILAGUS AQUATICUS) IN SOUTHEAST MISSOURI  
 
Cody Dick 
 
Department of Biology, Southeast Missouri State University, MO, 63701. 
 
In conjunction with the Missouri Department of Conservation, I initiated a survey of public and private lands in 
an effort to assess the distribution of swamp rabbits in Missouri. More than 350 sites were selected based on 
previous surveys (1992 and 2001) and predictive models based on GIS modeling.  More than half of the sites 
were visited this field season and the remainder will be visited beginning Fall 2011.  Each site was visited 3 
times by an independent surveyor so that detection probabilities could be estimated.  I use the detection 
probabilities in a logistic regression exploring the relationship between habitat patch size and the likelihood of 
swamp rabbit occurrence.  I then use the spatial patch occupancy model developed by Pajda (2009) for swamp 
rabbits in Missouri to compare her predicted distribution of swamp rabbits with the current observed distribution.  
I use these results to assess the reasonableness of Missouri’s current S2 listing of swamp rabbits.  
 
SEX–BIASED GENE FLOW APPEARS TO MAINTAIN GENETIC EXCHANGE AMONG PACIFIC 
HARBOR SEAL (PHOCA VITULINA RICHARDSI) POPULATIONS ALONG THE COASTS OF 
WASHINGTON AND OREGON 
 
Diana L. Dishman*, Deborah A. Duffield, Harriet R. Huber, Dyanna M. Lambourn, and James M. Rice 
 
Department of Biology, Portland State University, Oregon 97201 (DLD, DAD); National Marine Mammal 
Laboratory, Alaska Fisheries Science Center, Washington 98115 (HH); Marine Mammal Investigations, 
Washington Department of Fish and Wildlife, Washington 98498 (DL); Marine Mammal Institute, Oregon State 
University, Oregon 97365 (JR) 
 
The influence of behavioral ecology is important in marine mammal species such as Pacific harbor seals (Phoca 
vitulina richardsi), where philopatry and a lack of seasonal migration can limit genetic exchange among areas. 
We sampled Pacific harbor seals along the coasts of Washington and Oregon and in Puget Sound to investigate 
whether Oregon animals show genetic differentiation on a similar scale to what has been previously reported for 
this species in Puget Sound and elsewhere in the northeastern Pacific. Tissue samples were collected from 
stranded seals in Washington and Oregon between 2006 and 2010 (n = 63) in collaboration with the local marine 
mammal stranding networks. DNA was extracted from frozen tissues, and a 551 bp fragment of the mtDNA 
control region sequence and eight microsatellite loci were amplified to investigate genetic structure. Twenty–
seven unique mtDNA haplotypes were identified, nine of which were new to this primer set and found only in 
Oregon animals. Minimum spanning network and frequency analyses of mtDNA haplotypes indicated that while 
lineages are not geographically isolated, there is some regional differentiation in haplotype frequencies. On the 
other hand, microsatellite data suggest subtler divergence between Puget Sound and coastal animals and no 
differentiation among coastal regions. The disparity between findings from these two markers suggests males are 
contributing more to genetic exchange among regions than females. In addition, younger age classes (n = 35) 
showed less differentiation in microsatellite allele frequencies among areas than adults (n = 27). In general, these 
patterns support current stock boundaries, but indicate less genetic differentiation among coastal sampling areas 
than observations of strong philopatry in this region would predict. While limited specific inferences should be 
made about a whole population from stranded animal sampling, overall these data do suggest that male–biased 
gene flow may be important for maintaining connectivity among Pacific harbor seals in Washington and Oregon. 
 
 



DISEASE TRANSMISSION DYNAMICS WITHIN HOST POPULATIONS 
 
Laurie Dizney*, Todd Zolka, Dylan Taylor, and M. Denise Dearing 
 
Department of Biology, University of Utah, Utah, 84112 
 
Most emerging infectious diseases today are zoonotic, meaning they originate in wildlife hosts. Knowledge of 
how a pathogen is transmitted within wildlife host populations is very difficult to obtain yet critical to our 
understanding of pathogen dynamics and to our ability to protect the public from zoonotic disease. Sin Nombre 
virus (SNV), a Hantavirus, is a zoonosis of concern and is hosted by the deer mouse (Peromyscus maniculatus). 
In order to test the existing hypothesis that SNV is transmitted among deer mice through aggressive encounters, 
we observed deer mouse behaviors in a free–ranging population for 4 nights every 8 weeks from May through 
September in 2009 and 2010. All rodents were first marked with passive integrative transponder (PIT) tags and 
blood samples were collected for SNV analysis. Behaviors were then observed at 9 surveillance stations 
consisting of foraging arenas, infrared cameras and PIT tag readers. From 2100 hours of surveillance, we 
observed only 37 minutes of interactions: 46% of the interaction time was spent in aggressive encounters 
(chasing and fighting), while 36 % was spent in non–aggressive behavior (sharing and allogrooming) and 18% in 
avoidance behavior. SNV–infected deer mice engaged significantly more often in risk–taking behaviors than 
uninfected deer mice. We defined risk–taking behaviors as any behavior that would increase the probability of 
intraspecific encounters, such as increased time on foraging arenas, traveling more distance each night or 
decreased vigilance. Additionally, infected deer mice displayed more aggressive behavior and were avoided 
more often by conspecifics than uninfected deer mice. Finally, about 20% of the observed mice were categorized 
as exceptionally high–risk takers, and within this category we found significantly more males, scarring, and 
SNV–infected mice than in deer mice displaying less risky behavior. These results suggest that SNV–infected 
deer mice engage in more risky and aggressive behavior than uninfected deer mice and that these risky and 
aggressive behaviors are the cause of SNV infection among deer mice. 
 
INFLUENCE OF HABITAT QUALITY, PATCH SIZE, AND SPATIAL CONNECTIVITY ON 
OCCUPANCY AND TURNOVER OF FRANKLIN’S GROUND SQUIRREL (POLIOCITELLUS 
FRANKLINII) 
 
Jennifer M. Duggan*, Robert L. Schooley, and Edward J. Heske  
 
Department of Animal Biology, University of Illinois, 505 S. Goodwin Avenue, Urbana, IL 61801 (JMD); 
Department of Natural Resources and Environmental Sciences, University of Illinois, 1102 S. Goodwin Ave., 
Urbana, IL 61801 (RLS); Illinois Natural History Survey, 1816 S. Oak Street. Champaign, IL 61820 (EJH) 
 
Habitat loss and fragmentation are presumed causes for the decline of Poliocitellus franklinii (Franklin’s ground 
squirrel) in the Midwestern United States.  However, we do not know if the decline is due to lack of suitable 
habitat, decreased connectivity between existing populations, or both.  Many connectivity metrics have been 
developed, but empirical data are rarely used to compare their performance.  We examined the ability of habitat 
characteristics, patch size, and 6 connectivity metrics to predict occupancy and turnover of P. franklinii at 55 
sites in 4 Midwestern states from 2007 to 2009.  Connectivity metrics included 2 simple nearest–neighbor 
measures (distance to nearest habitat whether or not occupied [NH] and distance to nearest source of P. franklinii 
[NS]) and 4 incidence function model (IFM) metrics that account for size of and distances to all potential source 
sites.  We used cost–distance modeling to modify our IFM metrics by assigning unique movement costs to each 
type of matrix habitat.  We used a multiple–season occupancy modeling framework that accounts for imperfect 
detection to evaluate relative influence of habitat characteristics, patch size, and connectivity on occupancy, 
colonization, and extinction probabilities for P. franklinii.  Our final multi–season model indicated both habitat 
characteristics and connectivity influenced occupancy and turnover of P. franklinii, suggesting both loss of 
suitable habitat and connectivity contribute to a decline in P. franklinii.  NS predicted occupancy and extinction 
better than other connectivity metrics, with NS related negatively to occupancy and related positively to 
extinction.  However, an IFM metric that considered moving through low– to medium–intensity urbanization 



(i.e., roads) as costly predicted colonization better than other metrics, with probability of colonization related 
negatively to the effective distance between a target and source sites. 
 
COMBINING OBSERVATIONAL AND GENETIC TECHNIQUES TO MEASURE DISPERSAL IN 
FRAGMENTED LANDSCAPES 
 
Achim Eberhart*, Nevil Amos, Andrea C. Taylor, Paul Sunnucks, and Kathrine A. Handasyde 
 
Department of Zoology, The University of Melbourne, Vic 3010, Australia (AE & KAH); School of Biological 
Sciences and Australian Centre for Biodiversity, Monash University, Vic 3800, Australia (NA, ACT & PS) 
 
Habitat fragmentation is a major challenge for wildlife conservation but dispersing individuals, moving between 
isolated subpopulations, have the potential to ameliorate such impacts. However, the ability of species to 
disperse through fragmented landscapes is likely to differ depending on their size and mobility. Traditional field 
methods can yield detailed data on how individual dispersers respond to landscape features. Unfortunately, the 
rarity of dispersal events usually means that sample sizes are very small. Further, information about breeding of 
dispersers, a crucial process if dispersal is to effectively “mix” and “top up” populations, is lacking. Most genetic 
techniques estimate cumulative gene flow among populations, i.e. the reproductive outcome of dispersal over 
several generations, but often cannot provide detailed information about dispersal pathways. In our study we 
used VHF– and GPS–tracking, complemented by genetic inferences, to compare the dispersal behaviour of a 
small– and a medium–sized marsupial inhabiting a fragmented landscape in SE–Australia. Results showed that 
both were able to disperse through this landscape. Direct observations indicated a strong behavioural preference, 
by both species, to travel among trees. The larger species traversed pasture by using individual paddock trees 
and small clusters of trees as stepping stones. Interestingly, landscape genetic analyses suggested no influence of 
treed landscape elements on gene flow of either species, and estimates of spatial genetic structure (indicating 
restricted dispersal) were higher for the larger species. This discrepancy may have resulted from an 
underestimation (due to small sample size) of the smaller species’ ability to traverse pasture, high dispersal–
related mortality in the larger species, and insufficient consideration of paddock trees as dispersal conduits for 
the larger species, in our landscape genetic analyses. Our findings emphasise the need to combine observational 
and genetic studies of dispersal, and present a warning against relying on a single approach when assessing the 
connectivity of fragmented landscapes. 
 
SHORT–TERM RESPONSE OF PYGMY RABBITS (BRACHYLAGUS IDAHOENSIS) TO 
CONSTRUCTION OF THE RUBY PIPELINE IN NORTHERN, UT 
 
Robert J. Edgel,* Randy T. Larsen, and Brock R. McMillan 
 
Plant and Wildlife Sciences Department, Brigham Young University, Utah 84602  
 
Energy development projects have both direct and indirect effects on wildlife. Potential direct effects include 
mortality and displacement, while indirect effects may include increased predation or competition due to 
fragmented habitat. Impacts from energy development are often more pronounced for species that are habitat 
obligates compared to habitat generalists. Pygmy rabbits are habitat obligates that depend on sagebrush 
communities for food, shelter, and cover throughout their life cycle. In addition, pygmy rabbits are semi–
fossorial creating potential for increased risks associated with energy–development activities that alter burrow 
availability. The installation of a large–scale natural gas pipeline (Ruby pipeline) in northern Utah provided a 
unique opportunity to assess short–term responses of pygmy rabbits to energy development activities.  To assess 
these responses we captured and radio–marked rabbits in the pipeline right of way (ROW) prior to construction 
and on a nearby reference (control) area.  We monitored radio–marked rabbits before, during, and immediately 
after construction activities to determine differences in survival and movement patterns between the developed 
and reference sites.  Survival of pygmy rabbits for 101 days before and after installation of the pipeline did not 
differ between the ROW (S=0.6521; 95% CI ± 0.4555–0.8078) and control (S=0.7633; 95% CI±0.3988–0.9401) 
areas.  However, energy development did influence patterns of habitat use; pygmy rabbits moved to burrow 



complexes away from the ROW during construction. In addition, construction effectively fragmented the 
landscape; only one of 27 pygmy rabbits captured in the ROW crossed this linear habitat feature. Our findings 
indicate that short–term direct effects of energy development are minimal, but indirect effects appear to exist and 
should continue to be monitored and assessed.  
 
A SMALL MAMMAL COMMUNITY IN A CHANGING LANDSCAPE IN SOUTHEASTERN 
VIRGINIA, 2005–2011 
 
Jana Eggleston* and Robert K. Rose 
 
Department of Biological Sciences, Old Dominion University, VA 23508 
 
In 2005 we began a monitoring program of the small mammal community on an old field site in southeastern 
Virginia.  This site is a part of the Nature Conservancy Stewardship of lands adjacent to the Great Dismal 
Swamp National Wildlife Refuge, and a part of a greater wetland habitat restoration plan.  An assortment of trees 
was planted on the site, drainage was altered, and vegetation succession was allowed to progress.  We 
hypothesized this small mammal community would change from herbivorous old field species to those of 
forested wetlands, and that the numerically dominant species would change as succession progressed.  Our study 
site was an 8 x 8 grid, with12.5m intervals, and with two modified Fitch traps per station.  We trapped for three 
days each month, averaging 4600 trap nights per year.  Results to date show the general decline of all old field 
species, the virtual disappearance of Mus musculus and Oryzomys palustris, stable densities of Reithrodontomys 
humulis, a shift in dominance from Microtus pennsylvanicus to Sigmodon hispidus, and most recently, the arrival 
of Peromyscus leucopus, a forest species.   
 
GENETIC VARIATION AT SEVEN MICROSATELLITE LOCI IN NEOTOMA ALBIGULA (WHITE–
THROATED WOODRAT) FROM ARIZONA 
 
Amanda H. Eisemann*, Francisca M. Mendez–Harclerode, Robert D. Bradley, Charles F. Fulhorst, and Michelle 
L. Haynie 
 
Department of Biology, University of Central Oklahoma, 100 N. University Dr., Edmond, OK 73034 (AHE, 
MLH); Department of Biology, Bethel College, 300 East 27th St., North Newton, KS 67117 (FMM–H); 
Department of Biological Sciences, Texas Tech University, 2500 Broadway, Lubbock, TX 79409 (RDB); 
Department of Pathology, University of Texas Medical Branch, 301 University Blvd., Galveston, TX 77555 
CFF)  
 
The preliminary data presented here is part of a larger, multi–marker project to assess levels of genetic variation 
among Neotoma albigula (white–throated woodrat) samples from Arizona.  Many members of the genus 
Neotoma are natural hosts for Tacaribe serocomplex arenaviruses.  These viruses typically share long 
evolutionary histories with a single rodent host.  Neotoma albigula recently has been linked to three or more 
independent strains and appears to be the natural host of these strains.  Recent work suggests that the evolution 
of the virus in this species is occurring more rapidly than is seen in other species or, conversely, cryptic genetic 
units may be present within N. albigula, with each strain being associated with a separate genetic unit.  The 
purpose of this research is to assess the level of diversity within and among localities of N. albigula to determine 
if cryptic genetic units are present.  Multilocus microsatellite genotypes are being generated using seven 
microsatellite loci.  To date, 364 samples have been genotyped and an additional 90 samples currently are being 
genotyped.  These samples were collected from 32 localities throughout the state.  Preliminary analyses using the 
program STRUCTURE have detected five population clusters.  However, these clusters do not have distinct ties 
with geographic collection localities.  To date, there is no evidence that cryptic genetic units are present. 
 
MALE–BIASED SEX RATIO IN LITTERS OF BANNER–TAILED KANGAROO RATS 
 
Andrew J. Edelman 



 
Department of Zoology and Physiology, University of Wyoming, Laramie, WY 82071 
 
Parents can theoretically maximize their fitness by adjusting the sex ratio of offspring in response to changes in 
the costs and benefits. A variety of factors can promote sex ratio variation such as sex differences in juvenile 
mortality and relative fitness, adult sex ratio, and competition. I examined support for multiple hypotheses of sex 
ratio variation in the banner–tailed kangaroo rat (Dipodomys spectabilis). This species exhibits variation in 
offspring sex ratios and is sexually dimorphic and lacks extreme sex–biased dispersal. Over three years, 60% of 
litters had male–biased sex ratios, whereas only 20% had female–biased sex ratios. However, there was 
significant variation in the mean sex ratio of litters among years (0.56–0.75). Preliminary analysis revealed no 
significant difference in survivorship between male and female offspring during their first year, both before and 
after independence. Sex ratio of adults was also approximately equal in all years. The discrepancy between adult 
and offspring sex ratios appears to be due to a female–biased influx of immigrants into the population. 
Population density may have the strongest effect on litter sex ratios. Litters were more strongly male biased 
following a period of habitat saturation. These results suggest that competition between mothers and female 
offspring may influence litter sex ratios. I am currently exploring how individual characteristics of mothers and 
offspring may relate to variation in sex ratio of litters.  
 
PIKA HABITATS IN A FRAGMENTED LANDSCAPE: NATURAL AND ANTHROPOGENIC 
PATCHES  
 
Kristina Ernest*, Raychel Parks, and Patricia Garvey–Darda 
 
Department of Biology, Central Washington University, Ellensburg, WA  98926 (KE); Resource Management 
Program, Central Washington University, Ellensburg, WA  98926 (RP); Cle Elum Ranger District, 
Okanogan/Wenatchee National Forest, United States Department of Agriculture Forest Service, Cle Elum, WA 
98902 (PGD) 
 
American pikas (Ochotona princeps) inhabit rocky areas of mountain ranges of the western US and Canada. 
Their natural habitat is typically talus and other patches of rocky slopes, but pikas also inhabit human–made 
rocky areas, such as rock fill along roads and riprap along stream banks. We mapped 94 potential pika habitat 
patches along a 15–mile stretch of Interstate 90 in the Snoqualmie Pass area of the central Washington Cascades, 
within approx. 3 km of the interstate, and have monitored pika habitat use for three years. A subset of these sites 
was used to compare habitat characteristics (patch area, canopy cover, rock size, crevice depth, and other 
features) among different patch types. Overall patch occupancy from 2008 to 2010 ranged between 79 and 95%. 
While most sites were occupied by pikas in all years, apparent extinction and colonization occurred at some 
sites. Anthropogenic patches (road–fill, railroad–fill, riprap along streams and a dam) have slightly lower 
occupancy rates than do natural talus patches. Anthropogenic patches used by pikas share some habitat features 
in common with natural talus (such as average rock size and percent slope), but are distinct in other features 
(such as canopy cover, number of rock layers, and patch area). The importance of these anthropogenic patches to 
overall population dynamics is suggested by their relative abundance along roads and old railroad tracks, and 
their presence in the interstate corridor where many of the natural talus sites have been disturbed by road cuts, 
quarrying, ski resorts, and other human uses. 
 
AN ANALYSIS OF MORPHOLOGICAL VARIATION IN DOMESTIC RABBIT BREEDS 
(ORYCTOLAGUS CUNICULUS) 
 
Katy Estill*, Eve Waters, Nathan Sutter, and Monte L. Thies 
 
Department of Biological Sciences, Sam Houston State University, Texas 77341 (KE, MLT); College of 
Veterinary Medicine, Cornell University, New York, 14853 (EW, NS) 
 



The use of domestic rabbits (O. cuniculus) is prevalent in the scientific literature; however, many of these papers 
inaccurately describe the rabbits they were working with. Generally, rabbits are erroneously categorized without 
any definitive guidelines. In other cases, the specific breed of rabbit is not described at all.  There are currently 
47 recognized breeds in the U.S. alone.  There may be as many as 30 more breeds recognized in European 
countries.  All these breeds vary in head shape, body shape, size, and color. There has not been any published 
research categorizing all these breeds using morphological data, with most breeds defined by pelage 
characteristics and size.  To aid in delineating breeds using skeletal features, the cranial morphology of several 
different breeds was examined in order to determine if breeds can be distinguished effectively using 
morphometric data.  Significant variation can be seen among the skulls of different breeds.  A size determinant 
gene proved to also be useful in distinguishing among breeds. It is thought that this work should help define 
anatomical and molecular differences currently being overlooked in breeds.   
 
CONVERGING ON THE MECHANISMS OF DISTRIBUTION AND DIVERSITY IN 
MYRMECOPHAGOUS MAMMALS  
 
Aaron N. Facka*, Robert R. Dunn, Robert C. Swiers, and Scott Roberston 
 
Department of Biology, North Carolina State University, Raleigh, NC 27695–7617 
 
Mammals that specialize on specific resources are relatively rare. Specialized species may arise to exploit a 
novel resource or to avoid competition with sympatric species. In some cases, specialization leads to highly 
derived morphological or physiological traits. Yet in most instances, both specialization and the resultant 
derivations are confined to a single species or distinct lineages. Thus, when multiple disparate lineages converge 
to use the same resource, it indicates highly selective forces that warrant investigation. Myrmecophagous 
mammals (specialized to eat ants and termites) have evolved multiple times from vastly different lineages and 
multiple continents. Despite their relatively widespread distribution and highly derived forms no study has 
investigated mechanisms that have given rise to myrmecophage mammals on a global scale. We examined 
patterns of temperature, precipitation, biological interactions (indexed as total mammalian richness), and 
regional influences of myrmecophagey in mammals across their species ranges. Using logistic and polytomous 
regression we tested models of food abundance, resource scarcity, biological interactions and regional 
differences (idiosyncratic factors) to elucidate factors that explained where myrmecophages exist and have the 
highest species diversity. We find that myrmecophagic mammals are limited to tropical ecosystems, and are 
strongly associated with areas that have high annual mean temperatures that are consistent across seasons. 
Additionally, there are strong differences in the number of myrmecophagous species among the three geographic 
regions were they exist. Myrmecophages mammals have likely arisen in response to relatively abundant and 
consistent prey resources, but are spatially limited as the result of thermo–regulatory constraints that are imposed 
as the result of feeding on nutrient poor resources. Our results support the hypothesis that animals specialize in 
response to abundant and predictability food, but other highly interactive forces influence their occurrence and 
diversity.  
 
DENTAL ANOMALIES IN THE EASTERN MOLE (SCALOPUS AQUATICUS) 
 
George A. Feldhamer and Brenna N. Towery 
 
Department of Zoology, Southern Illinois University, Carbondale, 62901 
 
We found dental anomalies in 36 of 249 (14.5%) cleaned skulls of eastern moles from southern Illinois and 
Cincinnati, Ohio.  Additional teeth (supernumeration) were observed in four individuals; one specimen had a 
unilateral additional upper premolar, and three specimens had additional upper or lower incisors.  Connation 
(splitting) occurred unilaterally in I1 and P1 of one individual.  Failure of teeth to develop (agenesis) was much 
more common, occurring in 31 individuals.  Agenesis usually involved maxillary dentition—P1 and/or I2 and 
I3—sometimes with the same individual having lost incisors and premolars.  Agenesis of mandibular dentition 
(P1) was noted in only one individual.  We found no anomalies involving molars and no relationship between 



age of individuals and dental anomalies.  Rudimentary teeth (“spicules”) in the mandibular diastema occurred in 
68 individuals (27.3%).  There was a trend toward reduction of rudimentary teeth with increasing age, but no 
relationship between occurrence of anomalies and rudimentary teeth. 
 
FIVE WEEKS WITHOUT A SKUNK: SURVEY RESULTS FROM AN EXPEDITION TO 
GUATEMALA, JULY–AUGUST 2010 
 
Adam W. Ferguson*, Nicté Ordóñez–Garza, Lizette Siles, Megan S. Corley, Michael Panasci, Walter Bulmer, 
Ralph P. Eckerlin and John O. Matson 
 
Department of Biological Sciences, Texas Tech University, Lubbock, TX 79409–3131 (AWF, NOG, LS, MSC); 
Department of Natural Resources Management, Texas Tech University, Lubbock, Texas 79409 (MP); Division 
of Natural Sciences, Northern Virginia Community College, Annandale, VA 22003 (WB, RPE); Department of 
Biological Sciences, San Jose State University, San Jose, CA 95192 (JOM) 
 
Between 10 July and 9 August 2010, we conducted a biological inventory of small to medium sized mammals in 
Guatemala with a particular emphasis on collecting skunks. Trapping occurred in 4 states (Chiquimula, Izabal, 
Petén, and Santa Rosa) and 6 counties (Chiquimulila, Esquipulas, Livingston, Menchor de Mencos, San Andrés, 
and Santa Elena). Using a variety of standard trapping techniques, we collected a total of 459 voucher specimens 
representing 5 mammalian orders: Carnivora, Chiroptera, Didelphimorphia, Rodentia, and Lipotyphla. A 
majority of voucher specimens belonged to the order Chiroptera (282, 61.4%) followed by Rodentia (152, 
33.3%). The remaining orders constituted less than 5% of the overall vouchers with the order Carnivora 
represented by a single individual of Mustela frenata (long–tailed weasel), and Lipotyphla by a single individual 
of Cryptotis goodwinii (Goodwin’s broad–clawed shrew). Preliminary identifications indicate that we 
documented a total of 45 species of mammals with the highest species richness found within the order 
Chiroptera (28, 62.2%). Eleven species of rodents were recorded, including a single specimen of Otonyctomys 
hatti (Hatt’s vesper mouse) collected from Biotopo San Miguel La Palotada–El Zotz in San Andrés, Petén. 
Despite over 200 Tomahawk trap nights and countless hours spent spotlighting, the closest we ever got to a 
skunk was the skin of a Conepatus semistriatus (striped hog–nosed skunk) found on the wall of a local restaurant 
in the coastal town of Livingston. Despite not documenting any species of skunks, this trip provided valuable 
specimens for ongoing work involving the systematics of several rodent species, an investigation into the 
metagenomics of different bat feeding guilds, and documentation of the mammalian biodiversity contained 
within the borders of Guatemala.      
 
INCORPORATING K–12 AND UNDERGRADUATE EDUCATION INTO MAMMAL FIELD 
RESEARCH: INVESTIGATING EFFECTS OF CLIMATE–INDUCED VEGETATION CHANGES ON 
LEAST CHIPMUNKS (TAMIAS MINIMUS) IN SOUTHEAST WYOMING 
 
Elizabeth A. Flaherty and Merav Ben–David 
 
Department of Zoology and Physiology and the Life Sciences Program, University of Wyoming, Laramie, WY 
82071 (EAF); Department of Zoology and Physiology and the Program in Ecology, University of Wyoming, 
Laramie, WY 82071 (MBD) 
 
Continued scientific and wildlife management funding relies on support from the public. Including science 
education of K–12 students in field research is a unique opportunity to increase their understanding and interest 
in science and our natural resources. It also provides a platform for introducing them to scientific and 
mathematical concepts. Furthermore, for undergraduates, participation in scientific field research provides 
hands–on experience and training enhancing their skills for careers in wildlife ecology. In this study, we 
incorporated an education component into an on–going field study in southeast Wyoming. Over the last 5 years, 
mountain pine bark beetle (Dendrochtonus ponderosae) populations have erupted as a result of shorter periods 
of extremely cold temperatures. These beetle infestations have resulted in highly visible pine (Pinus spp.) 
mortality in Wyoming. This forest reduction may lead to encroachment of sagebrush (Artemesia spp.) steppe 



habitat into previously forested areas resulting in a decrease in habitat for some forest–dwelling wildlife species.  
We chose to monitor responses of least chipmunks (Tamias minimus) as representatives of the small mammal 
community to this landscape change. We estimated abundance of least chipmunks in forest and sagebrush 
habitats and evaluated habitat characteristics, including microclimate, cover and food availability. Students of all 
ages were involved in establishing live–trapping grids, assisting with trapping, and collecting habitat data. 
Students calculated capture success, naïve densities, and formal population estimates for the chipmunks and 
determined that least chipmunks selected for forested habitats over sagebrush habitats. Our students concluded 
that lowered competition with other sciurids, stable temperature ranges, and better food availability likely 
contributed to the higher densities of chipmunks in forest stands and suggested that with forest declines, overall 
abundance of chipmunk will be lower. 
 
A TAXONOMIC REVIEW OF THE GENUS CONEPATUS (CARNIVORA: MEPHITIDAE): TAXIC 
DELIMITATION, EVOLUTIONARY HISTORY, AND ACTUAL DISTRIBUTION 
 
Manoel Fontoura–Rodrigues*, Kristofer M. Helgen, and Eduardo Eizirik 
 
Division of Mammals, National Museum of Natural History, DC 20560 (MFR, KMH); Genomic and Molecular 
Biology Lab, Pontifícia Universidade Católica do Rio Grande do Sul, Brazil (MFR, EE) 
 
The hog–nosed skunks (Conepatus) are one of the least known of carnivoran genera, despite a large distribution 
that comprises most of the grassland environments from Patagonia to the southern part of North America. 
Recently five species have been recognized: C. mesoleucus and C. leuconotusin North America; and C. chinga, 
C. humboldtii and C. semistriatus in Central and South America. Very few studies have been conducted on any 
aspect of the biology of Conepatus, including diet, habits or precise areas of occurrence. This is also true 
concerning taxonomy; there is no study comparing all species in detail and using modern tools. Recently the two 
North American species, formerly separated mainly by color pattern, were synonymized under C. leuconotus. 
This raises questions about the criteria used to describe and distinguish all species in the genus until now. A 
study that could shed light on taxonomic delimitation, evolutionary history and actual distribution is needed so 
that these basic aspects of this poorly known group can be better understood. We are conducting a review relying 
on molecular tools and examination of museum specimens. We are compiling a total of 28 skull and jaw 
measurements per specimen; we are also collecting body measurements, coat color patterns and geographic 
information whenever they are available. The list of collections that we are visiting or intending to visit includes 
those from NMNH, AMNH, ANSP and FMNH. Regarding molecular tools we are aiming to sequence ~ 2,5 kbp 
of the mtDNA. Tissue samples ( ~150 so far) spanning the distribution of the genus are being obtained through 
fieldwork and collaborators. Our main results so far come from molecular data (ND5 ~750bp), and show 
population distribution patterns that do not match completely with those predicted by traditional allocations. The 
main discrepancy relates to C. chinga, whose distribution is divided into allopatric populations.  
 
CONSERVATION GENETICS OF THE LONG–NOSED POTOROO (Potorous tridactylus)  
 
Greta J. Frankham*, Kathrine A. Handasyde, and Mark D. B. Eldridge 
 
Department of Zoology, University of Melbourne, Victoria, Australia, 3010 (GJF, KAH); Evolutionary Biology 
Unit, Australian Museum, Sydney, New South Wales, Australia, 2010 (MDBE) 
 
The long–nosed potoroo (Potorous tridactylus), one of the smallest members of the superfamily Macropodoidea, 
is currently restricted to disjunct populations throughout coastal south–eastern Australia, from southern 
Queensland to western Victoria and Tasmania. It is listed as ‘vulnerable’ under the national Australian 
Environment Protection and Biodiversity Conservation Act 1999. Understanding the genetic structure of 
fragmented populations is important for effective conservation and to protect a species’ future evolutionary 
potential. The long–nosed potoroo’s elusive nature has limited investigation of the species to date. My study has 
investigated broad–scale phylogeographic patterning across the species range, using mitochondrial DNA 
(mtDNA) and nuclear DNA sequence analysis. Tissue samples have been collected (n = >500) from throughout 



the species range. MtDNA (Control region, ND2 and CO1) sequence analysis has identified three previously 
unrecognised and significantly divergent lineages, corresponding to three distinct geographic regions, suggesting 
a revision of species–level taxonomy is required. A fine scale microsatellite and mtDNA control region analysis 
will also enable the most appropriate geographic scale for management to be determined, as well as providing 
valuable information on dispersal capabilities and mating systems in this ecologically important species.  
 
IMPACT OF PRESCRIBED BURNING FOR OAK REGENERATION ON PEROMYSCUS LEUCOPUS 
AND IXODES SCAPULARIS POPULATIONS IN RELATION TO BORRELIA BURGDORFERI 
 
Haley Frater*, Julie Blanchong, Lyric Bartholomay, John Oliver, and Jesse Randall  
 
Department of Natural Resource Ecology and Management, Iowa State University, IA, 50011 (HF, JB, JR); 
Department of Entomology, Iowa State University, IA, 50011 (LB, JO)  
 
Prescribed burning for oak forest management is an increasingly popular tool that may significantly decrease 
blacklegged tick abundance, but increase white–footed mouse abundance, the primary vector and one of most 
competent hosts, respectively, of Borrelia burgdorferi, the causative agent of Lyme disease. Altering host and 
vector abundance may affect the prevalence of B. burgdorferi and in turn Lyme disease risk to humans. We 
examined the impact of spring prescribed burns for oak regeneration on white–footed mouse abundance, 
questing tick abundance, and attached tick load the first growing season post burn. Prescribed burns were 
conducted in 2009 and 2010 in three 5 acre plots; one 5 acre plot was left unburned to serve as the control.  
White–footed mouse abundance was estimated using mark–recapture robust design methodology.  The number 
of ticks attached to each captured mouse was counted to estimate tick load, and tick drags were conducted to 
determine questing tick abundance.  White–footed mouse abundance was significantly lower in 2010 than 2009, 
but did not differ between burned and unburned sites. Tick load was higher in 2010 than 2009, but did not differ 
between burned and unburned sites. However, the burned and unburned sites differed in the magnitude of 
increase in tick load from 2009 to 2010, such that tick load was twice as high in the control as the burned area (8 
and 3.5 fold respectively). This may provide evidence that prescribed burning reduces rates of tick parasitism on 
mice in burned relative to unburned areas.  Questing tick abundance was significantly lower in the burned area 
than the control area in both years.  Our research suggests that prescribed burning for oak regeneration may 
reduce the transmission of B. burgdorferi by reducing questing tick abundance and, possibly, attached tick loads 
on mice. Fewer questing ticks and lower attached tick loads decrease the probability that mice will become 
infected with B. burgdorferi which subsequently reduces its transmission to blacklegged ticks leading to lower 
B. burgdorferi prevalence in ticks and, concomitantly, Lyme disease risk to humans. 
 
LONG–LASTING EFFECTS OF MATERNAL CONDITION IN FREE–RANGING 
CERVIDS: A TEST OF THE TRIVERS AND WILLARD HYPOTHESIS 
 
Eric D. Freeman*, Brock R. McMillan, Randy T. Larsen, and Ken Clegg 
 
Department of Plant and Wildlife Sciences, Brigham Young University, UT 84602 (EF, BM, RL); Private Lands 
Consulting, 630 Houtz Ave., Springville, UT 84663 (KC) 
 
The Trivers and Willard Hypothesis (TWH) argues that sex ratios of offspring in polygynous species should be 
biased and dependent upon maternal condition during gestation. More specifically, females should tend to have 
male offspring when they are in relatively good condition. The TWH is dependent upon the assumption that 
maternal effects on offspring should be long–lasting. Our objective was to use indirect measures of maternal 
condition and reproductive success (RS) of offspring to test the TWH assumption that maternal condition has 
long lasting effects. Because RS is highly correlated to size and mass of antlers, we used these measures at time 
of death, 1.5–21.5 years after gestation, as an indirect measure of potential RS. We examined potential RS of 
11,000 male elk and mule deer born throughout the intermountain western US (5 states) over nearly 30 years. 
Maternal condition during gestation and lactation was estimated indirectly using a suite of abiotic variables 
known to influence condition of cervids (i.e., winter severity, spring and summer temperature, and spring and 



summer precipitation). Potential RS of male cervids was strongly influenced by maternal condition during 
gestation and lactation across all spatial and temporal scales. Our results support the assumption that maternal 
condition has long lasting effects on the reproductive success of offspring. Our data offer support for the TWH 
assumption that females should bias the sex ratio of their offspring, in relation to their condition, as a means of 
maximizing their inclusive fitness. 
 
USE OF CAMERA TRAPPING TO DETERMINE PATTERNS OF HABITAT USE BY MEDIUM–
SIZED MAMMALS IN WEST–CENTRAL TEXAS 
 
Katelynn J. Frei, Emily Wilkinson, and Robert C. Dowler*  
 
Department of Biology, Angelo State University, San Angelo, TX  76909 
 
Previous studies have used infrared camera trapping to document animal distribution, habitat preferences, and 
behavior.  We are conducting a study of the medium–sized mammal community at a study site near 
Knickerbocker, in west–central Texas.  The purpose of this ongoing study is to document the community 
composition of medium–sized mammals in distinct adjacent habitats.  One area is a rocky upland with mixed 
mesquite (Prosopis glandulosa), live oak (Quercus fusiformis), and juniper (Juniperus pinchotii), the second 
being a forested riparian zone dominated by pecan (Carya illinoinensis).  We used 25 remote infrared camera 
traps (Moultrie 1–60 Game Spy) to capture images of medium–sized mammal species.  Cameras were spaced 
500 m apart using a 5 by 5 grid spanning both habitat types.  In five months of data collection, camera traps 
captured 25,418 images, with 1,134 of those being of medium–sized mammals. Of these, 14 mammal species 
were documented and continue to be monitored. Preliminary data show habitat associations for many species.   
Dasypus novemcinctus were captured in 4.4% of the images, but were seen more often in the riparian habitat, as 
were Sylvilagus floridanus (3.4%). Both Erethizon dorsatum, (3.1% of the images), and Bassariscus astutus 
(1.9%) were associated with rocky upland habitat.  Procyon lotor was the most commonly photographed 
medium–sized mammal (48.1%) followed by Urocyon cinereoargenteus (13.5%), with neither showing a habitat 
preference.  Rarely documented species include Lynx rufus (1.3%) and Taxidea taxus (0.6%). We hope to 
continue to collect data over the next 7 months using these remote cameras to assess seasonal patterns, in 
addition to further characterizing community structure in the different habitats.    
 
IS GILBERT’S POTOROO STILL THE WORLD’S RAREST MARSUPIAL? 
 
J. Anthony Friend 
 
Science Division, Department of Environment and Conservation, 120 Albany Highway, Albany, Western 
Australia 6330 
 
Specimens of Gilbert’s potoroo (Potorous gilbertii) were collected near Albany on the south coast of Western 
Australia between 1840 and 1875, but with no further scientific record, by 1909 the species was considered 
extinct. Targeted surveys in the 1970s failed to find any evidence of the potoroo’s existence. In 1994, however, a 
graduate student using cage traps to catch quokkas (Setonix brachyurus) for a genetics study captured two 
Gilbert’s potoroos at Two Peoples Bay Nature Reserve, near Albany. Subsequent surveys showed that the 
colony was only 30–40 strong, and failed to find any other subpopulations. In the past, it is suggested that 
fragmentation of habitat by clearing for agriculture, combined with periodic wildfires and predation by 
introduced cats (Felis cattus) and red foxes (Vulpes vulpes), brought the species close to extinction. The 
principal threatening processes are now fire, causing short–term loss of cover and predation by cats and foxes, as 
well as stochastic processes related to the very small population size. Captive breeding in small (3m x 10m) and 
large (14 hectare) enclosures, artificial insemination, cross–fostering and hand–rearing of wild pouch young 
were all trialled in an attempt to build up groups of captive animals large enough for release to new sites, but 
without success. In 2005, a temporary translocation of two potoroos to 809–hectare Bald Island showed that the 
animals could maintain their weight in late summer. Over the next three years, ten individuals were transferred 
from Two Peoples Bay to Bald Island. Breeding was recorded within months and during a survey trip in June 



2010, 49 potoroos were captured on Bald Island. Seventeen potoroos from Bald Island and Two Peoples Bay 
colonies were released into a fox– and cat–free enclosure on the mainland during 2010 in order to found a new 
subpopulation, with the first independent site–born potoroo recorded in January 2011. The total population is 
now estimated to exceed 100 animals, rivalling the total number of northern hairy–nosed wombats, the rarest 
marsupial prior to the rediscovery of Gilbert’s potoroo. The wombat may soon reclaim its crown. 
 
THE POPULATION STRUCTURE OF THE PLATYPUS, ORNITHORHYNCHUS ANATINUS, 
THROUGHOUT SOUTHEASTERN AUSTRALIA 
 
Elise Furlan*, J. Griffiths, N. Gust, R. Armistead, P. Mitrovski, and A. Weeks  
 
Centre for Environmental Stress and Adaptation Research, Departments of Genetics and Zoology, The 
University of Melbourne, Parkville, Victoria, Australia 3010 (EF, AW); CESAR consultants, 55 Flemington Rd 
North Melbourne, Victoria, Australia, 3051 (JG, RA, PM); Department of Primary Industries, Parks, Water and 
Environment, Resource Management and Conservation Division, Tasmania, Australia 7001 (NG) 
 

The platypus, Ornithorhynchus anatinus, is a highly unique mammal restricted to freshwater habitats. It is one of 
only several species of monotremes and is endemic to Australia. The development of thirteen microsatellite 
DNA markers and sequencing of two mitochondrial genes has allowed us to gain insight into the population 
structure and gene flow of this unique species. We have found significant differentiation between individuals 
from the island state of Tasmania and those of mainland Australia. Within southeastern Australia, a major split 
exists between western Victoria and the remainder of the state. Further population structure is revealed between 
drainage basins emphasizing the role of waterway connectivity in the migration of this semi–aquatic mammal. In 
isolated systems where migration is inhibited (i.e. King Island, Tasmania and Kangaroo Island, South Australia.) 
reductions in genetic diversity are clearly evident. Predicted climatic changes associated with rainfall and 
temperature is likely to impact this waterway dependent mammal. We discuss the implications of our results for 
the conservation of this distinctive species. 
 
VOLEPOX VIRUS PATHOGENESIS IN PEROMYSCUS CALIFORNICUS 
 
Nadia F. Gallardo–Romero *, Sonja L. Weiss, Clifton Drew, Scott K.Smith, Yoshinori J. Nakazawa, Jeanine 
Bartlett, Maureen Metcalfe, Cody J. Clemmons, Ginny L. Emerson, Christina L. Hutson, Victoria A.Olson, 
Whitni B. Davidson, Kevin L. Karem, and Darin S. Carroll 
 

Centers for Disease Control and Prevention, National Center for Emerging and Zoonotic Infectious Diseases, 
Division of High–Consequence Pathogens and Pathology, Poxvirus and Rabies Branch, Atlanta, GA 30329 
(NFGR, SLW, SKS, YJN, CJC, GLE, CLH, VAO, WBD, KLK, DSC), Centers for Disease Control and 
Prevention, National Center for Emerging and Zoonotic Infectious Diseases, Division of High–Consequence 
Pathogens and Pathology, Infectious Disease Pathology Branch, Atlanta, GA30329 (CD, JB, MM) 
 
Volepox virus (VPXV) was first isolated in June of 1985 from a hind foot scab of an otherwise healthy 
California vole (Microtus californicus). Subsequent studies in San Mateo County, CA, revealed both serological 
evidence that VPXV was endemic to the area, as well as a second viral isolate from a Piñon mouse (Peromyscus 
truei) in 1988. Since then, few studies have been conducted regarding the ecology, pathology and pathogenicity 
of VPXV, but its prevalence and role as an etiological agent of potential zoonotic disease remain unknown. To 
increase our understanding of VPXV infection/disease within an animal host, we challenged 24 California mice 
(Peromyscus californicus) via an intranasal route with 1.6×103 PFU of purified VPXV suspended in 10 µl of 
PBS. By day 5 post infection we observed conjunctivitis, apathy, ruffled hair, skin lesions, swollen faces and 
crusty noses. A mortality rate of 54% was noted by day 8 post infection. In addition, internal organ lesions and 
hemorrhages were observed during the necropsy of the deceased animals. Viral loads and disease progression in 
tissues and bodily fluids were evaluated and compared by rt–PCR and tissue culture. Levels of infectious virus 
measured as high as 2×109 PFU in some organs. The study results suggest that California mice are very 
susceptible to VPXV infection and most likely not the reservoir. However, it has the potential to cause extreme 



morbidity and mortality within a population in the wild if it encounters P. californicus or other closely related 
rodents.  
 
THE MAMMAL TISSUE COLLECTION AT CIIDIR UNIDAD DURANGO, INSTITUTO 
POLITECNICO NACIONAL 
 
Diego F. García–Mendoza and C. López–González* 
 
CIIDIR Unidad Durango, Instituto Politécnico Nacional, Sigma 119 Fracc. 20 de Noviembre II, Durango, 
Durango 34220, México  
 
Scientific mammal collections have evolved in recent years from holding the traditional skin and skull 
specimens to a more inclusive, cost effective, and environmentally sensitive policy of including several kinds of 
associated materials.  As a result, museum specimens permit nowadays, the formulation and testing of broader, 
deeper and more complex hypothesis.  Preserving tissue samples is now common practice in biological 
collections. The mammal tissue collection at CIIDIR Durango, Durango, Mexico was started in 2000, with 
occasional sampling by its personnel or associates as a part of inventory projects.  Since 2004, it has become 
standard practice to collect a tissue sample from all specimens taken alive, whether they are entered into the 
collection or released.   Currently the collection includes samples belonging to 5 orders, 12 families, 32 genera, 
and 52 species, for over 3000 catalogued samples from 10 Mexican states, mostly Durango and Chihuahua.  
Chiroptera is the best–represented order (76.68%) followed by Rodentia (22.92%).  Tissue samples are 
preserved in 96% ethanol and then frozen at –20ºC.  The tissue collection is fully computerized in BIOTICA 
format, and it is cross–referenced with the voucher collection database (CRD). 
 
THE RELATIONSHIP BETWEEN SPECIES DIVERSITY AND ENVIRONMENTAL 
PRODUCTIVITY: A STUDY OF SMALL MAMMALS IN THE FRONT RANGE OF COLORADO 
 
Hayden T. Gardner* and Christy M. McCain 
 
Department of Ecology and Evolutionary Biology and CU Natural History Museum, Campus Box 265 UCB, 
University of Colorado at Boulder, Boulder, Colorado, 80309–0265 
 
Understanding patterns of biodiversity is one of the pressing research areas in ecology given global conservation 
needs. The mechanisms that produce biodiversity are still debated. However, productivity is often thought to be 
responsible for generating biodiversity since species richness and productivity are generally positively 
correlated. Few studies have examined the relationship between diversity of small mammals and environmental 
productivity across elevational gradients with multiple measures of productivity. For ten sites along an 
elevational gradient in Colorado’s Front Range, we examine several factors thought to be measures of 
environmental productivity, including temperature, precipitation, food resource abundance (insect and plant 
biomass), and small mammal abundance. Small mammal populations were estimated from mark and recapture 
data from the summer of 2010, and contrasted four estimation methods, including minimum number known alive 
(MKNA), modified Lincoln–Peterson and Schnabel methods, and the Jackknife estimator (Program CAPTURE). 
All population estimates were highly correlated (average r = 0.98). Small mammal diversity was most strongly 
related to understory plant biomass (r2 = 0.68, p = 0.003), temperature (r2 = 0.66, p = 0.004), and small mammal 
abundance (MNKA; r2 = 0.57, p = 0.011). Although, multivariate regression models for small mammal diversity 
and small mammal abundance only included understory plant biomass (r2 = 0.70 and 0.67, respectively) as the 
single necessary predictor among the various measurements of productivity. In our preliminary analysis of the 
first year of sampling, understory vegetation biomass seems to be a good predictor of local small mammal 
diversity in the Front Range, Colorado. 
 
 
 



QUANTIFYING CALL SEQUENCES AND SIMILARITY IN AN EVOLVING SEXUAL DISPLAY: 
HUMPBACK WHALE SONG 
 
Ellen C. Garland*, Matthew S. Lilley, Anne W. Goldizen, Melinda L. Rekdahl, Claire Garrigue, and Michael J. 
Noad 
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Zealand (MSL); School of Biological Sciences, University of Queensland, St Lucia, QLD 4072, Australia 
(AWG); Cetacean Ecology and Acoustics Lab, School of Veterinary Science, University of Queensland, Gatton, 
QLD 4343, Australia (MLR); Opération Cétacés, BP12827, 98802 Noumea, New Caledonia (CG); Cetacean 
Ecology and Acoustics Lab, School of Veterinary Science, University of Queensland, Gatton, QLD 4343, 
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Animals communicate using visual and acoustic displays to convey information to conspecifics. In some cases, 
such displays are produced in highly stereotyped sequences. Male humpback whales have a stereotyped but 
continually evolving vocal sexual display or ‘song’. Within a population, all males sing a similar song and this 
similarity can extend to other populations within the same ocean basin, though this often happens with a delay. 
These connections are complex and dynamic with songs transmitted through horizontal cultural transmission. 
Multiple song types can be present within an ocean basin at any one time. Some song types are closely related as 
a result of one song evolving into another, while others are unrelated and are considered to occur through 
‘cultural revolution’. We investigated the similarity in the sequences of themes from different song types at both 
the population and individual level using a quantitative analysis based on the Levenshtein distance technique. 
The sequences of themes from over 40 individuals from three populations within the western South Pacific 
region using recordings from 2002 through 2005 were used to assess similarity. Song sequences clustered based 
on the content of the sequence into different song types. These clusters did not appear to be based on the 
population or year the song was recorded. This technique can produce a threshold measure of similarity to assess 
when behavioural sequences are so dissimilar that they must be considered different. The Levenshtein distance is 
highly applicable to all behavioural data produced in sequences and its use should not be limited to acoustical 
studies. 
 
POTENTIAL EFFECTS OF BEECH BARK DISEASE ON SMALL MAMMALS AND 
INVERTEBRATES IN NORTHEASTERN U.S. FORESTS             
 
Danielle E. Garneau*, Andrew S. Rumpf, Emily S. Weyburne, Thomas M. Cuppernull, Meghan E. Lawler, and 
Adam G. Boe 
 
Center for Earth and Environmental Science, SUNY Plattsburgh, New York 12901 (DG); Department of 
Biology, Colgate University, New York 13346 (AR; EW; TC; ML); Department of Biology, Colby College, 
Maine 04901 (AB) 
 
The forests of the northeastern United States are less contiguous and vigorous, resulting from threats such as acid 
rain, ice storm damage, and forest diseases. Often, widescale diseases and pest outbreaks target important 
masting trees. Beech bark disease has been successful because of the effectiveness of the scale insect 
(Cryptococcus fagisuga) and the opportunistic fungal vector (Nectria spp.). Since the severity of beech bark 
disease negatively affects mast production, small mammal populations can be abundance–limited. We explored 
the effects of beech bark disease on the diversity of small mammal and invertebrate populations. We expected 
that biodiversity would vary according to disease severity in beech stands, such that higher biodiversity, and 
more seed predators, would be noted in healthier forests. At sites in New York and Vermont, Sherman and pitfall 
traps were used to capture mammals and invertebrates, respectively. Correlations between tree size and disease 
severity levels were quantified by noting the diameter at breast height and by ranking according to disease 
intensity levels. Although biodiversity indices were not significantly different among sites, there were significant 
differences in dbh (F = 3.48, p = 0.0154, d.f. = 3) and disease intensity levels (F = 21.13, p =< 0.0001, d.f. = 3). 



Surprisingly, beechnut seed production was greatest in the Catskills. Invertebrate family richness was greatest in 
the Champlain Valley, as compared to other sites. Results from this study show that patterns of biodiversity 
cannot be directly explained by disease and beech mast in the short–term, rather multi–year community 
dynamics must be measured. 
 
HABITAT SPECIALISATION IN FOUR SYMPATRIC MACROPOD SPECIES 
 
Sarah Garnick*, Graeme Coulson, Julian Di Stefano, and Mark Elgar 
 
Zoology Department, University of Melbourne, Melbourne, Australia 3010 (Victoria) (SG, GC, ME); 
Department of Forestry and Ecosystem Science, University of Melbourne, Creswick, Australia 3363 (Victoria) 
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How species coexist is a key ecological question; one significant answer involves resource partitioning, where 
species specialize on resources along habitat, diet and temporal gradients. Habitat specialisation is commonest 
form of specialisation. The scale of habitat selection is crucial, with microhabitat, aspects of habitat that operate 
on a small scale, featuring prominently Our study assesses habitat specialisation in a complex macropod 
community, Macropus giganteus (EG: eastern grey kangaroo), M. fuliginosus (WG: western grey kangaroo), M. 
rufogriseus (RN: red–necked wallaby) and Wallabia bicolor (SW: swamp wallaby), in the Victoria Valley, 
Grampians National Park, Victoria, Australia. We fitted macropods with two–stage radiotransmitters and 
radiotracked individuals throughout the diel period. At all radio fixes we recorded ecological vegetation class 
(EVC) and measured microhabitat components including lateral/ overhead cover and species composition of 
plant functional groups. We found habitat partitioning at both EVC and microhabitat scales. For example, SWs 
selected EVCs with high lateral cover, whereas foraging fixes for RNs and female WGs were concentrated in 
microhabitats with low lateral cover and high grass abundance. Much of the literature on specialisation focuses 
on two–species systems.  This study contributes a fuller perspective on specialisation by demonstrating a 
spectrum from specialists to generalists along multiple resource dimensions. 
 
NICHE OVERLAP AND INFLUENCE OF NICHE CONSERVATISM ON STRUCTURE OF 
PRIMATE COMMUNITIES: EVALUATING HABITAT USE UNDER A PHYLOGENETIC 
PERSPECTIVE 
 
Maria Mercedes Gavilánez and Richard D. Stevens 
 
Department of Biological Sciences, Louisiana State University, Baton Rouge, LA 70803 
 
Understanding the mechanisms underlying species coexistence and maintenance of community structure remain 
central questions in ecology. At local scales, ecological factors such as resource availability and species 
interactions have been attributed a key role in structuring communities. However, as current ecological patterns 
may be the result of evolutionary constraints, species phylogenetic relatedness needs also to be considered when 
examining drivers of local community structure. We were interested in determining the relative influence of 
ecological and evolutionary processes on current patterns of species coexistence. We measured primate resource 
use and niche partitioning at three different forest sites in Ecuador. We determined whether closely related 
species diverge in habitat occupancy within and among sites. Studied communities differ in species richness and 
habitat type. Surveys were conducted over a course of 35 days at each site. Habitat was characterized in terms of 
topography, tree structure, phenology patterns and epiphyte abundance by establishing plots along the surveyed 
transects and in areas where primate encounters occurred. Ten species were observed, representing different 
primate evolutionary lineages. Across all sites, larger species (Atelidae) showed preference for greater heights 
and larger trees in closed primary forests. Smaller species, with representatives of the remaining two platyrrhine 
evolutionary groups, preferred lower forest strata, smaller and thinner trees with greater epiphyte cover, and, in 
many cases, secondary forests. We found that within communities, species pairs composed of closely related 
species occupied more similar habitats and habitat structures than did pairs composed of distantly related 
species. Furthermore, populations of the same species present at different sites used similar types of habitat, even 



though general habitat structure among sites differed. These results suggest that evolutionary differences among 
species may facilitate coexistence and influence local community structure. 
 
ECOLOGY OF INTRODUCED UNGULATES IN THE LIMESTONE FORESTS OF GUAM 
 
Ann Marie Gawel  
 
College of Natural and Applied Sciences, University of Guam, Mangilao, Guam, USA 96923 
 
Most oceanic islands have ecosystems that have evolved in the absence of large mammals. Feral pigs (Sus 
scrofa) and Philippine deer (Cervus mariannus) have sustained populations on the island of Guam for centuries, 
and resource managers have been concerned with controlling their populations for native forest rehabilitation. 
However, little has been done to look at the ecological roles that these introduced ungulates play in the island’s 
ecosystems. Do they affect forest composition? Do they act as dispersers in an environment that has lost its 
native dispersers (birds were effectively exterminated by the brown treesnake)? This study uses fenced and 
unfenced seedling plots to compare seedling survival across 6 species of limestone forest trees. Scats from both 
animals were also collected for a germination experiment to investigate seed dispersal. In addition, vegetation 
surveys compared forest composition across areas of differing ungulate–abundance. Relative ungulate 
abundance was determined using scat counts. Results strongly indicate that both deer and pigs influence forest 
composition, especially when they exist in high densities. Certain seedling species had higher survival rates in 
fenced (ungulate–free) compared to unfenced (ungulate–accessible) plots, indicating that ungulates selectively 
impacted seedling survival. A number of species germinated from collected pig scats, mostly common invasive 
vines, as well as two native and one invasive fruit tree. Vegetation surveys indicated deer and pig abundance 
were each associated with certain forest characteristics. High deer abundance correlated with low seedling and 
low vine abundance, and high pig abundance correlated to increased abundance of preferred fruit trees. This 
study suggests that deer influence forest composition by selective browsing on seedlings, while pigs influence 
forest composition by frugivory and seed dispersal. Conservation and management efforts should consider their 
respective ecological roles. 
 
GENETIC DIVERSITY WITHIN THE NORTHERN GRASSHOPPER MOUSE (ONYCHOMYS 
LEUCOGASTER) IN SOUTHERN TEXAS 
 
Michelle Gerlosky* and Michelle Haynie   
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A subset of individuals from a population northern grasshopper mice (Onychomys leucogaster) collected on the 
Chaparral Wildlife Management Area in southern Texas were selected in a small study to examine genetic 
diversity and population substructure.  DNA sequences specific to the control or d–loop region of the 
mitochondrial genome were used to examine population subdivision along maternal lineages (reverse primer 
2340–5, Castro–Campillo et al. 1999 and forward primer Nmic5’, Mendez–Harclerode et al. 2005).  Standard 
PCR protocols were followed, and PCR products were sequenced in both directions on an ABI3130 Genetic 
Analyzer (Applied Biosystems Inc.).  Phylogenetic trees were constructed to determine haplotype relationships.  
Other estimations of haplotype and nucleotide diversities, along with an index of population subdivision (FST), 
were examined.  Preliminary data, based on partial sequences for 16 samples, indicated little genetic structuring 
among samples.  Therefore, additional samples will be sequenced and additional analyses will be performed for 
more robust results of genetic diversity. 
 
EFFECTS OF FOREST COMPOSITION ON MAST PRODUCTION AND SMALL–MAMMAL 
DENSITY IN SOUTHERN ILLINOIS 
 
Carolyn A. Gillen and Eric C. Hellgren   
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Oak–dominated forest has declined in the eastern US as shade–tolerant species (e.g., maple [Acer spp.]) replace 
oaks (Quercus spp.), sparking concern among ecologists regarding species that consume acorns.  Our goal was 
to describe how increasing mesophication of oak forests may affect acorn consumers.  We investigated 
relationships among mast production, small–mammal density and survival, and forest composition in 8 stands 
representing 4 forest types (upland oak, mixed–mesophytic, non–oak, and bottomland oak) in southern Illinois.  
We calculated tree–species richness, diversity, and basal area using 3 0.04–ha plots/stand.  In June–August 2009 
and 2010, we live–trapped small–mammals for 16,236 trap–nights with trapping webs to estimate population 
density of mice (Peromyscus spp.).  We collected mast seeds during October–November 2009 and calculated 
average dry biomass (g/m2) for each species and stand.  We regressed mast biomass, Peromyscus density, and 
Peromyscus survival on measures of forest composition.  Peromyscus summer density was not related to hard–
mast production or % hard–mast basal area; however, I found an interactive effect of year and forest type on 
density (F1,6 = 4.17, P = 0.05).  Monthly survival of Peromsycus in 2010 was positively related to hard–mast 
production in 2009 (F1,6 = 10.26, P = 0.02, r2 = 0.67).  Many studies have demonstrated links of several species 
to oak forests, but the scale of this study may have been too small to detect effects of mesophication.  
Alternatively, Peromyscus density may be influenced by invertebrate prey abundance, weather conditions, or the 
landscape matrix of oak–hickory forest.  Longer–term research could help clarify relationships among trophic 
levels.   
 
A BIOGEOGAPHIC PERSPECTIVE ON TEMPORAL DYNAMICS AND LOCAL SATURATION OF 
SMALL MAMMAL COMMUNITIES 
 
Jacob R. Goheen 
 
Department of Zoology and Physiology, University of Wyoming, WY 82071 
 
The extent to which local communities are shaped by extrinsic, regional controls versus species interactions is a 
topic of enduring interest to community ecologists and biogeographers. Recent contributions have employed 
species counts across biogeographic realms in attempt to infer whether localities are saturated, or “filled”, with 
species. I have worked to develop complementary approaches to these studies by testing for saturation of species 
richness at a series of localities through time. Coupled with randomization techniques, time–series data permit us 
to assess the degree of saturation by quantifying the tendency for local extinction and colonization events to 
occur in compensatory, versus random, fashion. Along with collaborators from many institutions, I apply these 
methods to demonstrate that the strength of local saturation in six small mammal communities from North 
America, South America, and Africa 1) depends on environmental variability; and 2) sometimes, but not always, 
is mediated by competitive interactions within feeding guilds. Analyses of long–term data provide a new, 
complementary perspective to the spatial emphasis that characterizes many investigations of community 
saturation.   
 
HYPOTHESIS TESTING IN HISTORICAL BIOGEOGRAPHY: A NULL MODEL BASED ON 
EQUILIBRIUM THEORY 
 
Aaron F. Goldberg* and Liliana M. Dávalos 
 
Department of Ecology and Evolution, SUNY Stony Brook, New York 11794 (AFG and LMD) 
 
The equilibrium theory of island biogeography (ETIB) of MacArthur and Wilson predicts a constant rate of 
accumulation of new species on the island depending on the distance to the source. However, abiotic processes, 
such as sea level changes, can change the distance between islands and sources, and lead to shifts in the rate of 
colonization. These changes can therefore be modeled as departures from equilibrium and tested using ETIB as a 
null model. To our knowledge, there has only been one 10–year old application of this approach in historical 



biogeography (Ricklefs and Bermingham 2001). We examined type I (false positive) and type II (false negative) 
errors in models aimed at testing biogeographic scenarios consistent with changes in overwater distance between 
South America and the Lesser Antilles at the last glacial maximum. If widespread, these errors would lead to 
incorrect inference about the role of geological processes in biogeography. We used likelihood ratio tests to 
compare the equilibrium model of a single colonization rate to the non–equilibrium model of two colonization 
rates corresponding to interglacial and glacial periods. We found that false positives remained below the nominal 
5% as long as there were 15 or more data points (instances of colonization through time). Analyzing < 15 data 
points resulted in a false positive rate ≥ 12%. Our analyses showed that the tests had considerable power: the 
false negative rate remained below 20% when sampling as few as 10 data points. The magnitude of the shift in 
colonization rates strongly affected the ability to detect non–equilibrium dynamics: realistic scenarios of 2.5–
fold change in rates had a much higher false negative rate. Finally, we introduce R code to test for non–
equilibrium dynamics with phylogeny–based data on timing of colonization. Provided enough data points, 
testing for non equilibrium dynamics introduces statistical rigor to historical biogeography, moving beyond the 
traditional vicariance/dispersal debate.  
 
ESTIMATED APPARENT SURVIVAL OF BLACK–TAILED PRAIRIE DOGS AT FOUR SMALL 
NATIONAL PARKS USING THE ROBUST DESIGN IN PROGRAM MARK  
 
Amanda Goldberg* and Jack F.  Cully 
 
Division of Biology, Kansas State University, Manhattan, Kansas 66506 (AG);  U.S. Geological Survey, Kansas 
Cooperative Fish and Wildlife Research Unit, KSU, Manhattan, KS  66506 (JC) 
 
Demographic information is useful for wildlife managers to estimate population change and make management 
decisions based on those estimates.  Prairie dogs are capable of rapid population growth and need to be managed 
to keep a healthy population to support the associated plant and wildlife community, but maintained at levels that 
minimize contact with neighboring private land where they may not be welcomed.  This two–year study looked 
at small black–tailed prairie dog colonies located at Fort Larned National Historic Site, KS, Scott’s Bluff 
National Monument, NE, Bent’s Old Fort, CO, and Sand Creek Massacre National Historic Site, CO between 
2009 and 2010.  We used a Robust Design model in program Mark to estimate yearly apparent survival of adult 
prairie dogs at each park.  Using the Delta Method, estimates of apparent annual survival were calculated for 
each park for the Spring of 2009 to the Spring of 2010.  Bent’s Old Fort showed a difference between males and 
females with an estimated apparent annual survival of 0.24 for males and 0.11 for females in comparison to 
return rates of 0.24 for males and 0.16 for females.  Scotts bluff estimated annual survival rate was higher at 0.36 
for males and 0.46 for females in comparison to return rates of 0.15 for males and 0.50 for females.  Fort Larned 
showed no differences between the sexes with an estimated apparent annual survival rate of 0.42 in comparison 
to return rates of 0.21 for males and 0.27 for females.  Lastly, Sand Creek experienced an epizootic between the 
summer of 2009 and the spring of 2010 resulting in an estimated apparent survival rate of 0.00 for both males 
and females and return rates of 0.00 for both males and females.  Potential causes for differences between the 
estimated apparent survival rates could be very useful for predicting changes in population size which managers 
can use to make better decisions on when and how to control black–tailed prairie dog populations.   
 
MAMMAL COMMUNITY COMPARISONS ACCORDING TO CATTLE PRESENCE  
 
Miguel Gómez–Ramírez*, Carmina Gutiérrez–González, and Carlos López–González 
 
Naturalia A. C./Northern Jaguar Project Inc., Hermosillo, Sonora, México (MGR, CGG); Facultad de Ciencias 
Naturales, Universidad Autónoma de Querétaro. Santiago de Querétaro, Querétaro, México 
 
Livestock is an activity that can reach mammal populations to change their distribution or in any case, to alter 
the community structure. A model that pretends to study livestock effect over mammal communities requires at 
least two factors, a site with no livestock and one with presence. The Northern Jaguar Reserve in northern 
Mexico; is a private natural reserve whose cattle exclusion has been gradual since 1999 and is surrounded by 



cattle ranches. Using camera traps we have been monitoring monthly both reserve and 10 adjacent ranches by 
three years. We made comparisons of relative abundance and dominance of species in both areas in order to 
determine whether the presence of livestock affects the mammal community structure. The study was conducted 
with 17 species of medium and large mammals. From all the species, only the white collared peccary (Pecari 
tajacu) showed higher abundance values in the cattle ranches than reserve. The ringtail (Bassariscus astutus) and 
the spotted skunk (Spilogale gracilis) had similar abundances inside and outside the reserve. The 14 remaining 
species showed higher abundances in the reserve. The feline abundance also show differences between study 
sites, the abundances within the reserve were significantly higher than outside, with a little representation of 
jaguar and ocelot in the area with cattle. These results serve as a basis for understanding the effect of the 
presence of livestock and ecosystem recovery after exclusion and establish a basis to propose livestock 
management strategies that are compatible with the recovery of habitat for the species. 
 
HABITAT PREFERENCES OR INTRAGUILD INTERACTIONS: WHAT STRUCTURES THE 
ADIRONDACK CARNIVORE COMMUNITY?  
 
Matthew Gompper*, Damon Lesmeister, Justina Ray, Jay Malcolm, and Roland Kays 
 
Department of Fisheries and Wildlife Sciences, University of Missouri, Missouri 65211 (MG); Cooperative 
Wildlife Research Laboratory, Southern Illinois University, IL (DL); Wildlife Conservation Society Canada, 
Ontario (JR); Faculty of Forestry, University of Toronto, Ontario (JM); New York State Museum, New York 
(RK) 
 
Differential habitat use and intraguild competition are both important drivers of variation in animal population 
sizes and distributions. Habitat associations for individual species are well–established, and interactions between 
particular pairs of species have been highlighted in many focal studies, and especially for species of Carnivora 
for which intraguild competition is commonly reported to be extreme and result in intraguild predation.  
However, community–wide assessments of the relative strengths of habitat use and intraguild competition are 
rarely conducted.  We built multi–scale habitat occupancy models for five species in the carnivore community of 
New York’s Adirondack landscape, and assessed the relative performance of these models against additional 
models in which co–occurrences of potentially competing carnivore species were also incorporated. Distribution 
models based on habitat performed well for all species, but were not improved by the incorporation of potential 
competitors. We conclude that habitat preferences are more important than species interactions in maintaining 
the distribution and structure of this carnivore community  
 
BATS OF COLIMA, MEXICO: IDENTIFYING DISTRIBUTIONAL PATTERNS, CHARACTERIZING 
ECOLOGICAL ASPECTS OF DISTRIBUTIONS AND PREDICTING HABITATS 
 
Sara Beatriz González–Pérez*, Gary D. Schnell, María de Lourdes Romero–Almaraz, Cornelio Sanchez–
Hernández, Michael L. Kennedy, and Troy L. Best 
 
Department of Zoology, The University of Oklahoma, Sam Noble Oklahoma Museum of Natural History, 
Norman, Oklahoma, 73072–7029 (SBGP, GDS); Escuinapa No. 92 bis., Col. Pedregal de Santo Domingo, C.P. 
04360, México, D.F., México (MLRA); Departamento de Zoología, Instituto de Biología, Universidad Nacional 
Autónoma de México, A.P. 70–153, Coyoacán, México, D.F. 04510, México (CSH); Ecological Research 
Center, Department of Biology, University of Memphis, Memphis, TN 38152 (MLK); Department of Biological 
Sciences, 331 Funchess Hall, Auburn University, AL 36849 (TLB) 
 
The state of Colima, located on the Pacific coast of México, is an outstanding area in faunal diversity where 
species from the Neartic and Neotropical zoogeographical areas converge. Its geographical position, coupled 
with a highly variable topography, vegetation, and climatic conditions, provide the setting for a hotspot for 
mammal diversity. The chiropteran fauna contributes to this richness with 66 species. Distributional data on 
Colima bats are extensive, providing an ideal opportunity to evaluate links between environmental variation and 
distribution patterns of bats. We employed Geographic Information Systems and nonparametric multiplicative 



regression to characterize patterns of distribution for 33 bat species based on data from 150 localities throughout 
the state. With presence/absence data for species and environmental data layers, we created models with the 
most suitable combination of environmental variables predictive of the distribution patterns of individual 
species. Using the original set of environmental data and the best model for each species, we obtained prediction 
maps for distribution of the species analyzed, and identified areas of high diversity within the state. Our analyses 
provide information of bats responses to environmental gradients and assist in the understanding of factors that 
influence the distributional patterns of bat species in Colima. 
 
SMALL MAMMAL POPULATION CHANGE; A SYNTHESIS OF GLOBAL PATTERNS  
 
I.J. Gordon and A.S. Kutt 
 
The James Hutton Institute, Dundee, UK (IJG); CSIRO, Townsville, Australia (AK) 
 
Australia has the unenviable record of the highest rate of mammal extinctions in the world, and there is 
increasing concern that there is a new wave of extinction imminent, with scattered data suggesting that the 
mammals northern Australia are particularly at risk. Much of the evidence for this new decline is variable, and 
there are obvious gradients of abundance and decline in the landscape. The usual concoction of land 
management effects are suggested as causes for this change, including introduced predators, cattle grazing, fire 
regime change and habitat clearing although there is no clear evidence that any of these has a dominant role in 
the declines. This presents an intriguing proposition – is the Australian small mammal circumstance a parochial 
issue or simply part of a more universal global pattern that has yet to be adequately defined. Using data from 
other continents we synthesise the current status of global small mammal change and present a summary of the 
geographical variation; the universal or unique ecological processes that structure small mammal populations; 
the effects of global change on these processes; and what are the cascading consequences of these declines 
through ecosystems (ie. vegetation change or predator–prey communities).  
 
NEW ENGLAND COTTONTAIL (SYLVILAGUS TRANSITIONALIS) HABITAT PREFERENCES IN 
SOUTHERN NEW ENGLAND 
 
Amy E. Gottfried*, Thomas J. McGreevy Jr, Brian C. Tefft, Mary S. Niebels, and Thomas P. Husband 
 
Department of Natural Resources Science, Coastal Institute, University of Rhode Island, Kingston, RI 02881 
 
The changing landscape in New England over the past century has had a profound effect on the abundance and 
distribution of native wildlife species that prefer early successional habitat.  In the mid 20th century many of 
these species, including the New England cottontail (Sylvilagus transitionalis), experienced an increase in 
population numbers as abandoned agricultural fields matured into shrubland habitats.  However, as these 
shrublands further matured into forests, populations of early successional wildlife species declined.  The New 
England cottontail, possibly as the result of this habitat loss, is now a candidate for listing as an endangered 
species by the U.S. Fish and Wildlife Service.  In Rhode Island, the New England cottontail has suffered greatly 
from habitat loss, and has not been identified in the state since 2005.  To determine if the species still occurs in 
the state, we are conducting an intensive statewide survey.  We chose survey locations using three criteria: (1) 
the area is a known historic location; (2) the calculated habitat suitability index (HSI) model that was developed 
for New England cottontails was a high value; and (3) the location was indicated by a statewide model of 
shrubland habitats.  The HSI model is currently being used throughout New England to identify priority sites for 
cottontail management, although the efficacy of the model is untested.  Our sampling design will allow us to test 
how well both models predict suitable New England cottontail habitat.  We also will conduct intensive 
vegetation analyses at known locations of New England cottontail to better describe their chosen habitat.  We 
will measure the percent ground cover, canopy closure, plant density, and perform stem counts to identify habitat 
variables that are important to the New England cottontail in the southern portion of its range.  The results of our 
measurements will help guide on–the–ground management decisions to aid in the conservation of this candidate 
species. 



 
A RETURN TO FERTILITY?  EFFICACY OF CONTRACEPTIVE TREATMENTS IN FERAL 
HORSES 4–6 YEARS POST–TREATMENT 
 
Meeghan Gray*, Elissa Cameron, David Thain, and Lowell Miller 
 
Animal Biotechnology Department, University of Nevada, Reno, Nevada, 89557 (MG and DT); School of 
Zoology, University of Tasmania, Hobart, Australia, 7001 (EC); National Wildlife Research Center, Ft. Collins, 
Colorado, 80521 (LM) 
 
Immunocontraception has been used on several wildlife species, yet long term population control has not been 
established. Most contraceptive vaccines last for one, sometimes two reproductive seasons, thus limiting the 
practicality of their use for some managers. In addition, the side effects of long term use are still relatively 
unknown. Several populations of feral horses (Equus caballus) in the western United States have been treated 
with short term contraceptive vaccines, thus requiring yearly treatments. Long term population control of feral 
horses should involve contraceptive vaccines that are safe and long lasting, and with minimal impacts to 
behavior and physiology. We tested the efficacy and potential side effects of two single–injection contraceptive 
formulations (GonaCon–B™ and SpayVac®) in a population of feral horses in the Virginia Range in northern 
Nevada. While we found that both vaccines significantly reduced fertility in treated females for the first three 
years post–treatment, we continued to monitor females 4–6 years post–treatment in order to determine average 
length of contraceptive efficacy, when treated females returned to fertility and impacts on body condition and 
band fidelity. Overall, the vaccines used in this study provided long term efficacy, while allowing females to 
return to fertility. These results demonstrate that both formulations should provide safe, long term population 
control in feral horses. 
 
ESTIMATING DETECTION BIAS IN AERIAL SURVEYS: A DOUBLE–OBSERVER SIGHTABILITY 
MODEL FOR ELK 
 
Paul C. Griffin*, Kurt Jenkins, Bruce Lubow, Patricia Happe, Mason Reid, David Vales, Barbara Moeller, Scott 
McCorquodale, and Michelle Tirhi 
 
U.S. Geological Survey, Forest and Rangeland Ecosystem Science Center, Port Angeles, WA 98362 (PG, KJ); 
Natural Resource Ecology Laboratory, Colorado State University, Fort Collins, CO 80523 (BL); Olympic 
National Park, Port Angeles, WA 98362 (PH); Mount Rainier National Park, Ashford, WA 98304 (MR); 
Muckleshoot Indian Tribe, Auburn, WA 98092 (DV); Puyallup Tribe of Indians, Puyallup, WA 98371 (BM); 
Washington Department of Fish and Wildlife, Yakima, WA 98902 (SM); Washington Department of Fish and 
Wildlife, Kent, WA 98032 (MT) 
 
Aerial surveys of wildlife tend to underestimate true abundance because of detection bias – the failure to detect 
animals that were present but not seen. Three primary analytical approaches that have been used to estimate 
detection bias in large animal surveys include: sightability models, which draw on data from detection and non–
detection of radio collared animals; double–observer models, which treat two or more observers on a survey 
platform as independent sources of detection or non–detection data; and distance models, which use the 
distribution of distances to observed animals to make inference about detection probability. We developed a 
hybrid double–observer sightability model for elk surveys in Mount Rainier National Park, Washington, USA. 
During helicopter surveys from 2008 –2010, we recorded elk groups that were detected or not detected by up to 
three potential sources of detection working independently: front seat visual observers, back seat visual 
observers, and a radio telemetry receiver.  The radio telemetry receiver detected elk groups that contained at 
least one radio–collared elk. Along with patterns of detection by visual observers and the radio telemetry 
receiver, we recorded values of covariates that may influence detection, such as group size, concealing 
vegetation cover, lighting conditions, and activity of the elk group.  Our approach improves on sightability 
models because a large sample size of double–observer data aids in estimating the effect of recorded covariates 
on visual detection probability, and allows a partial assessment of whether sightability effects change over time.  



Building the model using radio telemetry data improves on the more common double–observer models because 
radio–collared animals contribute data that reflect the true probability of detection. These survey methods and 
modeling approach will be used to reduce detection bias in elk monitoring in Mount Rainier National Park and 
Olympic National Park.  
 
REMOTE MONITORING OF ARTIFICIAL NESTING BOX USE BY MICROBATS 
 
Stephen Griffiths, Lisa Evans, Ian Beveridge, Lindy Lumsden, Graeme Coulson, and Graeme Pendock 
 
Department of Zoology, The University of Melbourne, Victoria 3010, Australia (SG, GC); The Faculty of 
Veterinary Science, The University of Melbourne, 250 Princes Hwy, Werribee, Victoria 3030, Australia (LE, 
IB); Arthur Rylah Institute for Environmental Research, Department of Sustainability and the Environment, PO 
Box 137, Heidelberg, Victoria 3084, Australia (LL); Department of Electrical and Electronic Engineering, The 
University of Melbourne, Victoria 3010, Australia (GP) 
 
For many native Australian species, including microbats, tree hollows provide shelter, protection from predators 
and a stable microclimate for rearing young. We are investigating the roosting habits of forest–dwelling 
microbats using nest boxes, which will move between multiple roosting sites as frequently as everyday. Why 
roost–shifting behaviour occurs is unknown, but it is possible that reduced roost availability could influence 
social structure, parasitism and reproductive success. Our lack of understanding is largely due to the difficulty of 
simultaneously monitoring many bats in more than one roost without excessive disturbance of roosting sites. To 
overcome this problem we are using implantable Passive Integrated Transponder (PIT) tags and a network of tag 
readers to remotely monitor the movement of individual bats using nest boxes. Using this technology we have 
been able to continuously monitor roosting behaviour in a population of approximately 350 Gould’s wattled bats 
(Chalinolobus gouldii) over the past 18 months. From this data we have found evidence of a female–centred 
social structure and some evidence for resource–guarding by males during the breeding season. We are currently 
investigating the influence of roost box microclimate on microbat energetics, water turnover and patterns of 
torpor, the implications of which are likely to inform the use of artificial nesting boxes as management tools. 
 
CO–INFECTION WITH ENDOPARASITES AND SIN NOMBRE VIRUS IN DEER MICE 
(PEROMYSCUS MANICULATUS) 
 
Craig Gritzen* and M. Denise Dearing 
 
Department of Biology, University of Utah, Utah 84112 
 
The deer mouse, Peromyscus maniculatus, is a common nocturnal rodent that naturally hosts many species of 
parasites.  Deer mice are the primary reservoir for Sin Nombre virus (SNV), the etiological agent of Hantavirus 
Pulmonary Syndrome in humans. Although most rodents simultaneously host multiple pathogens at any given 
time, few studies have examined the role of other infections with respect to SNV infection.  The goals of this 
study were to identify the primary endoparasites infecting deer mice in central Utah and to investigate patterns of 
co–infection between SNV and endoparasites.  Deer mice were sampled from 2003–2010 on 12 sites near the 
west Tintic Mountains, Utah.  Parasites were isolated from the intestinal tracts of mice (N=104) that were 
collected from 2002–10 and freezer archived until dissection.  An Enzyme Linked Immunosorbent Assay was 
used to determined SNV infection status. We identified 8 different species of endoparasites.  Protospirura 
numidica (30%), Pterygodermatites peromysci (15%), and Syphacia peromysci (10%) were the three most 
common endoparasites.  Overall prevalence of endoparasites assayed from the intestinal tracts was 68% and 
SNV prevalence was 22%. There were not any distinct patterns of co–infection between SNV and endoparasites 
i.e., animals with worm infections were not more or less likely to be infected with SNV.  The results imply that 
initial infections with either parasite (SNV or worms) do not alter the susceptibility or resistance of the host to 
subsequent infections and suggest that separate non–competing arms of the immune system are activated by 
endoparasite and viral infections.   
 



CAN INTERSPECIFIC COMPETITION CREATE ALLOPATRY?  INSIGHTS FROM 
PHYLOGENETICS AND CLIMATIC NICHE MODELS OF MOUSE OPOSSUMS (DIDELPHIDAE: 
MARMOSA) 
 
Eliécer E. Gutiérrez*, Robert P. Anderson, Robert S. Voss, and Sharon A. Jansa 
 
Department of Biology, City College of New York, City University of New York, New York, NY 10031 (EEG, 
RPA); The Graduate School and University Center, City University of New York, New York, NY 10016 (EEG, 
RPA); Division of Vertebrate Zoology, American Museum of Natural History (RPA, RSV); Department of 
Ecology, Evolution, and Behavior, and J.F. Bell Museum of Natural History, University of Minnesota, 1987 
Upper Buford Circle, St. Paul, MN 55108 (SAJ) 
 
We employed Ecological Niche Modeling (ENM) to test if the distributions of Marmosa robinsoni and M. 
xerophila fit the geographic pattern predicted under competitive exclusion—i.e., one species predominates in 
areas of potential sympatry along real contact zones.  The known distribution of M. robinsoni extends from 
western Panama to northern Venezuela, and includes the islands of Trinidad, Tobago, and Grenada.  The known 
distribution of M. xerophila is restricted to northeastern Colombia and northwestern Venezuela.  Morphological 
similarity, narrow contact zones, and a close phylogenetic relationship are characteristics often exhibited by 
species that experience competitive exclusion.  Whereas our focal species possess the first two characteristics, 
their phylogenetic relationships have yet to be assessed with multiple, independent sources of data.  We 
conducted phylogenetic analyses based on sequence data of 1 mitochondrial and 3 nuclear markers for most 
species of the genus Marmosa.  These analyses revealed that M. robinsoni and M. xerophila form a sister–
species pair, and allowed us to proceed with our geographic test based on preliminary ENM analyses.  By 
superimposing the geographic projections of the ENMs, we identified areas of potential sympatry (climatically 
suitable for both species).  The only area of potential sympatry in which both species occur in near proximity is 
the northern Falcón state of Venezuela, including the Península de Paraguaná.  In such areas on the Península de 
Paraguaná, the vast majority of records correspond to M. xerophila, matching the prediction of competitive 
exclusion.  As a result, M. xerophila may be responsible for the geographic isolation of a population of M. 
robinsoni currently restricted to Cerro Santa Ana, a small mountain on the Península Paraguaná.  While ENMs 
are not sufficient to demonstrate competitive interactions, they provide a directional hypothesis that can be tested 
in future field investigations.  If corroborated, the competitive relationship between these species would 
represent a novel example of allopatry caused by this ecological process. 
 
JAGUAR PERMANENCY AND DENSITY IN NORTHERN JAGUAR RESERVE, SONORA, MEXICO. 
YEARS 1999 – 2010 
 
Carmina Gutiérrez–González*, Miguel Gómez–Ramírez, Carlos López–González 
 
Naturalia A. C./Northern Jaguar Project Inc. Hermosillo, Sonora, México (CGG, MGR); Facultad de Ciencias 
Naturales, Universidad Autónoma de Querétaro. Santiago de Querétaro, Querétaro, México (CLG) 
 
The Northern Jaguar Reserve was created in order to protect the northernmost population of jaguars in the 
continent. The reserve has been monitored by camera traps for more than 10 years, even before its establishment 
as a natural reserve. This long term monitoring has allowed us to evaluate the changes in jaguar population in the 
area. To evaluate it, we estimated the density of jaguars by year as well as the survival rate and capture 
probability. We identified a total of 32 jaguar individuals over 10 years of sampling through its unique spot 
pattern. The maximum time spent in the area was six years, for a female; overall residence time was 4 years. The 
maximum number of different individuals detected per year was 8. We calculated a home range of 84.6 km2 for 
the male jaguar with the highest number of records since 2006. The average density of jaguars permanently 
occupying the site was 1.6 (± 1.6) jaguars per 100 km2. According to the results, the detection probability varies 
with time and not with the technique used for monitoring. We consider that the use of camera traps for jaguar 
studies, besides being a noninvasive technique for these populations, provides sufficient information for long–
term monitoring. This is the first study that involves both density and permanency by a time period of 10 years 



for the northern jaguar population, so it can not be compared with studies in similar habitats.  However, the 
results of permanence agree with those obtained in long–term studies in the Amazon. 
 
EFFECTS OF ELEVATED ATMOSPHERIC CO2 AND TROPOSPHERIC O3 ON THE BEHAVIOR 
AND PERFORMANCE OF A MAMMALIAN HERBIVORE, MICROTUS OCHROGASTER 
 
Chris Habeck* and Richard Lindroth 
 
Department of Biology, Washington University in St. Louis, Missouri 63130 (CH); Department of Entomology, 
University of Wisconsin–Madison, Wisconsin 53706 (RL) 
 
Global atmospheric change (GAC) is influencing the quality of plants as a resource for herbivores.  I 
investigated the impacts of elevated carbon dioxide (CO2) and ozone (O3) on the phytochemistry of two forbs, 
Solidago canadensis and Taraxacum officinale, and the subsequent  behavior and growth performance of 
weanling prairie voles (Microtus ochrogaster) feeding on those plants.  Plants for the chemical analyses and 
feeding trials were harvested from the understory of control (ambient air), elevated CO2 (560 µl CO2/l), and 
elevated O3 (ambient x 1.5) rings at the Aspen FACE (Free Air CO2 Enrichment) site near Rhinelander, 
Wisconsin.  I assigned individual voles to receive plants from only one FACE ring and recorded plant 
consumption and weanling body mass for seven days. Elevated CO2 and O3 altered the foliar chemistry of both 
forbs, but only weanling voles on the O3 diet showed negative responses to these changes. Elevated CO2 
increased the fiber fractions of both plant species, whereas O3 fumigation elicited strong responses among many 
phytochemical components, most notably by increasing the carbon–to–nitrogen ratio (C:N) 40% and decreasing 
N by 26%.  Consumption did not differ between plant species or among fumigation treatments.  Male voles were 
unaffected by the fumigation treatments, whereas female voles grew 36% less than controls when fed O3–grown 
plants.  These results demonstrate that global atmospheric change has the potential to affect the performance of a 
mammalian herbivore through changes in plant chemistry. 
 
THE EFFECT OF REPRODUCTIVE STATUS ON MOVEMENT PATTERNS IN PEROMYSCUS 
SPECIES 
 
John Hackemer* and Christy M. McCain 
 
Department of Ecology and Evolutionary Biology, University of Colorado, Boulder, Colorado, 80303 
 
Movement patterns of Peromyscus species were examined across multiple habitats in relation to breeding season 
and reproductive status. The objective was to examine relationships between movement behavior and small 
mammal population dynamics. Movement distances were determined from 15 sites ranging across elevational 
gradients in the Front Range of the Colorado Rocky Mountains and the Tilarán Mountains of Costa Rica. Scrotal 
males had longer average movement distances than any other reproductive class in the Rocky Mountain sites, 
while there was no significant difference in reproductive classes was noted in the Costa Rica. Scrotal males may 
have been searching for mates, or had greater food resource needs due to their reproductive behaviors. Previous 
studies have found that scrotal males move farther during the breeding season to sequester mates. Seasonal 
changes may explain the different results between the sites. In addition to comparing reproductive classes in 
Peromyscus, the five most common rodents in each region were compared to determine if movement distances 
were similar to Peromyscus and among sites and regions.  
 
ECOLOGICAL AND EVOLUTIONARY RESPONSES OF MAMMALS TO THE CLIMATIC 
CHANGE:  INSIGHTS FROM THE LATE–QUATERNARY FOSSIL RECORD  
 
Elizabeth A. Hadly 
 
Department of Biology, Stanford University, Stanford, CA 94305–5020 
 



The Earth’s biota has evolved in the face of environmental change. Extracting the responses of populations, 
species and communities to perturbations of the past is one of the best ways of unraveling how they will respond 
to perturbations of the future. Historic data from large environmental events such as the Pleistocene–Holocene 
transition provide a unique opportunity for insights into resilience of mammalian communities. The transition 
from the cold, arid Late Pleistocene (LP) glacial period to the warm, mesic Holocene interglacial witnessed 
extinction of many mammals in North America: 70 of ~220 of the largest species (32%) disappeared due to 
climatic and human stressors. The smaller mammalian survivors of the extinction (e.g., voles, gophers, ground 
squirrels, etc.) persisted but showed range changes, species turnover, and diversity decline. Subsequent climatic 
events such as the Medieval Warm Period exerted impacts on small mammals such as adjustments in population 
abundances, body size and gene flow.  Study of historic responses to past climatic change has fostered a richer 
understanding of how populations and species interact with their environments to persist: by reshuffling 
individuals, increasing or decreasing population size, and favoring particular genotypes, all of which leave a 
mark on communities.  Empirical evidence of this dynamic remains difficult to obtain, but a phylochronologic 
approach makes it possible.  
 
RESURRECTING A SPECIES OF POCKET GOPHER (GENUS THOMOMYS) USING MOLECULES, 
MORPHOLOGY, AND NICHE MODELING 
 
Mark S. Hafner, Amber R. Gates, Verity L. Mathis*, James W. Demastes, and David J. Hafner  
 
Museum of Natural Science and Department of Biological Sciences, Louisiana State University, Baton Rouge, 
LA 70803 (MSH, ARG, VLM); Department of Biology, University of Northern Iowa, Cedar Falls, IA 50614 
(JWD); Museum of Southwestern Biology, University of New Mexico, Albuquerque, NM 87131 (DJH) 
 
Modern molecular systematics has revolutionized how biologists define and describe species, especially in the 
presence of conserved morphologies.  Yet relying on traditional genetic distances may not be enough when 
working in a system where conspecifics have levels of genetic differentiation equal to or more than other well–
defined species.  Pocket gophers in the genus Thomomys are a textbook case for such a system and have a long 
history of systematic changes and over–splitting at both the species and subspecies level. We present a reanalysis 
and resurrection of T. atrovarius, an inhabitant of the dry thornscrub habitats along the Pacific coast of Mexico 
based on molecular and morphometric analyses as well as an exploration of the ecological niche.  Molecular 
analyses of mitochondrial and nuclear DNA sequences (including historical samples from museum skins) show 
high levels of genetic differentiation between T. atrovarius and T. umbrinus of the Sierra Madre Occidental 
(15.4% Cytochrome–b divergence) and Mexican Central Plateau (16.9% divergence).  Roughly coincident 
morphometric and genetic gaps divide T. atrovarius into 2 subspecies, T. a. parviceps in the north and T. a. 
atrovarius in the south, with probable intergradation in between. Most specimens of T. atrovarius, especially 
those of the southern subspecies, are easily distinguished from specimens of T. bottae and T. umbrinus based on 
fur texture, and an analysis of cranial morphometrics shows little overlap between T. atrovarius and other 
Thomomys clades in Mexico.  An analysis of niche parameters shows significantly different climate envelopes 
for T. atrovarius compared to other species of Thomomys, and a biogeographical review suggests that T. 
atrovarius has ancestral affinities to the south of its current distribution.  This study emphasizes the benefits of a 
multi–faceted approach to systematics (including chromosomal, ecological, and molecular data) rather than 
relying strictly on molecular evidence to determine species relationships. 
 
ANEUPLOID PRIMARY MEIOCYTES IN RODENTS 
 
David Hale 
 
Department of Biology, U.S. Air Force Academy, CO 80840–6226 
 
High–resolution analysis of zygotene and pachytene stages from karyotypically normal deer mice (Peromyscus 
maniculatus and P. keeni), collared lemmings (Dicrostonyx groenlandicus), and laboratory mice revealed a low 
incidence of meiotic cells containing extra chromosomes.  The occurrence of such hyperploid primary meiocytes 



indicates germline numerical mosaicism, which results from nondisjunction in proliferating oogonia and 
spermatogonia.  In the hyperploid cells, the extra chromosomes participated in various trivalent configurations, 
including complete "triple synapsis," double synapsis (with pairing–partner exchanges), and sex–chromosome 
associations.  Although trisomic and monosomic offspring are usually attributed to meiotic segregational errors, 
the observation of aneuploid primary meiocytes in these rodents suggests that pre–meiotic nondisjunction may 
also contribute to the production of aneuploid offspring.  Additionally, the relative frequencies of hyperploid 
primary meiocytes in oogenesis and spematogenesis, and the various synaptic patterns exhibited by the extra 
chromosomes, may provide new insight on phenomena observed for human aneuploidies. 
 
USE OF AVAILABLE DRINKING WATER BY TWO DESERT CANIDS: A TEST OF THE INDIRECT 
EFFECT OF WATER HYPOTHESIS 
 
Lucas K. Hall*, Brock R. McMillan, Randy T. Larsen, and Robert N. Knight 
 
Department of Plant and Wildlife Sciences, Brigham Young University, Utah, 84602; U.S. Army Dugway 
Proving Ground, Environmental Programs, Dugway, Utah, 84022 
 
Development of structures that provide free water (i.e., guzzlers) for wildlife in the deserts of the western US has 
been common practice for more than half a century. Although guzzler development is a widely used 
management practice (e.g., 800 in Utah, 1100 in Nevada, etc.), we lack a general understanding of how these 
water sources influence the ecology of native species; specifically, those species that have evolved in arid 
regions with limited availability of free water. In the Great Basin Desert (GBD), for example, water 
developments have been correlated with increased densities of coyotes (Canis latrans), leading to the indirect 
effect of water (IEW) hypothesis; i.e., water sources negatively influence kit fox (Vulpes macrotis) by increasing 
interspecific competition with coyotes. This hypothesis is based on the presumed differential importance of free 
water for kit foxes and coyotes, with the latter exhibiting greater free–water dependence during summer months. 
We tested the IEW hypothesis by assessing the use of available drinking water by both canid species in the GBD 
and Mojave Desert (MD), Utah, USA. Higher average temperatures and greater development of water sources in 
the MD should amplify the dependency and spatial use of free water by coyotes. During May 2010 – Feb 2011, 
we deployed infra–red triggered cameras at 23 water sources in the GBD and at 39 water sources in the MD. 
Coyotes had greater mean daily visitation rates (DVR) of water sources in the GBD compared to kit foxes, but 
exhibited the opposite pattern in the MD. We also observed that coyotes used 91% of the water sources in GBD, 
but only 41% in MD. In contrast, kit foxes used 9% of water sources in GBD and 51% of those in MD. These 
preliminary results do not support the IEW hypothesis for these two canids. Nonetheless, additional information 
is needed to understand the relationship of both canids to free water and better manage for the conservation of 
the kit fox.  
 
ASSESSMENT OF DIFFERENCES IN COMMUNITY COMPOSITION USING 
SIMILARITY/DISSIMILARITY MEASURES 
 
James G. Hallett 
 
Department of Biology and Turnbull Laboratory for Ecological Studies, Eastern Washington University, Cheney 
WA 99004 
 
A number of metrics have been developed to compare species composition of different assemblages or 
communities. Species richness, species diversity, and evenness are often used, but these measures lose 
information about where the differences lie in composition and abundance. Consequently, I have been exploring 
the use of similarity measures  to evaluate changes in species compositions across habitats. Of the many choices 
for measuring similarity, I consider the traditional Bray–Curtis and more recent Chao–Jaccard measures. I 
briefly demonstrate the consequences of the choice of similarity measure and related data transformations for 36 
small–mammal assemblages. These assemblages occurred on forest stands of 3 ages (mature, regeneration, and 
clearcut) and 2 patch sizes (~12 and >36 ha), and were sampled for 3–yr. I used non–metric multidimensional 



scaling to visualize patterns in assemblage similarity. Significant differences among assemblages were observed 
using analysis of dissimilarity (adonis procedure, Vegan package for R), which provides an analog to ANOVA. 
Finally, I consider approaches for determining the influence of particular species in the observed differences. 
 
LOVE STINKS: PHEROMONES AND MATING BEHAVIOUR IN THE SHORT–BEAKED ECHIDNA 
 
Rachel L Harris*, Noel W Davies, and Stewart C Nicol 
 
School of Zoology, University of Tasmania, Hobart, Australia; Central Science Laboratory, University of 
Tasmania, Hobart, Australia; School of Zoology, University of Tasmania, Hobart, Australia 
 
Chemical communication is a fundamentally important component of mammalian social interactions, however 
due to its complexity it is often not well understood. In many seasonally breeding asocial species, odour signals 
are essential for mate choice and bringing potential partners together. Short–beaked echidnas (Tachyglossus 
aculeatus) are solitary and have an extremely well developed sense of smell. The breeding season occurs during 
the Austral winter, which in colder parts of the echidna’s range immediately follows several months of 
hibernation, and is characterized by intense male intra–sexual competition for access to mates. In Tasmania, 
male echidnas often locate and mate with females which may not yet have emerged from hibernation. Field 
experiments also show that males are strongly attracted to the scent of females in mating aggregations, indicating 
that male echidnas respond to a pheromone or chemical attractant produced by the female. Using a multi–
disciplinary approach (combining organic chemistry, physiology and behaviour), our study is the first detailed 
investigation into the composition and function of olfactory cues in a monotreme. Our analyses show that 
echidna cloacal secretions are seasonally variable and chemically complex, with many highly unusual 
compounds. By combining these results with our observations of mating behaviour in the field, we are making 
many new insights into the importance of scent in mediating the echidna’s unusual mating behaviour, and the 
evolution of olfactory signals in mammals.  
 
THE PHYSIOLOGICAL EFFECT OF ABNORMAL FUEL METABOLISM ON NEOTOMA 
MICROPUS; RESULTS OF FIELD TESTS ACROSS WILDLAND–URBAN INTERFACE. 
 
Brandon Hawkins*, Diane Post, James A. Eldridge, Joseph Schenkman 
 
Department of Biology (BH, DP, JS), and Department of Kinesiology (JE), University of Texas–Permian Basin, 
Texas, 79762 
 
Increasing habitat fragmentation has enlarged the area of wildland–urban interface which increases the 
probability of human food subsidization to wildland species. The potential physiological effects of subsidization 
are not well understood but are potentially important. Animals were trapped and tracked to collect data on 
gender, proximity to interface, associated travel area, and confirmation of human resource access. Using these 
measurements, we were able to develop a model of anthropogenic food subsidization access and use. 
Subsequently, we collected animals from the field for tissue analysis and comparison to experimental lab data. 
We collected liver and kidney tissue and measured lipid deposition and % area collagen formation in the liver 
and glomerular hypertrophy and % area podocyte coverage from kidney tissue. Results showed a decrease in 
travel area as a function of proximity to the wildland–urban interface, as well as increased lipid counts for those 
accessing resources in comparison to those who do not. Our results indicate that there are both positive and 
negative consequences as a result of accessing human–generated food sources.  
 
THE UNKNOWN CONTINENT: MAMMAL DIVERSITY EAST OF THE WALLACE LINE 
 
Kristofer M. Helgen  
 
Division of Mammals, National Museum of Natural History, Smithsonian Institution, Washington, D.C., 20013–
7012) 



 
Native mammal assemblages distributed east of the “Wallace Line”, from Sulawesi to Micronesia/Polynesia, 
most notably including the continental biota represented within Australia + New Guinea, are by far more poorly 
characterized taxonomically than any other comparable region worldwide. The number of mammal taxonomists 
actively publishing on faunas spanning this insular and continental expanse has always been relatively small, and 
is currently extremely small (limited to 5 or so people, only one or two of whom are employed as systematic 
biologists). New fieldwork and ongoing study of museum specimens by these taxonomists indicates that true 
mammalian species–level diversity in the region (including both living species and species extinct since the year 
1800) may easily be underestimated by one half—i.e. the job of taxonomically characterizing the mammals of 
Australia, New Guinea, and surrounds may be little more than half finished. Some of the most striking 
discoveries in recent years that highlight this historical inattention to regional biological diversity include the 
realization that 5 biological species of marsupial occur in Sulawesi (rather than the two species recognized since 
the time of Darwin and Wallace); that the largest rodent in Australia actually represents two species that occur 
sympatrically; that all three living monotreme genera occurred in Australia until the 20th century; that many of 
the world’s largest bats represented in museum collections do not have scientific names; that entirely 
uncharacterized mammalian genera continue to be uncovered in new fieldwork and museum comparisons; and 
that recent extinctions have been much more drastic than previously appreciated. The true extent of this lack in 
taxonomic understanding is not widely appreciated, especially with respect to the Australian fauna, but its 
impacts are broadly felt, obscuring accurate appraisals of biological diversity, species distributions, ecological 
interactions, and environmental change, as well as wildlife management goals, conservation targets, and 
protected area priorities. 
 
GENETIC STRUCTURE AND PHYLOGENETIC RELATIONSHIPS AMONG POCKET GOPHERS 
(GEOMYS) IN SOUTHERN COASTAL TEXAS  
 
Scott E. Henke, Anna S. Lund, Damon L. Williford, Randy W. DeYoung*, Christopher Wineberger, Jeremiah 
Trantham, and Nancy L. Mitton 
 
Department of Animal, Rangeland, and Wildlife Sciences, Texas A&M University–Kingsville, Kingsville, TX  
78363, USA (SEH, CW, JT); Caesar Kleberg Wildlife Research Institute, Texas A&M University–Kingsville, 
Kingsville, TX  78363, USA (ASL, DLW, RWD); Naval Air Station Kingsville, 201 Nimitz Avenue, Building 
4711, Kingsville, TX  78363, USA (NLM) 
 
The Texas pocket gopher (Geomys personatus) occurs throughout much of southern coastal Texas.  Recent 
genetic studies helped clarify phylogenetic relationships of Geomys in south Texas, but uncertainty remains as to 
the geographic distribution of lineages.  Additional specimens from each taxon and wider geographic sampling 
are needed to clarify the taxonomy and distribution of pocket gophers.  We sampled pocket gophers in Nueces 
and Kleberg counties of southern Texas to provide additional population sampling and specimens of G. p. 
personatus, G. p. maritimus, and G. p. megapotamus.  We obtained 370 bp of sequence data from the mtDNA 
Cytb gene for 39 specimens.  Our sequences contained 55 polymorphic sites and 9 haplotypes; average number 
of nucleotide differences between sequences was 14.4, nucleotide diversity was 0.041.  Pocket gophers were 
highly structured in the region, with low levels of haplotype diversity within sites and few shared haplotypes 
among sites.  Phylogenetic analyses including GenBank sequence data (11 species and 21 of 24 subspecies of 
Geomys) revealed that mainland Nueces County and Flour Bluff samples clustered with G. p. maritimus.  Padre 
Island samples formed a well–defined sub–cluster similar to, but distinct from G. p. personatus and G. p. 
megapotamus sequences. Kleberg County and an aberrant Padre Island sample formed a separate clade, with 
variable placement near other Geomys groups, but consistently outside of G. personatus; Kimura 2–parameter 
sequence divergence between Kleberg County and G. personatus was >0.12, and Kleberg County samples were 
more similar to G. texensis (sequence divergence 0.6–0.8).  The Kleberg County samples may represent a 
previously undetected, cryptic lineage.  G. p. maritimus is listed as a State Species of Concern.  Although 
threatened by development in portions of south Texas, the distribution of G. p. maritimus was wider than 
previously known and the populations may be less vulnerable to development.   
 



BARRIER EFFECTS OF INTERSTATE HIGHWAYS ON EASTERN CHIPMUNKS (TAMIAS 
STRIATUS) 
 
Cecilia Hennessy*, Chia–Chun Tsai, Patrick Zollner, and Olin E. Rhodes, Jr.   
 
Department of Forestry and Natural Resources, Purdue University, IN 47907 (CH, CCT, PZ); USDA–APHIS–
WS National Wildlife Research Center, CO 80521 (OER); 
 
The inhibiting effects of different kinds of roads on animal movement have been well documented, including 
roads that are little more than clearings that experience occasional traffic to complex, multi–lane highway 
systems.  Eastern chipmunks (Tamias striatus) avoid the open areas on the sides of roads as well as the roads 
themselves, and previous research with 2–lane roads demonstrated that when chipmunks cross roads, it is 
typically as a homing or dispersal movement.  Past research has lead to speculations that the presence of 
roadways most likely effects chipmunk populations by reducing gene flow rather than by direct mortality. As 
part of an investigation into the barrier effects of interstate highways in Indiana, 378 eastern chipmunks were 
captured on opposite sides of interstate highways at seven sites.  Individuals were genotyped using 12 
microsatellite markers.  Preliminary analysis using a Bayesian populations assignment model (STRUCTURE) 
indicates that gene flow of chipmunks is largely restricted by interstate highways, with the exception of some 
limited, unidirectional gene flow occurring at two of the field sites.  Further analysis will include modeling with 
GENELAND to identify potential routes that chipmunks may be using to traverse interstate highways.  The 
results of this research will help civil engineers and wildlife managers to predict the effects of roadways on 
terrestrial mammals with short dispersal distances. 
 
EFFECTS OF CACTUS REMOVAL ON GRASSLAND RODENTS 
 
Leslie Herington* and Paul Stapp 
 
Department of Biological Science, California State University, Fullerton, CA 92831 
 
Prickly–pear cactus (Opuntia polyacantha) is often considered a pest by livestock producers in shortgrass steppe 
because, at high densities, it can reduce the amount of forage available to cattle. Removal of cactus by herbicide 
has been proposed as a method to increase forage production, but the consequences of cactus removal on other 
native plants and animals is unknown. In June 2009, herbicide (Tordon 22k) was aerially sprayed on a privately 
owned 160–ha pasture adjacent to the Pawnee National Grasslands (PNG) in north–central Colorado. During 
June and July 2008–2010, small mammals were live–trapped before and after spraying at 3 sites in the treated 
pasture (“removal”) and at 3 untreated (“control”) sites in adjacent pastures on the PNG. One year after herbicide 
application, percent cover of dead and dying cactus and bare ground was significantly higher on the removal 
sites, while the number of cactus flowers and buds was higher on the control plots. Ord’s kangaroo rats 
(Dipodomys ordii), the most abundant nocturnal rodent in the area, reached similar densities on the control and 
removal sites, and cactus removal did not affect densities in either treatment. There was no change in diet 
between sites as indicated by the use of stable isotope analysis.  However, significantly fewer female kangaroo 
rats were in reproductive condition on removal sites than on controls, suggesting that the loss of cactus seeds, a 
potentially important food item for this granivore, may ultimately reduce population densities once the cactus 
has been entirely removed.  In contrast, northern grasshopper mice (Onychomys leucogaster) tended to be more 
abundant on removal sites than on controls, perhaps in response to the increase in bare ground and insects. 
Additional monitoring of both plant and rodent populations may provide insight into the potential ecological 
consequences of cactus control.  
 
THE USE OF DNA BARCODE (BARCODING) TO DETERMINE DIVERSITY OF PHYLLOSTOMID 
BATS OF THE YUCATÁN PENINSULA 
 
Arely Hernández–Dávila*, Jorge Ortega, Jorge A. Vargas, and Burton Lim 
 



Departamento de Zoología, Escuela Nacional de Ciencias Biológicas, Instituto Politécnico Nacional, Plan de 
Ayala esquina con Carpio, 11340, México, D.F., México (AH, JO); Facultad de Ciencias Químico–Biológicas, 
Universidad Autónoma de Campeche, Av. Agustín Melgar s/n, Colonia Buenavista, 24030 Campeche, 
Campeche, México (JV); Department of Natural History, Royal Ontario Museum, Toronto, Ontario, Canada 
(BL) 
 
The systematics of bats has been a source of deep phylogenetic studies and a large discussion in recent years.  
The goal of this study is to examine patterns of genetic divergence using the BarCode, a segment of 
mitochondrial DNA cytochrome c oxidase gene I (COI) for the phyllostomids of the Yucatán Peninsula.  We 
collected samples of national collections and we caught some specimens.  We obtained DNA samples of 21 out 
of 30 species and performed extraction, amplification, and sequencing of all these samples.  The phylogeny was 
calculated using the Kimura 2–parameter. The resulting tree shows that there are more than 13 bats assemblies, 
which speak of a rich diversity of phyllostomid in the area; 18 species showed low intraspecific variation, 
suggesting that their population densities are low.  The tree constructed and bootstrap analysis showed that 
interspecific divergence is very high and indicates the high variability of these Neotropical bats.  We confirmed 
the effectiveness of the BarCode for the bats of the Yucatán Peninsula, established patterns of genetic diversity 
and we used the method to identify cryptic species.  
 
REPRODUCTION IN THE MEXICAN VOLE, MICROTUS MEXICANUS  
 
Barry Hilton 
 
Regional Water Quality Control Board; Central Valley Region; 11020 Sun Center Drive, #200; Rancho 
Cordova, CA 95670 
 
Mexican voles, Microtus mexicanus, were trapped near Flagstaff, Arizona. Specimens were dissected, the 
reproductive organs were examined, and embryos were counted. The mean embryo count was 2.24 (SD, 0.59; 
range, 1–4; mode, 2 or 3). The median embryo count was 3 in the summer and 2 in the spring, fall, and winter. 
Gravid females were trapped during all seasons but were not trapped every winter. Breeding was not in evidence 
in the presence of snow cover. Atrophication of testes and accessory organs was observed in males during 
winters when no gravid females were trapped. 
 
EXTENSIVE TERRESTRIAL ACTIVITY PATTERNS, INTRASPECIFIC SPATIAL OVERLAP, AND 
FACTORS AFFECTING CAMERA–TRAP SUCCESS FOR THE MARGAY (LEOPARDUS WEIDII), 
A DECLINING TROPICAL FELID, AT A MID–ELEVATION SITE IN THE EASTERN ANDEAN 
FOOTHILLS OF ECUADOR. 
 
Anne–Marie Hodge*, Brian Arbogast, Travis Knowles, and E. Natasha Vanderhoff 
 
Department of Biology and Marine Biology, University of North Carolina–Wilmington, North Carolina 28403 
(AMCH and BA); Department of Biology, Francis Marion University, South Carolina 29501 (TK); Department 
of Biology, Jacksonville University, Florida 32211 (ENV) 
 
Assessing abundance, distribution, and spatial and temporal activity patterns of carnivores is essential to 
understand their basic ecology and interactions with sympatric guild members.  Camera–trapping techniques are 
of great utility in such studies, as they are non–invasive, provide synchronized photographic and environmental 
data, and minimize disturbance of animals’ natural activity patterns. Here we report findings of a camera–trap 
study conducted at the Wildsumaco Wildlife Sanctuary in Sumaco, Ecuador, between July 2010 and February 
2011. Wildsumaco is situated between 1300 and 1400 m on the eastern slope of the Andes mountains. This mid–
elevation site encompasses a rare zone of elevational overlap between upland Andean and lowland Amazonian 
species, resulting in a highly diverse and unique assemblage of mammals. Initial testing of camera trapping 
methods indicated a relatively high density of margays (Leopardus weidii) at Wildsumaco. We therefore 
investigated margay activity and behavior at Wildsumaco in more detail, assessing the effect of habitat structure, 



baiting regimen, and activity patterns of sympatric carnivores and domestic dogs on margay camera–trap 
success. Canopy cover had a significant effect on margay trap success. Density estimates suggest an unusually 
high density of margays at Wildsumaco, potentially an example of the “mesopredator release” effect. In addition, 
we used Sorenson’s Index of Similarity to calculate the degree of overlap in activity between individual 
margays. The average degree of overlap between individuals was 0.23, indicating that margays do tolerate 
conspecific presence within their territories.  Weekly baiting with fatty acid tablets did not increase trap success 
for margays or other sympatric carnivores. The margays at Wildsumaco appear to exhibit more terrestrial 
movement patterns than previously documented at other locations. We hypothesize that the particular 
composition of the carnivore assemblage at Wildsumaco has an important influence on margay behavior, and has 
allowed this species to reach an unusually high density compared to previously studied localities. 
 
EXPLORING THE DEMOGRAPHIC HISTORY OF PERIPHERAL MOUNTAIN LIONS 
 
Joseph D. Holbrook*, Randy W. DeYoung, Michael E. Tewes, and John H. Young 
 
Caesar Kleberg Wildlife Research Institute, Texas A&M University–Kingsville, Kingsville, TX 78363 (JDH, 
RWD, MET).  Texas Parks and Wildlife Department, Austin, TX 78744 (JHY).   
 
Mountain lions (Puma concolor) were historically distributed statewide, but today breeding populations 
primarily occur in southern and western Texas.  During 1970 mountain lions in Texas were classified as 
nongame, allowing unrestricted take with no requirement to report harvest.  As a result, there are few current 
demographic data available to help inform mountain lion management in Texas.  Exploring mountain lion 
population trends with traditional techniques is difficult and expensive due to the lions’ elusive nature.  
Therefore, we used genetic methods to evaluate temporal changes in mountain lion population differentiation, 
genetic diversity, and effective population size (Ne).  Sixty–two historical and 208 contemporary mountain lions 
from Texas were sampled and genotyped at 11 microsatellite DNA loci.  We used the genetic data to estimate 
population structure (FST), heterozygosity (He), allelic richness (Ar), and Ne.  We found low historical structure 
(FST=0.04) between south and west Texas; however, current structure is 3 time greater (FST=0.11).  Population 
structure increased due to the temporal changes exhibited by south Texas populations (historical vs. current 
FST=0.14), not west Texas (historical vs. current FST=0.02).  Genetic diversity in south Texas has declined 
(current He=0.40, Ar=3.3; historical He=0.52, Ar=3.8), whereas genetic diversity in west Texas remained stable 
(He=0.51, Ar=3.7).  Our Ne estimates show a 74% decline in south Texas, and that west Texas has stayed higher 
than south Texas.  Our results indicate a loss of genetic diversity and reduction in south Texas Ne over the last 70 
years, probably due to reduced gene flow and low census size.  Genetic diversity of mountain lions in west 
Texas has remained constant.  Currently, lions in western and southern Texas represent 2 management units.  
Gene flow within Texas and among adjacent populations is an important consideration for future management 
plans.  The genetic declines in southern Texas populations warrant increased attention to ensure lion persistence 
in the region.   
 
INFLUENCE OF FOREST STRUCTURE AND EXPERIMENTAL GREEN–TREE RETENTION ON 
NORTHERN FLYING SQUIRRELS (GLAUCOMYS SABRINUS) 
 
Gillian Holloway and Winston Smith 
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Under the new paradigm of sustainable forest management, there has been considerable attention paid to the 
retention of forest structures and enhancement of landscape connectivity.  To further investigate the effects of 
green–tree retention, and the spatial distribution of retained forest legacy structures on wildlife, a large replicated 
landscape scale research project was established in western Oregon and Washington, the Demonstration of 
Ecosystem Management Options (DEMO) study.  Here, six experimental treatments with varying degrees (15%, 



40%, or 75%) of green–tree retention and two spatial patterns of retention (dispersed verses aggregated) were 
implemented in three replicate blocks for northern flying squirrels (NFSQ).  On large grids (64 hectares), 
trapping data were collected two–year prior to harvesting, and two year following harvest under a before–after 
control (BACI) design.  We investigated 1) how harvesting activity directly impacted NFSQ abundance, and 2) 
which stand structure and landscape variables were most influential in predicting NFSQ abundance on post–
harvest stands.  NFSQ relative abundance (calculated as the minimum number known alive) was significantly 
higher (p<=0.001, n=18 sites) in the pre–harvest period (24.4 ± 3.2 (SE) compared with 10.4 (± 1.6) in the post 
harvest period as determined in a randomized block split–plot ANOVA analyses.  On sites following harvesting, 
we compared 12 candidate models in an AIC framework to determine the factors (including snags, coarse–
woody debris, basal area) which best predicted NFSQ abundance using mixed–effect linear models.  A positive 
relationship with number of snags ≥60 cm dbh, and a negative relationship with area of young second–growth 
forest (forests aged 30–80 years) surrounding sites within a 500m buffer were clearly the best model (AICc 
weight = 0.52).  This result indicates that both local and landscape variables are crucial to consider in forest 
management, and the DEMO study has provided an unique opportunity to gain further insight into structural and 
green–tree retention by creating an large–scale experiment gradient.   
 
SEASONAL EFFECTS OF BEAVERS ON BIODIVERSITY: FROM ICE AND SNOW TO THE DOG–
DAYS OF SUMMER IN ALBERTA’S BOREAL FOREST 
 
Glynnis A. Hood* and David Larson 
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Several studies suggest that beavers have a disproportionate effect on wetland biodiversity, but does this effect 
extend throughout the seasons in northern habitats?  We examine how modifications to the landscape by beavers, 
such as the digging of channels, alterations of pond bottoms, and maintenance of water during drought, not only 
affect aquatic macroinvertebrate populations, but also waterfowl and large mammal distributions in boreal 
wetland habitats of east–central Alberta, Canada.  Our research indicates that ponds with active beaver colonies 
have higher levels of summer biodiversity for several taxa and are integral to the overwinter survival of many 
organisms, both under the ice and during early season ice break–up.  These effects are facilitated by deeper 
ponds with increased within–pond habitat heterogeneity, including habitat “hot spots” provided by channels 
excavated by beavers.  Although well–known as a “keystone species”, rarely has a multi–season approach been 
applied to examine their influence on ecosystems, especially in northern climates.  
 
A CLIMATE FOR SPECIATION: RAPID SPATIAL DIVERSIFICATION AMONG THE SOREX 
CINEREUS COMPLEX OF SHREWS 
 
Andrew G. Hope, Kelly A. Speer, John R. Demboski, Sandra L. Talbot, and Joseph A. Cook 
 
Department of Biology and Museum of Southwestern Biology, MSC03 2020, University of New Mexico, 
Albuquerque, NM 87131 (AGH, KAS, JAC); Alaska Science Center, U.S. Geological Survey, 4210 University 
Drive, Anchorage, Alaska 99508 (AGH, SLT); Department of Zoology, Denver Museum of Nature & Science, 
2001 Colorado Blvd., Denver, CO 80205 (JRD) 
 
The cyclic climate regime of the Pleistocene caused dramatic environmental change at mid– to high latitudes. 
Although these events may have been brief in periodicity from an evolutionary standpoint, these multiple 
episodes of allopatry and divergence have been implicated in rapid radiations of a number of organisms.  Shrews 
of the Sorex cinereus complex have long challenged taxonomists due to similar morphologies and often 
contiguous geographic ranges. Here, multi–locus phylogenetic and demographic assessments using a coalescent 
framework were combined to investigate spatiotemporal evolution of 13 nominal species with a widespread 
distribution throughout North America and across Beringia into Siberia.  For these species, we test hypotheses of 
recent differentiation in response to Pleistocene climate versus more ancient divergence that would coincide with 
pre–Pleistocene perturbation events.  Demography within and among species indicates regions of population 



stability versus regions where populations rapidly expanded. These patterns are related to different ecological 
associations among independent lineages. A major early dichotomy within the cinereus complex separated 
Southern clade species (associated with boreal forests) from Beringian clade species (associated with xeric 
shrubland and northern tundra) causing demographic change and diversification in each clade to be reciprocally 
out of phase in their response to climate cycles. We assess validity of nominal species and report previously 
unrecognized diversity that highlights the need for further targeted sampling and study of these enigmatic small 
mammals.  Evolution within the cinereus complex constitutes a model for a sequential and rapid contemporary 
radiation over multiple continents and a valuable template for future comparative assessments. 
 
ECOGEOGRAPHIC AND PHYLOGENETIC PATTERNS IN NEOTOMA CINEREA MORPHOLOGY 
 
Angela D. Hornsby* and Marjorie D. Matocq 
 
Program in Ecology, Evolution, and Conservation Biology, Department of Natural Resources and Environmental 
Science, University of Nevada, Reno NV 89557 USA 
 
We analyzed skull morphology of adult bushy–tailed woodrats, Neotoma cinerea, across the species range using 
data exploration of 11 standard linear measurements and one discrete character of presumable neutral adaptive 
importance.  We broadly sought to describe patterns of morphology associated with phylogeny and/or 
ecogeograpic rules.  A principal component analysis of continuous measurements failed to differentiate between 
the two major phylogenetically defined clades found in the Rocky Mountains and Intermountain/Coastal regions, 
respectively, although there were some significant differences in individual measurements between clades.  
Conversely, the discrete character was largely consistent with phylogeny, supporting its use as a distinguishing 
characteristic in defining this major phylogenetic split that was proposed over 100 years ago.  Rather than show 
consistency with phylogeny, much of the morphology appears to follow standard ecogeographic rules including 
the well–described inverse relationship between body size and latitude or environmental temperature 
(Bergmann’s Rule) and inverse relationship between bullar size and humidity or precipitation, suggesting 
specific adaptations to environmental conditions. 
 
GENETIC VARIATION AT MAJOR HISTOCOMPATIBILITY COMPLEX (MHC) LOCI IN 
NEOTOMA ALBIGULA: POTENTIAL CLUES TO COEVOLUTION WITH ARENAVIRUSES 
 
Sarah G. Hoss and Michelle L. Haynie 
 
Department of Biology, University of Central Oklahoma, Edmond, OK 73034 
 
The major histocompatibility complex (Mhc) is a component of vertebrate immune responses. Genetic analysis 
at Mhc loci can provide information on susceptibility to certain viral strains.  Neotoma albigula (white–throated 
woodrat) has been associated with at least three distinct strains of arenaviruses. Members of this virus family are 
known to cause severe febrile diseases in humans.  Typically one viral strain is associated with one host species.  
Therefore, the association of N. albigula with three viral strains suggests an interesting coevolutionary history 
between the host and virus.  In this study, we will be 1) analyzing the genetic variation (number of alleles, allele 
frequency, and heterozygosity) at Mhc loci in N. albigula, 2) determining if Mhc markers can be used to detect 
genetic subunits within N. albigula populations, and 3) determining if there is a correlation between virus strain 
susceptibility and Mhc alleles in N. albigula populations. 
 
GEOGRAPHIC VARIATION IN MORPHOLOGY AND GENETICS OF AN ISLAND SPECIALIST: 
THE TROPICAL KIMBERLEY ROCK RAT, ZYZOMYS WOODWARDI  
 
Ric How*, Celeste de Haas, Greg Cozens, Peter Spencer, and Linc Schmitt 
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Little is known about the biology of the Kimberley Rock–rat, Zyzomys woodwardi, one of eight mammals 
endemic to the Kimberley region of tropical Western Australia, as it occurs in low numbers in restricted 
populations. Recent surveys of islands in the Bonaparte and Buccaneer Archipelagos determined that Z. 
woodwardi is the most widespread ground mammal on islands that have been isolated for up to 8000 years by 
sea level changes during the Pleistocene. Consequently, populations show marked variation in both their 
morphological and genetic structure. Demographic data suggests that there is no sexual dimorphism. There is 
evidence of strong site fidelity with trap–indicated ranges of individuals around 0.1 ha and movements between 
recaptures generally less than 50 meters. Pregnant females were observed in all seasons of the year but with a 
pronounced peak in the late wet season – April. Capture rates were higher in all islands than in mainland 
populations, where it occurs in a variety of rocky habitats from the coastal vine forests to the inland incised 
sandstone platforms. Molecular analysis of a 350bp segment of the mitochondrial control region revealed island 
populations are genetically depauperate with low levels of diversity relative to the neighbouring mainland. 
However, island populations are genetically closer to their mainland counterparts than they are to each other. 
There is also evidence of an ‘isolation by sea–crossing effect’, where islands which are more geographically 
separated from the mainland are also the most genetically divergent. These results suggest evidence of 
population bottlenecks and subsequent genetic drift in island populations, and also indicate the importance of 
Pleistocene isolation in determining genetic relationships and a need to conserve genetic diversity. This study 
determined that populations on two Bonaparte islands, assigned on morphology to the Kimberley Rock–rat, are 
relictual populations of the Common Rock–rat, Z. argurus, a species known from only two other islands in the 
Kimberley. 
 
SYNERGISTIC EFFECTS OF TAIWAN VOLE (MICROTUS KIKUCHII) LATRINES ON SOIL 
NITROGEN IN AN ALPINE MEADOW 
 
Y. Jim Hsu, Chiao–Ping Wang, and Y. Kirk Lin*  
 
Institute of Ecology and Evolutionary Biology, National Taiwan University, Taipei 10617, Taiwan (YJH & 
YKL); Taiwan Forestry Research Institute, Council of Agriculture, Taipei 10617, Taiwan (CW) 
 
Herbivores return plant nitrogen to soil in a “fast cycle” by defecating high–nitrogen wastes with high 
decomposition rates. The Taiwan vole (Microtus kikuchii) is the dominant herbivorous rodent in alpine meadows 
in Taiwan, and deposits large amount of feces at latrine sites. We investigated the effects of vole fecal defecation 
on soil nitrogen by examining: (1) fecal nitrogen output of voles; (2) temporal dynamics of vole latrines; and (3) 
effects of latrines on soil nitrogen. We estimated vole nitrogen output with feeding trials in the laboratory, and 
monitored latrine dynamics with field survey at an alpine meadow. We conducted a field incubation experiment 
with latrines on controlled soil surface. The results showed that annual nitrogen output of voles could reach 0.4 
kg ha–1 year–1. The spatial and temporal patterns of vole and latrine abundances were highly heterogeneous in the 
alpine meadow. Vole latrines increased the extractable nitrogen in soil, especially inorganic nitrogen. The 
release of nitrogen from liable part of feces to soil occurred within one month. Latrines also provided liable 
carbon to microbes, increased microbial activities and elevated decomposition rates of soil organic matters. We 
conclude that although alpine meadows have high soil organic matters with low decomposition rates, vole 
latrines can not only quickly return nutrients to soil, but also enhance decomposition rates of soil organic 
matters. 
 
A PRELIMINARY STUDY ASSESSING RISK TO TASMANIAN DEVILS FROM POISONING FOR 
RED FOXES  
 
Channing Hughes, Robbie Gaffney, and Christopher Dickman 
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The recent introduction of red foxes (Vulpes vulpes) to Australia’s island state of Tasmania represents a major 
threat to native fauna.  In response, the Tasmanian government has begun a fox eradication program using 
Foxoff®, a bait containing the poison sodium monofluoroacetate (commonly known as 1080).  The bait is 
potentially attractive to native Tasmanian carnivores as well as to foxes.  Of particular concern is the endangered 
Tasmanian devil (Sarcophilus harrisii), which is already at risk from an emergent infectious disease, Devil 
Facial Tumor Disease.  In both a captive and a field study using nontoxic Foxoff bait, we assessed bait 
palatability and possible effects of demographics, hunger level, bait age, and bait burial method on the likelihood 
of bait uptake by Tasmanian devils.  Captive devils showed varying interest in the bait, but wild devils appeared 
to find it uniformly palatable.  In the captive study, males and younger, captive–born animals were more likely 
to excavate and remove bait.  Subterranean burial at 15 cm was the most effective deterrent to bait excavation; 
effectiveness decreased at shallower depths and with surface–level bait buried beneath soil mounds.  Our 
findings suggest that the current fox–baiting campaign may negatively impact individual devils. More extensive 
study is necessary to assess potential risk at the population level. 
 
BLOOD SERUM CHEMISTRY AND HEMATOLOGY IN FIELD–FRESH RACCOONS (PROCYON 
LOTOR) IN NORTHWEST MISSOURI DURING SUMMER. 
 
Samantha Hunt–Viehland*, Misha Mazurkewycz*, and Cary D. Chevalier* 
 
Dept. of Biol., Missouri Western State University, St. Joseph, MO 64507 
 
Standard serum chemistry and hematological values were measured on 21 field–fresh raccoons (10 males, 11 
females) from the natural areas on campus.  The purpose of this study was to establish summer season reference 
standards of serum chemistry and hematology of this population of raccoons under chemical restraint.  
Individuals were chemically restrained with a drug cocktail consisting of Ketamine, Acepromazine, and 
Atropine.  The following serum components were measured (mean and standard error, SE, in parentheses: 
glucose (mg/dL; 91.4, SE = 31.48), sodium (Na; mmol/L; 145.1, SE = 0.7), potassium (K; mmol/L; 3.9, SE = 
0.06), chloride (mmol/L; 112.1, SE = 0.8), blood urea nitrogen (BUN; mg/dL; 15.4, SE = 1.1), creatinine 
(mg/dL; 0.47, SE = 0.02), BUN/creatinine ratio (33.48, SE = 2.67), calcium (Ca; mg/dL; 7.9, SE = 0.1), 
phosphorus (P; mg/dL; 4.4, SE = 0.2), alkaline phosphatase (IU/L; 68, SE = 7.4), GGTP (IU/L; 4.71, SE = 0.18), 
magnesium (MEQ/L; 1.9, SE = 0.05), total bilirubin (mg/dL; 0.1, SE = 0.0), aspartate transferase (AST; 
formerly SGOT; IU/L; 195.6, SE = 16.2), alanine transferase (ALT; formerly SGPT; IU/L; 134.1, SE = 6.4), 
cholesterol (mg/dL; 218.6, SE = 9.9), triglyceride (mg/dL;  33.9, SE = 2.4), CPK (U/L; 4167.4, SE = 680.1), 
total protein (g/dL; 8.2, SE = 0.14), albumin (g/dL; 2.6, SE = 0.05), globulin (g/dL; 5.6, SE = 0.1), 
albumin/globulin ratio (0.5, SE = 0.02), lipase (g/dL; 406.9, SE = 22.3), and amylase (U/L; 2440.4, SE = 265.8).  
Hematological values measured included:  leukocytes (103/mm3; 10, SE = 0.9), erythrocytes (106/mm3; 8.1, SE = 
0.2), hemoglobin (g/dL; 11.2, SE = 0.3), hematocrit (%; 33.3, SE = 1.0), mean cellular volume (fL; 41.3, SE = 
1.0), mean corpuscular hemoglobin (MCH; pg; 13.8, SE = 0.1), mean corpuscular hemoglobin concentration 
(MCHC; g/dL; 33.7, SE = 0.7), neutrophils (8192.6, SE = 851.7), lymphocytes (1322.0, SE = 221.4), monocytes 
(296.0, SE = 38.9), eosinophils (184.5, SE = 34.5), basophils (0) and banded neutrophils (0).  Significant 
differences were observed between males and females for two serum chemistry values (P > 0.05):  glucose and 
albumin.  Among hematological values, males had higher values for hemoglobin, leukocytes, and neutrophils (P 
< 0.05) than females.  Blood chemistry and hematology profiles are important for establishing normal health 
profiles which, in turn, are essential for monitoring population health.  Since different chemical capture drug 
combinations variously impact blood chemistry and hematology, it is important to establish normal reference 
values under these different drug profiles.  Techniques such as this permit access to information critical to 
wildlife conservation biologists and wildlife population managers. 
 
MONKEYPOX DISEASE TRANSMISSION IN AN EXPERIMENTAL SETTING:   



PRAIRIE DOG (CYNOMYS LUDOVICIANUS) ANIMAL MODEL 
 
Christina L. Hutson*, Darin Carroll, Nadia Gallardo–Romero, Sonja Weiss, Christine M. Hughes, Cody 
Clemmons, Victoria A. Olson, Johanna S. Salzer, Jason Abel, Erin McDowell, Kevin Karem, and Inger K. 
Damon 
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Monkeypox virus (MPXV) is considered the most significant public health threat in the genus Orthopoxvirus 
since the eradication of smallpox. MPXV is a zoonotic pathogen that is endemic to the rain forests of Central and 
Western Africa and caused an outbreak in humans in the United States in 2003 due to the importation of infected 
rodents.  In previous studies, the prairie dog MPXV model has been shown to be a very useful model of human 
monkeypox disease as it emulates key characteristics of infected humans.  Herein, we show that the MPXV 
challenged prairie dogs are able to transmit the virus to naïve animals through multiple transmission routes.  
Four primary challenged animals were inoculated via intranasal route with 9X103 pfu (0.07XLD50) of West 
African MPXV and placed into one of three experimental groups.  Challenged animals were able to transmit the 
virus to all naïve animals through exposure to contaminated bedding, direct contact/contaminated bedding and 
respiratory secretions. Notably, animals secondarily exposed appeared to manifest more severe disease and 3/8 
had to be euthanized.  Through the current study we have added to the benefits of the MPXV prairie dog model 
by demonstrating the ability of animal to animal transmission.  Future studies with the model could be very 
useful in evaluating infection control measures during MPXV outbreaks as well as helping in understanding 
differences in rates of transmission between the two clades of MPXV within humans.   
 
"The statements and positions contained in this report represent the proceedings of the meeting and are those of 
the presenters and do not necessarily represent the official position of CDC and or the symposium's sponsors." 
 
ENGAGING STUDENTS IN RESEARCH AND ENHANCING KNOWLEDGE OF AFRICA 
MAMMALS AND ECOSYSTEMS: THE AFRICAN CONSERVATION EXPERIENCE 
 
Victoria Jackson 
 
Department of Biology and Earth Science, University of Central Missouri, Warrensburg, MO 64093  
 
Wildlife and natural resources are global in nature and therefore we must prepare the next generation of 
professionals adequately.  Providing hands–on opportunities in international settings will allow our students to 
gain unique perspectives in our discipline.  A group of nine students and two faculty traveled to southern Africa 
(South Africa and Botswana) to engage in wildlife management, research, and rehabilitation.  Prior to travel 
participants had little knowledge about African ecosystems and culture.  This three week adventure allowed 
students the opportunity to engage in critical conservation work while gaining invaluable experience.  
Opportunities through The African Conservation Experience are available as study tours and as individual 
placements.   
 
EXTENSIVE GENETIC ISOLATION OF THE ENDEMIC, KOREAN CHIPMUNK FROM THE 
KOREAN PENINSULA (Tamias barberi JOHNSON & JONES), EXAMINED FROM NUCLEAR AND 
MITOCHONDRIAL DNA SEQUENCES 
 
Kyung Hee Jang and Hung Sun Koh*  
 
Department of Biology, Chungbuk University, Cheongju 361–763, Korea 
 
We had found genetic distinctness of the Siberian chipmunk from the Korean peninsula (Tamias sibiricus 
barberi), based on the comparison to the neighboring subspecies of T. s. orientalis from northeastern China and 
Mongolia [the average nucleotide distance was 11.40% in the mitochondrial DNA cytochrome b sequences (Koh 



et al., 2009), and the distances were 0.48% (3 consistent, variable sites) and 6.84% in the nuclear DNA c–myc 
sequences and in the mitochondrial control region sequences, respectively (Koh et al., 2010)]: we suggested that 
the Korean chipmunk is a genetic phylogroup and a distinct species as well. In this paper, we obtained nuclear 
IRBP and c–myc and mitochondrial 16S rRNA, 12S rRNA, cytochrome b, and control region sequences of the 
Korean chipmunk and the Siberian chipmunk from northeastern China and Mongolia in subgenus Eutamias, and 
compared these haplotypes to those of other species in Tamias from GenBank, including the species in the 
American subgenera of Tamias and Neotamias: we presented additional evidences of inter–specific and inter–
subgeneric genetic divergences of the endemic, Korean chipmunk, and inferred that the Korean chipmunk is 
good example of peripatric speciation model [geographical barriers such as series of mountains in Chinese–
Korean border and the northern part of the Korean peninsula and the ecological mode of life, i.e. wood and 
ground preferences, resulted in the Korean chipmunk's extensive, genetic isolation from the neighboring, 
Siberian chipmunk of northeastern China and Mongolia since the Pleiocene period]. In addition, we compared 
evolutionary rates among different sites of nuclear and mitochondrial markers and discussed taxonomic 
usefulness of these markers at different levels in Tamias.  
 
RECONSTRUCTING TROPICAL FOREST HISTORY FROM PHYLOGENETIC TREES: DID A 
MID–TERTIARY MASS EXTINCTION SHAPE THE DIVERSIFICATION OF SOUTH AMERICAN 
OPOSSUMS? 
 
Sharon A. Jansa 
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Minnesota, St. Paul, MN  55108 
 
Molecular phylogenies of extant taxa can provide information about aspects of biotic evolution that may not 
have been preserved in the geological record.  Particularly for global regions with a poor or biased fossil record, 
such analyses may be the only window on historical processes shaping modern diversity.  For South America, 
the geological record of mammals is spatially biased because productive fossil sites are concentrated at high 
latitudes. As a result, historical patterns of faunal evolution in Amazonia and other tropical biomes that now 
support diverse modern communities are largely unknown. One mammalian clade potentially informative about 
macroevolutionary and biogeographic phenomena throughout the Age of Mammals in South America is the New 
World marsupial family Didelphidae.  Didelphids (opossums) include at least 100 living species that occupy 
many terrestrial biomes from Patagonia to Canada. Recent collaborative research based on morphology and 
nuclear gene sequences from exemplar species in 18 didelphid genera has produced an almost completely 
resolved opossum phylogeny with strong support at most nodes. Optimizations of habitat and geography on this 
phylogeny suggest that the early radiation of didelphids was confined to South American rain forests, from 
which several lineages subsequently invaded non–forest and arid–forest habitats.  Additionally, diversification 
analyses based on this phylogeny provide unambiguous evidence for a uniform mass extinction event, a 
macroevolutionary phenomenon previously hypothesized to be detectable from such analyses but not previously 
inferred empirically.  Although no ecological scenario for uniform mass extinction has been proposed to date, an 
episode of habitat contraction that crowds together species with similar niche requirements that were previously 
allopatric might have such effects.  The estimated timing of our inferred mass–extinction event approximately 
coincides with the Miocene drowning of western Amazonia by an extensive lacustrine and wetlands system, a 
palaeoecological event that may have had similar effects on other terrestrial vertebrate groups. 
 
RIPARIAN MAMMAL COMMUNITIES PRIOR TO RESTORING THE ELWHA RIVER 
ECOSYSTEM, OLYMPIC PENINSULA, WASHINGTON 
 
Kurt Jenkins, Nathan Chelgren, Kimberly Sager–Fradkin, Patricia  Happe, Michael Adams, and Steven Perakis 
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Klallam Tribe, Port Angeles, WA  98362 (KS), Olympic National Park, Port Angeles, WA 98362 (PH) 



 
Removal of two hydroelectric dams and restoration of anadromous fishes in Washington’s Elwha River 
Ecosystem, one of the largest river restoration projects in the United States, provides a unique opportunity to 
improve understanding of habitat and trophic effects associated with dam removal on riparian faunal 
communities in the Pacific Northwest.  Dam removal beginning in 2011 is expected to alter channel dynamics 
and habitat characteristics in the riparian zone, and restoration of 10 salmonid stocks that have been missing 
from over 64 km of riverine habitat for 100 years is expected to alter nutrient dynamics in riverine and riparian 
ecosystems.   We developed a multi–species monitoring program to document current and future variations in 
species occupancy patterns and community composition of mammalian communities in the Elwha River riparian 
zone.   We examined patterns in species occupancy and community richness across unregulated (above dams) 
and regulated (below dams) river segments that also lack (above dams) or support (below dams) anadromous 
fishes.   Species richness was derived from Bayesian multi–scale occupancy models.  Further, to document the 
relative importance of marine–derived nutrients in the riparian mammal assemblage prior to dam removal, we 
measured variations in carbon and nitrogen stable isotope ratios within hairs and tissues of selected mammalian 
insectivores, omnivores, and carnivores along the river gradient.   
 
HAIRTUBE SAMPLING FOR DETECTION AND IDENTIFICATION OF SMALL MAMMALS 
 
Timothy G. Jessen, John L. Koprowski 
 
School of Natural Resources and the Environment, The University of Arizona, Tucson, AZ, USA 85721  
 
The inconspicuousness and cryptic behavior of small mammals frequently contribute to the relative difficulty in 
studying this important group. Hair tube sampling is a novel technique offering great potential for the study of 
small mammals. In hair tube sampling species enter a baited, hollow tube. Loose hair is collected by a double–
sided adhesive attached to the top of each opening as individuals freely pass through the tube. Collected hair is 
identified to species via distinct physical characteristics observable under a microscope. Hair tube sampling is 
noninvasive, relatively inexpensive and less labor intensive than traditional live trapping methods. In addition, 
hair tubes can be left to sample over longer periods of time and a variety of species of different body sizes can 
potentially be detected in any individual hair collection tube. These qualities have led to increased interest and 
use of hair tube sampling within the scientific community. Hair tube sampling could be an extremely useful tool 
in wildlife management and conservation but validation of the technique is required before relying on data for 
management decisions or conservation actions. For our study, we placed hair tubes over two sites on Mt. 
Graham located within the Pinaleño Mountains of southeastern Arizona totaling 15,120 tube nights of effort. 
Detection of hair increased over time and was collected in > 85% of the tubes after 28 days in the field. 
Following 56 days in the field, detection of hair was >90% at both study sites.  We identified hair collected by 
hair tubes to species. We offer data on efficacy of hair tube sampling to detect species and demonstrate methods 
used in species identification.  Hairtubes appear to have value for the collection of hair and present an easy, cost 
efficient and potentially effective sampling technique with broad applications for small mammal research. 
 
HABITAT ASSOCIATIONS AND USE BY NEOTROPICAL TREE SQUIRRELS IN THE PERUVIAN 
AMAZON 
 
Rosa R. Jessen and John L. Koprowski  
 
Wildlife Conservation and Management, School of Natural Resources and the Environment, The University of 
Arizona, Tucson, AZ 85721 
 
Rainforests are among the most severely threatened ecosystems as forest destruction and habitat loss alter 
species composition, species interactions, and ecosystem processes. Rainforests also contain the greatest 
mammalian diversity, but little is known about rainforest species. With such vast diversity, mammals fill small 
highly interwoven niches forming a complex community. Small mammals provide ecological services and drive 
dynamics and complexity of biological communities, while changes in small mammal communities may alter 



rainforest ecosystems. Therefore, we expect small mammals to demonstrate strong habitat association and 
dependence on specific habitat characteristics. Tree squirrels are known to be indicators of forest condition in 
temperate forests. We investigated the potential of 3 common neotropical tree squirrels as indicators of rainforest 
condition based on association with habitat characteristics and presence/absence in forested areas. Our study area 
is 405 ha of varzea forest located in Área de Conservación Regional Tamshiyacu–Tahuayo of the northeastern 
Peruvian Amazon. We conducted line transect distance sampling to estimate population density, recorded all 
mammalian observations, and measured vegetation in 10 m radius circular plots for squirrel locations and 
random locations to obtain knowledge of habitat characteristics influential to neotropical tree squirrels. Our data 
suggest a strong association of neotropical pygmy squirrels with old growth forest, and northern and southern 
Amazon red squirrels with palm forests. Neotropical pygmy squirrels were located and were strongly associated 
with over 40 additional and less common mammals denoting the powerful conservation tool that tree squirrels 
may provide in the neotropics. Despite potential to significantly improve forest management plans, no studies 
exist on forest associations and ecology of neotropical tree squirrels. Our research promises to provide a 
powerful tool to evaluate forest condition and assign conservation priority. 
 
NICHE SHIFTING IN RESPONSE TO WARMING CLIMATE AFTER THE LAST GLACIAL 
MAXIMUM: INFERENCE FROM NICHE ASSESSMENTS AND GENETIC DATA IN THE CHISEL–
TOOTHED KANGAROO RAT (DIPODOMYS MICROPS) 
 
Tereza Jezkova*, Viktoria Olah–Hemmings, and Brett R. Riddle 
 
School of Life Sciences, University of Nevada, Las Vegas, Nevada, 89154 

 
During Pleistocene glacial–interglacial cycles, the geographic range is often assumed to have shifted as a species 
tracks its climatic niche. Alternatively, the geographic range would not necessarily shift if a species can adapt in 
situ to a changing environment. The potential for a ‘stay and adapt’ response might increase with the diversity of 
habitat types that a species exploits. We evaluate evidence for either range shift or range stability between the 
last glacial maximum (LGM) and present time in the chisel–toothed kangaroo rat (Dipodomys microps), an 
endemic of the Great Basin and Mojave deserts. We modeled how the species range would have changed if the 
climatic niche of the species remained conserved between the LGM and present time. The climatic models imply 
that, if D. microps inhabited the same climatic niche during the LGM as it does today, the species would have 
persisted primarily within the warm Mojave Desert and expanded northwards into the colder Great Basin only 
after the LGM. Contrary to the climatic models, the mitochondrial DNA assessment revealed signals of 
population persistence within the current distribution of the species throughout at least the latest glacial–
interglacial cycle. We concluded that D. microps did not track its climatic niche during late Pleistocene 
oscillations, but rather met the challenge of a changing environment by shifting its niche and retaining large 
portions of its distribution. Our study provides an example of an approach to reconstruct species responses to 
past climatic changes that can be used to evaluate whether and to what extent taxa have capacity to adapt to 
changing environment – information becoming increasingly important to predict biotic responses to future 
environmental changes. 
 
DISTRIBUTION AND DIET OF EURAIAN OTTERS (Lutra lutra) IN SOUTH KOREA 
 
Yeong–Seok Jo 
 
School of Natural Resources and Environment, University of Arizona, AZ 85721 
 
Fresh water otter populations have declined throughout the world.  In South Korea, the Eurasian otter (Lutra 
lutra) is designated as an endangered species and natural monument but little research has been conducted on 
this top predator in riparian ecosystems, and basic information on the species’ ecology, such as distribution and 
diet composition, is critical for its management and conservation.  To rectify this paucity of data, I documented 
the distribution of Eurasian otters in South Korea between 2009 and 2010.  I used standard otter survey methods 
and a 10km ⅹ 10km survey grids.  I also estimated otter diet between 2002 and 2003 along the Ungok and 



Seomjin rivers located in southeast and southwest, respectively.  I analyzed 3,067 spraints in the Ungok River 
and 1,201 spraints in the Seomjin River.  From 3,000 survey sties, I identified 2,043 as sprainting sites and 
estimated that Eurasian otters inhabit most of the Korean river system except for the highly urbanized Seoul and 
Gyeonggi Province.  Otter occupancy was 63% in the survey grid (680 of 1,074).  The primary prey item in the 
Ungok River was fish (65%), followed by amphibians (17%), insects (9%) and birds (5%).  In the Seomjin 
River, the primary prey item was fish (82%) and bird (14%) consumption was higher than in the Ungok River, 
but consumption of amphibians (2%) and insects (1%) was lower.  The information on the ecology of the 
Eurasian otters reported here will provide a strong foundation for the future management of this national symbol 
of conservation. 
 
COMPETITION BETWEEN EASTERN AND WESTERN GRAY SQUIRRELS IN THE PUGET 
LOWLANDS  
 
Aaron Johnston 
 
Washington Cooperative Fish & Wildlife Research Unit, School of Forest Resources, University of Washington, 
Box 352100, Seattle, WA 98195 
 
Populations of State–threatened western gray squirrels (Sciurus griseus) have declined in areas invaded by 
introduced eastern gray squirrels (S. carolinensis) in Washington, but little is known about competitive 
interactions between these species. The western gray squirrel is an ecologically important member of oak 
woodlands, and intensive efforts to recover this species are underway in Washington. This study began in 2007 
in conjunction with a project administered by the Washington Department of Fish and Wildlife to augment a 
population of western gray squirrels on the Joint Base Lewis–McChord. Together, we equipped eastern and 
western gray squirrels with radio–collars to investigate resource use and interactions between species. We 
experimentally removed eastern gray squirrels from two sites and radiotracked both species at two control sites 
to measure competitive effects on western gray squirrels based on spatial–partitioning metrics and fitness 
correlates (e.g. mass, fecundity, survival). Data collected thus far suggest exclusive use of space and some 
differential use of habitat between gray squirrel species. Preliminary results for spatial metrics indicate low use 
of former eastern gray squirrel territories by western gray squirrels following removal treatments. Collection of 
post–treatment data will be completed in fall 2011.  
 
TEMPERAMENT AND SPACE USE IN WILD MUSKRAT 
 
L. Leann Kanda*, Laura Easton, Jeffrey Hatzel, and Laura Louon 
 
Department of Biology (LLK, LE, LL) and Department of Environmental Studies and Sciences (LLK, JH), 
Ithaca College, NY 14850 
 
In field research, individual variation among animals has often been relegated to a random error effect, but in 
recent years a bridge between behavioral ecology and psychology has brought a new focus on the ecological and 
evolutionary implications of individual animal personalities.  Personality temperaments such as boldness (risk–
taking) and exploration (reaction to novelty) have been linked to measures of survival and reproduction in 
numerous taxa.  However, the direct link between such temperaments and the spatial and movement ecology of 
the individuals has rarely been made explicit, particularly in mammals.  We used a local population of muskrat 
(Ondatra zibethicus) to examine the relationship between behavior in a captive assay and subsequent space use.  
All captured muskrat were exposed to an open field test before handling, and subadults were then radio–collared 
and routinely located by telemetry in the field.  We used Principal Components Analysis to characterize animal 
behavior in the captive test.  Low recapture preventing us from evaluating the reliability of the open field test, 
and high predation greatly reduced sample size for field evaluation.  Although we saw variation in animal 
response in the test, these did not correlate to the variation in subsequent space use metrics.  We encourage other 
mammalogists to routinely include captive assays when animals are captured, permitting intrinsic individual 
differences to be explicitly considered as a variable in ecological research.   



 
THE CHANGING FACE OF AMERICAN MAMMALOGY:  THE HISTORY AND STATUS OF 
HUMAN DIVERSITY   
 
Dawn M. Kaufman 
 
Human Diversity Committee; Division of Biology, Kansas State University, Manhattan, KS 66506 
 
As the American Society of Mammalogists (ASM) approaches its 100th year (founded in 1919), the face of its 
membership has seen dramatic changes throughout its history.  At its inception, the ASM claimed an almost 
exclusively male, Caucasian membership of largely European descent.  For the next four decades, women 
formed a small but stable part of ASM activities annually, representing <<10% of membership, ASM meeting 
presentations, and publications in the Journal of Mammalogy.  A striking increase in the participation of women 
has occurred in the ASM during the last 50 years, with even greater gains in leadership roles for women in 
mammalogy in the last two decades (e.g., women composing up to 34% of the ASM Board).  The participation 
of student members (few of whom served on committees before 1990) has grown over the last 20 years; since 
1999, a student director is elected to the ASM Board every year, with a total of three student Board members 
serving at any one time.  The last two decades also have seen distinct increases in the involvement of Hispanic 
and Latino mammalogists (particularly those practicing mammalogy throughout the extent of the Americas), in 
terms of service, leadership, and recognition of research accomplishments.  The same period, however, has 
produced only small increases in the involvement of mammalogists of other races and ethnicities.  Nearly 20 
years ago, the Human Diversity Committee (HDC) was established to support and facilitate “the active 
participation by all members, regardless of gender, race, ethnic background, age, physical disabilities, or sexual 
preference.”  The HDC has worked to (1) highlight diversity issues, (2) sponsor diversity–related activities, (3) 
monitor ASM diversity and participation, and (4) examine strategies to broaden ASM diversity.  Recruitment 
and retention continue to be focal issues; these concerns will be addressed, in part, via a diversity clearinghouse 
website.  The HDC continues to monitor aspects of diversity to analyze progress and better discern what 
approaches might best support and promote diversity in mammalogy. 
 
HABITAT PREFERENCE AND DISTRIBUTION OF AN UNCOMMON MOUSE IN TALLGRASS 
PRAIRIE:  30 YEARS OF THE HISPID POCKET MOUSE 
 
Donald W. Kaufman, Dawn M. Kaufman*, and Glennis A. Kaufman 
 
Division of Biology, Kansas State University, Manhattan, Kansas 66506 
 
The hispid pocket mouse (Chaetodipus hispidus) is found from the grasslands of the Great Plains to the deserts 
of the Southwest.  In Kansas, it occurs throughout the state except along the eastern edge, but is most common in 
the arid western portion.  When we initiated our long–term research program in native tallgrass prairie on the 
Konza Prairie Biological Station, we were interested in the general abundance plus patterns and causes of 
patterns of temporal variability and spatial heterogeneity of small mammals.  On the basis of 30 years of 
fieldwork, pocket mice were active aboveground between late March and early December, but were consistently 
uncommon in prairie habitats.  Based on surveys on 14 permanent traplines, temporal variation in autumn 
numbers suggests a positive influence of drought conditions and a negative effect of wet years.  Captures on 
these survey lines also demonstrated a strong association of hispid pocket mice with slope topography (2.1 
individuals/100 trapnights), which were relatively arid sites with sparse vegetation, as compared to lowland and 
upland prairie (0.2 and 0.2 individuals/100 trapnights).  No effects of fire or grazers were evident.  It follows 
then, that within the Konza mosaic of fire and native grazer treatments, hispid pocket mice do not exhibit 
spatiotemporal nestedness in their distribution (30 years x 14 sites).  In general, little is known about patterns of 
sex ratios, body mass, growth, and reproduction for this heteromyid species, but our total sample was large 
enough to examine some of these characteristics for hispid pocket mice in tallgrass prairie.  For example, most 
individuals weighed 30–55 g, but the largest was over 80 g.  Plots of body mass against capture dates suggest 
that captured mice represented 3 age classes (years 1–3).  Further, for all sampling efforts on Konza Prairie, 



pocket mice were female biased (47% males), but sex ratio varied significantly across seasons (spring: 83% 
males; summer: 52%; autumn: 36%): a pattern likely related to absence of winter activity caused by mid–
December to mid–March torpor. 
 
EFFECTS OF LONG–TERM ANNUAL BURNING ON SMALL MAMMAL COMMUNITIES IN 
TALLGRASS PRAIRIE:  A 30–YEAR STUDY 
 
Glennis A. Kaufman, Dawn M. Kaufman,* Donald W. Kaufman 
 
Division of Biology, Kansas State University, Manhattan, Kansas 66506 
 
Fire is an important driver in maintaining tallgrass prairie in the Flint Hills of the Great Plains.  Annual spring 
burning leads to changes in plant species composition such that forbs decrease and warm season grasses increase 
subsequently leading to a “monoculture” of grasses.  The consequences of long–term annual burning are 
unknown for the small mammal community.  To investigate this response, we used data collected from autumn 
1981 through spring 2011 on two treatment units (001D and N01B) on the Konza Prairie Biological Station near 
Manhattan, Kansas.  One treatment (001D) has been burned annually for 33 years (since 1978), whereas the 
other (N01B) was not burned from 1968–1987, but then has been burned annually for 23 years.  Over 30 years of 
sampling, 15 species of small mammals have been captured in grassland and woodland habitats throughout 
Konza Prairie.  During the 30 years, 11 species (73% of the Konza species pool) were found in autumn in each 
of 001D and N01B, although we found only 3.5 species/autumn on average in 001D and 4.8 species/autumn in 
N01B.  For spring, only 9 (60% of species pool) and 10 (67%) species were accumulated in 001D and N01B, 
respectively, whereas 1.8 species/spring and 2.8 species/spring occurred in 001D and N01B.  As expected, the 
deer mouse was the predominant species captured on the two annual burns and contributed 63% of the 2,519 
individuals captured over 30 years.  For the 3 decades in which annual burning occurred, species richness (S) 
decreased from 11 to 9 to 7 on 001D in autumn and 8 to 5 to 4 in spring.  In contrast, S in autumn on N01B was 
similar in first 2 decades (11 species), but decreased to 9 species in third decade, but was similar in spring (6–7 
species).  Even with this progressive loss of species over time, the structure of rank–abundance relationships 
within each annual burn was consistent between treatments and for each decade of the study in autumn.  Springs, 
in contrast, were more variable, but generally represented less even, smaller communities.  In terms of species 
composition, communities tended to exhibit nested subsets across time. 
 
MOVEBANK: AN ONLINE ARCHIVE AND TOOL FOR ANALYSIS AND SHARING OF ANIMAL 
TRACKING DATA. 
 
Roland Kays* and Martin Wikelski 
 
New York State Museum, Albany NY, 12203, USA (RK). Max Plank Institute for Ornithology, Radolfzell, 
Germany (MW) 
 
The improvement of technology has led to a recent explosion of animal tracking studies.  Scientists need new 
tools not only to manage these larger data sets, but also to make them available to collaborators, advisors, and 
the public that funds most studies. We have created an online tool to archive tracking data and provide a 
platform for sharing, analysis, and visualization at www.Movebank.org.  Users retain complete control over their 
data, setting who has access to data (3 rolls: public, collaborators, data managers) as well as the terms of use.  
Movebank can stream live data through Argos satellites, or receive existing data in batches through an online 
wizard or with assistance from our staff.  Any data with the location and date of individually known animals is 
suitable for the Movebank data model, which presently manages over 5 million data points from 12875 
individually tracked animals representing 262 species contributed by 278 studies. Data can be mapped online, 
animated with Google Earth, and exported in a variety of formats.  Data can now be annotated with weather data 
(wind, temperature, etc…) for each animal location in space and time, and we will be adding new satellite 
derived annotations and analyses in the next year. Movebank is also adding new analysis tools for mining 
movement data and for integrating sensor data from tracking tags (e.g. temperature, 3–axis accelerometer).  



Movebank has long–term support from the Max Plank Institute, and data are backed–up at the New York State 
Museum.  
 
FEMALE PRAIRIE VOLE REPRODUCTIVE SUCCESS AND GROUP LIVING 
 
Brian Keane* and Nancy Solomon 
 
Center for Animal Behavior and Department of Zoology, Miami University, Hamilton, OH 45011 (BK); Center 
for Animal Behavior and Department of Zoology, Miami University, Oxford, OH 45056 (NS) 
 
In cooperatively breeding species, adult members of a social group contribute to the care of offspring that are not 
their own.  Prairie voles (Microtus ochrogaster) are facultative, singular cooperative breeders, but they exhibit 
plasticity in social organization.  Social units comprised of male–female pairs, single adult females, and groups 
containing more than two adults have been observed in natural populations as well as in populations maintained 
in semi–natural enclosures.  Groups are formed primarily when sexually mature offspring fail to disperse from 
their natal nest.  Among prairie voles living in 0.1 hectare semi–natural enclosures, females living in groups 
produced significantly more total offspring during a 15–week study compared to females that lived either as part 
of male–female pairs or as single females throughout the study.  However, the litter size of the first litter of 
females producing their first two litters while living in a male–female pair or single female social unit was not 
different than the litter size of the first litter from females that produced their first litter while living in a social 
unit that was a male–female pair or a single female and the second litter while living in a group.  These results 
suggest that the greater reproductive success of group living females was not due to initial differences in female 
or territory quality.  The greater reproductive success of females living in groups over the course of the 15–week 
study appears to result from group living females producing twice the number of litters as females living in 
male–female pairs or singly and suggests that females breeding in groups may benefit by having shorter 
interlitter intervals. 
 
COYOTE FOOD HABITS IN THE PIEDMONT REGION OF CENTRAL GEORGIA 
 
James D. Kelly*, William D. Gulsby, Karl V. Miller, Charlie Killmaster, John Bowers 
 
Warnell School of Forestry and Natural Resources, University of Georgia, Athens, GA 30602 (JDK, WDG, 
KVM); Wildlife Resources Division, Georgia Department of Natural Resources, Social Circle, GA 30025 (CK, 
JB) 
 
Spatial and temporal plasticity in Canis latrans (coyote) diets require regional studies to understand the 
ecological role of this omnivorous canid. Because coyotes have only recently become established in the 
Southeastern United States, we investigated their food habits by collecting 346 coyote scats on two study sites, 
B.F Grant and Cedar Creek Wildlife Management Areas, in the Piedmont Region of central Georgia. Seasonally 
available soft mast was the most common food item in the majority of months sampled on both sites. Small 
mammals were a common food item, particularly during December through March. During May–September 
fruits of Prunus spp., Rubus spp., Vitis spp., and Diospyros virginiana were an important component of the 
coyote’s diet. Odocoileus virginianus (white–tailed deer) fawns were a common mammalian food item during 
May and June despite differing deer densities on each study site.  
 
ASSESSING REPRODUCTIVE STATUS AND ABNORMALITIES IN MALE BOTTLENOSE 
DOLPHINS FROM SOUTH AUSTRALIA 
 
Catherine Kemper* and Ikuko Tomo. 
 
Mammal Section, South Australian Museum, North Terrace, Adelaide, South Australia, Australia 5000 
 
Reproductive seasonality has not been reported for male bottlenose dolphins but few studies have been 



undertaken.  Describing reproductive activity of dolphin organs is often limited to material from 
opportunistically collected and decomposing carcasses.  Testes, epididymides and skeletons were collected from 
50 Tursiops aduncus carcasses from the coast of South Australia.  Age was estimated by tooth structure and 
physical maturity assessed by describing the degree of fusion of vertebral epiphyses.  Fixed organs were 
weighed and measured, and histological samples stained with H&E and PAS.  Testis data included seminiferous 
tubule diameter and shape, germinal epithelium cell types, basement membrane thickness and relative amount of 
interstitial tissue.  Reproductive status categories were based on histological features in organs that were not 
autolysed: Inactive/Immature (n = 25), Not Fully Active (n = 3), Very Active (n = 20), Inactive/Regressed (n = 
3).  There was clear separation between Inactive/Immature and other categories for testis weight and 
seminiferous tubule diameter.  Basement membrane was thickest in Inactive/Regressed (13.44–16.66 µm) and 
Very Active (4.90–18.80 µm) testes, and thinnest in Inactive/Immature (0.86–4.23 µm) and Not Fully Active 
(3.99–4.47 µm).  Seminiferous tubules of Inactive/Regressed testes were angular in cross–section, disorganized 
in appearance and had only spermatogonia and Sertoli cells. Tubule diameter relative to testis weight and testis 
weight relative to testis length best predicted sexual maturity when germinal cell types could not be identified.  
Males attained sexually maturity at 9–12 years and sexual maturity preceded physical maturity.  Five males aged 
13–27 years were not reproductively active and had evidence of disease or abnormal skeleton development.  
Therefore the reason for testis inactivity does not seem to be seasonal or individual reproductive periodicity.  
Some South Australian T. aduncus had high tissue concentrations of heavy metals which have been associated 
with bone and kidney disease, including one of the Regressed/Inactive males in this study.   
 
CRYPTIC PHYLODIVERSITY IN THE HOARY MARMOT 
 
Nicholas J. Kerhoulas, Matthew M. Smith, and Link E. Olson 
 
University of Alaska Museum, University of Alaska Fairbanks, Fairbanks, AK, USA 
 
Hoary marmots have the broadest geographic and latitudinal distribution of all North American alpine marmots. 
Due in large part to striking levels of pelage variation, nine subspecies of hoary marmot have been described. 
Recent studies have clarified much of the species–level phylogenetic relationships within the genus Marmota. 
However, the most recent research into the intraspecific diversity of hoary marmots was completed in 1915. We 
included both historic and recently–collected museum specimens representing as much of the known hoary 
marmot distribution as possible in the first study of its phylogeographic structure. Techniques for antique DNA 
were used to extract and amplify the entire mitochondrial cytochrome–b gene from museum specimens with no 
available fresh tissue. In addition to the mitochondrial cytochrome–b gene, we amplified five unlinked nuclear 
genes from specimens with available fresh tissue, including several North American outgroups. Patterns of 
intraspecific divergence are interpreted in light of past climate change and the current intra– and interspecific 
taxonomy of hoary marmots. 
 
DIFFERENCES IN CAPTURE OF HARVEST MICE (REITHRODONTOMYS) USING SHERMAN 
AND PITFALL TRAPS 
 
Sarah R.B. King* and Christy M. McCain 
 
Department of Ecology & Evolutionary Biology and CU Museum of Natural History, University of Colorado, 
Boulder, CO 80309, USA 
 
Harvest mice (Reithrodontomys) are some of the most common small mammals in North America, yet 
surprisingly little is known about their biology. Previous studies have reported mixed success catching harvest 
mice in Sherman traps at ground level, resulting in difficulties assessing their abundance. This study assesses 
differences in trapping success between Sherman traps and pitfall traps, and examines demographic differences 
and the effect of various habitat parameters. Trapping was conducted between May and September 2010 at ten 
sites on an elevational gradient from 1700m to 3700m in Boulder and Laramie counties, Colorado, for five 
consecutive nights using 300 Sherman traps spread proportionally among habitat types. Twenty plots at each site 



were established to measure arthropod abundance using pitfall traps, as well as several habitat parameters and 
seed fall. Over 15,000 trap nights we caught 39 harvest mice in Sherman traps; ninety–nine Reithrodontomys 
were inadvertently caught in insect pitfall traps. There was a sex and age difference in captures with pitfalls 
catching more females (t = 2.56, p = 0.03) and more juveniles (t = 2.71, p = 0.03) than Sherman traps. More 
harvest mice were caught by both methods in meadow and riparian habitats than in forest, correlating with areas 
of denser vegetation (r = 0.87, p = 0.001). The likelihood of being caught in a Sherman trap was affected by 
shrub cover (F = 6.40, p = 0.03); there was no relationship between pitfall traps and forb, grass or shrub cover (F 
= 0.20, df = 9, P = 0.2040) . Reithrodontomys abundance was not correlated with either insect (r = –0.14, p = 
0.72) or seed biomass (r = 0.11, p = 0.75). Pitfall traps appeared to show greater Reithrodontomys abundance 
than Sherman traps (t = 2.00, p = 0.06), although only marginally. Our data, and those of others finding a height 
bias in live trapping, emphasize that a variety of trapping techniques is necessary to survey harvest mouse 
populations with precision.  
 
SYNERGISTIC EFFECTS OF CLIMATE AND LARGE–MAMMAL EXTINCTION ON COMMUNITY 
STRUCTURE OF SMALL MAMMALS IN EAST AFRICA 
 
Stephen N. Kinyua, Bernard A. Agwanda, and Jacob R. Goheen*  
 
Department of Wildlife Management, Moi University, Eldoret, Kenya (SNK); Department of Mammalogy, 
National Museums of Kenya, Nairobi, Kenya; Departments of Zoology/Physiology and Botany, University of 
Wyoming, Laramie, Wyoming, USA 82071 
 
Large mammalian herbivores (LMH) are iconic components of African savannas and, by browsing, grazing, and 
depositing nutrients, create and maintain the tree–grass mixtures that typify these ecosystems. Because LMH are 
sensitive to human disturbances, ecologists must work to understand if and how communities will reorganize in 
the aftermath of LMH extinctions. At our study sites in central Kenya, community dynamics of small mammals 
(rodents, shrews, and elephant shrews) were driven by interactions between LMH and rainfall. Both abundance 
and diversity of small mammals increased following simulated LMH extinction; these effects were enhanced in 
mesic areas. Further, rates of change in small–mammal communities were greatest following simulated 
megaherbivore (elephant and giraffe) extinction, and attenuated following simulated extinction of two smaller 
herbivores (Guenther’s dik–dik and cape hare). Taken together, our results imply that two widespread 
consequences of human activity—extirpations of LMH and climate change—alter the assembly and structure of 
small–mammal communities in African savannas. We discuss the extent to which our results may apply to other 
savanna ecosystems. 
 
NEW GUINEA DINGO VOCALIZATIONS 
 
Janice Koler–Matznick*, I. Lehr Brisbin, Jr., and Mark Feinstein 
 
The New Guinea Singing Dog Conservation Society, Central Point, OR 97502 (JKM); Savannah River Ecology 
Laboratory, University of Georgia, SC 29801 (ILB); School of Cognitive Science, Hampshire College, MA 
01002 (MF) 
 
The New Guinea dingo (NGD), also called the New Guinea singing dog, is a long–term (est. 4,000 – 18,600 
years) isolate Canis population of uncertain origin and taxonomy. This little–studied wild dog, the apex land 
predator of New Guinea, is named for its Chorus Howl. The NGD Chorus Howl is a session of polyphonic 
simultaneous calling by two or more NGDs. Chorus bout duration varies from about 0.5 to 10 minutes: mean 
slightly <1.0 min. An individual howl within the chorus has a typical starting frequency of 600 – 800 Hz, 
thereafter varying from 300 – 1700 Hz. Individual howls within the chorus last ~0.5 to 5 seconds: mean 3 s. 
Howl pitch invariably initially rises from the onset, and, while the remainder of the event can be fairly steady, 
howls typically exhibit abrupt pitch changes. This modulation may occur as rapidly as every 300 – 500 
milliseconds, or as gradually as every second. Five to eight well–defined, intense harmonics can normally be 
discerned in spectrographic analyses of NGD howls. The NGD Chorus Howl is different from other canids’ 



communal howls because they are not merely all howling at the same time, but  appear to be actually 
coordinating their howls, counterpointing each other, and creating what are known in human singing as 
“overtones” or “ringing chords” in which voices combine creating an added note. The vocalizations of other 
canids may correlate with internal states of arousal, and within–individual variations may permit sender 
identification by familiar receivers, however, NGDs have innate context–specific vocalizations not previously 
reported for other canids. Four are illustrated in this presentation. The Crow–Howl is expressed during high 
arousal “pleasurable” states. The Crow–Howl–Purr/Trill is associated with extreme arousal levels. The Open 
Mouth Whine is a solicitation call, invariably rising toward the end and unmistakable despite variations. It can 
be interpreted as meaning “I want,” and is normally expressed when the NGD desires something it cannot access 
itself. The Peacock call is expressed only by distressed puppies from about 4 to 9 weeks of age. The NGSD, at 
minimum, represents the only remaining pure evolutionary line of early generalized dog, and, at maximum, 
could be a unique species. There are only about 200 NGSDs in captivity. Almost nothing is known about the 
threatened wild population. The uniqueness of the captive NGD vocalizations needs to be verified through 
comparative studies and verified in the wild by field studies.  
 
CONSERVATION OF THE ENDANGERED MT. GRAHAM RED SQUIRREL: MUCH MORE THAN 
SCOPES VS. SQUIRRELS 
 
John L. Koprowski 
 
Wildlife Conservation & Management, School of Natural Resources & the Environment, University of Arizona, 
Tucson, AZ 85721 
 
The Mt. Graham red squirrel was federally listed as endangered in 1987 igniting a battle over development of an 
astrophysical observatory within the squirrel’s habitat that thrust the species into mainstream media.  This 
montane endemic remains among the most critically endangered species in North America more than two 
decades later with only slightly more than 200 individuals believed alive.  Population numbers have fluctuated in 
over 20 years of surveys but current numbers remain similar to abundance when the species was first listed.  Mt. 
Graham red squirrels traverse large home ranges that suggest issues related to habitat quality including response 
to fire, insect damage, roads, and introduced Abert’s squirrels.  Mortality is high with few animals living to 
reproduce more than once in their short lifetime.  Raptors are the primary source of mortality.  Litter size is only 
slightly reduced compared to non–endangered populations of red squirrels.  The demographic challenges faced 
by Mt. Graham red squirrels are likely exacerbated by a paucity of genetic variation.  Ultimately, climate change 
induced habitat changes that facilitate open forest conditions may prove the greatest threat.   
 
THE PLOT THICKENS: A NEW SOCIAL TUCO–TUCO FROM NORTHERN ARGENTINA 
 
Eileen A. Lacey*, Pablo A. Cuello, Julie A. Woodruff, Mauro N. Tammone, and John R. Wieczorek 
 
Museum of Vertebrate Zoology, University of California, Berkeley CA 94720 (EAL, JAW, JRW); GIB–
IADIZA–CCT, Mendoza–CONICET, Mendoza, Argentina (PAC); Universidad Nacional del Comahue, S.C. de 
Bariloche, Argentina (MNT) 
 
Independently evolved examples of group living provide valuable opportunities to test hypotheses regarding the 
adaptive bases for social behavior. Although rodents in the genus Ctenomys are geographically widespread and 
often locally abundant in sub–Amazonian South America, quantitative evidence of group living in these animals 
has – until now – been limited to a single species, the colonial tuco–tuco (C. sociabilis). Here, we demonstrate 
that the highland tuco–tuco (C. opimus) is also social. Live–trapping and radiotelemetry data indicate that 
multiple adult C. opimus share the same burrow system and nest site. Unlike C. sociabilis, however, group mates 
display only partial spatial overlap with one another and groups are not characterized by discrete spatial 
boundaries. Based on these data, the social structure of C. opimus appears to be intermediate between that of C. 
sociabilis and strictly solitary species of tuco–tucos. Current phylogenetic information for Ctenomys suggests 
that C. sociabilis and C. opimus represent evolutionarily independent examples of group living, making them 



ideal for comparative studies of the adaptive bases for burrow sharing. More generally, this new evidence for 
behavioral variation among tuco–tucos underscores the importance of ctenomyid rodents for comparative studies 
of the proximate and ultimate bases for differences in social behavior.  
 
RATTUS PHYLOGENY REVEALS NOVEL R. TANEZUMNI INVASION AND HYBRIDIZATION IN 
THE UNITED STATES 
 
Justin B. Lack*, Dan Greene, Meredith K. Hamilton, Michael A. Mares, Janet K. Braun, and Ronald A. Van Den 
Bussche 
 
Department of Zoology, Oklahoma State University, Oklahoma 74078 (JBL, MKH, RAVDB); Florida 
Department of Fish and Wildlife, Panama City, Florida 32401 (DG); Sam Noble Oklahoma Museum of Natural 
History, University of Oklahoma, Norman, Oklahoma 73019 (MAM, JKB) 
 
Rattus are arguably the most destructive invasive species on the planet. Within the U.S., they are responsible for 
approximately 19 billion dollars in annual economic losses through the destruction of property, the spread of 
disease, and the contamination of food and agriculture. In spite of their enormous economic and public health 
importance, essentially nothing is known of the population structure and genetic diversity of invasive Rattus in 
the U.S., and every study conducted to date has been limited to a small geographic scale (e.g., islands and 
individual cities). In addition, all individuals captured in the U.S. are considered to be either Rattus rattus or 
Rattus norvegicus, with little consideration given to other species that are morphologically similar to R. rattus 
and R. norvegicus and potentially entering the U.S. To examine the genetic diversity of invasive Rattus in the 
U.S., we sequenced the cytochrome b gene from individuals tentatively identified based on morphology as 
Rattus, as well as obtaining all previously published cytochrome b sequences from members of the genus Rattus. 
Our phylogenetic analyses revealed that the majority of individuals obtained within the U.S. were R. rattus or R. 
norvegicus; however, individuals from 2 localities in northern Florida were members of a cryptic species, R. 
tanezumi. In addition, nuclear DNA analyses indicate extensive hybridization between R. rattus and R. tanezumi. 
These results have important implications in managing Rattus invasions and rat–borne disease, as each species 
carries and transmits a unique suite of pathogens. 
 
FRONTAL SINUS SIZE AND SHAPE IN AQUATIC AND TERRESTRIAL CARNIVORANS 
 
George Lai*, Abigail A. Curtis, and Blaire Van Valkenburgh 
 
 Dept. of Ecology and Evolutionary Biology, University of California, Los Angeles, CA 90095 
 
Frontal sinuses are one of the four mammalian paranasal sinuses that form when the nasal epithelium escapes the 
nasal chamber and invades surrounding bones including the maxilla, sphenoid, ethmoid, and frontal. Among the 
paranasal sinuses, frontal sinuses exhibit the greatest amount of variation, and have been acquired and lost 
multiple times in mammals. Literature suggests that these structures are lost in aquatic species, such as 
pinnepeds, due to the negative effects of having air filled spaces during diving.  However, no quantitative study 
has examined how sinus morphology varies in relation to degree of aquatic versus terrestrial lifestyle.  As part of 
a larger study, quantifying frontal sinus anatomy throughout the order Carnivora, we quantified frontal sinus 
anatomy in arctoid carnivorans including ursids, pinnepeds, mephitids, mustelids, and procyonids. Species in this 
group range from fully terrestrial to almost exclusively aquatic, allowing us to examine frontal sinus morphology 
in species with varying degrees of aquatic adaptations. In addition, arctoids offer a number of independent 
acquisitions of aquatic ecologies, and exhibit a broad range of body size and skull size.  We expect that aquatic 
species will have no sinuses, terrestrial species will retain sinuses similar in form to other terrestrial carnivores, 
and semi–aquatic and semi–terrestrial species will exhibit relatively reduced sinuses, reflecting their 
intermediate position with respect to being aquatic or terrestrial. We use CT technology to build 3–dimensional 
models of sinuses from which size data are collected. Three–dimensional shape variation is quantified using 
spherical harmonics (SPHARM); a method that produces a series of complex coefficients for each sinus that can 
be used to reconstruct the original surface, and can be analyzed using multivariate statistics, such as PCA, to 



examine the major axes of shape variation. We examine scaling relationships between sinus size and shape 
among aquatic and terrestrial species to test the hypothesis that an aquatic lifestyle does not favor maintenance 
of sinuses.   
 
CASCADING IMPACTS OF EUROPE–WIDE CHANGES IN HERBIVOROUS SMALL MAMMALS 
ABUNDANCE: CHANGING CYCLIC DYNAMICS AND IMPACT OF INVASIVE NON–NATIVE 
SPECIES 
 
Xavier Lambin*, Thomas Cornulier, and Nigel G Yoccoz. 
 
School of Biological Sciences, University of Aberdeen, AB24 2TZ UK; Department of Biology, University of 
Tromso, Norway 
 
While data on long term trends in populations of small mammals in Europe are sparse, declining trends can be 
identified for three groups of small mammals. European mammals inhabit environments long shaped by human 
activities, and marked declines linked to habitat degradation are restricted to bats, brown hares, European 
Hamsters and common voles in areas with relatively recent intensification of farming practices. Subtle but 
widespread reductions in the amplitude of the cyclical dynamics of vole populations throughout Europe have 
potentially profound consequences for the guild of predators relying on such species. Whereas a cyclic signature 
remains obvious, changes in primarily winter dynamics restrict breeding opportunities for predatory species with 
reproductive strategies adapted to exploiting to episodes of overabundance of small mammal prey. We present 
analyses of a large panel of time series in order to establish whether this transition from high to lower amplitude 
cycles followed the same syndrome in terms of structure of direct and delayed density dependence and hence 
might reflect a shared environmental influence. In addition, several European small mammal species are 
demonstrably negatively affected by predation (water vole, amphibious vole, Pyrenean desman) or competition 
(red squirrel, European mink) by invasive non–native species, though a novel pathogen is implicated in the 
decline of the European rabbit in the Iberian Peninsula with profound consequences for vertebrate predators.  
 
EVALUATION OF EXERTION AND POTENTIAL CAPTURE STRESS MYOPATHY IN WILD 
DUGONGS, USING SERUM BIO–MARKERS 
 
Janet Lanyon*, Helen Sneath; Trevor Long 
 
School of Biological Sciences, The University of Queensland, St Lucia, Queensland 4072, Australia (JL); School 
of Biological Sciences, The University of Queensland, St Lucia, Queensland 4072, Australia (HS); Sea World 
Australia, Sea World Drive, Main Beach, Gold Coast, Queensland 4217, Australia (TL) 
 
More than 750 dugongs (Dugong dugon) have been pursued, captured and handled for up to 20 mins for mark–
recapture sampling.  Fifty of these dugongs were removed from the water for up to an hour for comprehensive 
medical examination. Whole blood and separated serum and plasma samples collected at capture from these 50 
dugongs were analysed for electrolytes, stress hormones and other biochemical factors including enzymes that 
might be indicative of rhabdomyolysis associated with capture stress myopathy, a potentially fatal condition for 
which dugongs have long been thought to be highly susceptible. These analytes included serum potassium, 
sodium, chloride, creatinine kinase (CK), aspartate aminotransferase (AST), alanine aminotransferase (ALT), 
lactic dehydrogenase (LDH), urea, creatinine, glucose, anion gap and total blood CO2.  Concentrations of 
adrenocorticotropic hormone (ACTH) and aldosterone in plasma were also measured. Serum biochemical 
variables were mostly comparable to those of the related West Indian manatee, a mammal that does not appear to 
experience capture myopathy based on available data. Differences included higher blood sodium and chloride in 
dugongs, which may reflect differences in salt balance and renal function.  Serum enzyme CK and AST levels 
were similar to some of the higher levels measured in manatees but were not pathological. One of the 50 
dugongs had marked elevations of CK and AST but showed no other clinical indications of rhabdomyolysis 
associated with capture myopathy such as hyperthermia, hyperventilation or tachycardia.  Rather, generally high 
levels of lactate, CK and AST most probably reflect metabolic acidosis due to the exertion involved in the 



pursuit prior to capture. Earlier observations that suggested that dugongs were probably susceptible to capture 
stress myopathy, based on high serum potassium levels, were not supported by this study. Capture and handling 
methods currently used on dugongs in this research program do not appear to result in capture stress. 
 
BEHAVIOR AND ECOLOGY OF FISHER (MARTES PENNANTI) INHABITING AN URBAN 
ECOSYSTEM 
 
Scott LaPoint* and Roland Kays 
 
New York State Museum, Albany, New York 12230 (SL & RK); Max Planck Institute for Ornithology, 
Radolfzell, Germany 78315 (SL) 
 
Human development affects substantial changes across ecosystems, forcing species that rely on natural, 
continuous habitat to either adapt or go extinct in the region.  Some species can capitalize on anthropogenic 
resources, either because of a pre–adaptation to do so, or through new, evolutionary change.  Fisher (Martes 
pennanti) initially faired poorly in human dominated landscapes, and went extinct in many parts of their range.  
However, over the last 50 years they have recovered in the eastern parts of their range, including recent breeding 
in suburban habitats.  Over the last two winters, we’ve deployed GPS collars on 28 fisher, across a development 
gradient near Albany, New York, attempting to identify behavioral adaptations of fisher inhabiting an urban 
ecosystem, including differences in their daily movements, the timing of their activity, and their habitat 
associations.  The collars attempt a GPS fix every 10 minutes and record motion (via an onboard tri–axial 
accelerometer) every 3 minutes.  Thus far, we’ve collected >1000 locations from 15 animals.  Results thus far 
suggest that urban fisher have an abrupt, bimodal nocturnal activity pattern compared to wild fisher, whose 
activity pattern is marked by regular activity bouts throughout a 24 hour period.  All fisher show a strong 
preference for forested habitat, regardless of forest type, and nearly every urban fisher is forced to move between 
multiple urban forest fragments.  Further, accelerometer data help us distinguish rest sites from predation sites, 
which we field investigate to describe.  The GPS fix schedule of six of our collars is dictated by the activity level 
of the animal, allowing us to identify functional movement corridors, pinpointing locations where fisher cross 
roads.  Field–investigation of these road crossing sites reveals a high use of drainage culverts and under–road 
tunnels by urban fisher.  Our study will provide valuable information on how a threatened species can adapt to 
encroaching human development over the scale of just a few decades, helping us help other species that are 
threatened by similar forces. 
 
BLACK BEAR POPULATION AND CONNECTIVITY IN THE SKY ISLANDS OF MEXICO/UNITED 
STATES 
 
Nalleli Lara–Díaz, Helí Coronel–Arellano, Alejandro González Bernal, and Carlos A. López–González 

 

Laboratorio de Zoología, Facultad de Ciencias Naturales, Universidad Autónoma de Querétaro, Querétaro, 
México, 76230 (NL, CL); Naturalia Comité para la Conservación de Especies Silvestres A. C., Agua Prieta, 
Sonora, México, 84230 (HC, AG) 
 
The Sky Island region is a mountainous complex surrounded by grasslands, deserts and intermountain valleys, 
located between Mexico and the United States, have resulted in morphological and genetic differentiation of 
flora and fauna, with wide species richness and unique ecosystems. However, different land management and 
human impact can have an effect on its wildlife populations. Currently, the construction of the border wall poses 
an immediate threat to the survival of those species under conservation status, by reducing its population size. 
This is the case of black bears (Ursus americanus), considered an endangered species in Mexico. Our aim was to 
determine the conservation status of black bear in the Sierra San Luis mountain range as affected by the border 
fence. We determined population size through camera trap and radio–telemetry, population occupancy was 
modeled using program PRESENCE. We documented a viable black bear population with more than 500 
individuals. Surveys along the border failed to detect bears crossing it but we were able to identify important 
linkages to maintain connectivity between the two countries that should be considered for future landscape 



planning. The increase in vehicular traffic, trespassing of migrants and drug traffic in the region, have a negative 
effect on bear populations and the possible indirect effect of increased anthropogenic activities resulting from the 
construction and maintenance of the border wall will exacerbate this problem. We recommend modifications to 
the structure of the border wall, and to increase wildlife monitoring by the United States authorities to reduce the 
potential impact this structure has on black bear and other wildlife populations. 
 
RETICULATE EVOLUTION IN MAMMALS: AN EXAMPLE FROM THE GENUS ARTIBEUS  
 
Peter A. Larsen 
 
Department of Biological Sciences, Texas Tech University, Lubbock TX 79409 
 
Reticulate evolution describes the process by which hybridization among two or more species–level lineages 
produces a network of relationships within a given taxonomic group. Under certain conditions such reticulation 
may contribute to the formation of lineages (hybrid speciation). In animals, the majority of documented cases of 
hybrid speciation are described from insects and fish and there are very few hypothesized cases in mammals. 
The rarity of examples of hybrid speciation in mammals may be a consequence of either unfavorable conditions 
for hybrid speciation to occur or a lack of empirically based research. My research on fruit–eating bats of the 
genus Artibeus resulted in the identification of a pattern of reticulate evolution that shares characteristics with 
other hypothesized examples of hybrid speciation. Mitochondrial, nuclear, and morphological data indicate a 
zone of admixture in southern Lesser Antillean populations of Artibeus. The data indicate that multiple species–
level lineages have come into contact on several small Caribbean islands. Subsequent hybridization among these 
lineages has contributed to the formation of a distinct lineage (Artibeus schwartzi) that is distributed on the 
islands of Saint Vincent and the Grenadines. The data from Artibeus indicate that speciation within the genus is a 
dynamic process, with genetic isolation arising through multiple pathways. Traditionally species are viewed as 
‘closed systems’ (having a discrete beginning and end) however, empirical data from Artibeus indicate that 
conceptualization of species as ‘open systems’ (originating from multifaceted evolutionary processes) is 
appropriate. 
 
DEMOGRAPHY OF A REINTRODUCED BLACK RHINOCEROS POPULATION: THE FIRST TWO 
DECADES 
 
Peter R Law, Brad Fike, and Peter C. Lent 
 
PRLDB Modelling (PRL); Eastern Cape Parks Board, Great Fish River Reserve, South Africa (BF); University 
of Fort Hare, South Africa (PCL) 
 
Black Rhinoceros (Diceros bicornis minor) were reintroduced into the Great Fish River Reserve (GFRR), 
Eastern Cape Province, South Africa, beginning in 1986. The western sector of GFRR is separated from the 
eastern sector by the Great Fish and Kat rivers and the subpopulations of these two sectors have been 
independently introduced and monitored and have, until recently, remained largely demographically isolated 
from each other. Exploiting comprehensive records of births and deaths in the western sector from 1986 through 
2008 we have been studying the demography of the western subpopulation. We report on mortality, female 
reproduction, and birth sex ratios against a backdrop of theoretical ideas relating to the demography and 
population dynamics of large herbivores. In particular, field studies of large herbivores suggest that per capita 
growth rate is constant over a considerable range of population density and then declines rapidly as the 
population approaches ecological carrying capacity (contra the logistic model in which per capita growth rate 
declines linearly) and that there is a schedule according to which density impacts demographic parameters, with 
juvenile mortality affected first, then age at first reproduction, then adult reproduction, and with adult mortality 
only suffering in severe conditions. This schedule is consistent with theory regarding sensitivity of population 
growth rate to demographic parameters in long–lived ungulates. Various hypotheses have been framed 
suggesting facultative birth sex ratio adjustment that might modify Fisherian equal investment in the sexes (e.g., 
local mate competition, Trivers–Willard hypothesis, local resource competition) some of which have been 



studied in large herbivores. In addition to their intrinsic interest, testing these theories is important for their 
consequences for conservation and management of endangered large herbivores. Our study population 
constitutes a rare example of a well monitored expanding population of megaherbivores that provides insight 
into these issues. 
 
THE ECOLOGY OF THE EASTERN PYGMY POSSUM CERCARTETUS NANUS IN FORESTS AND 
THE IMPACT OF LOGGING 
 
Brad Law*, Mark Chidel, and Alf Britton 
 
Forest Science Centre, Department of Primary Industries, PO Box 100 Beecroft, NSW, 2119, Australia (BL, 
MC); Forests NSW, Central Region, Australia (AB) 
 
The Eastern Pygmy Possum is a threatened, nectarivorous marsupial whose ecology is poorly understood in the 
forests of eastern Australia. This study is investigating its response to logging using a BACI design, with two 
controls and two logged sites plus two sites that were logged 4 years previously. The aim of the study is to 
compare home ranges and den use before and after logging.  The pre–logging phase was completed after 20 
months of pit–trapping, resulting in 61 individuals captured and 32 radio–collared. An 18 month post–logging 
phase resulted in 65 individuals captured and 30 radio–collared. Some plant species were noted flowering within 
3 months after logging, thus providing a nectar and pollen resource for pygmy possums in this short period. 
Possums at both of the older regrowth sites denned and foraged in the regenerating zone, indicating that they 
continued to persist in the thick understorey regenerating in the intermediate period after logging. A wide range 
of dens was used at all sites, especially hollows in trees and in logs on the ground. We recorded a number of 
predations events by snakes, goannas and nocturnal birds in both logged and unlogged sites. The impact of 
logging on home ranges and den use will be discussed. The research provides an assessment of logging impacts 
and most importantly provides a scientific underpinning for the management of Eastern Pygmy Possums by 
aiding the development of sensible and effective wildlife prescriptions in harvested forests. 
 
ARE AUSTRALIAN SMALL MAMMALS ON A PATHWAY TO COMPLETE ANNIHILATION?  
 
Sarah Legge, John Kanowski, and Alex Kutt* 
 
Australian Wildlife Conservancy, PO Box 8070, Subiaco East, Western Australia 6008, AUSTRALIA (SL, JK); 
CSIRO Ecosystem Sciences, PMB PO Aitkenvale, Queensland 4814 AUSTRALIA (AK) 
 
Australia has the record of the highest rate of mammal extinctions in the world with over 20 species lost in the 
past 200 years. The extinction cohort is restricted to medium to small sized mammals between 50–g to 5000–g. 
There is increasing concern that there is a new wave of extinction imminent in same sized mammals in northern 
Australia, sweeping in from the south where much historical extinction has already occurred. The evidence for 
this new decline ranges from the compelling to the anecdotal, and spatially from the localised to extensive.  But 
why has such a dire circumstance occurred and why is it continuing?  In more southerly extinctions, there is 
strong evidence that predation by introduced red foxes and cats were the primary cause, accentuated by wide 
scale landscape degradation after settlement by the farming and livestock industry.  But in northern Australia the 
landscapes are largely intact, and many of the threatening processes have been in existence for decades, making 
the contemporary wave of declines perplexing.  We examine recent evidence on mammal decline and recovery 
and evaluate the current evidence for fire, grazing and predation effects, and the trophic and ecological 
consequences of mammal depletion.  We also examine the implications of social change such as loss of 
Indigenous knowledge of land management, and continued intensification of the cattle industry. We provide 
examples of mammal population crash and management–lead recovery, and canvass options for future 
conservation management of Australia’s mammals.   
 
OCCUPANCY DYNAMICS OF A CARNIVORE GUILD IN THE MIDWEST 
 



Damon B. Lesmeister*, Clayton K. Nielsen, Eric M. Schauber, and Eric C. Hellgren 
 
Cooperative Wildlife Research Laboratory, Department of Zoology, Southern Illinois University, Carbondale, IL  
62901–6504 (DBL, EMS, ECH); Cooperative Wildlife Research Laboratory, Department of Forestry, Southern 
Illinois University, Carbondale, IL  62901–6504 (CKN) 
 
Bobcats (Lynx rufus), coyotes (Canis latrans), gray foxes (Urocyon cinereoargenteus), and red foxes (Vulpes 
vulpes) occur sympatrically throughout much of their ranges and are ecologically important.  Although much is 
known about habitat associations for these species individually, few studies have assessed covariates influencing 
occupancy (ψ), co–occurrence (φ), colonization (γ), and extinction (ε) probabilities at large scales.  During 
January–April 2008–2010, we used remote cameras to conduct 3–week surveys at 1,178 sites in 357 2.6–km2 
sections stratified by the proportion of forest cover throughout the 16 southernmost counties of Illinois (16,096 
km2).  We surveyed most sections (297) once, but surveyed 60 sections in both 2008 and 2010 to assess multi–
season dynamics.  We characterized sites by both microhabitat and landscape factors, and analyzed encounter 
histories in program PRESENCE 3.0 to identify covariates influencing ψ, φ, γ, and ε.  Coyotes had the highest 
overall ψ (0.79); followed by bobcat (0.64), gray fox (0.25), and red fox (0.21).  In resurveyed sites, bobcat and 
coyote ψ increased from 0.81 to 0.92 (γ = 0.94, ε = 0.10) and 0.71 to 0.90 (γ = 0.81, ε = 0.06), respectively. 
Conversely, we observed a decrease in ψ of gray fox (0.37 to 0.25, γ = 0.15, ε = 0.57) and red fox (0.19 to 0.13, 
γ = 0.06, ε = 0.54).  Gray fox ψ was positively related to percentage of forest cover, but negatively influenced by 
basal area and amount of coarse woody debris.  Red fox ψ was lower in sections with more forest cover, and was 
most strongly associated with human dwellings.  Bobcat ψ was most influenced by forest cover (positive) and 
proximity to human dwellings (negative), and coyote ψ primarily by coarse woody debris (positive).  We suggest 
that presence of larger carnivores influenced fox occupancy, because foxes co–occurred with coyotes less than 
expected by chance and declining fox ψ correlated with increasing ψ of bobcats and coyotes.  Our study provides 
insights into the habitat characteristics and interspecific relationships that influence carnivore guild structure at 
large spatial scales. 
 
OPPORTUNITIES FOR SCIENCE EDUCATION IN SOUTH AMERICA 
 
Enrique P. Lessa 
 
Departamento de Ecología y Evolución, Facultad de Ciencias, Universidad de la República, Iguá 4225, 
Montevideo 11400, URUGUAY. 
 
South America is one of the regions of the world with large social and economic disparities.  Thus, it is not 
uncommon to find excellent academic institutions next to some of the most impoverished human settlements.  In 
this context, one of the challenges of academia is to find ways to adhere to the highest possible standards in 
science and, at the same time, contribute to the dissemination of opportunities for learning and access to science 
across all social levels.  There is no obvious solution to this dilemma, but a lot can be done to make progress in 
the field.  I will show some examples of work in this general direction at various levels, including non–formal 
education and outreach, as well as work with primary, secondary, undergraduate and graduate education.  
 
MAST SPECIES COMPOSITION ALTERS SEED FATE IN NORTH AMERICAN RODENT–
DISPERSED NUTS 
 
Nathanael Lichti*, Michael A. Steele, Rand obert K. Swihart  
 
Department of Forestry and Natural Resources, Purdue University, Indiana, 47907 (NL); Department of Biology, 
Wilkes University, Pennsylvania, 18766 (MS); Department of Forestry and Natural Resources, Purdue 
University, Indiana, 47907 (RS) 
 
Coevolutionary relationships among trees and scatterhoarding mammalian seed dispersers such as squirrels 
(Sciurus spp.) are ubiquitous.  Most scatterhoarding rodents inhabit diverse plant communities in which the 



relative species composition of the seed community varies seasonally, annually, and spatially. Yet, despite the 
identification of numerous seed traits believed to influence scatterhoarder behavior, we do not know how 
scatterhoarders respond to variation in the relative abundance of alternate seed species, or how these behaviors 
influence plant demography.  We presented free–ranging, wild rodents with seed boxes containing metal–tagged 
seeds in pairwise combinations of three tree species: northern red oak (Quercus rubra, RO), white oak (Q. alba, 
WO), and American chestnut (Castanea dentata, AC).  These three species vary in length of seed dormancy 
prior to germination (RO > AC > WO), and therefore in cache perishability. We predicted that rodents base 
foraging and caching decisions mainly on perishability, and that a focal species paired with a relatively less 
perishable partner species would experience a lower probability of removal from boxes, reduced dispersal, and 
decreased survival in caches to spring.  Of 23,600 seeds presented in 59 boxes across 2 sites and 2 fall seasons, 
we recovered 4172 tags in the subsequent springs, including 137 intact caches.  Analyses accounted for non–
detection error and differences in search effort among boxes.  As expected, partner species identity significantly 
altered seed removal, dispersal and survival. RO and AC were removed at similar rates overall, both > WO, but 
RO was dispersed further and survived > AC > WO.  Our results demonstrate that scatterhoarding rodents 
handle individual seed species differently depending on what other species are available and that these 
differences can yield demographically meaningful changes in seed survival and dispersal.  We propose a model 
to predict caching behavior based on specific seed and habitat traits and how those traits affect dispersers’ 
perceptions of seed value. 
 
GENETIC STRUCTURE OF MICROTUS CALIFORNICUS OVER A MULTIANNUAL DENSITY 
PEAK AND DECLINE 
 
William Z. Lidicker, Jr. 
 
Museum of Vertebrate Zoology, University of California, Berkeley, CA 94720–3160 
 
A long–term study of the population dynamics of the California vole was carried out at the Russell Reservation 
in central California. One aspect of this study was to assess the genetic structure of this population on the scale 
of about 2 ha, and to examine how this structure might vary over the course of a multiannual cycle. Over a 24 
month period, blood samples were taken from live–trapped voles and analyzed for 4 electrophoretic loci that are 
polymorphic in this population, and for which the various alleles behave in a Mendelian fashion (LAP, GOT, 
GPI, PGD). Voles were trapped on 4 grids that were about 50 m apart, and located so as to sample different 
vegetation structures. A total of 709 individuals were sampled. Densities during this sampling interval went from 
low to extremely high, and then rapidly declined to very low numbers. Differentiation among the grids was 
measured as well as changes associated with density phases. There were no sex–biased genetic differences either 
among the grids or in the entire sample. All 4 loci were in Hardy–Weinberg equilibrium for the entire sample. 
Each of the 4 loci behaved differently with respect to differentiation among the grids. One locus did not vary 
statistically across the grids, but for the other 3 each was different on one grid and the unique grid was different 
in each case. Only 9 individuals were known to have dispersed between grids during the 2 years, and these 
movements occurred mostly during the growth phase of the population. The year was divided into 3 seasons of 4 
months each, and one locus showed seasonal change in allele distributions over the 2 year study. Changes in 
allelic frequencies were also measured against density and cyclic phase. No correlation with cyclic phase was 
detected, but one locus varied strongly with population density. In concurrence with similar studies on this and 
other populations, it is apparent that the genetic structure of sedentary species such as voles can vary on small 
spatial scales in response to season, density, and local grid conditions. 
 
PREDICTING OCCUPANCY FROM A COMMUNITY SURVEY OF MEDIUM TO LARGE–SIZED 
MAMMALIAN CARNIVORES AND HERBIVORES IN THE TULI GAME RESERVE OF 
BOTSWANA 
 
John C. Lisek and Victoria L. Jackson 
 
Department of Biology and Earth Science, University of Central Missouri, Warrensburg, MO 64093, USA 



 
Assessing species richness and distribution of African mammals provides further understanding of their ecology 
and movement and will allow for more informed management decisions. Camera trap surveys of medium to 
large–sized mammalian carnivores and herbivores were conducted in the Tuli Game Reserve (Botswana) to 
determine species richness and distribution. This research is ongoing and will be conducted from approximately 
11 May 2011 thought 15 June 2011. The reserve area consisted of farmlands modified in an effort to increase 
free ranging movements of animals. Six sampling locations were surveyed, consisting of fifteen separate baited 
camera stations within each location. Stations were moved every five to six days and placed in a new sampling 
location for a total period of six weeks. We identified species from photos from each site to examine richness of 
a location. Occupancy models will be made using PRESENCE 3.0 statistical software from presence/absence 
data collected. Results should indicate areas occupied by separate mammalian species and determine the richness 
of species within the area. Mapping species distributional ranges will be conducted using ArcGIS software to 
create visual depictions of occupancy. I will offer a preliminary discussion of the results from our community 
survey within the free ranging Tuli Game Reserve.  
 
POTENTIAL CLIMATE CHANGE EFFECTS ON INDIANA BAT (MYOTIS SODALIS) MATERNITY 
RANGE 
 
Susan C. Loeb 
 
U.S. Forest Service, Southern Research Station, Clemson, SC 29634 
 
Temperatures across the eastern U.S. are predicted to increase by approximately 2–5 ºC over the next century. 
These temperature changes may positively or negatively affect species depending on their physiological 
tolerances or specific habitat associations. The Indiana bat is a federally endangered species that hibernates in 
caves and mines in the eastern U.S. During spring, female Indiana bats migrate up to 575 km to summer 
maternity areas where they roost between the bark and bole of dead trees. Summer maternity colonies are 
primarily found in the northeastern and Midwestern U.S., but numerous colonies have also been found in the 
mountainous areas of the southeast. The restriction of maternity colonies to the mountainous regions of the 
southeast suggests that temperature and/or precipitation may be limiting their distribution and that changes in 
these parameters due to climate change may impact future distributions. Thus, I modeled the current distribution 
of summer maternity colonies based on recent temperature and precipitation data using Maxent, a model that 
relies on presence–only data. I then modeled the future distribution of summer maternity colonies based on 
predicted temperatures and precipitation using high, medium, and low emissions climate models. Current 
distribution of Indiana bat maternity colonies was highly correlated with summer temperature with optimal mean 
temperatures of approximately 24 ºC. Suitable area for Indiana bat maternity colonies is predicted to decline by 
14–33% for the period 2040–2069 and by 29–50% for the period 2070–2099. The western portion of the summer 
range would be most affected by increasing temperatures whereas the Appalachian Mountains, the northeastern 
U.S., and the upper portions of the Midwest will be most suitable for Indiana bat maternity colonies in the future. 
Although there is much uncertainty in these models, they suggest forests and woodlots in predicted suitable areas 
should be managed to provide a steady supply of large snags and other suitable trees (e.g., shagbark hickory) for 
Indiana bat maternity colonies.   
 
LINKING CLIMATIC VARIABILITY TO BEHAVIOR AND FITNESS IN HERBIVORES: A 
BIOENERGETIC APPROACH 
 
Ryan A. Long*, R. Terry Bowyer, John G. Kie, and Warren P. Porter 
 
Department of Biological Sciences, Idaho State University, Pocatello, ID 83209 (RAL, RTB, JGK); Department 
of Zoology, University of Wisconsin Madison, Madison, WI 53706 
 
Large herbivores often act as keystone species, and consequently are likely to play an important role in responses 
of ecosystems to climate change.  Nevertheless, little is known about how large herbivores respond behaviorally 



to spatiotemporal variability in the thermal environment.  We evaluated direct and indirect influences of the 
thermal environment on behavior of North American elk occupying a montane forest versus an arid sagebrush–
steppe ecosystem.  We used a mechanistic biophysical model that combined detailed data on microclimate, 
topography, habitat, physiology, and morphology to produce spatiotemporally explicit estimates of metabolic 
expenditures by individual elk as they navigated their respective landscapes.  Model predictions were combined 
with high–frequency location data from GPS collars and data on important fitness correlates such as birth mass 
of young and body condition of adult females to evaluate relationships among the thermal environment, 
behavior, energy balance, and fitness of elk.  Preliminary results indicate that elk occupying arid sagebrush–
steppe habitat face substantially greater demands for energy and water than those occupying forested habitat, 
particularly during the summer months.  During summer, colder operative temperatures at night resulted in 
metabolic costs that were 5–10% higher for elk in the desert than for those in the montane forest.  In contrast, 
hotter operative temperatures during the day often forced a complete cessation of daytime activity among elk in 
the desert, and increased evaporative water loss by 75–100% over that experienced by elk in the montane forest.  
As a result of these increased costs, the thermal environment played a much more important role in structuring 
daily and seasonal patterns of behavior among elk in the desert than in the forest.  Our results provide important 
clues about how behaviorally–mediated effects of large herbivores on ecosystem structure and function may be 
altered as global temperatures continue to rise. 
 
ELEMENTS OF THE METACOMMUNITY STRUCTURE OF BATS AT THE SAN PEDRO–
MEZQUITAL RIVER BASIN, DURANGO–NAYARIT, MEXICO  
 
Celia López–González*, D. F. García–Mendoza, G. Tapia Ramírez, A. Lozano, and Tiberio C. Monterrubio–
Rico 
 
CIIDIR Unidad Durango, Instituto Politécnico Nacional, Durango, Durango, México A. P. 34220 (CLG, DFGM, 
GTR, AL); Laboratorio de Ecología de Vertebrados Terrestres Prioritarios, Facultad de Biología, Universidad 
Michoacana de San Nicolás de Hidalgo, Morelia, Michoacán, México A.P. 58194 (TCMR) 
 
The San Pedro–Mezquital river basin traverses the Sierra Madre Occidental from northeast to southwest. As the 
mountain range rises from 200 to over 3000 m above sea level, the river valley becomes a canyon which depth 
increases, and width decreases as the mountain summits increase. Thus, whereas the mountains are covered by 
temperate pine and oak forests, the river canyon is covered by desert or tropical vegetation entering the canyon 
from the Mexican Plateau to the east or the Pacific plateau to the west.  Bats being potentially vagile organisms, 
we would expect metacommunity structure to be mediated by dispersal as well as by the ecological requirements 
of individual species. Data were analysed for the complete metacommunity and for insectivores and 
frugivores/nectarivores separately.  Results indicate that even though dispersal is potentially possible among 
sites, bats’ ecological requirements are more important to explain species distributions and metacommunity 
structure within this basin.   
 
CHEATGRASS (BROMUS TECTORUM), NATIVE GRASSES, AND SMALL MAMMALS IN THE 
GREAT BASIN: A TEST OF THE APPARENT COMPETITON HYPOTHESIS 
 
Jacob E. Lucero*, Brock R. McMillan, and Phil S. Allen 
 
Department of Plant and Wildlife Sciences, Brigham Young University, UT 84602 
 
Biological invasions are detrimental to biodiversity, ecosystem quality, economic output, and human health.  
Several hypotheses have been posited to explain mechanisms leading to invasion including the Apparent 
Competition Hypothesis (ACH).  The ACH suggests that indirect effects of enemies shared by native and 
potentially invasive species may facilitate the process of invasion.  The Great Basin Desert, USA, provides an 
ideal model system to investigate apparent competition as a mechanism of biological invasion due to the 
abundance of focal prey (native grass seed); alternative, invasive prey (exotic cheatgrass seed); and an important 
guild of shared enemies (granivorous small mammals).  Our objective was to determine if small mammals 



facilitate cheatgrass invasion in the Great Basin by testing three predictions of the ACH: 1) cheatgrass invasion 
increases total prey (seed) availability, 2) granivore density increases in response to increased prey availability, 
and 3) granivores prefer native seeds over cheatgrass seeds.  We tested these predictions in the field by 
comparing seed production between cheatgrass–invaded and non–invaded transects, monitoring small mammal 
communities between replicated control and experimental (cheatgrass–supplemented) plots, and ascertaining 
seed preference of granivores with giving–up density (GUD) experiments.  Sites invaded by cheatgrass had 
greater total seed availability than non–invaded sites, supporting prediction 1.  Evaluation of whether small 
mammal populations positively respond to additional prey availability (prediction 2) is ongoing.  Preliminary 
results support prior findings; granivores preferred native seeds over cheatgrass seeds, supporting prediction 3.  
Thus far, results support two of the three predictions associated with the ACH.  Preliminary findings support the 
idea that apparent competition is an important mechanism explaining, at least partially, the invasion of 
cheatgrass in the Great Basin.  
 
BLAME IT ON YOUR PARENTS? A FIELD TEST OF THE EFFECTS OF INBREEDING ON ADULT 
PRAIRIE VOLES 
 
Kristen E. Lucia* and Brian Keane 
 
Department of Zoology, Center for Animal Behavior, Miami University, Oxford, OH 45056 (KEL); Department 
of Zoology, Center for Animal Behavior, Miami University–Hamilton, Hamilton, OH 45011 (BK) 
 
Having related parents decreases offspring birth and weaning weights and increases juvenile mortality in many 
species. Yet few studies evaluate adult fitness characteristics for mammals with known levels of inbreeding 
(degree of parental relatedness). Because maternal effects can compensate for poor genes, some inbreeding 
effects may increase in severity later in the life cycle once offspring are independent. Therefore, it is important to 
understand the effects of inbreeding across life stages and how those variations influence fitness. In May 2009, 
we released equal numbers of adult, inbred (F = 0.25; offspring of brother–sister matings) and non–inbred (F ≈ 
0) prairie voles (Microtus ochrogaster; sex ratio 1:1) into each of 8, 0.1 ha rodent enclosures and monitored the 
populations for 20 weeks. Although inbred and non–inbred females were equally likely to be residents at a nest, 
inbred males were more likely to be residents at nests than non–inbred males. Inbred adult prairie voles have 
lower survival, with significantly fewer inbred prairie voles surviving until the end of the 5–month field study. 
Additionally, based on a microsatellite–analysis of parentage, inbred prairie voles produce significantly fewer 
offspring than their non–inbred conspecifics. This reduction in offspring production was independent of the 
differential survival, as the difference was still significant when only the data from those inbred and non–inbred 
prairie voles that survived until the end of the study were considered. Therefore, in prairie voles, the deleterious 
effects of having closely related parents persist across life history stages, impacting both adult survival and 
lifetime reproductive success of inbred individuals. 
 
DOCUMENTING BIODIVERSITY: THE ROLE OF TEMPORAL MUSEUM COLLECTIONS AND 
THE NEED FOR CONTINUED GROWTH 
 
Darrin P. Lunde, Kyndall B. P. Hildebrandt*, John J. Ososky, Suzanne C. Peurach, Craig A. Ludwig, Linda K. 
Gordon, Neal Woodman, Alfred L. Gardner, Louise H. Emmons, Richard W. Thorington Jr., Don E. Wilson, 
and Kristofer M. Helgen 
 
Division of Mammals, National Museum of Natural History, Smithsonian Institution, Washington DC 20013 
(DL, KBPH, JO, CL, LG, LE, RT, DW, KMH); USGS Patuxent Wildlife Research Center, National Museum of 
Natural History, Smithsonian Institution, Washington DC 20013 (SP, NW, AG) 
 
The National Museum of Natural History, Smithsonian Institution, is the largest collection of mammals in the 
world.  Together with the Biological Survey Unit of the USGS, we look back on more than a century of 
collecting, and take pride in having amassed more than 580,000 mammal specimens.  Most of our vouchers were 
collected more than a half century ago, and while these provide important historical data, biodiversity is not 



static, and we still need to document the effects of the rapid environmental changes taking place in our time.  
Today, scientists depend on museum collections more than ever before, and adding a temporal counterpoint to 
our existing collections opens the door to a wealth of scientific questions that were unimaginable 100 years ago.  
As the largest mammalian repository, we feel it is the collective mandate of the Smithsonian Institution and the 
Biological Survey unit of USGS to maintain a complete, updated collection of the world’s fauna to serve the 
needs of current and future researchers.  In this poster we highlight the past century of mammal collecting at the 
National Museum, give examples of how new specimens are used in concert with historic collections, and 
discuss the need for continued growth of museum collections by both collaborative and in–house efforts, 
especially in this time of shrinking support for natural history instruction and collections at many educational 
institutions.    Natural history collections are a vital resource for the research community. They are in need of a 
critical update to address the growing demands and innovative technologies that are emerging now and will no 
doubt continue to expand in the future. 
 
BEHAVIORAL GENOMICS: USING TRANSCRIPTOME SEQUENCING TO IDENTIFY GENES 
INFLUENCING SOCIAL BEHAVIOR 
 
Matthew MacManes * and Eileen Lacey 
 
Museum of Vertebrate Zoology and Department of Integrative Biology. University of California, Berkeley. 
California, 94720 
 
Transcriptome sequencing (i.e., sequencing of mRNA from transcribed genes) is an emerging technology that 
offers exciting new opportunities for researchers to explore the genetic underpinnings for numerous phenotypic 
traits, including complex patterns of social behavior. As described here, Illumina sequencing protocols can be 
applied to any organism to assay the entire transcriptome. The resulting data can be used to identify genes 
associated with specific patterns of phenotypic variation, even in the absence of a priori knowledge of the 
genotypic bases for a trait.  Using this approach, we seek to identify genes associated with differences in social 
behavior among subterranean rodents of the genus Ctenomys, commonly known as tuco–tucos. Initial 
sequencing runs have revealed several hundred genes that are differentially expressed in the hippocampi of a 
solitary and a social species of tuco–tucos. Among these are genes associated with the neurotransmitter γ–
Aminobutyric acid (GABA) and its receptors. Also differing in expression are genes associated with calcineurin, 
and calmodulin, each of which has been implicated in the mediation of interactions in mice. Surprisingly, genes 
associated with two neuropeptides commonly thought to mediate social behavior – oxytocin and vasopressin – 
were not over–expressed in the social species examined. Although these studies are still in their infancy, our 
findings suggest that this approach to transcriptome sequencing offers considerable promise for studies of the 
genetic mechanisms underlying complex patterns of behavior. 
 
UNDERSTANDING THE ECOLOGICAL NICHE OF TAMIASCIURUS 
 
Sean P Maher and Andreas S. Chavez 
 
Odum School of Ecology, University of Georgia, Georgia 30602 (SPM); Department of Biology and Burke 
Museum, University of Washington, Washington 98195 (ASC) 
 
Ecological niche models can provide insight into the distribution of species and provide predictions regarding 
range expansion and historical limits.  Briefly, methods use occurrence data and environmental layers to develop 
an estimate of the limitations and project the model into geographic space.  Recently, a hypothesis testing 
framework was introduced by Warren et al. (2008) allowing for the significance of similarity (or dissimilarity) 
between two taxa.  We tested the ecological similarity of Tamiasciurus hudsonicus and T. douglasii at various 
spatial and temporal scales.  These two species are well supported but show some levels of genetic introgression 
and hybridization in two zones of overlap (the Northern Cascades and Eastern Oregon).  We examined whether 
there was broad distributional similarity across North America and how similar the species are in these overlap 
zones, in addition to potential overlap at the Last Glacial Maximum (LGM) and Last Interglacial (LIG) period.  



We developed Maxent models based on 7 climatological variables and used a buffer around museum records to 
derive the estimate.  Models were projected onto all of North America in under contemporary LGM, and LIG 
conditions.  At broad scales under the contemporary climate, we found that neither species shared similar 
distributions (P > 0.05 in all cases).  In the overlap zones, we did not find similarity in the Northern Cascades, 
but found opposing similarity in Eastern Oregon (T. douglassii similar to T. hudsonicus P > 0.05, T. hudsonicus 
similar to T. douglasii P < 0.05).  At LGM, we found similarity from the perspective of T. douglasii (P < 0.05), 
but not from that of T. hudsonicus.  At LIG, we did not find similarity from the perspective of T. douglasii (P > 
0.05), at equivocal results from that of T. hudsonicus.  Our results coincide with patterns of hybridization and 
introgression, while also demonstrates that historical constraints may impact the current distributions. 
 
PHYLOGEOGRAPHYAND HISTORICAL DEMOGRAPHY HIGHLIGHT BIOGEOGRAPHIC 
PROCESSES FOR BOREAL MAMMALS IN WESTERN NORTH AMERICA 
 
Jason L. Malaney*, Andrew G. Hope, Yadéeh E. Sawyer, Steven O. MacDonald, and Joseph A. Cook 
 
Museum of Southwestern Biology and Department of Biology, University of New Mexico, Albuquerque, NM 
87131 
 
We analyze phylogeographic structure across 15 boreal mammals to understand the nature, timing, and 
geographic context of historical events and population processes that shaped mammalian community assembly 
in western North America. We tested a pair of competing hypotheses:  (1) leading edge (post–glacial 
colonization) versus trailing edge (ancient vicariance) diversification and (2) individualistic (Gleasonian) versus 
community wide (Clementsian) assembly. We characterize phylogeographic relationships among multiple taxa 
to suggest historical events responsible for triggering lineage diversification, assessing spatial and temporal 
components of divergence, and identifying congruence among boreal mammals in western North America. 
Results suggest that timing of lineage divergence is coincident with periodicity of Pleistocene cycling. Over 
time, pulses of diversification generally adhere sequentially to 1) an early eastern lineage (Middle Pleistocene), 
followed by 2) a coastal and continental split further west (Late Pleistocene), and 3) southwestern divergence. 
Recolonization of the newly deglaciated higher latitudes (leading edge) in the Holocene typically originated 
from members of a continental clade in the Midwest. These northern colonizers exhibit significant signatures of 
demographic and range expansion while southern populations retain a signature of deeper divergence that is 
consistent with the trailing edge hypothesis. Significant Clementsian responses were detected for 80% of boreal 
mammals suggesting a common biogeographic history. 
 
THE INFLUENCE OF PATCH SIZE, ISOLATION, AND SPOTTED KNAPWEED ON SMALL 
MAMMAL COMMUNITY STRUCTURE IN THE GRAND SABLE DUNES OF PICTURED ROCKS 
NATIONAL LAKESHORE, MICHIGAN  
 
Sarah Lou Malick*, John G. Bruggink, and Jerrold L. Belant 
 
Department of Biology, Northern Michigan University, Michigan 49855 (SLM). Department of Biology, 
Northern Michigan University, Michigan 49855 (JGB); Department of Wildlife, Fisheries & Aquaculture, 

Mississippi State University, Mississippi 39762 (JLB) 
 
We trapped small mammals within the Grand Sable Dunes Research Natural Area of Pictured Rocks National 
Lakeshore, Michigan, to test the predictions of island biogeography theory in a naturally fragmented landscape 
and to examine the influence of spotted knapweed (Centaurea maculosa) on the small mammal community.  We 
documented the presence of 11 small mammal species and the range expansion of the white–footed mouse 
(Peromyscus leucopus) into this area.  The small mammal community occupying isolated forested patches did 
not conform to all of the predictions of island biogeography.  Distance to the nearest forested habitat was a 
moderately significant predictor of species richness (F1,11 = 4.94, P = 0.048), but size of patch was not important 
(F1,11 = 2.13, P = 0.173).  Possible explanations for the lack of a strong relationship include weak isolation of 
patches or insufficient variation in patch sizes.  Mice (Peromyscus spp.) overwhelmingly dominated captures 



(232 total captures), with only one capture each of four other species when we compared small mammal 
abundance and diversity in knapweed–infested areas in the open dune vegetation with abundance and diversity 
in non–infested areas.  Significantly more mice were captured in knapweed plots (= 0.247 ± 0.114 mice/trap in 
June and = 0.753 ± 0.231 mice/trap in August) than in native plots (= 0.107 ± 0.095 mice/trap in June and = 
0.440 ± 0.085 mice/trap in August).  Mice are seed and insect predators, seed and spore dispersers, and they 
serve as prey for a wide range of species. Thus, the positive response by mice to the knapweed invasion in the 
Grand Sable Dunes may have driven additional changes in this community.  
 
DETERMINANTS OF MULE DEER POPULATION GROWTH IN THE INTERMOUNTAIN WEST: 
THE INTERPLAY BETWEEN COMPETITION, WEATHER, HABITAT, AND PREDATION 
 
Jeffrey A. Manning* and Edward O. Garton 
 
Department of Fish and Wildlife Resources, University of Idaho, Moscow, ID 83844, USA 
 
Competition, predation, and population responses to changes in habitat and weather are fundamental ecological 
and evolutionary processes that vary in space and time; understanding the interplay between these influences on 
population growth is of central importance in population ecology. While much is known about the discrete 
effects of these processes on individual populations, we lack an adequate understanding of the relative 
importance and rates at which these processes synergistically control the growth of populations. We examined 
the relative roles of 18 factors of competition, predation, habitat, harvest, and weather on the growth of 
populations for a large temperate herbivore. We fit a candidate set of 24 Ricker population growth models to an 
annual time series of abundance (1990–2003) from 21 populations of mule deer (Odocoileus hemionus) in Idaho, 
USA. To account for model uncertainty, we used Akaike weights to estimate the rate and magnitude of effect of 
each factor with model–averaged and standardized model–averaged coefficients, respectively. We found 
evidence of negative density dependence in all of our models and no evidence that measurement error affected 
the outcome of our analyses. We found that delayed winter density dependence had the largest magnitude of 
effect on population growth, followed by doe harvest, proportion of south–facing slopes, summer density 
dependence, energy cost for movement in snow, interspecific competition with elk (Cervus elaphus) and 
livestock, an interaction between delayed winter density dependence and energy cost, and buck harvest. This 
finding offers empirical evidence of the interplay between population–specific topographic and land cover 
factors and multiple regulating processes of competition, predation, habitat, and weather in controlling 
population growth of temperate ungulates. 
 
DEVELOPMENT AND TESTING OF EMPIRICAL PROBABILITY NETWORK MODELS TO 
PREDICT AGE OF MARTENS (MARTES AMERICANA AND M. CAURINA) BASED ON TELOMERE 
ANALYSIS 
 
Bruce G. Marcot* and Jonathan N. Pauli 
 
Pacific Northwest Research Station, USDA Forest Service, Oregon 97205 (BGM); Department of Forest and 
Wildlife Ecology, University of Wisconsin, Wisconsin 53706 (JNP) 
 
We developed and reported on a means of predicting age of free–ranging and live–capture martens from DNA 
data and population and environmental covariates.  Predictions were made by use of probability (Bayesian) 
network models based on telomere length, sex, species, population density, body size, and other variables.  The 
final models assigned free–ranging martens to juvenile or adult stage classes with 75–88% accuracy, and live–
captured martens to five discrete age classes with 90–93% accuracy.  Here, we report on how we innovated these 
new ways to create alternative empirical probability network models, and how we tested each model with 
training data using a variety of existing and new performance criteria.  We developed and tested a total of 35 
models with alternative combinations of 11 covariates (prediction variables), 3 response variables (stage or age 
class categories), 2 levels of resolution of the covariates (coarse and fine), and 3 strata of geographic occurrence 
of the martens (island, continental, and both).  For each model, all values of prior and conditional probabilities 



were calculated from empirical data on 399 cases of martens and covariates by use of the expectation 
maximization algorithm, within the Bayesian network modeling shell Netica (Norsys, Inc.), and using different 
subsets of the data for training and testing.  We evaluated the accuracy of the models for predicting marten stage 
or age class by comparing model confusion error rates, spherical payoff values, Schwarz’ Bayesian information 
criterion indices, use of k–fold cross validation, model complexity indices (number of covariates and conditional 
probabilities), and new indices we devised that weight confusion error rates by model complexity.  Results 
suggested a final set of models that provide lowest prediction error and most parsimonious model structure.  Our 
methods could be used to develop and test similar models predicting stage or age class of other species based on 
telomere and other covariates.   
 
BY TOOTH OR CLAW: VARIATIONS IN POCKET GOPHER (THOMOMYS SPP.) DIGGING 
MORPHOLOGY PREDICT DISTRIBUTION ACROSS AN ENVIRONMENTALLY 
HETEROGENEOUS REGION 
 
Ariel E. Marcy* and Elizabeth A. Hadly 
 
Department of Biology, Stanford University, California 94305 (AM, EH) 
 
The allopatric distribution of northern Californian pocket gophers (Thomomys spp.) is hypothesized to be a result 
of competitive exclusion.  We demonstrate that gopher subgenera, species, and subspecies occupy unique suites 
of environmental conditions by using GIS analysis of specimen localities mapped on NRCS physical soil 
surveys, USGS geological maps, and PRISM climate data.  Geographically weighted regression (GWR) of these 
spatial relationships helps explain gopher turnover at even the smallest of scales (100s of meters). We also find 
that biomechnical differences in digging ability within and between pocket gopher species are strongly 
correlated with the characteristics of soil, geology, and climate that control soil texture, shrink–swell capacity, 
permeability, and hardness.  A principle component analysis (PCA) of linear and geometric morphometric data 
from 80 adult female forelimbs and 450 crania show that these groups separate by traits conferring advantages 
for tooth and/or claw–digging strategies.  We propose that morphological differences contribute to the 
competitive dominance of one species over another given the local environmental inputs on soil condition in 
their range.  The strong yet underappreciated influence of soils on the distribution of this major vertebrate group 
is rarely considered when projecting species responses to climatic change.  Thus, understanding how the 
environment impacts gopher digging efficacy could pinpoint the key climatic changes most likely to influence 
future gopher distributions in this region. 
 
TEACHING ABOUT SMALL MAMMALS: A MODEL FOR CONSERVATION AND WILDLIFE 
MANAGERS IN GUATEMALA AND EL SALVADOR 
 
John O. Matson, Walter Bulmer, Megan S. Corley, Ralph P. Eckerlin, Adam W. Ferguson, Nicté Ordóñez Garza, 
and Lizette Siles  
 
Department of Biological Sciences, San Jose State University, San Jose, CA 95192 (JOM); Division of Natural 
Sciences, Northern Virginia Community College, Annandale, VA 22003 (WB, RPE); Department of Biological 
Sciences, Texas Tech University, Lubbock, TX 79409–3131 (MSC, AWF, NOG, LS) 
 
Students, researchers, conservationists, and management personnel in Central America often have minimum 
knowledge of small mammals.  For the past several years our team has been conducting fieldwork in the 
highland forests of Guatemala. In spring 2010, our team prepared and delivered a workshop that included several 
aspects of small mammal biology to a group of students from Guatemala and El Salvador in collaboration with 
personnel from Comisión Trinacional del Plan Trifinio and Centro de Estudios Conservacionistas, Universidad 
de San Carlos de Guatemala.  The purpose was to provide students with a working knowledge of small mammal 
sampling and identification techniques, ecology, and disease related topics to allow them to work independently 
in the field.  Our focus was on the small mammals of Nuclear Central America, specifically from the Area 
Protegida Trinacional Montecristo (a national park held in common by El Salvador, Guatemala, and Honduras).  



The workshop included two days of lecture/demonstration by the authors, followed by 8 days of fieldwork in the 
cloud forest of the Guatemalan sector of the Park. Techniques of trapping, skinning, tissue and ectoparasite 
preservation, and data recording were taught. 
 
THE SUCCESS OF GPS COLLAR DEPLOYMENTS ON AUSTRALIAN MAMMALS 
 
Alison Matthews*, Laura Ruckys, Bill Ellis, Sean FitzGibbon, Daniel Lunney, Mathew Crowther, Al Glen, Brad 
Purcell, Katherine Moseby, Jenny Stott, Don Fletcher, Claire Wimpenny, Ben Allen, Linda Van Bommel, 
Michael Roberts 
 
Institute for Land, Water and Society, School of Environmental Sciences, Charles Sturt University, Albury, 
Australia (AM). University of Adelaide, Australia (LR). University of Queensland, Australia (BE, SF); 
Department of Environment, Climate Change and Water, Australia (DL). University of Sydney, Australia (MC); 
Manaaki Whenua – Landcare Research, New Zealand (AG); University of Western Sydney, Australia (BP); Arid 
Recovery, Australia (KM, JS); ACT Land Management and Planning, Australia (DF, CW); South Australian 
Arid Lands Natural Resources Management Board, Australia (BA); James Cook University, Australia (LVB). 
Macquarie University, Australia (MR) 
 
Global Positioning System (GPS) wildlife telemetry collars are increasingly being used to better understand the 
movement patterns of medium to large mammals in the wild. Yet there are very few published studies, 
particularly from Australia, on which to gauge their success. Given that the use of this technology is costly, the 
success of collars in relation to cost is a significant knowledge gap. The aim of this paper is to provide new 
researchers using GPS tracking with background knowledge gained through numerous field studies of GPS 
collar deployments on Australian mammals. What can be expected in regard to the success of the collars, or 
conversely, the types and rates of failure? We collated our data which cover 14 studies across Australia where 
180 GPS collars were deployed on wild dogs, livestock guardian dogs, foxes, cats, quolls, kangaroos, wallabies, 
koalas, and wombats. Common issues encountered were associated with collar design, the GPS, VHF and 
timed–release components, unforseen costs in retrieving and refurbishing collars, and animal welfare matters 
that differed from those of conventional radio–tracking. We discuss the reasons and implications for collar 
failures, and how these could be avoided or improved, and make recommendations for future users of GPS 
collars. Our intention is to provide this information in a constructive manner so that researchers can be fully 
informed when making decisions to use the technology, and maximise the many benefits of GPS while reducing 
the risks. 
 
MOLECULAR AND ECOLOGICAL EVALUATION OF HYBRIDIZATION IN TWO SPECIES OF 
WOODRATS (NEOTOMA FLORIDANA AND N. MICROPUS) 
 
Matthew R. Mauldin*, Ethan B. Rowell, Michelle L. Haynie, and Robert D. Bradley 
 
Department of Biological Sciences, Texas Tech University, Lubbock, Texas 79409 (MRM, RDB); University of 
Central Oklahoma, Edmond, Oklahoma 73034 (EBR, MLH); Museum of Texas Tech University, Lubbock, TX 
79409 (RBD) 
 
The parapatric distribution of two species of woodrats (N. floridana and N. micropus) extends for over 2,200 
kilometers, stretching from the Gulf of Mexico to southeastern Colorado.  The only reported contact zone 
between these two species is a historically studied hybrid zone in western Oklahoma (Spencer 1968; Birney 
1973; Bradley et al. unpublished data) measuring approximately 3 km2.  We hypothesize that additional areas of 
sympatry, possibly resulting in hybridization, occur throughout the paralleling distribution borders.  To test this 
hypothesis, two independent methods of estimation will be used to locate areas ecologically suitable for 
additional contact zones.  A manual estimation method utilizing literature review, museum records, and 
geographic maps to estimate possible zones of sympatry has been used.  A computational method of estimation 
utilizing Geographic Information Systems and Ecological Niche Modeling Software is in the preliminary stages 
of data collection.  Collection trips have been made to multiple putative areas of sympatry, and genotypes of 



specimens are currently being established through the use of 4 molecular markers (1 maternally inherited [Cytb], 
1 paternally inherited [Y–chromosome marker], and 2 biparentally inherited [Fgb–I7 and Adh1–I2]).  Molecular 
assays will be utilized to determine the full extent and directionality of the original hybrid zone, as well as any 
additional contact zones.  After molecular analyses are complete, sampled areas will be classified as either 
positive or negative for evidence of hybridization.  Accuracy and efficiency of both methods will be quantified 
and compared through statistical analyses.  Results of this project will be used to advocate the most accurate and 
efficient method for detecting and examining hybrid zones. 
 
GLOBAL CLIMATE–CHANGE MODELS AND MAMMALIAN DIVERSITY ON MOUNTAINS 
 
Christy M. McCain  
 
Department of Ecology & Evolutionary Biology and CU Museum of Natural History, University of Colorado, 
Boulder, CO 80309, USA 
 
The need to document and to understand the mechanisms producing biodiversity patterns is becoming 
increasingly urgent because biodiversity is being lost at unprecedented rates due to global anthropogenic 
changes. I argue that elevational gradients hold enormous potential for understanding patterns and mechanisms 
of biodiversity. Mountains around the world in all types of climates are hotspots of biodiversity, including many 
rare, endangered, and endemic species. Using this replication on mountains and the variability in the important 
factors thought to be linked to biodiversity serve as a potential natural experiment that may aid in our search for 
a general explanation of biodiversity. Additionally, these montane replicates have enormous potential to 
understand historical and current effects of climate change on species distributions. In the past 100 years, 
researchers have conducted many montane mammal studies, and improved our GIS and analytical capabilities 
that we can now study global montane patterns. Using examples of field studies, meta–analyses, and climate 
change models, I will explore how montane distributions of non–volant small mammals and bats can be used to 
assess the relative strength of various factors thought to underlie biodiversity patterns, including climate, space, 
evolutionary history, and species interactions. And I will illustrate ways montane mammal distributions can be 
used to understand future global change effects in the five regions of the globe, including North American, Latin 
America, Africa, Europe, Mainland Asia, and Austral–Asia. 
 
SMALL MAMMAL DECLINE IN NORTH AMERICA: AN OVERVIEW OF PROCESSES, 
HYPOTHESIS AND EVIDENCE 

 
Christy M. McCain and Sarah King 
 
Department of Ecology & Evolutionary Biology and CU Museum of Natural History, University of Colorado, 
Boulder, CO 80309, USA 
 
Scientists and planners in government, agriculture, and conservation urgently need to understand, on a global 
scale, how the rapid changes associated with anthropogenic climate modification may impact species 
distributions, extinction risks, population dynamics, phenology, and biotic interactions. First we review the 
magnitude of changes predicted in temperature, precipitation, and general climate variability based on the 
current climate change models for North America. We illustrate the examples of latitudinal and elevational range 
contractions, local population extinctions, and population and morphological changes in North American small 
mammals based on a review of literature. We will also compare the documented changes to predicted shifts in 
species ranges based on modeling efforts in our research and in the literature. Lastly, we will give an overview 
of current and pressing research agendas for improving our understanding of how small mammal populations 
may respond to climate change in light of past responses (e.g. Pleistocene shifts) and in combination with 
anthropogenic habitat changes. 
 
RELATIONSHIP BETWEEN REST SITES, KILL SITES, AND SELECTION OF COVER TYPES 
WITHIN HOME RANGES OF MARTENS   



 
Nicholas P. McCann*, Patrick A. Zollner, and Jonathan H. Gilbert  
 
Department of Forestry and Natural Resources, Purdue University, IN 47907; Department of Forestry and 
Natural Resources, Purdue University, IN 47907; Great Lakes Indian Fish and Wildlife Commission, WI 54806 
 
Animals select paths to travel during daily activities based on their perceptions of habitat quality. Habitat 
selection is hierarchical and based on a combination of factors, including prey availability, energetic costs and 
benefits, and risk of mortality. American martens (Martes americana) select forest cover with abundant coarse 
woody debris (CWD) and relatively continuous canopy closure due to increased prey availability and protection 
from weather and predators. Habitat selection for martens occurs at multiple spatial scales, including within their 
home ranges. To measure within home range selection, we followed paths of martens in snow while recording 
cover types they used and locations they rested and killed prey. We evaluated selection using 3 metrics: path 
sinuosity (i.e., path shape), displacement, and use minus availability. We also compared the number of rest and 
kill sites to expected values. Martens moved more sinuously, less efficiently, and greater distances than expected 
in hemlock–cedar, and 3.6 times more rest and kill sites occurred in hemlock–cedar than expected. This suggests 
that martens selected and behaved differently in hemlock–cedar because of a greater availability of rest sites and 
prey. Martens may select hemlock–cedar because hemlock–cedar contains abundant CWD, root masses, snags, 
and trees with large boles where martens can hunt, rest, and avoid predation and harsh weather. Other studies 
that did not detect selection of hemlock and cedar used coarse–resolution (≥4 ha) cover type data. Ninety–six 
percent of the distance we trailed martens in hemlock–cedar would have been classified as another cover type 
using cover data from those studies. This indicates that the scale at which cover types are measured influences 
results from studies that investigate cover type selection for martens. Studies of selection for martens require 
cover type data that accurately identify heterogeneity important to martens. Hemlock–cedar appears to be an 
important cover type for martens on our study area, but often occurs in small patches that are misclassified by 
coarse–resolution cover type data. 
 
COMPARISON OF KANGAROO AND DEER ECOLOGY AND POPULATION DYNAMICS 
 
Dale R. McCullough 
 
Department of Environmental Science, Policy, and Management, and Museum of Vertebrate Zoology, 
University of California, Berkeley, CA 94720–3114 
 
Kangaroos in outback Australia and deer in North America of similar body sizes show similarities and 
differences that illustrate how their environments and evolutionary histories shaped their behavior and ecology 
along similar lines in some cases, and different lines in others. Western grey kangaroos (Macropus fuliginosus) 
and mule deer (Odocoileus hemionus) show considerable similarities in being adapted to low rainfall climates 
with habitats dominated by shrub vegetation. They consume low quality forages, and low variation resulted in 
evolution of conservative reproductive traits. They have a fixed breeding season. Eastern grey kangaroos are 
similar to white–tailed deer (Odocoileus virginianus) in being adapted to higher quality habitats, usually forests 
in regions with relatively stable climates. However, the best forage is found in disturbed areas with secondary 
succession vegetation. Red kangaroos (Macropus rufus) and white–tailed deer are similar in seeking high quality 
forage, but whereas white–tailed deer live in fairly stable climates, and forage quality is related to successional 
stages and population density, red kangaroos are adapted to open habitats with extremely variable rainfall and El 
Niño related droughts. This led to non–seasonal breeding and booms and busts in populations. While both have 
high variation in reproductive response to environmental conditions, the red kangaroo response is far greater, 
which favors rapid population recovery following rain storms that end drought. They also show unexpectedly 
high sexual dimorphism due to skewed reproductive success among males. While reproductive skew in 
ungulates is usually related to dominant males controlling large social groups of females, in red kangaroos 
females are dispersed, and high reproductive success by dominant males is related to extended non–seasonal 
breeding and high mobility.  
 



MITOCHONDRIAL DNA AND KARYOTYPIC DATA REVEAL THE PRESENCE OF MUS 
MINUTOIDES IN BOTSWANA 
 
Molly M. McDonough*, Cibele G. Sotero–Caio, Patrick J. Lewis, Monte L. Thies, Matlhgonolo Tswiio, and 
Robert J. Baker 
 
Department of Biological Sciences, Texas Tech University, Lubbock, TX 79409 (MMM, CGS, RJB); 
Department of Biology, Sam Houston State University, Huntsville, TX 77341 (PJL, MLT); Botswana National 
Museum, Gaborone, Botswana (MT) 
 
Two species of Mus (Subgenus: Nannomy Peters, 1876) are thought to occur in the country of Botswana.  Mus 
setzeri Petter, 1978 exists within a narrow strip in the northwestern portion of the country as well as a disjunct 
population in southern Botswana.  Mus indutus (Thomas, 1910) has a countrywide distribution that extends into 
neighboring counties of Namibia, South Africa, and Zimbabwe. Using DNA sequences and cytogenetics, we 
document that a third species, Mus minutoides A. Smith, 1834 also occurs in Botswana. Two distinct lineages 
(5% divergent in cytochrome–b sequences) of M. minutoides and one lineage of M. indutus were collected from 
a single locality in the Koanaka Hills region, Ngamiland. Zoo–FISH with Mus musculus X chromosome paints 
and DAPI–banding revealed that these individuals of M. minutoides share the same sex–autosome translocation 
as M. minutoides from South Africa, indicating the presence of the translocation over a large geographic area or 
convergence; however data are lacking from other countries within this region to test these hypotheses. 
Currently, M. minutoides is known from the countries of South Africa, Mozambique, Zimbabwe, and Tanzania. 
Our data extend the species distributional range to northwestern Botswana, which indicates that this species 
might also be present in other regions of sub–Saharan Africa. Additionally, this research highlights the need for 
future work with African Mus. 
 
TREE KANGAROO MOLECULAR SYSTEMATICS BASED ON PARTIAL CYTOCHROME B 
SEQUENCES: ARE MATSCHIE’S TREE KANGAROO (DENDROLAGUS MATSCHIEI) AND 
GOODFELLOW’S TREE KANGAROO (D. GOODFELLOWI BUERGERSI) SISTER TAXA? 
 
Thomas J. McGreevy Jr*, Lisa Dabek, and Thomas P. Husband 
 
Department of Natural Resources Science, Coastal Institute, University of Rhode Island, Kingston, RI 02881 
(TJM, TPH); Biology Department, Boston University, Boston, MA 02215 (TJM); Tree Kangaroo Conservation 
Program, Department of Conservation, Woodland Park Zoo, Seattle, WA 98103 (LD) 

 
New Guinea tree kangaroos (Dendrolagus spp.) are unique arboreal macropodid marsupials mainly listed as 
critically endangered or endangered.  The molecular systematics of Dendrolagus has not been fully resolved and 
is critical for the accurate identification of species and their evolutionary relationships.  Matschie’s tree kangaroo 
(D. matschiei) and Goodfellow’s tree kangaroo (D. goodfellowi buergersi) share numerous morphological, 
physiological, and behavioral traits.  We analyzed the partial mitochondrial DNA cytochrome b gene for D. 
matschiei (n = 67), D. g. buergersi (n = 8), D. goodfellowi ssp. (n = 8), golden–mantled tree kangaroo (D. g. 
pulcherrimus; n = 1), and two additional New Guinea Dendrolagus taxa to determine whether D. matschiei and 
D. g. buergersi are sister taxa.  Dendrolagus matschiei and D. g. buergersi were not placed as sister taxa in our 
phylogenetic analyses; however, we were unable to analyze a known sample from one D. goodfellowi 
subspecies.  We found initial genetic evidence that D. matschiei and the Lowland tree kangaroo (D. spadix) are 
sister taxa—they may have diverged after the formation of the Huon Peninsula of Papua New Guinea.  Our 
results also support the elevation of D. g. pulcherrimus to a full species.  An improved understanding of 
Dendrolagus molecular systematics will contribute substantially to their conservation. 
 
A UNIQUE ISOTOPIC RECORD OF MAMMAL ECOLOGY IN THE SOUTHERN ROCKIES 
DURING AND AFTER THE LAST GLACIAL PERIOD 
 
Bryan S. McLean* and Steven D. Emslie 
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Glacial–interglacial climate changes have characterized much of the Quaternary period (the past 2.58 million 
years), with various impacts on vertebrate faunas, including mammals.  A coherent fossil record is paramount for 
understanding these impacts, and for providing a framework within which to interpret the responses of mammals 
to modern climate warming.  Cement Creek Cave, Colorado (2950m) is a high–elevation vertebrate fossil 
locality in the Southern Rocky Mountains that has recently provided a rich and chronologically–intact series of 
late Quaternary mammal remains dating from before 45,000 years ago to the present.  Because this record spans 
the climate changes of the middle Wisconsin, the late Wisconsin (including the Last Glacial Maximum), and the 
Pleistocene–Holocene transition, it offers a chance to examine the ecology of many high–elevation mammal 
species during these periods.  Stable isotope analyses (SIA) are particularly useful for reconstructing ancient 
mammal ecology because fossilized tissues preserve dietary, migratory and life history data as well as 
paleoenvironmental information.  Here we analyze two mammal species present throughout the Cement Creek 
Cave record, Yellow–bellied marmots (Marmota flaviventris) and Bushy–tailed woodrats (Neotoma cinerea), 
using SIA of carbonates in their tooth enamel.  The results are a rare record of montane mammal ecology during 
the middle Wisconsin and fit well with regional palynological and paleoenvironmental records for the late 
Wisconsin and Holocene.  Carbon ratios indicate that both species lived and fed in more open, alpine tundra–like 
habitats dominated by C3 plants throughout the middle and late Wisconsin, while oxygen ratios suggest they 
endured fluctuating inputs of surface waters.  Additionally, carbon ratios support differing late Pleistocene and 
Holocene seasonalities, but with limited effect on general reproductive timing in these species.  Given the above 
trends, the impacts of modern climate warming on these species probably depend on the extent to which future 
ecological perturbations exceed those we observe over the past >45,000 years. 
 
HUMERAL SHAPE AND LOCOMOTOR BEHAVIOR IN CARNIVORES 
 
Annie McNutt*, Graham J. Slater, Abigail Curtis, and Blaire Van Valkenburgh 
 
Marlborough School, 250 South Rossmore Avenue Los Angeles CA 90004 (AM); Department of Ecology and 
Evolutionary Biology, University of California, Los Angeles, Los Angeles, California 90095–1606 (AM, GJS, 
AC, BVV) 
 
We studied morphological correlates of locomotor behavior in the distal humerus of carnivores using a three–
dimensional analysis.  Our analysis included carnivores that can be defined as cursorial (canids, cheetah), 
arborial (procyonids, viverrids), fossorial (badger), and scansorial (felids).  We rendered three–dimensional 
models of humeri using a desktop laser scannerand used a spherical harmonics (SPHARM) analysis to obtain a 
series of shape coefficients describing each model. Principal components analysis was then used to examine 
major axes of shape variation in the carnivoran humerus. Our results indicate that carnivores with similar 
locomotor behaviors converge on similar humeral shapes. This suggests that the shape of the humerus may be a 
useful predictor of ecology in fossil carnivores.  
 
WHAT CONSTRAINTS ANCHOR THE UPPER AND LOWER LIMITS OF MAMMALIAN BODY 
MASS? 
 
James S. Mellett 
 
New Fairfield, CT  06812 
 
The size and mass range of the Order Mammalia is enormous, ranging from the 2–gram Bumblebee Bat 
(Craseonycteris thonglongyai) to the 150,000 kg Blue Whale (Balaeonoptera musculus).  At the lower end of the 
scale, the tropical Craseonycteris mimics an endothermic insect, with its diet of small arthropods.  Any 
endotherm is continually losing heat to the environment and must rapidly digest food to compensate for heat 



loss.  With an open circulatory system and a hemolymph full of readily absorbed amino acids and sugars, insects 
constitute flying piñatas for any predators.  No tiny mammals are truly carnivorous because of the time lag 
involved in digesting complex proteins.  In colder regions, heat loss in air becomes more serious and smaller 
mammals can adapt by burrowing or hibernation.   Growing larger is also an adaptive strategy for dealing with 
the cold, and mammals can use a mix of fur and body fat to cope with it.  Diet also has an effect on body mass, 
particularly among those eating low–quality (high cellulose) forage.  In foregut (bovids) and hindgut (equids) 
fermentators, it takes 7–10 days for a meal to be processed by the microorganisms in their guts.  This time lag in 
the availability of digested nutrients sets a lower limit to the size of these herbivores.   But what sets the upper 
limit?  The largest living herbivore is the 5,000 kg African Elephant (Loxodonta africana).  The 10,000 kg fossil 
Mammuthus and the 13,000 kg fossil rhinoceros Paraceratherium may set the upper limits for body mass in 
terrestrial mammals, but some herbivorous dinosaurs were much larger.  The apatosaurid Barosaurus may have 
hit 20,000 kg.  So the upper limit of mammalian size may not have been reached.  Bone has engineering 
properties that make it as strong as concrete and wood, so the physiological limits of bone size may not have 
been reached in large mammals.  There appears to be an upper limit to the size of foregut fementators, but not 
for hindgut fermentators.  Bacterial activity in the gut of any herbivore may generate sufficient heat to make 
them fermentative endotherms.  Too large a mass of digesta in the gut of a large herbivore may provide a ceiling 
for their maximum size if heat dissipation becomes problem.  Among aquatic mammals, the heat loss issue 
becomes more serious because of the high thermal conductivity of water.  Large body mass, which grows as the 
cube of body length, compensates for surface area heat loss, which is proportional to the square of a linear 
dimension.  It is not surprising that the largest mammals are also aquatic and are insulated with thick layers of 
blubber.  The smallest marine cetaceans are dolphins that inhabit tropical waters where heat loss is not as critical 
as those living in Polar Regions.  The minimum size of cold–water cetaceans may be set by the blubber thickness 
of the young at birth.  If we examine diet among aquatic mammals, there is a major disjunct between 
herbivorous and carnivorous forms.  Aquatic herbivores include the Dugongidae, Trichechidae, and the extinct 
Desmostylia.   Body masses ranged from 1,000 –2,000 kg.  All have pachyostotic ribs to provide ballast, 
whereas cetaceans lack this adaptation.   All large herbivores generate great quantities of gas in their guts, a 
buoyancy problem that becomes serious in any aquatic mammal.   Gas production from the gut, plus the 
availability of forage, locks them into shallow water habitats.  Carnivorous cetaceans lack this drawback, 
allowing them to dive deeply to search for food.    Extinct reptiles followed this pattern, with the largest forms 
being piscivorous or carnivorous.  Recent work suggests these fossil reptiles were also endothermic. 
 
DISPERSAL AND SETTLEMENT IN AN ENDANGERED FOREST OBLIGATE: MULTIPLE 
APPROACHES 
 
Melissa J. Merrick* and John L. Koprowski 
 
School of Natural Resources and the Environment, University of Arizona, Arizona 85721 (AZ) 
 
Natal dispersal and settlement are critical processes structuring populations both demographically and 
genetically.  All stages of the dispersal process (emigration, exploration, and immigration) have tremendous 
fitness consequences in terms of individual survival and reproductive success.  Such consequences could be 
exacerbated by disturbance events like deforestation, insect infestation and fire, which alter habitat availability 
and quality – as is the case for many coniferous forests in the western United States.  In the desert southwestern 
United States, coniferous forest distribution is discontinuous and constrained to high elevation mountaintops.  
Drought, insects, and fire, have also impacted these forest islands resulting in a patchy forest mosaic.  The Mt. 
Graham red squirrel (Tamiasciurus hudsonicus grahamensis) is an endangered, endemic forest obligate 
constrained to a single mountain top in southeastern Arizona.  A long–term monitoring project has examined 
demography, space use, and habitat associations of Mt. Graham red squirrels since 1989.  Much information on 
adult space use and survival has been obtained, however little exists on juvenile survival, dispersal distance, sex 
ratios, behavioral differences, settlement decisions, or habitat affinities.  These data are critical to a full 
understanding of population dynamics and potential impacts of forest disturbance. We have initiated an intensive 
radio telemetry study to track juvenile red squirrel movements, behavior, habitat affinities, and survival.  We 
summarize knowledge regarding survival, sex bias, and dispersal distance of this age class.  In 1994 and 1995, 



seven juvenile red squirrels were radio collared by AZGFD.  Since 2003, we marked 56 juveniles and fitted 17 
individuals with radio collars in 2010.  We calculated dispersal distances for 26 individuals and long–term 
survival estimates for 7 individuals.  Natal dispersal appears to be strongly male–biased with males dispersing an 
average of 900.2 m (n = 13, range 0 – 3,812m) and females dispersing an average of 91m (n = 13, range 0 – 
300m).  Behavioral data suggest individual differences among squirrels moving far and those that remain close 
to the natal area.  Known–fate animals tagged as juveniles prior to 2010, recaptured as adults and fitted with 
radio collars, survived on average a minimum of 861 days. Eighty–two percent were never recaptured.  Dispersal 
is a risk–filled process for this endangered species inhabiting a landscape altered by disturbance. 
 
LONG–TERM CHANGES IN MAMMAL ASSEMBLAGES IN SOUTH AMERICA: THE 
IMPORTANCE OF GLOBAL CLIMATE CHANGE AND HABITAT ALTERATION 
 
Peter L. Meserve* and Douglas A. Kelt 
 
Department of Biological Sciences, Northern Illinois University, DeKalb, IL 60115, USA (PLM); Department of 
Wildlife, Fish & Conservation Biology, University of California, Davis, CA 95616, USA (DAK) 
 
We examined the evidence for significant changes in mammal assemblages in South America through literature 
review and inquiry with selected ecologists there.  As elsewhere, global climate change is affecting the structure 
and distribution of habitats, and both directly and indirectly impacting mammal assemblages; effects of habitat 
alteration due to loss and transformation are particularly severe in many tropical and semiarid regions.  Although 
trends towards declining small mammal numbers in temperate areas are inconsistent, some semiarid small 
mammal communities show shifts in assemblage structure due to changing rainfall patterns and alteration of 
large scale climate phenomena such as the El Niño Southern Oscillation.  In combination with anthropic 
influences, these effects are likely to significantly alter the mammal landscape in this, the second most diverse 
mammal continent in the world.  Financial support provided by U.S. National Science Foundation, FONDECYT 
Chile, University of California, Davis, and Northern Illinois University. 
 
ACOUSTIC SURVEY OF SUMMERTIME BAT ACTIVITY IN THREE HABITATS IN NORTHERN 
NEW YORK STATE 
 
Brianna Molter* and Erika Barthelmess 
 
Biology Department, St. Lawrence University, Canton, New York 13617 
 
There are nine species of bat known to exist in New York State today. Over the past six years some have been 
exposed to the fungal pathogen Geomyces destructans, the fungus that causes white nose syndrome. Since 2006 
when the disease was discovered many populations of bats throughout the northeastern United States have been 
decimated. Bats are notoriously difficult to study as they are nocturnal and forage on the wing. Limited 
knowledge of summertime habitat use by bats in New York State has made it difficult to fully assess the impact 
if white nose syndrome across the region. In the face of white nose syndrome it is important to garner as much 
information as possible about summertime bat presence and habitat use. With this information we can more 
accurately assess the effect white nose syndrome has had on summertime bat populations and more successfully 
conserve bat populations in the face of this disease. Our study focused on the summertime activity of bats in St. 
Lawrence County, NY. We conducted active acoustic road surveys using an AR125 bat detector during the 
summer of 2010 to determine the presence and activity of bats in St. Lawrence County. We conducted eighteen 
surveys, 9 in mixed habitat, 3 in agricultural habitat, 3 in evergreen habitat, and 3 in deciduous habitat.  We 
collected over 11,000 recordings.  Preliminary results show that bat activity was highest in deciduous habitats 
with lower levels of activity in evergreen and agricultural habitats. Bat activity in evergreen and agricultural 
habitats appeared similar. Big brown bats (Eptesicus fuscus) were most common across habitats.  We also 
detected hoary bats (Lasiurus cinereus), red bats (Lasiurus borealis), and very infrequently endangered Indiana 
bats (Myotis sodalis), eastern pipistrelles (Parastrellus subflavus), and little brown bats (Myotis lucifugus).   
 



SYSTEMATIC REVISION OF THE NORTHERN SHORT–TAILED SHREW, BLARINA 
BREVICAUDA (SAY) 
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The northern short–tailed shrew, Blarina brevicauda (Say, 1823) occurs from southern Canada southward to the 
central Great Plains and the Appalachian Mountains into Georgia and Alabama and along the East Coast as far 
south as southeastern North Carolina.  We examined Holocene specimens of Blarina brevicauda from 
throughout the geographic range of the species and the fossil material of Blarina fossilis, B. ozarkensis, and B. 
simplicidens.  We analyzed 9 cranial and mandibular measurements of 2,736 Holocene specimens using a single 
classification ANOVA and a principal component analysis.  We conclude that B. brevicauda consists of 7 well–
defined subspecies.  Two subspecies, the large–bodied B. b. brevicauda and the medium–sized B. b. talpoides, 
occupy almost the entire geographic range of the species, with restricted gene flow between these 2 subspecies 
where their geographic ranges abut in the vicinity of the Mississippi River and its valley.  The other 5 subspecies 
occupy small–to–modest geographic ranges at the periphery of the species’ range and in isolated geographic 
areas.  There is a newly described subspecies on the Cumberland Plateau in Tennessee and adjacent Kentucky, 
B. b. knoxjonesi along the southeastern coast of North Carolina, another newly described subspecies on the 
southern two–thirds of the Delmarva Peninsula, B. b. aloga on Martha’s Vineyard and Nantucket Island, and a 
third newly described subspecies in the Kaw River Valley in northeastern Kansas.  In each of these geographic 
areas, gene flow has been stopped or greatly restricted.  We recognize these 7 subspecies because we believe that 
each has begun to follow its own evolutionary path.    Mitochondrial DNA data and our morphological data 
indicate that the peripheral subspecies, with the possible exception of the one along the Kaw River valley, are 
derived from B. b. talpoides.  These data also indicate that B. b. brevicauda and B. b. talpoides are semi–species.  
 
TIMING OF SEASONAL MIGRATION IN MULE DEER: EFFECTS OF CLIMATE, PLANT 
PHENOLOGY, AND LIFEHISTORY CHARACTERISTICS 
 
Kevin L. Monteith*, Vernon C. Bleich, Thomas R. Stephenson, Becky M. Pierce, Mary M. Conner, Robert. W. 
Klaver, and R. Terry Bowyer 
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Migration is a life–history event exhibited by most large herbivores living in seasonal environments, and is 
thought to occur in response to dynamics of forage and weather.  Decisions regarding when to migrate, however, 
may be affected by differences in life–history characteristics of individuals.  Long–term and intensive study of a 
population of mule deer (Odocoileus hemionus) in the Sierra Nevada, California, USA, allowed us to document 
patterns of migration during 11 years that encompassed a wide array of environmental conditions.  We used two 
new techniques to properly account for interval–censored data and disentangle effects of broad–scale climate, 
local weather patterns, and plant phenology on seasonal patterns of migration, while incorporating effects of 
individual life–history characteristics.  Timing of autumn migration varied substantially among individual deer, 
but was associated with the severity of winter weather, and in particular, snow depth and cold temperatures.  
Migratory responses to winter weather were affected by age, nutritional condition, and summer residency of 
individual females.  Old females and those in good nutritional condition risked encountering severe weather by 
delaying autumn migration, and were thus risk–prone with respect to the potential loss of foraging opportunities 
in deep snow compared with young females and those in poor nutritional condition.  Timing of spring migration 
was unrelated to individual life–history characteristics, was nearly twice as synchronous as autumn migration, 



differed among years, was related to the southern oscillation index, and was influenced by absolute snow depth 
and advancing phenology of plants.  Plasticity in timing of migration in response to climatic conditions and plant 
phenology may be an adaptive behavioral strategy, which should reduce the detrimental effects of trophic 
mismatches between resources and other life–history events of large herbivores.  Failure to consider effects of 
nutrition and other life–history traits may cloud interpretation of phenological patterns of mammals and conceal 
relationships associated with climate change. 
 
REPRODUCTIVE PHYSIOLOGY OF THE TASMANIAN ECHIDNA 
 
Gemma Morrow*, Stewart C. Nicol, and Susan M. Jones 
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The short–beaked echidna (Tachyglossus aculeatus) is one of only three monotremes (egg–laying mammals) and 
hence reproduction is the most interesting feature of its life history. However, due to its cryptic nature and the 
limited success of captive breeding, much of the echidna’s reproductive biology remains unknown. In Tasmania, 
the echidna breeding season follows an annual period of hibernation. Male echidnas emerge from hibernation 
one month before females (which reflects the time required for spermatogenesis) and often enter females’ 
hibernacula and mate with females that are still hibernating. The majority of females in our population become 
pregnant before or just prior to ending hibernation. A major focus of this study was the relationship between 
hibernation and reproduction. I used a multidisciplinary approach (endocrine analysis, cytology and 
ultrasonography) to examine the female oestrous cycle and changes in male reproductive physiology (in 
particular, the change in size of testes and crural glands) over multiple breeding seasons in wild free–ranging 
Tasmanian echidnas (T. a. setosus).  
 
SOCIAL BEHAVIORS AND GENETIC STRUCTURE IN A POPULATION OF ROUND–TAILED 
GROUND SQUIRRELS (XEROSPERMOPHILUS TERETICAUDUS): WHAT YOU SEE ISN’T 
ALWAYS WHAT YOU GET. 
 
Karen E. Munroe* and John L. Koprowski 
 
School of Natural Resources and the Environment, The University of Arizona, Biological Sciences East, rm 325, 
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Previous behavioral studies suggest round–tailed ground squirrels (Xerospermophilus tereticaudus) have a 
matrilineal social structure.  However, models of ground squirrel sociality predict round–tailed ground squirrels 
to be solitary, thus if behavioral observations are truly informative, the species represents a unique outlier.  
Assessment of genetic relatedness between spatially related females was needed to either confirm or reject the 
matrilineal hypothesis.  We used microsatellite genotyping to investigate the fine–scale population genetic 
structure of round–tailed ground squirrels in a multi–year study in Arizona.  Of the 40 adult females resident in 
the sub–plots over the three years, average relatedness was not significantly different than males.  Furthermore 
relatedness of females did not influence rates of either amicable or agonistic interactions and no geographic 
substructure was detected with Bayesian analyses. Global FST,,a measure of the degree of genetic differentiation 
between the sub–plots and the total population for each year were less than 0.05.  Of the 15 pairwise 
comparisons of FST values no differences were evidenced between plots or years. Contrary to previous 
behavioral studies, our population of round–tailed ground squirrels does not exhibit significant sub–population 
genetic structuring but amicable social behaviors are prevalent.  This suggests that round–tailed ground squirrels 
may be behaviorally flexible in their social structure or direct benefits of altruistic behaviors or ecological factors 
outweigh direct costs. 
 
EVOLUTIONARY AND LANDSCAPE GENETIC STRUCTURE OF PUMA CONCOLOR IN OREGON 
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The effects of evolutionary history and landscape variables are seen within the contemporary genetic patterns 
and distributions of the North American mountain lion (Puma concolor cougar) in Oregon:  Bayesian analysis of 
339 individuals with 11 microsatellite loci indicated the presence of two distinct, strongly diverged lineages of 
mountain lion in the state, connected by a broad cline in the distribution of genomic ancestry values.  Landscape 
genetic analyses developed to build optimal habitat models based on pairwise relatedness among individuals 
suggest that the cline region of the state is characterized primarily by matrix—flat landscape with little forest 
cover.  Associations of Bayesian–cluster–specific alleles indicate that the cline itself is not recent in origin, but 
that contemporary differentiation primarily is maintained by this habitat barrier and the ongoing influx of 
genomically pure individuals.  The presence and distribution of these distinct lineages and their hybrid zone in 
Oregon is similar to traditional, morphologically–based hypotheses for the distribution of North American 
mountain lion subspecies, and may be important for conservation and management purposes. 
 
BIOGEOGRAPHIC FACTORS IN MONKEYPOX VIRUS DIFFERENTIATION 
 
Yoshinori Nakazawa, R. Ryan Lash, Ginny L. Emerson, Yu Li, Kevin L. Karem, Inger K. Damon, and Darin S. 
Carroll 
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Monkeypox is a zoonotic disease caused by a member of the Orthopoxvirus genus and its clinical manifestation 
in humans is very similar to that of smallpox. Although its natural reservoir host has not been identified, this 
virus can infect a wide variety of animal species. Based on epidemiological and genetic evidence, monkeypox is 
divided into West African and Central African clades. In this work, we use ecological niche models to 
reconstruct the geographic distribution of this virus in the past and identify possible factors contributing to its 
differentiation. Ecological niche models were based on the recorded cases of monkeypox in humans; these 
models were then projected into climatic conditions 21,000 years ago and compared to phylogenetic and 
geographic features to reconstruct the recent differentiation between these clades. Our results suggest that, 
during the Last Glacial Maximum, monkeypox had a restricted refugial distribution from which a possible 
expansion into its present–day geographic range occurred as climate became warmer. Sea level rise and the 
physical barrier represented by the Cameroon highlands are factors that could have contributed to the 
differentiation of the two monkeypox clades. Additional studies on suspected monkeypox reservoir host animals 
could provide insight about the species involved in maintaining the natural cycle of this virus. 
 
ANATOMICAL INDICATORS OF ADAPTATIONS FOR AN AMBUSH STRATEGY OF PREY 
CAPTURE IN THE OSTEOLOGY OF THE FORELIMB OF THE EXTINCT SCIMITAR–TOOTH, 
XENOSMILUS HODSONAE AS COMPARED TO A MORE CURSORIAL PURSUIT PREDATOR, 
THE EXTANT CONICAL–TOOTH CAT, PANTHERA LEO.   
 
Virginia L. Naples 
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Among felids, the lion, Panthera leo, is considered more adapted toward prey capture by pursuit than an 
obligatory ambush predator.  Therefore, proximal forelimb and pectoral girdle osteology were used as a 
functional outgroup for a morphological comparison of the lion to the extinct felid ambush predator, Xenosmilus 
hodsonae.  Although P. leo is a living conical–tooth cat, and X. hodsonae an extinct scimitar–tooth, both show 
anatomical features reflecting a strategy favored by felids for prey capture that differs from methods of other 
carnivores.  However, these cats simultaneously demonstrate divergent features related to prey–capture 
strategies.  Although their anterior dentitions (incisors and canines) differ, both share a flexible biting style that 



allows them to attack prey using a wider variety of strategies than can dirk–tooth sabercats, such as Smilodon.  
Because all cats use their forelimbs extensively to capture, hold and position prey prior to biting to kill prey, the 
morphology of the forelimb was investigated to reveal requirements for range of motion at the glenohumeral and 
elbow joint.  Wrist and manus movement patterns contribute to overall prey capture capabilities in both felids, 
but many of these bones were unavailable for the saber–tooth; therefore the distal aspect of the forelimbs could 
not be compared.  Specific differences between these cats include shortened humerus and radius–ulna 
proportions in the ambush predator, a phenomenon correlated with reduced ability to generate locomotor speed.  
The range of movements at the glenohumeral joint is similar in both cats, although the humeroulnar joint shows 
greater extension–flexion in X. hodsonae, as well as a greater degree of radial rotation.  Another general trend is 
that the muscular insertions in X. hodsonae are more distal than in P. leo.  The relatively enlarged muscle scars 
for pronator and supinator muscles also suggest a greater range of forelimb movement in the saber–tooth than in 
the lion.   
 
THE EFFECTS OF HABITAT SIZE ON SMALL MAMMAL DIVERSITY IN SEATTLE CITY PARKS 
 
Jonathan Nations*, Eric Fitzgerald, and Joshua R. Whorley  
 
Science and Math Department, Seattle Central Community College, Seattle, WA 98122 
 
In 1991, the presence of 10 small boreal forest mammal species (Sorex monticolus, S. vagrans, S. townsendii, 
Neurotrichus gibbsii, Tamias townsendii, Tamiascirus douglasii, Peromyscus maniculatis, Clethrionomys 
gaperii, Aplodontia rufa, Zapus trinotatus) was predicted in four Seattle City Parks (Discovery, Carkeek, Frink, 
and Seward) using satellite imagery along with occasional trapping and sighting data.  However, many of these 
predictions remain unconfirmed, and increasing urbanization within Seattle has eroded the quality of natural 
habitat, reduced connections between habitat, and potentially reduced population sizes of native Mammal 
species. These changes in land use have effectively converted parks to islands. We hypothesize that many of 
these native mammal species can no longer maintain viable populations. In keeping with the theory of island 
biogeography, we predict that park size and location will correlate strongly and positively with species richness 
and diversity: large parks will display higher species diversity and richness than smaller parks, and city parks of 
a given size will have lower diversity and richness than similarly sized lowland forest surrounded by core habitat 
(such as on the western slope of the Cascades). We used estimates of areas of contiguous vegetation within parks 
as a metric for park size. We live trapped in these parks throughout the months of March, April and May 2010 to 
confirm presence or absence of these ten native species. Species richness and diversity did correlate with park 
size, with the largest parks displaying similar levels of diversity as neighboring contiguous lowland forest, and 
the smallest parks containing zero diversity and richness. Estimates of richness are lower than previously 
predicted, but not lower than richness in neighboring lowland forest. These preliminary results suggest that 
species richness and diversity has been primarily affected by park size, and only secondarily by urbanization and 
use.  
 
EFFICACY OF MORPHOMETRIC BODY CONDITION INDICES FOR AMERICAN AND PACIFIC 
MARTENS 
 
Brady Y. Neiles*, Carisa R. Stansbury, Merav Ben–David, Steven W. Buskirk, and Jonathan N. Pauli 
 
Department of Zoology and Physiology, University of Wyoming, Wyoming 82071 (BN, MB, SB); Department 
of Fish and Wildlife Resources, University of Idaho, Idaho 83844 (CS); Department of Forest and Wildlife 
Ecology, University of Wisconsin–Madison, Wisconsin 53706 (JP) 
 
Body condition, a measure of energetic balance, has important implications for individual fitness and population 
processes. Morphometric condition indices are widely used for free–ranging vertebrates because they are a 
simple and nondestructive means of assessing body condition. However, the accuracy and precision of these 
models are rarely verified. We examined the efficacy of the two most common classes of morphometric indices 
to assess body condition for American (Martes americana) and Pacific (M.caurina) martens: 1) ratio indices, 



where individual body mass is divided by the linear measure of a skeletal structure and; 2) residual indices, 
where the residuals from a regression analysis of individual body mass vs. a skeletal structure are used. Overall, 
morphometric indices had moderate to low predictive power, explaining 55% and <30% of the variability in fat 
stores for American and Pacific martens, respectively. Our findings indicate that morphometric body condition 
indices are not strong predictors of body fat in either species of marten, and that such metrics are only suitable 
for crude assessment of body condition. 
 
WHEN RESOURCES BOOM: LEARNING FROM THE STORY OF DINGOES IN THE TANAMI 
DESERT, AUSTRALIA 
 
Thomas Newsome, Guy Ballard, Peter Fleming, and Chris Dickman 
 
Institute of Wildlife Research, The University of Sydney, NSW 2006 (TN, CD); Vertebrate Pest Research Unit, 
Industry & Investment NSW, Orange, NSW 2800 (GB,PF) 
 
In the Tanami Desert, the provision of supplementary food and water resources (from mining and pastoral 
operations) has resulted in relatively high localised dingo (Canis lupus dingo) populations.  Managing these 
dingoes can be problematic, not only because their presence may be a human welfare risk but because access to 
these supplementary resources could significantly impact upon their ecology and behaviour.  Therefore, 
understanding the factors that influence the day–to–day foraging choices of dingoes is critical when seeking to 
determine appropriate management strategies and when attempting to understand their impacts on native 
biodiversity and ecosystem processes.  In this paper we present results from a three year study that support the 
need for a shift in how we manage our domestic and commercial wastes in the arid zone.  We show that in the 
case of the Tanami Desert, the provision of food and water resulted in changes in density, body size, diet, 
activity, movement and resource selection by dingoes.  This in turn created challenges for stakeholders; we 
attempt to provide some insight into how we can manage this complex predator to aid biodiversity and reduce 
negative interactions between dingoes and humans in the future. 
 
TO KILL OR NOT TO KILL? UNDERSTANDING THE DRIVERS OF HUMAN–LEOPARD 
INTERACTIONS FROM SPATIO–TEMPORAL PATTERNS IN A HIGH CONFLICT REGION OF 
INDIA 
 
Kerry L. Nicholson, Sutirtha Dutta, S.P. Goyal, Q. Qureshi, and D. Singh 
 
Wildlife Institute of India, Post Box # 18, Dehradun 248 001, India (KLN, SD, SPG, QQ, DS); University of 
Idaho, Department of Fish and Wildlife Resources, Moscow ID 83843 (KLN) 
 
As natural landscapes are converted by anthropogenic changes, human–wildlife conflicts are increasing 
worldwide.  Knowledge of drivers and estimation of spatial distribution of potential human–wildlife conflict is a 
critical requirement for effective ecosystem–based management, particularly for large carnivores. In this study 
we used landscape modeling techniques to evaluate where human–leopard interactions occurred, examined socio 
and environmental landscape level factors that could explain spatial conflict pattern, and predicted the 
distribution of human–leopard conflict.  We used 234 cases of leopard attacks reported from 170 villages from 
1988–2005 from the Pauri Garhwal region of Uttarakhand, India to model the occurrence of leopard conflicts 
and explanatory variables for the intensity of conflicts. In the occurrence model we found there are higher 
chances of conflict occurrence where forested areas were lower and agriculture and non–forested areas were 
higher, in regions where there were more agricultural workers, and in areas neighboring conflict zones.  
Similarly, in areas where conflict occurred, the frequency of conflict increased with more agricultural workers 
and if there was conflict in the areas neighboring conflict zones.  Minimizing conflict requires clear monitoring 
of situations so that patterns and key drivers of conflict can be recognized and utilized by conservation 
authorities to make more informed decisions to reduce the growing problem. 
 
ECOPHYSIOLOGY OF MONOTREMES  



 
Stewart Nicol 
 
School of Zoology, University of Tasmania, Tasmania, 7001, Australia  
 
The defining aspect of the monotremes is their mode of reproduction, but their limited thermoregulatory ability 
and low metabolic rate has also led to their characterization as being “lowest in the scale of warm–blooded 
animals”.  Temperature and other environmental parameters are major determinants of the distribution of most 
animals, and we might expect them to be very significant for the distribution of monotremes. While the 
distributions of the platypus and long–beaked echidna do appear to be related to environmental temperature, the 
distribution of short–beaked echidnas is not, yet the short–beaked echidna is the only one of the three 
monotremes lacking sweat glands. Low temperatures do not appear to be a problem for platypuses; they are 
exceptionally well insulated and may spend over 12 hours a day diving in near freezing water. Their northern 
distribution may be limited by an inability to lose heat when diving in warm water. Despite their apparent 
thermoregulatory limitations, short–beaked echidnas are nearly ubiquitous in their Australian distribution 
(including Tasmania), and are widely distributed in New Guinea. In the warmer parts of their range short–beaked 
echidnas use a variety of shelters during the day, but temperatures in these may still exceed the echidna’s body 
temperature. In the cooler parts of their range short–beaked echidnas hibernate, but hibernation may begin in 
mid– to late summer, and male echidnas exit hibernation in early winter. Males seek out and mate with females 
while the females are still torpid, and pregnant females may re–enter hibernation.  
 
NEW ENGLAND COTTONTAIL (SYLVILAGUS TRANSITIONALIS) DISTRIBUTION AND 
CONSERVATION GENETICS IN SOUTHERN NEW ENGLAND 
 
Mary S. Niebels*, Thomas J. McGreevy Jr., Brian C. Tefft, Amy E. Gottfried, and Thomas P. Husband 
 
Department of Natural Resources Science, Coastal Institute, University of Rhode Island, Kingston, RI 02881 
(MS, TM, AG, TH); Division of Fish and Wildlife, Rhode Island Department of Environmental Management 
(BT) 
 
The New England cottontail (Sylvilagus transitionalis), New England’s endemic cottontail, has been 
experiencing dramatic population declines throughout its range for decades and is estimated to exist in only 14% 
of its historical range.  Because of this decline, the New England cottontail is currently a candidate for listing as 
an endangered species.  Habitat fragmentation and loss, as well as the introduction of eastern cottontails (S. 
floridanus) in massive numbers are believed to be the main contributors to the New England cottontail’s demise; 
however, there are many questions that remain unanswered about why the recent decline has been so rapid.  
Furthermore, this decline has sparked extensive conservation efforts including the initiation of a captive breeding 
program at the Roger Williams Park Zoo in Providence, RI.  The University of Rhode Island’s Conservation 
Genetics Laboratory will be addressing several genetic issues surrounding this decline, which will ultimately 
inform management decisions for both captive and wild New England cottontail.  First, we are conducting an 
intensive statewide survey in an effort to determine the New England cottontail’s status in Rhode Island.  We are 
employing non–invasive sampling techniques by extracting DNA from rabbit fecal samples that are collected in 
the field.  Species identification of samples is made by sequencing a portion of the mitochondrial DNA control 
region gene, and comparing the sequence obtained from an unknown sample to sequences with a known species 
of origin.  Second, we will determine the current genetic variability among southern New England S. 
transitionalis populations, as well as, compare extant and historical genetic diversity in S. transitionalis.  This 
will allow us to determine if populations have been historically distinct or if isolation is due to human factors, an 
important consideration for any captive breeding program.  For our genetic variability assessments, we will be 
using microsatellite markers and mitochondrial DNA sequence data for current New England cottontail samples, 
as well as, historical samples.  Finally, we will estimate genetic variability within New England cottontail 
populations, thus providing an assessment of connectivity and levels of inbreeding.  This will not only inform 
management decisions regarding the creation of suitable habitat, but also direct the release of captive breed 
animals.  



 
A NOVEL APPROACH TO INCORPORATING FOSSIL DISCOVERY BIAS IN MOLECULAR 
CLOCK CALIBRATION AND ITS APPLICATION IN RODENTS 
 
Ryan W. Norris, Cory L. Strope, C. William Kilpatrick, and Arlin Stoltzfus 
 
National Institute of Standards and Technology, Institute of Bioscience and  Biotechnology Research, Rockville, 
MD 20850 (RWN, AS); Bioinformatics Research Center, North Carolina State University, Raleigh, NC 27607 
(CLS); Department of Biology, University of Vermont, Burlington VT 05405 (CWK) 
 
Modern molecular clock programs such as BEAST provide many options for the shape of the prior distribution 
at a node that is calibrated based on fossil data, but very little work has been done to determine which of these 
parameters are appropriate given a particular set of fossil data.  Using a series of simulated fossil appearances, 
we show that the distance between the oldest known fossil and the actual divergence date with its sister lineage 
is drawn from an exponential distribution.  The distance between the oldest and second oldest fossils is also 
drawn from an exponential distribution with the same parameters indicating that the best available estimate of 
the actual divergence time is the oldest fossil plus the distance between the two oldest fossils.  The results of our 
simulations indicate that this is an unbiased estimator, whereas the use of observed fossil dates alone 
underestimates divergence times.  We evaluate this and several other approaches to calibrating molecular clocks 
using trees with simulated branch lengths and with nucleotides and fossil dates generated using a modified 
version of indelSeqGen. These approaches are also applied to a rodent dataset and their effects on estimates of 
the timing of early rodent evolution are shown. 
 
RESPONSES OF MATERNAL BELDING’S GROUND SQUIRRELS TO A NON–THREATENING 
INTRUDER: EXPERIENCE IMPROVES DISCRIMINATION.   
 
Scott Nunes, Mikael D. Langner, Michael G. Harrie, Natalie E. Lowry, and Deidre A. Doyle 
 
 Department of Biology, University of San Francisco, San Francisco, CA  94117 
 
We evaluated the effects of age and experience raising young on the responses of primiparous yearling, 
primiparous adult, and multiparous adult maternal Belding’s ground squirrels to a non–threatening (caged) 
intruder placed in the maternal territory.  Behavioral tests evaluating responses were conducted during gestation, 
lactation, and the period in which young are weaned.  During gestation, primiparous adult females spent more  
time during tests near the intruder, investigating the intruder, and acting aggressively and vigilantly toward the 
intruder than did other mothers, whereas primiparous yearling females spent more time watching the intruder 
than did other mothers, and multiparous females spent more time acting indifferently.  During lactation, 
responses of primiparous yearling females became similar to those of primiparous adults during gestation, with 
primiparous yearlings spending more time investigating the intruder and acting aggressively and vigilantly 
toward him than did other mothers.  Primiparous and multiparous adult females were significantly more 
indifferent toward the intruder during lactation than were primiparous yearlings.  By the end of the breeding 
period when all females had gained experience raising young, there were no differences in responses to the 
intruder among groups of females.  These results indicate that both age and experience rearing young affect 
maternal behavior, and support the idea that maternal experience affects the ability to discriminate the threat 
level of a situation.  We suggest that possible improvements in discrimination associated with maternal 
experience might result from long–term modification of learning skills, and might help females to appropriately 
deal with novel situations they encounter as mothers. 
 
COMPARISONS OF THE DIVERSITY OF SMALL MAMMALS BETWEEN INTACT AND 
DISTURBED HIGH ANDEAN WOODLANDS IN ECUADOR  
 
Reed Ojala–Barbour*, Jorge Brito M., and William R. Teska 
 



Environmental Studies Program, Pacific Lutheran University, Washington 98447 (RO–B, WT). School of 
Biology and Chemistry, Central University of Ecuador, Quito, Ecuador (JBM).   
 
The subalpine tropical rainforest that occurs at elevations greater than 3,000 m in Venezuela, Colombia and 
northern Ecuador is threatened by conversion to agriculture and removal of firewood.  These forests with 
historically dense stands of Polylepis have been greatly reduced or degraded, yet they contain among the highest 
diversities of terrestrial small mammals in the world.  Our study is the first to examine these woodlands for the 
effects of anthropogenic disturbance on small mammals.  We compared overall mammalian community structure 
and habitat utilization by the dominant species in an intact Polylepis woodland in the El Angel Ecological 
Reserve of Ecuador (3640m) with a disturbed woodland (3500m).  A 1.6 km forested riparian corridor connected 
the intact woodland with one that had been selectively logged 50 years earlier.  Together the sites harbored 11 
species (Paucituberculata, Soricomorpha and Rodentia).  While the intact woodland had more species (9), seven 
were trapped in the disturbed site, including one rare species (Chilomys instans) not found in the other.  
Thomasomys paramorum, a habitat generalist, was dominant in both woodlands, and its sex ratio was identical in 
each (66% female).   On average, T. paramorum in the intact woodland moved 43 meters between captures, 
twice the distance of those in the disturbed site.  At each trap station, five microhabitat parameters were 
recorded.  The woodlands differed in habitat structure, largely in the abundance of vertical stems, moss and 
woody debris.  Habitat structure and the connecting corridor contribute to the recovery and resiliency of the 
small mammals in the disturbed woodland.    
 
REPRODUCTIVE PARAMETERS OF THE ENDANGERED FLORIDA PANTHER 
 
Madan K. Oli*, Jeffrey A. Hostetler, and David P. Onorato 
 
Department of Wildlife Ecology and Conservation, University of Florida, 110 Newins–Ziegler Hall, Gainesville, 
FL 32611–0430, USA; Department of Wildlife Ecology and Conservation, University of Florida, 110 Newins–
Ziegler Hall, Gainesville, FL 32611–0430, USA; Fish and Wildlife Research Institute, Florida Fish and Wildlife 
Conservation Commission, 298 Sabal Palm Road, Naples, FL 34114, USA 
 
Estimates of reproductive parameters, and an understanding of factors influencing those parameters, are crucial 
for understanding dynamics and persistence of wildlife populations. We used long–term (1995–2008) data 
collected from radio–collared female Florida panthers to estimate and model reproduction probability 
(probability of producing a litter) and litter size, and to investigate the influence of intentional genetic 
introgression on these parameters.   Overall, 6–month probability of reproduction (±1SE) was 0.232 ± 0.021 and 
average litter size was 2.60 ± 0.09. Litter size ranged from 1 to 4; litters of 2 and 3 kittens were most common, 
comprising  70% of all litters. Older–adults had a lower probability of reproduction than younger females, but 
there was little evidence that reproduction probabilities differed between sub–adult and prime–adult females. 
Furthermore, litter size varied among age classes; sub–adult females produced somewhat larger litters than 
females of other age classes. Data on the influence of genetic ancestry and heterozygosity on reproductive 
parameters will be presented. 
 
"MITOCHONDRIAL AREA CODES" OF EXISTING MUSEUM SPECIMENS REVEAL NEW BAT 
RECORDS FOR ALASKA 
 
Link E. Olson*, Aren M. Gunderson, Karen M. Blejwas, and Stephen O. MacDonald  
 
Department of Mammalogy, University of Alaska Museum, Fairbanks, AK 99775 (LEO, AMG); Alaska 
Department of Fish and Game, Juneau, AK 99811 (KMB); Museum of Southwestern Biology, Albuquerque, 
NM 87131 
 
Despite tremendous progress over the past two decades, Alaska lags behind most other U.S. states in the accurate 
determination of the distributional limits of its native mammal species. This has hindered attempts to model 
organismal responses to climate change, which is a particularly acute limitation given that (1) climate change in 



Alaska is outpacing that of much of the rest of the world and (2) over 40 species of North American terrestrial 
mammals reach their northernmost distributional limits somewhere within the state's expansive boundaries. 
Among the most poorly–studied mammals in Alaska are its bats. Six species have been documented in the state, 
one of which is known only from a single specimen collected far outside its known distribution and therefore 
believed to represent a passive (and impermanent) introduction. Of the five remaining species, all of which likely 
reach their northern limits in Alaska, four are known only from SE Alaska and its nearshore islands. However, 
several other bat species are known to occur in adjacent British Columbia, and some of these are members of 
species complexes that include morphologically similar species already known to occur in Alaska. We 
reexamined existing museum specimens of bats collected in Southeast and Southcentral Alaska to determine if 
one or more as–yet undetected species occurs in the state. In addition to evaluating morphological characters, we 
sequenced fragments of the mitochondrial COI gene from several ambiguous museum specimens and compared 
them to sequences from North American bats available on GenBank. Our results confirm the occurrence of a 
previously undocumented species in Alaska as well as a significant range extension in at least one more. We 
discuss our findings in light of the frighteningly rapid spread of White–Nose Syndrome and the inordinate 
susceptibility of bat populations at their northern distributional margins. We also discuss the shortcomings of 
DNA barcoding for nascent species and suggest a different conceptual framework for such cases. 
 
ANALYSIS OF SMALL MAMMAL COMMUNITIES OF “LA FRATERNIDAD” BIOSPHERE 
RESERVE, GUATEMALA 
 
Nicté Ordóñez–Garza*, Noé De la Sancha, and John O. Matson   
 
Department of Biology, Texas Tech University, Lubbock, Texas 79409–3131 (NO–G); Department of 
Biological Sciences, University of Rhode Island, Kingston, RI 02881 (NS); Department of Biological Sciences, 
San Jose State University, San Jose, CA 95192–0100 (JOM) 
 
In the Biosphere Reserve La Fraternidad, Chiquimula, Guatemala, exists one of the most important cloud forests 
of the country, which is shared with El Salvador and Honduras.  The small mammal communities in this reserve 
are composed of 10 genera and 17 species.  Small mammals were trapped from 2002 to 2010 at six study sites 
located at different elevations.  The aim of this study was to assess the community structure and biodiversity of 
small mammals in this cloud forest.  The study sites were located within the Macizo Montecristo of Guatemala, 
distributed between 1600m and 2410m.  Small mammals were trapped and kept as voucher specimens using a 
combination of pitfalls, snap and live traps.  Diversity, dominance, and evenness were estimated for each 
community and compared.  Abundance plots were used for qualitative and abundance comparisons between sites 
and elevations.  A multivariate approach was used to compare community structure, composition, and similarity 
between elevations.  A Principal Component Analysis was used to assess what species best described the 
variance among all sites.  A Discriminant Function Analysis and MANOVA were used to test if differences in 
number of species and abundance of individuals were significantly different between elevations.  Finally, a Non–
metric Multidimensional Scaling Analysis, using similarity of Euclidean distances was used to illustrate 
differences between sites at different elevations.   
Abundances and species composition were significantly different among elevations.  Peromyscus beatae and 
Reithrodontomys mexicanus described most of the variation between sites.  The community structure of small 
mammals differed depending upon elevation.  This study shows that there are both quantitative and qualitative 
differences in small mammal assemblages along elevational gradients. 
 
DEFENDING THE TERRITORY UNTIL DEATH DO US PART? A GUANACO SOAP OPERA 
 
Isaac M. Ortega   
 
Department of Natural Resources and the Environment, University of Connecticut, Storrs, CT 06268 
 
The sedentary guanaco social structure in southern Patagonia consists in family groups, male groups, solo males 
and mixed groups.  Family groups are found in territories established by a male in the early spring.  This is a 



resource defense strategy by which the male defends the food resources in a territory, which is the attraction to 
the females.  Females and their offspring move in and out of the territory at their own will.  Because females 
have an induced ovulation during the long copulation time (20 to 40 min) the male mates with females within 
few days of parturition. Parturition is from Oct with a peak in mid–Dec hence the strongest territorial defense is 
seeing from late spring to mid–summer (Oct. to Feb).  In this presentation I describe the behavior of a group of 
males intruding into a family group territory.  An older intruder male attacked the territorial male, fight that 
lasted for three days.  The younger males in the group attacked the females by harassing and trying to copulate 
with them.  These attacks lasted two days.  After the attack the territorial male lost the battle and the females 
spread over the neighboring territories.  The closest neighbor male took over most of the territorial area, while 
the victorious male ended up with a small area, but no females. 
 
SOCIAL ECOLOGY OF THE ENDANGERED HUEMUL AT TORRES DEL PAINE NATIONAL 
PARK, CHILE 
 
Isaac M. Ortega*, Gladys Garay, and Oscar Guineo  
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(IMO); Paraguaya 126, Punta Arenas, Chile 
 
There have been limited number of studies done on the Chilean huemul (Hippocamelus bisulcus) and all have 
been short–term.  This is a 10–year study of the huemul population at Torres del Paine National Park, in 
southern Patagonia, which has allowed us to cover a wide range of information regarding the socioecology of 
this endanger deer.  Huemuls were observed in a central area of the sector Grey, within the park. When animals 
were located, natural marks or body scars, coloring of body and face, and shape and length of antlers in males 
were used to identify them.  Sixteen fawns were ear tagged from 2002 to 2008.  Behavioral information was 
collected from all members by using focal observations.  We found established family groups, solo females, and 
solo males, but also we found transient solo female, solo male, solo yearling, yearlings, and mixed groups.  
Family groups were observed throughout the year, usually remaining in the same area.  Females gave birth from 
late Oct to early Nov. We observed, in marked females, that the first mating was when they were about 16 
months of age.  We were not able to determine the age of the first mating for males.  The group home range 
varied from 269 to 336 ha.  Huemul movements were associated with seasons and reproduction cycles, which 
also implies group changes.  During the rut, some transient solo males try to move into home ranges of 
established family groups.  During the birthing season, pregnant females stay alone for short periods of time, 
while yearlings were temporarily expelled from their natal group but remain within the home range, so 
established male were seen alone.  All these changes during critical periods generate some antagonism among 
the huemuls.  There were four associated movements: within the group home range, seasonal, reproductive, and 
social movements of the yearlings. 
 
TESTING THE FEROCIOUS PONY HYPOTHESIS 
 
Jay A. O’Sullivan 
 
Department of Health Sciences and Human Performance, University of Tampa, Florida 33606 
 
A study of the population dynamics of the tiny extinct horse Archaeohippus blackbergi from the 18 million–
year–old Thomas Farm site of Florida reveals a spike in mortality among individuals in the first adult age class.  
This pattern is similar to that seen in other mammal taxa in which intermale combat produces increased mortality 
among young males.  This interpretation is supported by the presence of dimorphism in canine tooth size.  Thus 
was born a rather intriguing hypothesis – that males of this tiny horse species had waged fierce battles with each 
other over access to resources, (most likely in the form of female of the species) – the Ferocious Pony 
Hypothesis.  This reconstructed behavior contrasts strongly with what can be interpreted from the sample of 
another equid from Thomas Farm, the larger Parahippus leonensis.  The death assemblage of this taxon displays 
no young adult mortality spike, and there is no dimorphism in canine size.  In the present study, I measured 



mandible proportions to determine whether a pattern of dimorphism exists to further support the hypothesis that 
male A. blackbergi used their canine teeth in active combat.  Results indicate that while mandibles of A. 
blackbergi males and females have similar proportions behind the m3, the depth of the mandible of males is 
relatively greater behind the m1 and greater still in front of the p2 (at the back of the diastema).  This is 
consistent with increased resistance to loading of the anterior mandible during forceful bite attacks.  Mandibular 
development in P. leonensis instead reflects allometric influences.  Larger individuals have relatively deeper 
mandibles behind the m3 to resist greater stresses produced during mastication. 
 
COMPARISON OF SEVERAL BLOOD PARAMETERS IN DEER MICE (PEROMYSCUS 
MANICULATUS) FROM SERPENTINE AND NON–SERPENTINE AREAS 
 
Christine Oswald 
 
Department of Biology, Southern Oregon University, Oregon 97520 (OR) 
 
Serpentine geologic formations have soils high in nickel, a toxic metal. Previous research showed that deer mice 
(Peromyscus maniculatus) of serpentine areas ingest nickel.  I performed several diagnostic blood tests on mice 
from two serpentine and two non–serpentine sites in southern Oregon to screen them for possible toxic effects of 
nickel.  There were no significant differences between the groups in erythrocyte counts, leukocyte counts, or 
plasma levels of albumin or urea.  Mice from serpentine areas had significantly higher plasma alkaline 
phosphatase (ALP) (mean + SD = 221 + 102 U/L) compared to mice from NS areas (105 + 23 IU/L, p < 0.001).  
Mice from serpentine areas also had significantly higher plasma alanine aminotransferase (ALT) (150 + 83 S–F 
U/ml) compared to mice from non–serpentine areas (87 + 41 S–F U/ml, p = 0.002).  These results suggest no 
effect of nickel on blood cell formation, protein status, or kidney function.  However, the strongly elevated ALP 
and ALT are both consistent with liver impairment. 
 
SYSTEMATIC REVISION OF THE SIGMODONTINE MOUSE OLIGORYZOMYS LONGICAUDATUS 
ALONG THE ANDES OF CHILE, WITH THE PROBABLE OCCURRENCE OF A NEW FORM 
 
R. Eduardo Palma* and Enrique Rodríguez–Serrano 
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Católica de Chile, Santiago 6513677, Chile (REP); Departamento de Zoología, Universidad de Concepción, 
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Traditional systematics recognized a single species of the sigmodontine mouse Oligoryzomys longicaudatus 
along the Andes of Chile and adjacent Argentina with three subsepcies based on morphology. In the last couple 
of decades however, diverse studies using morphology and molecular tools have recognized two species instead 
of the three subspecies along the range: O. longicaudatus and O. magellanicus, being the latter restricted to the 
Patagonian forests and steppes of Chile and Argentina. Recent molecular studies, have revived the original three 
subspecies along Oligoryzomys range in Chile, proposing that O. longicaudatus ranges from the south of the 
Atacama Desert (28˚ S) southward to Navarino Island  (54˚ S). Each subspecies would be restricted to one of the 
major ecogeographic zones in the country: the Mediterranean, the Temperate Forests and the Patagonian steppe 
and Forests. However, in the Patagonian islands of southern Chile, a probable new species of Oligoryzomys is 
reported, based on chromosomes, molecular analyses and standard body and cranial measurements that 
differentiate with respect to continental O. longicaudatus. Historical events in the Patagonia area are 
hypothesized to explain the speciation of this new form. 
 
CONTINENT WIDE CHANGES IN SMALL MAMMAL COMMUNITY STRUCTURE DURING THE 
PLEISTOCENE – HOLOCENE TRANSITION, IMPLICATIONS FOR FUTURE CLIMATE CHANGE 
  
Melissa Pardi 
 



Department of Biology, University of New Mexico, New Mexico 87131 
 
Previous paleoecological research of the late Pleistocene has largely focused on the dynamics between the 
arrival of modern humans, climate change, and megafauna extinction. While the interactions between large 
charismatic animals and humans is interesting, investigations focusing on how entire ecosystems may have 
changed during the Pleistocene–Holocene transition tell a story that is equally dramatic. The study of smaller 
animals provides a more complete picture of how climate change affected late Pleistocene ecosystems. To 
examine large scale patterns in small mammal community structure, 203 fossil faunas from 183 locations east of 
the Rocky Mountains in North America were compared using non–metric multidimensional scaling. These 
faunas ranged in age from the last Full Glacial to the late Holocene. Late Glacial faunas were more diverse than 
late Holocene faunas. Glacial sites were also more taxonomically similar along an East–West gradient. This 
finding suggests that this gradient steepened during the transition into the Holocene. Heterogeneous 
environments during the last glacial could produce such patterns, and are also consistent with the presence of late 
Pleistocene non–analog faunas and novel habitats. These results indicate that North America did not just 
experience a megafauna extinction at the end of the Pleistocene; habitat disappeared, entire communities 
reorganized, and richness was lost. These findings shed light on how future climate change may affect patterns 
in terrestrial biodiversity. 
 
THE RELATIONSHIP OF RODENTS AND BURYING BEETLES IN THE FRONT RANGE OF 
COLORADO 
 
Richard Parkhill* and Christy McCain 
  
Department of Ecology & Evolutionary Biology and CU Museum of Natural History, University of Colorado, 
Boulder, CO 80309, USA 
 
This study focuses on the unique ecological relationship that small mammals share with burying beetles 
(Coleoptera: Silphidae). Burying beetles seek out small mammal carcasses, bury them, and use them to brood 
their young in a dynamic system that aids in the cycling of nutrients in the environment. In this study, we 
examined the distribution of burying beetles in 400 insect pitfall traps located on 10 experimental sites on an 
elevational gradient in the Front Range of Colorado (Boulder County). We tested if the number of burying 
beetles present in a pitfall was significantly higher when a small mammal was trapped than if only insects were 
captured. We also tested if carcass identity (e.g. shrew versus rodent) and carcass body mass influenced the 
number of burying beetles present. Lastly, we looked if these trends changed with elevation or habitat type 
(forest, riparian, grassland, or shrubland). Burying beetles are clearly more abundant in insect pitfall traps that 
contain rodent carcasses (t–value = 3.64; p–value = 0.0003), but appear to be similar among pitfalls with rodents 
and shrew carcasses, and among small mammal body sizes. Interestingly, burying beetles were found only at 
elevations at or below 2800m and most often in pitfalls within grassland habitats, followed by riparian habitats, 
and least often in forested habitats. Since very little is known about factors influencing the mammal and burying 
beetle relationship and their geographic distributions, these data help clarify some of the basic trends. 
 
EVALUATING SPECIES BOUNDARIES WITHIN DERMANURA BY TESTING FOR 
PHYLOGENETIC CONGRUENCE AMONG MULTIPLE MOLECULAR MARKERS 
 
Julie A. Parlos* and Robert J. Baker 
 
Department of Biological Sciences, Texas Tech University, Lubbock, Texas 79409 
 
Morphological studies have failed to yield congruent resolution for the number of species within the genus 
Dermanura (Chiroptera: Phyllostomidae). Species delineated based on morphological characteristics have ranged 
from one to ten. Evaluation of the cytochrome–b gene recovered eleven statistically supported monophyletic 
species groups. Because of the lack of congruence among previous methods, we selected the genetically defined 
monophyletic bat genus Dermanura to test the resolving power of three distinct molecular markers for 



distinguishing species groups. To identify species groups, our goal was to use the same morphologically 
identified specimens for each marker. Nuclear data were generated for two markers, amplified fragment length 
polymorphisms (AFLP) and cross–species amplified microsatellites, for comparison to the previously published 
cytochrome–b gene tree. The preliminary nuclear data sets are limited to evaluating a fewer number of species 
than were present in the cytochrome–b gene tree, possibly due to poor quality DNA. The AFLP phylogeny 
produced the same species groups whereas few monophyletic species groups were recovered in the microsatellite 
phylogeny. These contrasting results may be due to the difference in the number of AFLP bands (i.e., 384) 
versus the number of microsatellite loci (i.e., six) among the two different molecular markers. Very little AFLP 
data have been generated and is thought to be due to poor quality DNA. Future research will increase the number 
of cross–species amplified microsatellite loci and new DNA extractions will be used to produce a more robust 
AFLP phylogeny from high molecular weight DNA. 
 
CONSERVATION AND GENETIC RESCUE OF AUSTRALIA’S ONLY HIBERNATING 
MARSUPIAL, THE MOUNTAIN PYGMY POSSUM (BURRAMYS PARVUS)  
 

Marissa Parrott*, Paula Watson, Matt West, Julie Koch, and Andrew Weeks 
 
Department of Wildlife Conservation and Science, Zoos Victoria, Victoria 3052, Australia (MP); Threatened 
Species Department, Healesville Sanctuary, Victoria 3777, Australia (PW, MW, JK); CESAR, Bio21 Institute, 
University of Melbourne, Victoria 3010, Australia (AW) 
 
The critically endangered Mountain Pygmy Possum (Burramys parvus) has undergone a dramatic decline in 
population size since its “rediscovery” in 1966. In particular, the isolated population on the summit of Mt Buller, 
Australia, has not only significantly decreased in number, but has experienced the most rapid loss of genetic 
diversity documented for any mammal species. In order to conserve this species, Mountain Pygmy Possums are 
being bred at Healesville Sanctuary to produce animals for augmentation of the Mt Buller population. Animals 
are housed in purpose–built enclosures that provide seasonally simulated alpine temperatures to encourage 
natural hibernation behaviour. One crucial aim of the captive colony is to hybridise possums from Mt Buller 
with individuals from a genetically distinct population to increase their genetic diversity and perform a ‘genetic 
rescue’. Due to the Mountain Pygmy Possums’ unusual biology and a lack of prior research, there are many 
critical knowledge gaps, particularly regarding reproduction and mate preference. Here, we describe our research 
that resulted in the successful production of young in captivity, including the first hybrids between different 
evolutionary significant units of the Mountain Pygmy Possum. Hybridisation has lead to the production of fertile 
offspring and a significant increase in genetic diversity of Mt Buller derived animals. This is an important step 
forwards in the conservation of Australia’s only hibernating marsupial. 
 
INFLUENCE OF VASOPRESSIN RECEPTOR GENE POLYMORPHISM (AVPR1a) ON SPACE USE 
OF FREE–RANGING PRAIRIE VOLES (MICROTUS OCHROGASTER) 
 
Sara A. Parsons*, Nancy G. Solomon, and Brian Keane 
 
Department of Zoology, Center for Animal Behavior, Miami University, Oxford, OH 45056 (SAP, NGS); 
Department of Zoology, Center for Animal Behavior, Miami University–Hamilton, Hamilton, OH 45011 (BK) 
 
Social monogamy is characterized by formation of a pair bond with a member of the opposite sex.  Although 
historically, much has been written about the evolution of social monogamy, studies of neurogenetic 
mechanisms contributing to pair bonding are more recent.  The best–studied neural circuits linked to pair–
bonding in male mammals involve the neuropeptide, vasopressin.  A microsatellite DNA length polymorphism 
(avpr1a) in the regulatory region of the gene encoding the vasopressin 1a receptor (V1aR), contributes to 
variation in male praire vole sociosexual behavior by regulating V1aR expression in specific brain regions.  In 
laboratory studies, males with longer polymorphisms are more socially monogamous.  In nature, most males are 
residents at nests with females but 32–46% of males are ‘wanderers’, with larger home ranges than resident 
males.  This difference in space use may result in variation in mating strategy. Previous works examining the 



relationship between male avpr1a genotype and social monogamy in field populations have yielded conflicting 
results.  However, the natural population studies were conducted over relatively short periods compared to the 
enclosure studies.  Since individual males may change mating strategies during a given breeding season, a longer 
period may be needed to accurately represent male reproductive behavior during an average prairie vole lifespan 
(~12 weeks).  We used live–trapping to monitor a free–ranging population of prairie voles at the Indiana 
University Bayles Road Preserve. Preliminary data from the 15–week field study (June–September 2010) 
suggest that avrp1a allele length does not predict the number of nests or grid stations a male visited.  These 
preliminary results indicate that while avpr1a allele length affects male pair bonding in the laboratory, its 
influence on male behavior in nature unclear.  
 
ACOUSTIC COMMUNICATION MEDIATES ALTITUDINAL ZONATION IN NEOTROPICAL 
SINGING MICE. 
 
Bret Pasch 
 
Department of Biology, University of Florida, Gainesville, FL 32611 
 
The abrupt replacement of species along altitudinal gradients has long fascinated biologists and provided a 
natural system to understand the role of abiotic and biotic factors in limiting geographic distributions. 
Interspecific aggression can play an important role in determining species distributions by mediating competitive 
exclusion at the range edge. In this study, I evaluate the role of interspecific aggression in maintaining the abrupt 
replacement of Alston’s singing mice (Scotinomys teguina) by Chiriqui singing mice (S. xerampelinus) on the 
highest mountains of Costa Rica and Panamá. Males of both species commonly emit species–specific trills that 
are used in male–male aggression and mate attraction. Comparative biogeographical surveys, interspecific 
behavioral trials, and reciprocal removal experiments indicate that S. teguina is limited by the presence of 
dominant heterospecifics, whereas S. xerampelinus may be limited by abiotic factors. Agonistic character 
displacement in response to playback suggests that S. teguina perceives heterospecific song differently in 
allopatry than in local sympatry, reflecting emancipation from interspecific aggression and highlighting how 
behavioral interactions mediate altitudinal zonation in Neotropical singing mice. 
 
BURNING FOR BIODIVERSITY OR BURNING BIODIVERSITY? THE IMPACTS OF PRESCRIBED 
BURNING AND WILDFIRE ON THE ALPHA AND BETA DIVERSITY OF ARID ZONE SMALL 
MAMMALS 
 
Louise A. Pastro*, Christopher R. Dickman, and Mike Letnic 
 
Desert Ecology Research Group, School of Biological Sciences, University of Sydney, NSW 2006, Australia 
(LAP, CRD); School of Natural Sciences, University of Western Sydney, Locked Bag 1797, Penrith, NSW 
2751, Australia (ML) 
 
Fire is a large–scale phenomenon that affects ecosystems in many parts of the world. Wildfires can have highly 
destructive effects on habitats and the biota they support, and land managers frequently use prescribed burning to 
reduce the extent of wildfires and to benefit biodiversity. Underpinned by the predictions of the Intermediate 
Disturbance (IDH) and Patch Mosaic Burn (PMBH) Hypotheses, small–scale prescribed fires are thought to 
maximize biodiversity by creating heterogeneous mixes of early, mid and late–successional habitats across the 
landscape. However, evidence supporting the positive effects of prescribed burning for biodiversity is mixed. 
We conducted a before–after–control–impact study assessing the effect of prescribed burns and a wildfire on the 
alpha and beta diversity of small mammals in hummock grassland in arid central Australia. Applying the IDH 
and PMBH we predicted that 1) small scale, prescribed burns would increase small mammal alpha diversity in 
the heterogeneous burnt patches and decrease their beta diversity; and 2) wildfire, and the subsequent creation of 
large, homogeneous burnt patches, would reduce small mammal alpha diversity but promote beta diversity at the 
landscape level. We conducted small mammal trapping across six burnt and six unburnt sites before each fire–
type, immediately (0–3 months) after and again up to a year (9–12 months) post–fire. We found that the wildfire 



affected small mammal alpha and beta diversity in our predicted directions, however the prescribed burns had no 
affect on alpha diversity, but decreased beta diversity as expected. Our results provide little evidence that 
prescribed burning directly benefits biodiversity in arid environments and offer little support for the application 
of the Intermediate Disturbance and Patch Mosaic Burn Hypotheses. Instead, the importance of stochastic events 
such as rainfall in influencing biodiversity over the immediate post–fire period in arid environments is 
highlighted. We suggest that prescribed burns may still indirectly conserve fire–sensitive species through the 
creation of fire breaks. 
 
EXTRACTIVE THREATS TO AN ACACIA–COMMIPHORA WOODLAND IN SOUTHEASTERN 
KENYA AND POPULATION TRENDS OF LARGER MAMMALS 
 
Bruce D. Patterson, Samuel M. Kasiki, and Alexander Mwazo Gombe   
 
Department of Zoology, Field Museum of Natural History, Chicago IL 60605 (BDP); Office of Biodiversity 
Research & Monitoring, Kenya Wildlife Service, P.O. Box 40241 – 00100, Nairobi (SMK); Department of 
Zoology, Kenyatta University, Nairobi, Kenya (AMG) 
 
From 2002–2009, we regularly monitored a conservancy of woodland savanna bordering Tsavo East National 
Park, Eastern Province, Kenya.  This diverse woodland was dominated at least 21 species of Acacia and 26 
species of Commiphora.  Until 2000, the 160,000 ha conservancy comprised by Taita and Rukinga ranches had 
hosted a livestock (mostly cattle) operation.  From 2000–2008, teams of rangers from Wildlife Works® who 
were charged with protecting the integrity of the conservancy recorded 882 incidents in the course of 5892 
vehicle and foot patrols, intercepting trespassers and squatters, evicting cattle, removing snares, and curtailing 
timbering and charcoal production.  The frequencies and schedule of these different threats to the savanna 
woodland are documented here.  From 2002–2009, with the help of 542 volunteers from 42 nations organized by 
the Earthwatch Institute, we took 2100 wildlife monitoring drives that traversed 94,479 km and collectively 
spanned 8428 hours of observations.  In all, we recorded 86,549 sightings of 236,187 individuals belonging to 
108 species of mammals, birds of prey, and reptiles.  We used two estimates of abundance to gauge populations 
over time: individuals seen per drive–hour and per 5–km driven.  Populations of most species remained stable 
from 2002–2009.  A few species, including elephant, showed signs of increase, paralleling population trends in 
the Greater Tsavo Ecosystem, but we documented a significant decline in numbers of lions at the end of the 
study.  The latter is obviously attributable to a massive influx of cattle onto the sanctuary during the run–up to 
national elections in Dec 2007 and associated persecution by herders. 
 
APPLICATION AND EVALUATION OF INDIANA BAT HABITAT SUITABILITY MODELS ON 
INDIANA STATE FORESTS 
 
Benjamin P. Pauli*, Patrick A. Zollner, Scott Haulton, Gang Shao, Guofan Shao, and Dale W. Sparks 
 
Department of Forestry and Natural Resources, Purdue University, IN 47907 (BP, PZ, GS, GS); Division of 
Forestry, Indiana Department of Natural Resources, IN 46204 (SH); Environmental Solutions & Innovations, 
Inc., OH 45232 (DS) 
 
The Indiana bat (Myotis sodalis) is a federally endangered species that exists in the eastern and central regions of 
the United States. Due to its low abundances, declining population and imminent threats for further decline (e.g. 
white–nose syndrome), a thorough knowledge of both the requirements and availability of suitable habitat of the 
Indiana bat is necessary to protect the species from extinction. During the spring and summer, Indiana bats leave 
their hibernacula and spend the majority of their time in forested landscapes. There, females establish maternity 
colonies and give birth to offspring in early summer. These summer maternity colonies constitute the location of 
gestation, parturition, and the rearing and development of offspring. Therefore, the identification and promotion 
of suitable maternity sites is crucial to the maintenance of the endangered Indiana bat. Three published habitat 
suitability models have been developed for summer roosting habitat of Indiana bat in its core range. These 
models, in varying ways, evaluate the suitability of a location in terms of the potential for Indiana bat roosting 



and foraging and quantify the importance of each site on a scale from 0 to 1. Using satellite imagery and field 
surveys of Indiana State Forests, we created maps of state managed forests and classified each cell of the maps 
based upon forest type and estimate stand age. We then applied previously published habitat suitability indices 
for the Indiana bat that use both local and landscape metrics to our maps of Indiana forests. From these 
suitability maps we identified regions that contained potentially important summer habitat for Indiana bats. We 
then evaluated the competing indices by assessing the model predictions at known current and historic roosts of 
Indiana bats on state forests in Indiana. This model validation helped identify potential shortcomings of the 
models. Thus, we were able to calculate the accuracy of each suitability model, identify common areas of critical 
habitat among the models and propose improvements for landscape–scale suitability evaluation for the Indiana 
bat. 
 
NOVEL APPROACHES TO STUDYING THE POPULATION ECOLOGY OF TWO– (CHOLOEPUS 
SP.) AND THREE–TOED (BRADYPUS SP.) SLOTHS 
 
Jonathan N. Pauli and M. Zachariah Peery 
 
Department of Forest and Wildlife Ecology, 1630 Linden Dr., Madison, WI 53706, USA 
 
Sloths are among the least studied of Neotropical mammals, even though they can represent 67% of the total 
mammalian biomass (excluding rodents and chiropterans). Extraordinarily little is known of the demography, 
foraging ecology, mating system for either three– (Bradypus sp.) or two–toed (Choloepus sp.) sloths. No 
rigorous estimates of density or vital rates, such as survival and fecundity exist, and virtually nothing is known 
of dispersal or gene flow among sloth populations anywhere. Because of their obligatory relationship with forest 
cover and low dispersal power, they are likely sensitive indicators of tropical forest quality and landscape–level 
connectivity, and ideal for designing and evaluating conservation strategies in the Neotropics. To better 
understand the ecology of sloths and their response to land cover changes, we have developed a series of novel 
techniques to quantify the population ecology of sloths including polymorphic microsatellite markers, capture 
and observational protocols, radio–tracking and marking techniques. With these approaches we are 
characterizing the spatial population dynamics of both Hoffmann’s two–toed (C. hoffmanni) and brown–throated 
(B. variegatus) sloths in three different habitat types: 1) shade–grown agro–ecosystems; 2) cattle pastures and; 3) 
remnant tropical forests in Costa Rica. Our results will provide information on the biology of sloths and evaluate 
the role of different agro–ecosystems in maintaining populations of native mammals.  
 
DIET AND PREY SELECTION OF THE SOUTHERN MARSUPIAL MOLE NOTORYCTES 
TYPHLOPS: AN ENIGMA FROM AUSTRALIA’S SAND DESERTS 
 
Chris Pavey* and Chris Burwell  
 
Department of Natural Resources, Environment, the Arts and Sport, PO Box 1120, Alice Springs, Northern 
Territory 0871, Australia (CP); Queensland Museum, PO Box 3300, South Brisbane, Queensland 4101, 
Australia (CB, CP) 
 
The two marsupial moles are the sole members of the order Notoryctomorphia, an ancient lineage, which possess 
extreme adaptations for fossoriality. Despite first being described in 1891, very little is known of the biology or 
ecology of the order. In an effort to increase understanding of trophic ecology of marsupial moles we undertook 
a study of the diet and prey availability of one of the species, Notoryctes typhlops which occupies the sand 
deserts of southern and central Australia. Because the species is so infrequently encountered we relied on 
examining digestive tracts from museum specimens which themselves are rare; we obtained access to ~ 10% of 
all specimens available in Australia’s museums. Our invertebrate sampling protocol was designed on the basis of 
novel survey methods which for the first time have enabled quantification of distribution and habitat use of N. 
typhlops. This information ensured we sampled locations where the species is extant, and topographic positions 
on sandridges (crest, midslope, lowerslope) and areas of the soil profile (0 to 100 cm) where marsupial moles 
forage. Rarefaction methods indicated our sample size was sufficient to record the majority of major prey items 



of N. typhlops. Material in digestive tracts of 18 specimens consisted of five insect orders (Coleoptera, 
Hymenoptera, Isoptera, Lepidoptera, Orthoptera), scorpions, spiders, and plant material. Notoryctes typhlops 
consumed two main prey types; the adults of small, social insects (ants, termites), and the larvae of beetles. Ants, 
termites and beetle larvae were the three main prey items using each of three measures of dietary importance; % 
volume, % occurrence and % frequency of fragments. The two prey types differ in abundance and size (mean 
body length ± standard error of intact ants in digestive tracts: 71.1 ± 1.4 mm, range 65.0 – 90.0 mm, N = 23); 
however, both prey types are patchily distributed. Ants, termites and beetle larvae were also the main 
invertebrates captured in soil cores on sandridges. Invertebrate abundance did not differ significantly with 
topographic position. Our results show that N. typhlops is a species that captures predominantly subterranean 
prey.  
 
RECENT AND WIDESPREAD RAPID MORPHOLOGICAL CHANGE IN RODENTS 
 
Oliver R. W. Pergams and Joshua J. Lawler 
 
Department of Biological Sciences, University of Illinois at Chicago, Chicago, Illinois, United States of America 
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America (ORWP); Red Rock Institute, Bryn Mawr, Pennsylvania, United States of America (ORWP). School of 
Forest Resources, University of Washington, Seattle, Washington, United States of America (JJL). 
 
In general, rapid morphological change in mammals has been infrequently documented. Examples that do exist 
are almost exclusively of rodents on islands. Such changes are usually attributed to selective release or founder 
events related to restricted gene flow in island settings. Here we document rapid morphological changes in 
rodents in 20 of 28 museum series collected on four continents, including 15 of 23 mainland sites. 
Approximately 17,000 measurements were taken of 1302 rodents. Trends included both increases and decreases 
in the 15 morphological traits measured, but slightly more trends were towards larger size. Generalized linear 
models indicated that changes in several of the individual morphological traits were associated with changes in 
human population density, current temperature gradients, and/or trends in temperature and precipitation. When 
we restricted these analyses to samples taken in the US (where data on human population trends were presumed 
to be more accurate), we found changes in two additional traits to be positively correlated with changes in 
human population density. Principle component analysis revealed general trends in cranial and external size, but 
these general trends were uncorrelated with climate or human population density. Our results indicate that over 
the last 100+ years, rapid morphological change in rodents has occurred quite frequently, and that these changes 
have taken place on the mainland as well as on islands. Our results also suggest that these changes may be 
driven, at least in part, by human population growth and climate change. 
 
VIDEOPHILIA 
 
Oliver R. W. Pergams and Patricia A. Zaradic 
 
University of Illinois at Chicago, 845 W. Taylor St., Chicago, IL 60607 USA (ORWP); Red Rock Institute, Inc., 
116 Petrie Ave., Bryn Mawr, PA 19010 USA (ORWP); Red Rock Institute, Inc., 116 Petrie Ave., Bryn Mawr, 
PA 19010 USA (PAZ) 
 
In a 2004 paper we discovered that population–weighted visits to US National Parks had peaked in 1987, and 
had been declining since then. We thought that this might be representative of people’s general interest in nature, 
and wanted to find the reason for the decline. In our 2006 paper we found there were four variables that 
explained 97.5% of the decline in visits to US National Parks. These were a) time spent on the internet, b) time 
spent playing video games, c) time spent watching movies (both in theaters & at home), and d) oil prices. 
Though correlation is of course not causation, it still seems likely that people are increasingly choosing these 
electronic media over nature. But is the decline in US National Park visits representative of a general decline in 
nature use? In our 2008 paper we show that people in the US and other developed nations are spending far less 
time in nature than ever before. The four activities with the greatest per capita participation were visits to 



Japanese National Parks, US State Parks, US National Parks, and US National Forests. All four are in 
downtrends and are declining between 1% and 3% per year. The longest and most complete time series show 
that these declines in per capita nature participation typically began between 1981 and 1991, are losing about 1% 
per year, and have so far decreased between 18% and 25% overall. So people are visiting nature less and 
spending much more time in front of screens. In our 2007 paper we reviewed some very serious implications: 

a. Research shows that exposure to nature as a child has a direct impact on an individual’s regard toward 
nature as an adult.  If children are not connected to nature, who will be its caring stewards in the future? 

b. An increasingly sedentary lifestyle in children and adults has contributed to an obesity epidemic and 
other serious health problems. 

To resolve the long–term impact of videophilia we propose: 
a. the initiation of a large–scale longitudinal study to determine exactly how videophilia impacts children’s 

development, their success and happiness as adults, and their environmental consciousness, as well as 
b. mandatory public elementary environmental education, under the mandate of a renewed No Child Left 

Inside Bill. 
 
BEHIND THE SCENES: THE HIDDEN GEMS OF THE SMITHSONIAN INSTITUTION’S 
NATIONAL MUSEUM OF NATURAL HISTORY MAMMAL COLLECTIONS 
 
Suzanne Peurach*, Kyndall Hildebrandt, and Meghan Truckey  
 
USGS Patuxent Wildlife Research Center, National Museum of Natural History, Smithsonian Institution, 
Washington DC 20013 (SP); Division of Mammals, National Museum of Natural History, Smithsonian 
Institution, Washington DC 20013 (KH); The George Washington University, Department of Anthropology, 
Washington DC 20052 (MT) 
 
The Smithsonian Institution’s National Museum of Natural History (NMNH) mammal collection represents the 
largest of its kind consisting primarily of traditional study skins, skulls, skeletons, and fluid preserved specimens 
with a growing tissue collection.  In fact, many of the researchers presenting their results at the American 
Society of Mammalogists meetings have examined these invaluable specimens throughout their careers.  
However, nontraditional collections present a greater challenge in preservation and dissemination of material and 
information.  Natural history collections management staff are often faced with many challenges in keeping up 
with incoming material and the needs of researchers and students.  At the NMNH, some non–traditional 
specimens have been stowed away for years, decades, or even a century in some cases.  The purpose of this 
poster is to present materials housed within the NMNH that few are aware of but that may be of great interest to 
the research community.  We highlight examples of some of the treasures that we struggle to maintain and 
attempt to make more accessible by informing the scientific community about their existence.   
 
MULTIPLE BATS ENTANGLED ON CACTUS 
 
Roger D. Peyton*, Jon C. Pigage, and Richard Bunn 
 
1626 O’Connell Blvd., Building 813, Directorate of Public Works–Environmental Division, Fort Carson, 
Colorado 80913 (RDP, RB); Biology Department, University of Colorado Colorado Springs, 1420 Austin Bluffs 
Parkway, Colorado Springs, CO 80918 (JCP) 
 
During March and April 2008 the biologists at Fort Carson Military Reservation assisted the Colorado Division 
of Wildlife with a survey of abandoned clay mines as potential bat habitats.  One such mine (45–23) is a 
maternity roost for Townsend’s big–eared bats (Corynorhinus townsendii), one of only 15 known to exist in 
Colorado.  Partial skeletons of three bats were seen impaled on a candelabra cactus (Cylindropuntia imbricate) 
approximately 1.5m from the front of the main entrance to this mine.  On 28 April 2008 we returned to the mine 
to retrieve the bat skeletons and trim several canes off the cactus.  We expected to find that these remains were 
those of juvenile Townsend’s big–eared bats who may have been learning to become volant.  The first partial bat 
skeleton was identified to the genus Myotis.  The second bat skeleton was identified as an adult Yuma myotis 



(Myotis yumanensis).  The third partial bat skeleton was not identifiable.  On July 19, 2010 a fourth bat was 
discovered impaled on the cactus and was identified as an adult western small–footed bat (Myotis ciliolabrum).  
At this time the cactus was removed to prevent more bats from becoming impaled.  No Townsend’s big–eared 
bats were known to be entangled on the cactus or detected by a SonoBat outside the mine portal, although they 
were visually seen inside the mine.  These bats may be using a different portal to enter and exit.  This mine and 
17 others at Fort Carson are undergoing closure with bat gates to prevent intrusion for safety reasons and to 
minimize the potential spread of white nose syndrome from anthropogenic sources.   
 
TOP–DOWN VERSUS BOTTOM–UP FORCING: EVIDENCE FROM MOUNTAIN LIONS AND 
MULE DEER 
 
Becky M. Pierce, Vernon C. Bleich, R. Terry Bowyer, and Kevin L. Monteith 
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We studied mountain lions (Puma concolor) and mule deer (Odocoileus hemionus) inhabiting a Great Basin 
ecosystem in Round Valley, California, USA, to make inferences concerning predator–prey dynamics in that 
system.  Our purpose was to evaluate whether the mule deer population was affected more by top–down or 
bottom–up processes, and thereby assess the applicability of the “world is green” or the Hairston, Smith, and 
Slobodkin (HSS) hypothesis.  We identified a period of decline for mule deer (1984–1990), and then a period of 
slow but steady increase (1991–1998).  For mule deer, bitterbrush (Purshia tridentata) in diets, per capita 
availability of bitterbrush, kidney fat indices, fetal rates, fetal weights, and survivorship of adults and young 
indicated that the period of decline was characteristic of a deer population near the carrying capacity (K) of its 
environment.  The period of increase was typified by deer displaying characteristics of a population below K, yet 
the finite rate of growth (λ = 1.10) did not reach what would be expected for a population rapidly rebounding 
toward K (λ = 1.15–1.21).  These outcomes indicate that top–down and bottom–up forcing is a poor 
dichotomy—we observed both processes in the same population of deer.  Moreover, we believe that the HSS 
hypothesis is too broad and sweeping to encompass complex predator–prey dynamics, and may not be as useful 
as once thought for characterizing trophic dynamics for ecosystems in which large mammals are important 
components of food webs.   
 
PRELIMINARY FINDINGS ON THE EFFECTS OF MILITARY TRAINING ON MULE DEER 
(ODOCOILEUS HEMIONUS) RESOURCE SELECTION AND REPRODUCTIVE SUCCESS 
 
Jon C. Pigage, Roger D. Peyton, Rick Clawges, Helen K. Pigage, and Richard Bunn 
 
Biology Department, University of Colorado Colorado Springs, 1420 Austin Bluffs Parkway, Colorado Springs, 
CO 80918 (JCP); 1626 O’Connell Blvd., Building 813, Directorate of Public Works–Environmental Division, 
Fort Carson, Colorado 80913 (RDP, RC, RB); HQ USAFA/DFB, Biology Department, 2355 Faculty Drive, 
Suite 2P389, USAF Academy, CO 80840–6226 (HKP) 
 
We estimated timing of parturition and habitat selection of mule deer at Fort Carson Military Reservation, 
Colorado using fawn sightings and doe movements obtained from global positioning system collars from May to 
August 2010.  We calculated doe movements using Home Range Tools developed for ArcGIS to determine time 
and distance travelled.  All does were pregnant in March 2010 as determined by blood samples taken to detect 
pregnancy–specific protein.  Twenty–four does were judged to have fawns based on these criteria while 5 does 
showed no evidence of successful fawning.  Three of those 5 does were located near areas of mechanized firing 
ranges while the 24 does with fawns were widely distributed in areas where training was not associated with 
mechanized firing points.  Sites selected by does for fawning showed high vegetative cover and included piñon–
juniper hillsides and Gambel’s oak / cottonwood riparian areas. 
 



SIPHONAPTERA OF PEROMYSCUS MANICULATUS AND P. TRUEI IN CENTRAL AND WESTERN 
COLORADO 
 
Helen K. Pigage*, Jon C. Pigage, and John R. Demboski 
 
HQ USAFA/DFB, Biology Department, 2355 Faculty Drive Suite 2P389, USAF Academy, Colorado 80840–
6226 (HP); Biology Department, University of Colorado Colorado Springs, 1420Austin Bluffs Parkway, 
Colorado Springs, Colorado 80918 (JP); Zoology Department, Denver Museum of Nature & Science, 2001 
Colorado Blvd. Denver, Colorado, 80205 (JD) 
 
We examined 143 Siphonaptera (fleas) collected from 125 Peromyscus maniculatus and 20 P. truei from 17 
counties in central and western Colorado.  These fleas are housed in the Zoology collections of the Denver 
Museum of Nature & Science and were obtained between 2007 and 2009.  Of these, 128 fleas represent 14 
species collected from P. maniculatus, and15 fleas of 4 species from P. truei.  Three species of fleas, Aetheca 
wagneri, Anomiopsyllus nudatus, and Orchopeas leucopus were common to both hosts.  Aetheca wagneri was 
the most common flea identified and exhibited the widest distribution.  The mean intensity of A. wagneri on P. 
maniculatus ranged from 1.0 in Archuleta County to 6.8 in Clear Creek County.  We recorded the following 
fleas from Peromyscus hosts; 1 each of Hystrichopsylla dippiei, H. occidentalis, Callistopsyllus terinus, 
Malaraeus telchinus, Peromyscopsylla selenis, Orchopeas sexdentatus, 7 Peromyscopsylla hesperomys adelpha, 
5 Catallagia decipiens, 10 Opisodasys keeni, and 2 Orchopeas leucopus.  Two species of fleas, Amaradix 
bitterrootensis (Delta and Grand counties) and Orchopeas nepos (Delta County) were identified from P. 
maniculatus and we believe that they represent new flea distribution records for Colorado. 
 
LINEAGE DIVERGENCE OF SINGING MICE (GENUS SCOTINOMYS) IN SOUTHERN CENTRAL 
AMERICAN HIGHLANDS 
 
Jorge–Luis Pino*, David L. Reed, and Steven Phelps 
 
Department of Biology and Florida Museum of Natural History, University of Florida, Gainesville, FL 
32611(JLP, DLR); Section of Integrative Biology, University of Texas at Austin, Austin, TX 78712 (SP) 
 
Two lineages of Chiriqui brown singing mouse (Scotinomys xerampelinus) have been identified along their 
distribution in the mountains of Costa Rica and Panama based on mitochondrial cytochrome B.  The greatest 
divergence within western lineage was 0.49% in localities separated by ~51km (Irazu–Cuerici); greatest 
divergence within eastern lineage was 0.26% in localities separated by ~57 km (Pittier–Volcan Baru). S. 
xerampelinus from the two inner localities (Cuerici–Pittier), separated by ~97 km, diverged 5.39%. This 
divergence was unexpected since Cuerici, Pittier and Volcan Baru are located in the continuous Talamanca ridge 
with no evident geographic depression that could prevent current gene flow between both eastern and western 
lineages. A greater divergence within the western lineage compared to within the eastern lineage was expected 
due a depression the between Irazu locality and the Talamancan ridge where the other three localities are found. 
The same pattern was found in the lower elevation species, Alton's brown singing mouse (S. teguina), where 
divergence within the western lineage was 0.32% (Irazu–Cerro Gomez); 1.08% within eastern lineage (Pittier–
Volcan Baru); and 4.71% between both lineages in the inner localities (Cerro Gomez–Pittier).  Relatively similar 
geographic distances apply for S. teguina localities. Current divergences between lineages in both species 
suggests that genetic isolation could be an important factor maintaining the signal of an ancient divergence in a 
continuous landscape, in which case elevating populations to species status must be considered for both S. 
teguina and S. xerampelinus. Ongoing research in this field includes testing hypotheses of divergence timing 
between eastern and western lineages, determining the directionality of recent distributions and accessing 
lineages past distribution during the last glacial maximum; these approaches will provide a better understanding 
of how past climatic or geological events have promoted current phylogeographic patterns in these species. 
 
 



MITOCHONDRIAL D–LOOP SEQUENCE VARIATION IN STRIPED SKUNKS (MEPHITIS 
MEPHITIS) FROM THE CENTRAL UNITED STATES 
 
Winnifred E. A. Pipkin*, Kelly A. Smith, and Michelle L. Haynie 
 
Department of Biology, University of Central Oklahoma, 100 N. University Dr., Edmond, OK 73034  
 
The striped skunk (Mephitis mephitis) is distributed throughout southern Canada, the United States and northern 
Mexico, and is one of the main vectors of the rabies virus. Skunks carry 3 known rabies variants: one in the 
south central United States, one in the north central United States, and one in California. Striped skunks have 
been the focus of several rabies investigations, but few genetic studies have been performed on this species and 
none have looked at the potential for genetic subspecies. The long–term goals of this project are: 1) determine 
levels of genetic variation within and among striped skunk populations in the central United States and 2) 
determine if the 2 rabies variants found in the central United States are associated with 2 different striped skunk 
genetic variants. Skunks have been sampled from TX, OK, KS, NE, ND, WY, NM, and CA (N = ~200).  The 
mitochondrial D–loop is being seqeunced to determine phylogeographic structure among these samples. 
Preliminary data will be presented here. 
 
THE PHYSIOLOGICAL EFFECT OF ABNORMAL FUEL METABOLISM ON NEOTOMA 
MICROPUS; ESTABLISHMENT OF POTENTIAL EFFECTS. 
 
Diane Post*, Brandon Hawkins, James A. Eldridge, and Joseph Schenkman 
 
Department of Biology (DP, BH, JS), Department of Kinesiology (JE), University of Texas–Permian Basin, 
Texas, 79762 
 
Increasing habitat fragmentation has enlarged the area of urban–wildland interface which increases the 
probability of human food subsidization to wildland species. The potential physiological effects of subsidization 
are not well understood but are potentially important. We placed 3 groups of Neotoma micropus on control, 
sucrose–rich, and fructose–rich diets. The sucrose and fructose diets are synthetic analogs of the “western” diet 
N. micropus might encounter when accessing human–generated consumables. At the end of feeding trials we 
collected liver and kidney tissue and measured lipid deposition and % area collagen formation in the liver and 
glomerular hypertrophy and % area podocyte coverage from kidney tissue. Results showed an increase in lipid 
deposition and a decrease in % area podocyte coverage in animals on the fructose diet compared to the control 
but not the sucrose diet. Currently, our data does not show an increase in collagen formation or glomerular 
hypertrophy between controls and either of the two experimental diets. Our results suggest the possibility of 
some negative consequences to N. micropus that have access to significant amounts of human–generated 
consumables as a result of dietary subsidization.   
 
IDENTIFING OCCUPIED HOME RANGES USING TRAVEL DISTANCES, CHANGES IN SPEED 
AND FINAL SETTLEMENT OF TRANSLOCATED FISHERS (MARTES PENNANTI) 
 
Roger A. Powell* and Aaron N. Facka  
 
Department of Biology, North Carolina State University, Raleigh, North Carolina 27695–7617 
 
Animals develop home ranges to ensure access to important resources such as food or shelter. Experience and 
information about resources is advantageous to the resident of a home range compared to conspecifics. Since 
interlopers into a home range are less competitive than residents at exploiting limited resources, it benefits 
interlopers to spend limited time and energy in areas that are occupied. Thus, animals that are dispersing or have 
no home range (e.g., newly translocated animals) should move quickly and as efficiently as possible through 
home ranges of animals they encounter. When and where individuals exhibit such quick and efficient 
movements, one might be able to identify the otherwise unknown home ranges of other animals. These have 



been called “ghost home ranges”. We tested these ideas by studying fishers that were translocated into the 
Northern Sierra Nevada of California in 2009–2010 and 2010–2011.  Using satellite transmitters (Argos) and 
land–based (VHF) telemetry we made daily observation of fisher locations and movements immediately after 
release and through the development of their home ranges. Fishers released in the first year averaged maximum 
movements from their release point of 10 + 6.2 SD km for females and 33 +19.3 km for males. The centers of 
their home ranges averaged 3.5 +1.54 km from the release point for females and 32.8 +19 km for males. 
Maximum moves for fishers released in the second year averaged 13.5 +4 km for females and 22.2 +19 km for 
males.  We have too few data to document home ranges for 2nd year fishers yet.  Females released in the second 
year and that encountered an established home range moved at an average speed of 125 +124 m/hr whereas 
females that did not encounter a home range averaged 42 + 44 m/hr. In contrast, females released in year 1 
averaged 38 + 39 m/hr in the days following release. We identified fishers moving through 4 home ranges of 
fisher that were lost from telemetry contact, but suspected to be alive.  Trapping and detection by baited camera 
station revealed that at least 2 of those home range continued to be occupied. 
 
WING DAMAGE PATTERNS OF NORTH AMERICAN BATS: INDICATORS OF WHITE–NOSE 
SYNDROME SURVIVAL? 
 
Lisa Powers*, Jean Mengelkoch, and Joyce Hofmann  
 
Program in Ecology, Evolution and Conservation Biology, University of Illinois at Urbana–Champaign, IL 
61801 (LP); Illinois Natural History Survey, IL 61820 (JM, JH) 
 
White–Nose Syndrome (WNS) is an emerging infectious wildlife disease that has killed over one million bats in 
the eastern United States since its discovery in 2006.  The disease is associated with a cold–adapted fungus that 
infects bats during winter hibernation.  Currently, PCR testing and fungal cultures are the only available method 
of detecting WNS on live bats, but these methods are only reliable during the hibernation period.  Tests 
conducted during the hibernation period cause bats to rouse from torpor and expend energy, which decreases the 
likelihood of winter survival.  Wing damage has been documented in bats with WNS and could become a 
detection method for use in post–hibernation seasons.  But because there are no historical records of wing 
damage prior to the emergence of WNS, we do not know what types of damage are specific to WNS.  To address 
this knowledge gap, we inspected the wings of hundreds of bat carcasses collected for rabies testing in Illinois 
from 2005 to 2010, and compared the frequencies of different wing damage types throughout the year in the 
absence of WNS.  These data provide a baseline for comparison in future years as WNS enters the state. 
 
WHAT ALDO LEOPOLD WOULD HAVE SEEN IN CENTRAL ASIA 
 
Herbert H. T. Prins 
 
Resource Ecology Group, Wageningen University, Droevendaalsesteeg 3a, 6708PB Wageningen, The 
Netherlands. 
 
In his famous essay “Good Oak” (February: A Sand County Almanac) Aldo Leopold evocatively described the 
ecological history of the prairies of Wisconsin. The essay reads like a description of what used to be named 
‘Landnam’ – the settlement of farmers in a non–farmed wilderness in Europe some five thousand years ago. In 
‘Old Europe’ this change of wilderness into farming led to the local extinction and sometimes total extinction of 
wild animals. Likewise, Leopold describes that process for a part of the ‘New World’. In my talk I will compare 
his narrative of ecological history with two cases of what I loosely will call Central Asia. One area is in Southern 
Russia – the steppe area between the Black Sea and the Caspian Sea. The other area is Ladakh (“Western 
Tibet”), an autonomous region of India to the North of the Greater Himalayas and to the South of the Hindu 
Kush. In the prairies of North America the settlement by farmers led to the (local) extinction of American Bison, 
Pronghorn and Passenger Pigeon. The settlement in the Central Asian steppes of Russia led to the (local) 
extinction of Saiga Antelopes and Wild Asses. And in the Trans–Himalaya different wild sheep species, Wild 
Asses, Yaks and Bactrian Camels were (nearly) wiped out. But in all three regions conservation measures were 



taken too. The common lesson from the Central Asian regions and from axe is that successful conservation of 
large mammals is possible but very difficult. Indeed, it needs a suite of conditions: local support, strong political 
leadership, and education are the three necessary ingredients.  
 
MAPPING THE DISTRIBUTION OF UNCOMMON MAMMALS: PYGMY RABBITS IN THE 
SAGEBRUSH STEPPE 
 
Janet L. Rachlow*, Meghan K. Lonneker, Lisa A. Shipley, Eveline S. Larrucea, and William R. Bosworth 
 
Department of Fish and Wildlife Resources, University of Idaho, Moscow, ID 83844 (JR); National Park Service 
Monitoring and Inventory Program, University of Idaho, Moscow, ID 84833 (ML); Department of Natural 
Resources, Washington State University, Pullman, Washington 99164–6410 (LS); Department of Biology, 
University of Nevada Reno, Reno, NV 89557 (EL); Idaho Department of Fish and Game, Boise, ID 83712 (WB) 
 
Knowing the current distribution of species is especially important for assessing effects of changing 
environmental conditions.  For many uncommon mammals, however, knowledge of the current distribution is 
incomplete.  Species distributions maps based on habitat associations and predicted distribution of suitable 
habitats tend to over–predict occupied areas.  In contrast, distribution maps based on known occurrences reflect 
minimum occupied areas and tend to under–predict actual distributions.  We address this issue for pygmy rabbits 
(Brachylagus idahoensis), an uncommon mammal for which no range–wide distribution map currently exists.  
The often cited map from Green and Flinders (1980) and the recently created map for the 12–month status 
review of the petition to list the species under the Endangered Species Act (USFWS 2010) both provide only a 
range perimeter.  We gathered historic and current location data from all states within the range.  We screened 
the data to include only confirmed locations, and we buffered locations by 10 km, which is close to the 
maximum dispersal for juvenile rabbits.  Locations were categorized as either recent (> 2000) or historical (< 
2000).  We used this information to evaluate several statements about the distribution of pygmy rabbits made in 
the petition for ESA listing.  We asked: 1) What is the current distribution and minimum known area occupied?  
2) What are the number and size of occupied patches?  3) Can we use the existing information to evaluate 
changes in known distribution over time, especially potential or apparent extirpations?  The area occupied was 
estimated at 9.4 M ha, which is about 18% of the species geographic range.  Known occupied areas have 
increased in 5 of the 7 range states, but have declined in Idaho and Utah.  These data provide a baseline against 
which future changes in distribution can be assessed, including apparent range contractions and expansions, and 
they provide information useful for guiding field surveys.   
 
FOOD HABITS OF THE FISHER IN THE CASCADE RANGE OF SOUTHERN OREGON 
 
Catherine M. Raley* and Keith B. Aubry 
 
USDA Forest Service, Pacific Northwest Research Station, Olympia, Washington 98512 
 
The food habits of fishers (Martes pennanti) are an integral component of their habitat ecology that may provide 
important insights for ongoing conservation efforts. From 1995 to 2001, we conducted a radio–telemetry study 
of fisher ecology on the west slope of the Cascade Range in southern Oregon. Prey remains found at den, rest, 
and kill sites included Stellar’s jay, pileated woodpecker, hairy woodpecker, common flicker, ruffed grouse, 
turkey, snowshoe hare, brush rabbit, California ground squirrel, Douglas’ squirrel, northern flying squirrel, 
dusky–footed woodrat, Virginia opossum, striped skunk, porcupine, bobcat, black–tailed deer, and elk. We also 
identified prey remains in 387 scats (303 from 11 females, and 84 from 8 males) collected at trap, den, and rest 
sites. Mammals were the most frequent food item in fisher scats (83% of scats); 28% of the scats contained 
remains of birds, 26% contained insects, 14% contained berries or mast, and 7% contained reptiles. Our results 
indicate that male and female fishers in Oregon have divergent foraging strategies, whereby males often forage 
on larger prey species than females. This may reflect the larger size of males, or it could be related to the need 
for denning females to kill prey that can easily be carried back to the den and consumed by kits. There also 
appear to be regional differences in prey selection; fishers in California generally foraged on smaller prey items 



than those in Oregon. These findings may also be related to body size, as California fishers are smaller than the 
reintroduced fishers we studied in Oregon.   
 
A STRANGER IN THE GENUS TAMIASCIURUS: LIFE–HISTORY AND BEHAVIOR OF MEARNS’S 
SQUIRRELS IN BAJA CALIFORNIA, MEXICO 
 
Nicolas Ramos–Lara and John L. Koprowski 
 
School of Natural Resources and the Environment, University of Arizona, Tucson Arizona 85721 
 
Life–history variation has been used to study adaptation in many organisms.  The Mearns’s squirrel 
(Tamiasciurus mearnsi) is endemic to the Sierra de San Pedro Mártir in Baja California, Mexico.  The species 
has been isolated from the nearest populations of Douglas’ (T. douglasii) and red squirrels (T. hudsonicus) for 
almost 12,000 years.  We examined life–history and behavioral characteristics of Mearns’s squirrels and 
differences with the other two Tamiasciurus to establish unique adaptations using observation, live–trapping, 
and radio–telemetric monitoring.  Mearns’s squirrels seem to have developed unique adaptations to persist in the 
open and dry forests of the Sierra de San Pedro Mártir.  Although reproduction is similar among the three 
Tamiasciurus, survival seems to be higher for adult male Mearns’s squirrels.  Adapted to feed on large pine 
cones (Pinus), Mearns’s squirrels are heavier than the other two Tamiasciurus, and demonstrate a female–biased 
size dimorphism.  Seasonal fluctuations in food supply seem to influence the fitness and body mass of Mearns’s 
squirrels, particularly of adult females.  Lack of middens and dreys, communal nesting behavior, and ≥2 
squirrels nesting in different cavities of the same tree, suggest that Mearns’s squirrels, unlike the other two 
Tamiasciurus, have lost the territorial behavior characteristic of the genus.  Seasonal fluctuations in food supply 
also influence the time spent feeding on food types and the time spent on different behaviors as in other species 
of tree squirrels.  Mearns’s squirrels may be an important model to study adaptation and to understand more 
about the evolution of territoriality in the genus Tamiasciurus. 
 
MITOCHONDRIAL D–LOOP SEQUENCE VARIATION AMONG NEOTOMA ALBIGULA (WHITE–
THROATED WOODRAT) FROM ARIZONA 
 
Shey R. Ramsey*, Francisca M. Mendez–Harclerode, Robert D. Bradley, Charles F. Fulhorst, and Michelle L. 
Haynie 
 
Department of Biology, University of Central Oklahoma, 100 N. University Dr., Edmond, OK 73034 (SRR, 
MLH); Department of Biology, Bethel College, 300 East 27th St., North Newton, KS 67117 (FMM–H); 
Department of Biological Sciences, Texas Tech University, 2500 Broadway, Lubbock, TX 79409 (RDB); 
Department of Pathology, University of Texas Medical Branch, 301 University Blvd., Galveston, TX 77555 
CFF)  
 
The preliminary data presented here is part of a larger, multi–marker project to assess levels of genetic variation 
among Neotoma albigula (white–throated woodrat) samples from Arizona.  Many members of the genus 
Neotoma are natural hosts for Tacaribe serocomplex arenaviruses.  These viruses typically share long 
evolutionary histories with a single rodent host.  Neotoma albigula recently has been linked to three or more 
independent strains and appears to be the natural host of these strains.  Recent work suggests that the evolution 
of the virus in this species is occurring more rapidly than is seen in other species or, conversely, cryptic genetic 
units may be present within N. albigula, with each strain being associated with a separate genetic unit.  The 
purpose of this research is to assess the level of diversity within and among localities of N. albigula to determine 
if cryptic genetic units are present.  Mitochondrial DNA D–loop sequence variation was assessed for 34 samples 
of N. albigula.  An additional 106 samples currently are being sequenced.  These samples were collected from 
32 localities throughout the state.  Preliminary data indicates 29 unique haplotypes are present among the 
localities.  Four clades were detected, although there was little correlation between clades and collection 
localities. To date, there is no evidence that cryptic genetic units are present.  
 



EFFECTS OF VOLE HERBIVORY ON PLANT SPECIES COMPOSITION AND ABUNDANCE IN AN 
URBAN PRAIRIE RESTORATION 
 
Lynda A. Randa 
 
Health and Sciences Division, College of DuPage, Glen Ellyn, IL 60442 
 
In urban–suburban landscapes, small mammals may constitute a dominant proportion of grassland herbivores in 
habitat restorations.  Small mammal herbivores, such as voles (Microtus spp.), can effect plant species 
composition in tallgrass prairie through selective foraging of forb species and have been implicated in reduced 
species diversity in small restorations.  This was tested in a species rich, 7–ha tallgrass prairie restoration that 
had been established for 20 years in northeastern Illinois.  A total of 16, 2 x 2–m plots were established in spring 
2003.  Plots were spaced a minimum of 10 m apart.  Sides of the vole exclusion plots were constructed using 
6.35–mm mesh fencing; 30.5 cm was buried in the ground to serve as a barrier to access by digging, with sides 
61– cm above ground surface.  Plant species composition and abundance was assessed every fall from 2003–
2010.  The proportion of forb species was significantly higher in vole exclusion plots starting 3 years after 
initiation of the experiment, which also contributed to greater species diversity in exclusion as compared to 
control plots.  Exclusion plots had a significantly greater proportion of non–native plants in the first 2 years of 
the experiment, although this may have been an artifact of some soil disturbance that occurred during 
construction of the exclosures.   By the 3rd year, voles appeared to depress abundance of a limited number of 
native prairie plant species, e.g., purple prairie clover (Dalea purpurea).  White–tailed deer (Odocoileus 
virginianus) occur in the region, and are known to also selectively forage on tallgrass prairie forbs.  However, 
deer are noticeably absent in the study area so treatment effects were attributed to vole herbivory.  To a limited 
extent, voles appear to selectively decrease native tallgrass forb species; their potential effects should be taken 
into account when planning management regimes for tallgrass prairie restorations in urban–suburban settings. 
 
CARRION USE BY VERTEBRATE SCAVENGERS IN THE GUSTAVUS–GLACIER BAY 
ECOSYSTEM, ALASKA  
 
Diana J. Raper, Tania Lewis, Quinn Payton, and Anita T. Morzillo* 
 
Department of Forest Ecosystems and Society, Oregon State University, Oregon 97330 (DJR, ATM); Glacier 
Bay National Park and Preserve, Gustavus, Alaska 99826 (TL); Department of Statistics, Oregon State 
University, Oregon 97330 (QP) 
 
Carrion is typically not considered in studies of food web dynamics despite it being an important and distinct 
component of terrestrial food webs. Variability in the spatial and temporal distribution of animal carcasses has 
challenged ecologists to discern the role that carrion has as an ephemeral and potentially valuable ecological 
resource. Our objectives are to examine the fate of large mammal carrion among different land cover types, and 
document the vertebrate scavenger species that use these resources. Locations of large mammal remains are 
obtained through a variety of methods including communicating with hunters and hikers, searching for 
aggregations of birds, and sometimes opportunistically. Cause of death is determined whenever possible. We are 
deploying motioned–triggered cameras at sites of black bear, humpback whale, moose, Stellar sea lion, and wolf 
remains. From the approximately 8,000 images captured, we are recording the order of scavenger arrival and the 
presence of different scavengers at the carrion sites. Avian scavengers are typically the first to arrive, and are the 
most common vertebrate scavengers. Other vertebrate scavengers such as wolves, black bears, and brown bears 
are present, but less common. Thus far, regulated hunting is the cause of the greatest proportion of located large 
mammal carrion. This research contributes to our understanding of food web dynamics by providing information 
about the fate of large mammal carrion as a resource for a variety of scavengers across a terrestrial ecosystem.   
 
 
 
 



POPULATION EFFECTS OF BOTFLY PARASITISM ON WHITE–FOOTED MICE 
 
Aaron W. Reed* and Norman A. Slade 
 
School of Biological Sciences, University of Missouri–Kansas City Kansas City, MO 64110 USA (AR); 
Department of Ecology and Evolutionary Biology & Biodiversity Research Center University of Kansas, 
Lawrence, KS 66045 USA (NS) 
 
Individuals infected by a parasite are expected to incur some fitness cost. However, white–footed mice 
(Peromyscus leucopus) that have been infected by botflies (Cuterebra sp.) appear to survive at a higher rate than 
uninfected individuals. This increase in survival has been hypothesized to be due to forgoing reproduction in 
infected individuals. We used a long–term data set to compare the survival and reproduction of white–footed 
mice infected with botflies to those uninfected. We compared the fit of multi–state survival models with botfly 
infection as a parameter to models that estimated a single value for survival. We then assessed the population 
effects of infection using stage–based matrix models. We compared the asymptotic population growth rate for 
months with high rates of botfly infection to months with low rates of infection. Infected white–footed mice 
survived at a higher rate than uninfected mice. The proportion of infected females that were reproductive was 
less than that for uninfected individuals.  However, the decreased reproduction did not affect the population 
growth rate as growth rates for matrices with high rates of infection were similar to rates for matrices with low 
rates of infection. Our data suggest that populations of white–footed mice are unaffected by botfly parasitism. 
 
BAT AND RODENT DIVERSITY IN SOUTH SUDAN: FIELD STUDIES IN A FORMER CONFLICT 
ZONE 
 
DeeAnn M. Reeder 
 
Department of Biology, Bucknell University, Lewisburg PA, 17837 
 
Sudan is the largest country in Africa and South Sudan is a region larger than Kenya, Uganda, and Rwanda 
combined, with an estimated human population of ~ 7 million. In July 2011, South Sudan will gain its 
independence from the north. While South Sudan is rich in culture, biodiversity, and resources, the people are 
among the poorest of the world and very little research has occurred there for decades due to conflict. South 
Sudan is characterized primarily by moist savanna and montane forests, and is historically known to house a 
variety of vertebrate species. While aerial surveys for large mammals have recently documented their presence, 
particularly in the Boma–Jonglei ecosystem, the study of smaller mammals has rarely been performed. Studies 
of the charismatic megafauna clearly drive ecotourism and conservation and are important in their own right. 
However, the richness of mammal communities lays in the diversity of its smaller mammals, including rodents 
and bats. Based upon my own trapping efforts in 2008 and 2010 and upon published studies from collections in 
the early 1900s, I estimate that over 160 species of rodents and bats occur in this region. As is true in other parts 
of the world that have experienced conflict, significant gaps in knowledge of the basic biodiversity present in 
Sudan exist, and the species count is surely higher. Additionally, while the biodiversity in the region is not 
completely known, it is likely decreasing. Based upon my preliminary studies and those of others, habitat 
degradation and, more importantly, rampant poaching during the past three decades has led to precipitous 
declines in wildlife populations. Surveys of both wildlife rangers and villagers indicate that bushmeat is 
frequently consumed and a number of animal parts are used for medicinal purposes. I will describe my research 
efforts in the region, which are conducted in the context of understanding mammalian biodiversity and the links 
between biodiversity and disease. 
 
STILL TRAPPING HAPPY: A COMPARISON OF THREE COMMON LIVE TRAPS (UGGLAN, 
SHERMAN, AND FITCH–STYLE). 
 
Michael S. Rentz 
 



University of Minnesota Conservation Biology Program and Cloquet Forestry Station 
 
Trap choice can be a significant factor when designing experiments for small mammals, as not all species may 
be caught equally by all traps.  Further, trap choice can affect community, population, and demographic 
estimates if traps do not have similar performance characteristics.  As part of a larger study on silviculture 
effects on small mammals, three popular traps (Sherman, Ugglan, and Fitch–style) were compared in the field 
over three years (>21,000 total trap nights).  Both trap success (a capture) and trap failure (empty but sprung trap 
or one showing evidence of raiding) were tracked.  The traps varied significantly in success and failure rates.  
Ugglan had the highest capture rate (26.7%) and lowest failure rate (1.5%).  Sherman traps showed a high 
capture rate (24.7%) and the highest failure rate (12.2%).  Fitch traps had the lowest capture rate (5.1%) and a 
high failure rate (10.8%).  All pair–wise comparisons are significant (p < 0.05).  The traps did not differ in 
capture profile—each trap caught the three most frequently captured species (Peromyscus spp, Myodes gapperi, 
and Blarina brevicauda) in roughly the same ratio (Chi–squared= 0.688, df=2, p–value = 0.71).  The probability 
that an individual Peromsycus would be re–captured in the future did for did not vary based upon which trap an 
animal was initially captured in (X–squared = 0.9195, df = 2, p–value = 0.6315), nor did the number of total re–
capture events differ between the cohorts of animals based on trap of first capture (X–squared = 0.6161, df = 2, 
p–value = 0.7349).  There was a significant difference in weight and sex of of captured mice between the Ugglan 
and Sherman traps, with Ugglan animals weighing on average 1.4 grams less than Sherman animals.  
Demography based on Ugglan–only captures would yield a younger and male–biased population, while those 
based only on Shermans would skew older with an even sex ratio.  These differences were not present for M 
gapperi. 
 
SMALL MAMMALS, HEAVY METALS, BIG PROBLEMS? 
 
Sara Ressing*, George Feldhamer, and Jeffrey Levengood 
 
Department of Zoology, Southern Illinois University Carbondale, Illinois 62901 (SR); Department of Zoology, 
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Illinois, Champaign, Illinois 61820 (JL) 
 
The life history traits of small mammals make them good indicators of environmental contamination. Although 
previous research has measured levels of xenobiotics in different species, few studies have clearly demonstrated 
pollutant–caused effects on small mammal populations. To determine if small mammal communities are 
negatively impacted by contaminated habitats, we conducted studies of small mammal communities at two sites 
on Crab Orchard National Wildlife Refuge (CONWR) in Southern Illinois. The contaminated site was used for 
various industrial activities starting in WW II. Cadmium is the major contaminant at the site, with concentrations 
over ten–thousand times the ecological soil screening level considered safe for mammals. We tested kidneys 
from prairie voles (Microtus ochrogaster), white footed mice (Peromyscus leucopus), and southern short–tailed 
shrews (Blarina carolinensis) for concentrations of arsenic, cadmium, chromium, lead, mercury, nickel, 
selenium and zinc. We also examined body weight, reproductive activity, abundance, and community 
composition, at the contaminated site and reference site. Preliminary results suggest that small mammals at the 
contaminated site have elevated levels of heavy metals in their tissues, but there were few significant population 
level differences between the sites. As suggested by previous investigators, small mammal populations are 
resilient to environmental stressors. It may be that small mammals living at the contaminated site may be 
suffering from sub–lethal effects which can be tolerated over their relatively short lifespan.  
 
REHOUSING AND LONG–TERM MONITORING OF THE FLUID SPECIMENS IN THE 
COLLECTION OF MAMMALS AT THE SAM NOBLE OKLAHOMA MUSEUM OF NATURAL 
HISTORY 
 
Marcia A. Revelez*, Janet K. Braun, and Michael A. Mares 
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The fluid–preserved collection in the Collection of Mammals at the Sam Noble Oklahoma Museum of Natural 
History consists of nearly 4,000 specimens.  A complete inventory and rehousing of the collection was 
undertaken as part of a digitizatiton project funded by the Oklahoma Department of Wildlife Conservation.  
Most specimens were found in inadequate storage conditions (low EtOH concentrations, inappropriate 
containers and lids, etc.).  All associated data was verified and captured from original tags and field notes.  
Identifications were verified and updated to reflect current taxonomic authority.  Many original specimen tags 
were determined to be in a fragile condition and/or comprised of media (acidic paper, metal tag, etc.) not 
favorable to long–term storage in a fluid environment in the jar.  All original specimen tags were removed and 
replaced with a stable polyester tag generated by a thermal transfer printer that melts a wax–based ink into the 
label.  Original tags were labeled and cross–referenced back by collection catalog number and transferred into a 
new archival system.  Long–term care of the collection includes monitoring of the ethanol concentration by 
integrating the Alcomon™ indicator tablet system.  Recently created by a museum conservator in the 
Netherlands, this system consists of two small indicator tablets designed to monitor the ethanol concentration in 
a jar.  The goal is to eliminate the time–consuming practice of opening jars and spending considerable time 
measuring concentrations.  This system has the potential to provide a stable environment for the specimen and 
reduce the long–term maintenance costs associated with fluid–preserved collections. 
 
PATTERNS OF TRANSIENCY, SEX BIAS, AND BODY WEIGHT IN OPEN–HABITAT RODENT 
POPULATIONS 
 
Stephen E. Rice* and Robert K. Rose 
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As the most numerous and diverse order of the Class Mammalia, rodents often have served as a common basis 
for study and modeling biological concepts, including how populations are organized.  Dating from the writings 
of Robert Collett in the late 19th Century, rodents are believed to live their lives within a small area, with 
juvenile males the most likely to disperse.  To test these assumptions we examined long–term capture–mark–
release data from grid populations with attention to the weights at first capture and the transiency/residency 
patterns of herbivorous rodents studied in oldfields in Virginia, Illinois, and Kansas.   Although few studies 
report the proportions or sexes of juveniles among first–captured animals, many studies have indicated that 
nearly half of tagged rodents are never seen again (= transients).   In order to evaluate the evidence that different 
species of rodents are philopatric, we examined the sex ratios and body weights of newly tagged oldfield rodents 
and their patterns of transiency/residency.   For Kansas cotton rats, both transients and residents were male–
biased at first capture, but their mean weights at tagging did not differ; 51 percent of tagged animals were 
transients.  Juvenile males accounted for 21 percent of total initial captures and composed 21 percent of all 
transient captures.  Adult male cotton rats comprised the largest proportions of resident and transient groupings, 
32 percent and 36 percent respectively.  Females displayed similar trends with 21 percent of the total population, 
juveniles representing 20 percent of transient captures, and adults forming 23 percent of transients and 26 
percent of residents.  Populations of prairie and meadow voles, eastern and western harvest mice, and cotton rats 
from Virginia also are being evaluated for these patterns. 
 
OCEANIC ISLANDS, SPECIES RICHNESS, AND ENDEMISM: A CAUTIONARY TALE FROM THE 
PHILIPPINES  
 
Eric Rickart*, Lawrence Heaney, Danilo Balete, Sharon Jansa, and Scott Steppan 
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Behavior, University of Minnesota, St. Paul, 55108 (SJ); Department of Biological Science, Florida State 
University, Tallahassee, FL 32306 (SS) 
 
Because of their high levels of species richness and endemism, oceanic islands are of great scientific interest in 
understanding long–term biogeographical dynamics, and also of great conservation concern as centers of 
threatened biodiversity. Luzon Island is a large (105,000 km2), geologically old and complex plate–margin 
island in the northern Philippines long recognized as an area rich in endemic mammals. The number of native 
mammals (excluding bats) known to occur on Luzon rose gradually from 19 species in 1900 to 31 species in 
2000, with the number of single island endemics rising from 12 (63%) to 22 (71%). During the past decade we 
have made extensive field surveys and conducted phylogenetic studies on this “well–known” mammal fauna. 
Our current conservative estimate has 60 species present of which 50 (85%) are endemic to Luzon, nearly 
doubling the number known in 2000. Most of the newly discovered species are from previously unrecognized 
centers of endemism in isolated highland areas on Luzon. Results suggest that on large, complex oceanic islands, 
the diversity of “well known” taxa may be severely underestimated. The number of single island endemics may 
be much greater, and many of these may have very restricted distributions. These results provide insight into the 
process of diversification and have important implications for conservation of this unique fauna. 
 
DEEP GENEALOGICAL SUBDIVISIONS WITHIN THE GREAT BASIN POCKET MOUSE, 
PEROGNATHUS PARVUS (PEALE, 1848): PHYLOGENETIC, BIOGEOGRAPHIC, AND 
TAXONOMIC IMPLICATIONS 
 
Brett R. Riddle*, Tereza Jezkova, Mallory E. Eckstut, Viktoria Hemmings, and Leslie N. Carraway 
 
School of Life Sciences, University of Nevada Las Vegas, 4505 Maryland Pkwy, Las Vegas, NV 89154–4004 
(BRR, TJ, MEE, VH). Nash 104, Department of Fisheries & Wildlife, Oregon State University, Corvallis, OR 
97331–3803 (LNC). 
Rodents in the family Heteromyidae represent a diverse assemblage of desert, steppe, and northern tropical taxa 
with a long evolutionary history in western North America. As such, they have exceptional potential to inform 
our reconstructions of the geography of biotic diversification and assembly of communities on a geologically 
and climatically turbulent landscape. Yet, their current utility is compromised by their notoriously conservative 
intrageneric and intraspecific morphologies, often belying surprisingly deep evolutionary divergences between 
morphologically ‘cryptic’ lineages. The Great Basin pocket mouse, Perognathus parvus, is a shrub–steppe and 
arid grassland species widely distributed across the northern Basin and Range, Columbia Plateau, and Colorado 
Plateau regions; the parvus species–group also includes the disjunct species P. alticola from southeastern 
California. Here, we use mitochondrial and nuclear DNA sequences to reveal a remarkably deep and 
geographically–structured history of genealogical divergence embedded within P. parvus. Phylogenetic 
reconstructions and estimates of divergence times are used to explore biogeographic history, while morphologic 
and karyotypic evidence are incorporated in consideration of taxonomic revisions.  
 
LARGE PREDATORS AND TROPHIC CASCADES IN WESTERN NORTH AMERICA 
 
William Ripple and Robert Beschta  
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Large predators potentially can help shape the structure and functioning of terrestrial ecosystems, yet strong 
evidence of top–down herbivore limitation has not been widely reported in the scientific literature. Herein we 
synthesize outcomes of recent tri–trophic cascades studies involving the presence and absence of large predators 
for six national parks in the western North America, including Olympic, Yosemite, Yellowstone, Zion, Wind 
Cave, and Jasper. Historical observations by park biologists regarding woody browse species and recently 
compiled age structure data for deciduous trees indicate major impacts to woody plant communities by ungulates 
following the extirpation or displacement of large predators. Declines in long–term tree recruitment indexed 
additional effects to plant communities and ecological processes, as well as shifts towards alternative ecosystem 



states. The magnitude and consistency of vegetation impacts found within these six parks, in conjunction with 
other recent North American studies, indicate that broad changes to ecosystem processes and the lower trophic 
level may have occurred in other parts of the western North America where large predators have been extirpated 
or displaced. Thus, where ungulates have significantly altered native plant communities in the absence of large 
predators, restoration of native flora is urgently needed to recover former ecosystem services. Following the 
reintroduction of previously extirpated gray wolves Canis lupus into Yellowstone National Park, a spatially 
patchy recovery of woody browse species such as aspen (Populus tremuloides), willow (Salix spp.), cottonwood 
(Populus spp.) has begun, indicating that large predator recovery may represent an important restoration strategy 
for ecosystems degraded by wild ungulates. 
 
PHYLOGENETIC ANALYSIS OF THE SOUTHEAST ASIAN TREE SQUIRREL SUBFAMILY 
NANNOSCIURINAE, IMPLICATIONS FOR A DYNAMIC BIOGEOGRAPHIC PAST AND 
PATTERNS OF SPECIATION 
 
Melissa T. Roberts*, Jennifer A. Leonard, Kristofer M. Helgen, Richard Thorington, and Jesús E. Maldonado 
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The sciurid subfamily Nannosciurinae represents a diverse group of tree squirrels with 56 named species, many 
of which are polymorphic and exhibit a great amount of morphological variation. Their distribution ranges from 
mainland Asia into Sundaland, Sulawesi, and the Philippines. This group of squirrels has a complex 
biogeographic history having successfully crossed the Isthmus of Kra, Wallace’s Line, and Huxley’s Line. This 
is the first study to examine the relationship of most species in the genus Callosciurus for speciation patterns 
across this dynamic region. Ancient DNA from museum specimens as well as modern DNA from tissue samples 
was used to sequence the cytochrome b gene from many species from this group of squirrels to provide an in–
depth analysis of their phylogenetic relationships. Other published sequences of the subfamily Nannosciurinae 
were included for use as outgroups. Preliminary results indicate that within Callosciurus there are deep 
divergences between two main clades that date to almost 7 mya. The first clade includes primarily species from 
Sundaland, indicating a common ancestor from the mainland. The second major clade includes primarily 
mainland Southeast Asian species. Phylogenetic relationships between these squirrels are more complex than 
previously thought, and reflect the dynamic process of speciation in a biogeographically complex region.  
 
THE EFFICIENCY OF SURVEYING MAMMALS IN COASTAL WETLANDS; DISTRIBUTION, 
RICHNESS, AND ABUNDANCE 
 
Aimee P. Rockhill* and Christopher S. DePerno 
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Coastal North Carolina is home to numerous large tracts of wetland habitats that are important for wildlife 
conservation. Meso–carnivores play an important role in ecosystems but are infrequently monitored in wetland 
systems. We designed and implemented surveys applicable to wetlands on a 2,492 ha tract, Bull Neck Swamp 
Research Forest, in North Carolina. The objectives of our research were to 1) assess capture rates and species 
richness estimates of 6 survey techniques (visual, predator calling, spotlighting, scent stations, camera trapping, 
and trapping), 2) compare distribution estimates of captured mammals across survey techniques, and 3) assess 
cost verses success among the techniques. For spatial correlation between techniques, the property was divided 
into 9–1 km2 grid cells. Survey techniques were assigned grid cells based on historical literature (i.e., 2 scent 
stations per km2). Observed species richness, unique species captured, cost per species, and cost per individual 
captured were used to evaluate the efficiency of survey techniques. Visual observations produced the highest 
species richness estimate (Sobs=14) and were the least expensive ($0); however, quantifying species 



distributions was not possible due to variation in observation times and locations. Trapping was the most 
expensive technique ($4,024, $61 per individual) but provided age structure and population estimates through 
mark–recapture analysis. Camera trapping was relatively expensive ($1,865) but captured the most individuals 
(673) which resulted in low per individual cost ($3 per individual). Visual observations and camera trapping 
both contributed to unique species captures, mink (Mustela vison) and feral hog (Sus scrofa), respectively. 
Individual techniques produced conflicting results when comparing species abundances across grid cells. Our 
results indicate that although camera trapping was a cost effective way to monitor mammals, land managers 
should use a variety of monitoring techniques to accurately capture mammal distribution and abundance at large 
spatial scales. 
 
MICROHABITAT SELECTION OF REITHRODONTOMYS MEGALOTIS IN CENTRAL INDIANA 
 
Jessica T. Rodkey*, Patrick A. Zollner, Robert Chapman, Valerie J. Clarkston, Matthew Krauser 
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The eastern–most range of the Western harvest mouse (WHM) occurs in the central regions of Indiana making it 
a species of concern in the state. Therefore, it is important to understand their local habitat requirements. 
Previous live trapping at Purdue Wildlife Area documented the presence of this species at four locations. During 
the 5–6 years since that trapping one of these sites became overgrown with woody invasive plants while the 
other three sites retained characteristics of native prairie–like vegetation including two aged prairies and one 
control prairie. We conducted live trapping during fall 2009, spring 2010, fall 2010, and spring 2011 which 
revealed the continued presence of WHM at the prairie like sites but their absence at the site changed by woody 
invasive plants. Subsequent to live trapping, brush–hogging was carried out in the woody site and a prescribed 
burn was implemented in both non–control prairies. Detailed analysis of vegetation around nests and feeding 
sites of WHM before and after the burns showed a positive correlation with dense debris and a thick prairie grass 
community including Big Bluestem, Little Bluestem, Switch grass, and Indian grass. But, a negative correlation 
was found between WHM numbers and the occurrence of woody plant species.  
 
ECOLOGY AND POPULATION ESTIMATES OF MAMMALS IN A LOWLAND NEOTROPICAL 
FOREST: HOW CAN A STRIP–CENSUS HELP US DECIPHER THESE COMMUNITIES? 
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The mammalian fauna of La Selva Biological Station, in the Caribbean lowlands of Costa Rica, has been 
understudied in comparison to other taxonomic groups in the area.  Using a strip–census technique, we 
repeatedly surveyed five transects (four diurnal and one nocturnal) during a two–year span.  We walked 1,045 
km in 349 survey days and recorded over 800 observations.  We report quantifiable population estimates for the 
mammals of La Selva and describe habitat preferences exhibited by several species.  The usefulness and 
downfalls of these types of surveys in densely covered areas is evaluated and we compare our results with those 
of other Neotropical forests.  The species encountered most often was the collared peccary, Pecari tajacu, 
followed by the agouti, Dasyprocta punctata.  For the night surveys, the most common species was the kinkajou, 
Potos flavus.  The mammalian fauna of La Selva is reasonably representative of those in other Neotropical 
forests, though the densities of some species are markedly different.  These surveys are inexpensive and require 
minimal equipment, which make them easily executable and repeatable; however, other survey methods must be 
concurrently employed to fully understand the mammalian fauna of an area because strip–censuses neglect the 
more elusive and/or arboreal mammals.  
 



CHARACTERIZATION AND AMPLIFICATION OF MICROSATELLITE LOCI FOR 
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The lesser long–nosed bat (Leptonycteris yerbabuenae) occupies a wide range of ecosystem types from 
southwest Arizona and southwestern New Mexico through Mexico, including tropical regions of southern 
Mexico, Guatemala, Honduras and El Salvador  We screened two individuals from one locality in Mexico, to 
develop a genomic library, for which no markers were previously published.  We used a second–generation 
sequencing to rapidly develop microsatellite loci for the species, by randomly sequencing the DNA genomic of 
the species.  We discovered 1061 microsatellites, but we only designed primers for 12 loci that contained 
flanking regions for suitable primer development.  We tested the 12 loci on 15 individuals and all were 
polymorphic.  We tested ascertainment bias on Glossophaga soricina, G. morenoi, and Leptonycteris nivalis 
with successful cross–species amplification. 
 
SELECTION OF EXOTIC MORROW’S HONEYSUCKLE (LONICERA MORROWII) AND NATIVE 
MAST SPECIES BY WHITE–FOOTED MICE (PEROMYSCUS LEUCOPUS) ACROSS SEASONS 
AND COVER TYPES IN THE NORTHEASTERN UNITED STATES 
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White–footed mice (Peromyscus leucopus) are pivotal consumers of seeds and fruit of native woody plants; 
however, little is known about their interactions with exotic shrubs. Depending on foraging preferences, this 
species could represent an essential element of resistance against exotic plants, or contribute to their spread. 
Selection of invasive Morrow’s honeysuckle (Lonicera morrowii) and 7 native soft–mast species was studied 
across 3 cover types (forest, field, and edge) and 3 fruiting rounds (October – November 2009, July – early 
August 2010, late August – September 2010) in southwestern Pennsylvania, USA. Feeding stations, containing 
equal quantities of each species, were randomly placed in each of the 3 habitats (n = 60). Species differed during 
rounds (honeysuckle was always present) based on availability. In addition, nutrient composition, total energy, 
seed number, mass, and handling time (time to consume whole fruit) were measured. Diet selection was non–
random based on compositional analysis (P < 0.05). The magnitude of selection differed with habitat during 
round 2 in July–early August, as consumption of all species was generally lowest in field plots. Honeysuckle 
was selected second during round 2, over native staghorn sumac (Rhus typhina). Otherwise it was consumed less 
than all natives. Honeysuckle fruits had low total energy content (0.2 kcal/fruit), and had less protein (0.66%) 
and lipids (0.67%) than all natives (P < 0.05). Total energy was important in distinguishing the highest selected 
fruit: black cherry (Prunus serotina) (0.45) in round 1, common dewberry (Rubus flagellaris) (0.36) in round 2, 
and southern arrowwood (Viburnum dentatum) (0.25) in round 3. Selection of fruits beyond the first chosen was 
inconsistent and varied between rounds based on percent moisture, protein, lipids and carbohydrates. Average 
seeds, mass, and handling time had no influence on selection. White–footed mice show plasticity in their diets 
with the ability to optimize between trade–offs in nutrient content across seasons. Natives in the invaded 
landscape appear to experience higher selection pressures on their fruits, and we conclude that Morrow’s 
honeysuckle creates a monoculture of a lesser preferred food item. 
 
 



ENVIRONMENTAL CHANGE AND DECLINING RESOURCE AVAILABILITY FOR SMALL 
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Changes in climate and land use can impact natural systems across all levels of ecological organization. Most 
studies consider species–level properties, including phenologies, geographic distributions and abundances. In 
contrast, responses of higher–level aggregate community or ecosystem properties have not been considered at 
broad spatial and temporal scales, as they are assumed to be relatively stable due to compensatory dynamics and 
diversity–stability relationships. However, this assumption may not be as fundamental as previously thought. We 
assessed stability in the properties of total abundance, biomass and energy consumption for small mammal 
communities in the Ruby Mountains of northeastern Nevada using paired historical and modern survey data 
spanning nearly a century of environmental change. We found marked declines in each aggregate property 
independent of spatial scale, elevation or habitat type. Because aggregate properties directly reflect resource 
availability, these findings indicate a region–wide decline in resources of ca. 50 % over the past century which 
may signal a resource crisis. In addition, our results suggest a restructuring of local communities favoring 
ecological generalists over specialists. This work illustrates the power of using aggregate properties as indicators 
of ecological conditions and environmental change. 
 
GENETIC EVALUATION OF A NEOTOMA MICROPUS/NEOTOMA FLORIDANA HYBRID ZONE 
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The Southern Plains Woodrat (Neotoma micropus) and the Eastern Woodrat (Neotoma floridana) hybridize 
under natural conditions.  An area just outside the town of Seiling, Oklahoma provides a suitable environment in 
which these two species can produce hybridized individuals.  Early hybridization studies on N. micropus and N. 
floridana have been done in this area using morphological data to identify hybrid individuals (Spencer 1968; 
Birney 1973).  Not until recently, with a study done by Bradley et al. (unpublished data), have genetic markers 
been used to classify hybridization in the Seiling hybrid zone. Bradley et al. (unpublished data) found a high 
degree of hybridization (84.5%) in one hundred three samples collected in 1988, using mitochondrial 
(cytochrome b) and nuclear (Adh1–I2, beta–fibrinogen) DNA datasets.  Eight microsatellite loci have been 
analyzed for the one hundred thee individuals collected in 1988 in order to 1) determine the extent of the hybrid 
zone, 2) determine the directionality of hybridization, 3) determine the distribution of genotypes within the 
hybrid zone, and 4) determine the frequency of hybrid individuals, and 5) compare the results to the results 
found by Bradley et al. (unpublished data).   
 
NEW SPECIES OF DASYUROMORPHIAN MARSUPIALS FROM LATE OLIGOCENE DEPOSITS, 
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The dasyuroids are a group of carnivorous marsupials that include the familiar Tasmanian Devil and smaller 
forms. Recent fossil finds from South Australia extend the ranges of two dasyuroid genera, Keeuna and 
Ankotarinja, into the latest Oligocene (ca. 23 – 24 mya).  Two new species within the genus Keeuna are 
described, Keeuna springeri and Keeuna archeri. These were small dasyuroids in the same size class of 20–70g. 
Their diets were hypothesized based on their upper molar morphology, predominately looking at the degree in 
which the centracrista intruded into the stylar shelf. The more invasive centracrista of K. springeri, suggests that 
the greater shearing surface areas would select for consumption of more soft–bodied larvae, whereas the 
ancestral condition of a weakly invasive centracrista of K. archeri would be more appropriate for adult 
arthropods. Analogous to members of the modern genus Antechinus, the two Keeuna species are suggested to 
have been sympatric species, coexisting by niche partitioning, in which K. springeri could have been a ground–
dwelling, larval eating species, whereas K. archeri was possibly a scansorial, hard carapace eating species. 
 
EFFECTS OF HABITAT DISTURBANCE ON HOST COMMUNITY STRUCTURE AND PATHOGEN 
PREVALENCE 
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Infectious diseases are strong forces acting on natural populations and considered an important component in the 
structure of ecosystems. Disease dynamics can rarely be explained by examining one component of a complex 
natural system. Habitat quality, host community, host health status, and pathogen interactions are interconnected 
in complex and dynamic ways. To understand disease dynamics in natural settings, the complex interplay among 
habitat disturbance, host community structure, and pathogen interactions with both the host and any co–infecting 
pathogen must be understood. When previously undisturbed habitats experience mild levels of disturbance, there 
is usually an increase in biodiversity according to the intermediate disturbance hypothesis. As the disturbance 
increases in occurrence or intensity there is an increase in competitive exclusion events and a loss of 
biodiversity. This decrease in biodiversity will decrease or eliminate populations of some species while 
increasing others. This study examines the small mammal community in western Uganda and the pathogens 
infecting these animals. We collected 348 small mammals from habitats experiencing varied levels of habitat 
disturbance in and around Kibale National Park, western Uganda.  Each animal was identified to species level 
and screened for the presence of ectoparasites, protozoans, and viruses.  Our results suggest that increases in 
habitat disturbance are linked, to a point, with an increase in diversity of small mammals and prevalence of their 
pathogens. We aim to more accurately capture the true complexity and dynamic nature of pathogen–host ecology 
by investigating the interactions between multiple sympatric pathogen–host systems in areas experiencing varied 
levels of disturbance. 
 
THE EFFECT OF NATURAL AND EXPERIMENTAL VARIATIONS IN SMALL MAMMAL 
ACTIVITY ON LYME DISEASE RISK 
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Vector–borne and zoonotic diseases link human health to ecological conditions.  Lyme disease provides a very 
interesting case study, because wildlife community structure can substantially influence the abundance of 



infected Ixodes scapularis ticks, and hence the risk to humans.  White–footed mice and eastern chipmunks are 
both highly suitable hosts for larval I. scapularis and also highly competent reservoirs of the Lyme–disease 
bacterium, Borrelia burgdorferi.   Because Ixodes ticks move very little except when being carried by their 
hosts, our objective was to determine whether small scale heterogeneity in host abundance influences Lyme–
disease epizootiology.  We collected nymphal I. scapularis from 30x30 m subplots in oak forest habitat during 
summers of 2009 and 2010, and analyzed them for infection with B. burgdorferi.  Local availability of mouse 
and chipmunk hosts was measured using track plates, and mice and chipmunks were removed from half the 
subplots on experimental areas in 2008 and 2009.  We compared abundance and infection prevalence of nymphs 
from each subplot with local mouse and chipmunk availability the previous summer, and tested whether 
infection prevalence differed between removal and non–removal subplots.   Results suggest a localized reduction 
in infection prevalence in removal subplots, but small sample sizes (particularly in 2010, when dry conditions 
reduced tick sampling success) resulted in substantial sampling variability.  This project highlights the need to 
determine the appropriate scale of manipulation when attempting to manage disease risk by manipulating host 
community composition.  
 
HAND PROPORTIONS IN TREESHREWS (SCANDENTIA, TUPAIIDAE) AND TAXONOMIC 
BOUNDARIES WITHIN THE TUPAIA GLIS–BELANGERI SPECIES COMPLEX 
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Treeshrews (Scandentia) are an ordinal clade of squirrel–sized mammals from tropical southern and Southeast 
Asia.  The last comprehensive taxonomic revision of treeshrews was Lyon’s (1913) monograph, and a well–
supported phylogeny of treeshrews has only recently been proposed.  According to that hypothesis, Tupaia glis 
and T. belangeri are sister taxa, and this clade is most closely related to a clade composed of T. chrysogaster 
(Mentawai Islands) and T. longipes (Borneo).  Tupaia belangeri and T. glis are currently distinguished primarily 
based on their distributions north and south of the Isthmus of Kra, respectively, and on mammae formula.  The 
problematic T. glis–belangeri species complex includes 54 synonyms, many of which are island endemics.  A 
recent molecular phylogeographic analysis of this complex identified several distinct lineages (Roberts et al. 
2009, in prep.).  As part of a morphological investigation of this species complex, we studied manus (hand) 
proportions, which have previously been shown to be useful in discriminating species of soricids.  We measured 
38 variables from digital x–ray images of 148 USNM study skins of T. glis, T. belangeri, T. chrysogaster, and T. 
longipes, including several subspecies, and analyzed these data using principal components and cluster analyses.  
The four currently recognized species, particularly T. chrysogaster and T. longipes, are distinguished based on 
differences in manual ray proportions.  Further study of the hands of two T. longipes subspecies indicated that 
they are distinct as well, mirroring previous molecular results.  Similarly, T. glis populations from Bangka Island 
and Sumatra, which were also distinct lineages in a previous molecular study, could also be distinguished.  Our 
morphological results are congruent with previous phylogeographic results in which the same populations were 
identified as separate lineages, and they support the recognition of three additional Tupaia species in Indonesia.  
This archipelago is part of the Sundaland biodiversity hotspot, and our findings have implications for the 
conservation status of these three species. 
 
FLUCTUATING SOCIAL AFFINITIES OF FEMALE AND JUVENILE WHITE–TAILED DEER AT 
VARIOUS TIME SCALES AND IMPACTS ON DISEASE TRANSMISSION 
 
Eric Schauber*, Clayton K. Nielsen, Lene J. Kjær, and Charles Anderson 
 
Coop. Wildlife Research Lab and Dept. of Zoology, Southern Illinois University, Carbondale, IL 62901 (ES, 
LK, CA); Coop. Wildlife Research Laboratory and Dept. of Forestry, Southern Illinois University Carbondale, 
Carbondale, IL 62901 (CN) 



 
White–tailed deer are moderately social, with females and their recent offspring forming matrilineal groups. 
However, recent genetic and behavioral analyses suggest that group membership may be more fluid than 
previously realized. We analyzed GPS–collar data from 44 does and 2 male fawns from 2 study sites near 
Carbondale and Lake Shelbyville, Illinois, 2002 to 2009. Collars recorded locations of individual deer every 1–2 
hours for 1–17 months. We quantified and characterized the social affinities of pairs of deer over various time 
scales, by the proximity of simultaneous GPS/ locations of deer in a pair and the correlation of their movements. 
We incorporated the apparent patterns into a simple individual–based model of direct disease transmission to 
examine whether fine–scale social information is necessary to infer disease patterns.  Some pairs exhibited 
tenacious affinity, consistently remaining <100 m apart with highly correlated movements except for ca. 1 month 
during fawning season. However, even these pairs separated briefly by >500 m as frequently as every week. 
Other pairs moved independently and rarely approached within 100 m. Several pairs exhibited intermediate 
social affinities, moving independently much of the time but with frequent bouts in which they moved in close 
proximity for hours to days before separating again. Some pairs with high affinity in one year were much more 
independent the next, and other pairs exhibited the opposite pattern. Our results highlight the fluidity of white–
tailed deer social structure, and suggest that female deer frequently associate with their neighbors, albeit for short 
periods. This social fluidity contrasts with more rigid social structures observed in low–mortality deer 
populations, and may enhance opportunities for disease transmission among deer. Our simulation modeling 
implies that failing to account for brief social interactions can lead to an underestimate of the potential 
transmission between neighboring groups. 
 
PASSIVE ACOUSTIC SAMPLING OF NORTHERN FLYING SQUIRRELS (GLAUCOMYS 
SABRINUS) ON PRINCE OF WALES ISLAND, ALASKA 
 
John S. Scheibe* and Patrick Mitsdarfer 
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We used passive acoustic sampling to survey northern flying squirrels at 24 sites on Prince of Wales Island, 
Alaska during late spring and summer 2010.  Three Anabat detectors were used to record ultrasonic calls in old 
growth stands, second growth, muskeg, and clear cut patches.  Each site was sampled for 4 – 7 nights.  Recorded 
calls were compared to a library of known calls for bats and flying squirrels.  The bat calls were provided by the 
Museum of Southwestern Biology, and the squirrel calls were collected from a colony of Prince of Wales 
Northern Flying Squirrels maintained at Southeast Missouri State University.  Discriminant functions analysis 
was used to classify the calls recorded in the field.  A total of 457 ultrasonic calls were recorded, of which 10 
were classified as Lasionycteris noctivagans, 179 as Myotis californicus, 34 as M. keenii, 68 as M. lucifugus, 133 
as M. volans, and 33 were classified as Glaucomys sabrinus.  Of these, 23 were classified as “trill” calls and 10 
were classified as “straight” calls, with no overlap between bat calls and flying squirrel calls.  Bat detectors 
provide another tool in studies designed to assess the presence of flying squirrels. 
 
HABITAT ECOLOGY OF PYGMY RABBITS IN NORTHEASTERN UTAH 
 
Jennifer M. Schmalz*, Samuel I. Zeveloff, Barbara Wachocki, and Masako Wright 
 
Department of Zoology, Weber State University, Ogden, Utah 84408–2505 (JMS); Department of Zoology, 
Weber State University, Ogden, Utah 84408–2505 (SIZ); Department of Botany, Weber State University, 
Ogden, Utah 84408–2504 (BW); Utah Division of Wildlife Resources, 515 E. 5300 S., Ogden, UT 84405 (MW) 
 
The pygmy rabbit (Brachylagus idahoensis) is the smallest rabbit in North America. A species of conservation 
concern, it has a limited distribution due to its dependence on big sagebrush (Artemisia tridentata) for food and 
shelter throughout the year.  With accelerating habitat loss from development, understanding their ecology has 
become increasingly important. In 2010, we initiated a study of the status of a pygmy rabbit population and its 
habitat requirements on U.S. Bureau of Land Management (BLM) property near Woodruff in northeastern Utah. 



The presence of active burrows was determined by sightings of rabbits and their signs such as fresh pellets. Due 
to the number of active pygmy rabbit burrows in this area, the BLM decided not to reduce the sagebrush there 
with an herbicide. We subsequently compared 40 randomly selected active burrow sites with 40 randomly 
selected non–burrow sites. We examined the closest sagebrush plants to these sites to determine which of their 
features might be important to the rabbits in selecting their burrow locations. The height, as well as the major 
and minor crown widths of the sagebrush, were highly significantly different (P < 0.001) when comparing the 
sagebrush plants closest to burrow and non–burrow sites. Pygmy rabbits in this area prefer relatively large 
sagebrush plants for their burrow locations. The protection of areas with such sagebrush stands is apparently 
vital to the persistence of pygmy rabbit populations in this region. 
 
ASSESSING POPULATIONS AHEAD OF A THREATENING PROCESS:  MOLECULAR AND 
DEMOGRAPHIC ANALYSIS OF THE NORTHERN QUOLL ON KIMBERLEY ISLANDS AND THE 
MAINLAND 
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We assess the demography and genetic structure of a keystone marsupial carnivore in Western Australia, the 
northern quoll Dasyurus hallucatus, ahead of the spread of the exotic and poisonous cane toad Chaunus marinus 
from the east.  Understanding these parameters in Kimberley island and mainland populations will be essential 
for the long–term conservation and management of the species whose populations have collapsed elsewhere in 
northern Australia with the advance of the cane toad.  This study focuses on the Koolan Island population and 
places the results in the context of our previous studies across the region.  Genetic variation was examined at 
both nuclear (microsatellite) genes from over 550 individuals and mitochondrial DNA for a subset of these.  Like 
other Kimberley islands separated from the mainland by deep sea channels, Koolan Island northern quolls have 
reduced genetic variation compared to mainland populations (33% of the allelic richness and <40% of the 
alleles).  The island has been isolated from the mainland for about 6,000 – 8,000 years.  As a consequence of 
long–term isolation it forms a unique genetic population where genetic drift plays a strong role in determining 
genetic structure and relationships.  There is no evidence of recent or long–term population decline.  
Demographic parameters were assessed from over 1800 trap–captures.  Koolan Islands supports a dense 
population of northern quolls.  The timing of reproduction of Koolan Island quolls is similar to that determined 
for mainland populations in the Kimberley with all females either lactating or carrying up to eight young in 
September of each year.  Male survival rarely extends to a second breeding season.  Females can survive and 
reproduce for two successive breeding seasons and may occasionally survive to a third breeding season.  
Movement patterns differ in the sexes between the months of the year but both sexes are recorded as moving up 
to 7 km during their annual trapping record.  Like others in the Kimberley region, Koolan Island is a high value 
refuge for this threatened species. 
 
GENETIC EVIDENCE FOR A NEW SUBSPECIES OF THE ENDANGERED NORTHERN FLYING 
SQUIRREL (GLAUCOMYS SABRINUS) IN SOUTHWESTERN VIRGINIA: IMPLICATIONS FOR 
TAXONOMY AND CONSERVATION 
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Remnant patches of spruce–fir (Picea rubens–Abies sp.) forest occur as a series of disjunct, high–elevation 
“sky–islands” in the Appalachian Mountains.  Though the northern flying squirrel (Glaucomys sabrinus) is 
distributed broadly throughout northern North America, two endangered subspecies are endemic to the 
Appalachian sky islands and surrounding ecotone.  In addition to G. s. fuscus of West Virginia and G. s. 
coloratus of North Carolina and Tennessee, G. sabrinus is found in small, isolated localities on Virginia’s two 
tallest summits.  Individuals in southwestern VA have been treated as both G. s. fuscus and G. s. coloratus in the 
past, and currently the USFWS considers their taxonomic status uncertain.  Using 5 polymorphic microsatellite 
loci, we genotyped individuals (N=100) from both described subspecies and the equivocal VA localities.  
STRUCTURE analysis identified 3 highly differentiated genetic clusters (FST = 0.19 – 0.35; RST = 0.40 – 0.55).  
An important finding was that samples from VA form a distinct genetic cluster separate from both the G. s. 
fuscus and G. s. coloratus clusters, suggesting that G. sabrinus in southwestern VA may comprise a unique 
subspecies currently unrecognized by state and federal agencies.  To complement the microsatellite data, and 
allow us to better assess subspecies boundaries and evolutionarily significant units, ongoing work focuses on 
examining mtDNA control region variation for G. sabrinus from each cluster (NC, VA, WV).  Our study has 
significant conservation implications, as resolving the taxonomic uncertainty in southwestern VA represents 
critical information for a comprehensive recovery plan of endangered subspecies of G. sabrinus in the central 
and southern Appalachians. 
 
GENETIC IMPLICATIONS FOR MANAGEMENT OF SWIFT FOX IN TEXAS 
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Although once common in western North America, the swift fox (Vulpes velox) experienced a precipitous 
decline in population density and distribution. In Texas, the species is restricted to less than 30% of its historic 
range and exhibits low population densities and a patchy distribution where it persists, with unknown 
implications for genetic structure or diversity. Currently, no management activities are in place for swift fox in 
Texas, although habitat restoration, translocation, coyote control and cessation of fur trapping have been 
suggested. We used mitochondrial and nuclear DNA data to assess 1) the genetic structure of swift fox 
populations in Texas and neighboring states, 2) the level of genetic interchange between these populations, and 
3) levels of inbreeding and genetic diversity in the Texas population with respect to its nearest neighbors. We 
found no evidence of historic genetic structure. We found that the swift fox population in Texas is currently part 
of a larger genetic group including parts of Colorado, New Mexico and Oklahoma. Fine–scale genetic structure 
was also detected, indicating that as many as 3 genetically distinct groups occur in the region, including 1 group 
located primarily in Texas. The cause of this fine–scale genetic structure is unclear. Levels of differentiation (Fst) 
between groups at a fine scale were low to moderate (range 0.01–0.05, P<0.00), whereas levels of differentiation 
between the larger genetic group and groups in other geographic locations were moderate to high (range 0.03–
0.19, P<0.00). Allelic richness and expected heterozygosity were comparable to other populations in the species’ 
range. Based on genetic data, movement between subgroups within the region was inferred to be relatively high; 
however, the population in Texas may function as a sink rather than a source. We suggest development of a 
multi–state management plan designed to maintain connectivity and increase species density and distribution in 
the region using the afore–mentioned management techniques. Translocation efforts in Texas should draw from 
stocks in neighboring states if possible. 
 
THE SUBTERRANEAN LIFE OF AN ARBOREAL SQUIRREL: BURROW USE BY ENDANGERED 
MT. GRAHAM RED SQUIRRELS 
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Nest site selection is a critical decision of mammals that often has important fitness consequences. Arboreal 
squirrels nest primarily in cavities and dreys in trees. The Mt. Graham red squirrel (Tamiasciurus hudsonicus 
grahamensis) is an endangered subspecies of North American red squirrel endemic to the Pinaleño Mountains at 
its southern range limit in southeastern Arizona. Based on radiotelemetry from the past 9 years, cavities (n = 
3799) and dreys (n = 336) have served as the predominant nest types, yet Mt. Graham red squirrels also occupied 
subterranean nests (underground or in logs) on 261 occasions. This frequency of subterranean nest use is unique 
within arboreal squirrels. Herein we characterize forest structure around subterranean nests and document 
seasonal use. Log nest locations are similar to ground nests except that forest stands around log nests have higher 
numbers of large trees and large snags. Compared to random locations, subterranean nests are characterized by 
higher proportions of decayed logs, number of logs, log volume, canopy cover, and basal area as well as 
decreased slope. Whereas tree and log nests are used uniformly throughout the year, ground nests are least likely 
to be used in fall and equally likely to be used over the rest of the year. This study documents a novel life–
history trait in an isolated forest endemic and provides insight into behavioral adaptations, filling a critical 
knowledge gap.  
 
DESIGN OF TAXON–SPECIFIC FERTILTY CONTROL VACCINES IN MARSUPIALS 
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Fertility control in mammals is an important management tool to deal with overabundant native or introduced 
pest species.  A number of issues have to be addressed in the design of fertility control vaccines: target tissues, 
specificity, reversibility, effectiveness, mode of delivery and cost. These issues will be addressed in the context 
of fertility control of the common brushtail possum; an exotic agricultural and ecological pest in New Zealand 
and a native urban pest in Australian parks, gardens and some forestry plantations.  Determination of the unique 
features of marsupial development to deliver specificity to the vaccine, led to the use of oocyte vesicle–
associated proteins and shell coat proteins secreted by the uterus onto the zygote. Proof of concept in vitro 
experiments showed that the proteins are essential for normal development. Hence the target tissues became the 
ovary, oocyte, early conceptus and the uterus. Fertility control of overabundant native mammals may require 
reversibility in the vaccines that can be delivered by use of immunocontraception. For pest species, long–term 
fertility can also be provided, usually by varying the immune response. One hundred percent effectiveness is 
desirable in that it removes the problems associated with non– responders to the vaccines– that they will 
continue to breed and their genotype will eventually dominate the population gene pool. Vaccines reducing 
female fertility by 100% have been demonstrated for the common brushtail possum by using a combination of 
DNA vaccines. Hand delivery of vaccines is possible in small parks and gardens of up to 50 hectares and has the 
advantage of being known to affect all females. Remote delivery systems are being developed for free–ranging 
animals over large areas. DNA vaccines in the common brushtail possum have proved to be both more effective 
and less costly than protein vaccines.  
 
ELUCIDATING SEMI–ABOREAL LOCOMOTION OF SMALL GROUND SLOTHS (SUPERORDER 
XENARTHRA, ORDER PILOSA) 
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Order Pilosa (anteaters, ground, and tree sloths) is an ancient group of mammals, isolated on South America for 
90 million years. Approximately 9 million years ago, ground sloths arrived in North America probably island 
hopping across the Caribbean. After the Isthmus of Panama arose, sloths disbursed as far north as Alaska. Their 



modes of traveling include the unique traviportal locomotion or bearing weight across the 5th carpal, metacarpal, 
and distal phalange bones of the manus and the 5th tarsal, metatarsal, and distal phalange bones of the pes. The 
extant two families of tree sloths are penduloportal (moving by hanging on the underside of branches). The two 
families of tree sloths are not closely related, and there lacks much evidence of an extinct ground sloth of closely 
shared ancestry to them. These distinct adaptations to the fore and hind limbs of a traviportal ancestor should 
provide a clear marker in evaluating the move from traviportal through semi–arboreal to penduloportal 
locomotion. This study examines two methods of evaluation.  First method reduced the limbs into levers, 
measuring the length of the lever, load, lift, and fulcrum of both the fore and hind limbs for 37 species of 
anteaters, ground and tree sloths. The results were analyzed using Principal Component Analyses, and then 
diagramed in a 2D scatterplot. The results place the smaller ground sloths from Caribbean islands within the 
95% confidence ellipsoid with the semi–arboreal anteaters, supporting the small ground sloths’ transition 
towards trees.  The second method plotted indices of the limb measurements, with similar results, placing small 
Caribbean ground sloths with the semi–arboreal tamanduas. 
 
HUMAN–INDUCED MAMMALIAN MORTALITY PATTERNS ACROSS NORTH AMERICA: LOSS 
OF CARNIVORES IN THE UNITED STATES AND CANADA 
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Carnivores and other larger mammalian species face a gauntlet of human–induced intentional and unintentional 
mortality factors on a global basis.  Intentional activities such as predator control, hunting, trapping, and 
pesticide application, and unintentional activities such as being a non–target species for these activities as well as 
roadkill and other accidental events can lead to substantial levels of mortality in some mammals.  Predator 
control is a widespread human activity which has occurred since the time of the earliest settlers.  In the process 
of controlling mammalian predators, other mammalian species (canids, felids, mustelids, ursids, mephitids) are 
killed annually.  In the process of analyzing non–target mortality from predator control, the question arose as to 
how important other human–induced mortality factors might be on top of that from predator control for these 
species.  This study examines both human–induced intentional and non–intentional mortality factors of various 
carnivores in the US and Canada, attempting to answer the question of whether or not we might be seriously 
depleting our ecosystems of these ecologically important species.  Mortality data was collected from federal and 
a variety of state and provincial agencies, and I report annual and cumulative mortality totals for carnivores from 
1990–present.  Possible ecological implications of widespread killing of so many carnivorous mammals on an 
annual basis are discussed. 
 
MECHANISMS FOR CONSUMING TOXINS BY A SAGEBRUSH SPECIALIST: THE PYGMY 
RABBIT 
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Despite its prevalence and importance as wildlife habitat across the western U.S., few vertebrates consume 
substantial amounts of sagebrush, likely because of the high levels of monoterpenes and other plant secondary 
compounds it produces.  Pygmy rabbits are the only mammal that eats sagebrush virtually exclusively in winter, 
yet little is known about how the pygmy rabbit tolerates these high toxin loads.  I compared intake and excretion 
of cineole, a common monoterpene in sagebrush, and cineole metabolites between pygmy rabbits and their 
generalist counterpart, mountain cottontails in controlled experiments.  Based on work with marsupial folivores 
and woodrats, I hypothesized that pygmy rabbits would voluntarily consume more cineole, and excrete it in a 
more highly oxygenated, but less conjugated, form in the urine than cottontails to reduce the energetic costs of 



detoxification.  However, I found that although pygmy rabbits consumed and excreted over twice the amount of 
cineole per day in relation to metabolic body mass than did cottontails, the composition of their urine metabolites 
was similar to cottontails.  These results suggest that pygmy rabbits likely have relatively larger livers and 
enhanced Cytochrome P450 enzymes that allow them to detoxify large volumes of monoterpenes.  In addition, 
pygmy rabbits may have adapted mechanisms to avoid absorption of monoterpenes, such as chewing to 
volatilize them, or p–glycoproteins  
 
NEW INSIGHTS ON THE SPECIES–LEVEL DIVERSITY WITHIN THE MICRONYCTERIS 
MEGALOTIS COMPLEX (CHIROPTERA: PHYLLOSTOMIDAE) 
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The Neotropical bat genus Micronycteris comprises at least nine species, partitioned into four subgenera. Of 
these, Micronycteris megalotis is traditionally viewed as the most widely distributed species. However, there is 
uncertainty regarding the taxonomic arrangements and possible unrecognized species diversity within this 
complex. Herein, we describe a new species of big–eared bat and discuss the implications of its recognition 
within the M. megalotis complex. The new species is restricted to the island of Saint Vincent (southern Lesser 
Antilles) and can be distinguished from its closest relative, M. megalotis, by its large size, distinct craniodental 
features, and mitochondrial DNA variation. Relaxed molecular clock analyses indicate that the most recent 
common ancestor between the St. Vincent species of Micronycteris and mainland populations of M. megalotis is 
less than 1 million years. Rising sea levels during the late Pleistocene may have contributed to the geographic 
isolation and subsequently to the allopatric speciation of this new species. Recognition of this new species 
creates additional complexity to the known paraphyly of the M. megalotis complex, with the presence of at least 
four putative species–level clades, and a noteworthy phylogeographic structure among them. 
 
THE STATUS OF SMALL MAMMALS IN CHINA 
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The geography of China is one of the most diverse in the world, ranging from the highest mountain to second 
lowest depression, boreal to tropical rain forests, expansive hot dry deserts and the highest grassland on earth.  
Correspondingly, China is home to 556 mammal species (excluding off–shore marine forms), representing more 
than 10% of the world’s mammals.  Among small mammals (excluding bats) there are 335 species.  With the 
largest population of any country, habitat loss associated with this huge human footprint is a major determinant 
leading to declines of many of China’s small mammals.  In addition, many small mammals have been negatively 
impacted by direct exploitation or control measures.  Some mammals targeted for control are keystone species or 
ecological engineers whose loss initiates a cascade of further erosion of mammalian and other biodiversity.  
Competition with invasive species has not been a major determinant of loss of the China mammal fauna. The 
study of Mammalogy in China is a young discipline, and historically the China mammal fauna has been poorly 
studied.  This trend continues to the present day, leading to difficulties in accurately assessing the status of many 
species.  The China Red Book makes an attempt to classify the status of all mammals, but even where species of 
small mammal are highlighted as endangered, there are few directives and even less implementation to improve 
the status of listed species.  
 
THE EVOLUTION OF GIANT MAMMALS: RATE AND TRAJECTORY OF TERRESTRIAL AND 
AQUATIC MAMMALS OVER THE CENOZOIC 
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The extinction of dinosaurs at the Cretaceous/Paleogene (K/Pg) boundary was arguably the seminal event in the 
history of mammals, opening the door for their subsequent diversification. Yet, only for North America has the 
trajectory and mode of body mass evolution been quantified.  Here we compile and analyze maximum body 
mass at the ordinal level for each subepoch for each major continent and for ocean basins.  We find beginning at 
the K/Pg, maximum body size of terrestrial mammals increased near–exponentially, leveled off within ~25 Ma, 
and fluctuated only slightly through the Recent. There was remarkable congruence in the rate, trajectory and 
upper limit of size across continents, orders, and trophic guilds, despite differences in geological and climatic 
history, turnover of lineages, and variation in species composition.  Quantitative evaluation of body size with 
key abiotic factors reveals a highly significant influence of both terrestrial land area and global temperature on 
the upper limit. Our analysis suggests that although the primary driver for the evolution of giant mammals was 
diversification to fill ecological niches, environmental temperature and land area may have ultimately 
constrained the maximum size achieved. 
 
INTERSPECIFIC COMPETITION BETWEEN MYODES GAPPERI AND PEROMYSCUS KEENI IN 
SOUTHEAST ALASKAN RAIN FOREST 
 
Winston P. Smith* and Barry J. Fox 
 
USDA Forest Service, Pacific Northwest Research Station, Forestry Sciences Laboratory, Olympia, WA 98512 
USA (WPS); School of Biological, Earth & Environmental Science, Faculty of Science, University of New 
South Wales, Sydney, NSW 2052 Australia (BJF) 
 
Interspecific competition can facilitate coexistence among similar species by influencing differential habitat 
selection. Habitat selection may reduce the intensity of this competition. Communities often include generalists 
whose resource use overlaps that of habitat specialists. The intensity of habitat selection and interspecific 
competition can vary with population density. Their roles in determining relative abundance of these species 
across habitat space is poorly understood. We studied Peromyscus keeni and Myodes gapperi in rainforest of 
Southeast Alaska to elucidate how these mechanisms may facilitate coexistence. We used live–trap data from 1–
ha grids in spring and autumn 1998–2000.  We used stepwise multiple regressions to determine the contribution 
each variable, in each significant regression model, contributed to variance in abundance for each species. We 
determined relative importance of interspecific competition vs. habitat selection in explaining species’ habitat 
use among four habitat types: gap–phase old growth (GP), wind–originated old growth (WO), thinned young 



growth (SG), and peatland mixed–conifer (PM) rainforests.  Both species decreased in abundance and shifted 
distribution among habitats during the study.  The intensity of interspecific competition (both directions) varied 
with season and population density. Habitat variables, not competition, explained variation in species’ 
abundance at population peaks. Competition, with habitat, was significant at all other times. During spring 
intensity decreased across years, but during autumn it increased with time.  Voles became more selective and 
autumn populations became relatively smaller in SG but remaining unchanged in GP; mice selectivity changed 
little and autumn populations became larger in SG and smaller in WO and GP. Preliminary findings suggest 
interspecific competition plays a greater role during the breeding season, especially when population density is 
higher; but, habitat selection plays a greater role when juveniles comprise a larger portion of the population; 
during autumn and when populations are at lower population densities. 
 
TRANSLOCATION OF ALLEGHENY WOODRATS IN INDIANA: RESPONSE OF POPULATION 
DYNAMICS TO GENETIC RESCUE AND BAYLISASCARIS PROCYONIS MITIGATION   
 
Timothy J. Smyser, Scott A. Johnson, L. Kristen Page, Cassie M. Hudson, and Olin E. Rhodes, Jr.    
 
Department of Forestry and Natural Resources, Purdue University, Indiana 47907 (TS); Wildlife Diversity 
Section, Indiana Department of Natural Resources, Indiana 47401 (SJ); Biology Department, Wheaton College, 
Illinois 60187 (KP). Wildlife Diversity Section, Indiana Department of Natural Resources, Indiana 47401 (CH); 
Wildlife Services, United States Department of Agriculture, Colorado 80521 (OER) 
 
Allegheny woodrats (Neotoma magister) have declined throughout much of their range, including Indiana, as a 
result of the synergistic interaction of reduced hard mast availability, increased mortality due to Baylisascaris 
procyonis infection, and habitat fragmentation. Within Indiana, populations also have been impacted by the loss 
of genetic diversity. Our objectives were to use experimental translocations to evaluate the contribution of B. 
procyonis–exposure to the demographic vitality of Indiana woodrat populations and potential for a genetic 
rescue of genetically depauperate populations. In 2007 we translocated wild–caught woodrats from genetically 
robust populations to 4 previously occupied habitat patches (reintroductions) and 2 numerically and genetically 
depressed populations (supplementations). To evaluate the role of B. procyonis exposure, 3 sites (2 
reintroductions, 1 supplementation) were treated with medicated baits to reduce B. procyonis–exposure while 3 
sites served as unmanipulated controls. We used radio–telemetry, live–trapping, and 11 microsatellite markers 
developed for Allegheny woodrats to monitor the response of translocated populations between 2007 and 2009. 
Mitigation efforts successfully reduced B. procyonis–exposure. Among the 4 reintroductions, the 2 treated 
populations persisted through the duration of the study whereas the 2 control reintroductions failed. Exposure to 
B. procyonis caused the failure of one of these populations whereas the other likely failed due to demographic 
stochasticity inherent with the release of a limited number of individuals. Woodrat abundance at supplemented 
populations approached historic highs as measures of genetic diversity rebounded. The positive numeric 
response with restoration of genetic diversity suggests a genetic rescue occurred. Our results demonstrate baiting 
can be an effective tool to reduce B. procyonis–exposure and improve woodrat habitat quality. Also the 
translocation of a small number of individuals can be sufficient to increase genetic diversity within isolated 
woodrat populations.   
 
ASSESSING THE EFFECTS OF LATE PLEISTOCENE CLIMATE ON POPULATIONS OF 
GREATER ANTILLEAN LONG–TONGUED BATS (PHYLLOSTOMIDAE: MONOPHYLLUS 
REDMANI) 
 
J. Angel Soto–Centeno and David L. Reed 
 
Florida Museum of Natural History and Department of Biology, University of Florida, Gainesville, FL 32611 
 
Some studies suggest that climatic conditions during the last glacial maximum (LGM, ca. 21 ky) may have 
contributed to the current distribution pattern of lineages in continental bat populations. Due to their natural 
boundaries, island bat populations are especially susceptible to the effects of climate change and glacial cycles. 



For example, insular bat populations may increase or decrease gene flow as sea level changes directly affects 
island size, connectivity, and availability of habitat. Few molecular studies have assessed patterns of bat 
population differentiation and the possibility of gene flow on islands. We integrated present and past population 
distribution models (PDM) with phylogenetic and coalescent analyses to understand the phylogeography of the 
Greater Antillean long tongued bat (Monophyllus redmani) during the LGM. We used molecular data to assess 
the demographic history, genetic diversity, and population sizes of M. redmani on the Greater Antilles. Present 
and past PDM show large range overprediction expanding populations from Puerto Rico into La Hispaniola and 
vice versa. Results from molecular data show correlation with PDM, with shared lineages suggesting admixture 
of populations between Puerto Rico, La Hispaniola, and Turks and Caicos islands. This study also reveals insight 
into the importance of ocean straits as barriers to gene flow on West Indian bat populations. 
 
WILDLIFE CARERS AND TRANSLOCATION PROGRAMS ALTER NATURAL GENETIC 
PATCHES AND HAVE CONTRIBUTED TO THE RECENT DECLINE OF THE WESTERN 
RINGTAIL POSSUM, PSEUDOCHEIRUS OCCIDENTALIS 
 
Peter Spencer*, Kelly Wilson, Lincoln Schmitt, Ric How, Helen Grimm, and Paul de Tores  
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KW); School of Anatomy & Human Biology, The University of Western Australia, Crawley, WA 6009 (LS); 
Terrestrial Zoology, Western Australian Museum, Welshpool, WA 6986 Australia (RH); School of Biomedical 
Sciences, Murdoch University, Western Australia 6150, Australia (HG) Department of Environment and 
Conservation, Western Australian Wildlife Research Centre, P.O. Box 51 Wanneroo, Western Australia 6946, 
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Disentangling the contribution of climate change with more recent anthropogenic activity is important in 
understanding how much each has had on altering population demographic history.  The result, in turn, has 
important implication for how finite resources are used to contribute to restoration and persistence. The western 
ringtail possum (Pseudocheirus occidentalis) has suffered 80–90% decline and localised extinction because of 
the increasing threat from introduced predators, changes in fire management practices and urban–coastal habitat 
fragmentation. Understanding the demographic history and identifying populations of high conservation–value 
are all important pieces of information for conservation management. An additional complication is the 
possum’s unresolved taxonomic identity. High level sequence divergence between the western and common 
ringtail possums (P. peregrinus), with no intra–specific regional phylogeographic signal was detected 
(cytochrome b or control region). However, polymorphic microsatellite loci to genotype individuals from the 
same locations identified three genetic population clusters, with moderate levels of genetic differentiation within 
and between them. Possums were found to be displaced from their natural population clusters: a state agency 
translocating them upto 100km and (well–intentioned) wildlife–carers ‘rehabilitating’ and releasing them in 
excess of 300km from their source population. We detected no genetic signature of population decline 
(bottlenecks), however Bayesian coalescent modeling (using MSVAR) suggested a 40–fold decrease in the 
ancestral population (of ~12,000 individuals) to its present effective population number, in a time period 
consistent with European settlement. This suggests human–assisted changes (genetic pollution), associated with 
habitat modification are potentially substantial contributors in population changes that needs consideration in 
long–term conservation programs. 
 
DIGESTIBILITY TRIALS OF TWO CAPTIVE DASYURIDS: THE KULTARR (ANTECHINOMYS 
LANIGER) AND RED–TAILED PHASCOGALE (PHASCOGALE CALURA) 
 
Hayley Stannard and Julie Old 
 
Native and Pest Animal Unit, School of Natural Sciences, University of Western Sydney, NSW 2751 Australia 
 
Australian native mammals have been negatively affected by European settlement and the introduction of exotic 
species. This has caused a significant decline in native species range and contributed to extinctions across the 



continent. Dasyurids are carnivorous marsupials that inhabit Australia and Papua New Guinea. The kultarr 
(Antechinomys laniger) is a small (<30g) Dasyurid, that inhabits inland areas of arid and semi–arid Australia. 
The red–tailed phascogale (Phascogale calura) is another small (<70g) Dasyurid, which is restricted to a small 
area is south–west Western Australia. Both of these species have undergone a significant reduction in 
geographical range. The aim of the study was to determine the apparent digestibility of current food items of 
these species in captivity to support the development of suitable captive diets. Trials were conducted to collect 
food items and scats from the animals, and chemical analysis was undertaken to determine nutrient composition. 
The food items fed to these animals are relatively digestible with apparent digestibility being above 85% for the 
kultarr and above 90% for the red–tailed phascogale for dry matter, energy and protein. The apparent 
digestibility results for the kultarr and red–tailed phascogale are similar to those found for other Dasyurids, the 
dusky antechinus (Antechinus swainsonii) fed a diet of house mice (Mus musculus) was also approximately 80%. 
Larger species, such as the eastern quoll (Dasyurus viverrinus) and Tasmanian devil (Sarcophilus harrisii) have 
apparent digestibility values above 80% when maintained on a diet of rat (Rattus spp.).  
 
A NONINVASIVE GENETIC SAMPLING APPROACH TO EVALUATE POPULATION SIZE OF 
GRAY WOLVES CANIS LUPUS IN IDAHO 
 
Carisa R. Stansbury*, D. E. Ausband, C. M. Mack, P. Zager, M. Mitchell, and L. P. Waits 
 
Department of Fish and Wildlife Resources, University of Idaho, Moscow, ID 83844 (CRS, LPW); Montana 
Cooperative Wildlife Research Unit, University of Montana, Missoula, MT 59812 (DEA, MM); Nez Perce Tribe 
Wolf Recovery Program, McCall, ID 83638 (CMM). Idaho Department of Fish and Game, Lewiston, ID 83501 
(PZ) 
 
Traditionally, gray wolf (Canis lupus) population estimation and monitoring has been conducted using capture–
recapture (CR) techniques and telemetry. We have designed an alternative approach that combines predictive 
habitat modeling of wolf rendezvous sites with population estimates using noninvasive genetic sampling. In 
2007 – 2008, we applied this approach in two study areas in Central Idaho and found agreement between 
telemetry–based population estimates and genetic–based population estimates. In 2009 and 2010, we continued 
this research at two of the original study areas in Central Idaho (9,976 km2) and added two new study areas in 
Northern Idaho (9,139 km2).  In 2009 1,155 scat and 62 hair samples were collected and in 2010 782 scats and 
104 hair samples were collected.  A species identification test using mitochondrial DNA was conducted and 
success rates were 93% for scat. Success rates for individual identification using 9 microsatellite loci were 78% 
in the Central Idaho study areas, but decreased 13 – 29% in the Northern Idaho study areas potentially due to 
their wetter climates.  Genetic–based minimum counts range from 33–54 individuals per study area. Genetic 
population estimates were conducted using a closed population single–session estimator and compared to 
telemetry–based population estimates. Overall, there was agreement between the telemetry–based population 
estimates and genetic–based population estimates, but genetic–based estimates from areas with an average 
recapture rate less than 1.7 per individual were biased high.  This method may be useful to managers that need to 
implement a high resolution monitoring method to track population trends. 
 
CACHE PLACEMENT, PILFERING, AND A RECOVERY ADVANTAGE IN A SEED–DISPERSING 
RODENT: COULD PREDATION OF SCATTER HOARDERS CONTRIBUTE TO SEEDLING 
ESTABLISHMENT? 
 
Michael A. Steele, Melissa Bugdal, Amy Yuan, Andrew Bartlow*, Jarrod Buzalewski, Nathan Lichti, and 
Robert Swihart 
 
Department of Biology, Wilkes University, Wilkes Barre, PA 18766 (MAS, MB, AY, AB); Department of 
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Scatter–hoarding mammals are thought to rely on spatial memory to relocate food caches. Yet, we know little 
about how long these granivores (primarily rodents) recall specific cache locations or whether individual 



hoarders have an advantage when recovering their own caches.  Indeed, a few recent studies suggest that high 
rates of pilferage are common and that individual hoarders may not have a retriever’s advantage.  We tested this 
hypothesis in a high–density (>7 animals/ha) population of eastern gray squirrels (Sciurus carolinesis) by 
presenting individually marked animals (> 20) with tagged acorns, mapping cache sites, and following the fate 
of seed caches. PIT tags allowed us to monitor individual seeds without disturbing cache sites.  Acorns only 
remained in the caches for 12–119 hrs. (0.5–5d).  However, when we live–trapped and removed some animals 
from the site immediately after they stored seeds (thus simulating predation), their seed caches remained intact 
for significantly longer periods (16–27d). Cache duration corresponded roughly to the time at which squirrels 
were returned to the study area.  These results suggest that squirrels have a retriever’s advantage and may 
remember specific cache sites longer than previously thought. We further suggest that predation of scatter 
hoarders who store seeds for long periods and also possess a recovery advantage may be one important 
mechanism by which seed establishment is achieved.   
 
STRONGER TESTS OF MID–DOMAIN EFFECTS ON BIODIVERSITY GRADIENTS OF NEW 
WORLD BATS   
  
Richard D. Stevens 
 
Louisiana State University, Baton Rouge, LA 70803, USA  
 
Latitudinal gradients of species diversity are pervasive.  Numerous hypotheses have been proposed to explain the 
increase in number of species toward the equator.  One prominent and well–tested hypothesis is the mid–domain 
effect, which proposes that random placement of species’ geographic ranges within bounded continents creates 
peaks in diversity at the equator and latitudinal decreases toward the poles.  Typically, this hypothesis is tested 
by estimating some measure of goodness of fit between species richness patterns based on empirical data and 
those generated from a null model.  Nonetheless, it has recently been pointed out that such curve fitting 
represents only weak tests of macroecological hypotheses.  One means of strengthening macroecological 
inference is to examine interchangeability.  Two characteristics are interchangeable if they are identical from the 
point of view of the hypothesis.  Biodiversity is multifaceted thereby providing numerous characteristics from 
which to assess interchangeability of mid–domain effects. We examined the degree to which a mid–domain 
model recapitulates latitudinal gradients in other forms of biodiversity: phylogenetic, phenetic and functional 
characteristics.  Added support for the mid–domain hypothesis would come from demonstration of good fit of 
empirical gradients of other characteristics of biodiversity with those produced by a null model generating a 
mid–domain effect.  Mid–domain models exhibited good fit to richness gradients but poorer fit to all other 
biodiversity characteristics and this suggests that geometric constraints may affect richness gradients more that 
other characteristics of biodiversity.  Moreover, mid–domain effects likely are not the only determinants of 
gradients in biodiversity.  Fuller understanding will come from simultaneous examination of random, 
contemporary and historical mechanisms to better discern relative effects on distribution and abundance of the 
current biota. 
 
SEASONAL CHANGES IN BODY COMPOSITION, ORGAN MASS AND FIELD METABOLIC RATE 
IN A HIGH LATITUDE RODENT: THE NORTHERN RED–BACKED VOLE (MYODES RUTILUS) 
 
Kalb T. Stevenson, April M. Brennan, Ian G. van Tets*, Brian Cohn, and Jefferey Welker 
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Resources Institute, University of Alaska Anchorage, Anchorage, Alaska 99508 
 
Small mammals in strongly seasonal environments often allocate mass and energy towards or away from certain 
cells, tissues, organs, or processes to maximize energy efficiency in different seasons. This study measured 
seasonal variation in the body composition, visceral organ mass, and field metabolic rate (FMR) of free–living 
northern red–backed voles (Myodes rutilus) in South–Central Alaska.  The body composition of voles trapped in 
winter differed significantly from those trapped in other seasons.  Their bodies had a higher percentage of 



protein and a lower percentage of minerals than voles trapped in other seasons, possibly reflecting the effects of 
seasonal bone resorption in this species.  The percentage of body fat remained constant throughout the year, 
however, suggesting that they do not store fat before winter and must continue to forage effectively throughout 
the winter.  Of the environmental variables tested, the changes observed in body condition were most strongly 
correlated with photoperiod.  Different organs followed different seasonal patterns.  The relative dry masses of 
the livers and spleens of trapped voles were higher in winter, the relative dry masses of the hearts and stomachs 
were lower, and the kidneys and intestines remained constant over the year.  The relative dry masses of the 
cecum and stomach dry masses were highest in spring presumably reflecting increased food intake during this 
period.  The observed changes observed in visceral organ masses were most strongly correlated with gender and 
ambient temperature (Ta) (p < 0.05).  Field Metabolic Rate did not vary significantly with breeding season or 
gender (ANCOVA, fixed factors = breeding season and sex, covariate = Ta, F[3,10] = 2.465, Corrected Model p = 
0.155).  It was, however, correlated with Ta when gender and breeding season were combined (R2 = 0.29, p = 
0.037).  Taken together, these results suggest that the seasonal changes experienced by M. rutilus have a 
substantial physiological effect on it and that that effect is reflected in the observed changes in its body 
composition, organ masses and energy use. 
 
WOLF CONSERVATION AND CONFLICT MANAGEMENT: EFFECTIVE TOOLS FOR REDUCING 
LIVESTOCK LOSSES  
 
Suzanne Stone 
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The western US was history stronghold for gray wolves (Canis lupus) but settlers across the region viewed the 
species as a menace to livestock. Communities sponsored town wolf hunting events and hired private “wolfers” 
who used poison and traps to kill off entire packs. Bounties were paid on tens of thousands of dead wolves. In 
1914, the federal government initiated its own eradication program wolves and only 12 years later, agents had 
killed Yellowstone National Park’s last wolves. The gray wolf’s territory receded north into Canada and wolf 
sightings were rare in the decades following the wolf killing campaigns. When the Endangered Species Act 
(ESA) became law in 1973, the gray wolf was one of the first species listed. Under federal protection, wolves 
began crossing the Canadian border on their own recolonizing northwestern Montana. In 1995 and 1996, sixty–
six gray wolves were captured in Canada and reintroduced to central Idaho and Yellowstone National Park under 
a federal wolf recovery program. Today, there are 1650 gray wolves in the west. While less than one percent of 
livestock losses are due to wolf predation, the historic animosity toward the species is still felt by many livestock 
owners. In response, government wolf recovery programs kill wolves involved in livestock depredations. In 
1987, Defenders initiated a compensation program to reimburse ranchers for livestock losses to wolves. 
However, preventing losses is more effective to build acceptance of wolves. In 1999, Defenders adopted its Wolf 
Coexistence Partnership to assist ranchers and farmers with nonlethal, preventative methods that help reduce or 
prevent livestock losses to wolves. Program partners include the U.S. Fish and Wildlife Service, USDA’s 
Wildlife Services program, the states, tribes and livestock producers. Successful methods include turbofladry 
barriers, livestock guarding dogs, range riders and herders, lighting, alarms, carcass removal and other 
deterrents. As federal ESA protections are lifted, these management tools will become even more important for 
promoting long–term coexistence with this controversial species.  
 
ECOLOGY AND CONSERVATION OF THE WESTERN GRAY SQUIRREL (SCIURUS GRISEUS) IN 
THE NORTH CASCADES 
 
Kathryn D. Stuart 
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The Western Gray Squirrel (Sciurus griseus) – listed as a Washington State threatened species in 1993 – is 
confined to three geographically isolated areas: the southern Puget Trough of Pierce County, southern 
Washington in Klickitat, Yakima and Skamania counties, and north–central Washington in Chelan and 
Okanogan counties.  Recovery of the species has become a priority, however, distributional and life history data 
on the western gray squirrel, particularly for the North Cascades population, is limited. This population is 
genetically isolated from others in Washington and ecologically unique as it exists in a mixed–conifer forest 
habitat composed primarily of Douglas–fir (Pseudotsuga menziesii) and ponderosa pine (Pinus ponderosa) that 
lacks oak (Quercus spp.), an important source of forage and maternal nests elsewhere in the range. The North 
Cascades are also distinguished by high average annual snowfall, frequent wildfire, and dynamic forest 
management. A history of logging and fire suppression has created dense, diseased, and fire–prone forest stands, 
leading to several catastrophic wildfires in recent years and intensive fire fuel reduction plans with potentially 
adverse effects on western gray squirrels. This study began in 2008 to investigate the distribution, life history, 
and response of squirrels to fire management treatments in the North Cascades using radio–telemetry. 
Preliminary results indicate high use of fire fuel treated areas by squirrels. Areas used heavily by squirrels were 
characterized by: larger and taller trees, higher levels of mistletoe infection, greater canopy connectivity, and a 
higher percentage of live trees within stands. Home range sizes in the North Cascades were consistent with other 
areas of Washington. 
 
STRATEGIES FOR COMMUNICATING WESTERN GRAY SQUIRREL RESEARCH TO PROMOTE 
CONSERVATION  
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The Western Gray Squirrel (Sciurus griseus) was listed as a Washington State threatened species in 1993. Key 
goals of the 2007 Washington State Western Gray Squirrel Recovery Plan involve working with counties, cities, 
and citizens to protect and enhance western gray squirrel habitat on private lands which represent 65% of 
identified habitat.  Additional goals include the development of an education and outreach strategy to gain 
support for western gray squirrel recovery. We conducted an experiment on the effectiveness of three alternate 
educational strategies: a Powerpoint presentation, field trip, and website. Subjects were local community 
members of western gray squirrel study areas in the North Cascades (n=80). We solicited feedback on 
presentations and compared responses with pre and post–surveys. Questions were related to how information is 
currently transferred between scientists and the general public, understanding of educational materials presented 
on the western gray squirrel, and attitudes toward research and recovery of the squirrel. Educational treatments 
contained consistent information and were designed around the idea that people and communities are more likely 
to be reasonable, defined in this case as acting in a way that conserves the western gray squirrel on their land, 
when they can relate new information to what they already know, understand and master the material, and be 
involved in a solution to the problem. All educational strategies significantly increased both understanding of 
and support for research. The field trip and Powerpoint presentation increased understanding significantly more 
than the website. Change in attitude did not differ between treatments, but did differ among questions: with more 
support for involvement in research, but less support for implementation of private land management practices. 
Results suggest that presentation formats given directly by wildlife researchers allowing question and answer can 
improve learning. Also, while local community members may support wildlife research on their land, this does 
not necessarily translate to behavior leading toward habitat conservation.    
 
EFFECTS OF MICROHABITAT AND WEATHER CONDITIONS ON FORAGING BEHAVIOR OF 
WHITE–FOOTED MICE 
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Animals are likely to prefer certain habitats within their home ranges because these areas have more resources or 
a lower risk of predation. This preference may result in differential use of available microhabitats. Past studies 
on microhabitat preference of white–footed mice (Peromyscus leucopus) have generally used trapping–based 
measures of activity and have sometimes been contradictory. We investigated the microhabitat preference of 
white–footed mice using foraging trays filled with sunflower seeds and sand. We measured habitat (vegetative 
cover 0–50 cm above the ground, vegetative cover 50–200 cm above the ground, amount of woody debris, DBH 
of nearby trees) within 3 m of each foraging tray site and also quantified weather conditions (moon illumination, 
cloud cover) during 12 sessions when trays were deployed. Foraging behavior of white–footed mice was affected 
by both microhabitat and weather conditions. 
 
FACTORS SHAPING VOLE AND WHITE–FOOTED MICE POPULATION DYNAMICS AND 
DISTRIBUTION IN TALLGRASS PRAIRIE ASSEMBLAGES 
 
Amy Sullivan 
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Interspecific competition, habitat characteristics, and resource availability influence small mammal population 
dynamics and distribution.  I use eight years of censuses from an experimental tallgrass prairie restoration in 
Illinois to determine how vegetative factors and the presence of heterospecifics affect the distribution and 
dynamics of prairie vole (Microtus ochrogaster), meadow vole (M. pennsylvanicus), and white–footed mouse 
(Peromyscus leucopus) populations.  The restoration consisted of 24 fourteen by fourteen m plots seeded with 
tallgrass species, each subdivided into 4 seven by seven m plots, half of which allowed vole access, half of 
which excluded voles.  M. pennsylvanicus was the dominant vole species for the first five years, almost to the 
exclusion of M. ochrogaster.  By the last year of the study, M. ochrogaster was dominant; only a handful of M. 
pennsylvanicus were captured.  As M. ochrogaster became more common, M. pennsylvanicus became more 
closely associated with areas high in grasses, especially reed canarygrass (Phalaris arundinacea), a favorite 
food.  Interspecific competition is usually used to explain P. leucopus distribution in the presence of voles, but 
while P. leucopus was often found in areas where voles were absent, it was also common in areas where voles 
were present at times.  The results indicate that a mixture of competition, habitat characteristics, and resource 
availability affect the distribution of these rodents, but that their relative importance in shaping the small 
mammal community in tallgrass assemblages varies over time. 
 
PROJECT SQUIRREL:  PERCEPTUAL DIFFERENCES TOWARDS URBAN HABITATS BY 
SYMPATRIC POPULATIONS OF SQUIRRELS AND HUMANS 
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Project Squirrel is collecting data about both urban tree squirrels throughout the United States and the people 
who watch them.  The simplicity and appeal of the project have attracted the involvement of people of all ages 
from across the country.  Urban areas are increasingly important habitat for wildlife but are often difficult to 
monitor using traditional methods.  By utilizing citizen scientists, wildlife data can be collected from a much 
broader region and at a much finer scale than is otherwise possible.  Further, by collecting data about project 
participants we can simultaneously learn about the urban habitat’s most impactful species, humans, and how 
participation in a simple wildlife observation exercise affects their perception of nature. 
Squirrels are one of the most effective focal species for this kind of project.  From a human interest perspective, 
squirrels provide people with one of their most frequent encounters with a wild animal that they can readily 
identify and regularly observe.  From an ecological perspective, tree squirrel natural history, including the fact 
that they are a resident, year–round active, tree–reliant prey species means that tree squirrel density and species 
richness can be a useful indicator of ecological conditions in many urban areas. Early results of Project Squirrel 



show interesting trends in both the distribution and abundance of two species of tree squirrel in adjacent, 
superficially similar habitats throughout a large urban area.  The project has also been able to quantify human 
perceptions of, and interaction with nature in these areas.  We present data showing how human and squirrel 
perceptions of the environment vary and how human perceptions change as they experience urban wildlife 
through simple observations.  
 
MULTIPLE DETERMINANTS OF ENCEPHALIZATION AND BRAIN ARCHITECTURE IN 
CARNIVORA 
 
Eli M. Swanson*, Kay E. Holekamp, Barbara L. Lundrigan, Bradley M. Arsznov, and Sharleen T. Sakai 
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Brain volume varies considerably among mammals, even after controlling for body size. A number of 
hypotheses have been proposed to explain this variation. However, the vast majority of research on 
encephalization is in primates, leaving the generality of these hypotheses in question. In addition, most research 
in non–primates focuses on one hypothesis at a time, despite the demonstrated importance of considering 
multiple factors simultaneously. Terrestrial members of the order Carnivora represent an ideal group in which to 
test these hypotheses, as carnivores experience a variety of social, ecological and life history conditions, and 
vary greatly in body size. We used phylogenetic comparative methods to investigate simultaneously the 
importance of a number of factors previously hypothesized or found to be important in neural evolution, 
including social complexity, forelimb use, home range size, diet, life history, phylogeny, and recent evolutionary 
changes in body size. In addition, we tested similar hypotheses for their importance in the relative volume of 
four brain regions measured using computed tomography techniques and documented neural landmarks. We 
found evidence suggesting that, in contrast to primates, brain size may lag behind body size over evolutionary 
time in Carnivora. In addition, species that primarily consume vertebrates have the largest brains, followed by 
omnivores and finally insectivores. We also found that phylogenetic autocorrelation is present for most 
measured brain architecture traits, but not all. While our results do not support a role of social complexity in 
overall encephalization, we found that relative cerebrum volume positively correlated with sociality. Finally, 
social complexity, degree of forepaw use and home range size all appear to be related to brain architecture, 
though not to overall encephalization. Finally, our results support negative relationships among different brain 
areas after accounting for overall brain volume, suggesting that increases in brain areas may be accompanied by 
decreases in other areas rather than simply overall expansion. 
 
USE OF NON–INVASIVE GENETIC DATA TO ESTIMATE FISHER (MARTES PENNANTI) 
POPULATION PARAMETERS IN THE EASTERN SISKIYOU MOUNTAINS OF CALIFORNIA  
 
Robert C Swiers, Roger A Powell 
 
Department of Biology, North Carolina State University, 127B David Clark Labs, Campus Box 7617, Raleigh, 
NC 27695–7617, USA 
 
Wildlife managers must understand population dynamics for species they manage. Some species are sensitive to 
human disturbance, and invasive methods of data collection disrupt normal population processes, making non–
invasive methods preferable.  We used DNA in hair follicles to identify individual fishers (Martes pennanti) that 
entered bait stations during late fall of 2006–2010 in a 510km2 area of the eastern Siskiyou Mountains of 
California, a region characterized by mixed land ownership (US Forest Service and private timber management 
companies). We estimated annual population sizes using robust design mark–recapture estimators and will use 
Pradel and Cormack–Jolly–Seber models to track other relevant population parameters. From 2006 through 2010 
we had 34, 60, 88, 66 and 69 hair samples that could be assigned to individual fishers, identifying 22, 25, 32, 28 



and 25 individual fishers in each year. We had 22, 14, 16, 18 and 15 new detections per year, suggesting a high 
rate of turnover within the population. Preliminary population estimates for 2006–2010 are 22, 29, 33, 32 and 28 
animals, respectively.  After data collection in the 4th and 5th years, 5 and 4 fishers, respectively, were relocated 
from the population to the Northern Sierra Nevadas to service a current reintroduction effort. I will track relevant 
population parameters and predict that I shall see no significant change in population size following removal due 
to the small number of animals removed. 
 
MATERNAL AND GENETIC EFFECTS ON RED SQUIRREL BEHAVIORAL SYNDROMES 
 
Ryan W. Taylor*, Adrienne K. Boon, Denis Réale, Murray M Humphries, Stan Boutin, Andrew G. McAdam 
 
Department of Zoology, 203 Natural Sciences, Michigan State University, East Lansing, MI 48824, USA 
(RWT); Department of Biological Sciences, University of Alberta, Edmonton, Alberta T6G 2E9, Canada (AKB, 
SB); Canada Research Chair in Behavioural Ecology, Groupe de Recherche en Écologie Comportementale et 
Animale, Département des Sciences Biologiques, Université du Québec à Montréal, Montréal, QC, Canada 
(DR); Department of Natural Resource Sciences, Macdonald Campus, McGill University, Ste–Anne–de–
Bellevue, Québec, H9X 3V9, Canada (MMH); Department of Integrative Biology, University of Guelph, 
Guelph, Ontario, N1G 2W1, Canada (AGM) 
 
Consistent individual differences in behaviour, and behavioural correlations within and across contexts have 
been identified in many animal taxa. These animal personalities and behavioural syndromes have been 
increasingly accepted as important animal attributes with ecological and evolutionary consequences. Despite 
their importance for understanding evolutionary processes, the genetic and environmental sources of variation in 
personalities have rarely been characterized in wild populations. We used a Bayesian animal model approach to 
estimate genetic parameters for aggression, activity and docility in North American red squirrels. We found 
significant but low heritabilities (0.06–0.11) and low to moderate permanent environmental effects (0.07–0.22). 
There were also substantial maternal effect (0.24) on activity, and substantial maternal effects on the correlations 
between activity and aggression (0.68) and activity and docility (–0.48), which represented the first estimates of 
maternal effects on a personality trait or behavioural syndrome in a wild population. Finally, we found evidence 
of a substantial positive genetic correlation between activity and aggression (0.67) and a negative genetic 
correlation between aggression and docility (–0.53) providing evidence of genetically based behavioural 
syndromes in red squirrels. These results provide evidence for the presence of heritable variation in red squirrel 
behaviours, but also points to the potentially important role of maternal effects in shaping patterns of variation 
and covariation in behavioural traits. 
 
MICE GET AROUND: LANDSCAPE CORRELATES OF GENETIC VARIATION IN WHITE–
FOOTED MICE (PEROMYSCUS LEUCOPUS) 
 
Zachary S. Taylor* and Susan M. G. Hoffman 
 
Department of Biology, Thomas More College, 333 Thomas More Parkway, Crestview Hills, KY 41017 (ZST); 
Department of Zoology, Miami University, Oxford, OH 45056 (SMGH) 
 
Much of the north central United States is characterized by dramatic gradients in habitat availability, climate, 
and species distribution.  Small mammals whose ranges traverse this area therefore face a variety of possible 
constraints on effective population size and its genetic consequences.  We analyzed landscape characteristics and 
microsatellites markers in populations of the white–footed mouse (Peromyscus leucopus) in order to evaluate 
their relationship along a transect from southern Ohio to northern Michigan.  Genetic diversity increased to the 
north, and was significantly correlated with habitat availability within a 0.5 km radius of trapping sites.  
Populations to the north clustered together in assignment tests, but clustering behavior was not otherwise related 
to latitude.  Inter–population differentiation measured as FST values did not show isolation–by–distance but did 
decrease towards the north, where habitat was more locally available.  Therefore, genetic diversity and genetic 
structure both appear to be more limited by habitat availability than by even large distances, as would be 



expected if genetic drift is a more important regulator of these populations than is dispersal. The observed 
gradients in diversity and inter–population differentiation were in the opposite direction to what would be 
expected if postglacial expansion or range constraints were determining gene flow; instead, the gradients were 
consistent with habitat availability being the major constraint on effective population size in this system. 
 
USING THE DOUBLY–LABELED WATER METHOD TO MEASURE FIELD METABOLIC RATE IN 
NORTHERN RED–BACKED VOLES, MYODES RUTILUS 
 
Jacob Templin and Ian G. van Tets* 
 
Department of Biological Sciences, Alaska WWAMI Biomedical Program & the Environmental and Natural 
Resources Institute, University of Alaska Anchorage, Anchorage, Alaska 99508  
 
Field metabolic rate (FMR) is a measurement of an animal’s total daily energy expenditure, and can be measured 
with the doubly labeled water (DLW) method.  Northern red–backed voles, Myodes rutilus, are not known to 
hibernate, and do not store enough fat to sustain themselves through the harsh winters of Alaska.  What controls 
the seasonal energy utilization of M. rutilus and what is an effective way to measure FMR?  Our objectives were 
to test the effects of seasonal and environmental factors on the FMR of captive populations of M. rutilus held in 
indoor and outdoor enclosures at the Alaska Zoo in Anchorage, Alaska.  We monitored photoperiod, temperature 
and snow depth at the outdoor enclosures and photoperiod and temperature at the indoor enclosures and used the 
DLW method to measure FMR of each captive vole for a period of twelve to fifteen months.  The FMR of the 
outdoor voles was significantly higher in the winter than in the summer while the indoor voles showed no 
significant change in FMR over the course of the year suggesting that the changes observed in the outdoor voles 
were the result of temperature or other direct variables and were not an inherent effect of photoperiodic change. 
 
AN EXPERIMENTAL TEST OF COMPETITIVE INTERACTIONS BETWEEN TIPTON 
KANGAROO RATS (DIPODOMYS NITRATOIDES NITRATOIDES) AND HEERMANN’S 
KANGAROO RATS (D. HEERMANNI) IN THE SAN JOAQUIN VALLEY, CALIFORNIA  
 
Erin N. Tennant * and David J. Germano 
 
Department of Biology, California State University, Bakersfield, 93311 
 
Potential competitive interactions and the nature of population fluctuations between and among the endangered 
Tipton kangaroo rat (Dipodomys nitratoides nitratoides) and the larger Heermann’s kangaroo rat (D. heermanni) 
are largely unknown.   Because we thought that D. heermanni could be negatively affecting a translocated 
population D. n. nitratoides on Allensworth Ecological Reserve, Tulare County, California, we studied potential 
competitive interactions between these two species.  Our objectives were to (1) determine whether the presence 
of D. heermanni affects space use and foraging behavior of D. n. nitratoides and (2) compare D. n. nitratoides 
abundance and population trends between areas with and without D. heermanni.   We erected a 1.5 ha exclusion 
area on the northern portion of our study site and used a southern portion of the site as our control.  We placed 
radio–transmitters on five D. n. nitratoides and five D. heermanni and followed them intensively inside the 
exclusion area to compile data on space use.  During radio–tracking we also recorded any intraspecific and 
interspecific behavioral interactions.  In October 2009, we removed all D. heermanni from inside the exclusion 
area (n = 29).  From February to November 2010, we trapped both the exclusion area and control site every three 
months to measure population abundance of D. n. nitratoides.  We estimated mean home range size for D. 
heermanni as 602.2 ± 334.1 m2 and for D. n. nitratoides as 1606.1 ± 926.1 m2.  Dipodomys n. nitratoides 
increased significantly and linearly since the start of the study in the exclusion area (F0.05,1,4 = 12.75, P = 0.023, 
R2 = 0.80), but decreased significantly on the control area (F0.05,1,3 = 11.99, P=0.041; R2 = 0.76).  Our results 
suggest that D. heermanni are competitively depressing a population of translocated D. n. nitratoides on our 
study site.  Furthermore, consideration of competitive effects of larger, coexisting species during translocation or 
reintroduction efforts for D. n. nitratoides may be an important factor to translocation success. 
 



PREDICTING SPECIES RESPONSES TO CLIMATIC WARMING: HINDCASTING THE PAST USING 
THE MODERN GEOGRAPHIC RANGE 
 
Rebecca C. Terry*, Cheng Lily Li, and Elizabeth A. Hadly 
 
Department of Earth and Planetary Science, University of California Santa Cruz, California, 95064 (RCT) and 
Department of Biology, Stanford University, California, 94305 (CLL). Department of Biology, Stanford 
University, California, 94305 (EAH) 
 
Forecasting how species will respond to climatic change requires knowledge of past community dynamics.  We 
use time–series data from the small–mammal fossil records of two caves in the Great Basin of the American 
West to evaluate how contrasting and variable local paleoclimates have shaped small–mammal abundance 
dynamics over the last ~7,500 years of climatic change.  We then predict how species and communities will 
respond to future scenarios of increased warming and aridity coupled with continued spread of an invasive 
annual grass (Bromus tectorum).  We find that most community–level responses to climatic change occur in the 
mammalian abundance structure at both sites; the dominance of the community by individuals from species with 
a southern geographic affinity increases with climatic warming.  This suggests that responses occurred in situ 
rather than by the immigration of new taxa over this time interval.  Despite predictability at the community–
scale, species–level relationships between abundance and climate are variable and are not necessarily explained 
by a species’ geographic affinity.  Species present at both sites, however, exhibit remarkably similar responses to 
climate at each site, indicating that species autecology (specifically dietary functional group) is important in 
determining response to climatic warming.  Regression–tree analyses show remarkable concordance between the 
two cave faunas and highlight the importance of a granivorous dietary strategy in this desert ecosystem.  Under 
projections of increased temperature and decreased precipitation over the next 50 years, our results indicate that 
granivores should thrive as communities become more dominated by individuals with a southern geographic 
affinity.  Granivores, however, are negatively impacted by the invasion of cheatgrass.  The last century of 
anthropogenic impacts has thus placed granivores at a greater risk of extinction than predicted under climate–
only scenarios. 
 
THE NATIONAL ECOLOGICAL OBSERVATORY NETWORK CHALLENGE: DESIGNING 
CONTINENTAL–SCALE, STANDARDIZED SAMPLING FOR MAMMALS 
 
Katherine M. Thibault* and Rebecca Hufft Kao 
 
Fundamental Sentinel Unit, National Ecological Observatory Network (NEON), Boulder, CO 80301  
 
The goal of the National Ecological Observatory Network (NEON) is to enable understanding and forecasting of 
the impacts of climate change, land use change, and invasive species on continental–scale ecology. One of the 
major components of the NEON design is ecological terrestrial sampling (the Fundamental Sentinel Unit, FSU), 
including monitoring of small mammals. The foci of the mammal sampling efforts are the temporal dynamics in 
the demography and disease prevalence of Peromyscus spp. as they relate to climate, productivity, and insect 
abundance. This aspect of the FSU research program will contribute to our understanding of (1) the regulation of 
biodiversity and ecosystem function, (2) climatic forcing, and (3) the ecological and evolutionary aspects of 
infectious diseases.  The spatial extent of the FSU is large, and the goal is to describe biological dynamics 
throughout sites that can vary in area from 10km2 up to 500km2.  The standardization of protocols across all sites 
is key to the success of NEON and must be maintained across multi–decadal time scales. Sampling at these 
spatial and temporal scales is unprecedented, and the mammal sampling design is further complicated by the 
need to meet the criteria of the observatory as a whole – consistent methods, calibrated measurements, open–
access, long–term data collection, and fully documented protocols and data processing. In developing the design, 
we face key challenges such as:  How do we standardize sampling across different biomes to get interpretable 
and comparable data? How do we best concentrate certain sampling to maximize efficiency and use of 
resources? Here we present the current design strategies for the small mammal sampling protocol, including 
results of preliminary sampling efforts and a meta–analysis of published mammal community data collection 



methods. We invite the mammal community to actively participate in the design process through knowledge– 
and data–sharing. 
 
SPECIES–LEVEL APOMORPHIES IN SOUTHERN AFRICAN MICROFAUNA: DATA FROM THE 
POST–CRANIA 
 
Monte L. Thies*, Irisa Arney, Bertin Denova, Julie Taylor, and Patrick J. Lewis 
 

Sam Houston State University, Huntsville, TX 77340 (MLT. BD, JT, PJL); New Mexico State University, Las 
Cruces, NM 88003 (IA) 
 
Micromammal species assemblages are informative environmental indicators due to their ecological specificity, 
sensitivity to environmental change, and small habitat ranges. While species composition and relative abundance 
of these assemblages are useful tools for paleoenvironmental reconstruction, lower level taxonomic 
identification using mandibles, maxilla and teeth can be ambiguous. The postcranial elements of these fossilized 
microfaunal assemblages are often overlooked as potential indicators of taxonomic affinity. In order to test the 
use of micromammalian postcrania in species–level identification, an examination of 13 known modern species 
trapped at the Koanaka Hills locality of Ngamiland Province in northwestern Botswana was undertaken. Results 
from these analyses indicate that elements such as the femur display genus–specific morphological features. 
Although features tend to overlap between genera, combinations of characteristics provide distinction among the 
genera examined. Our analysis also proved useful in differentiating between two species of Gerbilliscus (G. 
brantsii and G. leucogaster) that are similar in diet and habitat. An examination of the fossil small mammal 
femora (early to middle Pleistocene in age) collected from the Koanaka South Bone Cave locality yielded 
distinctions consistent with the morphology of the modern taxa, indicating that the postcranial elements provide 
useful data for micromammal identification. 
 
PRELIMINARY ANALYSES OF POST–WILDFIRE VERTEBRATE SURVEYS OF THE KOANAKA 
HILLS, BOTSWANA 
 
Monte L. Thies*, Alicia M. Kennedy, and Patrick J. Lewis  
 
Department of Biological Sciences, Sam Houston State University, Huntsville, TX 77341 (MLT, PJL) and 
Department of Biology, Villanova University, Villanova, PA 19085 (AMK) 
 
In June 2008, a series of 230 mammals (primarily skins, skeletons, and molecular tissues), 38 reptiles, over 80 
owl pellets, hundreds of insects, and hundreds of Plio–Pleistocene fossils were collected at a site in the Koanaka 
Hills of northwestern Botswana. This collection of comparative material was generated to better define changes 
in the regional climate over the past ~2 million years. Just two months after this effort, large expanses of 
Botswana were razed by wildfire, and we learned through firsthand accounts that the area where we worked was 
completely burned. Evaluating the effects of catastrophic fire on animal diversity and genetic composition in 
southern Africa are rare, and the fortuitous occurrence of this fire immediately after a comprehensive trapping 
effort allowed for unanticipated research questions to be addressed. To evaluate fire’s effect on small animal 
species abundance and diversity, we returned to the Koanaka Hills in July 2009 and replicated the collecting 
efforts of 2008. Collection efforts for 2009 yielded 510 mammals; 130 reptiles and amphibians; and numerous 
additional owl pellets, invertebrates, and fossil elements. Preliminary analyses indicate changes in both species 
abundance and diversity among trap sites for small mammals; however, diversity in the herpetofauna appears 
unaffected. 
 
Y–CHROMOSOME AND MITOCHONDRIAL SEQUENCES INDICATE GENETIC 
INTROGRESSION IN GROUND SQUIRRELS (GENUS SPERMOPHILUS) 
 
Cody W. Thompson*, Frederick B. Stangl, Jr., and Robert D. Bradley 
 



Department of Biological Sciences, Texas Tech University, Lubbock, Texas 79409 (CWT, RDB); Biology 
Department, Midwestern State University, Wichita Falls, Texas 76308 (FBS); Natural Science Research 
Laboratory, Museum of Texas Tech University, Lubbock, Texas 79409 (RDB) 
 
Spermophilus mexicanus and S. tridecemlineatus are sister species that form a zone of sympatry across 
southeastern New Mexico and the Texas Panhandle (Cothran 1983; Cothran et al. 1977; Stangl et al., in prep).  
Though morphologically distinct (Howell 1938), allozymic (Cothran et al. 1977), karyotypic (Cothran and 
Honeycutt 1984; Nadler and Hughes 1966; Zimmerman and Cothran 1976), and morphologic data (Cothran 
1983; Stangl et al, in prep) indicate that the 2 species hybridize.  In addition, laboratory crosses of parental types 
have produced F1 offspring verifying the ability for hybridization to occur between the 2 species.  Recently, 
Stangl et al. (in prep) documented several locations of possible hybridization in the southeastern portion of the 
Texas Panhandle.  Initial morphological analyses confirmed the presence of hybrids; however, neither species 
were collected in sympatry and probably exist in parapatrically interdigitated populations throughout the putative 
zone of sympatry.  To further investigate hybridization between these 2 species, we have obtained mitochondrial 
cytochrome–b (Cytb) sequences from nearly 250 individuals and have begun sequencing the Y–linked structural 
maintenance of chromosomes gene (SmcY).  The Cytb data indicates a common mitochondrial genome for S. 
mexicanus and S. tridecemlineatus within the putative zone, as well as the immediate vicinity.  These 
populations are genetically divergent from parental populations outside of the putative zone (i.e., north and south 
of Texas Panhandle), which may indicate an ancient introgression event.  Preliminary data from the SmcY gene 
shows species–specific haplotypes and appears useful in delimiting species.  The SmcY data will provide useful 
phylogeographic information in these male–biased dispersal species, especially in light of a potential common 
mitochondrial genome.  In conjunction with amplified fragment length polymorphisms (in progress), these two 
datasets will help provide answers in identifying hybrids, determining directionality of hybridization, and 
discovering the evolutionary history of these 2 taxa. 
 
SQUIRRELS OF THE WORLD: THE WORLD OF SQUIRRELS 
 
Richard W. Thorington, Jr., John L. Koprowski, Michael A. Steele, James F. Whatton, and Paula W. Bohaska 
 

Department of Vertebrate Zoology, National Museum of Natural History, Smithsonian Institution, Washington, 
DC, 20013 (RWT) (JFW) (PWB); School of Natural Resources and the Environment, University of Arizona, 
Tucson, AZ, 85721 (JLK); Department of Biology, Wilkes University, Wilkes–Barre, PA, 18766 (MAS) 

 
We have written a book covering the rodent family, Sciuridae, recognizing 285 species of squirrels worldwide. 
The common ancestor of squirrels lived 30–40 million years ago. Characterizing the different groups within the 
family was problematic until Reginald Pocock of the London Zoo studied the bacula and used their morphology 
as a basis for dividing the family into subfamilies. In 2003, molecular studies modified Pocock's classification. 
Studies of the DNA of several genes support a division of the Sciuridae into five subfamilies. Two subfamilies, 
the Ratufinae (the giant tree squirrels of southern Asia) and the Sciurillinae (the South American pygmy 
squirrels) appear to be the most ancient sciurid lineages. The subfamily Sciurinae includes many common tree 
squirrels and the flying squirrels, and the subfamily Callosciurinae includes most of the Asian tree and ground 
squirrels. The subfamily Xerinae includes most of the ground squirrels – those of Africa and North America – as 
well as the African tree squirrels. In our book we have introductory chapters reviewing the anatomy, 
paleontology, ecology, behavior and conservation of the squirrels. For all 285 species we provide accounts 
which include range maps and photos. We also present skull photos for each genus, and a detailed reference 
section.  
 
A COMPARISON OF MARSH VEGETATION TYPES USING OCCUPANCY STUDIES OF SMALL 
MAMMAL POPULATIONS IN LOUISIANA 
 
Eric Tobin, Jenneke Visser, Paul Leberg, and James Peterson 
 



Department of Biology, University of Louisiana at Lafayette, Louisiana 70504 (ET, PL); Institute for Coastal 
Ecology and Engineering, University of Louisiana at Lafayette, Louisiana 70504 (JV); Department of 
Renewable Resources, University of Louisiana at Lafayette, Louisiana 70504 (JP) 
 
There is considerable variation between sites in freshwater marshes in Louisiana in terms of vegetation structure, 
and presumably, faunal occupation.  Current wildlife management uses salinity zones as habitat descriptors, 
regardless of how different habitats may be in terms of the plant communities within a zone.  Small mammals 
are key consumers in the marsh food–web and could serve as a good indication of the potential for a marsh to 
support higher level predators.  We conducted a study to determine whether small mammal occupancy varies 
among the plant communities in freshwater marshes, and if vegetation stand structure affects small mammal 
occupancy.  The study was conducted in the marshes of Southeastern Louisiana during May and early June 
2010.   We sampled small mammal presence at 36 sites, using live–trapping, on four different occasions.  We 
collected vegetation from five plots at each site at the end of the study.  Mammalian diversity was low; only one 
species, the marsh rice rat (Oryzomys palustris) was captured at any of the sites.  The only significant difference 
in stand composition between sites occupied or unoccupied sites by O. palustris was the presence of bull tongue 
(Sagittaria lancifolia).  Upon modeling occupancy, with and without S. lancifolia, we determined that S. 
lancifolia presence predicts occupancy of a patch by O. palustris even at low levels of plant biomass.  It is 
unclear whether S. lancifolia's influence on the presence of marsh rice rats was due to the plant’s influence on 
cover or food, or if S. lancifolia's abundance was correlated with an unmeasured factor that also influenced small 
mammal use. 
 
ENDOPARASITE SPECIES OF THE NORTH AMERICAN PIKA (OCHOTONA PRINCEPS) FROM 
COLORADO 
 
Danielle M. Tufts* and Scott L. Gardner 
 
Biological Sciences, University of Nebraska–Lincoln, NE 68588 
 
Parasites infecting the North American Pika (Lagomorpha: Ochotonidae) Ochotona princeps from the mountains 
of Colorado have not been investigated for well over 35 yrs. An update of the infection status of the 
endoparasites of O. princeps could provide new information about the evolution of parasites found in alpine 
environments and the overall health condition of the pikas themselves. Only a handful of mammals can survive 
in the harsh, talus, and high altitude habitat of the Rocky Mountains (i.e. Ovis canadensis, Oreamnos 
americanus, Marmota flaviventris, Mustela erminea, Sylvilagus nuttallii, and Peromyscus maniculatus). There 
are 30 extant species of pika which are small, non–hibernating, diurnal lagomorphs with a Holarctic geographic 
range extending from Asia to North America and parts of Eastern Europe. Parasite species from other species of 
pika (e.g. O. curzoniae and O. cansus) have been recently studied as well as O. princeps from other mountainous 
areas in Northern America. However, current information on this Colorado population has been lacking and by 
combining previous data collected from mammals in this area we can infer how various parasite species have 
evolved within their host species. From our work at Mt. Evans, Colorado, we have found two species of Nemata 
(Heteroxynematidae), two species of Cestoda (Anoplocephalidae), and various species of Coccidia 
(Apicomplexa: Eimeria) in O. princeps. Comparative analysis between previously described species from this 
range and our current findings is in progress. 
 
MARSUPIAL HIBERNATION 
 
James M. Turner*, Lisa Warnecke, Gerhard Körtner, Fritz Geiser 
 
Centre for Behavioural and Physiological Ecology, Zoology, University of New England, Armidale, NSW, 
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We provide an overview of marsupial hibernation and present new data on two free–ranging species. 
Heterothermy is estimated to occur in 68 (~43%) Australian marsupials, and is known for eight from South 
America. However, the use of multi–day torpor (i.e. hibernation) has only been reported for six species (< 80 g) 
in three families: the Australian Burramyidae (pygmy–possums) and Acrobatidae (feathertail glider), and the 
South American Microbiotheriidae (monito del monte). Only the mountain pygmy–possum Burramys parvus 
shows autumnal fattening and hibernates seasonally, displaying torpor patterns similar to those of northern 
placental hibernators. Conversely, the other small hibernators appear to use prolonged torpor opportunistically as 
an immediate response to a decrease in ambient temperature (Ta) and/or available food resources encountered 
while normothermic. Free–ranging western pygmy–possums Cercartetus concinnus showed consecutive bouts 
of multi–day torpor with body temperatures as low as 4.1°C, interspersed with periodic arousals and activity, 
within periods of hibernation of up to six weeks during times of low Ta in winter. Similarly, eastern pygmy–
possums C. nanus employed torpor bouts of up to 5.9 days in winter, whereas summer torpor lasted <1 day. To 
date, information on hibernation in free–ranging marsupials is sparse, but torpor in C. concinnus and C. nanus 
appears to be highly plastic, which is likely an adaptation to variable and unpredictable habitats. 
 
A COMPARATIVE ANALYSIS OF SMALL MAMMALS FROM BARN OWL PELLETS AND LIVE 
TRAPPING FROM THE KOANAKA HILLS, NORTHWESTERN BOTSWANA 
 
Richard Tutalo, Patrick J. Lewis, and Monte L. Thies* 
 
Sam Houston State University, Huntsville, TX 
 
Recent excavations at the Koanaka Hills of northwestern Botswana have yielded a diverse small mammal fossil 
assemblage dating from ca. 2 million to 100,000 years old.  Based on element preservation and etching from 
digestion, barn owls (Tyto alba) are the most likely accumulating agent for this assemblage, with two active barn 
owl roosts yielding 95 pellets in 2008–2009.  Small mammal trapping was also conducted during these field 
seasons to determine modern taxa at the Koanaka Hills and to build a comparative skeletal collection.  Here we 
compare species represented in the trapping record and barn owl pellets, which should reveal aspects of owl 
behavior and sources of potential bias in fossil record interpretation. Pellets were dissected producing more than 
1000 skeletal elements, primarily attributed to mammals.  Identifications were made from tooth cusp patterns 
and alveolar patterns when the former was not available. Preliminary analysis of pellet remains yielded possible 
identifications of 13 rodent genera and one genus of shrew, while our trapping records indicated 11 genera of 
rodents, one genus of shrew, and one genus of elephant shrew.  Together, these methods provide an accurate 
representation of the small mammal fauna of this locality while also identifying potential areas of taphonomic 
bias. 
 
NUTRITIONAL AND CHEMICAL FACTORS SHAPING THE “FOODSCAPE” OF A DIETARY 
SPECIALIST HERBIVORE, THE PYGMY RABBIT  
 
Amy Ulappa1*, Lisa Shipley, Janet Rachlow, Laura Bond1, Rick Kelsey, Jennifer Forbey1. 
 
1Department of Biological Sciences, Boise State University, ID 83625.  Department of Natural Resource 
Sciences, Washington State University, WA 99164.  Department of Fish and Wildlife Resources, University of 
Idaho, ID 83844. USDA Forest Service PNW Research Station, Oregon 97331 
 
For herbivores, maximizing energy intake is limited by the relatively low nutritional quality of plants and high 
concentrations of potentially toxic plant secondary metabolites (PSMs).  Although several studies have 
demonstrated that herbivores prefer diets with the highest nutrient and lowest PSM constituents, these studies are 
primarily confined to laboratory feeding trials due to the difficulty of observing diet selection in free ranging 
herbivores. Our field observations demonstrated that pygmy rabbits (Brachylagus idahoensis), facultative 
specialists on sagebrush (Artemisia tridentata), forage on specific sagebrush plants more than others within a 
foraging patch. We used this system to test the hypothesis that sagebrush plants heavily browsed (high–browse) 
by pygmy rabbits are nutritionally superior and preferred to rarely browsed plants (low–browse). To test the 



hypothesis, we collected leaves from paired high– and low–browse plants and analyzed crude protein, 
digestibility, monoterpene concentration, and total phenolic concentration for all the samples. We then used 
model selection to identify which combination of nutritional and chemical variables best describe diet selection 
by pygmy rabbits. In general, crude protein content of the plant and several monoterpenes were indentified as 
potentially important variables for foraging pygmy rabbits. Amounts of total and digestible crude protein were 
higher and several monoterpenes were lower in high–browsed sagebrush compared to low–browse plants. We 
also offered captive pygmy rabbits a choice of leaves from high– and low–browse plants.  Pygmy rabbits ate 2.5 
times more of the high–browse leaves than the low–browse leaves.  These results indicated that pygmy rabbits 
make foraging decisions based on plant quality. Identifying the cues that pygmy rabbits use to determine high 
quality plants is important for understanding how they perceive food quality across a landscape, termed a 
“foodscape”.  Defining foodscapes for animals will help guide management and conservation of species like the 
pygmy rabbit and other herbivores. 
 
A PRELIMINARY ANALYSIS OF DIVERGENCE TIMING AND HISTORICAL BIOGEOGRAPHY 
IN THE CAVIOMORPH RODENT GROUP OCTODONTOIDEA (RODENTIA: 
HYSTRICOMORPHA) 
 
Nathan S. Upham* and Bruce D. Patterson 
 
Committee on Evolutionary Biology, University of Chicago, Chicago IL USA 60637 (NSU); Department of 
Zoology, Division of Mammals, Field Museum of Natural History, Chicago, IL USA 60605 (NSU and BDP) 
 
The New World rodent superfamily Octodontoidea (degus, spiny rats, and their relatives) comprises 6 families, 
38 genera and 193 living species, all endemic to the Neotropical Region and representing roughly three–quarters 
of extant caviomorphs.  Although caviomorph monophyly is well established and phylogenetic hypotheses exist 
for several families, understanding of octodontoid relationships is clouded by sparse taxon sampling and single–
gene analyses.  Temporal and spatial patterns of diversification are also poorly understood, yet these rodents 
have robust fossil records (78 fossil genera since the Oligocene) that offer opportunities to illuminate their 
diverse evolutionary history.  We examined sequence variation in 1 mitochondrial (12S rRNA) and 3 nuclear 
genes (vWF, GHR, and RAG1) across all caviomorph families (including 47 octodontoid taxa), all phiomorph 
families, and the sole remaining hystricognath family, using the gundi (Ctenodactylus) and springhaas (Pedetes) 
as outgroups.  Our analyses find that Abrocomidae (chinchilla rats) is consistently recovered as the basal element 
in the Octodontoidea radiation, sister to a pair of strongly supported clades: one includes Octodontidae and 
Ctenomyidae as reciprocally monophyletic lineages, whereas the other includes taxa allocated to Echimyidae, 
Capromyidae and Myocastoridae.  Divergence time analyses using a conservative placement of five internal 
calibrations finds a burst of diversification beginning in the mid–Miocene.  Biogeographic analyses robustly 
recover the Patagonia–Southern Andes complex as ancestral for the Octodontoidea, with subsequent 
colonization and diversification in the Atlantic Forest, Chaco–Cerrado–Caatinga, Amazonia, and the Antilles.  
This reconstruction refutes earlier ideas that the diverse, generalized, and lowland family Echimyidae, which 
appears early in the fossil record, gave rise to the Andean lineages of octodontoids—instead, the reverse 
derivation appears to be true.  Future work focuses on additional gene and taxon sampling, and investigating the 
ecomorphological context for the Octodontoidea radiation. 
 
UNDERSTANDING THE TRADE–OFF BETWEEN SAFETY AND FOOD QUALITY IN PYGMY 
RABBITS (BRACHYLAGUS IDAHOENSIS). 
 
Jamie Utz*, Lisa Shipley, Janet Rachlow, and Jennifer Forbey 
 
Department of Biology, Boise State University, Idaho, 83725 (JU, JF); Department of Natural Resource 
Sciences, Washington State University, Washington 99164 (LS); College of Natural Resources, University of 
Idaho, Idaho 83844 (JR) 
 



Conserving a sensitive animal species requires an understanding of the simultaneous trade–offs between food 
and shelter within a landscape. Most conservation approaches only consider singular factors like diet quality in 
captivity or percent cover at large, landscape spatial scales. Quantifying the synergistic interaction between food 
and cover quality at a scale relevant to an actively foraging animal could reveal the forces that shape habitat use. 
To obtain a better understanding of habitat use components, we investigated trade–offs between perceived risk of 
predation and diet quality in the pygmy rabbit. A sagebrush obligate, the imperiled pygmy rabbit (Brachylagus 
idahoensis) is a rare example of a specialist herbivore that relies on sagebrush for all of its refuge needs as well 
as 50–99% of its diet. We hypothesized that pygmy rabbits would forage in areas with the lowest predation risk 
and highest quality food, but would trade–off lower predation risk for higher quality food. We tested this by 
comparing the food intake of captive pygmy rabbits during double–choice trials of varying levels of predation 
risk (e.g. cover) and food quality (e.g. toxicity). Three separate trials were conducted: 1) Toxin only trial: choice 
to forage on non–toxic food (high quality) versus food with 5% toxin; 2) Cover only trial: choice to forage under 
dark (low predation risk) versus clear (high predation risk) cover; and 3) Interaction trial: choice to forage on 
food containing 5% toxin under dark cover versus non–toxic food under clear cover. Rabbits preferred to eat 
under dark cover and preferred non–toxic food during the single choice experiments. However, interaction 
results suggest that the value of cover can decrease if food quality is low due to toxins and that the value of 
quality food can be reduced if cover is not optimal. Furthermore, foraging decisions by individual rabbits suggest 
strong variation in tolerance to either toxins or predation risk. Results show that the interaction between cover 
and diet quality can influence the risk associated with foraging and ultimately shape habitat use by a mammalian 
herbivore. 
 
SYSTEMATICS AND TAXONOMY OF GREAT STRIPED–FACED BATS OF THE GENUS 
VAMPYRODES THOMAS, 1900 (CHIROPTERA: PHYLLOSTOMIDAE) 
 
Paul M. Velazco and Nancy B. Simmons 
 
Department of Mammalogy, American Museum of Natural History, NY 10024 
 
The Neotropical bat genus Vampyrodes (Chiroptera: Phyllostomidae: Stenodermatinae) is widely distributed 
from southern Mexico to southeastern Brazil.  Long thought to be monotypic, V. caraccioli Thomas, 1889 was 
recognized by previous authors as including two subspecies with the nominate form inhabiting South America 
south and east of the Andes, and another subspecies, V. c. major Allen, 1908, occurring west and north of the 
Andes.  Reexamination of these forms using molecular and morphological methods supports recognition of these 
lineages as distinct at the species level.  We also report for the first time an example of perikymata (incremental 
growth lines that appear on the surface of dental enamel as a series of grooves) in Chiroptera.  Presence of 
distinct perikymata is a synapomorphy of the genus Vampyrodes. 
 
DEVELOPMENT OF RESOURCES FOR PEROMYSCUS GENOMIC RESEARCH 
 
P.B.Vrana*, A. Lewandowski, J. Kenney–Hunt, T. Glenn, J. Glenn, C.–F. Chen, K. Shorter, M. J. Dewey, G. 
Szalai, and M. R. Felder 
 
Peromyscus Genetic Stock Center & Department of Biological Sciences, University of South Carolina, 
Columbia SC 29208 (PBV, AL), JKT, KS, MJD, GS, MRF); Environmental Health Sciences, University of 
Georgia, Athens, GA 30602 (TG, JG); Greenwood Genetics Center, Greenwood, SC, 29646 (CFC) 
 
Peromyscines are among the most common and speciose of North American mammals.  The Peromyscus 
maniculatus species complex is particularly wide–spread and varied.   These characteristics along with their 
relative longevity and their adaptability to colony conditions makes this group well suited for studies of natural 
genetic variation.  The Peromyscus Genetic Stock Center (PGSC) maintains multiple species stocks derived 
from natural populations as well as numerous variants within the P.m. species complex.  To further their 
usefulness as a mammalian model system, the PGSC is developing further resources, including: 1) a medium 
density genetic map covering the entire genome (currently ~350 markers),  2) ESTs from multiple tissues and 



developmental timepoints, and 3) greater assisted reproductive technologies such as the ability to transfer and 
cryopreserve embryos.  These resources are being generated using the PGSC P. maniculatus bairdii BW stock 
and the P. polionotus subgriseus PO stock (http://stkctr.biol.sc.edu/index.html).  Further, our NHGRI accepted 
proposal for sequencing of four Peromyscus genomes is underway (http://www.genome.gov/10002154).  The 
BW sequencing is complete; assembly and annotation is underway.  Most of the genomic data is already 
available (http://www.ncbi.nlm.nih.gov/genomeprj/53865).  Sequencing of the PO genome will follow in 2011.  
Here we will present overviews of progress in all these areas. 
 
INFLUENCE OF DIET ON ELEVATIONAL RANGE SHIFT PATTERNS OF CHIPMUNKS (TAMIAS 
SPP.) IN YOSEMITE NATIONAL PARK OVER THE PAST CENTURY 
 
Rachel E. Walsh*1,2, Eileen A. Lacey1,2, Todd Dawson1, James L. Patton1,2, and Craig Moritz1,2 
 
1Department of Integrative Biology and 2Museum of Vertebrate Zoology, University of California Berkeley, 
Berkeley, CA 94720 
 
Despite accumulating evidence regarding the importance of climate change, it remains challenging to predict 
how individual species will respond to such change and to relate distinct aspects of a species’ biology to its 
patterns of response.  We investigated these issues by exploring how changes in diet may have shaped patterns 
of elevational range shifts in 6 species of chipmunks (Tamias spp.) in Yosemite National Park.  Previous work 
has revealed pronounced heterogeneity in how these species have shifted their elevational ranges over the past 
100 years, with some exhibiting pronounced upwards range contractions and others showing essentially no 
change in elevational range. To determine if these differences in elevational response are associated with dietary 
changes, we examined stable isotope signatures from fur samples taken from modern and historical specimens of 
chipmunks collected from approximately 20 locations throughout Yosemite.  In particular, we focused on two 
species that co–occur over parts of their elevational range: Tamias alpinus, which has undergone a significant 
upward range contraction, and Tamias speciosus, which has undergone essentially no change in its elevational 
range.  Our results indicate that while T. alpinus shows a consistent decrease in nitrogen isotope ratios, there is 
no consistent pattern of change in nitrogen isotope ratios for T. speciosus. We discuss these findings with respect 
to (1) information regarding temporal changes in climate and vegetation in Yosemite and (2) observed patterns 
of morphological change in these species over the same 100 year time period. 
 
THERMAL ENERGETICS OF BASKING IN HETEROTHERMIC MAMMALS: AN OVERVIEW 
 
Lisa Warnecke* and Fritz Geiser 
 
Centre for Behavioural and Physiological Ecology, Zoology, University of New England, Armidale, NSW 2351, 
Australia, Current address: Department of Biology and Centre for Forest Interdisciplinary Research, University 
of Winnipeg, Winnipeg, MB R3B 2E9, Canada (LW) 
 
Reports of mammals basking in the sun date back almost a century. Basking has since been described in 
numerous species from diverse orders including artiodactyls, bats, carnivores, dasyurids, elephant shrews, 
hyraxes, and rodents. However, despite its widespread use, little is known about the energetic consequences of 
basking behaviour. This is particularly true for heterothermic species, which face high energetic costs associated 
with endogenous rewarming from torpor. Field observations of mammals basking during rewarming from torpor 
are currently restricted to Australian marsupials from the family Dasyuridae. Laboratory studies with dunnarts 
(Sminthopsis crassicaudata) and planigales (Planigale gilesi) confirmed that torpid individuals actively seek 
radiant heat to facilitate rewarming from torpor, and that this results in significant reductions in energy 
expenditure. Moreover, a reduction in food availability increased the duration of basking in Planigale gilesi. We 
will present an overview of basking in mammals, with a focus on its effects on thermal energetics in 
heterothermic species. Furthermore, we will discuss the implications of basking on the survival strategies of 
small marsupials inhabiting the challenging environments of inland Australia. 
 



CONDITIONED TASTE AVERSION ENHANCES THE SURVIVAL OF AN ENDANGERED 
AUSTRALIAN PREDATOR (NORTHERN QUOLL, DASYURUS HALLUCATUS) IMPERILED BY A 
TOXIC INVADER 
 
Jonathan Webb*, Stephanie O’Donnell, and Richard Shine  
 
School of Biological Sciences, University of Sydney, NSW 2006, Australia 
 
Even when we cannot eradicate an invader, we can potentially reduce its ecological impact. In tropical Australia, 
the critically endangered northern quoll Dasyurus hallucatus is threatened by the invasion of the toxic cane toad 
Rhinella marina. Following toad invasion, quoll populations on the mainland have plummeted. To prevent future 
extinctions, we need new approaches for mitigating the impact of cane toads on quoll populations. We 
successfully induced an aversion to live toads in captive–raised juvenile northern quolls by feeding them a dead 
toad containing a nausea–inducing chemical (thiabendazole).To investigate whether conditioned taste aversion 
enhanced quoll survival, we fitted radio–collars to 31 toad–smart and 31 toad–naïve quolls, and monitored their 
survival after reintroduction to the wild. In both sexes, toad–smart quolls had higher apparent survival rates than 
did toad–naïve conspecifics. In the 2009–2010 wet–season we reintroduced toad–smart captive reared quolls to 
Kakadu National Park, at a site where the quoll population crashed following toad invasion. Subsequent trapping 
has revealed that some toad–smart female quolls have survived for over a year, and have reproduced, and that 
the quoll population has increased substantially. These encouraging results suggest that our approach may offer a 
way to mitigate toad impacts on quolls. 
 
DENSITY–ASSOCIATED CHANGES IN GROUP SIZES OF MALE AND FEMALE ELK AND USE 
OF MEADOWS 
 
Floyd W. Weckerly 
 
Department of Biology, Texas State University, San Marcos, Texas 78666 
 
Gregarious large herbivores should have sex–specific relationships between abundance and group size and sex–
specific patterns in gregariousness may be coupled to habitat use.  Owing to sexual competition, adult males 
display much more aggression when close to each other than do adult females.  High female gregariousness 
presumably has benefits to acquiring resources and reducing predation on themselves and their young.  A 
prediction is that male gregariousness is negatively associated with male abundance and female gregariousness is 
uncoupled to female abundance.  Another prediction is that sex–specific gregariousness should be associated 
with intersexual differences in habitat use when habitats differ in forage abundance.  I am examining these 
predictions in a population of Roosevelt elk that inhabit an ecosystem where meadows are dispersed in a matrix 
of coastal redwood and coniferous forest.  The study area is located in Redwood National and State Parks in 
north–coastal California.  Between 1997 and 2011 population and herd composition counts were conducted 
annually and population parameters were estimated using Bowdenís mark–resight estimators.  The elk 
population size varied from a low of 37 to a high of 133.  Measuring gregariousness with typical group size, the 
relationship between male abundance and typical group size of males had a slope estimate less than 1.0  
(0.55, 95% CI: 0.33 – 0.77) indicating that male gregariousness was less at greater male abundances.  The 
relationships between female abundances and their typical group sizes had slope estimates of 0.96 (0.89 – 1.02), 
which were similar to 1.0.  Female gregariousness changed much less with abundance than did males.  Typical 
group size was positively related to meadow use.  Smaller group sizes were most often comprised of males 
whereas female group sizes were usually large and large groups of females most often fed in meadows which 
had much greater availabilities of forage than in forests.  In Roosevelt elk, differences between males and 
females in density–associated social behavior may have consequences for habitat use. 
 
 
 
 



EVOLUTIONARY DYNAMICS OF CARIBOU (RANGIFER TARANDUS) IN WESTERN NORTH 
AMERICA: A MOLECULAR REVIEW OF TAXONOMY, ECOTYPES AND POPULATIONS 
 
Byron Weckworth, Stefano Mariani, Allan McDevitt, Mark Hebblewhite, and Marco Musiani 
 
Faculty of Environmental Design, University of Calgary, Alberta, Canada T2N 1N4 (BW, MM); School of 
Biology and Environmental Science, University College Dublin, Dublin 4, Ireland (SM); Wildlife Biology 
Program, College of Forestry and Conservation, University of Montana, MT 59812 (MH); Mammal Research 
Institute, Polish Academy of Sciences, Bialowieza 17–230, Poland (AM) 
 
Biogeographic history in North American over the past 2 million years has been dominated by glacial–
interglacial cycles, which have had a profound impact on intraspecies diversity, particularly at northern latitudes. 
What has not been as well documented is the contribution of Beringia as not only a refugium and route for trans–
continental exchange of fauna, but also as a significant reservoir of genetic diversity for some northerly 
distributed species. Through analysis of mitochondrial DNA sequences and 14 microsatellite loci we elucidate 
the phylogeographic history of caribou (Rangifer tarandus) in western North America. Patterns of genetic 
diversity reveal two distinct groups of caribou. Herds identified within a Northern Group, of Beringian origin, 
demonstrated greater number and variability in mtDNA haplotypes as compared to a Southern Group derived 
from refugial populations originating south of glacial ice. Comparisons of mtDNA and microsatellite data 
suggest that specialization into ecotypes is a more recently derived natural history characteristic. Results indicate 
important restructuring of caribou subspecies numbers and distribution and the designation of ecotypes. 
Specifically, the subspecies R. t. grantii of Alaska and R. t. groenlandicus of northern Canada show significant 
genetic diversity, reciprocal introgression and common ancestry, belying sufficient differentiation expected at 
the subspecies level. Additionally, the Northern Mountain ecotype of woodland caribou (R. t. caribou) appears 
to have closer kinship to caribou classified as grantii or groenlandicus than to woodland caribou. These results 
not only provide important insight into the evolutionary history of caribou in North America, but are important 
indicators for managers evaluating source populations for caribou reintroduction and herd augmentation 
conservation measures. 
 
CAN SUPPLEMENTAL FOOD INCREASE WINTER SURVIVAL OF A THREATENED 
COTTONTAIL RABBIT? 
 
Toni Weidman* and John Litvaitis 
 
Department of Natural Resources and the Environment, University of New Hampshire, New Hampshire, 03824 
 
Populations of New England cottontails (Sylvilagus transitionalis) have declined substantially in recent decades 
in response to habitat loss and fragmentation. Among some remnant populations, cottontails occupy small 
patches of thicket habitat where they experience high mortality rates as a consequence of limited food during 
winter. This limitation causes rabbits to forage away from cover where they are exposed to predators. Although 
conservation efforts are emerging to reverse the plight of New England cottontails, most are directed toward 
improving long–term viability by increasing the abundance of suitable habitats. Such efforts do little to improve 
the short–term survival of remaining cottontails. To address this immediate need, we evaluated the use of 
supplemental food as an approach to improve overwinter survival rates. We speculated that by positioning 
feeders in close proximity to escape cover, rabbits would be less vulnerable to predators. We evaluated this 
approach using eastern cottontails (S. floridanus) as a research surrogate because this species is readily available 
and has similar habitat requirements to New England cottontails. Transmitter–equipped eastern cottontails were 
randomly assigned to either a fed or unfed group. Remotely–triggered cameras were also used to gauge use of 
feeders by cottontails and visits by other species. Winter survival rates were substantially greater for fed rabbits 
(70%) than for unfed rabbits (32%). Cameras revealed that rabbits were the most frequent consumer and that 
there was only limited carnivore activity near feeders. We conclude that supplemental feeding may improve 
survival of remaining New England cottontails as efforts to increase habitat availability continue to develop.     
 



POPULATION GENETIC ANALYSES OF THE BAIRD’S POCKET GOPHER, GEOMYS BREVICEPS 
 
Sarah R. Welborn and Jessica E. Light 
 
Department of Wildlife and Fisheries Sciences, Texas A&M University, Texas 77843 
 
Pocket gophers (Rodentia: Geomyidae) are solitary, fossorial New World rodents, and are highly modified in 
both their anatomy and diets.  Pocket gophers are vulnerable outside of their burrow systems, have low vagility, 
and have short dispersal distances, all of which can result in isolation and limited gene flow among populations.  
However, few studies have examined gene flow and population genetics within pocket gophers. In this study, 
mitochondrial and microsatellite data will be utilized to investigate the population genetics (specifically gene 
flow and dispersal) of Geomys breviceps throughout Brazos County, Texas.  Ten pocket gopher individuals were 
collected from 5 populations to conduct preliminary population genetic analyses.  Portions of the mitochondrial 
genes cytochrome c oxidase subunit I, control region, and NADH dehydrogenase 2 were amplified and 
sequenced.  Microsatellite libraries were developed specifically for this study and polymorphic loci were 
identified. Mitochondrial and microsatellite data were analyzed using a variety of phylogenetic and population 
genetic analyses to examine diversity, linkage disequilibrium, Tajima’s D test, pair–wise distances, dispersal 
distance, population structure and gene flow.  Due to the solitary nature seen within pocket gophers, little to no 
gene flow among populations is expected.  Determining the population genetic structure of these populations of 
G. breviceps is important to help further understand the unique life histories of pocket gophers. A population 
genetic study of a solitary species also will provide an informative comparison to studies that often focus on 
more colonial species, thus increasing our understanding about population structure and speciation.   
 
DIVERSITY OF WILDLIFE ASSOCIATED WITH NATURAL AND ANTHROPOGENIC WATER 
SOURCES IN THE GREAT BASIN DESERT, UTAH 
 
Matthew D. Westover*, Lucas K. Hall, Casey C. Day, Robert N. Knight, Randy T. Larsen, and Brock R. 
McMillan 
 
Plant and Wildlife Science Department, Brigham Young University, Utah, 84602 (MDW, LKH, CCD, RTL, 
BRM); U.S. Army Dugway Proving Ground, Environmental Programs, Dugway, Utah, 84022 (RNK) 
 
Wildlife water developments are often installed in arid areas to make these areas more habitable for game 
species. However, little is known about how the use of anthropogenic and natural water is partitioned among 
wildlife communities. Our objective was to compare richness and diversity of species at both anthropogenic and 
natural water sources in the Great Basin Desert. We hypothesized that species richness and diversity would be 
higher at natural sources of water than at anthropogenic sources. From July to December 2010 we used remote 
infrared cameras to detect presence of mammalian and avian species at 23 water sources. Variables used for 
analyses included type of water source (i.e., natural spring, big game guzzlers, upland game guzzlers, sewage 
treatment lagoons, and sewage treatment overflow ditches), presence of fence, and elevation. To compare 
species richness and evenness among water source types, we generated rarefaction curves and calculated 
Simpson’s Indices. To assess variability of community composition among water source types, we used 
ANOSIM and Non–metric Multi–Dimensional Scaling on a Bray–Curtis similarity matrix. We examined the 
degree to which each species contributes to within–class similarity as well as between–class dissimilarity using 
SIMPER. Of 42,517 wildlife images captured, birds and mammals comprised 12,697 (36 species) and 27,209 
(12 species) images, respectively. Diversity was higher at anthropogenic water sources than at natural springs. 
Differences in community composition existed among all types of water sources except sewage treatment 
lagoons and overflow ditches. Two species consistently accounted for much of the variation in species similarity 
and dissimilarity across sites; feral horses (Equus caballus) and mourning doves (Zenaida macroura).  Springs 
were dominated by horses and were associated with the lowest diversity. Our results indicate that non–native 
feral horses may be excluding native species of wildlife from natural sources of water and that anthropogenic 
sources of water provide an important resource for native species of wildlife.  
 



DO SOCIAL CONNECTIONS INFLUENCE FEMALE REPRODUCTIVE SUCCESS IN DEGUS 
(OCTODON DEGUS)? 
 
Tina W. Wey*, Loren D. Hayes, and Luis A. Ebensperger 
 
Department of Environmental Science and Policy, University of California Davis, Davis, CA 95616 (TWW); 
Department of Biology, University of Louisiana at Monroe, Monroe, LA 71209 (LDH); Departamento de 
Ecología, Pontificia Universidad Católica de Chile, Santiago, Chile (LAE) 
 
Group living can come with reproductive benefits or costs. While competition reduces individual fitness in many 
systems, social cohesion can increase individual fitness in some systems. Social instability is also hypothesized 
to reduce fitness. We examined the influence of social network connections on average female reproductive 
success in the degu (Octodon degus), a social rodent endemic to Chile. Degus gain some benefits from increased 
group size, but average female reproductive success decreases with group size. Data were collected from a field 
population from 2007–2010. Social groups were determined based on trapping and telemetry, and we 
constructed association matrixes based on burrow usage from trap data. Each social group was treated as a 
network, and we calculated network density and average connection strength for each group, as well as variance 
of each measure. We predicted that average reproductive success would increase with social network density and 
average connection strength, supporting a positive effect of social cohesion. The opposite pattern would suggest 
a stronger role of competition. We also predicted that higher variance in network density and average connection 
strength would represent social instability and that this would be negatively associated with reproductive 
success. We regressed average number of pups per female in each group against network measures and discuss 
the relationship between social connections and fitness in this system. 
 
QUITE A SPREAD: VARIATION IN MOLAR MORPHOLOGY OF NEOTOMA (WOODRAT) 
SPECIES 
 
Shawn B. Whiteman* and Felisa A. Smith 
 
Department of Biology, University of New Mexico NM 87131 
 
Morphology is one of the most important ways of distinguishing between species. Despite recent advances in 
gene sequencing, is the only way of classifying species throughout most of the fossil record, because DNA 
degrades after only a few thousand years. In mammal fossils, the morphology of teeth is particularly important, 
since teeth are particularly hard and survive well in the fossil record. In fact, ancient species of small mammal 
are often identified only by their teeth. Because of this, it is very important to understand how much 
morphological variation is present within species, and what the sources of that variation are. Here we examine 
molars of ten species of Neotoma, each photographed in the occlusal view from specimens in the collections of 
the Smithsonian National Museum of Natural History, Division of Mammals. We have collected an extensive 
sample of photographs of over 400 specimens of Neotoma. We examine the spread of this variation using 
geometric morphometrics and principle components analysis. We find large amounts of variation within species 
and overlap between species. Two of our species are particularly well sampled: Neotoma cinerea and N. lepida, 
and with these we examine possible explanations for this variation: geographic location, temperature, 
precipitation, and body size. We do not find any significant relationships, and are still seeking causes of the 
variation found within species of Neotoma. 
 
EXPLORING POPULATION STRUCTURE IN MULTIPLE GENETIC LINEAGES OF RATTUS 
RATTUS USING MITOCHONDRIAL DNA AND MICROSATELLITES 
 
Andrew S. Wiewel*, Stephen C. Donnellan, Terry Bertozzi, Ken P. Aplin, and Alan Cooper 
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Fauna Studies Pty Ltd, 2751 Pappinbarra Rd, Pappinbarra NSW 2446, Australia (KA); Australian Centre for 
Ancient DNA (ACAD), University of Adelaide, Adelaide SA 5005, Australia (AC) 
 
Despite being the focus of extensive research due to its many negative impacts on conservation, ecology, and 
human health and welfare, the evolutionary and taxonomic history of the black rat (Rattus rattus) remains 
unresolved. Recent studies have revealed high levels of genetic diversity within R. rattus and suggest that this 
putative species consists of multiple lineages of recent origin, some or all of which may warrant species status. 
Attempts to decipher the genetic interactions between lineages are complicated by a history of natural and 
human–mediated movement, such that different lineages may be found in sympatry across portions of both their 
native and introduced ranges. Further, limited inter–lineage hybridization has been documented in laboratory 
crossing experiments, although it is not clear if hybridization is common in wild populations. In this study, we 
use a multilocus molecular genetic dataset to identify the lineage of R. rattus collected across Southeast Asia. 
We then use a suite of microsatellite markers to investigate population structure and gene flow at localities 
where multiple lineages occur in sympatry. These data clarify distributions of, and genetic boundaries between, 
lineages and serve as a foundation for future evolution, speciation, and taxonomy research involving R. rattus.  
 
CHANGES OF A POPULATION IN TIME AND SPACE – NON–INVASIVE MONITORING OF THE 
ENDANGERED SAN JOAQUIN KIT FOX (VULPES MACROTIS MUTICA) ON THE TOPAZ SOLAR 
FARM 
 
Tammy R Wilbert*, Deborah A Smith, Katherine Ralls, Daniel E Meade, and Jesús E Maldonado 
 
Center for Conservation & Evolutionary Genetics, Smithsonian Conservation Biology Institute, Washington, DC 
20008 (TRW, KR, JEM); Environmental Science & Policy, George Mason University, Virginia 22030 (TRW); 
Working Dogs for Conservation, MT 59752 (DAS); Althouse & Meade, Inc., CA 93446 (DEM) 
 
Survival of the endangered San Joaquin kit fox is challenged by reduced habitat and fragmentation due to 
anthropogenic land use changes. In this study, we investigate the impacts of a solar farm on a resident population 
of kit foxes in San Luis Obispo Co., California. The Topaz Solar Farm will be replacing their agricultural fields 
with solar panels.  Kit foxes are thought to avoid agricultural fields as soil turnover disrupts prey populations and 
increases vulnerability to predation by coyotes and red fox.  By following individuals and overall genetic 
diversity through non–invasive sampling, we provide robust information on the dynamics of the population over 
time and space.   To determine baseline measurements of this population, we collected scats during the fall of 
2009 and 2010 using professionally trained scat–detection dog and handler teams from Working Dogs for 
Conservation.  Extracted DNA was analyzed using mtDNA for species ID, zinc finger genes for gender ID, and 
six tetranucleotide microsatellite loci for individual ID.  We identified 19 individuals in 2009 (from 120 scats) 
and 13 in 2010 (85 scats), with a 1:1 sex ratio each year and 3 recaptures between years.  We compared this 
population to 29 individuals characterized from Carrizo Plain National Monument.  The Topaz 2009, 2010, and 
combined datasets all had levels of heterozygosity similar to the Carrizo population, and values of observed 
heterozygosity were greater than expected.  Using KINSHIP, we determined potential family groups and mates, 
and found interesting movement patterns between the two years.  Levels of genetic diversity, relatedness, and 
unique genotypes led us to conclude that individuals on our study site are part of a larger population in the 
surrounding landscape.  Additionally, red fox and kit fox were found on different areas on the farm, supporting 
previous hypotheses that distributions of these two species are mediated by competitive exclusion and direct 
conflict.  These baseline data will help us understand changes in this kit fox population as we continue to 
monitor it throughout implementation of the solar farm.  
 
RESPONSE OF TOWNSEND’S AND SISKIYOU CHIPMUNKS TO VARIABLE RETENTION 
LOGGING IN PACIFIC NORTHWEST FOREST EXPERIMENTAL BLOCKS 
 
Randall J. Wilk, Tom Manning, and Winston P. Smith* 
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We used live–trapping to assess the effect of variable retention logging on the Townsend’s chipmunk (Tamias 
townsendii) in two randomized experimental blocks in western Washington, and the Siskiyou chipmunk (T. 
siskiyou) in one block in western Oregon. We compared change of population attributes in unlogged controls 
(100% aggregated [A]) with logged treatments: 75%A with trees removed from 1–ha circular removal patches; 
40%A and 15%A (trees retained in 1–ha aggregates); and 40% dispersed (D) and 15%D retention (retained trees 
dispersed).  From the retained forest canopy, we expected no detectable effects in units with ≥40% retention and 
a decline in density for 15% retention.  The logging change in mean maximum distances moved was small and 
did not influence the effective trapping area in treatments.  Density shift – derived primarily from the minimum 
number of individuals known alive – was largely negative, especially for T. siskiyou, with –66% change in 
treatments compared to –56% in the control.  The 40% and 15% retentions declined –84% and –54%, 
respectively.  Corresponding values for T. townsendii were –33% across treatments and –20% in controls, and –
45% and –38% in the 40 and 15% retentions, respectively.  The percentages of females declined in treatments 
and increased in controls for T. siskiyou and varied across categories for T. townsendii.  Mean body mass 
generally increased (T. townsendii), especially in ≥40% treatments.  The overall mean percentage of 
reproductive females was small (T. townsendii) because we trapped in late season, but increases occurred in 
some treatments.  Higher percentages of young–of–the–year were associated with higher percentages of 
reproductive females.  Differences between species may be attributed to the variability of forest stands in each 
block, small samples, and unique ecological requirements of each species. 
 
EVOLUTIONARY RELATIONSHIPS AMONG SUBSPECIES OF ORD’S KANGAROO RAT, 
DIPODOMYS ORDII, BASED ON MITOCHONDRIAL AND NUCLEAR DNA 
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Dipodomys ordii has a broad distribution, ranging from southern Alberta and Saskatchewan, Canada to southern 
Hidalgo, Mexico and from central Oregon and eastern California to central Kansas and Oklahoma.  Of the 19 
species of Dipodomys, D. ordii is regarded as the most ecological generalist of the genus.  Currently there are 32 
recognized subspecies that have been established based on morphologic and ecologic data.  The large number of 
morphologically defined subspecies, some separated by strong isolating barriers and others separated by weak 
filters, makes D. ordii an ideal taxon to study the process of geographic isolation, to evaluate subspecific 
boundaries, and to test for the possibility of cryptic species.  In 1949, Setzer recognized 35 subspecies and 
grouped these subspecies into six subspecies groups based on geographical location or morphological 
characteristics. However, since Setzer’s (1949) publication no independent study has been conducted to test this 
evolutionary hypothesis. Thus, the purpose of this research is to (1) assess the level of genetic diversity among 
the subspecies of D. ordii, (2) to test Setzer’s hypothesis regarding the evolutionary relationships among 
subspecies, and (3) to determine if cryptic species are present. To address these objectives, we will perform a 
digenomic phylogenetic analysis based on DNA sequence variation at the mitochondrial Cytochrome Oxidase III 
(COIII) gene and nuclear AFLPs from representatives of each subspecies. We will present preliminary results 
based on the COIII DNA sequence analysis.  
 
DIETARY EFFECTS ON THE GASTROINTESTINAL MICROFLORA OF THE GIANT PANDA  
 
Candace Williams, Natalie Calatayud (1), William Holmes(2), J. Fields Falcone (4), Darrell Sparks (1), Carol 
Williams(3), Andy Kouba(4), Scott Willard (1), and Ashli Brown(1)  
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The giant panda, Ailuropoda melanoleuca, is classified as an herbivorous omnivore, subsisting almost 
exclusively on bamboo.  Both in–situ and ex–situ pandas are highly selective foragers, displaying a shift in 
bamboo species and part preference throughout the year.  The effects of the shifting bamboo part preference on 
gastrointestinal (GIT) microbiota were observed in this study providing the first reported comprehensive profile 
of giant panda’s intestinal microbial populations following dietary shifts.  Traditional culturing methods were 
used to identify and characterize normal GIT microflora from fecal samples of an adult male and female giant 
panda housed at the Memphis Zoo over a fourteen month period.  Eight bacterial types, total anaerobes, total 
aerobes, streptococci, total enterics, Escherichia coli, Bacteroides spp., lactobacilli, and Clostridium spp., were 
enumerated for analysis.  In addition to colony counts data, behavioral data was collected for the fourteen 
months.  Both the male and female panda were observed displaying a shift in bamboo part preference, with a 
sharp decrease in leaf preference in April 2010 and returning to high levels of leaf preference from June to 
October.  Statistical analysis was used to determine if there were any significant relationships between the time 
of year, part preference, or an interaction between the two fixed effects on the GIT microflora.  No significant 
interactions at α=0.05 were observed using mixed modeling, indicating there is not an interaction between the 
two fixed effects.  Linear and quadratic fits were used to determine independent effects of time of year and part 
preference.  Significant values for time of year were observed with the linear fit in total aerobes (p=0.0368), 
streptococci (p=0.0120), and lactobacilli (p=0.0166) and with the quadratic fit in streptococci (p=0.0382) and 
Bacteroides spp. (p=0.0134).  Two highly significant linear relationships were observed with part preference and 
lactobacilli and Bacteroides spp., p–values of 0.0028 and 0.0030, respectively, indicating that part preference 
and time of year may be affecting the flux of the microbial populations within the GIT of the giant panda. 
 
COST OF URBAN LIVING? SARCOPTIC MANGE IN URBAN COYOTES 
 
Evan C. Wilson* and Stanley D. Gehrt 
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Urbanization often alters ecological relationships, including host–parasite dynamics.  Sarcoptic mange 
(Sarcoptes scabiei) is an important pathogen for coyotes (Canis latrans), and has been suggested as a limiting 
factor in some rural populations.   The mange–coyote relationship has not been described in urban areas, 
although studies of foxes have indicated that mange is an important cause of mortality in urban areas.  We 
monitored coyotes and mange during 2000–2010 in the Chicago metropolitan area using livetrapping, 
radiotelemetry, and necropsy.  Our objectives were to determine the overall prevalence of mange infection, 
document annual and seasonal patterns of prevalence and mortality, and identify covariates that may contribute 
to variability in patterns of infection.  Overall, 7.3% of 274 coyotes were infected at capture, 10.8% of 167 
deaths were associated with mange and 16.1% of 274 coyotes were diagnosed with mange at some point in their 
lives.  However, incidence rates of mange varied by year ranging from 0 to 15.8%.  Mange prevalence among 
captured individuals did not vary by gender (P=0.28), residency status (P=0.68) or season (P=0.84).  Sarcoptic 
mange appears to be ubiquitous in the urban population, which has important health and conflict management 
implications.   
 
CAN RESTORING WOLVES HELP LYNX RECOVERY? 
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We examine the hypothesis that relatively low densities of snowshoe hares (Lepus americanus) and the 
imperiled status of lynx (Lynx canadensis) in some areas of the conterminous United States may be partially due 
to an ecological cascade caused by the extirpation of gray wolves (Canis lupus) decades ago.  This hypothesis 
focuses on two plausible mechanisms, one involving “mesopredator release” of the coyote (Canis latrans), 
which expanded its distribution and abundance continentally following the ecological extinction of wolves over 
the temperate portion of their geographic range.  In the absence of wolves, coyotes may have affected lynx via 
increased predation on snowshoe hares, on which the lynx specializes, and/or direct killing of lynx.  The second 
mechanism involves increased browsing pressure by native and domestic ungulates following the declines in 
wolves.  A recovery of long–absent wolf populations could  
set off a chain of events triggering a long–term decrease in coyotes and ungulates, improved plant communities, 
and eventually an increase in hares and lynx.  This prediction, and others that we make, are testable.  The 
ecological implications for the lynx may be dependent upon whether wolves are allowed to achieve ecologically 
effective populations where they recolonize or are reintroduced in lynx habitat.  
 
PHYLOGEOGRAPHY OF STRIPED SKUNKS (MEPHITIS MEPHITIS) IN NORTH AMERICA: 
PLEISTOCENE DISPERSAL AND CONTEMPORARY POPULATION STRUCTURE 
 
Samantha M. Wisely and Heather D. Barton 
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Pleistocene climate fluctuations rearranged ecosystems, and influenced the contemporary distribution of modern 
species.  While specialist species were often restricted to isolated refugia by Pleistocene climate change, 
generalist species may have been less constrained in their distribution and movements.  We used a combination 
of genetic data and previously published fossil data to investigate the phylogeography and contemporary 
population structure of a generalist species, the striped skunk (Mephitis mephitis).  We sequenced a portion of 
the mitochondrial cytochrome b gene (601 bp) and amplified 8 microsatellite loci from 314 striped skunk 
specimens.  Phylogenetic analysis of the cytochrome b gene revealed the presence of 4 distinct phylogroups, and 
microsatellite data indicated a pattern of secondary contact among these clades.  We infer from these data that 
during the Rancholabrean stage prior to the Illinoian glaciation, striped skunks emerged from a southern 
refugium in the Texas–Mexico region and colonized the southeastern United States, forming a second, later 
refugium in the east.  This colonization was followed by a second dispersal event from the southern source 
population to west of the Rocky Mountains during the Illinoian glacial period.  During the Sangamonian 
interglacial stage, 2 distinct subclades formed on either side of the Sierra Nevada Mountains.  During the 
Holocene, the subclade that colonized the Great Basin then expanded east across the northern Rockies and 
recolonized the Great Plains to create an area of secondary contact with the southern phylogroup.  Secondary 
contact occurred to a lesser extent with individuals from the eastern phylogroup east of the Mississippi River.  It 
appears that periodic Pleistocene glacial expansions and retreats caused a series of range expansions and 
secondary contact events in this native North American species to create a complex pattern of population 
structure today. 
 
EFFECTS OF HIGH–INTENSITY WILDFIRE ON SMALL MAMMAL ABUNDANCE AND SPECIES 
RICHNESS 
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Small mammals are influenced heavily by vegetation structure and heterogeneity. As a result, disturbances such 
as fire can alter diversity and abundance of these species. In March 2008, a 72,000–ha wildfire occurred on and 
around the Chaparral Wildlife Management Area in South Texas, which presented an opportunity to quantify the 
effects of a large–scale, high–intensity wildfire on small mammals. In 2009, we established 15 1–ha plots, five 
for each of three levels of fire intensity (unburned, low–intensity, and high–intensity). We used 10 x 10 grids of 
Sherman traps and mark–recapture methods to sample small mammals in March–April and October–November 
of 2009 and 2010 (28,500 trap nights), and estimated species richness and abundance. We also estimated 
vegetation cover by class at each trap location. We captured nine different species (mean ± SE = 5.9 ± 0.2 
species/plot), but did not detect differences in species richness with varying fire intensity until fall 2010, when 
species richness was lowest on high–intensity burned plots (unburned = 7.4 ± 0.2, low = 7.0 ± 0.5, high = 5.8 ± 
0.4). Merriam’s pocket mouse (Perognathus merriami), a species that prefers open grassland, was most abundant 
on burned plots one year after fire (unburned = 0.4 ± 0.4, low = 18.3 ± 8.3, high = 28.2 ± 7.5 individuals/plot); 
however, these differences did not persist as vegetation recovered. White–footed mouse (Peromyscus leucopus), 
a species that prefers woody cover, was most abundant on unburned plots in all seasons except spring 2010 (e.g., 
spring 2009: unburned = 14.3 ± 7.1, low = 3.3 ± 3.3, high = 3.5 ± 3.0). Hispid cotton rat (Sigmodon hispidus), a 
species that prefers dense grass cover, was most abundant on high–intensity burned plots in fall 2010 (unburned 
= 13.4 ± 10.2, low = 46.7 ± 36.3, high = 110.2 ± 47.1), likely due to increased grass cover in those areas 
(unburned = 16.5% ± 3.5, low = 33.6% ± 5.0, high = 38.1% ± 5.1). The effects of fire on small mammals are 
species–specific based on habitat requirements; therefore, applying fire with varying intensities can maximize 
heterogeneity in vegetation and diversity in small mammal communities. 
 
MONOTREME AND MARSUPIAL PHYSIOLOGY: AN OVERVIEW 
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Monotreme and marsupial mammals have been traditionally considered to be “primitive” and “transitional” to 
placental mammals. We present an historical overview of the origins of this view, and the physiological evidence 
that was used to support it. We then summarise the physiological re–interpretation, from the 1960s to now, of 
monotremes and marsupials, in conjunction with developments in molecular phylogenetics, palaeontology and 
zoogeography. The current most parsimonious view is that monotremes represent a phylogenetically basal group 
of mammals with living members (Ornithorhynchidae and Tachyglossidae) being quite divergent and specialised 
with a sophisticated physiology, and that marsupials are a sister clade of therians to placentals, with a different 
but not necessarily inferior or intermediary level of physiological sophistication. We suggest that future 
directions for monotreme and marsupial ecophysiology should continue to extend physiological studies from the 
laboratory to the field, particularly with respect to conservation biology and wildlife management because of the 
major threats to monotremes and marsupials in particular, and global diversity in general.  
 
TAXONOMIC STATUS AND RELATIONSHIPS OF SOREX OBSCURUS PARVIDENS JACKSON, 
1921, FROM CALIFORNIA:  THE SOREX OBSCURUS/ VAGRANS/ MONTICOLUS/ ORNATUS 
QUESTION 
 
Neal Woodman 
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The long–tailed shrew Sorex obscurus parvidens was described by Hartley H. T. Jackson in 1921 based on six 
specimens from near Bluff Lake in the San Bernardino Mountains of California.  When S. obscurus was 
subsumed as a subspecies, first within S. vagrans and finally within S. monticolus, when those species were 
formally revised, “parvidens” went along for the ride, but maintained its identity as a separate, valid subspecies.  



The taxon itself, however, appears to have not been seriously studied since it was first described, partly because 
of its restricted distribution and relatively low number of specimens in systematic collections.  Accurate 
taxonomic assessment of this taxon is important, because in each of its incarnations, the taxon has represented a 
population endemic to the San Bernardino Mountains that has been recorded from only a handful of localities.  I 
undertook a morphometrical study of the type series of Sorex obscurus parvidens and compared it with 
populations of Sorex monticolus monticolus, S. monticolus obscurus, S. ornatus ornatus, and with individual 
specimens collected from the type locality but historically identified as other species.  In this analysis, the type 
series and other specimens from the San Bernardino range are closest morphologically to S. ornatus ornatus, an 
interpretation that is also supported by Jackson’s original description.  The population described as Sorex 
obscurus parvidens clearly pertains to S. ornatus and may, in fact, be a synonym of the nominal subspecies. 
 
STRESS AND SINGLE PARENTS: SOCIALLY–MEDIATED GLUCOCORTICOID RESPONSES IN 
COLONIAL TUCO–TUCOS  (CTENOMYS SOCIABILIS) 
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The social environment – specifically, whether an animal lives alone or in a group – is a powerful force that 
affects numerous aspects of an individual’s biology, including its survival and reproductive success. The social 
environment may also affect physiological condition as measured via glucocorticoid (GC) concentrations. 
Because GCs (adrenal steroid produced upon activation of the hypothalamic pituitary adrenal axis) are critical to 
maintaining homeostasis, they provide a functionally relevant measure of physiological response to external 
stressors. While multiple studies have examined relationships between social setting and GC concentrations in 
the lab, studies of free–living mammals have been limited primarily to singular–breeding species in which a 
distinctive reproductive hierarchy exists between dominant and subordinate individuals. In contrast, few studies 
have examined the effects of the social environment on GCs in plural breeding groups in which all individuals 
reproduce, making it easier to determine the physiological consequences of group living per se. Here I present 
data on intraspecific variation in baseline GC levels in colonial tuco–tucos (Ctenomys sociabilis), a plural–
breeding rodent endemic to southwestern Argentina. By combining observations of GC variation in free–living 
animals with experimental manipulation of housing conditions for captive individuals, I test the hypothesis that 
living and breeding alone is associated with increased GC levels in this species. Using a validated corticosterone 
enzyme immunoassay to measure fecal GC metabolite concentrations, I demonstrate that for both free–living 
and captive female colonial tuco–tucos, living alone is associated with higher baseline GC levels. Within groups, 
GC levels are influenced by group composition, specifically the age distribution of female group mates. These 
data indicate that social environment has important impacts on individual physiology. Collectively, these 
findings yield new insights into the proximate bases for sociality in plural–breeding mammals.  
 
USING GIVING UP DENSITIES AS A METRIC OF PREDATION RISK IN FREE–RANGING 
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Predation is a major source of mortality for many mammals and likely exerts a strong influence on their patterns 
of habitat selection.  We are adapting measures of perceived predation risk, including giving–up densities 
(GUDs), to investigate resource selection and tradeoffs by pygmy rabbits (Brachylagus idahoensis).  GUDs 
measure an individual’s perception of risk by assessing willingness to forage from a provided food source in one 



area relative to another.  One challenge in using this technique in the field is the potential for interference (i.e., 
removal of food) by non–target species.  We evaluated use of commercial rabbit chow as a food source for 
GUDs for free–ranging pygmy rabbits at 3 study sites in Idaho and Montana.  We used infra–red trail cameras to 
quantify visitation to feeding stations by rabbits and other species to identify time periods when rabbits were 
foraging.  Although probabilities of activity across time periods differed significantly between pygmy rabbits 
and other species (sciurid and murid rodents), there were not time periods of exclusive use by rabbits.  We 
evaluated statistical approaches for modeling relative contributions of mammal species to our GUDS.  We 
modeled the effects of distance to rabbit burrows, concealment from predators, and visibility of the surrounding 
area on perceptions of risk.  We hypothesized that rabbit burrows are safe refuges from most predators, and 
therefore perceived risk will increase and willingness to forage will decrease at greater distances from burrows.  
We also hypothesized that because vegetative cover simultaneously provides concealment from predators and 
also limits visibility of a predator’s approach, rabbits must trade off one function for the other.  We predicted 
that rabbits will trade off concealment for visibility closer to burrows, and select greater concealment when 
foraging farther from burrows.  Our results demonstrated challenges for using GUDs for free–ranging mammals, 
approaches for addressing them, and provided information on how multiple factors influence perceptions of risk 
by pygmy rabbits. 
 
USING CONSOMIC RATS TO DETERMINE GENES THAT CONFER PROTECTION AGAINST 
NEGATIVE EFFECTS OF HIGH FAT DIET AND THE CONNECTION TO HIBERNATORS 
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In humans, metabolic syndrome is increasing at alarming rates and can lead to increased mortality.  Metabolic 
syndrome is often linked to obesity, genetics and other factors.  However, in non–human mammals that 
experience large fluctuations in body mass, such as seen in hibernators, there is no clear evidence that metabolic 
syndrome exists and genetic factors may play a major role in protection from metabolic syndrome.  Both genes 
and the environment are known to play a role in the development of metabolic syndrome and recent studies have 
highlighted the importance of gene by diet interactions in contributing to these risk factors.  We have used a 
consomic rat panel, in which a chromosome of the Brown Norway (BN) strain is introgressed onto the 
background of the Dahl Salt–Sentitive (SS) strain, to test the hypothesis that these animals will be useful for 
dissecting the gene by diet interactions involved in metabolic syndrome.  We placed eight consomic rat strains 
on either a low fat (LF) or high fat (HF) diet for 22 weeks.  We measured body weight, fasting plasma 
cholesterol and triglycerides, glucose tolerance levels and blood pressure.  Our results indicate that chromosome 
8 harbors a gene or genes that confer protection against dislipidemia caused by a high fat diet.  Laboratory 
studies like this may be useful in better understanding genetic factors involved in severe mass gains of animals, 
such as hibernators without negative consequences, such as metabolic syndrome. 
 
THE IMPACTS OF FERAL HOGS (SUS SCROFA) ON HERBACEOUS COMMUNITY 
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Swine and peccaries (Suborder: Suina) have an unusual foraging strategy of rooting for invertebrates and 
vegetable matter as well as foraging on above–ground resources.  This ability to access hidden resources and an 
omnivorous diet likely led to their successes both as native components of most continents and as exotic 
invasives of global importance especially on islands, North and South America, and Australia.  Their foraging 
strategy and success have had devastating effects on the plant communities where they have been introduced but 



most studies have concentrated on physical damage and ignored the interaction of hogs and landscape structure.  
This study integrates landscape patterns into the effects feral hogs have on herbaceous community characteristics 
in a coastal hammock.  Parts of the hammock exist as isolated ‘islands’ embedded in the tidal marsh and the 
mainland areas jutting into the marsh.  On the mainland, exclusion of hogs resulted in an asymptoting increase in 
species richness, percent cover, and above ground biomass and artificially increased rooting resulted in decreases 
of all three characters.  Artificially rooted areas were able to recover to control levels in species richness after 
about a year but there were much slower recoveries in percent cover and biomass.  In contrast, the islands 
showed slight if any changes in community characters due to exclosures or artificial rooting.  The observed 
differences in the impact of feral hogs between the mainland and island herbaceous communities are likely due 
to the heavier use of the islands by feral hogs foraging in the surrounding marsh ensuring that only disturbance 
resistant plants survive on the islands and the isolation of the island communities from sources of disturbance 
sensitive propagules.  Although the same habitat is found on both the mainland and islands and both share 
complex boundaries with the marsh, islands provide access to more marsh than mainland areas of similar size 
and thus are subjected to greater hog impacts due to landscape use patterns. 
 
MUSEOGEOGRAFIA:  WHERE ARE THE PARAGUAYAN MAMMAL COLLECTIONS? 
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The Museo Nacional de Historia Natural del Paraguay (MNHNP), located in San Lorenzo, Paraguay, was 
founded in 1981 as a collaborative effort between the United States Peace Corps and the Paraguayan Ministry of 
Agriculture and Livestock.  During the 1980s MNHNP benefited from expert guidance from ASM members 
such as Don Wilson and Phil Myers, and more recently collaborators have included faculty and students from 
Texas Tech University. At the 2009 IMC meetings in Mendoza, Argentina, Michael Mares outlined a history of 
mammal collecting in Argentina. His talk inspired us to look at many of the same questions on the history of 
mammal collecting in Paraguay. We queried data from MaNIS on holdings of Paraguayan mammals. We also 
solicited data from other museums with large collections of Paraguayan mammals such as the University of 
Connecticut and the British Museum of Natural History, as well as museums throughout South America.  
Finally, we included the mammals specimens housed at the MNHNP.  Our database includes 12,928 entries of 
mammal specimens from 23 institutions.  The largest collection of Paraguayan mammals was at the MNHNP, 
followed by the University of Michigan’s Museum of Zoology (UMMZ) and the Field Museum of Natural 
History (FMNH).  Five individuals collected 50% of the specimens.  Bats comprised 52% of all specimens 
collected followed by rodents with 36%.  The western Chaco departments of Boqueron, Presidente Hayes, and 
Alto Paraguay yielded the largest collections.  Few of the collections in South America had significant numbers 
of Paraguayan specimens.  Further, it was hard to obtain data from some collections such as UCONN and the 
British Museum because they had no easily accessible electronic catalogue or no dedicated curator of mammals 
to handle queries.  
 
A NOVEL CACHE MANAGEMENT STRATEGY OF THE SIBERIAN CHIPMUNK WITH 
IMPLICATIONS FOR OAK REGENERATION 
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Numerous recent studies have revealed a variety of behavioral adaptations of rodents for maximizing returns 
from cached seeds. Here we report on a novel behavior by Siberian chipmunks (Tamias sibiricus) in Northeast 
China, in which they remove the pericarp of Quercus mongolica acorns before removing and caching these nuts. 



We investigated the effects of experimental pericarp removal on acorn germination, tannin concentrations, cache 
pilferage, and insect damage, to determine if and how pericarp removal facilitates cache management by 
Siberian chipmunks. Chipmunks preferred pericarp–removed acorns over intact acorns when removing them 
from seed stations for both consumption and caching. Pericarp removal did not affect germination or tannin 
concentration of cached Q. mongolica acorns, suggesting that the behavior is not an adaptation for long–term 
storage and tannin decomposition. Acetone treatments of the pericarp and artificial pericarp removal failed to 
alter pilferage rates by Siberian chipmunks, which suggest that the behavior does not affect pilferage of scatter 
hoarded acorns. However, Siberian chipmunks removed pericarps and then scatter hoarded significantly more 
sound than weevil infested acorns, strongly suggesting that pericarp removal is a means of cache management 
employed by Siberian chipmunks to ensure successful storage of sound acorns. Future studies will be directed at 
quantifying the potential impact of pericarp removal on acorn insect predator populations and long–term patterns 
of seed survival and establishment in this oak species. 
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Trace metals become concentrated in urban and peri–urban soils with the use of agricultural practices and 
industrial emissions.  Fertilizers, liming, sewage sludge, and irrigation water contain metals which accumulate in 
agricultural fields and pose a risk to humans and wildlife.  Coal plants and brickyards release metals into the 
atmosphere which are deposited on soil and plant surfaces.  This work quantifies the concentrations of nine trace 
metals in three different soil types.  A total of 116 rodents were sampled in cotton fields and a desert.  Cotton 
plants and triplicate soil samples were collected with each rodent capture.  Soil samples were analyzed for 
organic carbon content, pH, soil texture, trace metal concentrations.   Soil, cotton plants, and rodents were 
digested and trace metal concentrations determined.  Significant differences of nine trace metals, AS, Ca, Cd, Cr, 
Cu, Ni, Pb, Se, and ZN, were found across three different soil types.  Rodent tissue metals concentrations were 
found to be significantly different across soil types; mammalian tissue concentrations of As and Se were highest 
loam soils fields.  The lowest concentration of Cr in rodent tissue was found in fields with loam soil.  Nine trace 
metal concentrations were not significantly different across five different species of rodents.  Soil texture can 
influence the availability of trace metals; high clay soils can bind to metals decreasing their bioavailability. 
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The mountain beaver is the only extant member of the monotypic genus Aplodontia. The Point Arena mountain 
beaver is one of 7 subspecies and occurs in coastal Mendocino County, California.  It occupies a small, 85 km2 
geographic range and is disjunct from the 3 other subspecies in California.  A. r. nigra was listed by the U.S. 
Fish and Wildlife Service in 1991 as endangered due to threats posed by land conversion and its highly restricted 
distribution. We summarize the results of 4 years of noninvasive monitoring of two populations within 
Manchester State Park: Alder Creek and Kinney Beach. The populations were sampled annually in the fall from 
2006 – 2009 using hair snares (gun–cleaning brushes) placed within burrows. We used a molecular tagging 
approach where we collected non–invasively obtained hair samples to produce unique genetic profiles.  We then 
used a mark–recapture approach (Pradel’s robust design model) to estimate abundance, survival, and recruitment 



in each population.  Population estimates were small, ranging from a mean (SE) of 9.0 (1.8) to 17.9 (3.0) 
individuals, with per capita replacement rates varying considerably from year to year.  Estimated annual survival 
rates were higher at Alder Creek (0.78) than Kinney Beach (0.57). Densities ranged from a low of 3.8 
individuals/ha at Kinney to a high of 16.3 individuals/ha at Alder. There was no trend in abundance in either 
location, but the small population sizes make them vulnerable to stochastic risk factors.  Estimates of survival 
and replacement suggest that the population at Kinney Beach may be at greater risk.  Despite their small number, 
these populations may be the largest in the range, even though they occur within one of the few protected areas.  
However, regular range–wide surveys are necessary to put our results in context.  These surveys, plus ongoing 
genetic studies, will help us determine whether the Point Arena mountain beaver persists as a metapopulation 
and how population status is affected by the interaction of local extirpation and recolonization.  
 


