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The Society for the Study of Amphibians and Reptiles, the largest international herpetological society, is 
a not-for-profit organization established to advance research, conservation, and education concerning 
amphibians and reptiles. Founded in 1958, SSAR is widely recognized today as having the most diverse 
society-sponsored program of services and publications for herpetologists. Membership is open to any-
one with an interest in herpetology—professionals and serious amateurs alike—who wish to join with us 
to advance the goals of the Society. 
All members of the SSAR are entitled to vote by mail ballot for Society officers, which allows overseas 
members to participate in determining the Society's activities; also, many international members attend 

the annual meetings and serve on editorial boards and committees. 

ANNUAL DUES AND SuusciurrioNs: Annual membership dues for the year 2004 in the Society for the Study of Amphibians and 

Reptiles are as follows: REGULAR membership US$60 (Student $30)— includes Journal of Herpetology and Herpetologi-
cal Review; PLENARY membership US$80 (Student $45)— includes JH. HR, and annual subscription to the Catalogue of 

American Amphibians and Reptiles; INSTITUTIONAL SUBSCRIPTION $115 —includes JH and HR. Additional fee for 

airmail postage outside USA $35 for one year. Additional membership categories available on the SSAR webpage: http:// 
www.ssarherps.org/pages/membership.html.  

All members and institutions receive the Society's primary technical publication, the Journal of Herpetology, and its news-

journal, Herpetological Review; both are published four times per year. Members also receive pre-publication discounts on 

other Society publications, which are advertised in Herpetological Review. 

Payment must be made in USA funds, payable to "SSAR," or by International Money Order, or with VISA or MasterCard 

(account number and expiration date must be provided). Payment should be sent to: Theodora Pinou, SSAR Treasurer, De-
partment of Biological & Environmental Sciences, Western Connecticut State University, 181 White Street, Danbury. 
necticut 06810, USA. Fax: (203) 837-8769; e-mail: PinouT@wcsu.edu.  

Future Annual Meetings 

2005 — University of South Florida, Tampa, Florida, 6-11 July (with ASIH, HL) 
2006 — New Orleans, Louisiana, 12-17 July (with ASIH, HL) 



About Our Cover: Dendroaspis jamesoni 

Mambas (Dendroaspis, 
Elapidae) comprise four 
species occurring in sub-
Saharan Africa. The most 
notorious of these, the sa-
vannah-dwelling Black 
Mamba (D. polylepis), is 
also the most studied. As a 
group, mambas possess a 
powerful venom with 
strongly neurotoxic prop-
erties (Van Aswegen et al. 
1996. Wilderness and En-
vironmental Medicine 
7:115-121). 

Jameson's 	Green 
Mamba (D. jamesoni) may 
be the least known. It 
ranges widely across central African forests to elevations of -2100 
m, from southern Nigeria east to the southern half of Uganda and 
western Kenya, south to Angola, but also ranges to Togo and Ghana 
in the northwest, and extends to the Imatong Mountains in the south-
ern part of the Sudan (Spawls and Branch 1995. Dangerous Snakes 
of Africa. Krieger Publ., Malabar, Florida, 192 pp.). 

Although reported to attain a maximum length of 3.66 m (Pitman 
1974. A Guide to the Snakes of Uganda, revised edition. Wheldon & 
Wesley, xxii + 290 pp.), a more reasonable estimate of maximum 
size is perhaps 2.64 m (Spawls et al. 2002. A Field Guide to the Rep-
tiles of East Africa. Academic Press, San Diego, 543 pp.). In the most 
detailed field investigation to date of this species, Luiselli et al. (2000. 
Contributions to Zoology 69[3]:147-155; online at <http:// 
dpc.uba.uva.nlktz/vol69/nr03/a01 >) studied D. jamesoni in south-
ern Nigeria. Their work confirmed this species' strongly arboreal hab-
its and generally secretive, inoffensive behavior. Notably, these snakes 
are able to persist in patches of remnant forest, often surprisingly 
near human settlements. Adults are mostly sedentary, favoring re-
treats in specific trees or bushes, and capture arboreal prey—mainly 
birds, with some rodents eaten. Juveniles are more likely to consume 
ectothermic prey such as toads and lizards. Males attain a larger size 
than females, and male-male combat has been observed during the 
dry season (December-February). Gravid females have been found 
during April-June (wet season), with litter sizes of 7-16 (mean 10 9) 

The cover image of an adult of the East African black-tailed sub-
species Dendroaspis jamesoni kaimosae was photographed by Bill 
Love / Blue Chameleon Ventures. It was a recently imported speci-
men borrowed from Glades Herp, Inc. The animal was approximately 
5.5 feet (1.68 m) long and 
surprisingly (and thank-
fully) cooperative for the 
studio session lit by three 
Novatron lights. A Nikon 
60 mm macro lens and 
F9OX body recorded the 
image on Fujichrome 
Velvia (ASA 50) slide film. 
The odd pose was con-
trived specifically to show 
most of the snake's color 
variation along its attenu-
ated body in a vertical 
close-up format. 

SSAR BUSINESS 

Seibert Award Winners for 2004 Announced 

The thirteenth annual Seibert Awards were presented at the 47th 
Annual Meeting of the SSAR in Norman, Oklahoma 26-31 May 
2004. These awards are named in honor of Henri C. Seibert, an 
early and tireless supporter of SSAR (having served as an officer 
for over 20 years). In recognition of outstanding student 
presentations at the annual meeting, a single award was given in 
each of the following categories: Systematics (3 eligible 
presentations), Physiology/Morphology (5 eligible presentations), 
Evolution (7 eligible presentations), Ecology (8 eligible 
presentations), and Conservation (11 eligible presentations). All 
five awardees received a check for US $200 and a book from Chuck 
Crumly at the University of California Press. 

The Winners—Systematics: Adam Leache and Charles Cole, 
University of California, Berkeley, "Secondary Contact Between 
Two Putative Species of Sceloporus Lizards in Arizona." 
Physiology/Morphology: Christopher Leary, University of 
Oklahoma, Norman, "Influence of Individual Physiological 
Condition on Reproductive Tactic Expression in Toads: 
Implications for Behavioral Studies." Ecology: Stephen Spear and 
Charles Peterson, Idaho State University, Pocatello "Spatial 
Analysis of Tiger Salamanders (Ambystoma tigrinum) Gene Flow 
Across the Northern Range of Yellowstone National Park." 
Conservation: Nicole Thurgate, University of New Orleans, "Have 
Canopy Closure and Competition Contributed to the Decline of 
Endangered Dusky Gopher Frogs (Rana sevosa)?" Evolution: 
Catherine Darst, Pablo Menendez, Luis Coloma, and David 
Cannatella, University of Texas, Austin, "The Evolution of Toxicity 
and Diet-Specialization in Poison Frogs: A Comparative Analysis." 

Honorable Mention—Ecology: Jason Hoverman, Rick Relyea, 
and Nancy Schoeppner, University of Pittsburgh, "Direct and 
Indirect Impacts of Insecticides and Herbicides on Aquatic 
Communities," Mizuki Takahashi and Matthew Parris, University 
of Memphis, "Effect of Hydroperiod on Developmental 
Polymorphisms of the Eastern Spotted Newt, Notophthalmus 
viridescens." Conservation: Carol Strojny and Malcolm Hunter, 
University of Maine, "A Comparison of Amphibian Abundance in 
Harvest-Created and Natural Canopy Gaps in a Northeastern 
Forest." Evolution: Erin Myers, Fred Janzen, and Dean Adams, 
Iowa State University, Ames, "Quantitative Genetics of Plastron 
Shape in Slider Turtles (Trachemys scripta)." 

The judges were Brian Crother (Southeastern Louisiana 
University), David Bickford (University of Texas, Austin), Robert 
Espinoza (California State University, Northridge), Stanley Fox 
(Oklahoma State University, Stillwater), David Hardy, Sr. (Tucson, 
AZ), Joe Mendelson, III (Utah State University, Logan), Meredith 
Mahoney (UC Berkeley), Kirsten Nicholson (Washington 
University), Marion Preest (The Claremont Colleges), and Paul 
Stone (University of Central Oklahoma). 
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Adam Hallet in front of his project 
poster and trophy. 

SSAR Grants-in-Herpetology Committee Annual 
Report (2004) 

Grants-in-Herpetology 2005 Proposals 

Proposals are now being accepted for the 2005 SSAR Grants-
in-Herpetology Program. This program is intended to provide 
financial support for deserving individuals or organizations 
involved in herpetological research, education, or conservation. 
Application deadline is 31 December 2005. Grant application 
details are available at: 

<http://www.ssarherps.org/pages/GIH.html > 

SSAR Special Award in Herpetology at the 
New Haven City Wide Science Fair 

In an effort to promote herpetological education among chil-
dren in grades K-12, the SSAR Board of Directors agreed to sup-
port a Special Award in Herpetology for the 2004 New Haven 
(Connecticut) City Wide Science Fair. The New Haven Science 
Fair is an important part of the City's K-12 science program be-
cause the New Haven science curriculum requires every school in 
the district to enter projects. Many of these go on to compete on 
the state level (www.nhsciencefair.org/html/home.html).  

The winner of the SSAR 2004 Special Award in Herpetology is 
fifth grader Adam Hallet, from Sheridan Middle School. Adam 
exposed lizards to different colored light (white, red, blue, and  

green) and measured their 
respiratory response. He 
found that they consistently 
breathed slowest under green 
light and fastest under white 
light. Adam used the change 
in the rate of rhythmic ex-
panding and contracting of 
the rib cage to measure 
breathing rate. Although he 
wasn't sure why colored light 
affected rates of breathing he 
did remember reading about 
the pineal organ and felt that 
it might somehow be in-
volved in controlling lizard 
respiration. 

In interviewing Adam I 
learned that he loves lizards 
and reads about them all the time. He told me he developed his 
project alone after trying to decide how to best calm his pet Forest 
Armadillo Lizards in their cage. Now that he has completed this 
Science Fair project he wants to examine skulls of different lizard 
species. When asked where he was going to get these skulls he 
replied in a very matter of fact manner that "everyone knows that 
drawings of skulls are published in the literature." 

On behalf of the Society for the Study of Amphibians and Rep-
tiles and its Board of Directors I would like to extend our warmest 
congratulations to Adam, his family, and his science teacher Huan 
Ngo, and wish Adam all the best in his future scientific inquiries. 
I would also like to thank SSAR member Gregory J. Watkins-
Colwell of the Peabody Museum of Natural History, who kindly 
agreed to judge the award. 

Anyone serving on a local Science Fair Board who would like 
to facilitate this type of award should contact the SSAR Treasurer 
at theodora.pinou@yale.edu  for more information. 

—Theodora Pinou, SSAR Treasurer 

NEWSNOTES 

Biology of Sea Snakes Workshop: The Nha Trang 
Declaration 

A workshop on the Biology of Sea Snakes (elapids with a flat 
paddle-like tail), was held at the Institute of Oceanography, Nha 
Trang, Vietnam, 9-12 March 2004, jointly organized by the 
DANIDA Research Council, the Royal Danish Academy of Fine 
Arts, School of Conservation, and the Institute of Oceanography, 
Nha Trang. The following scientists, representing eight countries, 
participated: Touch Seang Tana (Cambodia); Jesper Norup Nielsen, 
Peter Gravlund, Jens Boedtker Rasmussen, Arne Redsted 
Rasmussen (Denmark); Medy Ompi (Indonesia); Indraneil Das 
(Malaysia); Filipina B. Sotto (Philippines); Anslem de Silva (Sri 
Lanka); Somchai Bussarawit, Lawan Chanhome, Visith Sitprija, 
Sansareeya Wangkulangkul (Thailand); Chu Anh Khanh, Nguyen 
Thi My Ngan, Cao Van Nguyen (Vietnam). 

An award in the amount of US $500 was made to each of the 
following individuals: 

Field Research.—Steven M. Whitfield, Florida International 
University. Project title: "Costs and benefits of male versus fe-
male parental investment in Eleutherodactylus johnstonei, a frog 
with amphisexual parental behavior." 

International.—Franklin Enrique Castaileda Menendez, 
Universidad de Costa Rica. Project title: "Movement, activity pat- 

•  tern and habitat use of Kinosternon scorpioides (Testudines: 
Kinosternidae), in a dry tropical forest in Costa Rica." 

Conservation.—Corinne L. Richards, University of Michigan. 
Project title: "Elucidating factors integral to the conservation of 
endangered Panamanian Golden Frogs (Atelopus varius and 
A telopus zeteki)." 

Laboratory Research.—Melissa A. Pilgrim, University of Ar-
kansas. Project title: "Assessing the impact of diet composition 
on Pygmy Rattlesnake (Sisturus miliarius) life history and demog-
raphy: a stable isotope approach." 

Travel.—Mizuki Takahashi, University of Memphis. Project 
title: "Phylogeography and population differentiation of the East-
ern Newt, Notophthalmus viridescens." 

2004 Grants-in-Herpetology Committee.—Chair: Erik R. Wild. 
Reviewers: Jeffrey Parmelee, Karen Lips, Daniel Meinhardt, David 
Kizirian, Christopher Beachy. 

SSAR congratulates the 2004 GIH recipients and thanks the com-
mittee members for their efforts. 
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The following resolution—the Nha Trang Declaration—was 
adopted: 
1) Sea snakes contribute significantly to the biological diversity 

of marine, coastal and freshwater ecosystems of the Indo-
Pacific region. 

2) The natural habitats of sea snakes are rapidly being degraded 
through pollution, use by humans and their impact, and thus 
require immediate assessment. Appropriate management 
options may need to be adopted in order to stem the decline 
of sea snake populations as a result of habitat destruction. 

3) Intensive fishing activities, especially the use of trawlers, result 
in the incidental capture of a large number of sea snakes, a 
large proportion of which perish. This is a senseless loss of a 
valuable biological resource, the ecological implications of 
which are not well understood at present. 

4) Systematic knowledge of the group, in addition to knowledge 
of biology and conservation status, remains poor. 

5) For effective species conservation, more research is needed 
on these and other aspects of the natural history of sea snakes 
and of their habitat requirements. 

6) Efforts to enhance conservation of sea snakes should include: 
Institutional capacity building, training, especially of students, 
husbandry, development of databases on trade, and other forms 
of use, bites, a general exchange of information between sea 
snake workers and others interested in their management and 
conservation, a review of legislation, and finally a public 
awareness programme. 

7) Many fishermen and some tourists get bitten by sea snakes 
every year throughout the region. A number of these bites 
result in death. Thus, the status of bites by sea snakes and 
preventive methods need to be ascertained. 

8) Where bites from sea snakes are a problem, specific anti-
venom needs to be developed where it is not currently 
available. 

9) Sea snakes are a shared common resource. The migratory 
habits and wide distribution of some species make them ideal 
candidates for regional cooperation in studies of biology and 
conservation. Such cooperation between institutions and 
individuals, representing many countries of the Indo-Pacific 
region, has been ongoing for the past decade. These 

collaborative ventures need to be carried on in the future. 

—Arne Redsted Rasmussen (e-mail: arr@kons.dk)  

MEETINGS 

Meetings Calendar 

Meeting announcement information should be sent directly to the Editor 
(rwh13@csufresno.edu) well in advance of the event. 

15-20 November 2004—V1 Symposium of Zoology, Topes de 
Collantes, Sancti Spiritus, Cuba. Information: www.geocities.com/ 
zoologiacubana/simposio or by e-mail: zoologia.ies@ama.cu.  

16-18 January 2005—Biology of the Rattlesnakes conference, 
Loma Linda, California, USA. Information: 
www.BiologyoftheRattlesnakes.org . 

OBITUARIES 
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C. Robert Shoop (1935-2003) 

C. KENNETH DODD, JR. 
USGS/Florida Integrated Science Centers 

7920 NW 71st Street, Gainesville, Florida 32653, USA 
e-mail: ken_dodd@usgs.gov  

Bob Shoop (of-
ten affectionately 
known simply as 
"Shoop") was 
born in Cicero, Il-
linois in 1935. He 
attended Southern 
Illinois University 
for his Bachelor's 
degree (1957), 
then migrated 
south to Tulane 
University for his 
Master's (1959) and Doctoral degrees (1963). At Tulane, two im-
portant events helped shaped Bob's life: he studied the biology of 
Ambystoma and Necturus under Fred Cagle, and he developed a 
connoisseur's appreciation for barbeque, a taste which came in 
handy during later years of preparing mystery meat dinners for 
friends and visitors at the University of Rhode Island and on 
Cumberland Island. After graduating, he briefly worked at Oak 
Ridge before taking a position at Wellesley College, where he 
taught for 7 years. Wellesley had no graduate program, so in 1969 
he accepted a position in the Zoology Department at URI where 
he remained until his retirement in 1998. 
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By all accounts, Bob was an enthusiastic teacher as he instilled 
an excitement and curiosity about the natural world in serious 
Yankee students. His zeal and sense of humor punctuated long 
winters of teaching undergraduate and graduate courses. At URI, 
he led numerous "road trips" to the southeast to expand the hori-
zons of his students and to show them the diverse world of am-
phibians and reptiles. Bob served as major professor to 8 Doctoral 
students and 18 Master's students who worked on a wide variety 
of research projects, although most had herpetological interests. 
In addition, he served as committee member to nearly 50 addi-
tional graduate students, all at URI. The warm remembrances from 
colleagues, students, and friends at the university present a pic-
ture of the man many of us were privileged to know: knowledge-
able; warm and friendly; possessed of a great love of life and sense 
of humor, even among those with whom he disagreed or in ad-
verse situations. 

He never stopped being a teacher, either to students or to col-
leagues. For example, Bob was vexed by sea turtle measurements, 
and expressed concern about their accuracy and the growth claims 
made by some researchers based on mark-recapture measurements. 
At one Sea Turtle Workshop, he brought a loggerhead carapace to 
the meeting and placed it near the registration desk with a set of 
calipers and a measuring tape (but no other instructions) and a 
sign: "Measure this Turtle." As he predicted, the variance in the 
measurements exceeded anything that could possibly be mean-
ingful, even though taken by experienced researchers using "stan-
dardized" techniques on a stationary carapace. I later adopted this 
exercise on occasion to illustrate the potential for observer bias in 
taking measurements. 

During his career, Bob published more than 65 papers, most of 
them dealing with the ecology and life history of amphibians and 
reptiles. Although his dissertation focused on Necturus, he quickly 
became interested in the orientation, migration, movement pat-
terns, and survivorship of Ambystoma salamanders, publishing 
some of the earliest and most important papers on these topics. In 
fitting tribute, a plaque in his honor will be placed at the URI 
Alton Jones Research Center, where he did much of his amphib-
ian work. In the late 1970's, Bob's interests shifted to marine turtles, 
a passion he pursued until his death. Indeed, he had just finished a 
revision of his Sea Turtles of the Georgia Coast with Carol 
Ruckdeschel shortly before the stroke that ended his life. And al-
though salamanders and sea turtles came to dominate his publica-
tion list, Bob was keenly interested in everything concerning the 
natural world. This is particularly true of Cumberland Island, Geor-
gia, a place he often visited and retired to in 1998. Shoop never 
really retired, he just had more time to work on turtles and the 
biology of Cumberland Island (29 papers beginning in 1982). 

While at Cumberland, Bob became increasingly concerned about 
the conservation of marine turtles in offshore waters. He was 
fiercely dedicated to finding a solution to the problem of "inci-
dental" mortality due to shrimp trawling and other commercial 
fishing, and he was not afraid to challenge authority, especially 
when he had the data to show that half-way technology and agency-
espoused "solutions" simply were not effective. I remember many 
discussions with him and Carol, where they convincingly argued 
that the regulations imposed did not address the root cause of the 
sea turtle strandings. Bob was not fond of bureaucratic intransi-
gence. 

On Cumberland Island, Bob lived out his dream with Carol 
Ruckdeschel at their home at The Settlement; he especially loved 
his mule and taking buggy rides in an Amish carriage. Bob was a 
pilot, a writer for Special Edition of The Mullet Wrapper, a recipi-
ent of the ASIH Stoye Award (1960), Vice President of the 
Cumberland Island Museum (1985-2003), auctioneer at sea turtle 
meetings, teacher, researcher, conservationist, chef, mentor, and 
distinguished naturalist. I will very much miss our talks of turtles, 
wine, herpetology books, food, and southeastern life. Bob is sur-
vived by his life-mate, Carol, his sons John and Michael, 3 grand-
children (Cassandra, Jack, Alexis), a brother (Steven), and a whole 
lot of friends. Memorial celebrations of his life were held at 
Cumberland Island and the University of Rhode Island. 
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Richard L. Wallace (1933-2003) 

LOWELL V. DILLER 
Simpson Resource Company, P.O. Box 68 

Korbel, California 95550, USA 
e-mail: Idiller@simpson.com  

Richard ("Dick") L. Wallace, 70, Professor Emeritus of Zoology, 
University of Idaho, died on November 13, 2003 in Moscow, Idaho. 
He had a long and productive career and made important 
contributions to the fields of ichthyology and herpetology, but to 
his former colleagues, graduate students and friends, his greatest 
contribution was the friendships they shared. Working in an 
academic world where self-promotion is common, he was direct, 
completely unpretentious, sought no recognition for himself and 
was willing to devote long hours assisting his graduate students 
and colleagues. As one former graduate student said: "They don't 
make' em like him anymore. I consider myself very lucky to have 
known him ... I would have never finished my Master's thesis if it 
weren't for Dick's guidance and expertise." Another former 
graduate student remarked, "Dick didn't just adopt me, but my 
entire family as well. He was concerned with our welfare in addition 
to my progress as a scientist. He was one of the most generous 
people I've known in academia." 

I know I can never capture the essence of a man for whom I had 
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such love and respect, but my personal testament to his special 
qualities is all the years he supported our field studies on rattle-
snakes out of his personal income. We were unable to get more 
than small grants to conduct our fieldwork, but his interest in na-
ture and devotion to science did not allow this to deter our work. 
Largely through his personal support, we continued the work from 
1978-1990. As he would be the first to say, the studies on rattle-
snakes may not have been "profound," but they were done with a 
genuine and pure interest in science that is not always evident in 
today's scientific studies. We conducted fieldwork mostly on week-
ends during the spring and summer, and in the winter we would 
use the weekends to catch up on laboratory work and data analy-
sis. Although Dick had a deep love and respect for the animals he 
studied, he was definitely from the old school that believed in the 
scientific value of "sackin' up" some specimens. One of my fa-
vorite memories was our tradition of going to the lab on Saturdays 
to do dissections. The work was tedious, but allowed for hours of 
lively, mostly scientific discussions, with coffee and a donut for 
our snack. Dick would be dissecting a rattlesnake with all manner 
of unmentionable "uck-puck" (his favorite term) on his fingers, 
and if he needed to record something on the data form or took a 
bite of his donut, he simply licked his fingers and proceeded. He 
agreed with my admonishments that he probably shouldn't do that, 
but in a short time, he was right back to using the most natural of 
cleaning methods. Another memorable occasion was one Satur-
day when we were dissecting some gravid female rattlesnakes and 
Dick kept insisting that the mature ova looked "real tasty." We 
must have forgotten the donuts that day, because we decided that 
science would be no worse off if we cooked up a couple of the 
ova. It probably is no surprise that they were terrible and we were 
never tempted to eat any of our specimens again. 

Dick was born August 22, 1933 in Tacoma, Washington and 
grew up in the same town. He earned his Bachelor of Science 
degree in conservation from Washington State College in 1956. 
Following two years in the U.S. Army Signal Corps, he began 
graduate studies in fisheries science at Oregon State College in 
1958 where he received Master of Science and Doctoral degrees 
in 1960 and 1969. He began his academic career in 1960 at Or-
egon State University and accepted a position as acting Assistant 
Professor of Zoology at the University of Idaho in September 1967. 
At the University of Idaho, Dick taught ichthyology, general zool-
ogy, herpetology and biological science courses. He was tenured 
in 1972 and was promoted to Professor of Zoology in 1984. Dur-
ing his academic career at the University of Idaho, he had gradu-
ate students in both fisheries science and herpetology. He retired 
from the University of Idaho in 1991. 

Dick's professional memberships included the American Fish-
eries Society, American Society of Ichthyologists and Herpetolo-
gists, Society for the Study of Amphibians and Reptiles, The Her-
petologists' League, Idaho Chapter American Fisheries Society, 
Oregon Chapter American Fisheries Society (charter member), 
Pacific Fishery Biologists, Sigma Xi, Phi Sigma and Phi Kappa 
Phi. During his career, he authored or contributed to four books, 
and over 60 refereed publications and papers. One of Dick's most 
notable publications was the Fishes of Idaho, which he co-authored 
with James Simpson in 1978. This text was the first that described 
Idaho fish species, their biology and distribution. 

After retiring, Dick stayed active pursuing his life-long passion  

for fishing and hunting, but he also did consulting work that in-
cluded both fish and amphibian studies. Most of the herpetologi-
cal work was done for Simpson Timber Company in northern Cali-
fornia, where true to his style, he insisted that he work for only 
modest compensation. However, his efforts were instrumental in 
developing a research and monitoring program for forest amphib-
ians that may well set the standard for the forest products industry. 
Upon his death, Dick was working on a field guide to the native 
fishes of Idaho, and the morphological variation and distribution 
of Idaho sculpins. He is survived by his wife Margaret, son John 
Wallace, daughters Kate Mecham and Liz Branter, and grandchil-
dren Meredith Wallace, Megan Mecham, and Zachary and Nicho-
las Branter. 

For many of us that knew him during his active post-retirement 
years, he was simply "Wallace," and on any gathering with two or 
more of his friends, a favorite pastime was telling Wallace stories. 
One of my favorites was related to his life-long nemesis, elk. On a 
particularly cold elk hunting expedition, he got a late start hunting 
in the morning, and was once again unsuccessful, because he had 
put his dentures in a glass of water before going to bed and awoke 
to have them frozen solid in a block of ice. He delighted in telling 
fishing and hunting stories, but in keeping with his self-deprecat-
ing style, he was just as likely to tell you about his "screw ups" as 
his successes, of which he had plenty. Although he commonly told 
these stories in greater detail than anyone needed to know, his 
obvious enjoyment and passion for being in the outdoors made 
every story worth the wait. We have truly lost a great champion of 
science, and to all those that knew him, a great friend. We can 
only hope that he is now where the trout and white-tailed bucks 
are big and on the move. 
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John E. Werler was born on 11 June 1922 in Oldenburg, Ger-
many, and immigrated to Weehawken, New Jersey in 1926. He 
"cut his teeth" in herpetology and the zoo field in Staten Island, 
New York City. His father was not pleased with his nascent inter-
est in natural history so he burned his animal books. His recollec-
tions: "During my early teens I developed a keen interest in rep-
tiles, a passion that inevitably led me to Staten Island Zoo's reptile 
study society." The group's monthly meetings were held at the 
Staten Island Zoo, which maintained one of the nation's premier 
reptile collections. Carl Kauffeld, the zoo's charismatic reptile 
curator, usually conducted the meetings. According to John, "it 
was an opportunity to mingle with others, both amateur and pro-
fessional, who shared the same interest." 
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From Weehawken it was a tedious journey by bus and ferry to 
Manhattan, trudging several blocks to a subway station, then on 
to another ferry terminal for Staten Island, a long ferry ride and 
then yet another bus to the zoo. 

However, John did not mind the two-and-a-half hour one-way 
trip because "for the next couple of hours I would share a com-
mon passion with others," and "to a budding young herpetologist, 
this was the ultimate experience." "Becoming a member of the 
Staten Island Zoo reptile study society was one of the most impor-
tant events of my young life," he reminisced decades later. A year 
after he had joined the group, a keeper position became available 
and he applied. Fortunately for him and the herpetological world, 
Carol Striker, the zoo director, sent him a memo, dated 18 Octo-
ber 1940: "This letter will serve to notify you that you have been 
appointed to the position of Reptile Keeper, Second Class, salary 
$1200.00 per year, effective October Pt, 1940." Thus John Werler, 
at the age of eighteen, began a productive and successful zoo ca-
reer, which spanned half a century until his retirement as the Hous-
ton Zoo director in 1992. 

His new boss, the legendary Carl Kauffeld, continued to be a 
willing mentor. "It was not unusual for him to spend an hour or 
two explaining to a keeper or a curious novice the basics of tax-
onomy, the secrets of captive reptile maintenance, or the histori-
cal background of herpetology." John's duties ranged far beyond 
the maintenance of exhibits and caring for reptiles. Ahead of his 
time, Kauffeld was aware of the need for accurate record keeping 
on each specimen under his care. Application of computer chips 
on live animals was but science fiction then; the task required 
manual markings on animals as a permanent identification. John's 
job was to assist the curator with individually marking rattlesnakes. 
And the zoo had a large number of rattlesnakes. 

"It involved pinning each snake to the floor with a snake stick, 
then grasping the reptile behind the head with the other hand," 
John noted. He was to hand-hold each specimen while Kauffeld 
clipped certain scales under the snake's tail. "Picking up the first 
two snakes went according to plan; the third did not. It jerked its 
body backward violently just as the snake stick was being lifted 

John E. Werler, then-curator at the San Antonio Zoo, and rattlesnake 
friend. A variation of this photograph was used on the cover of his bulle-
tin on the venomous snakes of Texas. Photo courtesy of John E. Werler.  

from its head. When the sudden, unexpected snap loosened my 
hold, the rattler instantly turned its head to one side, sinking one 
of its fangs deep into my right thumb. The bite was serious enough 
to keep me in a local hospital for five days, and in ten days I was 
back at the zoo. In spite of the accident I was able to perform my 
usual routine duties upon my return." 

"But I faced a nagging question: would I be mentally prepared 
to once again pick up and hand-hold a venomous snake?" The 
painful experience was fresh in the young man's mind as he con-
fronted a momentary, paralyzing doubt. However, "I was deter-
mined not to let that fear destroy my confidence." 

After returning to work, one day he used a snake stick to pull a 
large cottonmouth from its cage, placing it on the service aisle 
floor before him. "Almost reluctantly—remembering vividly the 
circumstances of my first snake bite—I pinned the reptile's head 
with the stick. But for a brief attempt to pull itself free from the 
restraining device, the snake remained calm as I picked it up. When 
it was over, there was perspiration on my forehead, but the deed 
was done, the challenge met, and my confidence regained. I was 
back in the business of reptile keeping." [The foregoing is from a 
four-page note he sent to KK, dated 10 June 1999] 

In 1946 John became curator of reptiles at the San Antonio Zoo 
and was promoted to assistant director in 1952. He moved to the 
Houston Zoo and served as general curator from 1954 to 1963, 
when he became the director. As part of the ceremonial opening of 
the zoo's Reptile House in 1964, Werler demonstrated proper han-
dling of a cobra. He majored in biology at William & Mary Col-
lege and served four years in the U. S. Coast Guard. 

Following the turbulent 1960s, the American zoo world faced 
formidable challenges in the next decade. The precarious finan-
cial status of municipalities caused difficulty for many urban zoos. 
Moreover in the era of awakening environmental awareness, zoos 
became a target of criticism from increasingly vocal animal advo-
cate groups. As federal laws, regulations and an international treaty 
on wild animal trade became stricter, wholesale importation of 
wild animals was coming to a screeching halt. Soon, it became 
vitally important for zoos to maintain self-sustaining populations 
by effectively managing captive wild animals in a more scientific 
manner. 

As the Houston Zoo director, John Werler hosted the 1973 an-
nual conference of the American Association of Zoological Parks 
and Aquariums (AAZPA, now American Zoo and Aquarium As-
sociation, or AZA). It was an unusual conference with a heavy 
dose of technical paper sessions on breeding and small population 
management of zoo animals. It was at this conference that the 
future direction for zoo animal management was laid out, based 
on biological principles, especially genetics. Later, the National 
Academy of Sciences (1975) published the conference proceed-
ings. 

One of the critical animal management issues surfacing in the 
forefront of the AAZPA was that of surplus animals. While some 
species were not reproducing sufficiently, on the other hand off-
spring of certain species were "flooding" the market, causing a 
serious dilemma for zoos. Contemplating the issue John alerted 
his colleagues eloquently (1974): "We are well aware that a major 
factor in the reduction of wildlife is vanishing habitat. A related 
problem, unique to our profession, is becoming increasingly evi-
dent — that of vanishing space. We have become extremely suc- 
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Houston Zoo director John E. Werler (right) 
with reptile curator Tommy Logan during the mid-
1960s. Photo courtesy of John E. Werler. 

cessful in breed-
ing certain spe-
cies." He contin-
ued, "Even when 
occasional rare 
species are suc-
cessfully bred in 
captivity, there re-
mains the nagging 
problems of find-
ing space to prop-
erly accommodate 
the expanding 
captive groups." 
Ahead of his time, 
he then suggested 
a need for a collec-
tive animal man-
agement program. 
As zoos faced 
more rapid 
changes, John 
Werler took the 
AAZPA presidency for the period 1975 to 1976 and made every 
effort to resolve difficult issues. [He told KK around that time that 
after he had made a critical decision, a prominent Texas zoo direc-
tor did not speak to him for a year.] 

Gary K. Clarke, retired director of the Topeka Zoo, Kansas and 
a former AAZPA president (1971-1972) comments (pers. comm.): 
"John was one of the all-round zoo professionals who emerged 
from initial interest in herpetology." Speaking of herpetology, Chris 
Wemmer of the Smithsonian National Zoological Park wondered 
(1991), "How come herpetologists tend to be more committed bi-
ologists than bird and mammal curators?" He also observed, "Their 
intellectual commitment is manifested by higher individual publi-
cation rates, more collaboration with non-zoo biologists, more field 
experience, and probably higher per capita membership in profes-
sional societies." John Werler typifies this particular breed of zoo 
professional. Dr. Wemmer then revealed a list of 21 scholars world-
wide in "A Gallery of Zoo Researchers and Zoo Biologists." In-
cluded in this impressive roster were highly respected European 
scholars, along with John Werler and his mentor Carl Kauffeld. 

In Werler's honor, Roger Conant described the Tabasco 
Watersnake Natrix (= Nerodia) rhombifera werleri in 1953. Two 
amphibians from Veracruz, Mexico were named after Werler: 
Werler's False Brook Salamander (Pseudoeinycea werleri) and 
the leptodactylid frog Eleutherodactylus werleri [now E. laticeps]. 
Later this year, a paper by Jonathan Campbell and Werler will 
appear in Southwestern Naturalist describing a new species of liz-
ard (Diploglossus sp.) named after Werler's beloved late wife. 

Werler died of cancer on 21 March 2004. He and his wife Ingrid 
had one son, John H. Werler. 
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Walt Auffenberg passed away on 17 January 2004 at the age of 
75 after a long illness following a stroke in December 1995. He is 
survived by two sons, Kurt and Troy, six grandchildren, and two 
great-grandchildren. Walt was born in Detroit, Michigan, on 6 Feb-
ruary 1928, the only child of Walter and Ida Auffenberg. He de-
veloped a passion for herpetology early in his childhood, and by 
the time he graduated from Denby High School Walt had amassed 
a sizable collection of preserved snakes. If he made good grades 
in school, Walt was allowed to take the bus or hitchhike to far off 
places, such as Florida and Mexico, to collect herps. His parents 
had purchased two small orange groves and a fernery near Deland, 
Florida, for their eventual retirement, and after graduation from 
high school, Walt tended these small plots of land. Walt enlisted in 
the Medical Corps of the United States Navy near the end of World 
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Walter Auffenberg, December 1969, Arya Hotel, Denpasar, Bali, Indo-
nesia, about midway through his field study of the Komodo Monitor. 

War II and was stationed in Corpus Christi, Texas. When not play-
ing piano for the officers' entertainment, he would travel to Hous-
ton to play where he eventually met and in 1947 married Elinor 
Ann Wright. The Auffenbergs would have four sons (two deceased) 
and share a very special relationship over the next 45 years until 
Elinor's death in 1992. Walt married Katalin Vienne in 1993, but 
she too passed away in 1999. 

In the late 1940s, Walt found employment as a draftsman for 
Sinclair Oil Company in Houston. However, his supervisor at the 
time urged him to follow his dream of becoming a herpetologist. 
So, Elinor and Walt (and one son) moved to Deland, Florida, where 
he attended Stetson University on the G.I. Bill. He received his 
B.S. in 1951. The family moved to Gainesville so Walt could pur-
sue his graduate studies in the Department of Biology at the Uni-
versity of Florida. He received his master's degree in 1953. Prior 
to finishing his Ph.D., Walt took a job as Associate Curator of 
Vertebrate Paleontology at The Charleston Museum during 1954-
1955, and then moved to Harvard University in Fall 1955 to be-
come a student assistant with Ernest Williams Walt finished his 
doctoral degree at the University of Florida under the direction of 
Arnold Grobman in 1956. His dissertation on the fossil snakes of 
Florida became a benchmark study for all later studies in snake 
paleontology. Grobman recruited Walt to become Associate Di-
rector of the Biological Sciences Curriculum Study (BSCS) pro- 

gram at the University of Colorado at Boulder in 1959. There, 
Walt helped guide the development of the green, yellow, and blue 
versions of the innovative high school biology texts that provided 
many of us with our initial exposure to biological principles. It 
was during this time that Walt first traveled to Asia where he pro-
moted the BSCS program and taught in India. Following 
Grobman's departure from BSCS, Walt returned to the Florida 
State Museum (now Florida Museum of Natural History) in 1963 
as Chairman of Natural Sciences and Curator of Herpetology. This 
allowed Walt to continue his research on fossil and living amphib-
ians and reptiles and raise his family in Florida. Walt stepped away 
from his Chairman responsibilities in 1973 to devote full attention 
to his duties in Herpetology until his retirement in 1991. During 
his 27-year career at the University of Florida, he was the gradu-
ate advisor of Dave Auth, John Iverson, Dale Jackson, Peter 
Meylan, Bob Taylor, and Bill Weaver, guiding them through their 
doctoral programs and inspiring numerous master's students. 

Walt published more than 130 scientific papers and books on 
fossil amphibians and reptiles, the musculature of snakes, recent 
and fossil tortoises, and the systematics, evolution, and ecology 
of reptiles. His foray into the ecology and behavior of the varanid 
(monitor) lizards began in 1968 when F. Wayne King, then of the 
New York Zoological Society, recruited him to take on a project 
that would change his life forever. Along with Elinor and his three 
youngest children, Walt journeyed to the island of Komodo where 
he and his family lived for 11 months (1969-1970) to study drag-
ons. This culminated in his landmark book on this species pub-
lished in 1981. Two more books followed to complete his famous 
trilogy on varanid lizards. Walt received the Wildlife Society's 
Best Wildlife Book Award for his Komodo dragon book. Walt also 
investigated the ecology and conservation of gopher tortoises and 
West Indian rock iguanas. He inspired the formation of the Go-
pher Tortoise Council in 1978, a sister organization to the Desert 
Tortoise Council, both of which continue today as important ad-
vocates for the conservation of these turtles. At the time of his 
stroke, Walt was involved in a major study on the amphibians and 
reptiles of Pakistan, which his son, Kurt, and numerous colleagues 
around the world plan to complete. Walt lamented numerous times 
during his prolonged illness that he would never be able to con-
duct his dream study on the ecology and behavior of the Bornean 
lizard Lanthanotus. 

Walt was much more than a great herpetologist, paleontologist, 
teacher, and family man. He was a remarkable pianist, guitar player, 
motorcyclist, and roller skater. He was also a fabulous artist, pro-
ducing virtually all of the scientific illustrations used in his publi-
cations. Walt Auffenberg was a dynamic teacher, mentor, colleague, 
and friend to me. He will be missed. 

Editor's note.—A complete list of Walter Auffenberg's publications 
can be found at: 

http://www.flmnh.ufl.edu/natsci/herpetology/uf-herp/alumni/  
Auffenbergbiblio.htm#auffenbergbiblio 
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Family and 
friends are 
deeply grieved 
by the passing 
and loss of friend, 
mentor, and asso-
ciate Sherm 
Ketcham, who 
passed away on 1 
February 2004. 
He had been bat-
tling cancer for years and died peacefully. He was 78. 

He will be remembered for his passion for conservation and 
education, his interest in herpetology, and many contributions to 
the zoo profession through his work at the Detroit Zoological Park 
(now Detroit Zoological Institute) and Milwaukee County Zoo-
logical Gardens. 

His childhood love of animals led him to a lead zookeeper posi-
tion at the Detroit Zoological Park after serving in WWII and the 
Korean War. Sherm worked there from 1961 to 1970 and was pro-
moted to supervisor of reptiles. He was instrumental in the open-
ing of Holden Museum of Living Reptiles. 

From 1970 to 1983, Sherm was employed as Curator of Rep-
tiles at the Milwaukee County Zoo. He developed many of the 
naturalistic reptile exhibits, improved husbandry techniques and 
bred many reptiles, especially pythons. Throughout his career, 
Sherm held firmly to the idea that everyone should have the op-
portunity to view reptiles up close and in naturalistic exhibits. He 
designed many exhibits that were innovative and state of the art 
for the time. Sherm's reptile handling ability is still considered 
extraordinary by some. Sherm was instrumental in developing 
"Animal in Action," a hands-on educational program in which 
zookeepers presented reptile talks to zoo visitors. He also imple-
mented public feeding of snakes so that zoo visitors had the op-
portunity to view these interesting feeding behaviors. 

Sherm was quite the reptile collector, and spent a considerable 
amount of time in the field collecting and observing reptiles. He 
was one of the first to utilize early radio telemetry in tropical snakes 
in Peru and Costa Rica. Sherm assisted with many reptile field 
projects and is mentioned in numerous reptile publications. 

Perhaps his greatest contribution to herpetology was his devo-
tion to educating, training, and motivating young people inter-
ested in working with reptiles, a task he accomplished with great 
ease. During his free time, Sherm presented reptile talks to nurs-
ing homes and scouts groups, as well as other organizations. He 
possessed a contagious enthusiasm that inspired so many around 
him to excel and achieve, and it is in this capacity as a mentor to 
aspiring herpetologists that he will be missed the most. 

Those wishing to express their appreciation for Sherm Ketcham 

and his work may direct memorial contributions to Marje Ketcham 
at 57 Midway Rd, Eldon, Missouri 65026, USA. Contributions 
will be used for a memorial at the Detroit Zoological Institute. 

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 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 Maria del Rosario Castafieda; 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 be found at: http://www.herplit.com/contents.  

12S and 16S Mitochondrial Genes in Frog 
Systematics 

Although fragments of the 12S and 16S mitochondrial genes 
have been used extensively in studies of amphibian phylogenies, 
the usefulness of these genes at different hierarchical levels has 
not been examined in detail. The authors sequenced 400-bp seg-
ments of 12S and 500-bp segments of 16S in Discoglossidae (to 
examine recent splitting events) and several archaeobatrachians 
(to examine basal splitting events); additional sequences of other 
amphibian and reptile taxa were obtained from GenBank. Phylo-
genetic trees were constructed with maximum parsimony (PAUP 
4.0b8), maximum likelihood (Tree-Puzzle 5.0), Bayesian analysis 
(Mr Bayes 2.01), and one-step analyses (POY). Results indicated 
that secondary structure of rRNA is not fixed in taxa with highly 
divergent primary sequences. Moreover, different alignment meth-
ods (e.g., POY, CLUSTAL X) resulted in disparate hypotheses of 
positional homology, number of variable characters, and number 
of parsimony-informative characters. In all analyses, recent split-
ting events received universal support, whereas conflicting hy-
potheses were identified regarding the major anuran clades. The 
authors suggest noise in the data and uncertain primary homology 
statements produced conflicting results, and 12S and 16S riboso-
mal genes should be used with considerable caution to infer the 
"early phylogeny" of frogs. 

HERTWIG, S., R. 0. DE SA, AND A. HAAS. 2004. Phylogenetic signal and the 
utility of 12S and 16S mtDNA in frog phylogeny. Journal of Zoologi-
cal Systematics and Evolutionary Research 42:2-18. 

Correspondence to: Alexander Haas, Institut fur Spezielle Zoologie and 
Evolutionsbiologie mit Phyletischem Museum, Friedrich-Schiller-
Universitat Jena, Erbertstr. 1, 07743 Jena, Germany; e-mail: 
B5HAAL@rz.uni-jena.de.  

Ambush Strategies of Crotalus horridus 

To be effective ambush predators, vipers use chemoreceptive 
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stimuli to identify ambush sites near suitable prey. Clark tested 
the behavioral reactions of 24 juvenile Crotalus horridus to tap 
water (control) and aqueous extracts of the integument of a frog, a 
lizard, and six species of mammals. Snakes directed most tongue 
flicks toward integuments from white-footed mice and chipmunks; 
stereotypical ambush posture was initiated by snakes most often 
when these prey-item scents were encountered. Snakes directed 
the fewest tongue flicks toward scents from animals that are either 
allopatric with the Pennsylvanian population of tested snakes, or 
species that are not usually preyed upon by Crotalus horridus (e.g., 
dogs). The results of this study complement previous studies that 
documented a link between prey scent and snake ambush strate-
gies. 

CLARK, R. W. 2004. Timber rattlesnakes (Crotalus horridus) use chemi-
cal cues to select ambush sites. Journal of Chemical Ecology 30:607-
617. 

Correspondence to: Rulon W. Clark, Department of Neurobiology and 
Behavior, Cornell University, Ithaca, New York 14853, USA; e-mail: 
rwc13@comell.edu.  

Vocal Communication in Xenopus laevis 

Anuran calls have been associated with reproduction and 
intrasexual communication in many species. The authors exam-
ined the effects of gender and gonadotropin injections on calling 
behavior of Xenopus laevis in captivity. Field recordings of wild 
animals were made near Cape Town, South Africa for compari-
son. Analysis of field recordings identified eight call types, in-
cluding one call (chirping) that had not been described in previous 
studies. In lab experiments, males vocalized to both sexes, but 
females vocalized only to males. Male-male interactions involved 
more calls and clasping when one or both of the males were in-
jected with gonadotropin; dominance in clasping behavior was 
closely associated with dominance in calling. The authors suggest 
X. laevis establishes a vocal hierarchy in which dominant males 
emit advertisement calls, and vocally suppressed males (subordi-
nates) rarely advertise. 

TOBIAS, M. L., C. BARNARD, R. O'HAGAN, S. H. HORNG, M. RAND, AND D. 
B. KELLEY 2004. Vocal communication between male Xenopus laevis. 
Animal Behaviour 67:353-365. 

Correspondence to: Martha L. Tobias, 909 Fairchild Building, MC 2430, 
Department of Biological Sciences, Columbia University, New York, NY 
10027, USA; e-mail: mt18@columbia.edu.  

letic Bolitoglossa and seven clades that are consistent with previ-
ously recognized groups within the genus. Taxonomic implica-
tions of the results are discussed in detail. The authors suggest 
members of one Glade (Eladinea) invaded South America before 
the establishment of the Isthmian link. 

PARRA-OLEA, G., M. GARCIA-PARIS, AND D. B. WAKE. 2004. Molecular 
diversification of salamanders of the tropical American genus 
Bolitoglossa (Caudata: Plethodontidae) and its evolutionary and 
biogeographical implications. Biological Journal of the Linnean Society 
81:325-346. 

Correspondence to: David B. Wake, Museum of Vertebrate Zoology, 
University of California, Berkeley, California 94720-3160, USA; e-mail: 
wakelab@uclink.berkeley.edu.  

Intraspecific Communication with Chemical Cues 
in Leiopelma 

Although bioacoustic communication is widespread among 
frogs, the earliest anurans probably never evolved this ability. 
Leiopelma hamiltoni belongs to an ancient lineage of frogs dating 
back to the Jurassic. This species has many morphological and 
behavioral similarities to salamanders, including well-developed 
vomeronasal and olfactory senses. The authors tested the ability 
of L. hamiltoni to communicate with chemosignals in captivity. 
Sixty wild-caught frogs were placed in plastic boxes with two paper 
towels (one on each side) containing either no scent or conspe-
cific integumentary scents. Movements of test subjects toward ei-
ther side of boxes were recorded. Results indicated strong prefer-
ence for a given test subject's own scent to an unscented paper 
towel or a conspecific's scent if the conspecific was collected more 
than 5 meters away from the test subject (i.e., unfamiliar indi-
vidual) in the wild. When limited to a choice between an unscented 
paper towel and one marked by an unfamiliar conspecific, test 
subjects spent more time near the unscented paper towel. This is 
the first study to demonstrate that adult anurans use chemical cues 
for intraspecific communication. 

WALDMAN, B., AND P. J. BISHOP. 2004. Chemical communication in an 
archaic anuran amphibian. Behavioral Ecology 15:88-93. 

Correspondence to: Bruce Waldman, Department of Zoology, Univer-
sity of Canterbury, Private Bag 4800, Christchurch, New Zealand; e-mail: 
bw@zool.canterbury.nz.  

A Molecular Phylogeny of Iberolacerta 

A Molecular Phylogeny of Bolitoglossa 

The Neotropical salamander genus Bolitoglossa includes more 
than 80 species from a diversity of habitats between Mexico and 
central Bolivia. The authors conducted a phylogenetic analysis on 
numerous species of Bolitoglossa to address hypotheses regard-
ing multiple colonization of tropical lowlands and the invasion of 
South America. Data used for this study included 1196 by of 16S 
and cyt b genes from 55 species (including 7 unnamed taxa); 
outgroups included Batrachoseps, Thorius, and Pseudoeurycea. 
Phylogenetic analyses included maximum parsimony, maximum 
likelihood, and Bayesian analysis. Results supported a monophy- 

To identify "meaningful conservation units" and explore the 
history of the genus Iberolacerta, the authors sequenced a 460 by 
segment of the control region and right domain region, and a 1033 
by segment of cytochrome b. Distances between haplotypes were 
computed in MEGA, and trees were constructed using maximum 
parsimony (MP) and maximum likelihood (ML) in PAUP*. Di-
vergence-time estimates were obtained from previous substitution 
rates for reptilian cytochrome b. Both methods of tree construc-
tion produced four well-supported clades within the monophyl-
etic genus, but the MP and ML trees differed in the position of 
some taxa. The authors suggest isolation of the four main clades 
occurred in the northwestern Iberian mountains, the Central Ibe- 
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rian mountains, the Pyrenees, and the eastern Alps. lberolacerta 
martinezricai is considered to be a valid taxon in need of urgent 
conservation action—the total population size is estimated to be 
less than 50 individuals. 

CROCHET, P. -A., 0. CHALINE, Y. SURGET-GROBA, C. DEBAIN, AND M. 

CHEYLAN. 2004. Speciation in mountains: phylogeography and phy-
logeny of the rock lizards genus Iberolacerta (Reptilia: Lacertidae). 
Molecular Phylogenetics and Evolution 30:860-866. 

Correspondence to: P. -A. Crochet, Laboratoire de Biogeographic et 
Ecologic des Verte'bres, EPHE, box 94, Universit8 Montpellier cedex, 
France; e-mail: crochet@cefe.cnrs-mop.fr.  

Translocation of Gila Monsters in Arizona 

Previous studies of translocation in snakes have reported low 
success rates. Several agencies currently translocate Gila Mon-
sters (Heloderma suspectum) from large cities in Arizona, but the 
effects of this process are unknown. The authors responded to calls 
for nuisance animals, implanted passive integrated transponders 
and radio transmitters into the animals, and either translocated them 
(N = 15) or released them 200 m from the site of capture (N = 9). 
Test subjects were located every 2-5 days, and their location and 
behavior were recorded. All lizards released less than 1000 m from 
the site of capture returned within 30 days. However, all translo-
cated lizards that failed to return were lost (presumably dead) or 
died, suggesting that translocation may have detrimental effects 
on some individuals. Moreover, translocated individuals had nearly 
five times higher mean daily movements compared to non-trans-
located individuals, which may have contributed to higher preda-
tion rates in translocated lizards. The authors conclude that trans-
location is not a satisfactory solution to the problem of "nuisance" 
animals. 

SULLIVAN, B. K., M. A. KWIATKOWSKI, AND G. W. ScHuErr. 2004. Translo- 
cation of urban Gila Monsters: a problematic conservation tool. Bio-
logical Conservation 117:235-242. 

Correspondence to: Brian K. Sullivan, Department of Life Sciences, Ari-
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7100, USA; e-mail: bsullivan@asu.edu.  

Multiple Paternity in Lacerta vivipara 

Several studies have suggested multiple paternity in lizard mat-
ing systems based on behavioral observations, but few research-
ers have demonstrated this phenomenon with molecular evidence. 
The authors used six polymorphic microsatellite markers to ex-
amine paternity in six populations (four captive, one highland, 
one lowland) of Lacerta vivipara. Considering all loci, none of 
the six populations differed from Hardy-Weinberg equilibrium. 
The number of multiply sired clutches was 50% or greater in all 
populations, and the mating system was not affected by environ-
mental or population factors. The authors suggest multiple pater-
nity is related to conflicting male-mate strategies in territorial spe-
cies, but because L. vivipara males are not territorial, additional 
hypotheses should be explored in future studies. 

LALOI, D., M. RICHARD, J. LECOMTE, M. MASSOT, AND J. CLOBERT. 2004. 
Multiple paternity in clutches of common lizard Lacerta vivipara: data 

from microsatellite markers. Molecular Ecology 13:719-723. 
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Universite Pierre et Marie Curie, 7 quai Saint Bernard, case 237,75252 
Paris cedex 05, France; e-mail: dlaloi@snv.jussieu.fr.  

Life-History Variation of Sceloporus undulatus 

Studies of life-history evolution have been advanced by phylo-
genetic comparative analyses in recent years. However, few of 
these analyses have been attempted at the intraspecific level. The 
authors used a previously published molecular phylogeny of 
Sceloporus undulatus to examine intraspecific life-history varia-
tion. Fourteen populations of S. undulatus with good life-history 
information were examined along with one population each of S. 
occidentalis, S. virgatus, and S. woodi. Data were analyzed with 
independent contrasts and phylogenetic autocorrelation. The data 
indicated body size is an important correlate of life-history varia-
tion, but there are no important phylogenetic effects on life-his-
tory variation in S. undulatus. The authors suggest future studies 
of life-history variation are likely to vary by taxon and traits that 
are analyzed. 

NIEWIAROWSK1, P. H., M. J. ANGILLETTA JR., AND A. D. LEACHE. 2004. Phy- 
logenetic comparative analysis of life-history variation among popula-
tions of the lizard Sceloporus undulatus: an example and prognosis. Evo-
lution 58:619-633. 
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Conservation of Honduran Amphibians and 
Reptiles 

Although the greatest diversity of life exists in the tropics, this 
region also has the greatest rate of human population growth. As 
currently understood, Honduras contains 334 species of amphibians 
and reptiles, and an additional 20 species are likely to occur there. 
Forty-one species of amphibians are endemic to Honduras, of 
which seven have "disappeared" and another 13 are declining; 
less than half of the amphibian taxa known from Honduras are 
stable. The authors used a set of gauges (e.g., extent of geographic 
range and ecological distribution) to establish a set of conservation 
priorities for the remaining Honduran herpetofauna. The authors 
classified 103 species of amphibians and reptiles as high priority, 
154 species as intermediate priority, and 71 species as low priority. 
To offset the threats to the herpetofauna, the authors suggest 
expanding and improving the system of biotic reserves in Honduras 
as soon as possible. 

WILSON, L. D., AND J. R. MCCRANIE. 2004. The conservation status of the 
herpetofauna of Honduras. Amphibian and Reptile Conservation 3:6- 
33. 
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"IF DESTINY BRINGS YOU TO THE FAR END OF THE GLOBE, NATURE WILL SURROUND 

YOU CONSTANTLY WITH ITS PRODUCTION, ITS PHENOMENON, AND MARVELS. DO 

NOT EVER RENOUNCE GOING TO THE PUREST OF ALL SOURCES." 

"WHEN SCIENCE WILL HAVE SPREAD ITS DOMAIN, MAN WILL INTERROGATE NA-

TURE IN THE NAME OF TIME AND TIME IN THE NAME OF NATURE. SO  MANY FERTILE 

COMPARISONS WILL COME TO MIND." 

BERNARD-GERMAIN-ETIENNE DE LA VILLE-SUR-ILLON, COMPTE DE 

LACEPEDE (1 798 AND 1 800) 

"THE CUBE, INDEED A STRAIGHT LINE OF ANY KIND, IS UNBIOLOGICAL." 

HEINI HEDIGER (1970:21) ON ARTIFICIAL SHAPES SUCH AS CUBICAL CAGES 

IN ZOOS 

Carl Hagenbeck (1844-1913) opened his Tierpark at Stellingen, 
Germany in 1907 and developed the first exhibits without bars for 
zoos (Kreger 2001; Reichenbach 1996). He served as a design 
consultant for zoos throughout the world and his philosophies are 
incorporated even today when new animal displays are planned. 
In the zoo and aquarium community, the Hagenbeck name is as-
sociated with naturalistic exhibitry and there is a perception that 
he was the first to envision a zoo without bars, nestled in a natu-
ralistic setting. In real-
ity, over a century ear-
lier, Bernard-Germain-
Etienne de la Ville-sur-
Illon, Compte de 
Lacepede' (1756-
1825; Fig. 1), the 
French naturalist 
known for his herpeto-
logical work, pub-
lished several seminal 
papers on zoo history, 
philosophy, and design 
that discussed open ex-
hibits and spaces. 
These publications are 
virtually unknown. To 
give Count de 
Lacepede the recogni-
tion he deserves, we FIG. 1. Portrait of Count de Lacepede. 
have translated por- Courtesy of Kraig Adler. 

Lions of his papers from French to show how enlightened he was 
at the beginning of the nineteenth century. It is interesting that zoo 
managers struggle today to grasp and implement concepts identi-
fied by Lacepede so long ago. 

Lacepede was disturbed by the way animals had been treated in 
the past and how little proper care had improved. He wrote, "It is 
only very recently that liberty and reason have started to reign 
over a part of Europe; almost all the menageries that we see on 
that portion of the globe are still similar to those of the Roman 
despots. . . . They counted among the attributes of the empire, 
those narrow edifices, those tight lodges where they are kept, 
mutilated, degraded, denatured." 

Lacepede had a clear idea of the proper mission of zoos and the 
three roles that these institutions should play: `Three objects are 
the principal aim of an establishment. The first is to satisfy the 
curiosity of the public by giving an easy and durable instruction 
without seeming so to show the habits of animals, to portray the 
species that Pliny, Linne, and Buffon transmitted to us, to substi-
tute the attitudes of constraint to movements with a sort of inde-
pendence. The second of those three objectives is to give to the 
naturalist the true means to perfect zoology by means of the me-
nageries, and the third, to serve society most directly by acclima-
tizing wild animals reclaimed from the wild." An important point 
here is that Lacepede understood that zoo visitors could have a 
pleasant experience and learn something about animals in a non-
threatening way. The choice of the words ". . . to serve society 
most directly by acclimatizing wild animals reclaimed from the 
wild" and "greatest utility for man" used below suggests that he 
was an early thinker about the notion that zoos could be used as 
acclimatization facilities for wild species that might be domesti-
cated or tamed and be of some "utilitarian" use for humans. The 
world's first acclimatization society was the Societe Zoologique 
d'Acclimatation, founded in Paris in 1854 (Gillbank 1996). The 
founding president was Isidore Geoffroy Saint-Hilaire, professor 
of zoology at the Museum national d'histoire naturelle and direc-
tor of the Menagerie (created in 1793). In 1860 Isidore and his 
son, Albert Geoffroy Saint-Hilaire, opened Jardin Zoologique 
d'Acclimatation, west of Paris (Osborne 1996). With reptiles, 
Henry Fitch (1980) warned captive managers about changes in-
duced by captivity: "Thus, captivity will result in intensive selec-
tion, molding the animal in a manner quite different from that 
followed in its natural environment. The final product will be an 
animal much better adapted to live in close association with hu-
mans, in the home or laboratory, but less well adapted for life 
under natural conditions." Clearly, the effects of captivity on am-
phibians and reptiles, especially when reintroductions or other in-
terventions are considered, need to be carefully investigated be-
forehand (see Chiszar et al. 1993; Dodd and Seigel 1991). 

Lacepede was associated with La Menagerie at the Museum. 
Most herpetologists are familiar with Lacepede's name through 
his monumental tome which was the first to cover amphibians 
and reptiles of the world, "Histoire Naturelle des Quadrupedes 
Ovipares et des Serpens," published in 1788-1789. Based in part 
on his experiences at the Menagerie, he formulated a plan for the 
ideal menagerie: "One will be able to compare this enormous 
menagerie with the outdoors where the different animal species 
enjoy all the liberty that it is possible to give them without danger 
for the numerous spectators, who are also often imprudent, where 
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they will find a roof and care and where living among plants and 
trees of their country, shaded at least by vegetation as similar as 
that that can be found in their country, where they can play and 
their movement unimpeded, where they do not feel the exile nor 
the lack of their independence, where they will present to the ob-
server the true picture of what they are like in their environment in 
the most remote countries of the globe." 

Lacepede understood the integration of scientific inquiry into 
the operations of a zoo, as made clear by several selected passages 
in his 1801 publications: "It is through the help of such menager-
ies that we will be able to create the science of animal physiog-
nomy more real than that of human physiognomy because their 
pantomime does not express ideas and only depicts sensation and 
not ever being altered by pretenses is simpler, stronger, and truer." 
He continues. . ."The more or less great sensibility to the climatic 
conditions, to the different elements, the odor, the color, the sono-
rous impression, the mode of breeding, the time of the pregnancy, 
the duration of incubation, etc. . ." It is important to remember 
that the science of ethology did not exist at that time. What is also 
remarkable is that he understood how observations on behavior, 
reproduction, nutritional needs, and longevity could be accom-
plished in a zoo, for he said ". . . Let us keep species which can be 
of the greatest utility for man and let us give them wide living 
quarters, durable and best suited for their habits so that they can 
be observed fruitfully so that one can find the most adaptable nour-
ishment which is most suited to their organs. Also, so that one can 
find their breeding habits, the number of their litter, the nature of 
their affection, the violence of their appetite, the length of their 
life span." Interestingly, Nobel laureate Konrad Lorenz reinforced 
Lacepede's vision a century and a half later (1952:73): "By keep-
ing a living thing in the scientific sense we understand the attempt 
to let its whole life cycle be performed before our eyes within the 
narrower or wider confines of captivity." 

Zoo workers should maximize the utility of their living collec-
tions by preserving specimens upon death and placing them in a 
suitable depository. Lacepede addresses this issue: "When an ani-
mal dies, it is immediately brought to the laboratory of anatomy. 
There the skin is taken and sent to the laboratory of zoology where 
the professor has it mounted if it is not yet on exhibit. Then we 
prepare the pan, and we put in one pan all the fleshy parts which 
one intends to preserve. We do not even neglect to look if there is 
not in the body of the animal some intestinal worms, which could 

Re. 2. Undated illustration, possibly around mid-1870s, of interior of 
reptile building at La Menagerie Jardin des Plantes in Paris. Credit: pro-
vided by Jean-Luc Berthier, Jardin des Plantes Archives. 
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Fie. 4. Cover of "Le Monde Illustre" published 24 October 1874 show-
ing reptile display and inhabitants at La Menagerie Jardin des Plantes in 
Paris. Courtesy of Jean-Luc Berthier, Jardin des Plantes Archives. 

lead to new observations." In this passage, Lacepede offers sug-
gestions to the zoo pathologist as well. According to Kirchshofer 
(1968:288), Max Schmidt, a veterinarian and director of the Frank-
furt Zoo from 1859 to 1885, "initiated the post mortems (sic) on 
zoo animals." 

Consider how stunning Lacepede's ideal zoo would be if it were 
ever actualized in totality: "The garden spreads over a surface 
which is rectangular and measures more or less thirty-six acres 
and offers a few elevations. Two little artificial rivers cross the 
terrain for all its length and end in a series of little lakes of irregu-
lar contours. Between the two sinuous little rivers an elevated path 
is used by the visitors; on each side of the bed of the double river 
the terrain rises slightly and irregularly and is provided with small 
hills and rocks. The park is planted with trees and appropriate 
bushes. Some parts are covered with sand. The slopes are divided 
in several enclosures of irregular dimensions surrounded by fences 
which go down to the water and are hidden by vegetation. The 
river is enlarged in front of those enclosures to allow animals to 
bathe and the edge is a little inclined in order to facilitate their 
access to the water. The night lodges for carnivores are hidden by 
rocks. For most of the species shelters are provided. The bird cages 
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are spacious and contain small trees and artificial rocks. There are 
lakes for fishes, aquatic turtles, sea lions, and especially aquatic 
birds, which are also allowed on certain parts of the rivers. Place 
is even provided for the breeding of worms and mollusks. 

The zoological park so conceived is not an accumulation of build-
ings or birdcages or cages with bars but it constitutes a true scen-
ery. The plantations offer plenty of natural habitats of most of these 
exhibited animals. As much as possible one will use as enclosures 
natural obstacles, among others, a combination of water surface 
and of different levels, for instance, an elevated path. Thanks to 
the sloping terrain the animals are not in moats but are the same 
level or almost the same level as the spectators." The Count iden-
tified an important issue relevant to zoo herpetologists. Presently, 
many zoo administrators are enamored with the rare and expen-
sive - the so-called charismatic mega-vertebrates - so places for 
breeding worms and mollusks are rarely incorporated into master 
plans; amphibians and reptiles suffer the same fate. To prove this 
point, consider how few new herpetological facilities are being 
planned or significant resources directed into herpetological pro-
grams. Accordingly, there is a disturbing trend for building un-
imaginative and uninspiring zoogeographic exhibits with an oc-
casional python, crocodilian, giant tortoise, or large lizard added 
as an afterthought. Retired director William Conway from the 
Wildlife Conservation Society in New York published a thought-
provoking paper (1968, 1973) suggesting that the common bull-
frog-widespread, small, inexpensive and ectothermic- can en-
lighten and educate the visitor very effectively. Today, a bullfrog 
display could be used as the perfect example to highlight amphib-
ian biology, decline of amphibian populations worldwide, and the 
danger of introducing alien species. Unfortunately, zoo herpetolo-
gists have been rather ineffective in convincing their superiors 
that amphibians and reptiles are incredibly interesting and deserve 
a prominent place within the zoological garden or aquarium. 

Lacep de was unable to implement his ideas, owing to the un-
stable political climate during the French Revolution and the lack 
of funds (Van den bergh 1962). His plans for outdoor displays at 
the M nagerie in Paris would have been suitable for some Tem-
perate Zone animals, including amphibians and reptiles, but ex-
otic taxa require indoor exhibits with stable temperatures. During 
1870-1874, a reptile building with a pavilion and two lie center 
exhibition halls was constructed (Figs. 2-3)This beautiful edi-
fice exists today, still used as a reptile building. 

Biographies of Lacepede, appointed the Grand Chancellor of 
the Legion of Honor by Napoleon, are available (Adler 1989; Van 
den bergh 1962). 
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There is disagreement concerning the taxonomic identity of 
chuckwallas inhabiting Isla Danzante, Baja California Sur. Isla 
Danzante is a land bridge island situated at 25°47'07"N latitude, 
and 111°14'59"W longitude, 2.61 km from the coastline of the 
Baja California peninsula and south of Isla Carmen. It has an area 
of about 4.64 km 2  (Murphy et al. 2002). In a systematic revision 
of the genus Sauromalus, Hollingsworth (1998) placed the conti-
nental S. obesus and the peninsular S. australus in the synonymy 
of Sauromalus ater. He also classified the chuckwallas from the 
southern gulf islands, including Isla Danzante, as S. ater. In a study 
of body size evolution and biogeography of chuckwallas, Petren 
and Case (1997) sequenced the cytochrome b gene from a number 
of continental and insular populations of chuckwallas. Their analy-
sis revealed that a single chuckwalla from Isla Danzante was ge-
netically similar to their samples of S. slevini from Islas Carmen 
and Monserrate (S. slevini also occurs on Isla Coronados, but that 
island was not sampled by the authors). 

Grismer (1999, 2002) listed Isla Danzante among the islands 
inhabited by S. ater. Murphy and Aguirre-Leon (2002) called at-
tention to the discrepancy between Grismer's classification of the 
chuckwallas from Isla Danzante and the molecular genetic evi-
dence from Petren and Case (1997), and chose to recognize this 
insular population as S. slevini. The purpose of my study is to 
compare nuchal scalation and other characteristics in a limited  

number of specimens to determine whether the Isla Danzante popu-
lation is more similar to S. ater or S. slevini. 

Sauromalus slevini is considered to be generally intermediate 
in scalation between the spiny chuckwalla, S. hispidus, and the 
smaller-scaled S. ater from the southern gulf islands (Shaw 1945). 
In S. slevini, the nuchal scales are much larger than the median 
dorsal scales and are conical to strongly spinose (Grismer 2002; 
Shaw 1945). Also, above and slightly forward of the shoulder, 
there is a skin fold bearing a patch of enlarged, subconical scales 
(Hollingsworth 1998; Shaw 1945). In contrast, the nuchal scales 
in S. ater are usually tuberculate, flattened, or spinose, but only 
slightly larger than the largest median dorsal scales. Also, the 
antehumeral fold lacks a group of enlarged, subconical scales; in-
stead the scales are subequal. 

Sauromalus slevini and S. ater cannot be distinguished on the 
basis of meristic scale characters. The range limits of eight meris-
tic characters overlap substantially between the two taxa (com-
pare Tables 13 and 19 in Hollingsworth 1998). Discriminant func-
tions analysis (based on these eight meristic characters) did not 
separate chuckwallas from Isla Danzante from the insular samples 
of S. ater. The sample from Isla Danzante fell within the disper-
sion polygon of the sample from Isla San Francisco (see Fig. 51 in 
Hollingsworth 1998). 

I examined two specimens from Isla Danzante (BYU 34494-
95, female and male respectively), and compared them with a se-
ries of seven S. slevini from Isla Carmen, and eight S. ater from 
Isla San Francisco. The two specimens from Isla Danzante are 
very similar to specimens of S. slevini, having nuchal scales that 
are conical to strongly spinose, especially in the male (Fig. 1). 
However, many of the nuchal scales in the male specimen show 
damage, and examination under a dissecting microscope revealed 
that they were abraded. During life, the lizard may have frequently 
used a rock crevice with abrasive surfaces, perhaps for predator 
escape. The scales on the antehumeral fold are conical in the male 
specimen, and merge with more spinose scales in adjacent areas 
of the dorsum. The female specimen lacks differentiated scales on 
the antehumeral fold of the left side, and the scales are only feebly 
enlarged on the right side. 

The male specimen from Isla Danzante has a snout—vent length 
of 193 mm, which greatly exceeds maximum SVL of S. ater from 
the southern gulf islands, and falls within the upper decile SVL of 
S. slevini. Hollingsworth (1998, Table 4) provides maximum SVLs 
for these insular samples as follows: Isla Espiritu Santo (169 mm), 
Isla Partida Sur (171 mm), Isla San Diego (134 mm), Isla San 
Francisco (145 mm), Isla San Jose (156 mm), Isla San Marcos 
(164 mm), and Isla Santa Cruz (166 mm). Hollingsworth (1998) 
gives maximum SVLs for three populations of S. slevini as fol-
lows: Isla Carmen (188 mm), Isla Los Coronados (202 mm), and 
Isla Monserrate (209 mm). Petren and Case (1997, Table 2) pro-
vide upper decile SVLs for these populations as follows: S. ater 
from the southern gulf islands (163 mm; N = 111) and S. slevini 
from Isla Carmen (181 mm; N = 22). 

There appears to be ontogenetic as well as sexually dimorphic 
variation in the development of the enlarged, spinose nuchal scales 
in S. slevini. The largest male examined (CAS 16127; 190 mm 
SVL) has greatly enlarged, spinose nuchal scales giving the lizard 
a more bristly appearance compared with smaller males (143-179 
mm SVL). Three females examined (127-154 mm SVL) also have 
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FIG. 1. Comparison of the nuchal scales of (A) Sauromalus slevini (CAS-
SU 16127), male, from Isla Carmen; (B) Sauromalus (BYU 34495), male, 
from Isla Danzante, and (C) Sauromalus ater, (CAS 52708) from Isla 
San Francisco. 

spinose nuchal scales that are less developed when compared with 
males. 

There is also variation in the development of enlarged subconical 
scales on the antehumeral fold. In the largest male S. slevini ex-
amined, the scales on the antehumeral fold are spinose and merge 
with those on the nuchal area. In smaller males, and in females, 
slightly enlarged, rounded to subconical scales may be present on 
the antehumeral fold as a discrete group, surrounded by smaller 
scales. However, the degree of development of the scales on the 
antehumeral fold is variable among individuals, and may also dif-
fer between the left and right antehumeral folds on the same indi-
vidual. The ontogenetic and sexually dimorphic variations in these 
characters have not been previously reported. 

Hollingsworth (1998) recognized S. slevini and S. klauberi as 
sister taxa on the basis of three synapomorphies: enlarged scales 
on the antehumeral fold, spinous lateral fold scales, and absence  

of caudal bands throughout ontogeny. The group of differentiated 
scales on the antehumeral fold of S. slevini seems to foreshadow 
the further enlargement of these scales in S. klauberi, but except 
in the largest specimens, they lack the more spinose shape seen in 
the latter species. 

In conclusion, the chuckwallas from Isla Danzante agree with 
S. slevini in terms of the relative size and shape of the nuchal scales, 
the presence of enlarged scales on the antehumeral fold, and the 
snout-vent length. The morphological evidence is therefore con-
sistent with the gene sequence data from Petren and Case (1997), 
and this insular population should be regarded as Sauromalus 
slevini. 
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FIG. 1. Map of Papua New Guinea showing Weam (in bold) located in Western Province. 
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On 11 August 2000, during the filming of a documentary in 
Western Province, Papua New Guinea (PNG), the authors flew 
from Darn Island to the disused 
airstrip at Weam (141°07'E, 
08°37'S), ca. 33 km E of the 
Indonesian border (Fig. 1). 
While searching among 
discarded metal sheeting on the 
edge of the Weam runway, we 
found a small Antaresia and two 
skin sloughs, likely to have 
come from the same snake, 
between two upright layers of 
corrugated sheeting (Fig. 2). The 
specimen is the first 
representative of the genus to be 
found in New Guinea and the 
first recorded outside Australia. 

We tentatively identify this 
specimen as Antaresia maculosa 
(Fig. 3). It is a female measuring 
480 mm snout—vent length, 525 
mm total length. Characters of 
scalation were recorded 
according to Smith (1985) 
(Table 1). There are 253 ventrals, 
48 subcaudals, and dorsal scale 
rows are 33-41-25. The scalation 
of the head is as follows: there 
are 10/10 supralabials with the 
fifth and sixth in contact with the 
lower margin of the orbit; 12/12 
infralabials; two pairs of 
prefrontals with one smaller 
azygous scale on the midline; 4/ 
5 loreals; 1/1 preocular; 3/3 
postoculars; and 2/2 anterior 
temporals. The scale counts fall 
within the ranges reported for A. 
maculosa (Smith 1985). Barker  

and Barker (1994) report an average ventral+subcaudal count of 
317.5 in northern Australian populations and an average of 301.3 
in southern populations. The ventral+subcaudal count for the Weam 
specimen is 301, which unexpectedly associates it with the more 
southern populations in Australia. According to David Barker (pers. 
comm.), the pattern of the specimen discovered at Weam resembles 
the inheritable appearance seen in some captive-bred spotted 
pythons known as the "granite phase." We are not aware that this 
pattern type occurs in natural Australian populations of A. 
maculosa. 

The presence of Antaresia in southwestern PNG provides fur-
ther proof of the strong herpetofaunal links that exist between the 
southern Trans-Fly region of New Guinea and northern Australia. 
As recently as 10,000 years b.p. the two land masses were broadly 
joined by land, the Sahul Shelf, now submerged under the Torres 
Strait, allowing considerable interchange of floras and faunas. The 
overlap in reptile species has been well documented (Cogger 2000; 
De Rooij 1915; O'Shea 1996). Although the new specimen super-
ficially differs in appearance from wild Australian Antaresia 
maculosa, presently there is insufficient reason to describe it as a 
new taxon because a) only one specimen was found and b) there 
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FIG. 2. Collection site of Antaresia maculosa at Weam Airstrip, Weam, 
Morehead District, Western Province, Papua New Guinea. 

are strong zoogeographic links between Western Province, PNG 
and far northern Queensland. However this does not rule out the 
possibility that this New Guinea snake might represent a new spe-
cies. Further fieldwork and DNA comparisons are needed to de-
termine relationships of our specimen to those occurring in 
Queensland. 

Many of the more remote areas of the Western Province of PNG 
remain poorly explored. The terrain is flat, heavily forested, and 
largely swampland or floodplain with numerous termite mounds, 
which makes fieldwork difficult. Weam is along the far western 
border of Papua New Guinea, near the Indonesian border and on 
the Bensbach River (Fig. 1). We were told that the airstrip has 
been closed for 10 years and had only been opened to facilitate 
our arrival and departure. Though August is generally dry season 

FIG. 3. Specimen of Antaresia maculosa (PNGM 25085) from Weam, 
Western Province, Papua New Guinea. Top: dorsal view of head; lower: 
whole body view. Photos by Mark O'Shea. 

TABLE 1. Comparison of features of Antaresia maculosa (based on Smith 1985) with the specimen of A. cf. maculosa from Weam, PNG. 

Character 
	 Australian A. maculosa 	 Weam specimen 

Dorsal scales at neck 	28-35 	 33 
Dorsal scales at midbody 	35-44 	 41 
Dorsal scales at vent 	22-28 	 25 
Ventrals 	 246-287 	 253 
Subcaudals 	 37-48 	 48 
Ventrals + subcaudals 	288-332 	 301 
Supralabials 	 10-11 (11-12) 	 10 
S/L contacting orbit 	5th & 6th 	 5th & 6th 
Infralabials 	 12-14 	 12 
Pairs of prefrontals 	2 	 2 
Azgygous scale present 	variable 	 yes 
Loreals 	 3-10 	 4-5 
Preoculars 	 1 	 1 
Postoculars 	 3-4 (2-5) 	 3 
Anterior temporals 	3-4 (3-5) 	 2 
Dorsal coloration 	yellow-brown to dark brown 	 olive brown 
Dorsal pattern 	 irregular rough-edged spots 	 dark irregular, rough-edged spots arranged in transverse rows 
Scale iridescence present 	yes 	 yes 
Ventral color 	 immaculate off-white 	 immaculate off-white merging to light yellow 
Head coloration 	 brown with spotted markings posteriorly 	as body with single or fused dark spots on every scute, dark canthal 

and temporal stripe and off-white labials below 
Color of iris 	 brown to orange or gold 	 dark orange 
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in Western Province, the 2000 wet season lasted well into July. 
Nevertheless, humidity levels were moderate (50-60%), and the 
environment was generally dry and warm (29-31°C). Though we 
have no direct evidence of the diet of this python in PNG, there 
were numerous geckos (Hemidactylus frenatus) between the same 
metal sheets. 

The live specimen was left in the live collection at the Papua 
New Guinea National Museum and Art Gallery under the care of 
Ilaiah Bigilale. It has subsequently died and been accessioned into 
the museum collection (PNGM 25085). 
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The lizard genus Liolaemus has experienced remarkable growth 
in recent years. In the past decade an average of four new species 
has been described each year and dozens more await description 
(Etheridge and Espinoza 2000). Given this trend, and recent esti-
mates of cryptic diversity in some clades (e.g., Lobo and Espinoza 
1999; Morando et al. 2003), Liolaemus may someday surpass even 
Anolis (sensu lato) in species richness. Currently, Liolaemus in-
cludes approximately 160 species. A recent molecular phyloge-
netic analysis (Schulte et al. 2000) of 60 species representing all 
major Liolaemus lineages recovered two similarly sized clades 
and corroborated the results of several morphological studies (re-
viewed by Etheridge 1995). One of these major clades, the  

chiliensis group, includes approximately 80 species and has been 
further divided into numerous subgroups (Etheridge 1995; Lobo 
2001). One of these subgroups, the elongatus-kriegi group (sensu 
Morando et al. 2003; see also Cei 1979), has experienced recent 
growth with the addition of seven species since 2000 (Avila et al. 
2003, 2004; Cei and Videla 2003; Espinoza et al. 2000; Espinoza 
and Lobo 2003). Moreover, molecular analyses of populations in 
southern Argentina suggest that the elongatus-kriegi group may 
include as many as three times the number of species currently 
recognized (Morando et al. 2003). Given their recent discovery 
and remarkable diversity, the natural and life history of most spe-
cies belonging to this group is poorly understood. 

Among members of the elongatus-kriegi group, L. heliodermis 
is likely the most enigmatic. This species belongs to a recently 
diagnosed Glade (Espinoza and Lobo 2003) that consists of four 
species (L. capillitas, L dicktracyi, L. heliodermis, and L umbrifer; 
but see Avila et al. 2004 for a more inclusive definition). In con-
trast to the other three species belonging to this northern radia-
tion, and to the elongatus-kriegi group on whole, L. heliodermis is 
an unusually rare lizard (Espinoza et al. 2000). The species was 
described from just three specimens: two adult males and a juve-
nile female. The coloration of male L. heliodermis is unlike that 
of virtually all other Liolaemus: black heads with vibrant sulfur-
yellow torsos (see Espinoza et al. 2000 for a color illustration). 
Interestingly, the juvenile female paratype is brown, but because 
no adult female was available for study, only speculation could be 
offered regarding the occurrence and ontogeny of sexual dichro-
matism in this species. Documenting sexual dichromatism in L. 
heliodermis may be the first step toward revealing related aspects 
of the lives of these poorly known lizards because sexual dimor-
phism is absent in most other members of this lineage (Espinoza 
and Lobo 2003). Here we describe an adult female L. heliodermis 
to provide much needed information on variation in squamation 
of this enigmatic taxon. Second, we address the hypotheses posed 
by Espinoza et al. (2000) regarding the ontogeny and intersexual 
occurrence of sexual dichromatism in this species. 

On 25 January 2000, an adult female Liolaemus heliodermis 
(deposited at the Fundacion Miguel Lillo, Tucuman, Argentina; 
FML 8974) was found at km 98 on Ruta Provincial 307, 
Departamento Taff del Valle, Provincia de Tucuman, Argentina, 
just 3 km from the type locality. The specimen was dead and had 
been trapped in the freshly paved asphalt of this provincial high-
way (G. Scrocchi, pers. comm.). The lizard likely succumbed to 
exposure after adhering to the tar (Hubbs and Walker 1947). Be-
fore preservation, gasoline was used to remove tar from the lizard, 
which resulted in loss of some scales. The specimen is otherwise 
in good condition with the exception of the loss of approximately 
three quarters of the tail. Notes on color were taken prior to pres-
ervation. 

The following description adopts terminology for squamation 
from Smith (1946) as modified by Espinoza et al. (2000) and 
Espinoza and Lobo (2003). We followed Frost (1992) for defini-
tions of neck folds. Snout–vent length (76.05 mm), tail length 
(13.55 mm, autotomized), axilla-groin distance (34.05 mm). Head 
(anterior border of auditory meatus to the tip of the snout 17.94 
mm), head width (anterior border of auditory meatus 13.64 mm), 
snout length (posterior margin of canthal to tip of snout 5.14 mm), 
intraorbital distance 4.34 mm, tibial length (16.23 mm), foot length 
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FIG. 1. Dorsal and lateral views of the head of an adult female Liolaemus 
heliodermis (FML 8974). 

(22.34 mm). 
Dorsal and lateral views of the head are provided in Fig. 1. Dor-

sal head scales smooth, 15 between occiput at the level of the 
anterior border of auditory meatus and rostral. Nine smooth 
temporals, most with a scale organ at their posterior margin. Inter-
parietal subpentagonal, of similar size to the parietals, surrounded 
by seven scales. Frontal scale divided longitudinally, forming two 
scale rows between circumorbitals. Five scales between frontal 
and rostral. Two postrostrals. Each postrostral with 12-13 scale 
organs. Supraorbital semicircles complete. Four/five (right/left) 
enlarged supraoculars. Five scales between frontal and 
supercilliaries. Five/six flat, elongate superciliaries. Canthal sepa-
rated from nasal by one or two scales. Loreal region flat. Eight 
scales surrounding nasals. Nasal in slight contact with rostral. Eight/ 
nine lorilabials, fourth through eighth/nine in contact with 
subocular. Six/seven supralabials. Fourth/fifth supralabial curved 
upward posteriorly but not in contact with subocular. Infralabials 
five, slightly taller than supralabials. Four intemasals. Orbit with 
16 upper and 15 lower ciliaries. Orbit diameter 3.5 mm (measured 
between upper and lower ciliaries). Subocular scale elongate. 
Preocular unfragmented. Longitudinal ridge along upper margin 
of the three ocular scales. Rostral scale wider (3.88 mm) than high 
(1.39 mm) fragmented along left side. Mental wider (2.03 mm) 
than long (3.46 mm), followed posteriorly by two rows of 4/5 
chinshields. Chinshields in contact with first infralabial. Scales of 
throat between chinshields juxtaposed, becoming slightly imbri-
cate toward the auditory meatus. Fifty gulars between auditory 
meatus. Three/four scales along anterior border of auditory me-
atus project outward. Auditory meatus higher (4.12 nun) than wide  

(2.28 mm). Lateral scales of neck granular. Subdermal fat bodies 
give inflated appearance to neck region. Antehumeral fold dis-
tinct. Rictal, postauricular, and longitudinal folds present but less 
conspicuous than antehumeral. Thirty-nine scales between audi-
tory meatus and antehumeral fold (counted along postauricular 
and longitudinal folds). 

Scales of neck region smaller than dorsals. Sixty-four dorsal 
scales between occiput and anterior surface of thighs. Dorsal body 
scales round to rhomboidal, very weakly keeled. Fifteen to 17 
longitudinal keeled scale rows over dorsum of trunk. Scales become 
increasingly rounded laterally and along flanks. Sixty-nine scales 
around midbody. Ventral scales of similar size to dorsals, 110 
between mental and mid-thigh. Ventral surface of thighs with 
enlarged, laminar imbricate scales anteriorly, abruptly changing 
to smaller granular scales posteriorly at mid thigh. No precloacal 
pores. Fourth finger with 23 tridentate, subdigital lamellae. Claw 
relatively straight, moderately short, pointed, opaque brown. Fourth 
toe with 28 subdigital lamellae. Claw similar to that of fourth finger. 

At the time of collection the specimen was dead, but apparently 
not for long (G. Scrocchi, pers. comm.), so its color in life was 
probably reasonably well preserved. Dorsally, head to near inser-
tion of the forelimbs black. Laterally, head black with some barely 
noticeable gray scales. Throat charcoal black with black margins 
and many small, irregularly dispersed black spots. Dorsal torso 
gray with many small yellow flecks. Vertebral field (sensu Lobo 
and Espinoza 1999) much darker than remainder of dorsal body. 
Color much lighter from hind limbs to portion of tail not autoto-
mized than for remainder of dorsal body. Dorsal forelimbs black 
with yellow flecks. Hind limbs much lighter than forelimbs. Ven-
trally gray, abdominal region gray with larger flecks of black and 
laterally with flecks of yellow. Ventral forelimbs gray with very 
few yellow flecks; ventral hind limbs much lighter. Overall the 
brightness of the yellow on this specimen was considerably less 
vibrant or extensive on the trunk compared to the two males de-
scribed previously (G. Scrocchi, pers. comet.). 

After 2.5 years in preservative (70% EtOH) the color is some-
what faded: black extends to shoulders, beyond which, dorsal scales 
grade to pale cream-yellow on torso. Yellow color of torso ex-
tends to first quarter of tail (last three quarters of tail autotomized). 
Ventral surface light gray with dark gray to charcoal flecks be-
coming denser laterally. Flank with larger charcoal gray marks 
flecked with scales of cream-yellow. Throat darker than belly, 
densely flecked with gray marks especially along perimeter. Ven-
tral surfaces of thighs with a longitudinal band of pale cream scales. 

The only other known female of L. heliodermis—a juvenile 
(paratype; FML 6007)—has a brown head and lighter brown dor-
sal torso with flecks of cream-colored scales. This is in stark con-
trast to the black head and sulfur-yellow torso exhibited by adult 
males of this species (Espinoza et al. 2000). Consequently, at the 
time of the original description, only speculations could be made 
about the development and occurrence of sexual dichromatism of 
this species. Three possibilities were offered to account for the 
marked differences in coloration in this species: (1) males and 
females are sexually dichromatic, wherein females retained the 
brown coloration of juvenile described above, (2) the species is 
not sexually dichromatic, and the bright coloration develops onto-
genetically in both sexes, or (3) sexual dichromatism is present 
and develops ontogenetically for both sexes, perhaps with females 
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becoming less brightly colored than the males. The description of 
the adult female L. heliodermis provided above suggests that sexual 
dichromatism, although present, is not as dramatic as would be 
the case if the juvenile coloration were retained into adulthood for 
females. Although females undergo a dramatic change in colora-
tion ontogenetically (brown 3 yellow), the yellow coloration could 
brighten to levels not detected in specimens collected to date. For 
example, females may develop brighter coloration when gravid, 
as is apparent in other Liolaemus (Espinoza and Lobo 2003; 
Etheridge 2000; R. E. Espinoza, pers. observ.) and numerous other 
iguanian lizards (Cooper and Greenberg 1992). Consequently, the 
apparent dichromatism, at least in color saturation, may be appar-
ent only during portions of the breeding season. Collection of a 
juvenile male is required to resolve the question of the ontogeny 
of male coloration. We predict, as in females, juvenile males are 
brown and also undergo an ontogenetic change in coloration. 
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coloration in life. We are grateful to S. Kretzschmar (FML) for curatorial 
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Reptiles are similar to other vertebrates in that they show both 
behavioral and physiological stress responses to a wide variety of 
stimuli (reviewed by Greenberg and Wingfield 1987; Lance 1990; 
Guillette et al. 1995; Wingfield and Romero 2001; Greenberg 2002; 
Greenberg et al. 2002; Moore and Jessop 2003). Frequently re-
ported stressors include extreme temperature (Jessop et al. 2000), 
crowding (Hayes 1997), social dominance (Alberts et al. 1994; 
Matter et al. 1998; Schuett et al. 1996; Greenberg 2002, 2003), 
starvation (Romero and Wikelski 2001), as well as a range of an-
thropogenic factors (Hofer and East 1998) including capture and 
handling (Moore et al. 1991; Kreger and Mench 1993; Cash et al. 
1997; Lance and Elsey 1999; Cree et al. 2000; Moore et al. 2000; 
Gregory and Schmid 2001; Mathies et al. 2001; Franklin et al. 
2003; Jessop et al. 2003). 

The hypothalamo-pituitary-adrenal (HPA) axis is unquestion-
ably the best-studied physiological system concerning the stress 
response (Selye 1973), and there is a relatively long history on 
adrenal hormones (glucocorticoids) in reptiles (Greenberg and 
Wingfield 1987; Lance 1990). Cortisol and corticosterone (CORT) 
are adrenal glucocorticoids released in response to stressors, and 
when elevated have important metabolic functions in converting 
stored energy (e.g., lipids and proteins) to available glucose for 
escape or defense (Dallman et al. 1995; Guillette et al. 1995). 
Chronically high levels, however, can have profoundly negative 

Herpetological Review 35(3), 2004 
	

229 



downstream effects on immune function (Guillette et al. 1995; 
Moynihan 2003). The primary glucocorticoid in reptiles is CORT 
(Greenberg and Wingfield 1987) 

Researchers interested in measuring levels of circulating CORT 
for studies on metabolism or reproduction face the problem of 
obtaining blood samples quickly to avoid adversely influencing 
"true state" levels through handling stress. It is thus important to 
understand the influence of handling stress on CORT levels. A 
quantitative sense of the timing of the CORT response during han-
dling permits evaluation of handling techniques as potential con-
founding variables in the analysis of CORT itself, other steroids 
such as testosterone (Lance et al. 2004), and a wide range of physi-
ological parameters immediately removed from but affected by 
elevated levels of CORT (e.g., immune responses) (Guillette et al. 
1995; Moynihan 2003) 

The goal of this study was to determine whether certain han-
dling procedures cause a significant CORT response in a labora-
tory colony of male Western Diamond-backed Rattlesnake (Cro-
talus atrox) derived from the wild. The measurements of CORT 
we report are not intended to stand as surrogate values for sub-
jects living in the wild. Rather, they denote important baseline 
data for laboratory analyses and prospective field studies. 

MATERIALS AND METHODS 
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Subjects.—Seventeen adult male Western Diamond-backed 
Rattlesnakes (Crotalus atrox) were used. All subjects were long-
term (3-4 years), healthy captives (housed in the Life Sciences 
Department, Arizona State University West, Animal Care Facil-
ity), and were collected as adults from several areas in central 
Maricopa County, Arizona, near the vicinity of Phoenix. Mean (± 1 
SE) snout–vent length (SVL) was 89.1 ± 2.39 cm, range 74.0 to 
98.0 cm, and mean (± 1 SE) body mass was 480.45 ± 32.81 g, range 
278.80 to 639.3 g. Subjects were housed individually in glass en-
closures (91 L x 30 W x 25 H cm) fitted with screen covers, with 
the front end heated by commercial heat tape (8 cm wide; 32°C) 
during photophase. Newsprint was used as a floor covering. Arti-
ficial lighting (eight 40 W fluorescent tubes) positioned 3 m above 
the cage was electronic timer-controlled to simulate natural (Ari-
zona time) photoperiod year round. Laboratory rodents were of-
fered weekly during the active season (March through October), 
and water was available in glass bowls ad libitum. 

Testing procedures.—Experimental procedures for testing han-
dling stress were performed in the laboratory. Handling proce-
dures involved the following. The experimental subjects were ran-
domly selected and placed in three groups: group 1 (N = 5), the 
control, and two treatment groups, group 2 (N = 5) and group 3 (N 
= 7). Testing occurred in a large observation arena (2.5 L x 1.5 W 
x 1 H m). The arena floor had three commercial strips of heat tape 
(16 cm wide; 32°C) running its length, and on top of them news-
print covered the entire arena floor. Each trial (N = 12) involved 
placing a single subject in the middle of the test arena, and each 
was gently and consistently (every 5 sec) prodded and grabbed 
with a commercial snake grabber (snake tongs; 1 m in length) for 
a total time of 5-min. Following this procedure they were imme-
diately returned to their individual permanent enclosures, and bled 
at 15-min (group 2) and 30-min (group 3) post-handling, respec-
tively, and returned to their permanent enclosures. The control 
(group 1) involved placing subjects (N = 5) into the arena for 5- 

FIG. 1. Mean (± 1 SE) concentration of plasma corticosterone (ng/ml) 
for 17 adult male Crotalus atrox in three independent experimental groups. 
Control Group: Group 1 = no handling stress and blood sampling at 5-
min post arena exposure. Treatment Groups: Group 2 = 5-min handling 
stress and blood sampling at 15-min post-handling. Group 3 = 5-min han-
dling stress and blood sampling at 30-min post-handling. 

min but they were not prodded nor grabbed. They were bled im-
mediately after removal from the arena, and returned to their indi-
vidual permanent enclosures. All tests occurred during the late 
morning of 24 March 2000. 

Collection of blood and plasma.—Subjects were gently removed 
from their individual permanent enclosures, quickly restrained in 
a standard squeeze-box, bled, and returned to their enclosures. The 
entire process required 1-3 min. Blood was obtained from tail 
vessels using sterile 1.0 ml tuberculin syringes (25-G5/8") treated 
with porcine-derived heparin sodium (1,000 units/ml). Blood was 
immediately placed on ice (Taylor and Schuett 2004), followed 
by centrifugation for 4-min at 6000 rpm. Plasma was individually 
collected in 1.5 ml centrifuge tubes and stored in an ultra-low 
freezer (- 80°C) until radioimmunoassays (RIAs) could be per-
formed (< 1 year). 

Radioimmunoassay of plasma.—The general procedures for con-
ducting RIAs for measurement of CORT are published elsewhere 
(Schuett et al. 1996; Schuett and Grober 2000), but will be briefly 
described below. RIA kits were used (InimuChem double antibody 
corticosterone, RIA I; ICN Biomedicals, Inc.). Validation for the 
RIA was by quantitative recovery and parallelism. Quantitative re-
covery of CORT added to snake plasma was 100%, and parallelism 
was demonstrated between the inhibition curve for the standards 
and dilutions. In this analysis CORT did not require an extraction 
procedure. The minimum detectable concentration was 50 pg. 
Samples (N = 34) were analyzed in duplicate in one RIA. The intra-
assay coefficient of variation was 2.4%. All CORT values are pre- 
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sented as arithmetic means ± 1 SE (ng/ml). 
Statistical analyses.—Prior to performing statistical tests 

(StatView 5.01, SAS Institute, Inc ), data were inspected for outli-
ers, normality (skewness and kurtosis), and equality of variance. 
Outliers were not detected, and conditions for normality and equal-
ity of variance were met. Because of the tendency of snakes with 
larger body mass to have relatively higher levels of circulating 
gonadal steroids (Schuett et al. 2001a, b; 2002; Taylor and Schuett 
2004), we inspected body mass as a potential covariate for 
ANCOVA. Although body mass of individuals ranged widely, 
mean body mass of the three treatment groups was not signifi-
cantly different (ANOVA, F2. 14 = 0.854, p = 0.447), and linear 
regression showed no significant relationship between body mass 
and levels of plasma CORT (Group 1: r 2  = 0.411; ANOVA, F,, 3  = 
2.097, p = 0.243. Group 2: r 2  = 0.515; ANOVA, F,,, = 5.305, p = 
0.070. Group 3: r2  = 0.236; ANOVA, F1, 3 = 0.926, p = 0.410.). 
Accordingly, ANOVA was used instead of ANCOVA. All tests 
were two-tailed; the a-level of significance was set at p < 0.05. 

RESULTS 

Mean (± 1 SE) concentrations of plasma CORT in the three ex-
perimental groups of C. atrox are presented in Fig. 1. ANOVA 
demonstrated a significant treatment effect (F 2, 14  = 9.829, p = 
0.0022), and post hoc (Fisher's PLSD) analyses showed that the 
mean concentration of CORT in group 3 (blood obtained at 30-
min post-handling) was significantly greater than in group 2 (blood 
obtained at 15-min post-handling) or in group 1 (control). There 
was no significant difference (p = 0.578) in the mean CORT lev-
els between group 1 and group 2. Therefore, in adult male C. atrox 
subjected to mild handling stress, the response time for detection 
of significantly elevated levels of CORT is at least 30-min post-
handling. 

DISCUSSION 

The present data show that wild-collected adult male C. atrox 
held long-term (3-4 years) in a laboratory situation show a rela-
tively rapid and significant CORT response to mild handling stress 
at 30-min post-handling. Our results should not be used as surro-
gate values for free-ranging subjects, but they emphasize the im-
portance of obtaining blood for CORT measurements relatively 
quickly to obtain "real state" values. The duration of capture and 
the time required to obtain blood are potential confounding vari-
ables in analyzing CORT and other steroid hormones (Moore et 
al. 1991; Lance et al. 2004). If captivity has the influence of re-
ducing the time course of the stress response due to habituation, 
we suspect that free-ranging C. atrox might be even more sensi-
tive to handling stress (i.e., show a greater and more rapid CORT 
response). We do not, however, have data to support this view in 
snakes. Interestingly, the subjects in this study showed no signs of 
behavioral habituation with respect to defensive behaviors (e.g., 
striking, rattling) despite being removed from the wild as adults 
for 3-4 years. In a non-reptilian example, a battery of stress tests 
using wild and domestic cavies (Rodentia, Cavia aperea) showed 
that long-term breeding (30 generations) in captivity did not re-
sult in significant changes in behavioral and CORT responses 
(Kiinzl et al. 2003). A similar study on snakes and other reptiles 
would be valuable for comparison. 

Other researchers investigating handling stress and CORT lev-
els in snakes obtained results similar to ours. Kreger and Mench 
(1993) used three common handling techniques to investigate stress 
responses in captive Ball Pythons (Python regius). Although their 
study had potential problems because of repeated-sampling of a 
small number of subjects (N = 4), none of the short-term (10-min) 
handling procedures evoked a significant elevation of plasma 
CORT. A study on Brown Treesnakes (Boiga irregularis) in Guam 
showed that protracted (1 night) confinement stress in traps showed 
significantly elevated plasma CORT, and there was limited evi-
dence that other sex steroids were affected negatively (Mathies et 
al. 2001). Moore et al. (2000) showed that capture stress in male 
Red-sided Garter Snakes (Thamnophis sirtalis parietalis) did not 
result in suppression of courtship. There was, however, a signifi-
cant elevation in plasma CORT, as well as a significant negative 
correlation between levels of plasma CORT and testosterone 
(Moore et al. 2000). Nonetheless, Moore et al. (2000) suggested 
that the behavioral stress response is uncoupled from the hormonal 
stress response during mating to maximize reproductive success. 
All of the above examples clearly show that capture and handling 
stress can elicit a CORT response, and that there are complex is-
sues concerning species differences, as well as seasonal and sex 
differences. 

We would like to specify several limitations of this study and 
point to further research. First, we have few concerns regarding 
diel effects in this study based on the fact that all sampling oc-
curred in a narrow time frame in a single day (Cree et al. 2000; 
Summers and Norman 1988; Tokarz et al. 1998; Tyrell and Cree 
1998). Although we have not determined in either captive or wild 
adult male C. atrox whether or not plasma CORT concentrations 
show diel patterns, we do know that there is no significant varia-
tion in plasma CORT during their active season (Mar.-Oct.) (Tay-
lor et al. 2004). Second, we have not tested adult female C. atrox 
for CORT responses to handling. Several studies have demonstrated 
that there are sex differences in the CORT response (Lance et al. 
2001; Mathies et al. 2001; Moore and Jessop 2003), and in fe-
males differences can be seasonal and influenced by reproductive 
states (Cree et al. 2000; Lance et al. 2001). During parturition, for 
example, mean plasma CORT levels in C. atrox are exceedingly 
high (> 350 ng/ml) yet their behavioral state appears to be stress-
free. In fact, females appear to be tranquil and unremarkable 
(Schuett et al., in press). Third, there are few data on stress in 
juvenile reptiles. Behavioral (e.g., social) stressors can affect 
growth and immunocompetency (Alberts et al. 1994; Guillette et 
al. 1995). Finally, because our data set is limited to captive ani-
mals, tests of handling stress in free-ranging C. atrox across their 
active season and spanning different contexts (e.g., reproductive 
vs. non reproductive) would provide a broader range of knowl-
edge. 

In conclusion, our results on handling stress have direct utility 
for investigations of CORT in C. atrox in a wide range of labora-
tory-based studies of physiology and behavior (Guillette et al. 
1995), as well as in free-ranging populations. Moreover, there are 
implications for studies of stress and CORT levels in the collec-
tion of free-ranging individuals for commercial uses, such as in 
rattlesnake roundups (Fitzgerald and Painter 2000). 
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Box turtles (Terrapene) frequently have been reported with aural 
abscesses, correctly referred to as an abscessation of the middle 
ear. The abscesses produce noticeable sebaceous-like swellings 
on one or both sides of the head, and in extreme cases the ab-
scesses become so large that the turtle is unable to feed or even to 
withdraw its head into the shell. Other conditions associated with 
aural abscesses include palpebral edema, lethargy, discharge of 
inflammatory debris from the mouth or eye socket, and emacia-
tion. The inflammatory debris aggregates in the middle ear, where 
a caseous material builds up and may be encapsulated by fibrous 
connective tissue (see color photo 47 in Dodd 2001). In the ex-
treme, this caseous material hardens into an acrylic-like substance. 
Gram-negative bacteria such as Citrobacter, Enterobacter, Pro-
teus morganii, P rettgeri, and Pseudomonas are associated with 
massive infections, but these bacteria also are part of the normal 
flora of box turtles (Jackson et al. 1972; Murray 1996). 

Whereas most veterinary references discuss the prevalence and 
etiology of aural abscesses associated with captive box turtles, 
wild box turtles also have been found with such abscesses. In cap-
tivity, aural abscesses are usually attributed to poor husbandry, 
poor diet, keeping animals at suboptimal temperatures, or a com-
bination of these factors (Boyer 1992; Murray 1996). For wild 
box turtles or box turtles kept in semi-natural conditions outdoors,  

the most common suggested causes are insect bites, infectious 
protozoans, parasitism, or trauma to the buccal cavity with sec-
ondary infection (Allard 1935; Dodd 2001; Jackson et al. 1972). 
Although each of these factors might contribute to the progres-
sion of the condition, hypovitaminosis A also is known to lead to 
abscesses of the middle ear cavity (Boyer 1996; Murray 1996). 
Interference with Vitamin A metabolism by organochlorine com-
pounds recently has been suggested as leading to aural abscesses 
in wild T carolina (Holladay et al. 2001). 

Between the years 1991 and 2002, we made from one to five 
visits per year to conduct research on the life history of the Florida 
Box Turtle (T c. bauri) on Egmont Key, Hillsborough County, 
Florida. Egmont Key is a long, narrow, north-south trending is-
land located at the entrance of Tampa Bay on Florida's west-cen-
tral coast. Surveys (N = 35 sampling periods) lasted from three to 
five days, with from two to five biologists participating in each 
survey. Box turtles were found in all sections of Egmont Key's 
approximately 120 ha. As of May 2002, 2477 different box turtles 
have been recorded, based on 5384 captures. More extensive in-
formation on the box turtle study and a physical description of the 
island are presented elsewhere (Dodd et al. 1994; Dodd 2001). 

Throughout the survey, all captured animals were examined in 
the field for their physical condition. No disease symptoms other 
than an occasional emaciated turtle were seen until the spring of 
1998 when we began to encounter turtles with aural abscesses. In 
this paper, we describe abscess prevalence and location, field treat-
ment, and recovery based on subsequent recaptures of affected 
turtles. Further, we relate the appearance of aural abscesses with 
an unusual weather pattern observed in the winter of 1997-98. 

Abscess prevalence and location.—A total of 26 T c. bauri 
were found with aural abscesses between 1991 and 2002: 14 males, 
7 females, and 5 juveniles. The sex ratio generally mirrors that of 
the overall adult population (1.9 males per female, N = 1776), 
although the percentage of juveniles with aural abscesses (19%) 
is less than the percentage of juveniles within the population 
(27.8%, N = 684 juveniles of 2460 turtles whose sex or life stage 
could be determined). Turtles with aural abscesses were found as 
follows: 10 (April 1998), 9 (May 1998), 1 (October 1998), 1 (April 
1999), 1 (October 1999), 1 (March 2000), 3 (April 2001). Thus, 
73% of the turtles with aural abscesses were found in the early 
spring of 1998. 

The location of the aural abscesses varied, that is, abscesses 
were not equally distributed. The most common location was on 
the left side of the head (N = 12: 7 males, 2 females, 3 juveniles), 
followed by bilateral (N = 9: 4 males, 4 females, 1 juvenile), and 
finally on the right side of the head (N = 3: 2 males, 1 female). An 
additional male found basking in direct sunlight had caseous exu-
date in his mouth, a nasal discharge, and a necrotic rhamphotheca, 
but no externally observable abscess. We did not record the loca-
tion of the abscess on one juvenile, although we noted palpebral 
edema and breathing difficulties. We also noted instances of palpe-
bral edema on three other affected turtles; one adult male with 
pneumonitis whose abscess extended into the left nostril (this turtle 
also was very dehydrated); and one turtle whose cyst extended 
well into the left eustachian tube and exited through the right eye 
socket. 

Turtles with aural abscesses generally were lethargic and ap-
peared unaware of the approach of the observers. Whereas a few 
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attempted to withdraw their head or limbs into the shell, most did 
not. Turtles with aural abscesses often were found basking in open 
locations in the direct sunlight, even during the heat of the day, a 
behavior that was never observed among box turtles without aural 
abscesses. Reptiles affected by disease commonly raise the body 
temperature through basking, a process known as behavioral fe-
ver, which aids in fighting bacterial infection (Kluger 1979). 

Field treatment.—Because of Egmont Key's relatively isolated 
location and the logistic difficulties and stress of transporting turtles 
to the mainland and keeping them under observation after stan-
dard veterinary treatment, we decided to treat the animals in the 
field. One of us (MLG) had 12 years of veterinary surgical experi-
ence. 

Turtles with aural abscesses were induced to extend their necks 
as fully as possible. The tympanum was flushed with sterile sa-
line, and a horizontal incision was made across the central bulge 
of the abscess. In most cases, the caseous material popped out and 
was removed with small forceps. The flaps of the incision then 
were opened, and the middle ear cavity was examined internally, 
using a pen light when necessary, to determine if any inflamma-
tory debris remained. Additional material was gently removed and 
the cavity repeatedly flushed until all debris was cleansed from 
the cavity. During removal, we tried to avoid damaging the col-
umella. The cavity required a final flush with sterile saline, and an 
antimicrobial agent was applied. The amount and consistency of 
the caseous material removed varied among turtles, and it was 
sometimes difficult to remove all inflammatory debris without 
considerable effort. 

Before release, close examination of the mouth was conducted 
to ensure absence of debris from the buccal cavity and areas around 
the eye sockets. The eustachian tubes connect the middle ear to 
the oropharynx, and it is through this pathway that pathogens en-
ter the middle ear and that inflammatory debris exits. In nearly all 
treated turtles, recovery was instantaneous. Where previously the 
turtle was lethargic and inattentive, it immediately became active, 
alert, and ready to move off. Allard (1935) also noted a quick re-
covery among his captive box turtles after similar abscess removal. 

Recapture of treated turtles.—Of the 26 turtles treated for au-
ral abscesses, we recaptured 11 whose abscesses had healed and 
appeared healthy (6 males, 4 females, 1 juvenile); 1 adult male 
turtle marked in April 1998 was found dead of unknown cause in 
April 1999. All of these turtles originally had been captured in the 
spring of 1998. Of the 14 remaining abscess-treated turtles, 1 was 
first captured in October 1999, 1 was first captured in March 2000, 
and 3 were first captured in April 2001. The abscess of one of 
these turtles, a male, was extremely hard indicating a long period 
of infection. The abscesses of the turtles found in 1999 and 2000, 
both males, were in the process of rupturing naturally. All of the 9 
unaccounted for turtles were last seen in the spring of 1998. 

Although treated turtles seemed to recover with no ill effects, 
the long-term effects of untreated abscesses on turtles are undeter-
mined. It appears that some turtles may recover naturally, because 
naturally ruptured abscesses were found on several animals. On 
the other hand, if the abscess hardened into a very hard solid sub-
stance and the turtle was unable to feed or withdraw its head over 
a long period of time, it seems likely that some animals could die 
from complications resulting from the abscesses. Jackson et al. 
(1972) reported restructuring of the skull due to massive bacterial  

infection (based on post mortem examination), and we found sev-
eral box turtle skulls with bilateral or one-sided bone degenera-
tion, usually affecting the tympanic bulla. However, we cannot 
directly relate the bone degeneration to the presence of aural ab-
scesses. 

Association with unusually wet winter weather.—Because low 
temperature had been suggested as a possible contributor to ab-
scess development, we examined weather data for the St. Peters-
burg area, available from the Southeast Regional Climate Center 
(http://cirrus.drinstate.sc.us/cgi-bin/sercc/cliMA1N.pl?fl7886) . The 
monthly mean, maximum, and minimum temperatures did not 
deviate by more than approximately 1°C in any one year from 
1991 to 2002 from the monthly mean values from 1948 to 2000. 
These data suggest that the box turtles on Egmont Key did not 
experience unusually hot or cold temperatures throughout the study. 

When rainfall data were examined, however, one winter sea-
son stood out for its excessive rainfall: the winter (November to 
March) of 1997-98. During this period, Egmont Key received 21.5 
cm of rain compared with the normal mean of 5.4 cm. In a normal 
year, St. Petersburg receives 20.5 cm of rainfall, but in 1998 the 
area received 28.7 cm, 45.6% of which fell from January to March. 
From 1991 to 2002, the mean annual rainfall was 19 cm per year 
(range 15.7-25.2), excluding 1998. In the next closest year in rain-
fall amount (1995, with 25.2 cm), most rainfall resulted from sum-
mer tropical depressions, and winter rainfall was below normal. 

Although it might be impossible to determine a cause-effect 
relationship between the sudden appearance of aural abscesses and 
an unusually high winter rainfall, such a relationship seems pos-
sible. Box turtles are active year-round on Egmont Key (Dodd et 
al. 1994), but during the winter they spend extended time buried 
in organic soils to escape cool weather, dry conditions (winter is 
the dry season in west-central Florida), and periods of low humid-
ity. During this time, heavy rains would result in saturating the 
shallow organic soils, thus exposing semi-dormant turtles to po-
tentially long periods of direct exposure with wet soils. 

Ingestion of contaminated water over an extended period of 
time results in the colonization of the oropharnyx by infectious 
bacteria (Murray 1996), so it seems feasible that prolonged expo-
sure to saturated organic soils or the water that accumulates in 
remnant ditches also might result in bacterial infections through 
the mouth. Interestingly, all but one of the abscessed turtles was 
found in the central part of the island, an area crisscrossed by drain-
age ditches built by the military, and in the Tampa Bay Pilots As-
sociation compound, an area with a foul-smelling stagnant water 
frequented by box turtles. Susceptibility to aural abscesses might 
be enhanced if the turtle's immune system had been compromised 
(e.g., by chronic pneumonia; Evans 1983), if the turtle entered 
dormancy in poor nutrition, or if organochlorines were present in 
the soil or water which might disrupt Vitamin A metabolism. We 
suggest that field biologists examine local winter rainfall patterns 
to determine if the correlation between excessive winter rainfall 
and aural abscesses that we have observed on Egmont Key is rep-
licated elsewhere. 
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Snout—vent length (SVL) is the most commonly reported 
measure of linear body size for snakes (Fitch 1987). SVL is 
correlated with litter or clutch size in many species (Gregory and 
Larsen 1996; Seigel and Ford 1987) and is an indicator of sexual 
maturity (Macartney and Gregory 1988) and sometimes of age 
class (Waye 1999). Measurement of SVL in the field can be difficult 
for venomous snakes for several reasons: (1) investigator safety 
must be maintained while restraining the snake, (2) stress and injury  

to the snake must be minimized, and (3) measurements need to be 
completed in a timely fashion. Various methods have been 
developed that deal with each of these constraints to different 
degrees including physical handling or pinning and stretching 
(Fitch 1987), anesthesia (Fitch 1987; Hardy and Greene 1999), 
nooses (Gregory et al. 1989; King and Duvall 1984), and squeeze 
boxes (Cross 2000; Quinn and Jones 1974). 

Quinn and Jones (1974) introduced the 'squeeze box' to estimate 
the SVL of venomous snakes, which effectively addresses the three 
concerns stated above. Tongs are used to place the snake into a 
clear plastic box and a piece of foam or rubber and a clear plastic 
lid are placed over the snake to hold it in place. The box is inverted 
and the SVL of the snake is traced for measurement with a map 
reader, flexible measuring tape, or other device. The procedure is 
time efficient and relatively safe, and investigators with little 
experience in handling venomous snakes (e.g., seasonal assistants) 
show little difficulty in learning its use quickly. The squeeze box 
thus appears to be an efficient tool to obtain SVLs of snakes, 
venomous or otherwise. 

Despite the apparent merits and widespread use of the squeeze-
box method to measure SVLs of snakes, to our knowledge no 
rigorous analysis of its accuracy and precision has been conducted. 
Fifty repeated measurements of a single juvenile False Water Cobra 
(Hydrodynastes gigas) showed little variation (Quinn and Jones 
1974), but these measurements were not compared to the SVL of 
the snake measured using alternative methods such as pinning and 
stretching. Measurements of 10 Cottonmouths (Agkistrodon 
piscivorus) using a modified squeeze box suitable for field studies 
were compared to the same animals when anaesthetized, and 
differed by <1 cm (Cross 2000). Here we use data collected during 
a study of the Northern Pacific Rattlesnake (Crotalus oreganus) 
to address two questions in the use of squeeze boxes: (1) How 
accurate are length measurements obtained from squeeze boxes 
compared to those obtained from stretched lengths? (2) How 
precise are repeated tracings and measurements using squeeze 
boxes? 

We measured SVLs of C. oreganus collected during an inven-
tory project (1999-2001) in the vicinity of Kamloops, British 
Columbia, Canada. Additional data came from animals encoun-
tered during the monitoring of a hibernaculum near Vernon, Brit-
ish Columbia (P. T. Gregory and K. W. Larsen, unpubl. data). To 
measure its snout-vent length, each snake was pinned and grasped 
behind the head, then stretched along a meter stick. For consis-
tency, one of us (KWL) collected all measurements of SVL. Here-
after we refer to these data as 'standard measurements' of SVL. 

After the standard measurement of SVL was obtained for each 
snake, the animal was transferred to a squeeze box. Our squeeze 
box consisted of an open-top clear plastic box measuring 42 x 26 
x 13 cm. Inside the box were two 5-cm thick pieces of commercial 
upholstery foam, on top of which fitted a clear lid equipped with a 
handle that could be grasped by commercial snake tongs. Three 
tracings were taken for each snake (described below); between 
tracings the snake was placed on the ground and then picked up 
and replaced in the squeeze box. We manipulated the position of 
the animal in the squeeze box only if it was coiled such that a 
section of its body overlapped another section, e.g., if part of the 
snake was in a 'figure-eight' position, we would gently prod it 
until it assumed another position. After the three tracings were 
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made, we took three measurements of each 
tracing, using a pocket On Tour Map 
MeasurerTM (Pico Design, Toronto, Ontario). 

In total, nine measurements (three tracings, 
three measurements each) were recorded for 
each of 21 snakes ranging in SVL from 347-
845 mm. We had an additional seven animals 
for which we had one tracing (with three 
measurements each). We included these 
animals in some of our analyses (see below), 
because they improved the range of sizes of 
measured snakes. Standard SVL was 
measured only once for all 28 animals. We 
determined the sex of each snake by probing 
for hemipenal pouches or via hemipene 
extrusion (Blanchard and Finster 1933; 
Gregory 1983). 

TABLE 1. Comparison of different methods used to estimate the snout—vent length (SVL) of 
rattlesnakes (to nearest mm). Sample size is 21 for all measures. Estimating SVL using a standard 
approach (stretching animal along a meter stick) provided SVL estimates that were significantly 
higher than those produced using a squeeze box. Three of the squeeze-box methods involved 
multiple measurements on the same snake being used to generate a mean value that was used as 
an estimate of snake SVL. The standard deviation of these multiple measurements also was 
calculated for each snake, and the average of these standard deviation values is provided. 

Method Used to Estimate SVL Estimated 
SVL (± SE) 

Comparison 
Standard SVL 
(paired t-test) 

Mean SD 

Standard SVL (meter-stick stretch) 696 (± 40.4) 
One tracing, one measurement 603 (± 35.7) P < 0.001 
One tracing, three measurements 602 (± 35.9) P < 0.001 3.9 
Three tracings, one measurement each 597 (± 36.2) P < 0.001 14.4 
Three tracings, three measurements each 596 (± 36.3) P < 0.001 13.6 

We used four methods to calculate squeeze- 
box estimates of SVL, which collectively represent the varying 
degrees of time and effort that might be invested by an investigator 
measuring SVL in the field: (1) one tracing, one measurement: 
one measurement obtained from the single tracing; (2) one tracing, 
three measurements: mean of three measurements from the single 
tracing; (3) three tracings, one measurement each: one 
measurement taken on each of three tracings; (4) three tracings, 
three measurements each: mean of three tracings used to calculate 
mean of the three measurements. The grand mean of these three 
means was used as the datum in analyses. 

We compared the estimates of snake SVLs obtained from the 
four squeeze-box methods to those obtained from the standard 
method using paired t-tests. Because the latter three methods each 
produced three initial estimates of SVL per snake (prior to 
calculation of the grand mean), we were able to calculate the 
standard deviation (SD) of these measures for each snake. We used 
the mean SD obtained under each of these squeeze-box methods 
to assess the variation caused by the inclusion of multiple tracings 
of the same animal. With only one measurement of standard SVL 
per snake we could not estimate the variance associated with 
multiple measurements, however a recent study using a similar 
method of determining SVL (flexible tape run along the venter of 
suspended, stretched snakes) found repeated SVL measurements 
(10 measurements on 20 snakes) to be quite precise as indicated 
by small deviations of the individual measurements from the mean 
(mean coefficient of variation = 1.10 ± 0.10%) (Blouin-Demers 
2003). Repeated standard SVL measurements in garter snakes also 
have low variance, even between researchers, once a reasonable 
amount of experience with the technique has been established 
(Larsen, unpubl. data). 

Estimates of snake SVL provided by the standard method were 
significantly higher than those provided by any of the four squeeze-
box methods (in all cases, P < 0.001; Table 1). The average SVL 
estimates provided by the four squeeze-box methods were similar 
(± 1.2%), however, variation in the estimates of SVL for each snake 
expectedly increased as multiple tracings and/or measurements 
were added (Table 1). Accuracy in estimating SVL (using standard 
estimates for reference) was not improved by providing additional 
tracings and/or measurements. A simple regression shows the 
relationship between measurements of SVL obtained using  

standard and squeeze-box methods (Fig. 1). 
To further illustrate the use of squeeze-box estimates of SVL, 

we compared a size-frequency histogram developed using squeeze-
box data from the one tracing, three measurements calculation (Fig. 
2A), with a second histogram constructed using data from the 
standard method (Fig. 2B). Both frequency distributions have three 
peaks, however a Kolmogorov-Srnirnov two-sample test (Sokal 
and Rohlf 1969) indicated that the differences in the two 
distributions were marginally significant (D28,28 = 0.36; P = 0.055). 

Our study indicates that using the squeeze box resulted in 
significantly lower SVL estimates than those obtained using the 
standard approach irrespective of tracings or measurements. 
However, because the correlation between squeeze-box estimates 

Flo. 1. Relationship between estimates of Northern Pacific Rattlesnake 
(Cmtalus oreganus) snout—vent length (SVL) obtained using a squeeze 
box and values obtained by stretching the snake along a meter stick 
(standard method; N= 28). Estimates of snake SVL taken using the squeeze 
box consistently underestimated SVL. Squeeze-box estimates were the 
average of three measurements from the same tracing of one snake. Data 
from female snakes are represented by white circles, males by black circles. 
The dashed line represents a 1:1 relationship. 
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from tightly coiled animals can be problematic (C. L. Cross, pers. 
comm.). For these reasons, repeated measurements of each tracing 
are desirable. 

The size of the squeeze box in relation to the snakes being 
measured also may be an important factor in determining the 
accuracy of SVL estimates. Squeeze boxes that are large relative 
to the snakes being studied may be more desirable. In this study 
there was a trend, albeit weak, of squeeze-box estimates for larger 
snakes to be less accurate (Fig. 1). This suggests that a larger box 
might increase the accuracy of measurements, presumably because 
the snakes would be less contracted during the tracings. The ratio 
of squeeze-box floor space (cm 2) to maximum snake SVL (mm) 
was approximately 1:1 in this study. Cross (2000) reported a high 
degree of accuracy for his squeeze-box estimates of SVL for 
cottonmouths measured in a squeeze box with a ratio of 1:3.4 (Cross 
1998). Relatively large squeeze boxes may be more desirable, but 
logistics will dictate what size box can be transported in the field. 
For example, our squeeze box needed to fit into a backpack as it 
often was carried over long distances. 

Given the potential usefulness of squeeze boxes, additional work 
on the accuracy and precision of this tool is warranted, preferably 
spanning a variety of taxa. Even the 'standard' method that we 
used in this study could be examined in more detail: we used data 
from this method as the benchmark for assessing the validity of 
length estimates based on squeeze-box measurements, but perhaps 
an even more effective and less stressful method exists. In general, 
investigators will need to determine the level of accuracy and 
precision in SVL measurements required to reach the goals of their 
respective studies. Detailed studies on life-history trade-offs 
experienced by snakes may require very accurate SVL data. 
Conversely, monitoring programs may not need to 'correct' SVL 
estimates from squeeze boxes, providing the methodology remains 
constant over time and among researchers. 

FIG. 2. Differences in size-frequency histograms of Northern Pacific 
Rattlesnakes (Crotalus oreganus) generated from the same animals using 
A. the standard snout-vent-length (SVL) determined by stretching a snake 
along a meter stick, and B. using a squeeze box. Each SVL is the mean of 
three measurements from the same tracing of the same animal. 

and standard measurements was strong (r 2  = 0.97), it is possible to 
accurately predict standard SVL from squeeze-box SVLs. Also, 
because the length estimates obtained from the squeeze box were 
reasonably precise (i.e., high repeatability), repeated measures of 
snakes in the squeeze box are unnecessary. The one tracing, three 
measurements method described here appears to represent a good 
compromise between maximizing accuracy and precision and 
minimizing measurement time. Taking three measurements on the 
same tracing should preclude gross errors in SVL estimation 
without adding to the stress of the animal. Collecting additional 
tracings and measurements would increase processing time without 
improving the accuracy or precision of the estimates. 

Different methods exist for measuring the length of snake 
tracings and may influence accuracy. Quinn and Jones (1974) 
placed a string along the snake tracing and then measured the string 
against a meter stick. Cross (2000) used a flexible metric tape for 
measuring the length of the snake tracing. Regardless of the tool 
used to record the length of the snake tracing, some error is to be 
expected. For example, use of a metric tape to measure tracings 
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We examined records from the literature and museum speci-
mens of Ring-necked Snakes (Diadophis punctatus) in Utah and 
conclude that the current conception of the geographic range is 
inaccurate. Recent field guides (e.g., Cox and Tanner 1995; 
Stebbins 2003) map a hypothetical range that extends as a narrow, 
continuous band from the southwest corner of the state through 
the high-elevation plateaus and mountains of central and northern 
Utah to southeast Idaho, with a disjunct population in the Deep 

Creek Mountains of extreme west-central Utah. However, avail-
able data do not support this concept of the distribution. 

We queried 17 museums, and five of these (BYU, LACM, MVZ, 
SDSNH, UU; institutional abbreviations follow Leviton et al. 1985) 
provided records of Diadophis in Utah and southeastern Idaho. 
Localities reported in the literature (e.g., Tanner 1941; Tanner and 
Banta 1966; Woodbury and Smart 1950) are represented by speci-
mens in museum collections. All records discovered during our 
searches fall within the Bonneville Basin or the Virgin River drain-
age (Fig. 1). The elevational range of records appears to be -1250-
2250 m, with the majority falling between -1500-2000 m. We are 
not aware of any reports or collections of Diadophis in the Wasatch 
Mountains of north-central Utah. Although the species occurs near 
Pocatello and Preston in southeastern Idaho (Linder and Fichter 
1970; Tanner 1940), the northernmost locality in Utah of which 
we are aware is at the north end of the Stansbury Mountains 
(SDSNH 64446), which is about 150 km south of Preston. The 
range currently is thought to include the Wasatch Mountains be-
tween these localities (Cox and Tanner 1995; Stebbins 2003), but 
we consider the presence of an undetected population to be im- 

FIG. 1. The distribution of records of Diadophis punctatus in Utah and 
portions of the Bonneville Basin in neighboring states. Circles represent 
localities from museum specimens or literature; star represents a newly 
discovered population. Thin black lines within Utah represent county 
boundaries. The dark shaded area is the Bonneville hydrologic basin (U.S. 
Geological Survey Great Salt Lake and Escalante Desert-Sevier Lake 
hydrographic subregions; Steeves and Nebert 1994), and the lighter shaded 
area is the maximum extent of Lake Bonneville, approximately 14,000 
years ago (adapted from Currey et al. 1984). 
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probable because this is the most urbanized region of Utah and is 
among the most intensively sampled parts of the state. 

Two new records support the concept of a distribution in Utah 
centered in the Bonneville Basin. Identifications were verified by 
J. Sites. On 15 May 2001, we found a live female D. punctatus 
(photo specimen BYU 47340) at 2130 h on Hwy 21, 3.2 km west 
of Wah Wah Summit, Wah Wah Mountains, Beaver Co., Utah, 
1849 m elevation. The surrounding vegetation was dominated by 
grasses (e.g., Bromus tectorum, Oryzopsis hymenoides) and sparse, 
small shrubs (e.g., Chrysothamnus sp., Ephedra sp., and Artemi-
sia tridentata). This snake was photographed and released. We 
found a DOR female (BYU 47353) the following night on the 
same road, 0.5 km west of Wah Wah Summit, 1955 m elevation. 
The vegetation at this location was dominated by grasses (espe-
cially B. tectorum) in a sparse, open stand of juniper (Juniperus 
utahensis) mixed with few small shrubs (mostly A. tridentata). 

The presence of a population of Diadophis in the Wah Wah 
Mountains suggests that the species may be broadly distributed in 
the Bonneville Basin (Fig. 1). Areas dominated by juniper and 
shrub associations are distributed throughout this remote and in-
frequently visited region. The new records reported herein fill a 
gap in the known distribution of this species, lying 68 km from 
the nearest record to the southeast (Minersville, BYU 30021), 120 
km from the nearest record to the south (Pine Valley Mountains, 
BYU 11118), and 130 km from the nearest record to the north 
(Deep Creek Mountains, UU 1213). Because the species is rarely 
encountered in this region, the pattern of distribution is difficult to 
interpret, but the distribution in the basin appears to be associated 
with the former shoreline of Lake Bonneville (Fig. 1), a large Pleis-
tocene freshwater lake of which the Great Salt Lake is a remnant. 
It is not apparent, however, if this association arose because suit-
able habitat is lacking in the presumably unoccupied parts of the 
basin, because the species failed to colonize suitable habitats that 
developed after the lake receded approximately 14,000 years ago 
(Benson et al. 1990), or if the pattern merely reflects sampling 
effort. 

Acknowledgments.—We thank J. Mendelson for help obtaining infor-
mation and D. Wood, H. Smith, R. Espinoza, and T. Esque for providing 
invaluable comments on early drafts. We also extend thanks to J. Sites 
(BYU) for his assistance with specimens. Surveys were funded by a grant 
from the U.S. Air Force Ogden Air Logistics Center. We are grateful to 
the following individuals for access to Diadophis locality data: J. Sites 
and W. Skidmore (BYU), K. Beaman and R. Feeney (LACM), D. Wake 
and J. McGuire (MVZ), B. Hollingsworth and D. Wood (SDSNH), and 
E. Rickart (UU). 

LITERATURE CITED 

BENSON, L. V., D. R. CURREY, R. I. DORN, K. R. LAJOIE, C. G. OviArr, S. W. 

ROBINSON, G. I. SMITH, AND S. STINE. 1990. Chronology of expansion 
and contraction of four Great Basin lake systems during the past 35,000 
years. Palaeogeogr. Palaeoclimatol. Palaeoecol. 78:241-286. 

Cox, D. C., AND W. W. TANNER. 1995. Snakes of Utah. Brigham Young 
Univ., Provo, Utah. 92 pp. 

CURREY, D. R., G. ATWOOD, AND D. R. MABEY. 1984. Major levels of Great 
Salt Lake and Lake Bonneville. Utah Geol. Mineral Survey, Map 73. 

LEvrroN, A. E., R. H. Gums, JR., E. HEAL, AND C. E. DAWSON. 1985. Stan-
dards in herpetology and ichthyology: Part I. Standard symbolic codes 
for institutional resource collections in herpetology and ichthyology. 
Copeia 1985:802-832. 

LINDER, A. D., AND E. FICHTER. 1970. The reptiles of Idaho. Idaho State 
Univ. Press, Pocatello, Idaho. 45 pp. 

STEBBINS, R. C. 2003. A Field Guide to Western Reptiles and Amphibians. 
3 rd  ed. Houghton Mifflin Co., Boston, Massachusetts. 533 pp. 

STEEVES, P., AND D. NEBERT. 1994. Hydrologic units maps of the conter-
minous United States. U.S. Geol. Survey, Reston, Virginia. 

TANNER, W. W. 1940. Notes on the herpetological specimens added to the 
Brigham Young University vertebrate collection during 1939. Great 
Basin Nat. 1:138-146. 
	. 1941. A study of the variation in the less common snakes of 

Utah. Great Basin Nat. 2:16-28. 
	, AND B. H. BANTA. 1966. A systematic review of the Great Basin 

reptiles in the collections of Brigham Young University and the Uni-
versity of Utah. Great Basin Nat. 26:87-135. 

WOODBURY, A. M., AND E. W. SMART. 1950. Unusual snake records from 
Utah and Nevada. Herpetologica 6:45-47. 

Herpetological Review. 2004. 35(3), 239-243. 
2004 by Society for the Study of Amphibians and Reptiles 

Vocalizations and Aggressive Behavior of 
Phyllomedusa rohdei (Anura: Hylidae) 

HENRIQUE WOGEL 
e-mail: hwogel@acd.ufrj.br  

PATRICIA A. ABRUNHOSA 
e-mail: abrunhos@acd.ufrj.br  

and 
JOSE P. POMBAL JR. 

e-mail: pombal@acd.ufrj.br  

Departamento de Vertebrados, Museu Nacional / UFRJ 
Quinta da Boa Vista, 20940-040 Rio de Janeiro, RJ, Brazil 

The complexity of anuran reproductive behavior in prolonged 
breeders has been described in several neotropical species (Bastos 
and Haddad 1995, 2002; Martins et al. 1998; Pombal et al. 1994). 
For example, in contrast to explosive breeders, prolonged breed-
ers often have a variety of functionally different vocalizations that 
are used during the breeding seasons (Bastos and Haddad 1995, 
2002; Cardoso and Haddad 1984; Martins and Haddad 1988). Thus, 
besides advertisement and release calls, some prolonged breeders 
frequently also emit courtship, encounter, reciprocal, and territo-
rial calls (Bastos and Haddad 2002; Given 1987; Martins and 
Haddad 1988). 

The main reason males compete with each other in breeding 
aggregations is the scarcity of females (Wells 1977). Males that 
engage in agonistic interactions sometimes assess the fighting 
ability of potential opponents, possibly to avoid physical encoun-
ters with larger, stronger rivals. One way to do this is to escalate 
from non-physical to physical interactions, relaying information 
about body size or motivation before necessarily becoming in-
volved in costly combat. Thus, non-physical displays (e.g., vocal 
interactions) might be able to resolve conflicts before escalating 
to physical combat when interacting males differ greatly in size, 
allowing smaller males to avoid physical encounters with larger 
opponents (Given 1988; Howard 1978; Parker 1974). Generally, 
three characteristics determine the outcome of fights: (1) size 
(Davies and Halliday 1978; Dyson and Passmore 1992; Howard 
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FIG. 1. Sonograms of vocalizations of Phyllomedusa rohdei: (A) advertisement call with extra note between the last 
two notes; (B) territorial call type 1 (T1); (C) territorial call type 2 (T2). 

1978), (2) residence (Crump 1988; Given 1988; Pombal et al. 
1994), and (3) body condition (Bastos and Haddad 2002). 

Our main aim in this paper is to examine the vocal repertoire 
and aggressive behavior between males of Phyllomedusa rohdei 
Mertens, 1926. Our objectives were to: (1) describe the different 
call types, (2) describe the social context in which each call type 
was emitted, (3) describe behavior during aggressive encounters, 
and (4) determine whether size, residence, or body condition in-
fluenced the outcomes of fights. 

We studied P. rohdei in a temporary pond approximately 170 
m2, located at the edge of a forest at Palmital (22°50'S; 42°27W), 
Municipality of Saquarema, State of Rio de Janeiro, southeastern 
Brazil. The population was monitored from July 1999 to July 2000 
for a total of 84 nights (411 h). The visits were monthly when the 
pond was dry (from July 1999 to November 1999 and from March 
2000 to July 2000), and every two weeks when the pond held 
water (from December 1999 to February 2000). Field observa-
tions were conducted usually between 1700 h and 24 h. 

Snout—vent length (SVL) was measured to the nearest 0.1 mm 
with calipers and body mass weighed to the nearest 0.05 g with a 
Pesola® balance. Individuals were weighed weekly or more fre-
quently when they engaged in aggressive interactions. Males were  

marked individually by toe clipping (opposable fingers and toes 
were not clipped). 

Focal animal and all occurrence sampling were used for behav-
ioral records (Lehner 1979). A winner was the male that remained 
in a site after an encounter, while the loser was the one that moved 
away from the site where the fight occurred. A male was consid-
ered a resident if he was the first male to occupy a determined site 
or if he was already calling or patrolling (see Matos et al. 2000) at 
the beginning of the focal observations. The time of residence of 
males was the total number of nights a male spent in a same site. 

We recorded the vocalizations with UHER 4000 recorder at a 
tape speed of 19 cm/s and UHER microphone. Calls were ana-
lyzed by the software Avisoft-Sonograph Light 1, version 2.7. The 
nomenclature of vocalizations follows Duellman and Trueb (1994). 

For statistical analysis of results, we used Student's t-test, 
ANOVA, and Spearman's correlation coefficient (r s) (Zar 1999). 
Body condition was estimated by a regression between logs of 
SVL and mass. We compared slopes of SVL versus mass regres-
sions between winners and losers of aggressive encounters (Zar 
1999). Descriptive statistics are given as mean ± SD. 

Phyllomedusa rohdei males used vocalizations and physical in-
teractions to defend calling sites. The vocal repertoire included 
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TABLE 1. Summary of acoustical parameters of the vocalizations of Phyllomedusa rohdei. Values are presented as mean 
± SD (range) (N). 

Calls Types 

Characteristics 	 Advertisement 
	

Territorial 1 
	

Territorial 2 

Call duration (ms) 

Number of notes 

Note duration (ms) 

Interval between notes (s) 

Number of pulses 

Pulse durations (ms) 

Dominant frequency range (kHz) 

553.0 ± 201.0 	 1152.0 ± 718.0 
(178.0-1123.0) 	(345.0-3626.0) 

(63) 	 (18) 

4.3 ± 1.4 	 4.7 ± 2.4 
(2-7) 	 (2-13) 
(63) 	 (18) 

18.0± 5.0 	 70.0± 12.0 
(7.0-34.0) 	 (44.0-95.0) 

(270) 	 (75) 

144.0 ± 29.0 	 223.0 ± 38.0 
(25.0-223.0) 	 (155.0-323.0) 

(208) 	 (58) 

2.3 ± 0.5 	 7.8 ± 1.0 
(1.0-4.0) 	 (4.0-10.0) 

(245) 	 (70) 

7.0 ± 2.0 	 6.0 ± 2.0 
(3.0-14.0) 	 (3.0-13.0) 

(549) 	 (420) 

1.3 ± 0.1 to 2.6 ± 0.2 	0.8 ± 0.1 to 1.9 ± 0.3 
(1.1-3.2) 	 (0.7-2.6) 

(62) 	 (18)  

841.0 ± 209.0 
(574.0-1178.0) 

(16) 

1 

71.2 ± 22.2 
(44.0-116.0) 

(9) 

7.0 ± 2.0 
(3.0-13.0) 

(303) 

1.2 ± 0.3 to 2.5 ± 0.3 
(0.9-3.0) 

(16) 

six types of vocalizations: advertisement call, two territorial calls, 
two encounter calls, and one release call. 

The advertisement call (Fig. 1 A, Table 1) was the most com-
mon call emitted in breeding aggregations. Males emitted this call 
at irregular intervals throughout the night. Each call had 1-7 
multipulsed notes. One-note calls were emitted frequently at the 
beginning of the night or in choruses of one or two calling males. 
Calls greater than three notes sometimes had an extra note of lower 
intensity between the last two notes (Fig. 1A). In close-range vo-
cal interactions between males of P. rohdei, several advertisement 
calls were emitted in response to another advertisement call or to 
territorial ones, even when the behavior of both opponents in- 
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FIG. 2. Mean number of calling males of Phyllomedusa rohdei during 
study period.  

creased in aggressiveness. 
Males emitted territorial calls either in response to the adver-

tisement or territorial calls of neighboring males (isolated males 
did not emit these vocalizations). We observed two types of terri-
torial calls: type 1 (T1) is composed of 2-13 short multipulsed 
notes (Fig. 1B, Table 1) and type 2 (T2) is a long multipulsed note 
(Fig. 1C, Table 1). In several agonistic interactions the T1 call was 
emitted frequently before the T2 by the same male, suggesting an 
escalated aggressive behavior. 

In a few cases, we observed two unusual sounds that were added 

TABLE 2. Size difference and resident status of winners of aggressive 
encounters where opponent differed by more than 3.0 mm in SVL. A 
positive size difference means that the winner was larger than the loser. 

Resident Status 	Size difference (mm) 

I 
	

9.7 
I 
	

7.0 
R 
	

6.1 
R 
	

4.8 
I 
	

4.0 
R 
	

3.0 
R 	 -3.3 
R 	 -4.0 
R 	 -4.2 
R 	 -4.4 
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FIG. 3. Two males of Phyllomedusa rohdei in physical combat. 

at the end of the territorial calls. Both types consisted of multipulsed 
notes emitted by resident males during close-range agonistic in- 
teractions. Judging by the social context within which they were 

FIG. 4. Linear regression between SVL and mass of winners and losers 
of aggressive encounters. Variables were log-transformed prior to the 
analysis.  

evoked, these unusual sounds are probably encounter calls. 
Finally, a male emitted release calls when trying to dislodge an 

opponent from his back. These calls are similar to the Ti call with 
lower intensity. 

When neighboring males approached each other and emitted 
advertisement calls, antiphonal calling between rivals took place. 
Calls escalated from advertisement calls to both types of territo-
rial calls. One or both males walked under the vegetation search-
ing for the other. Sometimes an individual ceased searching and 
remained silent or resumed advertisement calling, apparently tol-
erating its neighbor. However, when males met, vocal interactions 
continued with two alternative outcomes: (1) one male fled while 
the other pursued with no fighting, or (2) physical combat oc-
curred. In 15 pursuits observed, the pursuer male was larger (mean 
± SD, 39.7 ± 2 1 mm) than the pursued (38.1 ± 1.9 mm; t = 2.20; 
P = 0.03). However, pursuer and pursued males were not signifi-
cantly larger (38.9 ± 2.1 mm; N = 30; t = 0.15; P = 0.88) than 
males that actually fought (38.8 ± 2.5 mm; N = 54). Likewise, the 
body size differences of males involved in pursuit (2.16 ± 1.93 
mm; N = 15) versus those involved in fights (2.65 ± 2.33 mm; N = 
27) also were not significantly different (t = -0.69; P= 0.49). Only 
four pursuer males (27.7%) were smaller than pursued ones. The 
body differences for all 15 pursuer/pursued pairs were significantly 
different than zero (F = 18.70; P = 0.0002). 

When the pond was dry, we observed only male-male vocal in-
teractions and no physical combat. The distances between calling 
males before Dec / 99 (pond dry) were larger (154.17 ± 86.40 cm; 
N = 18) than distances between males after Dec / 99 (pond full) 
(55.00 ± 37.99 cm; N = 23; t = 4.78; P = 0.00002). More calling 
males were present when the pond was full than when it was dry 
(Fig. 2). 

During physical combat, each male tried to seize the opponent 
with his arms and feet (Fig. 3). The uppermost male seized his 
opponent by the head, neck, or waist, and shook him up and down. 
The fight finished when the seized male was released by the other 
or escaped. The loser quickly left and remained in a submissive 
posture or called from a farther distance than before the interac-
tion, while the winner returned to the original site and resumed 
calling. Sometimes, winner males oriented toward the loser and 
shook his body up and down. The duration of fights ranged from 
10 s to 30 min and each male had an average of 1.5 fights (range 
1-6; N = 36) over the entire breeding season. 

In 27 aggressive encounters, the winners (SVL = 39.2 ± 2.1 
mm; N = 27; mass = 3.21 ± 0.42 g; N = 23) were not significantly 
larger (t = 1.23; P = 0.23) nor heavier (t = 1.05; P = 0.30) than 
losers (SVL = 38.4 ± 2.8; N = 27; mass = 3.08 ± 0.36; N = 23), but 
the slope of the SVL versus mass regression of winners was sig-
nificantly higher (b = 1.983 ± 0.43; F = 7.07; P = 0.01) than that of 
losers (b = 0.519 ± 0.31), indicating that the winners were in bet-
ter body condition than losers (Fig. 4). When resident and intruder 
status was determined, 18 of 25 (72%) winners of fights were resi-
dents males. The mean time (± SE) of residence of males that 
fought was 2.2 ± 1.9 nights (range = 1-8; N = 48). Ten fights 
occurred between males with differences greater than 3 0 mm 
(Table 2). Smaller males only won these fights when they were 
residents. 

The complexity of the vocal repertoire in P rohdei reflects so-
cial behavior typical of a prolonged breeder (Bastos and Haddad 

242 
	

Herpetological Review 35(3), 2004 



2002; Cardoso and Haddad 1984; Wells 1977). A secondary func-
tion for many vocalization types can be associated with male-male 
evaluation, especially when aggressive behavior takes place. Threat 
signals sometimes evolve to enable contestants to assess each 
other's strength or motivation without resorting to a serious fight 
(Andersson 1980; Davies and Halliday 1978; Wells 1978). Be-
sides the use of advertisement call, males of P. rohdei have two 
distinct territorial calls and probably two encounter calls. Variable 
aggressive calls may represent a graded communication system, 
because these calls may signal the motivational state of the com-
batants (Given 1987; Martins et al. 1998). In P. rohdei, males may 
be able to assess opponents through acoustic displays, because 
pursuer males were larger than those pursued and the SVLs of 
males involved in fights were not different. In other words, if your 
rival is bigger, run away, and if he is of similar body size, confront 
him Nevertheless, differences in size between males engaged in 
fights (winner/loser pairs) versus pursuer/pursued pairs were not 
significantly different. 

We did not observe physical combat when the pond was dry. 
This probably can be explained by the greater distance between 
males when the pond was dry (a mean of 155 cm versus 55 cm 
when the pond was filled), resulting in fewer close-range male-
male encounters. As observed by Sullivan and Hinshaw (1992), 
low population density was responsible for an apparent lack of 
direct male-male competition for mates during breeding aggrega-
tions of Hyla versicolor. When males of Phyllomedusa 
hypochondrialis were distant from each other, fights were not ob-
served (Matos et al. 2000). 

In some cases, winners performed visual displays toward losers 
during aggressive encounters. This behavior was similar to "body 
jerking" defined by Midi and Amezquita (2001). However, in body 
jerking, the movements were performed forward and backward 
instead of up and down. 

Our results showed that residence and body condition influenced 
the results of 27 aggressive encounters between males of P. rohdei. 
A resident male in better physical condition might have better fight-
ing ability because of larger energy reserves, higher motivational 
state, or different hormone levels (Wells 1978). Small males only 
won fights if they were the resident. 
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Smilisca baudinii tadpole (UMRC 93-19), 30 mm TL. Belize: Cayo: 
Vaqueros Creek at San Luis. Illustration by Julian C. Lee. 
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