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About Our Cover: Brookesia perarmata 

Brookesia is a genus 
of pygmy chameleons 
endemic to the island-
continent of Madagas-
car. It is currently com-
prised of approximately 
24 species (Klaver and 
Boehme 1997. Das 
Tierreich 109:1-306). 
At best, this number 
should be considered 
tentative as new species 
are being discovered 
and others synony-
mized with known 
forms. 

The largest known species of the genus is the bizarre ar-
mored leaf chameleon, Brookesia perarmata Angel 1933, 
reaching a total length of 11 cm (Glaw and Vences 1994. A 
Fieldguide to the Amphibians and Reptiles of Madagascar, 
2nd ed., rev., Verlag GbR, Cologne. 480 pp.). It possesses 
the largest dorso-lateral spines, arranged in paired longitu-
dinal rows of rosettes, and its body is wider and more heavily 
built than its congeners. An essentially two-toned colora-
tion, featuring a golden tan head and prominent ear-like ocu-
lar cones extending to the rear, contrast sharply with its dark 
brown body. Lack of a pelvic shield is a further identifica-
tion point. 

The karst limestone (`tsingy') massif of the Bemaraha Pla-
teau, located in west-central Madagascar, is the only known 
habitat of this species. B. perarmata lives on the ground and 
in low bushes between steep tsingy canyons where it pre-
sumably feeds upon a variety of invertebrates. 

Virtually nothing can be said of this species' biology in 
the wild as no field studies have been undertaken in its re-
mote and largely inaccessible habitat. Captive females lay 
paired eggs which hatch into miniature near-replicas of the 
adults, but with lighter 
bodies overall. Captive 
animals apparently re-
quire high humidity lev-
els to thrive, but must not 
be kept upon wet or even 
damp substrates. 

The cover image of an 
adult female Brookesia 
perarmata was photo-
graphed by Bill Love / 
Blue Chameleon Ven-
tures. He recorded this captive specimen on Fujichrome 
Velvia (ASA 50) film, using a Nikon F9OX camera and SB-
21 "ring" flash. Separation and imaging of Love's photo-
graph is the work of Jim Bridges of Herpeto, Inc., Holly-
wood, Florida. 

NEWSNOTES 

Ermi Zhao Elected to Chinese Academy 

Professor Ermi Zhao, senior scientist at the Chengdu Institute 
of Biology, China's leading center for herpetological research, has 
been elected to membership in the Chinese Academy of Science. 
Academician is the highest honor accorded to a scientist in the 
PRC. Zhao is only the second herpetologist ever elected to the 
academy, the other being his former teacher, Cheng-chao Liu, au-
thor of the classic book, Amphibians of Western China (Chicago, 
1950). 

Zhao is the author of numerous studies on amphibians and rep-
tiles from all parts of China and has conducted field research 
throughout the country. He has written eight books, among them 
two published by SSAR (Studies on Chinese Salamanders, 1988; 
Herpetology of China, 1993). He has been an active promoter of 
Chinese herpetological research and conservation and their links 
to the international community. He served on the Executive Com-
mittee of the First World Congress of Herpetology and is active in 
several international conservation organizations. Ermi Zhao is a 
longtime member of SSAR and the Society congratulates him on 
this great honor. 

New Herpetological Journal 

The Ukrainian Academy of Medical and Biological Sciences 
has established a new journal, Gerpetologicheskii Vestnik. The 
Editor-in-Chief is Dr. Igor R. Gul of Lvov, Ukraine. This is the 
first herpetological periodical in Ukraine. It publishes papers on 
amphibians and reptiles in their natural environment and on keep-
ing and breeding them in captivity, as well as book reviews. Pa-
pers are published in Russian, chosen to make the journal more 
available for a majority of researchers from the ex-Soviet repub-
lics. English abstracts are provided, thereby making summaries 
available to non-Russian speakers. Further information available 
from: Dr. Igor R. Gul, P.O. Box 10485, P.O. 49, Lvov 290049 
Ukraine. 

Salamandra Now Publishes Articles in English 

The quarterly published German herpetological journal 
Salamandra (founded 1965; ISSN 0036-3375), previously a Ger-
man language only publication, now publishes articles in English. 
Salamandra is one of several journals distributed by the Deutsche 
Gesellschaft fuer Herpetologie and Terrarienkunde (DGHT). The 
other DGHT journals such as amphibia, elaphe, Die Eidechse, 
Iguana, and Radiata contain German language articles on various 
aspects of herpetoculture. elaphe also publishes articles on ecol-
ogy and conservation of amphibians and reptiles. Die Eidechse 
involves all aspects of the biology of the family Lacertidae. The 
turtle and tortoise-centered journal Radiata is also published as an 
English edition. In addition, DGHT publishes the mongraphic se- 
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ries Mertensiella. To this point, 13 volumes on various herpeto-
logical subjects have been published completely or partly in En-
glish. 

Authors are invited to submit English or German language manu-
scripts with herpetological or herpetocultural content for publica-
tion in Salamandra. Contributors should follow the instructions 
for manuscript preparation at: 

www.dght.de/salamandra/instructions.htm  

For 60 EURO per year one can subscribe to Salamandra plus 
elaphe and one of the other DGHT publications of your choice 
(excluding Mertensiella) by surface mail. For details please con-
tact the DGHT office via e-mail: gs@dght.de.  

New Bibliography and Index of Herpetological 
Names, AMNH Novitates 

Ernest A. Liner has compiled a bibliography and index to scien-
tific names of amphibians and reptiles, fossil and Recent, pub-
lished in American Museum Novitates. The Novitates included 
are all issues from number one through number 3285, published 
from the years 1921 through 1999. 

The bibliography is also set up as a searchable database, thanks 
to Mark Breedlove. Searches can be made on the basis of author, 
taxon, title, volume, or year of publication. Both the complete bib-
liography/index and the searchable database are available on the 
web at the following address, then click on "Publications": 

http://research.amnh.org/herpetology  

Charles Stearns Grant-in-Aid for Herpetological 
Research at the California Academy of Sciences 

The Department of Herpetology is pleased to provide limited 
financial aid—mostly to cover round trip transportation and lim-
ited per diem expenses—to graduate students who wish to visit 
our collections to support research in systematics. 

Proposals should include a short—no more than one-page—de-
scription of the research project, a budget, and a letter of support 
from the student's faculty advisor. 

Proposals are due on 15 October 2002, with notification by 1 
December 2002. Grantees are expected to complete their Acad-
emy visit by 15 September 2003. Please call 415-750-7037 for 
further information. 

Send proposals to: Herpetology Research Grants, Department 
of Herpetology, California Academy of Sciences, Golden Gate 
Park, San Francisco, California 94118-4599, USA. 

The CAS holdings are included in the Department of Herpetol-
ogy database: 

http://research.calacademy.org/herpetology/catalog/  

Brett Stearns Award for Chelonian Research at 
the California Academy of Sciences 

financial aid—mostly to cover round-trip transportation and lim-
ited per diem expenses—to researchers who wish to visit our col-
lections to support their work in chelonian biology. Preference 
will be given to graduate students. 

Proposals should include a short, one-page description of the 
research project and a budget. In the case of graduate students, a 
letter of support from the student's faculty advisor is required. 

Proposals are due on 15 October 2002; notification will be made 
by 1 December 2002. Awardees are expected to complete their 
Academy visit by 15 September 2003. Please call (415) 750-7039 
for further information. 

Proposals should be sent to: Herpetology Research Grants, De-
partment of Herpetology, California Academy of Sciences, Golden 
Gate Park, San Francisco, California 94118-4599, USA. 

The CAS chelonian holdings are included in the Department of 
Herpetology database: 

http://research.calacademy.org/herpetology/catalog/  

New AMNH Website 

The Center for Biodiversity and Conservation at the American 
Museum of Natural History is pleased to announce the launch of 
its new website: http://research.amnh.org/biodiversity/ . Of par-
ticular interest to herpetologists is the site's ongoing report of re-
cent herpetofaunal surveys of Vietnam (listed under Biotic Sur-
veys): 

http://research.amnh.org/biodiversity/vietnamresearch/  

For comments or inquiries regarding the website or the CBC's 
herpetological program in general, contact Raoul Bain (e-mail: 
bain@amnh.org).  

An Invitation from the Editor of BioScience 

BioScience, ranked 5/51 journals in the Biology category of ISI's 
Journal Citation Report, is the preeminent journal for overviews 
of research in the biological sciences, with strong suits in 
organismal and environmental biology and ecology. In addition to 
research overviews we also publish essays in a variety of areas 
pertinent to Biology and its practice. With a paid circulation of 
about 8,500 copies per month, we reach an extremely broad read-
ership, ranging from advanced high school students and teachers 
to professional biologists and policymakers. 

The member organizations of the American Institute of Bio-
logical Sciences represent a largely untapped source of authors, 
who may not always be aware of BioScience's broad reach and 
unique audience. Instructions for manuscript preparation may be 
found at our website: 

http://www.aibs.org/bioscienceguide/resources/contributors.html  

Additional information may be obtained from the Editor, Mat-
thew H. Greenstone, Ph.D., Science Editor, BioScience, 2404 
Northwood Lane, Edmond, Oklahoma 73013, USA; e-mail: 
mgreenstone  @aibs.org . 

The Department of Herpetology is pleased to provide limited 
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Journal of Kansas Herpetology 

The Kansas Herpetological Society is pleased to announce the 
premier issue of the Journal of Kansas Herpetology. Initiated with 
issue Number 1 in March 2002, the Journal of Kansas Herpetol-
ogy replaces the former publication of the Society, the Kansas 
Herpetological Society Newsletter. The content of this new scien-
tific periodical will consist of more scholarly works, which will 
undergo a professional peer review process. The new journal will 
continue to publish all Society business items, as well as the an-
nual KHS Amphibian, Turtle, and Reptile Counts. Additional in-
formation available from: Travis W. Taggart, KHS Editor (e-mail: 
ttaggart@thsu.edu).  

New Website: Early Classics in Biogeography, 
Distribution, and Diversity Studies: To 1950 

This service consists of a bibliography "enhanced" in several 
ways, including the addition of links to Web-based biographical 
information on the authors involved, and the full-text (as collected 
in several ways) of many of the entries. It is meant to serve ad-
vanced students and faculty involved in related studies and course 
work. 

The goal of this project is to identify and make electronically 
available, as possible, those primary sources (especially periodi-
cal articles) that have most affected the evolution of our thoughts 
on the geographical and ecological distribution and diversity of 
life. The target field is biogeography; not only does this study have 
a long and distinguished history extending back to before the ad-
vent of the theory of natural selection, but it is also highly inter-
disciplinary, incorporating elements of many other sciences—in-
cluding ecology, paleobiology, geology, conservation studies, 
physical geography, evolutionary biology, bioclimatology, and 
systematics—into its own emphasis on "what lives where, and 
why." This site may be accessed at: 

<http://www.wku.edu/–smithch/biogeogi> 

MEETINGS 

Meetings Calendar 

18-21 July 2002-26th Annual Meeting of the International Her-
petological Symposium, Sheraton Westport Hotel Plaza, St. Louis, 
Missouri, USA. Information: www.kingsnake.com/ihs/  
26meeting.html. 

25-28 November 2002—VII National Meeting, Sociedad 
Herpetologica Mexicana (SHM) (Mexican Herpetological Soci-
ety), Universidad de Guanajuato, Mexico. Information: 
www.iztacala.unam.mx/shm/.  

OBITUARIES 

Herpetological Review. 2002, 33(2), 83-85. 
(E) 2002 by Society for the Study of Amphibians and Reptiles 

Dean E. Metter 
1932-2001 

ROBERT POWELL 
Department of Biology, Avila College 

Kansas City, Missouri 64145-1698, USA 
e-mail: powellr@mail.avila.edu  

Dean E. Metter 
died on 23 June 
2001 at the age of 
68. His life and 
professional work 
focused on Mis-
souri, where he was 
a member of the 
Zoology faculty at 
the University of 
Missouri-Columbia 
for 30 years. "Doc," 
as he was univer-
sally known to his 
students until his retirement in 1994 (after which he began signing 
his frequent correspondence "ex-Doc"), began life in Champaign, 
Illinois, married Sylvia Michlig in 1954 in Sheffield, Illinois, earned 
a bachelor's degree from Eastern Illinois University, a master's 
degree from Washington State University, and a doctorate from 
the University of Idaho in 1963. He began his zoological career 
interested primarily in fishes, and, to his dying day, ranked the 
lowly bluegill as nature's greatest wonder (although in later years, 
I suspect it was almost exclusively due to its outstanding gustatory 
qualities). While in the Pacific Northwest, he became enamored 
with amphibians, and they subsequently became his life-long 
passion. He joined the faculty at Missouri in 1964, and began a 
long tenure of introducing students to his favorite animals, the 
habitats in which they lived, and the natural processes to which 
they were subjected. 

An excellent, albeit demanding teacher, Doc was feared by 
several generations of pre-medical students, some of whom actually 
survived his comparative anatomy course (many of those later came 
to appreciate his efforts when they found gross anatomy 
manageable). However, Doc's greatest impact as an instructor was 
on the students who passed through his zoology, herpetology, and 
evolution courses. Many of us were not only challenged to do 
better than we thought possible, we became sufficiently excited 
about the subject matter that we pursued higher degrees and, in 
several instances, became educators in our own right. Doc was a 
living example of the precept that any educator's best tool is his 
own enthusiasm for the subject. 

That enthusiasm was not immediately evident to the student who 
merely showed up to class and was subjected to a non-stop 50 
minutes of information delivered clearly and logically, but very, 
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very rapidly. However, the student who made the effort to stop by 
before or, more usually, after class (Doc was a morning person 
and generally scheduled his courses during the earliest time slot 
permitted by the University), was rewarded with Doc's undivided 
attention and a willingness to address concerns, provide additional 
information, or sometimes just chat — assuming, of course, that 
the student's motive wasn't limited to queries regarding what would 
be covered on the next exam. Doc had a notable lack of patience 
with "learners" who learned only to pass an exam. 

In contrast, Doc provided many opportunities for the student 
who became motivated to pursue the learning process beyond the 
classroom. Unlike many of my herpetological colleagues, I didn't 
hunt snakes at a tender age, instead my interest in herps was 
triggered by Doc's herpetology class, in which I had enrolled only 
to fulfill a requirement. Once in, however, I became enthralled, 
especially with the lizards. Because I was having some difficulty 
with the characters that distinguish the skinks, I asked if I could 
come in outside of class time and look them over. Doc not only let 
me into the lab, but stayed close to make sure that I would benefit 
from my uncharacteristic burst of diligence. 

Doc was a big believer in putting classroom learning to the test 
in the field. He regularly scheduled trips on which all of the current 
students were invited. Initially amazed that so many former students 
and graduate students participated, we soon learned why. Doc 
expected the same effort in the field that he did in the classroom 
(and that extended to chores around camp as well as collecting 
animals). He had learned (maybe the hard way?) that hungry 
students didn't perform very well. Consequently, the meals were 
noted for both quality and quantity; I can remember many a feast 
during which I ate pounds of salad, several potatoes, and two thick 
steaks. Additional motivation to consume heartily was provided 
by the fact that any left-overs inevitably appeared in the next 
morning's eggs. Costs were kept reasonable because we did all of 
our own cooking, camped only where it was free, and, although 
he never admitted it in so many words, Doc covered any budget 
overrun out of his own pocket. 

Doc mentored numerous master's students and three Ph.D. 
students. The total would have been higher, but Doc saw too many 
graduates having to settle for jobs well below their abilities or 
outside their specialties to feel good about contributing to the glut 
of applicants for all-too-few jobs. As a result, he took doctoral 
students only when they had positions in hand and, even then, 
only after a harrowing interview during which he spelled out in 
excruciating detail the realities of work in academia. Although I 
was subjected to the standard protocol, Doc had, years before, 
taken the sting from his presentation. On an exceptionally hot day 
in the Ozarks, when the critters were showing more sense than we 
were by not being out and about, we finally gave up. Sitting chest-
deep in Table Rock Lake waiting for cooler evening hours, Doc 
noted that "it's a good life when you're paid to do what you like 
doing." 

Doc was a naturalist of the old school, interested in everything, 
and he never stopped learning or being a teacher. When he took 
anyone on long drives through central Missouri, during which he'd 
repeatedly visit a number of favorite places, he'd never cease 
pointing out the vast diversity of the flora, even to those who had 
tagged along on many a previous occasion. In Stewart Hall, where 
Doc resided for most of his years at MU, he established and  

maintained an extensive collection of live animals. Although all 
of his students, to varying degrees, learned about and often helped 
care for the current set of residents (and frequently made the trek 
to the animal lab to collect mice and rats for what became regularly 
scheduled and well-attended events), it was when casual passers-
by or groups of school children came through, that another side of 
Doc came to light. Never talking down to anyone, he conveyed 
many of the fundamental ideas that define biology to kids for whom 
a visit to the "snake room" was the highlight of the school year. 

Doc read widely and never confined his own ongoing education 
to biological topics. He was amazingly well-informed (and quite 
opinionated) about almost everything. Wandering through the state, 
he had acquired quite a collection of arrowheads. During a brief 
visit to drop off some information related to my dissertation, he 
noticed that my daughter, then 11 years old, seemed fascinated by 
his display of artifacts. Ignoring me, he spent nearly an hour 
explaining how the Indians had made the various pieces, the uses 
for which they were designed, and the sources of the rocks they 
had used. She was spellbound. Although she had never before 
shown any interest in history or anthropology, she spoke of that 
day for many years. 

Doc did excellent research, but published fewer than 35 papers. 
However, his dissertation work on Ascaphus truei, the tailed frog 
of the Pacific Northwest, is still considered a definitive work on 
the species. He attended few meetings (although he encouraged 
his students to do so). Doc's contention was that the good papers 
would show up in journals within a few months, and the others 
weren't worth the bother. What he did do was encourage his 
students to tackle tough problems and to use methods that would 
not only help find the answers, but would translate into marketable 
skills. He was always available to his students, whether sitting in 
on a study session before comps or helping in the field. I'll never 
forget the late February day we were seining for spotted 
salamanders (Ambystoma maculatum) in an upland Ozark pond. 
Never one to dump on students any chore he wasn't willing to 
take on himself, Doc found himself on the far end of the seine in 
water suddenly deeper than his waders were high. Moving faster 
than any human had a right to move, he ploughed through the 
water and up the bank, flopped on his belly facing down the hill, 
and gave a huge sigh of relief as the 33° water flowed back into 
the pond. Few professors would risk such an experience for a mere 
grad student. Along the same lines, Doc saved me many a trip to 
Columbia by walking over to the graduate school to enroll me for 
another semester. When I finally completed my dissertation, the 
entire grad school staff commented on how fortunate I was to 
associate with the only prof who would make the effort to save a 
student some time and a little money. 

Doc obviously had a kind heart, but he didn't often let it show. 
The phrase I heard more than once at his memorial service was 
"compassionate ass-chewing" — and many of us had been on the 
receiving end of one, often more than once. We never resented 
these occasions. For one thing, they were always one-on-one, never 
public, and, secondly, we invariably deserved it. Interestingly 
enough, being chewed out by Doc was considered a tribute of 
sorts. He never bothered with folks he felt were incapable of 
improvement, so his attention served as an affirmation of sorts. 
Doc rarely complimented anyone face-to-face, but frequently 
bragged about them behind their backs. He felt free to criticize 
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any of us, but would not abide us or anyone else bad-mouthing his 
students and friends behind their backs (however, if the target was 
present and able to defend itself, it was open season). 

Though not adverse to picking up a phone, Doc relied on long, 
informative letters, handwritten on yellow legal pads, to maintain 
long-distance relationships. His letters were beautifully written 
and filled with insights and humor. Doc also taught many of us 
how to write effectively. More than once, he returned papers to 
me on which he had bled profusely, often making pointed 
comments on my incomparable ability to string thoughts together 
in such a way that convoluted sentences became entire paragraphs. 
When I was named an editor of a professional publication, he 
bemoaned the desperate state of herpetology (but was secretly 
pleased, I think, that I had learned at least a little of what he had 
tried to teach me). 

Doc was a co-founder of the Bobby Witcher Society, the bi-
annual meetings of which were an excuse to see old friends and 
eat mounds of bluegill filets (summer) or various unusual repasts 
that relied heavily on the warped imaginations of members and 
their ability to provide strange fare for the table (winter). The real 
legacy of the Society, however, was the scholarship fund that grew 
well beyond the founders' fondest hopes, largely due to Doc's 
diligent oversight. The interest from the fund served as a means of 
rewarding outstanding herpetology students who intended to 
continue their education and make a career in some aspect of 
vertebrate biology. The Society recently agreed to fund an SSAR 
Grant-in-Herpetology to support field-based student research. The 
formal announcement of the aptly named Dean E. Metter Memorial 
Award will occur in 2002. 

Doc touched many people, his family, his friends, his colleagues, 
his students (many of whom became life-long friends), the 
recipients of Witcher Awards, and even the visitors to the snake 
room in Stewart Hall — and every one of us was better for it. 

Acknowledgments.—I thank Richard Daniel, Kathleen Metter, and the 
members of the Bobby Witcher Society for sharing recollections and 
comments. 

CURRENT RESEARCH 

The purpose of Current Research is to present brief summaries and 
citations for selected papers from journals other than those published by 
the American Society of Ichthyologists and Herpetologists, The Herpe-
tologists' League, and the Society for the Study of Amphibians and Rep-
tiles. Limited space prohibits comprehensive coverage of the literature, 
but an effort will be made to cover a wide variety of taxa and topics. To 
ensure that the coverage is as broad and current as possible, authors are 
invited to send reprints to the Current Research section editors, Eli 
Greenbaum or Omar Torres-Carvajal; postal and e-mail addresses may 
be found on the inside front cover. 

The current contents of various herpetological journals and other pub-
lications can now be found at: http://www.herplit.com/contents.  

Systematics of Microteiid Lizards 

The neotropical family Gymnophthalmidae is composed of 178 
species included in 36 genera, which occur from southern Mexico 
to Argentina, in the Caribbean, and on some islands of the conti- 

nental shelves of South and Central America. The authors used a 
total of 2379 by of mitochondrial and nuclear sequences of 50 
species to perform phylogenetic analyses under the optimality cri-
teria of maximum parsimony and maximum likelihood. Confi-
dence in resulting nodes was assessed by bootstrap and partitioned 
Bremer support analyses. Three species of macroteiid lizards, 
Cnemidophorus ocellifer, Kentropyx calcarata, and Tupinambis 
quadrilineatus, were used as outgroups. Based on the topology 
recovered by maximum parsimony, the authors proposed several 
taxonomic changes. The family Gymnophthalmidae was divided 
into four subfamilies, two of which are new, and a new tribe within 
Gymnophthalminae also was proposed. Additionally, the authors 
commented on the evolution of fossoriality and ecological impli-
cations of the phylogenetic relationships of microteiid lizards. 

PELLEGRINO, K. C., M. T. RODRIGUES, Y. YONENAGA-YASSUDA, AND J. W. 
Sims. 2001. A molecular perspective on the evolution of microteiid 
lizards (Squamata: Gymnophthalmidae), and a new classification for 
the family. Biological Journal of the Linnean Society 74:315-338. 

Correspondence to: Jack W. Sites, Department of Zoology, Brigham Young 
University, Provo, Utah 84602, USA; e-mail: jack_sites@byu.edu.  

Reproductive Biology of an African Colubrid 

The brown house snake (Lamprophis fuliginosus) is a widespread 
African colubrid that readily breeds in captivity. Previous work 
on the reproductive biology of this species has used information 
from single females, or females from various localities—both ap-
proaches failed to account for geographic variation in clutch size 
and offspring size. The author reports data for 13 animals col-
lected in Arusha, Tanzania. Snakes were fed approximately 10% 
of their body mass in mice per week, and maintained in individual 
cages under a 14:10 light/dark cycle at 28°C. Females were paired 
with a male at least once a week. Clutch size (5-8) and clutch 
mass were weakly correlated with female SVL. There was about 
20% variation among females in egg mass, but little variation in 
individual clutches. Egg mass was not correlated to clutch size. 
Because clutch size can be influenced by food intake, clutch size 
of captive snakes may not accurately represent what occurs in the 
wild. However, egg masses in snakes from specific localities may 
be affected local selection pressures. 

FORD, N. B. 2001. Reproduction in the brown house snake, Lamprophis 
fuliginosus, from Tanzania. African Journal of Herpetology 50:31-34. 

Correspondence to: Neil B. Ford, Department of Biology, University of 
Texas at Tyler, Tyler, Texas 75799, USA; e-mail: Nford@mail.uttyl.edu.  

Snake Behavior and Phylogenetic Correlation 

Male-male fighting (MMF) in snakes is restricted to males dur-
ing the breeding season, and the presence or absence of this be-
havior has taxonomic trends. The authors had two main goals for 
this study: 1) to assess the origin, sequence, and frequency of MMF 
in higher-level snake taxa; and 2) to address the apparent correla-
tion between MMF with mode of prey subjugation. The latter no-
tion was tested with concentrated-changes tests and the subtree 
decomposition method. Currently, MMF is not documented for 9 
of 26 higher-level snake lineages, which led the authors to use the 
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heuristic method for scoring MMF. Snake phylogenies were 
slightly modified from studies, and MacClade was used to recon-
struct the character evolution of MMF. Several most-parsimoni-
ous reconstructions of MMF were obtained, and all trees indicated 
that MMF ahs been indepentdently gained and lost a minimum of 
4-8 times during the evolution of snakes. Results indicate there is 
some evidence for a significant correlation between MMF and 
constriction and/or envenomization as the primary mode of prey 
subjugation. The authors explain this correlation as independent 
responses to ecological limitations imposed by diet. 

SCHLTETT, G. W., E. W. GERGUS, AND F. KRAUS. 2001. Phylogenetic correla-
tion between male-male fighting and mode of prey subjugation in 
snakes. Acta Ethologica 4:31-49. 

Correspondence to: Gordon W. Schuett, Department of Biology, Grand 
Canyon University, 3300 West Camelback Road, Phoenix, Arizona 85017, 
USA; e-mail: gschuett@asu.edu.  

Snake-Induced Fear in Human Behavior 

Humans can detect threatening events regardless of focused and 
conscious attention. According to the primary author's fear model, 
threats are evaluated and then receive preferential access to arousal 
systems for further processing. The authors tested whether fear-
relevant stimuli (e.g., images of snakes and spiders) could be pro-
cessed at an automatic level, including the efficient selection of 
the stimuli from complex visual displays. Mean reaction time of 
participants was shorter for fear-relevant than fear-irrelevant im-
ages. Participants who were fearful of snakes or spiders had faster 
reaction times than participants who were not fearful. These re-
sults suggest that humans have a predisposition to preferentially 
detect attention toward threatening stimuli such as snakes and spi-
ders. 

OHMAN, A., A. FLYKT, AND F. ESTEVES. 2001. Emotion drives attention: 
detecting the snake in the grass. Journal of Experimental Psychology: 
General 130:466-478. 

Correspondence to: Arne Ohman, Section of Psychology, Department of 
Clinical Neuroscience, Karolinska Institute and Hospital, Z6, S-171 76 
Stockholm, Sweden; e-mail: arne.ohman@cns.ki.se.  

Female Mimicry in Male Garter Snakes 

Males of several unrelated animal species might mimic females 
in order to steal inseminations from rivals or avoid aggression. 
The authors report on some male garter snakes (Thamnophis sirtalis 
parietalis) that can secrete female-like phermones and attract other 
males. It is suggested that these "she-males" benefit by reduced 
predation and temperature increases from the resulting balls of 
amorous males. The phenomenon is restricted to the first two days 
of emergence from hibernation. Empirical data confirmed that 
emerging females warmed up faster if they were covered by court-
ing males. Further experiments indicated that she-males tended to 
attract males if they had a cooler temperature—warmer she-males 
did not secrete as many pheromones as colder she-males. 

SHINE, R., B. PHILLIPS, H. WAYE, M. LEMASTER, AND R. T. MASON. 2001. 
Benefits of female mimicry in snakes. Nature 414:267. 

Correspondence to: Rick Shine, Department of Biological Sciences, Uni-
versity of Sydney, New South Wales 2006, Australia; e-mail: 
rics@bio.usyd.edu.au.  

Diving Behavior of Marine Green Turtles 

Marine turtles are excellent model organisms for studying long-
distance animal migration. Several species move thousands of ki-
lometers between feeding areas and breeding grounds. The au-
thors studied diving behavior of several female Chelonia mydas 
that nest on Ascension Island and migrate to feeding grounds along 
the Brazilian coast. Satellite transmitters were attached to 12 indi-
viduals at the end of the nesting season on Ascension Island. In 
addition, time/depth recorders were attached to five turtles that 
had been displaced 60 and 270 km away from the island. In gen-
eral, there was a tendency for the submergence duration to be short 
and significantly longer at night than during the day. However, 
periods of longer submergences were registered during migration. 
Short dives (2-4 min) were associated with turtles diving near the 
surface (<5 m), whereas long dives (20-30 min) were associated 
with turtles diving deeper (5-20 m). Apparently, the key factor 
driving swimming depth in green turtles is minimization of their 
cost of transport. Swimming below the surface where drag is re-
duced could be the optimum strategy. In addition, by diving be-
low the surface, green turtles reduce the extent to which they are 
silhouetted against the surface, thereby becoming less susceptible 
to predators, such as sharks. 

HAYS, G. C., S. AKESSON, A. C. BRODERICK, F. GLEN, B. J. GODLEY, P. LUSCHI, 
C. MARTIN, J. D. METCALFE, AND F. PAPI. 2001. The diving behaviour of 
green turtles undertaking oceanic migration to and from Ascension Is-
land: dive durations, dive profiles and depth distribution. The Journal 
of Experimental Biology 204:4093-4098. 

Correspondence to: G. C. Hays, School of Biological Sciences, Univer-
sity of Wales Swansea, Singleton Park, Swansea SA2 8PP, UK; e-mail: 
g.hays@swan.ac.uk.  

Immune Function and Fitness of Side-Blotched 
Lizards Uta stansburiana 

Density-dependent competition affects species fitness. Immu-
nosuppression has been suggested as one of the mechanisms hav-
ing a deleterious effect on fitness at high population densities. The 
authors used a Californian population of Uta stansburiana to ana-
lyze the effects of female morphotype and number of neighbors 
on immune function and survival during two reproductive sea-
sons. This dense population is characterized by females exhibit-
ing two heritable throat-color morphs—orange and yellow. Mark-
recapture methods were used to investigate survival of females 
and hatchlings. Immune function was assessed by measuring im-
mune response of individual lizards to tetanus toxoid. Standard 
ELISA with a modified laboratory protocol was used. Breeding 
females of both throat-color morphs that were surrounded by many 
neighbors had suppressed immune function, with stronger effects 
in orange females. Evidence for genetic correlation between fe-
male morphotype and immune responsiveness was found by com-
paring the immune responsiveness between daughters of orange 
and yellow females. These results indicate that fitness of side- 

86 	 Herpetological Review 33(2), 2002 



blotched lizards is jointly influenced by female morphotype and 
density-dependent immune function. The authors are interested in 
investigating more correlations between throat color of Uta 
stansburiana and other fitness-related factors, such as clutch size 
and egg mass. 

SVENSSON, E., B. SINERVO, AND T. COMENDANT. 2001. Density-dependent 
competition and selection on immune function in genetic lizard mor-
phs. Proceedings of the National Academy of Sciences 98(22):12561-
12565. 

Correspondence to: Erik Svensson, Department of Animal Ecology, Lund 
University, S-223 62 Lund, Sweden; e-mail: erik.svensson@zooekol.lu.se.  

Vocalization and Parental Care of 
Tribolonotus gracilis 

Most species of lizards that are known to vocalize belong to the 
families Gekkonidae or Pygopodidae. In these taxa, vocalizations 
generally fall into two categories—advertisement or distress. The 
authors studied vocalization of the crocodile skink, Tribolonotus 
gracilis, and its implications in parental care. One pair of adult 
crocodile skinks was used to record defensive vocalizations, 
whereas three pairs were used in parental care observations. Male 
calls had a longer duration and faster pulse rate than female calls. 
Calls of both sexes contained harmonics and shared a similar over-
all frequency range. Parental care was exhibited mainly by fe-
males, which were always found curled around their eggs. Fe-
males exhibited defensive open-mouth lunges whenever eggs were 
handled by the observer. This defensive display included vocal-
izations in about half of the trials. In addition, neonates were ob-
served to stay close to their mothers for two weeks after hatching. 
The authors propose that vocalization of crocodile skinks plays a 
defensive role, which may be associated with parental care. Also, 
they suggest that the acoustic sexual differences might be caused 
by sexual dimorphism within the larynx or trachea. 

HARTDEGEN, R. W., M. J. RUSSELL, B. YOUNG, AND R. D. REAMS. 2001. 
Vocalization of the crocodile skink, Tribolonotus gracilis (de Rooy, 
1909), and evidence of parental care. Contemporary Herpetology 2. 

Correspondence to: Ruston W. Hartdegen, Dallas Zoo, Department of 
Herpetology, 650 South R. L. Thornton Freeway, Dallas, Texas 75203, 
USA; e-mail: rustonl7@yahoo.com.  

Chameleon Speciation: Oceanic Dispersal or 
Continental Break-up? 

Chameleons are thought to have biogeographic patterns that are 
congruent with the Gondwanan break-up of Africa and Madagas-
car 165 myr ago. The authors tested the Gondwanan vicariance 
hypothesis by constructing area cladograms based on phyloge-
netic analyses of 52 species of chameleons. Molecular, morpho-
logical, and behavioral data were included in the parsimony-based 
analysis. The results supported the monophyly of Chamaeleoninae. 
The most basal clades were represented by Brookesia, which is 
endemic to Madagascar. Thus, the resulting area cladogram showed 
that the most basal clades occur in Madagascar, whereas more 
derived lineages are distributed in Madagascar, Africa, the 
Seychelles, and India. This area cladogram is inconsistent with  

proposed Gondwanan break-up vicariance models. Instead, it sup-
ports a post-Gondwanan origin of chameleons in Madagascar, with 
subsequent oceanic dispersal to Africa, India, and the Seychelles. 
Other evidence consistent with this post-Gondwanan origin model 
includes presence of chameleons in isolated volcanic islands, fos-
sil record of the group, and molecular clock mtDNA divergences. 
The species radiation of chameleons is similar to species radia-
tions of other animals that have been demonstrated to have post-
Gondwanan origins in Africa or Asia with subsequent transmarine 
migrations. 

RAXWORTHY, C. J., M. R. J. FORSTNER, AND R. A. NUSSBAUM. 2002. Chame- 
leon radiation by oceanic dispersal. Nature 415:784-787. 

Correspondence to: C. J. Raxworthy, American Museum of Natural His-
tory, Central Park West at 79'b street, New York, New York 10024-5192, 
USA; e-mail: rax@amnh.edu.  

Factors Affecting Foraging Behavior of the Red- 
Backed Salamander, Plethodon cinereus 

Terrestrial salamanders of the genus Plethodon are among the 
animals that show defensive responses to a variety of chemical 
cues, such as damaged tissues of conspecifics or chemicals re-
leased by predators. In Plethodon, the responses include avoid-
ance of substrates, change of activity levels, or delay of emer-
gence from refugia. The authors investigated costs of responses of 
red-backed salamanders Plethodon cinereus to chemical cues of 
eastern garter snakes Thamnophis sirtalis. One snake and 48 sala-
manders were collected in New York. Foraging activity of sala-
manders exposed to snake-soiled water and salamanders exposed 
to unsoiled water was measured. This was achieved by measuring 
the number of actions oriented toward a prey (cricket) per minute. 
Salamanders exposed to snake-soiled water had lower foraging 
activity than those exposed to unsoiled water. In addition, the au-
thors found that foraging activity of individuals in both odor treat-
ments showed a bimodal periodicity consistent with natural activ-
ity patterns that are controlled by internal biorhythms. Food dep-
rivation or sex did not appear to affect salamander foraging activ-
ity and responsiveness to chemical cues. Consideration of behav-
ioral biorhythms in this kind of study is suggested by the authors. 

MAERZ, J. C., N. L. PANEBIANCO, AND D. M. MADISON. 2001. Effects of 
predator chemical cues and behavioral biorhythms on foraging activ-
ity of terrestrial salamanders. Journal of Chemical Ecology 27(7):1333-
1344. 

Correspondence to: John C. Maerz, Department of Natural Resources, 
Fernow Hall, Cornell University, Ithaca, New York 14853, USA; e-mail: 
jcm63@cornell.edu.  

Foot Muscles of Myobatrachids 

There are many hypotheses and no agreement regarding the tax-
onomy and phylogenetic relationships among members of 
Myobatrachidae. Subfamilies Myobatrachinae and 
Limnodynastinae are widely supported. In an attempt to find in-
formative phylogenetic characters, the author described the foot 
musculature of Limnodynastes tasmaniensis and used that descrip-
tion as a basis of comparison for other myobatrachid frogs. Given 
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that many myobatrachids are burrowing frogs, the author also stud-
ied the relationship between foot musculature and burrowing. All 
21 genera of Myobatrachidae and several representatives of 
Hylidae, Pelobatidae, and Pelodytidae were examined. Variation 
within Myobatrachidae was found in 25 muscles. In some cases, 
there was considerable intraspecific and intrageneric variation (e.g., 
M.m. transversi metacarporum I-IV). The extent of the insertion 
of the m. abductor brevis plantae digiti V was the only character 
that consistently separated Myobatrachinae from Limnodynastinae. 
Other clades were supported by several apparent synapomorphies. 
A new muscle, m. adductor praehallucis, apparently associated 
with the fossorial habit, was described. Additionally, differences 
in the musculature associated with the metatarsal tubercles were 
found among several clades. According to the author, these differ-
ences indicate that burrowing evolved several times in 
Myobatrachidae. 

BURTON, T. C. 2001. Variation in the foot muscles of frogs of the family 
Myobatrachidae. Australian Journal of Zoology 49:539-559. 

Correspondence to: Thomas C. Burton, Department of Pharmacy, La Trobe 
University-Bendigo, PO Box 199, Bendigo, Vic. 3552, Australia; e-mail: 
t.burton@bendigo.latrobe.edu.au.  

Environmental Contaminant Accumulation and 
Effects on Snakes 

Reptiles are crucial to the proper functioning of many ecological 
processes and should therefore be included in any ecological risk 
assessment. World Conservation Union's 1996 Red List of 
Threatened Animals includes 67 species of snakes, of which 15 
are listed as critical. Because snakes reside in middle and higher 
trophic levels, they are susceptible to the bioaccumulation of 
environmental contaminants. The authors summarized the available 
information on bioaccumulation and effects of organic and 
inorganic contaminants and radionuclides/radiation on snakes. 
They found information on organic contaminants (e.g., DDT, 
aldrin, endrin, mirex, oxychlordane) for Colubridae, Boidae, 
Viperidae, and Elapidae. Data on inorganic contaminants (e.g., 
cobalt, copper, zinc, boron) was available for the same families, 
as well as for Typhlopidae, Leptotyphlopidae, Aniliidae, 
Xenopeltidae, and Acrochordidae. In contrast, information on 
radionuclides/radiation was found for Viperidae and Colubridae 
only. Given that this information is poor (no data for six families), 
the authors conclude that more ecotoxicological studies on snakes 
are badly needed. Some studies presented in this article indicate 
that snakes are ideal bioindicators. Finally, Campbell and Campbell 
suggest that representative species of reptiles should be included 
in the U.S. Environmental Protection Agency or any other 
regulatory agency's list of species used in pesticide testing. 

CAMPBELL, K. R., AND T. S. CAMPBELL. 2001. The accumulation and ef-
fects of environmental contaminants on snakes: a review. Environmental 
Monitoring and Assessment 70:253-301. 

Correspondence to: Kym Rouse Campbell, The Cadmus Group, Inc., Oak 
Ridge, Tennessee, USA; e-mail: kcampbell@cadmusgroup.com.  

From Lizards to Snakes 

Radical transformations in body plan of animals are often asso-
ciated with the origin of higher taxa. The authors studied the evo-
lution of body form of anguid lizards to analyze the transition from 
lizardlike to snakelike body form. Morphological, ecological, and 
molecular data of 23 species were analyzed with statistical phylo-
genetic methods. Regarding the evolutionary changes in body form, 
the authors found that the evolution of limb-reduced and elongate 
body form occurred independently in three different clades-
anniellines, Ophiodes, and anguines. The data suggested that there 
is not necessarily a sequence of evolutionary change from body 
elongation to limb reduction to digit reduction. Hypothesized re-
lationships between limb reduction and digit reduction, and limb 
reduction and body elongation were supported by multivariate and 
bivariate analyses. No consistent relationship was found between 
miniaturization and the evolution of elongate body form, limb re-
duction, or digit loss. The hypothesized relationship between limb 
loss and burrowing was not supported by Maddison's concentrated-
changes test. Similarly, the presence of a pectoral girdle in some 
elongate, limbless forms does not support the idea that elongation 
and loss of the forelimbs are simply the result of anterior expan-
sion of more posterior domains of Hox gene expression. Finally, 
given that the data suggested a slow transition from lizard to snake-
like body form, the authors support the idea that the origin of higher 
taxa may proceed gradually through the same processes that oc-
cur within groups and among closely related species. 

WIENS, J. J., AND J. L. SLINGLUFF. 2001. How lizards turn into snakes: a 
phylogenetic analysis of body-form evolution in anguid lizards. Evo-
lution 55(11):2303-2318. 

Correspondence to: John J. Wiens, Section of Amphibians and Reptiles, 
Carnegie Museum of Natural History, Pittsburgh, Pennsylvania 15213-
4080, USA; e-mail: wiensj@carnegiemuseums.org.  

Systematics and Conservation of Chinese Turtles 

Demand of Chinese markets is one of the primary causes for the 
decimation of Asian turtle populations. Over the past 16 years, 13 
new geoemydid turtles have been described from China. Unfortu-
nately, most of these recent descriptions are based on type speci-
mens purchased through the Hong Kong animal trade, which has 
caused problems, such as simultaneous description of the same 
species by separate authors. Furthermore, failure to collect more 
specimens at the alleged type localities has led several authors to 
suggest either falsification of some localities or that these new 
species represent intergeneric hybrids. The authors investigated 
the phylogenetic affinities and provenance of two recently de-
scribed species—Mauremys iversoni and Cuora serrata— using 
22 specimens representing 10 species acquired from animal trade 
and museum collections. Allozyme variation was studied as the 
first test of phylogenetic affinity. In addition, phylogenetic analy-
ses were performed to infer the evolutionary relationships of 
mtDNA lineages using maximum parsimony and maximum like-
lihood. Both allozyme and mtDNA data provided evidence that 
all the specimens of M. iversoni and C. serrata included in the 
analyses resulted from multiple, recent hybridization events. Given 
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that there is no evidence that M. iversoni and C. serrata are valid 
species, and given the propensity of distantly related turtles to 
hybridize, the authors propose to reconsider the systematic status 
of the specimens examined. They conclude that investigating the 
origin and validity of new species of turtles described from pet 
trade specimens is critical for conservation efforts. 

PARHAM, J. F., W. B. SIMISON, K. H. KOZAK, C. R. FELDMAN, AND H. SHI. 

2001. New Chinese turtles: endangered or invalid? A reassessment of 
two species using mitochondria! DNA, allozyme electrophoresis and 
known-locality specimens. Animal Conservation 4:357-367. 

Correspondence to: James Parham, Department of Integrative Biology, 
University of California, Berkely, California 94720-3140, USA; e-mail: 
parham@socrates.berkeley.edu.  

ARTICLES 

Herpetological Review, 2002, 33(2), 89-90. 

2002 by Society for the Study of Amphibians and Reptiles 

Observations on Hibernacula and Overwintering 
Ecology of Eastern Hog-nosed Snakes 

(Heterodon platirhinos) 

MICHAEL V. PLUMMER 
Department of Biology, Box 12251, Harding University, 

Searcy, Arkansas 72149, USA 
e-mail: plummer@harding.edu  

Hibernacula and overwintering ecology of the hognose snake 
Heterodon platirhinos are known only from anecdotal observa-
tions and may differ in some respects from that of many snakes 
(Anderson 1965; Platt 1969). In addition, because overwintering 
ecology of reptiles may vary geographically (Gregory 1982; Sex-
ton et al. 1992), it is important to study it in various parts of a 
species' range. In the course of monitoring H. platirhinos by ra-
diotelemetry for a study of spatial ecology and survivorship dur-
ing the activity season (Plummer and Mills 2000), I made obser-
vations on individual snakes over the winter months in the south 
central part of the species' range. These observations contribute to 
our understanding of the hibernacula and overwintering ecology 
of this species. 

Temperature-sensitive transmitters (Telonics CHP-2P; <5% of 
snake mass) were implanted into adult H. platirhinos following 
the procedures of Reinert (1992). One male was monitored over 
winter in 1992, and two females and four males were monitored 
over winter in 1993. A minimum-maximum thermometer recorded 
shaded air temperatures 1 m above ground. The study area 
(N35°16', W91°43') is located in the easternmost part of the Ar-
kansas River Valley subdivision of the Ouachita Mountain region 
of Arkansas, USA (Foti 1974). Topography is rolling to hilly and 
varies from approximately 60 m to 120 m above sea level. The 
sandy soils are thin and often rocky. The occasionally stunted veg-
etation of the xeric higher areas is upland deciduous woodland 
whereas that of the more mesic lower areas is upland deciduous 
forest (Foti et al. 1994). Common trees included oaks, Quercus 
stellata and Q. marilandica, hickory, Carya texana, and juniper, 
Juniperus virginiana. Natural grassy openings were common, es- 

pecially in the higher areas. Other grassy openings included roads, 
trails, abandoned fencerows, pipeline and powerline right-of-ways, 
pastures, and mowed fields. Burrows of the mole, Scalopus 
aquaticus, were common throughout most of the study area. 

The normal activity season for H. platirhinos at this locality is 
mid-April to mid-October during which inactive snakes seek ref-
uge under the cover of grass or surface litter. Snakes typically do 
not use mole burrows during the activity season (Plummer and 
Mills 2000). During short periods of cold weather just before and 
after hibernation (i.e., November and March), Heterodon also took 
refuge under the cover of grass or surface litter. Snakes temporary 
retreated into mole burrows only occasionally occurred during this 
time. At this locality, winters are mild and continuous hibernation 
usually occurred from about December through February. By track-
ing telemetered snakes, I located individual H. platirhinos in 13 
different hibernacula from December through February. Snakes 
were located at irregular intervals (1-4 times per week) in the mid 
to late afternoon. Transmitters functioned well and without prob-
lems at the lower than activity season temperatures. 

All Heterodon hibernated singly in one or more mole burrows. 
The hibernacula were distributed throughout the approximate 250 
ha study area in open woodlands (N = 8), a fencerow at the edge 
of a grassy field (N = 3), and a grassy pipeline right-of-way (N = 
2). Two snakes changed hibernacula in December—February. One 
female moved 14 m on 29 December to a new hibernaculum and 
24 m on 2 February and 22 m on 6 February to new hibernacula. 
One male moved 56 m on 7 February to a new hibernaculum. 
Each hibernaculum shift was preceeded by a period of one or more 
sunny days when maximum air temperatures ranged from 14 to 
21°C. 

One male abruptly moved in each of two years from a distant 
portion of its home range to hibernacula on a power line right-of-
way. This snake traversed the same path each year, moving a mini-
mum of 800 m in 3 d (1993) and 700 m in 2 d (1994). Dates of 
arrival at the hibernacula were 6 October 1993 and 7 October 1994. 
The two hibernacula were located within 150 m of each other. 
There were no obvious habitat differences between the location 
left and the hibernacula sites (both were open woodland habitat 
with distinct habitat edges). Although movement to and from hi-
bernacula and hibernating singly at this latitude have been reported 
in other snake species (Gregory 1982; Sexton et al. 1992), migra-
tion and fidelity to a distant hibernaculum in snakes most often is 
associated with communal hibernacula at high latitudes (Gregory 
1984). 

I excavated one hibernaculum on 22 January 1994 and found 
the snake in a small chamber located approximately 75 cm from 
the mouth of the burrow at a depth of 25 cm. The soil temperature 
of the chamber was 4.5°C (measured with a thermocouple probe) 
and the body temperature of the snake was 4.7°C (measured with 
the temperature-sensitive transmitter). In December—February, 
body temperatures of snakes in their hibernacula averaged 10.1 ± 
2.4°C (SD) (range 4.7-13.6°C, N = 16) in 1992 and 11.4 ± 1.3°C 
(9.8-14.6°C, N = 23) in 1993. These relatively high temperatures 
were within the normal range of body temperatures for hibernat-
ing reptiles (1-15°C; Gregory 1982) and support the notion that 
hibernating snakes often seek the warmer parts of their hibernacu-
lum (Sexton et al. 1992). During this same period, snakes occa-
sionally basked when maximum air temperatures exceeded ap- 
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proximately 18°C for several consecutive days. Body tempera-
tures of basking snakes in December-February averaged 23.7 ± 
3.7°C (21.1-26.3°C, N = 2) in 1992 and 23.1 ± 6.1°C (16.6-32.6°C, 
N = 6) in 1993. 

One male was found dead on 5 December 1993 near the mouth 
of its hibernaculum where it had been monitored since 17 No-
vember. The snake was last observed basking in the same position 
and location on 28 November. Freezing was the likely cause of 
death as minimum air temperatures had dropped to at least -6°C 
during that time and there was no gross physical damage to the 
body or evidence of disease. 

Percent change in the body mass of hibernating snakes deter-
mined from measurements taken at highly variable times before 
and after the December-February hibernation averaged 0.3 ± 9.3% 
(-11.3% to 11.4%, N = 5). Based on the intensity of monitoring 
and the times of body mass measurement, body mass change due 
to overwintering probably was best represented by one female who 
weighed 244 g on 15 October and 238 g on 2 February. The 2.5% 
loss in mass during this time was associated with a mean body 
temperature of 11.4 ± 1.3°C (N = 23), two hibernacula shifts, and 
at least four bouts of basking in December-February. It is unknown 
whether the mass loss represented lean mass, lipid, or water loss. 

My observations differ from various anecdotal reports on hiber-
nation in H. platirhinos because they report histories of individual 
snakes monitored over extended times. The mole burrow hiber-
nacula described herein as well as various other kinds of hiber-
nacula have been reported previously for H. platirhinos (Ander-
son 1965; Arndt 1980; Neill 1948; Platt 1969). In contrast to op-
portunistic encounters which limit the discovery of hibernacula to 
only where one searches (e.g., Neill 1948), telemetric observa-
tions should better represent unbiased overwintering "preferences" 
because, assuming no transmitter effect, they demonstrate choices 
of hibernacula made by individual snakes (Weatherhead and 
Charland 1985). Consistent with these results are reports that 
Heterodon usually are absent in hibernacula harboring other snake 
species (Platt 1969). For example, in Missouri, Heterodon are ab-
sent in the limestone edge hibernacula used by most other snakes, 
choosing instead to hibernate in mammal burrows in nearby open 
fields (Anderson 1965). It is known that Heterodon may dig their 
own hibernacula (Arndt 1980; Platt 1969). The loose, sandy soils 
on my study area appeared to be suitable for burrowing and I have 
observed Heterodon to dig when foraging (unpubl.). The lack of 
burrowing for hibernacula at this locality may have resulted from 
the high availability of natural mole burrows. 
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The years that have transpired since we last updated the Hondu-
ran herpetofauna (Wilson and McCranie 1994a) have been pro-
ductive ones, resulting in major additions to our knowledge. Un-
like two previous lists (Wilson 1983; Wilson and McCranie 1994a), 
we treat here only the reptile component of the herpetofauna, in-
asmuch as the amphibians will be dealt with in McCranie and 
Wilson (2002). That book treats 116 species of amphibians, in-
cluding two caecilians, 25 salamanders, and 89 anurans. These 
figures compare with a total of 89 species, including 3 caecilians 
(see McCranie and Wilson 2002, for an explanation of the de-
crease of one species), 17 salamanders, and 69 anurans in the 1994 
list. 

As with the 1983 and 1994 lists, additions to the reptile fauna 
have occurred through range extensions or taxa being described 
as new to science. In addition, a few taxa have been resurrected or 
added to the reptile fauna as a result of the clarification of the 
status of some Honduran populations. Currently, the total number 
of species of Honduran reptiles is 217, up from 188 on the 1994 
list, a 15.4% increase. The increase of 29 taxa involved numerous 
modifications, as detailed below. No changes occurred in the list 
of crocodilians. Fourteen species of turtles are currently recog- 
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nized on the Honduran mainland and in Honduran waters. This 
figure is two fewer than that in the 1994 list, inasmuch as 
Dermatemys mawii has been deleted from the list, as no material 
from Honduras has made its way into collections (McCranie and 
Wilson, in prep.), and Chelonia agassizi is no longer recognized 
as a species distinct from C. mydas (Kamezaki and Matsui 1995; 
Karl and Bowen 1999; Parham and Zug 1996). The lizard fauna 
increased from 69 to 88 species, due to descriptions of 11 new 
species (as well as one taxon listed in 1994 as Celestus sp. and 
two species of Ctenosaura named as new based on separating 
Honduran populations from those in the remainder of two taxa 
indicated in the 1994 list) and eight range extensions. The snake 
fauna now comprises 113 species, up from 101 in the 1994 list. 
The change in number results from the description of five new 
species (as well as one taxon listed in 1994 as Ninia sp.), six range 
extensions, and one resurrection. Since the 1994 list, then, 16 de-
scriptions of new species have appeared in print or are in press. In 
addition, the range of 14 species has been extended into Hondu-
ras. 

As with the previous paper (Wilson and McCranie 1994a), the 
reptilian species are listed alphabetically under each order. In ad-
dition, each name is followed by a parenthetically-enclosed num-
ber referring to a numbered reference in the Literature Cited sec-
tion in which that species was reported as occurring in Honduras. 

TESTUDINES (14 species) 

Caretta caretta (11) 
Chelonia mydas (11) 
Chelydra serpentina (45) 
Dermochelys coriacea (11) 
Eretmochelys imbricata (11) 
Kinosternon leucostomum (45) 
Kinosternon scorpioides (45) 
Lepidochelys olivacea (11) 
Rhinoclemmys annulata (45) 
Rhinoclemmys areolata (6; also see reference 48) 
Rhinoclemmys funerea (45) 
Rhinoclemmys pulcherrima (45) 
Staurotypus triporcatus (45) 
Trachemys scripta (45, as Chrysemys ornata) 

CROCODILIA (2 species) 

Caiman crocodilus (45) 
Crocodylus acutus (45) 

SAURIA (88 species) 

Abronia montecristoi (37) 
Abronia salvadorensis (59, as Abronia montecristoi; see reference 
3) 
Ameiva ameiva (50) 
Ameiva festiva (45) 
Ameiva undulata (45) 
Anolis allisoni (45) 
Aristelliger georgeensis (1) 
Aristelliger praesignis (50) 
Basiliscus plumifrons (45) 
Basiliscus vittatus (45) 
Celestus bivittatus (59) 

Celestus montanus (45) 
Celestus scansorius (35) 
Cnemidophorus deppii (45) 
Cnemidophorus lemniscatus (45) 
Cnemidophorus motaguae (45) 
Coleonyx mitratus (45) 
Corytophanes cristatus (45) 
Corytophanes hernandesii (26) 
Corytophanes percarinatus (36) 
Ctenosaura bakeri (45, as Enyaliosaurus bakeri [in part]; see ret-
erence 5) 
Ctenosaura flavidorsalis (17) 
Ctenosaura melanosterna (2) 
Ctenosaura oedirhina (5) 
Ctenosaura similis (45) 
Eumeces managuae (4) 
Eumeces sumichrasti (45) 
Gonatodes albogularis (45) 
Gymnophthalmus speciosus (45) 
Hemidactylus brookii (16) 
Hemidactylus frenatus (7) 
Hemidactylus mabouia (38) 
Iguana iguana (45) 
Laemanctus longipes (45, [in part]) 
Laemanctus serratus (23) 
Leiocephalus carinatus (50) 
Lepidophyma flavimaculatum (45) 
Mabuya unimarginata (45, as Mabuya mabouya) 
Mesaspis moreletii (45, as Barisia moreleti) 
Norops amplisquamosus (43) 
Norops bicaorum (15) 
Norops biporcatus (45, as Anolis biporcatus) 
Norops capito (45, as Anolis capito) 
Norops crassulus (45, as Anolis crassulus) 
Norops cupreus (45, as Anolis cupreus) 
Norops cusuco (30) 
Norops heteropholidotus (18) 
Norops humilis (45, as Anolis humilis) 
Norops johnmeyeri (54, as Anolis johnmeyeri) 
Norops kreutzi (30) 
Norops laeviventris (45, as Anolis laeviventris) 
Norops lemurinus (45, as Anolis lemurinus [in part]) 
Norops limifrons (45, as Anolis limifrons [in part]; see reference 
56) 
Norops lionotus (24, as Norops oxylophus) 
Norops loveridgei (45, as Anolis loveridgei) 
Norops muralla (20) 
Norops ocelloscapularis (21) 
Norops pentaprion (45, as Anolis pentaprion) 
Norops petersii (32) 
Norops pijolensis (44, as Norops pijolense) 
Norops purpurgularis (25) 
Norops roatanensis (19) 
Norops rodriguezii (56) 
Norops rubribarbaris (20) 
Norops sagrai (45, as Anolis sagrei) 
Norops sericeus (45, as Anolis sericeus) 
Norops sminthus (45, as Anolis sminthus [in part]) 
Norops tropidonotus (45, as Anolis tropidonotus) 

Herpetological Review 33(2), 2002 	 91 



Norops uniformis (56) 
Norops utilensis (14) 
Norops wampuensis (29) 
Norops yoroensis (31) 
Norops zeus (19) 
Phyllodactylus palmeus (45) 
Phyllodactylus tuberculosus (45) 
Polychrus gutturosus (45) 
Sceloporus malachiticus (45) 
Sceloporus squamosus (45) 
Sceloporus variabilis (45) 
Sphaerodactylus dunni (45) 
Sphaerodactylus glaucus (8) 
Sphaerodactylus millepunctatus (45, as Sphaerodactylus 
continentalis) 
Sphaerodactylus notatus (50) 
Sphaerodactylus rosaurae (45) 
Sphenomorphus assatus (28) 
Sphenomorphus cherriei (45, as Scincella cherriei (in part]) 
Sphenomorphus incertus (56) 
Thecadaclylus rapicauda (45) 

SERPENTES (113 species) 

Adelphicos quadrivirgatus (60) 
Agkistrodon bilineatus (60) 
Alsophis cantherigerus (50) 
Amastridium veliferum (60) 
Atropoides nummifer (60, as Bothrops nummifera) 
Boa constrictor (60) 
Bothriechis bicolor (60, as Bothrops bicolor) 
Bothriechis marchi (60, as Bothrops marchi) 
Bothriechis schlegelii (60, as Bothrops schlegeli) 
Bothrops asper (60, as Bothrops atrox) 
Cerrophidion godmani (60, as Bothrops godmani) 
Chironius grandisquamis (60) 
Clelia Celia (60) 
Coniophanes bipunctatus (60) 
Coniophanes fissidens (60) 
Coniophanes imperialis (60) 
Coniophanes piceivittis (60) 
Conophis lineatus (60) 
Corallus annulatus (9) 
Crisantophis nevermanni (60) 
Crotalus durissus (60) 
Dendrophidion nuchale (60, as Dendrophidion clarki) 
Dendrophidion percarinatum (60) 
Dipsas bicolor (60) 
Dryadophis dorsalis (60) 
Dryadophis melanolomus (60) 
Drymarchon corais (60) 
Drymobius cloroticus (60) 
Drymobius margaritiferus (60) 
Drymobius melanotropis (60) 
Elaphe flavirufa (60) 
Enulius bifoveatus (27) 
Enulius flavitorques (60, [in part]) 
Enulius roatanensis (27) 
Erythrolamprus mimus (60) 

Ficimia publia (60) 
Geophis damiani (58) 
Geophis fulvoguttatus (33) 
Geophis hoffmanni (60) 
Hydromorphus concolor (60) 
Imantodes cenchoa (60) 
Imantodes gemmistratus (60) 
Imantodes inornatus (60) 
Lampropeltis triangulum (60) 
Leptodeira annulata (60) 
Leptodeira nigrofasciata (60) 
Leptodeira septentrionalis (60) 
Leptodrymus pulcherrimus (60) 
Leptophis ahaetulla (60) 
Leptophis mexicanus (60) 
Leptophis modestus (60) 
Leptophis nebulosus (60) 
Leptotyphlops goudotii (60) 
Loxocemus bicolor (60) 
Masticophis mentovarius (60) 
Micrurus alleni (24) 
Micrurus browni (33) 
Micrurus diastema (60) 
Micrurus nigrocinctus (60) 
Micrurus ruatanus (60) 
Ninia diademata (60) 
Ninia espinali (34) 
Ninia maculata (42) 
Ninia sebae (60) 
Nothopsis rugosus (46) 
Omoadiphas aurula (22) 
Oxybelis aeneus (60) 
Oxybelis brevirostris (60) 
Oxybelis fulgidus (60, [in part]) 
Oxybelis wilsoni (51) 
Oxyrhopus petola (60) 
Pelamis platurus (60) 
Pliocercus elapoides (60; see reference 49, as Urotheca elapoides) 
Porthidium nasutum (60, as Bothrops nasuta) 
Porthidium ophryomegas (60, as Bothrops ophryomegas) 
Pseustes poecilonotus (60) 
Rhadinaea godmani (60) 
Rhadinaea kinkelini (60) 
Rhadinaea lachrymans (39) 
Rhadinaea montecristi (60) 
Rhadinaea tolpanorum (10) 
Rhinobothryum bovallii (60) 
Scaphiodontophis annulatus (60) 
Scolecophis atrocinctus (60) 
Senticolis triaspis (60, as Elaphe triaspis) 
Sibon anthracops (60) 
Sibon carri (60) 
Sibon dimidiatus (60) 
Sibon longifrenis (42) 
Sibon nebulatus (60) 
Spilotes pullatus (60) 
Stenorrhina degenhardtii (60) 
Stenorrhina freminvillii (60) 
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Storeria dekayi (60) 
Tantilla impensa (57) 
Tantilla lempira (60) 
Tantilla melanocephala (60) 
Tantilla schistosa (60) 
Tantilla taeniata (60, [in part]) 
Tantilla tritaeniata (57) 
Tantillita lintoni (60) 
Thamnophis fulvus (60) 
Thamnophis marcianus (60) 
Thamnophis proximus (60) 
Tretanorhinus nigroluteus (60) 
Trimorphodon biscutatus (60) 
Tropidodipsas fischeri (60, as Sibon fischeri) 
Tropidodipsas sartorii (60, as Sibon sartorii) 
Typhlops costaricensis (53) 
Typhlops stadelmani (60, as Typhlops tenuis; see reference 40) 
Ungaliophis continentalis (60) 
Urotheca guentheri (42) 
Xenodon rabdocephalus (60) 
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On 5 August 1998 at 1530 h, ALC noticed an extraordinary ag-
gregation of adult copperheads (Agkistrodon contortrix). She was 
following a well-used hiking trail in Clinton State Park near the 
city of Lawrence in Douglas Co., Kansas, USA. The snakes lay in 
resting coils on both sides of the trail, 0.6-3 m from its edge, among 
loose rocks of a limestone outcrop. Seven snakes were closely 
associated in a group, touching one another or separated by less 
than 5 cm; there were four in another such group 1 m away; and a 
twelfth snake was located about 1.5 m from its nearest neighbor. 
The sky was overcast after light rain and the temperature was 24°C. 
After 5 min, seven of the snakes took refuge in three holes that 
were 0.1-0.3 m apart. At 1810 h, when ALC rechecked the site 
just after two bicyclists had passed on the trail, four snakes re-
mained-three in shade and one in sunshine. 

At 1500 h on 6 August, ALC and HSF returned and captured all 
snakes that could be found-10 from the site discovered on 5 
August, and 4 from a site about 100 m farther west on the same 
outcrop. On 9 August, ALC returned at 1140 h and caught two 
more at the site of the large aggregation, and at 1500 h she caught 
one more 2 m away. On 10 August at 0945 h she returned again 
and caught three more copperheads at the same site, while a fourth 
escaped. Except for one adult male, all these snakes proved to be 
gravid females. Thus, the large aggregation contained at least 17 
snakes (15 gravid females, 1 male, and 1 individual that escaped), 
and four gravid females were found (and captured) in the smaller 
group. These snakes subsequently produced their litters in captiv-
ity. On 6 and 12 September, females and neonates were returned 
to the park and released at sites well removed from the trails and 
other places of concentrated human activity. 

Allen (1868) first documented aggregating behavior of gravid 
female copperheads, citing A. C. Bennett, who had killed female 
copperheads found in several different groups in Massachusetts-
five on 5 July, seven later in July, and six in September. In Con-
necticut, Finneran (1948, 1953) found five groups of female cop-
perheads (4, 4, 5, 7, and 9) on a wooded hilltop in 1941, 1942, 
1946, and 1947. Minton (1944) reported associations of pairs and 
threes in Indiana, and Fitch (1960) recorded associations of two, 
three, and four in Kansas. Over a 50-yr period (1948-1998) at 
The University of Kansas Natural History Reservation, HSF cap-
tured 335 gravid females in mid-late summer (July, August, and 
early September), of which 275 (82%) were found singly (many 

94 	 Herpetological Review 33(2), 2002 



in traps) and 55 others were in associations of two to five (mean ± 
SE = 2.39 ± 0.84). 

Our observations, as well as literature accounts (e.g., Finneran 
1953), indicate that when gravid females are found together, they 
are associated with a "den" (hole in the ground, rock crevice, hol-
low log) into which they can escape from predators or unfavor-
ably low or high temperatures. They are also in areas exposed to 
sun for part of the day, permitting them to bask. These associa-
tions apparently stem from mutual affinity because the snakes 
might be gathered tightly although nearby locations that appear to 
be equally suitable are unoccupied (Fitch 1999). Mutual security 
might lead females to associate because a predator attacking one 
of them would be at risk of bites from others lying within striking 
range. Furthermore, the association between parturient females 
and neonates, and that between neonates of the same or different 
litters, might confer some benefit in mutual security. 

The association of 16 gravid females with the prospect of about 
100 neonates in an area of perhaps 0.0065 ha would reduce each 
snake's opportunity to feed. A female could stay with her litter for 
several days and the neonates may remain at the birthing site even 
longer. Although females take little or no food during late preg-
nancy, and thus would not compete for food during this time, they 
are somewhat emaciated after the birth of their litters, and are ready 
to take prey. The neonates shed their skins when they are about a 
week old; by then they are using up their store of abdominal egg 
yolk and are ready for their first meal. There is usually little over-
lap between adults and neonates in sizes of prey animals taken 
and in kinds of prey (Fitch 1960, 1999), but barring rapid and 
long-distance dispersal, intense competition seems inevitable 
within each age class at such high density. 

This unusually large aggregation could have resulted from a 
high population density in a habitat with few optimal brooding 
sites. Exploration of the rock outcrop revealed other sites with 
exposed rock, but these did not seem to receive as much sun dur-
ing the day as the site occupied (ALC observation). That this lo-
cality could sustain a dense snake population is given support by 
comparing these females with those from two other populations 
located in areas that differ in food abundance. The average length 
and embryo count of the females from Clinton Lake were 635.8 ± 
11.2 mm SVL and 6.65 ± 0.24 embryos, respectively. These val-
ues are intermediate but on the high side in comparison with fe-
males from two other locations: The University of Kansas Biotic 
Succession Area, a seemingly ideal habitat with a high population 
of prey (Microtus ochrogaster), and The Natural History Reser-
vation, an area of dense forest where prey is much less available 
(Fitch 1999). The average length and embryo count of 15 gravid 
females taken from the succession area between 1986 and 1997 
were 644.8 ± 8.3 mm SVL and 7.13 ± 1.15 embryos. In compari-
son, a 40-yr sample (1958-1998) of Reservation snakes had an 
average SVL of 606.5 ± 4.8 mm and contained 5.37 ± 0.17 em-
bryos. Although no effort was made to estimate copperhead popu-
lation density at the Clinton Lake site, population density is corre-
lated with size and fecundity of females, probably through the 
joint causal factor of food availability (Fitch 1999). 

We cannot state conclusively why these snakes formed such a 
large aggregation. It is unprecedented in the literature and, in light 
of our current knowledge of the biology of these snakes, could 
have social or environmental causes. 
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Reports of amphibians utilizing the burrows of other vertebrates 
are common. Several species of amphibians are found in gopher 
tortoise burrows (Lips 1991), and ambystomatid salamanders are 
often observed in association with small mammal burrows 
(Douglas and Monroe 1981; Gordon 1968; Hamilton 1946; Loredo 
et al. 1996). We report the use of black-tailed prairie dog (Cynomys 
ludovicianus) burrows by a population of tiger salamanders 
(Ambystoma tigrinum) at a prairie dog town at Wind Cave National 
Park (WICA) in southwestern South Dakota. We also provide some 
evidence for commensalism and suggest future studies to determine 
if this type of relationship exists between these salamanders and 
prairie dogs. 
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During a herpetological survey of WICA in 1996, we observed 
several tiger salamanders at a prairie dog town at Bison Flats, 
WICA (Fig. 1). The prairie dog town at Bison Flats surrounds a 
temporary pond used in 1996-1998 by breeding tiger salamanders 
(Fig. 2). Based on these observations we designed a sampling 
protocol to determine 1) the number of burrows used by 
salamanders, 2) the total number of salamanders using burrows, 
and 3) the pattern of salamander activity in burrows through the 
spring and summer. In 1998, we also wanted to determine if 
salamanders used specific burrows continually through the summer 
and determine the spatial extent of salamanders in burrows in 
relation to the pond. For comparison, we also visited the Pringle 
prairie dog town (WICA) and the Custer prairie dog town at Custer 
State Park (CSP) in 1996 and 1997 (Fig. 1). In 1998, we focused 
only on the Bison Flats prairie dog town and expanded the area of 
our survey to determine if the 1996-1997 surveys were missing 
occupied burrows farther from the pond. 

During the spring and summer 1996-1998, we conducted a total 
of 17 surveys of prairie dog towns (Table 1). Surveys were 
conducted between 2045-2400 h and varied in duration from 19-
156 minutes. Night air temperatures to the nearest 0.5°C were taken 
within the prairie dog town at the beginning of each survey using 
a hand-held thermometer one meter above the ground. During night 
surveys at each prairie dog town, we systematically checked from 
100-187 (five surveys, mean = 161.6) burrows in 1996, 90-113 
(five surveys, mean = 106.4) burrows in 1997, and 117-491 (seven 
surveys, mean = 264.4) burrows in 1998. We shined a light into 
the entrance of each burrow, and recorded whether tiger 
salamanders were present. Because the surveys were conducted at 
night, it is possible that we missed burrows or checked the same 
burrow twice. When salamanders were found in a burrow, the light 
caused them to retreat quickly into the burrow and out of view. 
Therefore, if a burrow was checked a second time, a false 
unoccupied burrow would be recorded. Although we do not believe 

FIG. 1. Map of Wind Cave National Park indicating the location of the 
Bison Flats, Pringle, and Custer prairie dog towns surveyed in 1996-
1998. 

FIG. 2. Map of the Bison Flats prairie dog town showing the location of 
the pond, burrows occupied by salamanders in 1998, and the approximate 
extent of the prairie dog town limits. 

that this occurred often, it would serve to underestimate the number 
of burrows occupied. Bison Flats prairie dog town became the 
focus of this study after we noticed high levels of salamander 
activity at this prairie dog town during studies of the adjacent pond. 

We compared the number of burrows occupied and percentage 
of burrows occupied per survey with the date, temperature at the 
start of each survey, and the number of days since the last rain 
using linear regression (SAS Institute Inc. 1997). Percentages were 
arcsine transformed prior to analyses. Date was used to determine 
if the pattern of burrow occupancy changed during the spring and 
summer. Temperature and number of days since the last rain were 
used because salamander activity could be associated with these 
environmental variables. Because of the intentional increase in 
the number of burrows checked at Bison Flats in 1998, that is, an 
average of greater than 100 more burrows were checked in 1998 
than the previous years, percentages of burrows occupied are lower 
for 1998. Therefore, we present analyses of both the number of 
burrows occupied and percentage of burrows occupied at Bison 
Flats from 1996-1998. Finally, we used ANOVA to determine if 
the number of burrows occupied was different among the three 
years. 

In 1998, we marked burrows that were occupied by salamanders 
with a stake for future identification and measured the distance 
from the center of the pond to each of these burrows. To evaluate 
the spatial extent of burrow use, we used a chi-square test to 
determine if the number of occupied burrows in each 30 m-wide 
concentric ring around the pond was different (Sokal and Rohlf 
1995). The expected number of occupied burrows was calculated 
based on the area of each successively larger concentric ring (i.e., 
30-60 m, 60-90 m, 90-120 m, and 120-150 m) divided by the 
total area. The 0-30 m area was not included because the pond 
inundated it. The zero point was defined as the deepest point of 
the pond. We also monitored marked burrows in subsequent 
surveys to determine if salamanders used the same burrows. 

Night air temperatures during surveys ranged from 15-25°C 
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TABLE 1. Results of tiger salamander surveys at three prairie dog towns in Wind Cave National Park and Custer State Park 1996-1998. 

Prairie 
Dog 

Date Temp. (°C) Number of Burrows with 0-5 
Salamanders Per Burrow 

Number of 
Burrows 

Total 
Number of 

% of 
Burrows 

Town 0 1 2 3 4 5 Occupied Salamanders Occupied 

Bison Flats 17 May 96 16.0 134 36 10 1 0 0 47 59 26.0 
Bison Flats 10 Jun 96 17.0 124 35 6 3 0 0 44 56 26.2 
Bison Flats 4 Aug 96 21.0 169 3 0 0 0 0 3 3 1.7 
Pringle 24 Jun 96 23.5 181 6 0 0 0 0 6 6 3.2 
Custer 26 Jun 96 25.0 100 0 0 0 0 0 0 0 0.0 

Bison Flats 16 Jun 97 19.5 64 21 2 3 0 0 26 34 28.9 
Bison Flats 18 Jun 97 17.0 81 24 3 3 0 0 30 39 27.0 
Bison Flats 19 Jul 97 23.5 85 17 4 1 0 0 22 28 20.6 
Bison Flats 4 Aug 97 24.5 88 21 1 1 0 0 23 26 20.7 
Pringle 17 Jun 97 15.0 111 2 0 0 0 0 2 2 1.8 

Bison Flats 20 Jun 98 275 35 2 1 0 0 38 42 12.1 
Bison Flats 11 Jul 98 - 437 46 6 2 0 0 54 64 11.0 
Bison Flats 23 Jul 98 16.0 335 19 2 0 1 0 22 27 6.2 
Bison Flats 3 Aug 98 16.0 207 34 2 3 0 0 39 47 15.9 
Bison Flats 13 Aug 98 15.5 161 4 0 0 0 0 4 4 2.4 
Bison Flats 26 Aug 98 18.5 104 12 0 0 0 1 13 17 11.1 
Bison Flats 18 Sep 98 21.0 159 3 0 0 0 0 3 3 1.9 

(Table 1). Tiger salamanders were found in few burrows at the 
Pringle prairie dog town in 1996-1997 and in no burrows at the 
Custer prairie dog town in 1996 (Table 1). For May-July of all 
three years, 22-54 prairie dog burrows were occupied by 
salamanders at Bison Flats, clearly many more than at the Custer 
or Pringle prairie dog towns (Table 1). In 1996 and 1998, there 
were drops in occupancy of varying magnitudes in August (Fig. 
3), a month when the ephemeral pond at Bison Flats usually tended 
to dry. However, burrow occupancy by salamanders remained 
consistent through early August in 1997. The number of burrows 
occupied was negatively correlated with date for the three years 
combined (r = -0.73, P = 0.003, N = 14) as was the percentage of 
burrows occupied (r = -0.75, P = 0.002, N = 14). A similar negative 
relationship was detected for each year separately with a significant 
result for the number of burrows occupied in 1998 (r = -0.77, P = 
0.04, N = 7), but not in 1996 (r = -0.97, P = 0.15, N = 3) or 1997 
(r = -0.80, P = 0.20, N = 4). There was also a negative relationship 
between percentage of burrows occupied and date with a significant 
relationship in 1997 (r = -0.90, P = 0.05, N = 4), but not in 1996 (r 
= -0.95, P = 0.20, N = 3) or 1998 (r = -0.52, P = 0.23, N = 7). 
Non-significant results in 1996 and 1997 were likely because of 
small sample sizes as both correlations were strong. Overall, 
burrow occupancy by tiger salamanders decreased through the 
course of the spring and summer (Fig. 3). There was no relationship 
between the number of burrows occupied and the temperature at 
the start of each survey (P = 0.26, N = 12) nor with the percentage 
of burrows occupied and temperature (P = 0.98, N = 12). 
Furthermore, there was no relationship between the number of 
burrows occupied and the number of days since the last rain (P = 
0.44, N = 14) nor with the percentage of burrows occupied (P = 
0.29, N = 14). There was no difference among years in the number 
of burrows occupied (Fz  „ = 0.15, P = 0.86). 

More occupied burrows than expected were found in the 60-90 
m and 90-120 m areas, less burrows than expected in the 120-150 
m area, and the same number as expected in the 30-60 m area Ce 
= 56.46, df = 3, P < 0.0001). We marked 86 occupied burrows 
from 11 July to 13 August 1998. Of these marked burrows, 72 
were checked in subsequent surveys and 38.9% had at least one 
salamander present. Thus, repeated use of the same burrows existed 
to some degree at Bison Flats. 

Our data show the spatial extent and temporal pattern of black-
tailed prairie dog burrow use by tiger salamanders during the spring 
and summer. The pond at the center of the Bison Flats prairie dog 
town may explain the higher percentage of burrow occupancy 
compared with Pringle and Custer prairie dog towns. At Bison 
Flats, salamander burrow occupancy was consistent in May-
August 1997 when the pond still held some water, but in 1996 and 
1998 burrow occupancy dropped when the pond dried during 
August of each year (Fig. 3). Even though burrow occupancy 
numbers were low in September 1998, salamanders were still 
present (Table 1; Fig. 3). Additionally, an anecdotal observation 
on 3 October 1998 found three salamanders in burrows (D. 
Frankfort, WICA, pers. comm.). The negative relationship between 
burrow occupancy and date could represent either decreasing 
activity levels or migration out of the area. We do not know whether 
tiger salamanders were still present, but inactive, at the prairie 
dog town after our surveys concluded. 

We cannot discern whether the drop in the number of 
salamanders observed in 1996 and 1998 was because of decreased 
activity or migration from the study area. Post-breeding dispersal 
distances have been reported for other species of ambystomatid 
salamanders. California tiger salamanders (Ambystoma 
californiense) leaving breeding ponds traveled a mean distance of 
35.9 m (range = 8-129 m) and settled in ground squirrel burrows 
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FIG. 3. Number of burrows occupied by date for surveys conducted at the Bison Flats prairie 
dog town in 1996-1998. 

83% of the time (Loredo et al. 1996). Two 
studies of post-breeding dispersal in 
Ambystoma maculatum documented mean 
dispersal distances of 192 m (range = 157-
249 m) (Kleeberger and Werner 1983) and 
150 m (range = 6-220 m) (Douglas and 
Monroe 1981). Migration out of the study 
area is unlikely because of the distance from 
this area to other suitable habitat (i.e., —1.5 
km to the nearest wooded cover and —1.75 
km to the nearest permanent water). Radio-
tracking of a subset of individuals is needed 
to determine if salamanders hibernate in 
prairie dog burrows or if they migrate out of 
the area. 

Almost 40% of burrows marked and 

a 

—o— 1996 

- 1997 

1998 

0 subsequently rechecked had salamanders 
present. Though we did not mark individuals, 
use of the same burrow during more than one 
survey indicates repeated or continual use by 
one or more salamanders and suggests the 
salamanders might be residents for at least 
the spring and summer. However, mark and 
recapture studies are needed to determine if 
salamanders occupy one or more burrows 
over the course of the summer. The expansion of sampling efforts 
in 1998 resulted in checking nearly twice the number of burrows, 
yet the number of burrows occupied did not increase (Table 1). 
This relationship is reflected in the analysis that showed there were 
more occupied burrows than expected between 60-120 m and less 
occupied burrows than expected beyond 120 m. Salamander 
activity might be restricted to close proximity to the pond. 

The potential benefits for tiger salamanders living in prairie dog 
burrows at Bison Flats include an abundance of burrows to use as 
shelters or hibernation sites, proximity of water for breeding, and 
a potential source of invertebrate prey attracted to prairie dog feces. 
Black-tailed prairie dog burrows are remarkably stable 
environments, with winter temperatures ranging from 5-10°C, 
summer temperatures from 15-25°C, and a relative humidity that 
is generally higher within burrows than on the surface (Hoogland 
1995). Hoogland (1995) recorded an average relative humidity of 
88% in burrows. The benefits of such stable temperatures and 
humidity levels are important in habitats such as the prairies of 
western South Dakota, where summers can be hot and dry and 
winters extremely cold. In summer, access to burrows would allow 
salamanders to remain underground during the day and become 
active above ground at night. This potentially decreases the risk 
of predation and desiccation for tiger salamanders. The use of 
prairie dog burrows for hibernacula would also offer advantages, 
such as relatively high and constant temperatures and humidity. 
Additionally, prairie dogs have anti-predator behaviors, such as 
mobbing potential predators and plugging holes (Hoogland 1995), 
which might benefit tiger salamanders. 

Lips (1991) suggested that gopher tortoise feces retained within 
the burrow chamber might attract insects and subsequently insect-
feeding amphibians. We observed both fecal pellets and insects 
around the entrances of prairie dog burrows. Salamanders might 
forage in close proximity to burrows, where insect abundance might  

be higher and there is shelter nearby. Future studies comparing 
the characteristics of burrows occupied by salamanders versus 
unoccupied burrows might provide important information 
concerning salamander requirements. 

We have documented the spatial extent and temporal pattern of 
tiger salamander burrow use in a black-tailed prairie dog town 
over three years. These observations provide a starting point for 
investigations into a commensal relationship benefiting 
salamanders at Bison Flats prairie dog town. Additionally, 
observations of multiple salamanders per burrow (Table 1), often 
stacked on top of one another, raise interesting questions concerning 
previously documented territorial behavior in ambystomatid 
salamanders that warrant further study (Ducey 1989; Ducey and 
Ritsema 1988; but see Martin et al. 1986). This tiger salamander 
aggregation at Bison Flats presents an opportunity to study 
intraspecific and interspecific interactions of A. tigrinum in the 
field. 
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Little is known about diseases affecting wild populations of box 
turtles (Terrapene spp.). To our knowledge, there are only three 
published reports. Evans (1983) diagnosed two T carolina with 
chronic bacterial pneumonia. Both individuals died after exhibit-
ing signs of emaciation, discharge of a cream-colored exudate from 
the nares, and marked respiratory distress characterized by open-
mouth breathing. A mixture of gram-negative bacteria, including 
Morganella morgani, Acinetobacter calcoaceticus, Serratia 
marcescens, and Pseudomonas sp. was isolated from both turtles. 
The collective mixture was considered the etiological agent of the  

pneumonia. Schwartz et al. (1984) reported ear infections in some 
individuals of a population of T. ornata. The etiology of the infec-
tions was undetermined. Tangredi and Evans (1997) documented 
19 T carolina from scattered locations on Long Island, New York, 
with one or more of the following signs: listlessness, ocular and 
nasal discharge, conjunctivitis, swollen eyelids, and inflammation 
of the middle ear. No single etiologic agent was identified from 
either microbiologic or histopathologic investigations. The authors 
speculated, however, that the pathogenesis of the infections might 
have resulted from low-level exposure to organochlorines. 

Recently, Mycoplasma agassizii was isolated from a wild T c. 
bauri with upper respiratory tract disease (URTD) in Florida (M. 
Brown, pers. comm.). M. agassizii is known to cause URTD in 
wild desert tortoises (Gopherus agassizii, Brown et al. 1994) and 
gopher tortoises (G. polyphemus, Smith et al. 1998). Upper respi-
ratory tract disease is contagious and may be a major source of 
mortality in many tortoise populations (Berry 1997). Clinical signs 
of URTD include intermittent serous, mucoid, or purulent nasal 
discharge, ocular discharge, conjunctivitis, swollen eyelids, eyes 
recessed into the orbits, and dull skin and scutes (Brown et al. 
1994; Jacobson et al. 1991). 

From May 1997 to October 2000, a population of T. c. carolina 
was monitored using radio telemetry in a southern Appalachian 
wetland. During the study period, high mortality occurred in this 
population, apparently as a result of an infectious disease. In this 
paper we report the general characteristics of the disease, necropsy 
results from two individuals that died, and blood tests that detect 
exposure to Mycoplasma sp. 

The study area is a 95-ha floodplain of Tulula Creek in Graham 
Co., North Carolina, USA (elev. 785-800 m). A complete descrip-
tion of the site is in Rossell et al. (1999). Each year a maximum of 
ten turtles with carapace lengths > 10 cm (measured using cali-
pers) were radio-tagged with 15 g transmitters (Wildlife Materi-
als, Inc.). Transmitters were mounted on the rear edge of the cara-
pace with galvanized wire and never exceeded 7% of the mass of 
any turtle. 

Sex and age of turtles were recorded when possible, using eye 
color and plastron shape (Schwartz et al. 1984; Stuart and Miller 
1987). Age was estimated by the mean number of growth rings on 
four randomly selected carapace scutes (Ewing 1939). All turtles 
were permanently marked by notching marginal scutes (Cagle 
1939). 

Turtles (N = 34) were located at least weekly from mid-May 
through mid-August and biweekly from mid-August until they 
entered their hibernacula. Twenty-two turtles (64%) were moni-
tored 1 yr, eight turtles (24%) were monitored 1-2 yr, and four 
turtles (12%) were monitored 2-3 yr. Because turtles did not start 
dying from disease until mid-September 1997, individuals were 
not regularly examined for signs of disease until 1998. Transmit-
ters were removed from six animals with no signs of disease dur-
ing the study because they moved long distances outside the study 
area. Transmitters were placed on new individuals as they were 
encountered in the field. 

Of the 34 T c. carolina (20 M, 12 F, 2 unknown) that were 
radio-tagged, seven (21%) died while being monitored. Five turtles 
(2 M, 2 F, I unknown) died in 1997, one male died in 1998, and 
one male died in 2000. Turtles that died in 1997 and 1998 all ex-
hibited clear ocular and nasal discharge, and swollen eyelids prior 
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to death. Clear ocular and nasal discharge also were observed in 
ca. 50% (N = 14) of turtles that did not die during 1997 and 1998. 
These signs generally manifested during the summer and disap-
peared within 1-4 weeks after the initial observation prior to hi-
bernation. The turtle that died in 2000 exhibited labored breath-
ing, coughing, and discharge of a large amount of yellowish exu-
date. This turtle also appeared listless and moved very little 1-2 d 
prior to death. 

In 1997 and 1998, one recently deceased T carolina was taken 
each year to the Western Disease Diagnostic Laboratory in Arden, 
North Carolina, for necropsy. Necropsies included preserving major 
organs in 10% buffered formalin, examining tissues histologically 
for signs of disease, and culturing aerobic bacteria from lungs, 
kidneys, spleens, intestines, and subcutaneous abscesses. 

Gross examination of turtle 1, a 20-year old female, revealed a 
1.5 cm nodule containing laminated caseous exudate on the side 
of the neck. The lungs, trachea, and upper respiratory tract all were 
unremarkable, as were the circulatory, urinary, and reproductive 
systems. The stomach and most of the intestine were empty. His-
tological examination of this turtle revealed multiple foci of ne-
crosis in the liver, spleen, and lungs that were associated with 
thrombosis of small arterioles in each of the organs. Scant inflam-
matory cells (primarily heterophils) associated with the thrombi 
also were observed. Bacterial cultures recovered Enterobacter sp. 
and Proteus sp. from a subcutaneous abscess, the lungs, and kid-
neys. Proteus sp. also were recovered from the intestines. 

Gross examination of turtle 2, a 30-year old male, revealed blu-
ish colored eyes and small ulcerated areas on the skin near the 
base of the neck. The lungs were mottled, and hemorrhage and 
necrosis of the oropharyngeal mucosa, as well as foci of hemor-
rhage along the intestinal mucosa and serosa were evident. Histo-
logical examination revealed multiple foci of acute hemorrhagic 
necrosis and abundant bacterial clusters in the heart, lungs, liver, 
kidneys, intestines, and spleen. Bacterial cultures recovered 
Pseudomonas sp. from the lungs and kidneys, Proteus sp. from 
the oropharynx, and Proteus sp., Citrobacter sp., and Serratia sp. 
from the intestines. 

In August 1999, blood samples were taken from radio-tagged 
turtles to determine whether they had been exposed to Mycoplasma 
spp. Approximately 0.25-1.00 ml of blood was collected from 
seven turtles without any known clinical signs of disease. Samples 
were drawn and processed for plasma serology following proce-
dures by Raphael and Jacobson (1997). Plasma samples were sent 
to the Mycoplasma Research Laboratory in Gainesville, Florida, 
where they were tested for the presence of antibodies to M. agassizii 
using enzyme-linked immunosorbent assay (ELISA) tests 
(Schumacher et al. 1993). This test has been validated only for 
Gopherus agassizii and G. polyphemus. However, ELISA tests 
are indicative of exposure to Mycoplasma sp. in T carolina (M. 
Brown, Univ. of Florida, pers. comm.). Test results are expressed 
as ratios between the optical density of a sample and that of a 
negative control. Samples with ratios > 3 are considered seroposi-
tive, ratios > 2 and 5 3 are considered suspect, and ratios 5_ 2 are 
considered seronegative. 

Results of ELISA tests indicated that three turtles were serop-
ositive (ratios: 3.84, 5.11, 6.01), three were seronegative (ratios: 
1.44, 1.79, 1.85), and one was suspect (ratio: 2.17) for antibodies 
to Mycoplasma sp. 

The disease that caused high mortality in this population of T 
carolina is unknown. Necropsies on recently deceased animals 
often reveal the underlying cause of death (Marcus 1981). In this 
study, necropsy results suggest that septicemia possibly caused 
the death of the two individuals examined. Septicemia is a major 
disease syndrome in reptiles and is thought to be caused by a vari-
ety of gram-negative bacteria, particularly Aeromonas hydrophila 
and Pseudomonas sp. (Marcus 1981). Animals usually become 
infected through skin abrasions from contaminated soil or water 
(Marcus 1981). Septicemia is generally characterized by small 
hemorrhages on the skin and on mucosal and serosal surfaces 
(Marcus 1981). In snakes, clinical signs of this disease include 
respiratory distress and clear to purulent nasal discharge (Heywood 
1968). 

Another disease that might have caused mortality is URTD. Six 
of the seven T carolina that died exhibited clear ocular and nasal 
discharge prior to death. These signs are the most common clini-
cal signs of URTD in tortoises (Brown et al. 1994; Jacobson et al. 
1991). Clear ocular and nasal discharge also were evident in a T 
c. bauri with URTD in Florida (M. Brown, Univ. of Florida, pers. 
comm.). In our study, diagnosis of URTD was not possible from 
necropsied animals, because nasal cavities were not examined and 
swabbed for isolation of Mycoplasma sp. 

Results of the ELISA tests also support the possibility that URTD 
might have been a factor in the deaths of turtles in this study. Three 
of seven turtles (47%) tested positive for antibodies to Mycoplasma 
sp., indicating that these animals had been exposed to a myco-
plasma and had developed a detectable immune response. The 
ELISA tests, however, do not implicate M. agassizii as the organ-
ism causing the immune response. Therefore, it is speculative 
whether URTD caused by M. agassizii infected this population. 

Iridoviruses are another potential causal agent. Members of the 
genus Ranavirus are known to cause systemic disease in infected 
fish and amphibians and are associated with high morbidity and 
mortality (Mao et al. 1997). Additionally, Mao et al. (1997) iden-
tified a Ranavirus sp. from a T carolina. In light of this finding, 
the authors expressed concern that local outbreaks of iridoviruses 
in fish or amphibians could quickly spread to neighboring reptile 
populations such as box turtles. From 1997 to 2000, the period 
that encompassed the turtle die-off in our study, we documented 
mass mortality of wood frog (Rana sylvatica) and spotted sala-
mander (Ambystoma maculatum) larvae in ponds at the study site. 
Necropsies of diseased amphibian larvae confirmed Ranavirus as 
the etiological agent of the mass mortality (D. Greene and K. Con-
verse, USGS, National Wildlife Health Center, pers. comm.). How-
ever, samples from turtles have yet to be analyzed for viral infec-
tions. 

Correctly diagnosing the cause of mortality in wild populations 
of chelonians is challenging because of a lack of detailed informa-
tion on the etiology of microbial diseases and the association of 
secondary pathogens such as gram-negative bacteria with diseased 
animals. Our field data provide strong evidence for mortality due 
to microbial infections, but further research is needed to demon-
strate specific causal agents. 
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Upper respiratory tract disease (URTD) was first described in 
California desert tortoises, Gopherus agassizii, in 1988 (Jacobson 
et al. 1991). Following Koch's postulate, a causative organism 
was soon found to be Mycoplasma agassizii (Brown et al. 1994). 
URTD is an infection known to occur in certain species of tor-
toises (Lawrence and Needham 1985), and more recently has been 
reported in natural populations of gopher tortoises, Gopherus 
polyphemus (Jacobson 1992). The symptoms of disease include, 
but are not limited to: serous or mucopurulent nasal discharge, 
epiphora, conjunctivitis, lethargy, and anorexia (Jacobson 1992). 
The course of the disease is usually chronic and can end in death 
(Jacobson 1992). This disease has received much attention in re-
cent years because of the decline of the desert tortoise (U.S. Fish 
and Wildlife Service 1989) and the gopher tortoise (Auffenberg 
and Franz 1982) in their natural habitats. A cause and effect of 
disease on declining populations of gopher tortoises has not been 
clearly established (Smith et al. 1998). Here, we provide addi-
tional data on the occurrence of exposure of wild populations of 
G. polyphemus to M. agassizii. 

Materials and Methods.-Destin Pipeline Company, L. L. C. 
(Destin) recently completed construction of a large diameter natu-
ral gas pipeline in southern Mississippi. The pipeline originates 
from a new offshore gathering platform in the Gulf of Mexico, 
travels ca. 122 km north, and makes landfall southeast of 
Pascagoula in Jackson Co., Mississippi. The pipeline then cuts a 
corridor northward for ca. 193 km in Jackson, George, Greene, 
Wayne, and Clarke counties to a terminus near Enterprise, Missis-
sippi (Fig. 1). 

Prior to construction, Destin was required to remove tortoises 
from its construction corridor (22.9-38.1 m wide) and relocate 
them into unoccupied gopher tortoise burrows adjacent to the right-
of-way. Occupancy of burrows was determined using a camera 
designed for tortoise burrow inspection. These tortoises were pre-
vented from returning to the right-of-way during construction by 
the use of silt fence barriers, and were monitored by biologists 
during construction. We collected blood samples for analysis from 
adult tortoises displaced from the construction of the project right-
of-way (ENSR 1998). Approximately 1 cc of whole blood was 
taken from the brachial venous sinus or the femoral sinus. The 
blood was immediately placed in heparinized vacutainer tubes and 
placed on ice, but not frozen. The sample was allowed to separate 
overnight. The plasma was drawn off, placed on ice, and shipped 
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Fro. 1. Destin Pipeline Co. natural gas pipeline and gopher tortoise 
transect. 

within 24 h to the Department of Pathobiology of the College of 
Veterinary Medicine at the University of Florida, Gainesville, for 
analysis. An enzyme-linked immunosorbent assay (ELISA) spe-
cific for M. agassizii antibody was performed on each sample 
(Schumacher et al. 1993). 

We also collected samples from Gopherus polyphemus speci-
mens immediately adjacent to the right-of-way in Jackson and 
George counties, where tortoises were not found on the construc-
tion corridor. By including these additional tortoises, it was pos-
sible to obtain samples from each county along a north-south 
transect from the Gulf Coast near Pascagoula, Mississippi to the 
northernmost edge of the range of G. polyphemus in Wayne Co., 
Mississippi. 

Results.—A total of 26 tortoises (9 males, 17 females) were tested 
for exposure to M. agassizii (Table 1). Samples were taken from 
gopher tortoises in Jackson (N = 1), George (N = 4), Greene (N = 
15), and Wayne (N = 6) counties. All but one tortoise tested nega-
tive for exposure to M. agassizii (Table 1). The test results indi-
cated a suspect level of antibodies in tortoise #116, which showed 
no clinical signs of the disease. This tortoise was recaptured eight 
days later and tested again. The second test sample was negative. 

Only one tortoise (#115) showed evidence of the clinical signs 
of URTD (a serous oronasal discharge). However, on 22 May 1998 
it tested negative and was released. This same tortoise was later 
recaptured on 6 June 1998, and showed none of the symptoms 
previously seen. The URTD signs seen could have been related to  

capture stress (pers. obs.), which can easily be confused with signs 
of disease (McLaughlin 1997). 

Discussion.—No gopher tortoises in this study tested positive 
for antibodies to M. agassizii. The sample size was small (N = 26) 
considering the distance of the transect (193 km). However, go-
pher tortoise populations are known to be sparse in the western 
portion of the range (Auffenberg and Franz 1982). This study is 
intended to provide baseline data for future monitoring of anti-
body levels to M. agassizii. This type of monitoring coupled with 
follow-up studies could help determine the distribution of the dis-
ease. A progressive trend toward exposure to URTD in a popula-
tion would support the possibility that the disease is still spread-
ing, and therefore might be new to G. polyphemus. However, if 
the disease is naturally occurring and essentially has always been 
present, then exposure and subsequent immune responses might 
have reached a balance in natural populations. 

Like many other diseases, there might be more than one caus-
ative organism and other factors might be involved in producing 
URTD (Diemer Berish et. al. 2000). One such question is the role 
of Pasturella sp. and other gram-negative organisms in the dis-
ease process (Jacobson 1992). Certain organisms act synergisti-
cally to produce disease and consequently the presence of other 
species of bacteria could affect the severity of the disease. It is 
also likely that factors resulting in stress such as drought, starva-
tion, and habitat degradation play an important role in the disease 
process (Jacobson 1992). Therefore, it is important to realize that 
a positive ELISA test for M. agassizii in tortoises simply indicates 
the animal has been exposed to the organism and now has anti-
bodies against it. A positive test does not equal a positive URTD 
status. 

URTD is an important disease within certain tortoise popula-
tions. It has been known to affect large portions of G. agassizii 
populations (Jacobson et al. 1991) and has been associated with 
high mortality rates. Within the past decade, antibodies against M. 
agassizii have been found within free-ranging gopher tortoise popu-
lations (Diemer Berish et al. 2000; Smith et al. 1998). The long-
term effect URTD will have on tortoise populations is still un-
known. Although Smith et al. (1998) found 100% exposure to 
URTD in a wild population of G. polyphemus in Mississippi, we 
found 0% in our study. The question of how populations of G. 
polyphemus become exposed to M. agassizii is fundamental and 
necessary to understanding how to manage tortoise populations in 
the future. Whereas Smith et al. (1998) recorded data from a popu-
lation of tortoises in a protected wildlife management area, we 
recorded our data from tortoises scattered across the range, mostly 
from isolated individuals or small groups. Smith et al. (1998) pos-
tulate that a possible source of infection in their study might have 
been the introduction of an infected individual or individuals and 
that the disease might be spreading to uninfected populations. If 
this is the case, the incidence of URTD infection in Mississippi 
might still be restricted to certain populations or regions. Regard-
ing the management of free ranging tortoises, some researchers 
have recommended not releasing previously-ill tortoises or tor-
toises having a positive titer to M. agassizii back into their natural 
range, thereby preventing spread of disease or introduction to na-
ive populations. This strategy might only be prudent if the infec-
tion is introduced. However, if it occurs naturally, and outbreaks 
occur sporadically in populations, then logic would suggest that 
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TABLE 1. Gopher tortoises (Gopherus polyphemus) tested during 1998 for upper respiratory tract disease (URTD) in Missis-
sippi. 

Tortoise No. Sample Date Sex CL (cm) Mass (kg) County Location URTD Test 

120 12 June F 24.1 2.5 Jackson T4S-R6W, S9 neg 
115 22 May M 25.7 3.3 George T1S-R7W, S6 neg 
116 27 May F 27.1 4.2 George T1S-R7W, S6 suspect* 
117 1 June F 25.7 3.3 George T 1 S-R7W, S6 neg 
118 3 June F 27.5 3.6 George T1S-R7W, S6 neg 
101 9 April F 27.4 3.8 Greene T4N-R8W, S25 neg 
102 9 April F 27.3 4.0 Greene T4N-R8W, S35 neg 
103 10 April F 29.3 4.3 Greene T4N-R8W, S35 neg 
104 12 April M 23.7 2.8 Greene T3N-R8W, S23 neg 
105 6 April M 22.9 2.65 Greene T4N-R8W, S25 neg 
106 17 April F 26.1 3.8 Greene T5N-R8W, S1 neg 
107 18 April M 24.0 3.1 Greene T4N-R8W, S35 neg 
108 20 April F 24.2 3.0 Greene T5N-R8W, Sll neg 
109 22 April F 28.2 4.4 Greene T4N-R8W, S14 neg 
110 23 April M 23.3 2.7 Greene T4N-R8W, S24 neg 
113 21 May M 26.4 3.6 Greene T1N-R7W, S7 neg 
114 21 May M 23.8 2.7 Greene T1N-R7W, S7 neg 
134 23 July F 28.2 4.0 Greene T4N-R8W, S13 neg 
135 27 July F 26.2 3.7 Greene T4N-R8W, S13 neg 
136 23 July M 24.0 2.4 Greene T4N-R8W, S13 neg 
112 4 May F 24.3 2.7 Wayne T7N-R7W, S20 neg 
121 13 June F 25.7 3.2 Wayne T6N-R7W, S20 neg 
126 17 June F 26.6 3.5 Wayne T6N-R7W, S20 neg 
127 29 June F 29.4 4.5 Wayne T6N-R8W, S36 neg 
128 29 June F 27.9 4.0 Wayne T6N-R8W, S36 neg 
122 10 June M 25.4 2.6 Wayne T6N-R8W, S36 neg 

* tested negative on 4 June 

recovered individuals could be returned or translocated to natural 
populations. We hope that data regarding the exposure of free rang-
ing tortoises to M. agassizii will be helpful in answering some of 
these questions. 
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