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SOCIETY FOR THE STUDY OF AMPHIBIANS AND REPTILES 

2003 ANNUAL MEETING 

together with 

THE HERPETOLOGISTS' LEAGUE 

and 

AMERICAN SOCIETY OF ICHTHYOLOGISTS AND HERPETOLOGISTS 

26 June -1 July 2003 
Tropical Hotel Conference Center 

(on the Rio Negro) 
Manaus, Amazonas, Brazil 

Richard C. Vogt and Ning Labbish Chao, Local Chairs 

Keynote Address: "IN SEARCH OF EL DORADO: THE NEOTROPICAL 

HERPETOFAUNA," by William E. Duellman (University of Kansas), 
The Herpetologists' League Distinguished Herpetologist for 2003. 

SSAR President's Travelogue: "FROM THE AMAZONIAN FLOATING 

MEADOWS TO THE SURUMONI CANOPY CRANE PROJECT: FROG RESEARCH 

IN AMAZONIA," by Walter WW1 (University of Vienna). 

Symposium: "REPRODUCTIVE BIOLOGY AND PHYLOGENY OF URODELA 

(AMPHIBIA)." Organizer: David M. Sever, Saint Mary's College 
(dsever@jade.saintmarys.edu ). 

Symposium: "NEW FRONTIERS IN FRESHWATER TURTLE ECOLOGY." 

Organizers: Richard C. Vogt, Institute Nacional de Pesquisas da 
Amazonia—INPA (vogt@inpa.gov.br ) and Paulo Andrade, 
IBAMA. 

Symposium: "AMAZONIAN FROGS: TAXONOMIC AND ECOLOGICAL DI-

VERSITY." Organizers: Janalee P. Caldwell, University of Oklahoma 
(caldwell @ou.edu ); William E. Duellman, University of Kansas; 
Albertina Lima, INPA. 

Symposium: "SEQUESTERED DEFENSIVE COMPOUNDS IN AMPHIBIANS 

AND REPTILES." Organizer: Alan H. Savitzky, Old Dominion Uni-
versity (asavitzk@ odu.edu ). 

Symposium: "DISEASE ECOLOGY AND GLOBAL AMPHIBIAN DECLINE." 

Organizers: Mathew J. Parris, Memphis State University 
(mparris@memphis.edu); Andrew Storfer, Washington State Uni-
versity. 

Symposium: "AMPHIBIAN METAMORPHOSIS: 30 YEARS OF PROGRESS." 

Organizer: Christopher K. Beachy, Clarke College 
(cbeachy@keller.clarke.edu). 

Symposium: "EXOTICS AND EXTINCTION: FATES OF FISHES, AMPHIB-

IANS, AND REPTILES IN THE AMERICAS." Organizers: Harry Grier, 
University of Florida (harry.grier@fwc.state.fl.us ) and Maria del 
Carmen Uribe Aranzabal. 

Symposium: "THE BIOLOGY OF HYPOGEAN FISHES, AMPHIBIANS, AND 

REPTILES." Organizer: Aldemaro Romero, Macalester College 
(romero@macalester.edu). 

Symposium: "AMAZONIAN HERPETOFAUNA." Organizers: Ermelinda 
Oliveira, Universidade Federal do Amazonas 
(ermeoliveira@uol.com.br ); Richard C. Vogt, INPA. 

SSAR Student Travel Awards: Awards of US $400 each are avail- 
able. An applicant must be a student and a member of SSAR. 
Refer to page 243 of the December 2002 issue of HR for details. 

Student Paper Awards: Henri Seibert prizes (US $200 each) will 
be awarded in five categories: Systematics, Ecology, Evolution, 
Conservation, and Physiology/Morphology. Refer to the official 
Meeting Announcement for details and to HR 28(4):175 for rec-
ommendations to students entering the Seibert competition. 

Social Activities: General Reception, Graduate Student Recep-
tion, Picnic, Joint Meeting Banquet, SSAR/HL Silent Auction. 

Field Trips: Several post-meeting field trips into the Amazon are 
planned. Refer to the meeting website for details. 

Live Animal Exhibit: A large sample of reptiles and amphibians 
native to the Amazon region on display and available to photog-
raphers. 

Costs: Preregistration (until 28 February) US $240 regular, $80 
student, $110 accompanying person. Froml March-25 June 2003, 
costs are $290, $130 student. After 25 June, $340 regular, $180 
student. Registration information available at: 
<http://www.aiha.org.br/reginfo.html > 

Further Details: Refer to the official 
Joint Meeting website (www.aiha.org.br ) 
for additional details, including travel 
requirements to Brazil 
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About Our Cover: Terrapene carolina 

The box turtles, consisting of four 
species in the genus Terrapene, have re-
cently been reviewed in considerable 
detail by Dodd (2001. North American 

Box Turtles: A Natural History. Okla-
homa University Press, Norman. 231 
pp.). The Eastern Box Turtle (Terrapene 
carolina) group is made up of six ex-
tant subspecies ranging across much 
of the eastern United States and south 
to the Yucatan Peninsula of Mexico 

(Ernst and McBreen 1991. Cat. Am. 
Amphib. Rept. 512:1-13; Iverson 1992. 
A Revised Checklist with Distribution 

Maps of the Turtles of the World. Privately published. Richmond, Indi-
ana. 363 pp.). 

Much of what is currently known about the natural history and popu-
lation biology of this wide-ranging species comes from a handful of 

long-term studies. Perhaps the best known of these studies is an ongo-
ing project initiated in 1944 by Lucille Stickel at the Patuxent Research 
Refuge in Laurel, Maryland (Stickel 1978. Copeia 1978:221-225). The 

study site consists of an 11.8 hectare forested, floodplain along the 
Patuxent River. Beginning in 1945 and every ten years thereafter, this 
site's Eastern Box Turtle (T. c. carolina) population is surveyed. In the 
first 30 yrs of the study Stickel captured and marked 557 individual 
turtles. Despite the site's relative protection on the center's grounds, 
there is convincing evidence that a dam created upstream from the study 

site has contributed to a major decline of this population. The data that 
she and others (Hall et al. 1999. Biol. Cons. 88:165-172) have collected 
across five decades demonstrates the vulnerability of this species to 
human activities. 

The turtle on the cover was photographed by Will Brown in Virginia's 
Shenandoah National Park during a 2001 
herpetological inventory. Using only natu-
ral light, Brown used a 20mm Nikon lens 
on a Nikon N70 body, recording the im-
age on Fuji Provia slide film. In addition 
to his work as a photographer, Brown is 
currently conducting herpetological re-

search on several National Park Service 
properties. He began what he hopes to be 
another long-term box turtle study earlier 
this year. Through the use of radio-telem-

etry, Brown is studying the ecology of T. 
c. carolina residing at high elevations (760 
to > 915 m) within the Blue Ridge Mountains of Shenandoah National 
Park. He is interested in corresponding with others studying the ecol-
ogy of box turtles at higher elevations and can be reached at 
<wbrown@blueridgebiological.com >. 

Brown took the photograph below at the Patuxent Research Refuge. 
This turtle, #3,8.10-11, was determined to be more than 20 yrs old when 
originally captured and 
marked by Lucille Stickel 
on 25 July 1949. Brown 
found this turtle again on 
28 August 1999, making 
her at least 70 yrs old at that 
time. Appearing quite 
healthy, she could very 
well show up in the 2005 
survey. 

SSAR BUSINESS 

SSAR Election Results 

Results of the recent SSAR election are as follows: 

President-Elect 	 Robin Andrews. 
Board of Directors (Class of 2005) 	  
	  Ellen Censky, Rafael de Sd. 

SSAR Appointments 

Owing to other professional demands, SSAR Secretary John 
Matter resigned in October 2002. The Board appointed Marion 
Preest (Claremont Colleges) to complete the remainder of Matter's 
term of office (through 2004). The Society thanks John for his 
service to the herpetogical community. 

George Pisani has very ably served as SSAR's Webmaster for 
many years, putting in countless hours to keep the site current. 
The Society extends its appreciation to George for his efforts. 
Dennis Desmond, of Alexandria, Virginia, has agreed to become 
the Society's new Webmaster and will undertake a re-design of 
the web site. 

Robin Jung, of the USGS Patuxent Wildlife Research Center, 
has been appointed Editor of Herpetological Conservation. SSAR 
thanks outgoing Editor, Steve Corn, who inaugurated the series, 
as he steps down. 

New committee appointments for 2003 include: Ron Brooks, 
University of Guelph (Nominating Committee); Dawn Wilson, 
California State University, Chico (Resolutions); John Matter, 
Juniata College (Conservation); and Ruston Hartdegen, Dallas Zoo 
(Relations with Herpetologists at Zoological Parks). Congratula-
tions to all. 

SSAR to Auction Robert E. Gordon Library 

SSAR is pleased to announce that the family of the late Robert 
E. Gordon (1925-1996), the society's president in 1971, has re-
cently donated his collection of herpetological books and stamps 
to SSAR. The society intends to auction the individual items be-
ginning in April, with proceeds being used to set up The Robert E. 
Gordon Endowment for the support of book-length publications. 

Gordon was a long-time member of OHS and SSAR and spent 
most of his distinguished career at the University of Notre Dame 
where he was professor of biology and eventually vice president. 
He was a leading specialist on salamander behavior and ecology; 
he also published on his extensive philatelic interests. A full obitu-
ary was published in Herpetological Review, 27(3):109-110,1996. 

If you wish to be notified about this auction, contact the SSAR 
Publications Secretary, Breck Bartholomew, e-mail: 
ssar@herplit.com,  phone/fax: 801-453-0489. The auction will be 
held on-line on or about April 2003. 
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NEWSNOTES 

Nikolai Orlov Awarded Honorary Doctorate 

Goteborg University 
(Sweden) awarded an 
honorary doctorate to 
Russian herpetologist 
Nikolai Orlov at a 
ceremony in G6teborg on 19 
October 2002. Orlov was 
nominated for this award by 
Swedish colleagues Claes 
Andren and Goran Nilson, 
both of whom are professors 
at Goteborg. 

Nikolai Orlov began his 
herpetological career as a 
field assistant during expeditions in remote areas of Central Asia. 
Eventually he took over responsibility for these expeditions, 
arranging collecting trips to many parts of Asia. Today, he is among 
the most experienced and capable field herpetologists in the world. 
He has an impressive knowledge of museum techniques, taxonomy, 
ecology, and conservation biology. During the last ten years, his 
field work has centered on the remaining rainforests of Vietnam 
and surrounding countries. Together with American and Canadian 
colleagues he has described more than 50 new species of 
amphibians and reptiles from these areas. He and colleagues are 
preparing a book covering the amphibians of Vietnam and adjacent 
areas. 

SSAR congratulates Nikolai Orlov on this recognition. 

Kansas Herpetological Society Annual Meeting 

The Kansas Herpetological Society held its 29th Annual Meeting 
at the University of Kansas in Lawrence, Kansas, on 2-3 November 
2002. Over 90 participants attended scientific paper sessions to 
listen to 24 talks by scientists and students from across the nation. 
Keynote speaker was Dr. Frank T. Burbrink, professor at the 
College of Staten Island, Long Island, New York. Dr. Burbrink 
spoke about the diversity of North American snakes. 

During the Society business meeting, Nicole Palenske, graduate 
student at Emporia State University, received the 2002 Howard 
K. Gloyd/Edward H. Taylor Scholarship, honoring the memory of 
two great biologists with strong ties to Kansas. Chris Hutson, 
student at Tabor College received the Alan H. Kamb Grant for 
Research on Kansas Snakes. 

At the Saturday night auction and social, John Cavitt, professor 
of biology at Weber State University, Ogden, Utah, was chosen as 
the fifth recipient of The Suzanne L. & Joseph T. Collins Award 
for Excellence in Kansas Herpetology, based on his paper being 
chosen as the best scientific contribution published during the years 
2000-2001 on native Kansas herpetofauna. 

KHS members James Gubanyi and Robin Oldham were 
recognized as the fourth annual recipients of The Big Croaker 

Awards, sponsored by the Kansas Department of Wildlife and 
Parks. Established in 1999, the awards this year were given to 
those individuals for their efforts in monitoring anuran choruses 
during the spring of 2002. Each spring, nearly 100 volunteers 
census choruses of amphibians on eighty 15-mile routes across 
Kansas, establishing baseline information that will eventually be 
used to publish a Kansas Amphibian Breeding Atlas. 

MEETINGS 

Meetings Calendar 

18-22 June 2003—Second International Congress on Chelonian 
Conservation in Senegal. Conference to be held in English w/ 
French translations. Information: www.tortues.com ; e-mail: 
soptom@soptom.com.  

26 June-1 July 2003-46th Annual Meeting, Society for the Study 
of Amphibians and Reptiles, together with The Herpetologists' 
League and the American Society of Ichthyologists and 
Herpetologists. Hotel Tropical, Manaus, Brazil. Details available 
elsewhere in this issue and from the meeting web site: http:// 
www.aiha.org.br/.  

12-16 August 2003- 12th Ordinary General Meeting of Societas 
Europaea Herpetologica, St. Petersburg, Russia. Information: 
Natalia Ananjeva (e-mail: agama@NA4755.spb.edu).  

3-6 September 2003—International Herpetological Symposium, 
27th Annual Meeting, Houston, Texas, USA. Information: http:// 
www.kingsnake.com/ihs/index.html.  

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 Omar Torres-Carvajal; postal and e-mail addresses may be found on 
the inside front cover. 

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

Colubrid Venom Biochemistry 

Nearly half of the species in the polyphyletic family Colubridae 
produce venom in Duvernoy's gland. Several colubrid species pro-
duce venoms that have proven fatal to humans, and the author 
suggests further study might reveal that additional taxa are ca-
pable of lethal envenomations. Studies of colubrid venoms are 
difficult because of the lack of commercially available venoms 
and difficulty with obtaining venom samples from snakes with 
rear fangs and low pressure of venom delivery. Anaesthesia was 

Herpetological Review 34( 1), 2003 	 3 



used in this study to obtain samples and injections of ketamine 
and pilocarpine increased venom yields. The author discussed tox-
icity and biochemistry of numerous colubrid venoms and the pu-
rification and identification of venom components. In comparison 
to viperid or elapid venoms, colubrid venoms are poorly known 
and additional research is needed. 

MACKESSY, S. P. 2002. Biochemistry and pharmacology of colubrid snake 
venoms. Journal of Toxicology-Toxin Reviews 21:33-63. 

Correspondence to: Stephen P. Mackessy, Department of Biological Sci-
ences, University of Northern Colorado, 501 20th St., CB 92, Greeley, 
Colorado 80639-0017, USA; e-mail: spmacke@unco.edu.  

Systematics of Cnemidophorus 

The teiid genus Cnemidophorus is composed of approximately 
50 species that collectively range from the United States to Ar-
gentina and occur in numerous habitats. The ecology, life history, 
and parthenogenetics of this Glade have been studied extensively, 
but the phylogenetic placement of this genus within the Teiidae 
and corresponding intrageneric relationships have received little 
attention. The authors examined: 1) whether Cnemidophorus is 
monophyletic; 2) the relationship of this genus to other teiinine 
genera; and 3) whether the bisexual species groups are monophyl-
etic, and their relationships to each other. Twenty-seven species 
of Cnemidophorus and 14 additional species (41 ingroup taxa) 
and five outgroup taxa were examined for DNA data (12S and 
16S genes), allozyme data (31 protein loci), and ten morphologi-
cal characters that have been used in previous studies to identify 
generic and subgeneric species groups in the family Teiidae. These 
data were combined into a single data matrix and analyzed with 
PAUP* 4.0b2. Some reweighting of characters was done a poste-
riori and tested with successive approximations. Results indicated: 
1) Cnemidophorus monophyly is not supported; 2) the North 
American species groups (deppii, sexlineatus, and tigris) form a 
monophyletic Glade; 3) Ameiva monophyly is not supported; and 
4) karyotype evolution is consistent with phylogeny. The genus 
name Aspidoscelis was resurrected to recognize the monophyly of 
the North American Glade. The majority of unisexual species are 
in the genus Aspidoscelis; about a third are parthenogenetic. 

REEDER, T. W., C. J. COLE, AND H. C. DESSAUER. 2002. Phylogenetic rela-
tionships of whiptail lizards of the genus Cnemidophorus (Squamata: 
Teiidae): a test of monophyly, reevaluation of karyotypic evolution, 
and review of hybrid origins. American Museum Novitates (3365):1— 
61 

Correspondence to: Tod W. Reeder, Department of Biology, San Diego 
State University, San Diego, California 92182-4614, USA; e-mail: 
treeder@  sunstroke. sdsu.edu . 

Airborne Sound Detection in Rattlesnakes 

Recent research has indicated that snakes can perceive airborne 
vibrations more effectively than groundborne vibrations. The au-
thors examined the ability of eight individuals of Crotalus atrox 
to detect airborne sounds in an acoustic isolation chamber. Snakes 
were recorded during a 30 s control period, 4 s trial period in which 
sound was played, and a 30 s recovery period. The number of  

tongue flicks, head jerks, amount of time spent moving, and rat-
tling behavior was recorded from the videotape. During the stimu-
lus period, snakes reduced tongue flicking, became motionless, 
jerked their heads, and rattled significantly more than in the con-
trol or recovery periods. This is the first study to document behav-
ioral responses to airborne sounds in snakes. 

YOUNG, B. A., AND A. AGUIAR. 2002. Response of western diamondback 
rattlesnakes Crotalus atmx to airborne sounds. The Journal of Experi-
mental Biology 205:3087-3092. 

Correspondence to: Bruce A. Young, Department of Biology, Lafayette 
College, Easton, Pennsylvania 18042, USA; e-mail: 
youngab@lafayette.edu.  

Digestive Metabolism in a Python 

Snakes undergo exceptional morphological responses to a meal 
following a fast; intestinal mass can be doubled and brush-border 
transport capacities can increase rapidly. These morphological 
changes are associated with an increase of metabolic oxygen con-
sumption, but it is not clear if the morphological changes are di-
rectly responsible for the increased metabolism. The authors placed 
eight juvenile Python molurus in individual plastic respiratory 
chambers for the experiments. Measurements of oxygen uptake 
and carbon dioxide excretion were taken from the snakes twice a 
day. The snakes were divided into two groups; both groups had 
the same fasting periods but they differed in the order of fasting 
durations. The metabolic responses following feeding were large 
(21-35% of ingested energy), but these responses were indepen-
dent of fasting duration. Thus, the increased metabolic rate is not 
correlated with increased function and growth of gastrointestinal 
organs. 

OVERGAARD, J., J. B. ANDERSEN, AND T. WANG. 2002. The effects of fasting 
duration on the metabolic response to feeding in Python molurus: an 
evaluation of the energetic costs associated with gastrointestinal growth 
and upregulation. Physiological and Biochemical Zoology 75:360-368. 

Correspondence to: Johannes Overgaard, Department of Zoophysiology, 
Institute of Biology, Building 131, Aarhus University, 8000 Aarhus C, 
Denmark; e-mail: Johannes.Overgaard@biology.au.dk.  

Habitats of Stream-Dwelling Amphibians 

The authors examined populations of seven amphibian species 
in second- and third-order streams of southwestern Oregon and 
northwestern California. Because amphibian biomass can exceed 
fish biomass in these streams, it is important to understand how 
variation of habitat use by amphibians is related to natural and 
anthropogenic disturbance. Study sites were selected to represent 
a wide range of vegetation types and age of forest adjacent to 
streams. Numerous statistical analyses were performed on the data 
to determine: 1) differences in diversity; 2) presence/absence of 
taxa; and 3) relationships between environmental variables and 
amphibian density. Amphibian diversity was greater in streams 
passing through the oldest forest stands. Different environmental 
variables explained the presence and density of Ascaphus truei 
and Dicamptodon tenebrosus; the remaining five amphibian spe-
cies were too rare to make comparisons. The authors caution that 
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resource availability, historical biogeography, interspecific inter-
actions, and demographic stochasticities might also explain am-
phibian presence and density. 

WELSH, H. H., JR., AND A. J. LIND. 2002. Multiscale habitat relationships 
of stream amphibians in the Klamath-Siskiyou region of California 
and Oregon. Journal of Wildlife Management 66:581-602. 

Correspondence to: Hartwell H. Welsh Jr., USDA Forest Service, Red-
wood Sciences Laboratory, 1700 Bayview Drive, Arcata, California 95521, 
USA; e-mail: hwelsh@fs.fed.us.  

Species Isolation in Sea Snakes 

A recent resurgence of interest in the potential role of sexual 
selection on generating speciation in closely related, sympatric 
species has focused little attention on reptiles. The authors exam-
ined this phenomenon in laticaudine sea snakes, Laticauda 
colubrina and the relatively smaller L. frontalis, which are not 
known to hybridize in nature. Over a six-week period, the authors 
collected adults of both species and observed their courtship be-
havior in open-topped nylon arenas. Skin lipids were obtained on 
cloth pieces from female snakes, and male reactions to these 
samples were recorded. Additional lipid samples were examined 
from both sexes of both species and analyzed with gas chroma-
tography and mass spectrometry. Arena trials confirmed that the 
two species exhibit a strong preference for conspecific rather than 
heterospecific mating. Males of both species directed more tongue 
flicks at conspecific cloth samples than heterospecific samples, 
but L. colubrina was less discriminating than L. frontalis. Bio-
chemical analysis of lipid samples confirmed differences between 
species and between the sexes within species. The conflicting pref-
erence results in male L. colubrina might be explained by a pref-
erence to mate with larger females. 

SHINE, R., R. N. REED, S. SHETTY, M. LEMASTER, AND R. T. MASON. 2002. 
Reproductive isolating mechanisms between two sympatric sibling 
species of sea snakes. Evolution 56:1655-1662. 

Correspondence to: Richard Shine, School of Biological Sciences A08, 
University of Sydney, NSW 2006 Australia; e-mail: rics@bio.usyd.edu.au.  

Mate Choice in Anolis carolinensis 

When reproductive benefits outweigh the costs of being choosy, 
males can be associated with mate choice. This sentiment explains 
the "Coolidge effect," in which males prefer to mate with novel 
females because the number of inseminated females increases, thus 
maximizing male reproductive success. Sixteen adult male and 19 
adult female Anolis carolinensis were collected early in the breed-
ing season and housed in male/female pairs in cages. Pairs of sub-
jects were allowed to acclimate for three days and on the fourth 
day the pair was videotaped from a darkened blind for 30 min. 
The resident female was then removed, and 15 min later a female 
(resident or novel) was introduced into the enclosure. Similar ex-
periments were conducted in the field; novel females were intro-
duced into the territories of males. Males engaged in courtship 
displays three times more with novel females than with resident 
females in laboratory experiments. In field trials, males directed 
ten times more displays toward novel females than resident fe- 

males in baseline sessions. These results suggest that preference 
for novel females is a cognitive process in this species. 

ORRELL, K. S., AND T. A. JENSSEN. 2002. Male mate choice by the lizard 
Anolis carolinensis: a preference for novel females Animal Behaviour 
63:1091-1102. 

Correspondence to: Kimberly S. Orrell, Biology Department, Virginia 
Tech, Blacksburg, Virginia 24061, USA: e-mail: korrell@vt.edu.  

Life History of a Madagascan Frog 

The genus Boophis consists of numerous species of rainforest 
treefrogs; the Boophis albilabris Group is one of the most poorly 
studied in this genus. The authors studied the vocalizations, tad-
pole morphology, and skeletochronology of B. albilabris 
occidentalis at Berara Forest and vocalizations of B. albilabris at 
Anjaharibe-Sud, Madagascar. Morphology, mating behavior, vo-
calizations, and color of adults were contrasted between the two 
populations. Lines of arrested growth in the periosteal bone of B. 
a. occidentalis were described; age estimates placed one individual 
at 11 years. Based on bioacoustic data, keratinized dermal struc-
tures, body size, and webbing, the authors recognized B. 
occidentalis as a distinct species. The authors hypothesized that 
B. albilabris and B. occidentalis secondarily returned to a discon-
tinuous reproductive activity with breeding aggregations. 

ANDREONE, E, M. VENCES, E M. GUARINO, E GLAW, AND J. E. RANDRIANIRINA. 
2002. Natural history and larval morphology of Boophis occidentalis 
(Anura: Mantellidae: Boophinae) provide new insights into the phy-
logeny and adaptive radiation of endemic Malagasy frogs. Journal of 
Zoology, London 257:425-438. 

Correspondence to: Franco Andreone, Museo Regionale di Scienze 
Naturali, Via G. Giolitti, 36, I- 10123 Torino, Italy; e-mail: 
Landreone  @ libero.it. 

Molecular Systematics of Thamnophis 

The garter snakes of the genus Thamnophis include approxi-
mately 30 species of colubrid snakes, including some of the most 
intensively studied snakes in the world. The authors obtained 
samples from 29 species of Thamnophis, Adelophis foxi, and four 
outgroup species. A total of 3809 bases were sequenced from each 
sample, representing complete mtDNA sequences of cytochrome 
b, NADH dehydrogenase 1 and 2, and half the sequence of NADH 
dehydrogenase subunit 4. Maximum parsimony and maximum 
likelihood analyses were conducted (PAUP* 4.0b) on the four genes 
separately and combined. All analyses placed Adelophis and 
Thamnophis validus (= Nerodia validus) within the genus 
Thamnophis. Bootstrap analyses of maximum parsimony trees did 
not identify conflict between any two genes; the combined data 
tree resolved 28 of 30 possible clades within Thamnophis. The 
combined maximum likelihood tree of all four genes resulted in a 
phylogeny that had four differences from the maximum parsimony 
tree, but none of the relationships conflicted with clades that had 
moderate or strong support from bootstrap values. Biogeographic 
hypotheses are discussed for Mexican clades. The authors also 
evaluated whether the support for clades reached a plateau with 
an increasing number of characters. 
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relationships of North American garter snakes (Thamnophis) based on 
four mitochondrial genes: how much DNA sequence is enough? Mo- 
lecular Phylogenetics and Evolution 22:315-329. 

Correspondence to: Alan de Queiroz, EPO Biology and University Mu-
seum, Campus Box 334, University of Colorado, Boulder, Colorado 
80309-0334, USA; e-mail: dequeiro@stripe.colorado.edu.  

Molecular Systematics of Dwarf Boas 

The Tropidophiidae includes about 21 species of New World 
snakes in four genera. The relationships of these snakes within the 
family and to other families is not well resolved because of con-
siderable disagreement about the relationships of basal snake lin-
eages. The authors tested three previously proposed hypotheses: 
1) the Ungaliophiidae Glade (Exiliboa + Ungaliophis) is not closely 
related to the Tropidophiidae Glade (here including Trachyboa + 
Tropidophis); 2) the latter Glade is sister to Caenophidia; and 3) 
Ungaliophiidae is part of a monophyletic Booidea. The authors 
sequenced 1.9 kb of mtDNA (12S, 16S, and intervening valine t-
RNA genes) from 23 species of snakes representing most major 
snake lineages and all four genera of dwarf boas. Aligned sequences 
were analyzed in PAUP* 4.0b8 with maximum likelihood; branch 
support was assessed with bootstrapping and Bayesian analysis. A 
single best tree indicated that dwarf boas are not monophyletic. 
Support was found for a Glade including Trachyboa + Tropidophis, 
and another Glade of Exiliboa + Ungaliophis. The former group 
was rejected as the sister taxon to Caenophidia, and the mono-
phyly of Booidea was not supported. Bayesian support values es-
timated true probabilities of recovering respective clades more 
accurately than bootstrap values. One consequence of this phy-
logeny is that relatively kinetic skulls emerged early in snake evo-
lution, and secondary reductions in skull flexibility occurred in 
fossorial lineages. 

WILCOX, T. P., D. J. ZWICKL, T. A. HEATH, AND D. M. Hum. 2002. Phylo-
genetic relationships of the dwarf boas and a comparison of Bayesian 
and bootstrap measures of phylogenetic support. Molecular 
Phylogenetics and Evolution 25:361-371. 

Correspondence to: David M. Hillis, Section for Integrative Biology and 
Center for Computational Biology and Bioinformatics, The University of 
Texas at Austin, Austin, Texas 78712, USA; e-mail: 
dhillis@mail.utexas.edu.  

Apalone ferox (Florida Softshell). USA: Florida: Leon County: Lake 
Jackson. Illustration by Margaret Gunzburger, Florida State University. 
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Garth L. Underwood, 
the systematic herpetolo-
gist, died in the early hours 
of the morning on the 15 
October 2002 after a brief 
spell in hospital. He was 
83 and still making a use-
ful contribution to the area 
that so fascinated him 
(Underwood 2002). Garth 
was much loved by those 
who knew him and he will 
be deeply missed, both as 
a herpetologist and as a 
friend. 

Garth was born in Isleworth, Middlesex, after the First World 
War (16 July 1919), the eldest son of the renowned artist Leon 
Underwood and Mary (nee Colman). He went to University Col-
lege London in 1938, but was conscripted into the Army (Royal 
Engineers) on the outbreak of World War II in 1939. He must have 
had an unpleasantly active first part of the war and was a survivor 
of Britain's worst maritime disaster. He was in France as part of 
the British Expeditionary Force after Dunkirk. In June 1940 the 
troopship (HMT Lancastria) on which he was returning to En-
gland was bombed and sunk off St Nazaire, Brittany with massive 
loss of life (estimated by some to be around 5000; see http:// 
www. bbc . co  .uk/history/war/w wtwo/lancastria_l. shtml). Garth 
described to me the bravery of his comrades who could not swim 
as the ship finally sank under them. Later in the war (1943) he 
went to India where he had an "intelligence" role. He helped de-
velop a system to play sounds of tank battles in the jungle to amuse 
the Japanese. He kept the secrecy he was sworn to until, to his 
amusement, he saw it described in all its bizarre detail on a televi-
sion program. India had a very considerable impact on Garth. It 
was there where his interest in zoology focussed into an interest in 
reptiles, where he started publishing, and where he met his wife 
Molly. 

He continued his studies at UCL after the war (1946), being 
taught by the eminent geneticist J.B.S. Haldane. He took a First 
Class Honours in zoology (Special genetics), with subsidiary pure 
mathematics, in 1948. He chose pure mathematics because he could 
spend the least time on it, and hence more time on zoology. 

After graduating Garth took the post of Demonstrator in Zool-
ogy at what was the University College of the West Indies at Ja-
maica, and what later (1962) became the University of the West 
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Indies. He was rapidly promoted through the system from Dem-
onstrator to Assistant Lecturer (1949), Lecturer (1953), and Se-
nior Lecturer (1958). Garth did not do a PhD, but submitted his 
publications in 1960 to the University of London, for which he 
was awarded a DSc for his " Systematic and evolutionary study of 
reptiles." In 1960 he also became Professor of Zoology in the Fac-
ulty of Agriculture, University of West Indies, Trinidad. He served 
as Dean of that Faculty from 1961 to 1963. During his time in the 
West Indies he maintained an association with the Museum of 
Comparative Zoology, Harvard University. 

Garth decided to return to Britain for his daughter's education, 
and in 1964 he took the post of Principal Research Fellow at the 
British Museum (Natural History) in London, now the Natural 
History Museum (NHM). After his temporary fellowship at the 
museum (1964-67) he took the post of Senior Lecturer and later 
Principal Lecturer at what was Sir John Cass College and later 
became the City of London Polytechnic (currently London Met-
ropolitan University). Although he retired from the City of Lon-
don Polytechnic in 1984 he was still actively researching and was 
based in the Natural History Museum in London. Initially, this 
was an informal arrangement, but he was recognized as an Honor-
ary Research Fellow in the Natural History Museum in 1994. He 
continued to work in the museum and inspire his younger col-
leagues until his death. 

Garth's publications extend across seven decades (1945-2002). 
In general, his work has been marked by its lasting value rather 
than by a large volume of ephemera. For example, both Garth's 
original 1959 publications on anole evolution (Underwood 1959; 
Underwood and Williams 1959) and his 1967 work on snake clas-
sification (Underwood 1967) are still heavily cited in this millen-
nium. The early 1950s saw three major contributions from Garth. 
His influential work on the evolution of reptilian retinas, inspired 
by G. L. Walls (1942), was published in Nature (Underwood 1951), 
as was his work on gecko taxonomy and evolution (Underwood 
1955). Moreover, in this period he and Angus Bellairs developed 
their ideas on the fossorial origin of snakes (Bellairs and 
Underwood 1951). To my mind this remains the benchmark pa-
per, and only convincing hypothesis, for the origin of snakes. 
Garth's interest in reptilian retinas continued through the next two 
decades (Underwood 1966, 1968, 1970) and an appreciation of 
their role in snake systematics, as expressed in his classic work "A 
Contribution to the Classification of Snakes," endured (Underwood 
1967a,b, 1997). 

Later on in the 1950s Garth worked on legless lizards 
(Underwood 1957a,b) and the West Indian fauna (Underwood 
1957c, 1959, 1964; Underwood and Williams 1959). His work on 
Lesser Antillean anole series proved to be of enduring importance. 
His interest in the West Indian herpetofauna continued, with publi-
cations on Lesser Antillean snakes until 1999 (Underwood 1993; 
Underwood et al. 1999). 

Garth pioneered a multiple evidence approach to snake system-
atics, advocating the use of a wide range of morphological fea-
tures from visual cells, through oesteology to rictal glands. He 
used his Fellowship at the museum (1961 67) to develop his ideas 
in this area. This formed the basis of "A Contribution to the Clas-
sification of Snakes" as well as later papers (1967b, 1997, 1999), 
and his last paper (Underwood 2002) was on a morphological sys-
tem (rictal glands) that may give evidence for snake relationships. 

A more quantitative approach to taxonomy was developing around 
the time of Garth's museum fellowship and Garth saw this as 
complementing his multiple evidence approach. He learned to pro-
gram a computer and wrote his own programs to pursue his ideas. 
He was still working on programming compatibility analysis in 
his later years. 

Garth was a committed and dedicated teacher, publishing pa-
pers on biological teaching in Nature and elsewhere (Underwood 
1963). He was also a conscientious administrator acting as Dean 
in the University of West Indies and as Head of Department in the 
City of London Polytechnic for a while, at a time of great transi-
tion for that Institute. I think it is fair to say that he saw adminis-
tration as something that was necessary, rather than a reward in 
itself, and when I knew him he was most fulfilled by museum 
research. What little time for research his teaching in London al-
lowed was generally spent in the museum looking at specimens. 
This is what he loved most and his association with the Natural 
History Museum lasted from his Fellowship until he died, irre-
spective of whether he was employed elsewhere or retired. 

At the time Garth was working in London, one could be for-
given for thinking that Garth was only interested in museum stud-
ies and had little interest in fieldwork. However, this was not re-
ally the case. Garth's time in the West Indies was a period when he 
was able to undertake fieldwork, not only in Jamaica and Trinidad, 
but also throughout the Eastern Caribbean islands, and he took 
full advantage of this. Garth's description of his first experiences 
of Dominica, catching numerous Alsophis snakes within walking 
distance of the capital Roseau contrasts with my current experi-
ences, even though these areas have been less impacted by devel-
opment than some. Garth then did no fieldwork after leaving the 
West Indies until after the death of his wife Molly. The loss of 
Molly, to whom he was entirely devoted, was a severe blow to 
Garth. After being widowed, he recovered an interest in fieldwork 
and, in spite of advancing years and health problems, he made a 
series of adventurous trips. In 1998 he visited southern Africa col-
lecting snakes and in 1999, at the age of 80, he went on an expedi-
tion to the Crocker Range in Sabah, Borneo. He later visited his 
old territory of Trinidad and Tobago, taking his grandchildren with 
him, and his last trip was to attend the 2002 ASIH/HL/SSAR meet-
ing in Kansas City. 

Garth was well respected as a herpetologist. He was made an 
Honorary Member of The Herpetologists' League in 1978 (one of 
only five), he had numerous species and a genus named after him, 
and the 1997 "Venomous Snakes, Ecology, Evolution and Snake-
bite" volume (edited by R. S. Thorpe, W. Wuster, and A. Malhotra) 
was dedicated to him. Currently, The Natural History Museum is 
preparing a special issue of the Bulletin in his honor, and a retro-
spective will soon appear in Copeia. Sadly, the latter two will now 
be posthumous. 

Garth's achievements may explain why he was a respected her-
petologist, but they do little to explain the enduring loyalty of his 
students or the affection with which he was held. For this one 
needs to understand Garth's character. Garth had his gentle, and 
entirely unaffected, eccentricities. I first met Garth 35 years ago 
when I tried to convince him he should take me on as a PhD stu-
dent once I had graduated. This was at the stage at which his Mu-
seum Fellowship had just ended. The pre-meeting telephone calls 
had led me to expect a much older man, but Garth was still in his 
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forties at this time. He came across as someone with some old 
mannerisms, but with a youthful, quick, and flexible mind, readily 
open to new ideas. This open, flexible mind stayed with him 
throughout and he was always very receptive to new ideas, even 
when they contradicted his own. He was, for example, very com-
plimentary about the hypothesis of a marine origin for snakes. 

I used to see Garth when he came into the museum for his weekly 
dose of research. There was a constant flow of notable researchers 
through the museum that Garth would delight in meeting, but he 
always took time to talk to encourage those that were starting out 
their academic journey. A very young Harry Greene (yes, even 
Harry was young once) turned up one day from his military post-
ing in Germany to talk about his tail display-injury hypothesis. 
Harry was dressed smartly, with a severe military haircut, and bris-
tling with respect for authority. However, Garth, in spite of (or 
perhaps because of) his own time in the military, was entirely non-
authoritarian and non-status orientated in his approach to every-
thing and everyone. Harry must have used the address "Sir" more 
times than I had heard since my schooldays. In spite of being non-
plussed by this, Garth soon got Harry to relax, address him as 
Garth, and have a sensible conversation about bite marks on sand 
boas' rears. 

He was a great teacher, not just directly, but also by example. 
He always expected the best possible effort in everything and im-
partial objectivity when considering evidence. The flow of visi-
tors gave plenty of opportunity to air various viewpoints. His ap-
proach to academic debate was completely non-confrontational, 
and when faced with overconfidence he could be crushingly rea-
sonable. Garth was an excellent model: un-opinionated without 
being opinion-less, open-minded without being mindless, and 
highly principled without being a prig. It reflects our limitations, 
and not Garth's, if we were not always able to learn from him. He 
cared about doing and publishing good science, and providing 
quality teaching. He never mentioned the paraphernalia of "cita-
tion rates," "grant capture," and "quality assurance" that so bur-
den academia, and are so loved by those who administer because 
they can no longer do. Such a person was not always well-adapted 
to life in today's academia, but Garth was almost entirely free 
from cynicism. He enjoyed herpetology, he enjoyed systematics, 
he enjoyed teaching, and he enjoyed talking to others and encour-
aging them. 

His daughter Vivienne, an architect, survives Garth. We extend 
to her our congratulations on having such a father and deepest 
sympathy for the loss. 

Acknowledgments.-I would like to thank Vivienne Hughes and Mark 
Wilkinson for their communications regarding this obituary, and 
acknowledge Garth for his initial PhD supervision and 35 years of 
friendship and advice. 
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Zoo herpetologist and con-
servationist Sean McKeown 
passed away on 11 July 
2002, at age 58. Born on 
New Year's Day, 1944, in 
Los Angeles, California, he 
spent his early childhood in 
western Pennsylvania, roam-
ing the woods in search of 
salamanders, lizards, and 
snakes. He returned to Cali-
fornia to finish elementary 
and high school. Sean at-
tended the University of California at Santa Barbara, graduating 
in 1967 with a bachelor's degree in political science. Two years 
later, he started graduate school at California State University, 
Chico, where he was a teaching assistant to Frank Cliff. He re-
ceived his master's degree "with distinction" in 1973, in a com-
bined biological sciences/anthropology program. The title of his 
thesis was "An Analysis of Protective Attitudes Concerning the 
Puma (Felis concolor)." 

In 1975, Sean moved to Hawaii shortly after receiving his 
master's degree and began working at the Honolulu Zoo. Surpris-
ingly, his zoo experience had been minimal and was limited to a 
yearlong stint at the Los Angeles Zoo prior to starting graduate 
school. Sean brought from California his most cherished posses-
sions, a collection of Chumash Indian baskets and an immaculate, 
red and white 1955 Chevy. Always proud of his Irish heritage, he 
kept a large, iron-hard shillelagh hanging in the kitchen of his 
Diamond Head home. 

While in Hawaii, Sean helped acquire a significant collection 
of reptiles at the Honolulu Zoo, emphasizing captive breeding of 
endangered species. Before his arrival, the few reptiles on display 
included green iguanas, American alligators, and Galapagos tor-
toises, the latter being part of an important captive breeding pro-
gram. The zoo's `Animal Lanai' featured a miscellaneous assort-
ment of small animals, the highlight of which was a male red rat 
snake. Snakes are illegal in the state and the snake enclosure was 
made possible only through special permission of the Hawaii State 
Government after extensive petitioning by the zoo-going public. 
According to Assistant Zoo Director Tommy Higashino, Sean 
wasted no time in transforming the Animal Lanai into a full-fledged 
herpetarium. The zoo visitor was then treated to such exotics as  

green basilisks, matamata turtles, and lace monitor lizards. 
More than anything else, Sean wished to instill in the people of 

Hawaii a healthy respect and appreciation for reptiles and am-
phibians. Once, at a convention for a well-known clothing manu-
facturer whose trademark was an embroidered alligator, Sean and 
reptile keeper Duane Meier offered to bring a live alligator to the 
exclusive Honolulu Club as a promotion. In exchange, a $50 do-
nation was promised for use in the reptile house. The event was 
held on the second floor, so imagine the surprise of those attend-
ing the convention when the elevator door suddenly opened and 
two men tethering a 6-foot alligator entered the room! 

Soon after his arrival in Hawaii, Sean turned his attention to the 
study of the local herpetofauna, wishing to expand on earlier pub-
lished accounts by Stejneger (1899. Proc. U.S. Natl. Mus. 21:783-
813), Snyder (1919. Proc. U.S. Natl. Mus. 54:19-25), Oliver and 
Shaw (1953. Zoologica 38:65-95), and Hunsaker and Breese 
(1967. Pac. Sci. 21:168-172). In his first book, Hawaiian Reptiles 
and Amphibians (Oriental Publishing Co., 1978), Sean worked 
with local photographer Grant Uchida to produce some amazing 
close-up photographs of the various introduced Pacific geckos and 
skinks. In 1996, a revised and much expanded version of the book 
was published. 

Between 1980 and 1981, Sean traveled to the Indian Ocean in 
pursuit of his favorite herpetological passion, the geckos of the 
genus Phelsuma. Granted special permission by the Republic of 
the Seychelles' Department of Conservation, he visited the islands 
of Mauritius and Reuni6n, where he conducted behavioral studies 
on numerous species. As a consultant to the Seychelles govern-
ment, Sean also designed and supervised the construction of an 
egg incubator for the captive propagation of the Aldabra giant tor-
toise (Geochelone gigantea). 

In 1983, Sean and his zoo staff successfully bred the critically 
endangered Madagascar angulated tortoise (Geochelone yniphora). 
In recognition of this achievement, the Honolulu Zoo received the 
prestigious Edward Bean Award for conservation, presented by 
the American Association of Zoological Parks and Aquariums (now 
the American Zoo and Aquarium Association). Later that year, 
Sean left Hawaii and returned to California, where he accepted a 
position as Curator of Reptiles at the Chaffee Zoological Gardens 
in Fresno. In 1986 another AZA award was received for the cap-
tive breeding of the Madagascar ground boa (Acrantophis 
madagascariensis). 

Bitten again by the travel bug, Sean was off to hunt geckos in 
1987. Supplied with wildlife permits from the government, he went 
in pursuit of the New Caledonian giant geckos (Rhacodactylus). 
Later that year, Sean was granted permission by the New Zealand 
Department of Conservation to study the endemic geckos of the 
genera Hetempholis and Naultinus. On one of his last overseas 
trips, he visited the island of Aruba in the Caribbean. As a member 
of the AZA's Species Survival Plan, he assisted with the collec-
tion of data on the Aruba Island rattlesnake (Crotalus'unicolor). 

In 1990, Sean became the managing editor for the American 
Federation of Herpetoculturists' magazine, Vivarium. He was also 
a contributing author. In the spring of that year, The First Interna-
tional Symposium on Turtles & Tortoises: Conservation and Cap-
tive Husbandry convened at Chapman University in Orange, Cali-
fornia. Sean was instrumental in helping to organize the confer-
ence and assisted with editing the symposium proceedings. Dur- 

Herpetological Review 34( 1), 2003 	 9 



ing this period of extracurricular activity, he continued his work at 
Chaffee Zoological Gardens until 1995, when he took an early 
retirement to concentrate on his writing. These efforts resulted in 
the publication of The General Care and Maintenance of Day 
Geckos (1993), Jackson's Chameleons (In: Care and Breeding of 
Panther, Jackson's, Veiled and Parson's Chameleons, 1995), Gen-
eral Husbandry and Management (In: Reptile Medicine and Sur-
gery, 1996), A Field Guide to Reptiles and Amphibians in the Ha-
waiian Islands (1996), and The General Care and Maintenance of 
Tokay Geckos and Related Species (1997). An avid history buff, 
Sean also enjoyed interviewing well-known zoo herpetologists for 
a "People Profiles" feature in Reptile & Amphibian Hobbyist. 

In 1996 Sean was diagnosed with idiopathic cardiomyopathy, 
or congestive heart failure. Three years later he received a left 
ventricular assist device that artificially kept his heart function-
ing. This experience made Sean a strong advocate of organ dona-
tion. In April of 2000, he received a heart transplant at Stanford 
University Medical Center. 

Until the very end of his life, Sean continued his involvement in 
several conservation committees, including the IUCN's Captive 
Breeding Specialist Group and Tortoise and Freshwater Turtle 
Specialist Group. He also served as a consultant to Hawaii's State 
Department of Agriculture, striving to keep the brown tree snake 
(Boiga irregularis) and the coqui comtin (Eleutherodactylus coqui) 
from becoming established in Hawaii. He continued to conduct 
surveys on the endangered blunt-nosed leopard lizard (Gambelia 
sila) for the California Department of Fish and Game and wrote a 
monthly column for Reptiles magazine entitled "Ask the Breeder" 
(he was also a regular contributing author). Sean enjoyed teach-
ing young people about natural history and assisted students with 
their science fair projects. He was also a judge at the California 
State Science Fair. 

Sean is survived by his wife, Wendy and two daughters, Dorie 
and Casey. "The country has lost one of its most brilliant, 
hardworking and active leaders in wildlife conservation of this 
era. We will dearly miss him," said Paul Breese, former director 
of the Honolulu Zoo. 

We will, indeed, miss you. Aloha, Sean. 
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ZOO VIEW 

Since 1976, George B. Rabb has been Director of the Chicago Zoo-
logical Park, also known as the Brookfield Zoo. George anticipates re-
tirement after many years of professional service to the zoo and conser-
vation community. He began his career as research coordinator at the Zoo 
in 1956. As former Chairman of the Species Survival Commission (SSC) 
of IUCN-The World Conservation Union beginning in 1989, he formed 
and supported the Declining Amphibian Populations Task Force (DAPTF) 
under the banner of IUCN. For his accomplishments, he was awarded the 
Peter Scott Award in 1996 by SSC. 

George's herpetological research has been impressive. In 1955-1956, 
he described new salamanders from Mexico and the tadpole of Hyla 
robertsorum. The next year, he named a new race of iguanid lizard 
(Leiocephalus carinatus granti) from Cayman Brac, B.W.I. The same 
year, George and E. B. Hayden recorded the history of the Van Voast-
American Museum of Natural History Bahama Islands Expedition and 
outlined general features of the Islands. In 1959, George described a new 
frog of the genus Plectmhyla (P pycnochila) from the Sierra de los Tuxtlas, 
Mexico. With his colleague Hymen Marx at the Field Museum of Natural 
History in Chicago, George produced a series of seminal papers on snake 
evolutionary biology. He studied the viperid snake Azemiops and com-
pared its cephalic anatomy and phylogenetic position relative to Viperinae 
and Crotalinae. In 1965, a paper on relationships and zoogeography of 
the viperine snakes appeared. He investigated morphometrics of the 
ectopterygoid in advanced snakes (Colubroidea). In 1970 and 1972, two 
major papers on character analysis of advanced snakes were published. 
In another, two colubrid snake genera convergent to the vipers 
(Pythonodipsas and Spalerosophis) were treated. Rabb published a num-
ber of important papers, some with his wife Mary, on amphibian repro-
ductive behavior, based in part on their zoo colony of pipid frogs. For his 
contributions to the herpetological community, he was elected President 
of the American Society of Ichthyologists and Herpetologists. 

Rabb believed that zoos must change from menageries to conservation 
and research centers; he wrote many papers on this topic. George and his 
staff have developed protocols for successful captive management pro-
grams, such as designing techniques for surveying and maintaining ge-
netic diversity in zoo animal colonies. George was instrumental in estab-
lishing the International Species Information System (ISIS), the inven-
tory listing of captive animal populations which is crucial in providing 
data to ensure proper pairings of potential breeders and monitoring the 
population structure. 

As a measure of the esteem and respect that he engenders from his 
colleagues, his career and contributions to zoo biology and conservation 
have been covered in full in a recent book (Ross, A. 2001. Rabb, George 

B. 1930– American director of the Chicago Zoological Park. In C. E. Bell 
[ed.], Encyclopedia of the World's Zoos, pp. 1035-1037. Fitzroy Dearborn 
Publishers, Chicago and London). 

George and Hy Marx were important mentors for me during my early 
years in Chicago. By their example, I learned how herpetology should be 
approached in a careful and systematic manner. For their friendship, in-
spiration and guidance, I am eternally grateful. 

Recently, approximately 10,000 Asian turtles and tortoises were con-
fiscated in Hong Kong, destined to be used for food and medicinal pur-
poses in China. The chelonians were in deplorable condition, requiring 
medical evaluations and extensive care before they were fit to be sent to 
European zoos and other facilities. Curator Gerard Visser from the 
Rotterdam Zoo oversaw the maintenance of many of these creatures, ar-
ranged homes for them, and coordinated shipping, which was no easy 
task. Gerard demonstrated how important one individual in the zoo com-
munity can be when faced with a crisis of this magnitude. 

Because the herpetological history of his Zoo is so important, I asked 
Gerard to write the following article. He took on this project seriously, 
spending hours in the zoo archives where he unearthed materials long 
hidden. My hope is that others will find his account as fascinating as I 
did. 

—James B. Murphy, Section Editor 
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The Old Rotterdam Zoo: 1857-1940 

The Rotterdam Zoo was founded in 1857, and one of the oldest 
sources available (Van Bemmelen 1869) shows that reptiles were 
already represented in the collection. The next year the animal 
collection consisted of 204 mammals, 659 birds, and 29 reptiles, 
called "creeping animals" in this report (Fig. 1). 

I was unable to discover exactly how and where the reptiles 
were housed before 1906. The minutes of the "Buildings-commit-
tee" of 4 June 1902 show that the decision was made to demolish 
and rebuild the "winterbuilding" which housed not only reptiles 
and amphibians during the winter but also those mammals and 
birds requiring heated houses or stables. Porcupines and snakes 
are specifically mentioned as residents. In the minutes of 16 No-
vember 1904 the Director questioned whether a new reptile build-
ing was really necessary for the Zoo. In response to his query, the 
entire committee decided that a new facility was needed, but that 
it should not be built too cheaply. This new building cost 35,400 
guilders (approx. US $17,000) and construction started in 1905. 
Zoo herpetologists will be pleased to learn that when a reptile 
keeper was to be hired for the new Reptile House, the Director in 
July 1905 (again meeting with the Buildings-committee) claimed: 
"This is a difficult and complex position. Mr. Winde, a florist, is 
an educated person, and has even published in magazines. He 
should therefore be paid better wages than common keepers. And 
only one woman to clean the windows in that building (!)" The 
Zoo board later rejected the extra salary (again, not surprising to- 
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I tiroote lk.stern of lisugel. 	Sterna cantiaca , 
Landschildpadden 	 Testudo 

4 Idocramchildparlden ...... 	 Emys. 
3 Zmehildpadclen. 	 Chelonia. 
1 Afrikaansche Krokutill 	 Crocodilus rulgaris , Car. 
1 Krokodil van Borneo 	 Gavials Schlogelii , S. A1,111. 
2 Kaaimannen 	  Alligator lucius, Car. s. taissizip- 

piensis (Dead.). 
4 Sawa-slangen an Java 	 Python bivittatus, 
3 Boa's. 	  Boa constrictor, Liam. 
I It:as:slang. 	  Natrix torquato, Merr. 

HagediAsea; 	  Lacerta starpium, Dead. 
1 Reuzensalamauder van Jape" 	 Sieboldia maxima (Sch.leg.). 

FIG. 1. The 1858 list of zoo specimens contained 7 tortoises (Testudo), 
4 terrapins (Emys); 3 seaturtles (Chelonia),1 African crocodile (Crocodilus 
vulgaris, Cuv.); 1 crocodile from Borneo (Gavialis schlegelii, S. Mall.), 
2 Caimans (Alligator lucius, Cuv. s. mississippiensis (Daud.)); 4 sawa-
snakes from Java (Python bivittatus, Kuhl); 3 Boas (Boa constrictor; Linn.); 
1 glass snake (Natrix torquata, Merr); 2 lizards (Lacerta stirpium, Daud.); 
1 giant salamander from Japan (Sieboldia maxima (Schleg.). 

day), but Mr. Winde was allowed to go to the Amsterdam Zoo 
"Artis" to learn to care for reptiles. 

The new Reptile House opened in 1906 (Fig. 2). This house 
was famous for its central crocodile pond, where a large group of 
crocodiles could be observed at close range. At first, this exhibit 
was a barren pool measuring 12 x 6 m with a central concrete 
island (Fig. 3). In 1915 one of the entries in the "Book of Gifts to 

FIG. 2. Exterior of the Reptile House, 1906. 

FIG. 3. The famous Crocodile Pool, as it was before 1915. 
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FIG. 4. The Crocodile Pool after 1915, with added rockwork. 

the Zoo" reads: "A donation of one hundred guilders to embellish 
the Crocodile Pool in the Reptile House with rockwork." We can 
therefore safely assume that photographs showing the (very pretty!) 
rockwork in the Crocodile Pool date from after 1915 or 1916 (Fig. 
4). In the left wing of the house large cages for boids could be 
found; in the right wing, larger varanids, teiids, and iguanids were 
exhibited. Along the walls of both wings, medium-sized and small 
terrariums and aquariums were installed for smaller reptiles, am-
phibians, and fishes. Along the extreme left wall, behind a glass 
screen, was the enclosure for giant tortoises. These animals had 
access to an outside pen on warmer days. During the winter they 
were allowed to wander around parts of the public area of the 
house. Along the far right wall there was a large aquarium (ini-
tially intended to house a seal!) which contained large indigenous 
fishes, like catfishes and pikes. 

Many of the reptiles were brought to the Zoo by the masters and 
crews of the Dutch commercial fleet. Rotterdam was already a 
major seaport at the time, and these ships brought back animals 
from their runs to the Dutch overseas colonies in the East Indies 
(now Indonesia) and West Indies (Netherlands Antilles). Often ship 
owners instructed their captains to bring animals for the zoo. Many 
owners were members of the Rotterdam establishment who regu-
larly gathered in the Zoo's famous Society Building and that group 
supported the Zoo in many ways. In fact, Board members were 
usually selected from their ranks. 

The great majority of reptiles brought to the Zoo were acquired 
in the East Indies. The Javaansche Sawah slang (Javan ricefield 
snake) was one of the commonest species to be presented to the 
Zoo. Or rather the two most common species, because at the time 
both Python reticulatus and Python molurus bivittatus were called 
Sawah slang in Dutch. Other species that were commonly pre-
sented to the Zoo were: green seaturtle (Chelonia mydas), Am-
boina box turtle (Cuora amboinensis), and water monitor (Varanus 

salvator). In some cases, these reptiles were sold to other zoos in 
Europe. The names of the zoos in London, Frankfurt, Leipzig, 
Berlin, and Antwerp appear regularly in these old records 3 . 

Many reptiles were short-lived, green iguanas (Iguana iguana) 
often not lasting much longer than four weeks (Van der Werff, 
pers. comm.). The seaturtles were housed in the already over-
crowded crocodile pond. They must have had a very unpleasant 
life and presumably did not live very long. 

Although a number of well-respected zoologists were employed 

12 
	

Herpetological Review 34(1), 2003 



FIG. 5. Biittikofer's 1890 color plate. 
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Flo. 6. Tuatara, falsely identified as a "groene leguaan" (green iguana) FIG 7. Komodo dragon in the old zoo. 

at the Zoo over the years (Kuiper, Van 
Bemmel, Appelman) none of them 
specialized in reptiles. Probably the most 
famous scientist to become director of 
the Zoo was Dr. Johann Biittikofer 
(1850-1927), the Swiss-born naturalist 
who was appointed assistant to the 
director of the Leiden Museum, Prof. 
Schlegel, in 1878. Biittikofer became an 
authority on West African wildlife after 
major expeditions to Liberia in 1879-
1882 and 1886-1887. After completing 
his account of these travels (Buttikofer 
1890-91) he was invited to join a large 
zoological expedition to Central Borneo. 
Meanwhile, in 1883, he had become 
curator of the Leiden Museum Bird 
Collection. Four years later, he became 
director of the Rotterdam Zoo; his 
appointment was a significant event for 
the Zoo as Biittikofer was one of the most 
respected scientists of that period. Many 
taxonomists named West African fishes, 
birds, and mammals in his honor. 
Biittikofer's main interests were birds 
and mammals, but in volume 2 of his 
books on the Liberian expedition, he 
covered reptiles and amphibians (Buttikofer 1890:431 147); his 
accounts were accompanied by black-and-white drawings of a 
leatherback turtle (Dermochelys coriacea), a Nile crocodile 
(Crocodylus niloticus), a slender-snouted crocodile (Crocodylus 
cataphractus), a broad-fronted crocodile (Osteolaemus tetraspis), 
and a delightful color plate of the Rhinoceros viper (Bills rhinoceros 
Temminck; = Bitis gabonica rhinoceros Schlegel) (Fig. 5). He 
retired from the Zoo in 1924 at age 74, and returned to Switzerland. 
Van Bemmel, director of the Rotterdam Zoo from 1961 until 1969, 
published a short essay on Biittikofer, including a photograph of 
him during his expedition in Borneo (Van Bemmel 1959) 

Because trained herpetologists were unavailable, not all animals 
were always identified correctly; for example, in one of the old 
guide-books a photograph of a tuatara (Sphenodon punctatus) is 
shown and called "green iguana" (Fig. 6). I also found a picture of 
a Komodo dragon (Varanus komodoensis) (Fig. 7) in the old rep- 
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tile house—so it must have been living in the Reptile House some-
time between 1906 and 1940, but so far I have been unable to find 
any reference to it in the records! 

The New Zoo (Diergaarde Blijdorp): 1940-1974 

Because the city was growing the zoo had to move from the 
town center in 1940 to make room for developments. Architect Ir. 
Sybold van Ravesteijn was given the assignment to design a new 
zoo, and perhaps typically, an actual reptile house was not included 
in that plan. Birds and reptiles were housed in the same building, 
a tropical house that formed one of the two wings of the Rivierahal 
(Riviera-Hall) in the heart of the new zoo. Only a few cages in the 
central area of that tropical house were reserved for reptiles, and 
probably because of the popularity of the crocodile pool of the old 
zoo, a large part was reserved for crocodilians. In May 1940 the 



old zoo was hit by German bombs and the animals had to be hast
ily transferred, often after recapture as many had escaped from 
their damaged enclosures. During the war ( 1940- 1945) there was 
a great shortage of food and other basic needs, and many of the 
cages could not be heated. Therefore, many reptiles died, and 
among the reptiles that had lived in the old zoo's Reptile House 
that survived were-not surprisingly-a pair of American alliga
tors (Alligator mississippiensis) and slender-snouted crocodiles 
( Crocodylus cataphractus). 

To my surprise, I have been able to find only three photographs 
of that early period from 1940 to 1954. One shows four heads of 
adult American alligators (Moerkerk, undated, c. 1950) and an
other shows the crocodilian exhibit which housed them just after 
completion, in a book on the architecture of Van Ravesteijn (De 
Vries 1986). The third photograph pictures nine keepers holding a 
very large python in front of the new crocodile pool, published in 
the Zoo's magazine Blijdorp Geluiden to accompany a general 
article on snakes (Appelman 1958). This lack of historical docu
mentation might signify that the popularity of reptiles reached a 
very low level just after the war. Was this an indication that the 
general public (and, who knows, also the zoo's staff?) preferred 
"nicer," cuddlier, and more colorful animals after those five years 
of hardship? 

However, the need for more reptile displays was evident very 
soon after 1950. It is likely that visitors remembered the old rep
tile house with its strange and sensational creepy creatures and the 
zoo staff became aware that a reptile house, even if small, was in 
high demand. In 1954 one of the two tea-houses was modified 
into a legitimate reptile house. It opened on 15 April of that year. 
The reptile cages in the central tropical house became aviaries for 
birds and in the new Reptile House several large, but somewhat 
barren, enclosures (Fig. 8) were made for large monitors, com
mon boas, large pythons, iguanas, spectacled caimans, seasnakes, 
seaturtles, one giant tortoise, and some venomous snakes - and 
of course two pools for the above -mentioned four crocodilians. 
This house became the realm of head keeper Joop van der Werff 
who worked there until 1974. The house had a great tropical at
mosphere because of the high humidity and a wealth of tropical 
plants. Van der Werff added smaller cages for lizards, snakes, 

F IG. 8. The interior of the reptile house in the new zoo (1953). It closed 
again in 1974. 

turtles, and amphibians along the outer walls. Over the years he 
decorated all the larger cages and modified them into more mod
ern type "habitats." Again, no true curator was appointed and Van 
der Werff worked under the supervision of overseer of keepers 
Pierre van Leeuwen, who was also responsible for the birds and 
fishes and indeed was content to redirect most of the reptile work 
to Van der Werff. Hardly any reproduction took place, except for 
some live-bearing species such as Boa constrictor and a notably 
large brood of 55 Gaboon vipers (VanderWerff 1970). 

The first scientist with a real interest in reptiles was staff biolo
gist Dr. Hans van Roon, and he incorporated a more systematic 
approach in keeping and breeding reptiles around 1970. His ap
proach resulted in the first hatching of green iguanas in the Zoo 
(van Roon 1976) and in a more interesting, diverse collection of 
reptiles. When I joined the zoo in 1972 I was hired by van Roon as 
a fish keeper; I got my first training as a reptile keeper by Vander 
Werff in 1973. 

The Rivierahal as Reptile Center: 1974-c. 2002 

After Zoo Director Dick van Dam had been appointed in the 
early 1970s, it was soon decided that ectotherms should play a 
more important role in the animal collection of the zoo and that 
the Rivierahal would be the central place for fishes, amphibians, 
and reptiles3. Additional staff were hired, but van Roon's succes
sor, Han Assink, although the first person to get the curatorial po
sition, still had to oversee the birds and fishes, as well as reptiles. 
As in the old days, much of the reptile work was done by the 
keeping staff, but this time a real curator was available, who was 
much more actively involved in the herpetological collection than 
any of his predecessors. In the Rivierahal more and more terrari
ums were constructed, and in 1976 a new Crocodile Wing was 
added. The four large crocodilians, by now in Rotterdam for over 
50 years, were moved to new quarters, this time more spacious 
than ever before3• In the same building, spectacled caimans 
(Caiman crocodilus) and a large pair of water monitors were ex
hibited. 

In 1979 the Amazonian Wing was added to the Rivierahal , and 
here mainly large osteoglossid fishes were housed in a pool sur
rounded by Amazonian vegetation. Reptiles exhibited here were 
red-footed tortoises (Geochelone carbonaria), South American gi
ant river turtles (Podocnemis expansa) , yellow-spotted giant river 
turtles (P unifilis), and, although not of Amazonian origin, rhi
noceros iguanas (Cyclura cornuta). 

The number of species of both fishes and reptiles grew rapidly, 
and also time and money were invested to improve exhibitry, hus
bandry, and reproduction. In 1984 I was appointed curator for fishes 
and reptiles, the first curator for just lower vertebrates and inver
tebrates at the Zoo4 . Assink, who had become general curator in 
1984, left the zoo six years later. 

In the period from the late 1970s until the late 1990s, several 
"difficult" species were being bred: Amboina sail-tailed lizard 
(Hydrosaurus amboinensis; Visser 1984; Belterman and Visser 
1996 [on the chromosomes of Hydrosaurus]), white-throated moni
tor ( Varanus exanthematicus albigularis; Visser 1981 ), yellow 
monitor (V.jlavescens; Visser 1985), lace monitor (V. varius; Horn 
eta!. 1997), Chinese crocodile lizard (Shinisaurus crocodilurus; 
Visser 1989), and leopard tortoise ( Geochelone pardalis babcocki; 
Visser and Zwartepoorte 1989). Other species that were more or 
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less regularly bred include: spectacled caiman (Caiman crocodilus ), 
spider tortoise (Pyxis arachnoides; Zwartepoorte 2000), African 
spurred tortoise (Geochelone sulcata; Zwartepoorte, in press), Fiji 
banded iguana (Brachylophus fasciatus), rhinoceros iguana 
(Cyclura cornuta), Philippine sailfin lizard (Hydrosaurus 
pustulatus), African spiny-tailed lizard ( U romastyx acanthinurus; 
Zwartepoorte1995), ridge-tailed monitor (Varanus acanthurus), 
and mangrove monitor (Varanus indicus). In all, more than a hun
dred species have reproduced in the Rivierahal so far. 

Monitor lizards have always played an important role in the 
zoo's reptile collection and even in the second reptile house (1953-
1974) large water monitors were among the more important spe
cies; for years a trio of Timor monitors (Varanus timorensis) also 
lived there (Visser 1975). Initiated by the breeding successes with 
these varanids, a close cooperation with Prof. Hans-Georg Horn 
of Sprockhovel, Germany resulted in two papers in the "Interna
tional ZooYearbook" (Horn and Visser 1989, 1997) which pro
vided up-to-date overviews of world-wide varanid captive repro
duction, a paper on the perentie (Varanus giganteus) in the wild 
(Hom and Visser 1988) and a paper on the basic biological data of 
monitors (Horn and Visser 1991 ). A mainly herpetological jour
ney through Australia in 1986 resulted in a series of popular ar
ticles published in German and Dutch hobby magazines as well as 
in the Rotterdam Zoo's bimonthly magazine, then called Dieren. 
A close relationship was established with the late Dennis King of 
Perth, Australia, a well-known varanid expert. King visited the 
Rotterdam Zoo on several occasions. For the Second World Con
gress of Herpetology in Adelaide (1993), I assisted him as a con
vener for the special Varanid Symposium, which was a followup 
to the successful First Multidisciplinary Varanid Symposium held 
in Bonn, Germany, after the First World Congress of Herpetology 
in Canterbury. A general paper on Rotterdam 's monitors appeared 
in the American hobbyist magazine The Vivarium (Visser 1992). 

The Masterplan Developments: from 1990 

In 1988, after Van Dam had retired and Ton Dorresteyn had 
become the new director, a complete renovation of the Zoo was 
undertaken and the first draft of the Masterplan was completed in 
1990. As in any modern zoo, "habitat immersion" was the leading 
element of the plan. According to this philosophy, animals should 
be housed in naturalistic enclosures that resemble natural habitats 
accessible to visitors (whenever possible). At the Rotterdam Zoo, 
these habitats or "biotopes" were to be organized on a geographi
cal basis. In 1991 an Asian swamp and large bat cave were com
pleted, and this cave was the first mixed habitat where reptiles 
were (and still are) housed: in this case, bat-eating ratsnakes 
(Elaphe taeniura). In the "Taman Indah," a tropical Asian jungle 
house, the Asian elephants and rhinoceroses share their indoor riv
erine forest habitat with gibbons, horn bills, Asian freshwater fishes, 
and Burmese pythons (Python molurus bivittatus) . In an Asian 
Batak-style house, tokay geckos (Gekko gecko) are exhibited in a 
glass fronted cupboard; in fact this house is also the indoor facil
ity for Asian deer, antelope, and leaf monkeys. After having suc
cess with taxa which would thrive in these mixed species exhibits, 
it was decided that not only mammals, birds, and plants, but al
ways also reptiles, fishes, and insects would be combined in all 
new habitats, departing from the former idea of a building hous
ing only reptiles (or indeed fishes). 

The Oceanium: From 2001 

The largest Masterplan project to date opened officially in July 
2001: the Oceanium. The visitor is encouraged to take a journey 
of discovery along coasts and through oceans, starting in Europe, 
via the Atlantic Ocean to the Americas. As this was planned to be 
our major indoor exhibit featuring the American continent, it was 
decided that all of our American herp species should be housed in 
the Oceanium. Because of the uniqueness of the Caribbean island 
herpetofauna and our political connection with the Netherlands 
Antilles, focusing on Caribbean Island fauna was a logical choice. 
The link with the Caribbean Sea (essential in an Oceanium build
ing!) and its coral reefs is apparent to our visitor: after having 
viewed the lively reef with schools of fishes and live corals, our 
explorer slowly rises above the surface of the water to see a surf 
action aquarium and a tidal mangrove forest. After this watery 
experience, our traveller reaches an Antillean shore, where the 
rhinoceros iguana (Cyclura cornuta), Roatan Island black iguana 
(Ctenosaura oedorhina), Aruba Island rattlesnake (Crotalus 
unicolor), Cuban boa (Epicrates angulifer), Cuban anole (Anolis 
equestris), and Montserrat mountain chicken frog (Leptodactylus 
fallax) are exhibited. Gradually, we plan to substitute the more 
common species in this Caribbean section with endangered species. 
The threatened leptodactylid frog L. fallax, successfully hatched 
and raised by the Durrell Wildlife Conservation Trust as part of a 
safety net recovery plan, is an example of this strategy. In the 
transition between the "Caribbean" and the "Falkland Islands" king 
penguin habitat, there is a small but nice South American jungle 
habitat and one of the tropical river exhibits holds Colombian slider 
turtles (Trachemys scripta callirostris) and dwarf caimans 
(Paleosuchus palpebrosus). 

Sonoran Desert species from North America and Mexico were 
traditionally represented in our reptile collection and North Ameri
can succulent plants were important in our botanical collection; 
therefore the Sonoran Desert was chosen to be represented in the 
Oceanium, and to link this exhibit to the sea, this habitat is called 
"Sea of Cortez" because well known proximal reptile species are 
shown: Gila monster (Heloderma suspectum), giant black chuck
walla (Sauromalus hispidus ), collared lizard ( Crotaphytus collaris ), 
among others. To enhance further the "desert-and-the-sea" image, 
an open 25,000-liter aquarium contains Sea of Cortez fishes . Bur
rowing owls, roadrunners, rock squirrels, and Saguaro cactus com
plete this Sonoran community. 

Currently, a very large exhibit is being added to the Oceanium's 
journey of discovery: The Galapagos Islands. The only live ani
mals to be displayed are ten Galapagos tortoises (Geochelone ni
gra). These chelonians hatched at the Ziirich Zoo in 1995 (see 
Fiirrer 2002, for details). The 110m2 indoor exhibit and the 160 
m2 outdoor habitat are planned for completion by the summer of 
2002. A life-size model of a marine iguana (Amblyrhynchus 
cristatus) will be added as living specimens are protected by Ec
uador and not available. The model will also be used as an oppor
tunity for the blind (and others!) to feel some of the essence of a 
large iguanid lizard. 

A Glimpse of the Future: the Renovated Rivierahal 

A donation by the City of Rotterdam will allow us to renovate 
the Rivierahal in 2003 and to restore it according to the style cre
ated by the architect Van Ravesteijn years ago. The central part of 
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the hall will feature public amenities with a large indoor sitting 
area and cafe, and only a few, but sophisticated aqua-terrariums 
while both wings will be reserved for animal exhibits. The east 
wing (currently tropical birdhouse) will be connected with the 
Asian continent and Chinese garden and pavilions, and contain 
mainly Chinese and Indochinese birds as well as an indoor and 
outdoor facility for our Chinese alligators (Alligator sinensis). Al-
ready the former Amazonian wing, adjacent to this tropical bird-
house, was transformed into an exclusively Asian reptile facility 
for Komodo dragons, brown jungle tortoises (Manouria emys), 
and several freshwater turtle species in June 2002 (Visser 2002). 
Graphics and videos help to explain the Asian turtle crisis (see 
Buley and Zwartepoorte 2002) to the public. 

The west wing, now housing gorillas and giraffes, will be con-
nected to the African savannah in the near future and will be the 
place where a selection of African reptiles (including the two old 
African slender-snouted crocodiles) will be housed. The very popu-
lar incubation and neonate displays will certainly hold their im-
portant central place in the Hall. 

It is the goal of the Herpetological Department of the Rotterdam 
Zoo to be more involved in international herpetological conserva-
tion efforts, and, more specifically, in much needed in situ conser-
vation programs. Carefully selected groups of reptiles and am-
phibians in a unique series of habitats will tell that story to the 
public and hopefully arouse interest and support from the visitors 
at the Rotterdam Zoo. 
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Footnotes: 
' Most of the pre-war records of the Zoo were destroyed in a fire during 
the war, except for the books that contain the records of animal gifts, 
births and sales. These happened to be in a metal vault. The book of ani-
mals obtained by purchase is no longer available, so it is not possible to 
determine which reptile species were mostly sought after by the zoo's 
pre-war management and thus to reconstruct some sort of "collection plan." 

2The Reptile House would eventually return to its original function as a 
thematic Indonesian/Chinese restaurant in the Asian part of the zoo. 

'The pair of alligators died in the nineties of the last century, Bobby the 
male, in 1991; in 1966, Judith the female was shown post mortem to have 
been a male as well....Both Cmcodylus cataphractus survive until today. 

'Traditionally, and in contrast with the North American Zoos, many of 
the older and larger European zoos appoint curators for both reptiles and 
fishes, and of course very often their duties include overseeing amphib-
ians and invertebrates. Examples are: Amsterdam, Rotterdam, Antwerp, 
Berlin, London, Leipzig, Frankfurt, Stuttgart, and Cologne. Inevitably, 
curators will be biased toward a specific group of animals. This is often 
noticeable in the quality of research, collection and exhibition. 
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As a behavioral neuroscientist specializing in sensory systems 
and the neural bases of circadian rhythmicity, I was intrigued to 
discover spotted salamanders (Ambystoma maculatum) in central 
Virginia migrating to ephemeral ponds much earlier in 1998 than 
I had expected. Although it is possible that they were migrating in 
direct response to the wet weather and unseasonably warm 
temperatures at the time, it is also possible that their migration 
was influenced by internal time-keeping mechanisms endogenous 
to the salamanders. If so, how important are environmental cues, 
how important are endogenous clocks, and how might the two 
interact? Most literature accounts stress the importance of abiotic 
environmental factors in mediating the timing of migration and 
reproduction in salamanders, though some authors have suggested 
that endogenous clocks might influence the timing of seasonal 
reproductive activities. Even so, most discussions of endogenous 
cues affecting the timing of migratory behavior and reproduction 
have been cursory, and in some cases have suffered from a lack of 
depth in understanding the roles and mechanisms of the 
endogenous oscillators involved. 

My goal here is to describe some of the various possible (and 
likely interacting) mechanisms that control the timing of seasonal 
migration in salamanders. Future experimental and observational 
work will be much improved by better understanding and careful 
discussion of the problems and possibilities generated by a suite 
of sensory systems and endogenous oscillators that allow 
exogenous (abiotic) and endogenous factors to interactively 
modulate the precise timing of reproductive activities within a 
given season. 

En masse breeding migration occurs in many salamander species 
(see, for example, Gill 1978; Palis 1997; Petranka 1984; Semlitsch 
1981; Shoop 1960; Spotila and Beumer 1970; Twitty 1959; Twitty 
et al. 1964); this behavior might have evolved as an anti-predator 
mechanism. Large numbers of migrating individuals might saturate 
the predator pool at a given moment in time, effectively allowing 
more individuals to successfully reach breeding sites (such as 
ephemeral ponds) than would do so if migration were 
asynchronous. Alternately (or in addition), en masse migration 
might increase the likelihood of males and females encountering 
each other at breeding sites, and might affect competition between 
individuals for mates. 

Regardless of the selective advantage of mass migratory 
behavior, there is still much to learn about the mechanisms 
underlying migratory synchrony in salamanders. One complication  

in understanding these mechanisms is that the timing of 
synchronous migration and/or breeding varies among species, 
sometimes greatly. For example, in the eastern United States, A. 
maculatum immigrates to breeding sites and breeds in late winter 
to early spring (Baldauf 1952; Blanchard 1930; Hillis 1977), 
whereas A. opacum breeds in autumn (Anderson and Williamson 
1973; Graham 1971). Although the timing of immigration/breeding 
is grossly similar from year to year (i.e., spring, autumn...) within 
species, the exact timing of a species' immigration/breeding can 
vary significantly (see Semlitsch 1993). That is, while the 
seasonality of reproductive activities is fixed in a given species, 
the timing of its migration and reproduction exhibits remarkable 
plasticity within that season for a given species. 

The findings of Blanchard (1930), Hillis (1977) and others 
suggest that the interacting influences of temperature and rainfall 
are important effectors of immigration in A. maculatum. Blanchard 
(1930), for example, concluded that vernal immigration is initiated 
by the first rains following snowmelt and ground surface thaw. 
Beneski et al. (1986) stated flatly that once permissive temperatures 
occur, migratory activity in ambystomatid salamanders depends 
upon the occurrence and/or amount of rainfall. Sexton et al. (1990) 
concluded that three-day average temperature (mean of daily high 
and low temperatures) is the most useful predictor of A. maculatum 
immigration, but noted that all immigration in their study was 
associated with rainfall. 

Environmental factors alone cannot fully explain the timing of 
reproductive activity within a season, however. While factors such 
as rainfall and temperature certainly serve as cues for breeding 
activity, and variability in timing of migration/breeding can be 
influenced by variability in these cues, breeding activities might 
also be affected by endogenous circannual and circadian clocks. 
Sexton et al. (1990) hypothesized that the lack of immigration of 
A. maculatum during December and January despite favorable 
conditions of temperature and rainfall represented a refractory 
period perhaps based upon an endogenous circannual clock. 
However, this is a rare example in which internal clock control 
has been discussed as a mediator of seasonal reproductive behavior 
in salamanders. 

We (Grace and Church 2003) observed A. maculatum migrating 
in early January and early February in Albemarle County, Virginia. 
Our observations of migration on warm rainy nights support 
previous general conclusions that increased temperature and 
nocturnal rainfall influence immigration of ambystomatid 
salamanders to vernal breeding ponds (Douglas 1979; Hillis 1977; 
Sexton et al. 1990). Our observations also agree with previous 
reports that male A. maculatum immigrate before females (Douglas 
1979; Grace and Church 2003; Hillis 1977), and with Sexton et 
al.'s (1990) model of immigration induction by a minimum three-
day average temperature of approximately 5.5°C in conjunction 
with 0.127 cm minimum rainfall the day of immigration (Grace 
and Church 2003). However, the migratory activity we observed 
occurred significantly earlier than reported in even more southern 
portions of the species' range (e.g., North Carolina: Brimley 1921; 
Gray 1941; Harris 1980; Tennessee: King 1939), and corresponded 
with the earliest reported migration times for the southernmost 
portion of the range. Mount (1975), for example, documented 
migrations from late December to early February in Alabama; Walls 
and Altig (1986) reported late December and early January 
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migrations in Mississippi. 
Though our observations are at odds with Sexton et al.'s (1990) 

hypothesis that a clock-derived refractory period prevents 
immigration during December/January (in St. Louis Co., Missouri), 
they do not negate the possibility that clocks are involved in 
regulating the timing of reproductive activities. Rather, our 
observations, together with those of others, suggest that clocks 
might influence seasonal activities in complicated ways, and that 
clocks interact with exogenous, abiotic cues in the temporal control 
of seasonal reproduction. 

Locomotor activity in salamanders is affected by internal clocks, 
and clock-controlled behavior responds to environmental cues 
(Maerz et al. 2001). Thus, the effects of endogenous clocks on 
physiology and behavior are not fixed. If a circannual clock 
produces a refractory period for A. maculatum immigration, then 
the difference in immigratory behavior between salamander 
populations of the same species (cf. Grace and Church 2003; Sexton 
et al. 1990) might be due to significant plasticity in clock output, 
or to differences in the timing of cues that entrain the circannual 
clock to environmental time. Alternately, the timing of expression 
of seasonal activities in salamanders might be determined by 
interaction between circadian clocks and environmental cues. 

Photoperiodic time measurement is accomplished through 
photoperiodic photosensitivity—circadian clocks are differentially 
sensitive to light according to time of day such that at certain times 
of year (but not others) light occurs during photosensitive times 
of the circadian day. Photoperiodic time measurement is a 
phylogenetically widespread mechanism underlying the timing of 
seasonal reproduction in vertebrate and other animals (for review, 
see Gwinner 1981). It could be argued that photic input to  

endogenous clocks is of little importance in fossorial organisms 
such as ambystomatid salamanders. Little is known about circadian 
organization in salamanders, but note that even in a fossorial 
mammal that completely lacks visual photoreceptors (the blind 
mole rat Spalax ehrinbergi; Cooper et al. 1993), photic input to 
the circadian timing center is fully developed (David-Gray et al. 
1998). 

If photoperiodic entrainment of endogenous clocks is involved 
in seasonal migration, then populations of A. maculatum in 
Missouri and Virginia might have evolved differences in clock-
controlled timing of immigration (because seasonal variations in 
daylength are similar in Virginia and Missouri: for 5-7 January 
1996, photophase in Charlottesville was approximately 9 h 38 min, 
and in St. Louis 9 h 35 min; for 9-11 February 1996, photophase 
in Charlottesville was approximately 10 h 39 min, and in St. Louis 
10 h 35 min). Alternately (and more likely) the immigratory 
refractory period might be sufficiently plastic to respond to 
significant annual variation in temperature and rainfall Finally, 
temperature and rainfall might be both proximate cues mediating 
initiation of immigration and seasonal cues mediating entrainment 
of endogenous circannual clocks in A. maculatum (Fig. 1). 

It should be noted that Anderson and Williamson (1973) argued 
against the involvement of photoperiodic time measurement in 
the control of Ambystoma opacum reproduction. They concluded 
that nesting in A. opacum is temperature dependent (Anderson 
and Williamson 1973), occurring as temperatures drop below some 
threshold such that northern populations breed prior to southern 
ones. However, photoperiodic time measurement in vertebrate 
animals can be very sensitive, and A. opacum might be able to 
distinguish between northern and southern photoperiods on any 

Internal 	 External 

FIG. 1. Model of exogenous cues and endogenous clocks influencing the timing and plasticity of timing of seasonal immigration and reproduction 
in ambystomatid salamanders. Circadian and/or circannual clocks might mediate seasonal activities, perhaps through photoperiodic time measurement. 
Light (LD = light/dark cycle), temperature and rainfall might act either as direct acute cues affecting behavior, or entraining cues for clocks, In 
addition, changing daylength according to time of year might serve as a photperiodic signal for seasonal reproduction. Any or all of these cues and 
mechanisms might interact in the temporal control of overt behavior. 
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given day. Therefore, A. opacum might exhibit a photoperiodic 
response threshold, while temperature and/or rainfall might serve 
as acute permissive or stimulatory factors for reproduction. 

Several authors have noted that in vernal immigrations of 
ambystomatid salamanders, arrival of males precedes arrival of 
females at breeding sites (see Beneski et al. 1986; Petranka 1984; 
Semlitsch et al. 1985). Some have suggested that males and females 
differ in threshold of response to acute cues (rainfall and/or 
temperature) for migratory activity (Douglas 1979). This might 
be the case, but circadian and/or circannual clocks might also 
underlie differential timing of male/female arrival at breeding sites. 
That is, males and females might differ in the timing of migratory 
activity relative to internal clock time (the "phase angle" of 
migratory activity). It is well known that phase angles of 
responsiveness to environmental cues differ among species, but 
there has been little exploration of sex-specific differences in phase 
angle, and none (to my knowledge) related to amphibian clock-
controlled behavior. There is precedent, however: Helfrich-Forster 
(2000) described sex-specific differences in phase angle of daily 
locomotor activity in Drosophila melanogaster. It is reasonable to 
suspect that if circadian and/or circannual clocks are involved in 
the control of salamander breeding activities, sex-specific 
differences in phase angle of seasonal breeding behavior might 
have arisen as an adaptation promoting male arrival at breeding 
sites prior to female arrival. 

In summary, multiple factors probably control salamander 
reproductive migration and breeding, and these factors likely 
include both internal and external components (Fig. 1). The fact 
that the timing of reproductive activities within a season exhibits 
remarkable plasticity even though reproductive efforts in a given 
species are confined to a season, suggests that salamanders consult 
both external sensors and internal clocks in the control of the timing 
of reproductive activities. Rainfall, temperature, and the daily light-
dark cycle might act as proximate cues mediating acute changes 
in reproductive activity: ambystomatid salamanders tend to 
immigrate to breeding ponds at night in rain and at temperatures 
above some threshold. Each of these factors might also affect 
endogenous oscillators (circadian and/or circannual) that drive 
seasonal changes in reproductive physiology and behavior. The 
daily light-dark cycle likely entrains a circadian oscillator(s), and 
seasonal changes in daylength, measured by acute effects on the 
circadian oscillator, might be used as cues for the seasonality of 
reproductive activity. Rainfall and temperature might then act as 
permissive cues against a background of internal clock control, 
which is in turn sufficiently plastic to allow response to acute 
proximate cues within a window of seasonal opportunity. 

Clocks are hot. The cellular and molecular mechanisms of 
clockworks themselves have been studied extensively in recent 
years, as have been neural, cellular, and biochemical mechanisms 
through which environmental cues affect internal oscillators (see 
almost any recent issue of Science or Nature). Many clock 
investigators are now returning to the previously popular study of 
clock-controlled outputs, including clock-controlled timing of overt 
behavior; these studies are largely based in the laboratory. However, 
despite the great number of past laboratory investigations of clock 
function, little is known about how clocks affect the behavior and 
physiology of animals in their natural environments (but see 
DeCoursey et al. 1997, 2000, for excellent studies of clock function  

in wild rodents living in natural habitats). Highly synchronous mass 
reproductive events in salamanders provide important opportunities 
to investigate the interacting roles of internal clocks and acute 
environmental cues in the control of seasonal and daily timing of 
complex behavior in amphibians. Furthermore, such studies in 
salamanders might serve as important models for understanding 
the regulation of timed behavior in vertebrate animals generally. 
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Xenodermatid snakes (Dowling 1988), often referred to as 
"Xenoderminae" or "Xenodermatinae" subfamilies of the century-
old, polyphyletic "Colubridae" of Boulenger (1893-1896) [which 
is equivalent to the current taxon Caenophidia, minus the Viperidae] 
comprise an ancient Glade of moisture-loving caenophidian snakes 
distantly related to Acrochordus and homalopsids (e.g., a member 
of the Acrochordoidea). Xenodermatid snakes are currently con-
sidered to be an Oriental taxon made up of four (Smith 1943:123; 
Underwood 1967:80-86) to six (McDowell 1987:35; Zaher 1999) 
genera. Bogert's (1964) summary of "xenodermine-like" charac-
ters seemed to confirm that "xenodermines" were an Oriental group 
with a few genera that were unrelated to other snakes (including 
those in South America) that possessed some elements of similar 
morphology. 

Thus, most recent studies of American snakes have excluded 
any consideration of the Xenodermatidae. Instead, the unrecog- 

nized xenodermatid genera have been placed in the "Xenodontinae" 
(Hillis 1990; Myers 1986) or "Dipsadinae incertae sedis" (Zaher 
1999), or merely in the Tribe Nothopsini without familial desig-
nation other than "colubrid" (Sheil and Grant 2001). 

A clarification of the relationships of these snakes seems over-
due. We are now engaged in a world-wide review of xenodermatid 
snakes (Dowling and Pinou, MS) and have discovered eight mor-
phological characters (three of which [1, 2, 7] are unique) that 
serve to identify clearly the members of this family. To clarify the 
distinctive nature of this family and to avoid further phylogenetic 
and taxonomic confusion, we present a brief summary of these 
characters herewith. 

Distinctive Morphological Characters of Xenodermatids 

Our recent assessment of newly recognized distinctly 
xenodermatid morphological characters demonstrates that this 
ancient family is much larger than is currently acknowledged, com-
prising more than 20 genera that are distributed from Japan, China, 
and India to Australia, Africa, and South America (Table 1). We 
provide a list of the major distinguishing features of the family 
here because many have been commonly omitted from both past 
and current taxonomic descriptions—or are erroneously described. 

A key morphological feature of xenodermatids is 1) the forward-
facing position of the expanded and projecting nostrils, which has 
been rarely noted in descriptions (although often shown in fig-
ures; v. Fig. 1) since Boulenger's (1893:175) notice of it. [An ex-
cellent photograph showing the expanded nostril in Nothopsis is 
Fig. 3a in Kohler and Schmidt 2001.] Correlated with this, 2) the 
nasal scute (often described as paired, but see Sheil 1998) is de-
pressed into the supralabial row, often reducing the height of the 
first supralabial scute so as to make it almost invisible (Pope 
1935:182). 

Another key feature is the 3) presence of juxtaposed (rather than 
imbricate) dorsal scales in at least the five middorsal rows. This 
often leaves extensive areas of bare skin between rows, making 
the small members of this family highly susceptible to desicca-
tion. Pope (1929; repeated in 1935:186) stated of the xenodermatid 
Achalinus: "It is extremely delicate and dies more readily than 
almost any other snake. Soon after death it dries and hardens in a 
most unusual way." A specimen of Synophis from Ecuador (USNM 
233063) examined by HGD shows this condition. 

Another distinctive feature is 4) the shape of the pupil of the 
eye—which has been misreported in almost every description. 
Living xenodermatids have eyes with vertically elliptic pupils, thus 
providing a clearly visible distinction in living individuals from 
the round pupils of natricids, with which they are commonly con-
fused. It is unfortunate that workers who describe pupil shapes  
from preserved specimens have not read (or not heeded) Walls 
(1932) warning of long ago: 

"It is obvious that the form of the pupil should be accurately 
noted in descriptions. Contradictory statements abound, most of 
which could have been avoided if all mention of pupil shape had 
been omitted when no living material of the species was avail-
able to the describer. It does not seem to be fully appreciated that 
a vertical pupil becomes round in dim light; nocturnal reptiles 
caught and killed at night when their pupils are dilated, will often 
exhibit round pupils in the preserved condition. Even when pre- 
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served in the light, a vertical pupil sometimes distorts artificially 
into a round form." 

Another feature, apparently noted only by Cope (1871) and 
Underwood (1967:80-86), is 5) the shape of the postorbital bone 
in xenodermatids. Underwood reported it as "T-shaped" but we 
believe that "inverted L-shaped" is a more accurate description. 
The anterior dorsal element of the postorbital bone extends to a 
variable degree over the orbit, as in Acrochordus and homalopsids. 

Most of the descriptions of xenodermatids have emphasized the 
6) presence of posterior hypapophyses in this family. We find that 
the "hypapophyses" in xenodermatids are not the distinctive, re-
curved processes of natricids nor the narrow, straight elements of 
viperids and some colubrids (s.s.), but vary widely, typically oc-
curring as a slightly expanded, narrow subcentral ridge in small 
snakes such as Achalinus, but are expanded into a large compressed 
keel in large snakes such as Mehelya. 

Expansion and ornamentation of the neural spine and the pre-
and/or post-zygapophyses have been used as distinguishing fea-
tures of xenodermatids, but these are found in only a few 
xenodermatid genera and those outside the Oriental region were 
dismissed as convergent by Bogert (1964). The 7) expansion and 
overlapping of the zygapophyses to form lateral ridges on the body 
and the posterior hypapophyses seem to be the only consistent 
features of vertebral morphology for members of this family (v. 
Fritts and Smith 1969; Sheil 1998; Sheil and Grant 2001). 

As suggested by the name (xeno-, strange; dermis, skin), most 
of the snakes in this family have some unusual elements of head 
scutellation. Although many xenodermatids have the nine dorsal 
head scutes typical of caenophidians, this number is often reduced 
through fusion or loss. Also, scales similar to the dorsal body scales 
might invade the spaces between the scutes (e.g., Stolizkaia: v. 
Rooij 1917:46) and in extreme cases (e.g., Xenodermus: v. Rooij 
1917:45) only the internasal (or perhaps, prefrontal) scutes remain. 
Similarly, loreal, ocular, and/or temporal scutes of the head might 
be absent through fusion with adjacent scutes (Fig. 1). In some 
xenodermatids the labials have everted edges, and the ventral scutes 
of the head region might also be modified to form unusual pat-
terns (v. Smith 1943:129). 

The 8) morphology of the hemipenis might possess distinctive 
features but, like the pupil of the eye, is often misrepresented in 
taxonomic descriptions because of poor specimen preparation, thus 
casting some doubt on the degree of similarity among genera. As 
stated by Smith (1943:128) for Achalinus, the proximal region is 
short (ca. 4 subcaudals in length), but a pair of very slender lobes 
extends to subcaudal (SC) 24. The sulcus is forked and centrifu-
gal and extends to the tips of the lobes. As described in this and 
other taxa, the ornamentation usually consists of spines near the 
fork, with the lobes variably ornamented with spines, papillae, 
flounces, and calyces—thus, quite unlike natricids, which have a 
purely spinose hemipenis with a centripetal sulcus, or dipsadids, 
which have capitate hemipenes (Pinou and Dowling 1994). Some 
of the Ethiopian genera show the Achalinus hemipenial pattern 
(Mehelya, AMNH 12053, paired lobes 21 SC; Pseudaspis, Fig. 63 
in Broadly 1983). Whether the elongate lobes are characteristic of 
all members of the family is unknown; they are generally incom-
pletely everted in preparations, with the extremely thin lobes mis-
taken for retractor muscles. The only other taxon showing this 
pattern to our knowledge is the King Cobra, Ophiophagus hannah  

(HGD-HISS 76152, paired lobes, 55 SC). As shown by the mis-
shapen hemipenial bodies and vast differences shown between 
species of the same genus, we are confident (v. Dowling 2002a) 
that Zaher's (1999) illustrations of the American xenodermatids 
Nothopsis (Fig. 88, upper; Synophis (Figs. 88, lower; 89, upper) 
and Xenopholis (Fig. 95) are photographs of incompletely-everted 
organs. 

The only molecular data on xenodermatids are contained in 
Cadle's (1994) immunological survey of African snakes, in which 
he compares antiserum from Mehelya with serum of 25 African 
"colubrids," which include 16 of Bogert's (1940) 18 recognized 
"Groups." [The two groups missing are both Colubridae (s.s.), but 
he included a total of seven colubrids (s.s.).] In addition, he in-
cluded Leioheterodon from Madagascar. He found none closer than 
70 immunological distances (AID). The usual conversion (1.7 AID 
= 1 million years) suggests a minimum divergence time of 41 mil-
lion years ago (mya) (= Upper Eocene). 

American Xenodermatids 

The recognition of xenodermatids in Tropical America has been 
delayed because of past emphasis on features of vertebral mor-
phology and head scutellation in current taxonomic descriptions, 
and the neglect of those eight features (listed above) that are diag-
nostic. Bogert's (1964) highly restrictive review of American 
xenodermatids, and his discussion in that paper of the vertebral 
morphology of the dipsadid, Ninia, have contributed to this lack 
of recognition. By using the characters noted above, we recognize 
five Central and South American genera as members of the 
Xenodermatidae. These are Diaphorolepis (Jan 1863), 
Emmochliophis (Fritts and Smith 1969), Nothopsis (Cope 1871), 
Synophis (Peracca 1896), and Xenopholis (Peters 1869). 

Flo. 1. Lateral views of the head scutellation in four similar genera of 
xenodermatid snakes. (a) Emmochliophis fugleri; (Ecuador); (b) Xylophis 
perroteti (India); (c) Agrophis sarasinorum (Celebes); (d) Aspidura 
trachyprocta (Ceylon). Note the frontal position of the nostrils correlated 
with the reduction in height of the first supralabial. Note also the various 
reductions or absences of the loreal, ocular, and temporal scutes. The 
round pupils of the eyes are drawn from observations of preserved speci-
mens; the pupils of living xenodermatids are vertically elliptic. [Figures 
are from: (a) Fritts and Smith 1969; (b) Smith 1943; (c) de Rooij 1917; 
(d) Smith 1943.] 
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The status of Nothopsis as a xenodermatid has been in doubt 
(e.g., Underwood 1967:85-86). Recently, however, one of us 
(HGD) had the opportunity to examine four specimens of this ge-
nus, including the type specimen of N. torresi Taylor (1951) [= N. 
rugosus Cope, f Dunn and Dowling 1957], at the University of 
Kansas Museum of Natural History. All have the expanded and 
forward-facing nostrils and juxtaposed dorsal scales along the upper 
portion of the body that are typical of xenodermatids. Unfortu-
nately, the type specimen, which is a male (KU 25719), is the only 
adult (BL 278; TL 117). The other three are very small (BL 128-
145) so no skulls can be prepared from the KU specimens. 

Several genera (Ninia, Chersodromus, and Tretanorhinus) that 
have posterior hypapophyses are found in lower Central America, 
thus overlapping the geographic range and possessing one of the 
vertebral characters of the xenodermatid snakes (expanded neural 
spines), as well as having some features of scutellation and color 
that are similar. However, they are clearly dipsadids on the basis 
of their short, capitate hemipenes (Pinou and Dowling 1994; pers. 
observ.) and their immunological similarity to Dipsas and other 
dipsadid genera (Cadle 1984). Bogert (1964) also investigated 
Ninia as a possible xenodermatid, but ultimately decided that nei-
ther it nor any other American snake belonged to that taxon. 

The reviews by Dunn and Dowling (1957) and by Bogert (1964) 
utilized only the morphological characters recognized at that time, 
and the hemipenis drawing of Nothopsis (Plate I in the former 
paper) is uninformative except to show that there are basal spines 
and the sulcus is forked. The description of the postorbital bone of 
the skull provided by C. M. Bogert in both papers is so different 
from that described by Cope (1871), who found elements extend-
ing across the orbit, that it brings into question the completeness 
of the skull examined by Bogert. We encourage workers at institu-
tions with specimens of Nothopsis available to investigate this 
important morphological element, as well as the other distinctive 
features of xenodermatids. 

Because of the incomplete surface coverage of juxtaposed dor-
sal scales, all xenodermatids need moist conditions for life. Most 
of the genera are semifossorial dwellers of moist rainforest or cloud 
forest regions. As might be expected of an ancient group, how-
ever, they vary from arboreal (Stoliczkia) to surface-terrestrial 
(Mehelya) and stream-dwellers (Achalinus), and range in eleva-
tion from near sea level to more than 1500 m. Several of both the 
Asian and the American species have been found in high eleva-
tion cloud forests. Most of the small species feed on earthworms, 
but salamanders, frogs, and lizards are preyed on by some. A few 
of the larger Old World species have been found to feed on other 
snakes. 

Presumably, the American representatives of this family came 
into North America from Asia over the Bering Strait during the 
Middle to Late Miocene 16-10 mya (Dowling 2002b; Holman 
2000), during a period when the sea level was low and tempera-
tures were high (McKenna 1983). Like other tropically adapted 
species, they were forced southward into Central America by the 
cooling climate of the Pliocene where they remained, along with 
many similarly-adapted crotalids, elapids, and colubrids. Thus, they 
did not enter South America until the closure of the Panama gap in 
the Pliocene (ca. 3 mya). 

The restricted habitats and nocturnal habits of xenodermatids 
have made them a little known group in the Americas. Few spe- 

cies have been described from more than two individuals, and most 
of the descriptions are incomplete or give erroneous information. 
The list of characters given above might aid in the recognition of 
additional taxa in this region. The species that inhabit the highly 
threatened cloud forests deserve special attention. 
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Although numerous factors have been implicated as contribut-
ing to global herpetological declines (e.g., habitat loss or degrada-
tion [Cooke 1972; Lannoo et al. 1994], pollution [Beebee et al. 
1990], ultraviolet radiation [Blaustein et al. 1994]), commercial 
exploitation is gaining recognition as an issue for many species 
(Galligan and Dunson 1979; Jennings and Hayes 1985). Collec-
tion of animals for the pet trade is suspected to have contributed to 
some population declines (e.g., McCollough 1997) although few 
studies provide direct evidence of this (but see Klemens and Moll 
1995; Macmillan 1987). 

In New York State, 29 of 75 endemic species of amphibians and 
reptiles have state or federal status of concern (i.e., classified as 
endangered, threatened, special concern, or protected game; Title 
6 of the New York Code of Rules and Regulations, Part 182). Fac-
tors believed to have contributed to declines in New York 
herpetofauna include habitat loss and degradation, unregulated 
collection, and illegal collection (Breisch 1997). Little is known 
about the relationship between the pet trade in New York and wild 
herpetofaunal populations. Of the 29 species of concern, 14 have 
endangered or threatened status and two are protected game spe-
cies; these 16 species cannot be collected or possessed at any time 
without a scientific collection license (Levell 1997). Thus, collec- 

tion is legally restricted for over half of the concern species, an 
action that should remove these taxa from the New York State pet 
trade. The remaining 13 species of special concern can be col-
lected or sold without limit. 

To investigate the relationship between the pet trade and wild 
populations of amphibians and reptiles in New York, I conducted 
a survey of pet stores and their suppliers. The primary objectives 
were to determine if native New York species, especially concern 
species, are sold in stores and if the animals are collected from the 
wild to supply the New York pet trade. My survey consisted of 
informal interviews with employees of pet store and their suppli-
ers, from which I expected to collect general information to ap-
proximate the extent and potential impact of trade. 

In April 1998, I obtained a list of 711 pet stores in New York 
State from GTE Superpages (http://yp4.gte.net ). I used a random 
number table to select 100 stores, and then contacted each store to 
ask whether they sold amphibians or reptiles. Employees at 45 
stores responded that they sold these animals; employees at 34 
stores said they did not. Telephones were not answered or had 
been disconnected at the remaining 21 stores. 

In June and July 1998, I visited 44 of the pet stores that report-
edly sold amphibians and reptiles (I was unable to visit the 45t h 

 store because of its location). At each pet store, I showed an em-
ployee a list of 74 herpetofaunal species found in New York. I 
asked: if the store sold any of those animals; how many individu-
als per species were sold per year; what was the price per indi-
vidual per species; and from where the animals came. I inspected 
each store for animals from my list and for signs advertising those 
animals for sale. 

Animal supply companies were indicated as sources for many 
species. In March 1999, I attempted to contact 10 suppliers indi-
cated as sources by seven pet stores. I was unable to find a phone 
number or address for three suppliers, but I was able to contact the 
remaining seven supply companies. I asked each supply company 
about the species sold in pet stores using that supplier; in a few 
cases, I asked the supplier about additional animals. In total, I 
asked suppliers about 24 species, eight of which were concern 
species. I asked each supplier: if they sold those species; whether 
the animals were captive-bred or wild-caught; and, if wild-caught, 
from where the animals came. 

Employees at 37 stores responded to my survey and indicated 
animals they sold. At five stores, I received no help but observed 
animals on my list, or saw signs advertising those animals for sale. 
Of 74 amphibian and reptiles species found in New York, 45 (61%) 
were reported as sold in at least one pet store (Table 1). Pet stores 
sold 15 of 29 (52%) concern species. This included 4 of 16 (25%) 
protected species, which require a license for possession: tiger 
salamander (Ambystoma tigrinum), eastern box turtle (Terrapene 
carolina carolina), mud turtle (Kinosternon subrubrum 
subrubrum), and wood turtle (Clemmys insculpta). The tiger sala-
manders, eastern box turtles, and mud turtles sold might have rep-
resented species or subspecies not found in the wild in New York; 
however, it is illegal in New York to sell any subspecies of the 
tiger salamander and any North American box turtle. 

The reported number of individuals sold per species per store 
per year ranged from 1 to 1000 (mean = 60, SD = 136). With one 
exception, the average number of individuals of concern species 
sold per store was low (an average of less than five individuals 
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Species 	 Status 

Dusky Salamander, Desmognathus spp. 
Four-toed Salamander, Hemidactylium scutatum 
Hellbender, Cryptobranchus a. alleganiensis 	 special concern 
Jefferson Salamander, Ambystoma jeffersonianum 	 special concern 
Longtail Salamander, Eurycea 1. longicauda 	 special concern' 
Marbled Salamander, Ambystoma opacum 	 special concern' 
Mudpuppy, Necturus maculosus 
Red Salamander, Pseudotriton r ruber 
Redback Salamander, Plethodon cinereus 
Red-spotted Newt, Notophthalmus v. viridescens 
Spotted Salamander, Ambystoma maculatum 	 special concern 
Tiger Salamander, Ambystoma tigrinum 	 endangered 
Two-lined Salamander, Eurycea bislineata 
American Toad, Bufo americanus 
Bullfrog, Rana catesbeiana 

Bullfrog tadpoles 
Eastern Spadefoot, Scaphiopus holbrookii 	 special concern' 
Gray Treefrog, Hyla versicolor 
Green Frog, Rana clamitans melanota 
Leopard Frog 

Northern Leo. Frog, Rana pipiens 
Southern Leo. Frog, 	 special concern 
Rana sphenocephala utricularia 
Leopard Frog tadpoles 

Spring Peeper, Pseudacris c. crucifer 
Wood Frog, Rana sylvatica 
Diamondback Terrapin, Malaclemys t. terrapin 	 special concern 
Eastern Box Turtle, Terrapene c. carolina 	 protected game/special concern 
Map Turtle, Graptemys geographica 
Mud Turtle, Kinostemon s. subrubrum 	 threatened/endangered' 
Painted Turtle, Chrysemys picta 
Red-eared Slider, Trachemys scripta elegans 	 non-native 
Snapping Turtle, Chelydra serpentina 
Spiny Softshell, Apalone s. spinifera 	 special concern' 
Stinkpot, Sternotherus odoratus 
Wood Turtle, Clemmys insculpta 	 protected game/special concern 
Five-lined Skink, Eumeces fasciatus 
Northern Fence Lizard, 	 threatened' 

Sceloporus undulatus hyacinthinus 
Ruin Lizard, Podarcis sicula 	 non-native 
Brown Snake, Store ria d. dekayi 
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TABLE 1. New York State amphibian and reptile species sold in New York pet stores. — indicates that pet stores or suppliers did not provide that information. 

Stores selling/ 
stores sampled 

Average 
no. sold 
per year 

Average 
price 

Suppliers 
selling/ 

suppliers 
sampled 

1/37 
1/37 12 (1)' $10 (1)' 
1/37 — — 
1/37 2 (1) 0/1 
1/37 12 (1) $10 (1) — 
4/37 9 (2,4) $12 (3,3) 0/1 
6/37 45 (4,49) $10 (4,5) 0/4 
2/37 75 (2,35) $3 (2,1) 0/2 
1/37 100 (I) $4 (1) — 
6/37 43 (5,39) $4 (4,1) 1/3 
4/37 10 (3,6) $7 (4,4) 0/1 
3/37 7 (2,7) $24 (3,8) 0/2 
1/37 10 (1) $13 (1) — 
3/37 160 (2,198) $2 (2,1) 
4/37 162 (2,195) $8 (1) 1/2 
6/37 55 (3,39) $2 (5,1) 
3/37 10 (2,0) $20 (1) — 
4/37 40 (1) $8 (2,1) 1/1 
1/37 — — 
2/37 150 (1) 2/2 
4/37 23 (4,8) $4 (4,0) 0/3 
1/37 500 (1) $6 (1) 1/1 

1/37 — 
5/37 17 (3,12) $6 (4,2) 1/1 
1/37 100 (1) $12 (1) 
1/37 1 (1) $50 (1) 
1/37 10 (1) — — 
12/37 12 (8,11) $14 (8,6) 3/4 
7/37 10 (5,10) $19 (6,11) 0/1 
25/38 3  74 (15,155) $13 (19,3) 0/4 
39/41 3  90 (25,202) $12 (33,3) 5/5 
3/37 — — — 
7/383  4 (3,2) $19 (5,7) 2/2 
5/37 10 (3,6) $11 (1) 1/1 
3/37 1 (1) $25 (2,7) — 
6/37 10 (3,6) $8 (2,2) 
2/37 10 (1) $10 (1) 

1/37 10 (1) $18 (1) 0/1 
1/37 
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sold per year per store was reported for five species and an aver-
age of between 7 and 12 individuals was reported for eight spe-
cies; Table 1). The exception was the southern leopard frog (Rana 
sphenocephala utricularia), for which one store reported selling 

o Igg I I I 500 individuals per year. The store reporting this exception was a 
store that reported selling animals in much higher numbers than 
other stores. Whereas the highest number of animals any other 
store reported selling was 200 individuals of a species per year, 

CIT 	
this store reported selling 300 individuals for two species, 500 for 

E—■ 	C+1 

00 (cc N 4 csi 4 	 one species, 600 for three species, and 1000 for one species (red- 
eared slider, Trachemys scripta elegans). Results on the numbers 

Z; n Z; 	4 a1 	 of individual animals sold per year might be skewed because of 
this store. 

Prices (in US$) of animals also varied among stores and taxa 
(mean = $15, SD = $17; Table 1). Average prices per animal were: 
salamander, $10 (N = 24 prices provided by nine pet stores for 10 

‘.0 	r-- species); frog, $5 (N = 21 prices, 13 stores, eight species); turtle 
CA 	71" 00 
q5 s 	t-i 	 $14 (N = 75 prices, 36 stores, nine species); lizard $11 (N = 4 

71-  
CA 	00 tr.) I 	 prices, three stores, three species); and snake, $34 (N = 23 prices, 

Cc, CN1 	 1 	1 
10 stores, six species). The most expensive salamander (tiger sala-
mander, $24) was an endangered species, while the most expen-
sive frog (eastern spadefoot, Scaphiopus holbrookii, $20), turtle 
(diamondback terrapin, Malaclemys terrapin terrapin, $50) and 
snake (eastern hognose snake, Heterodon platirhinos, $83) were 6  

r-- r-- r-- r- r-- r-- r-- 	 species of special concern. The average price for every concern --- 	rn en en en en en en e*-4 species, except for the spotted salamander (Ambystomamaculatum) 
and the northern fence lizard (Sceloporus undulates hyacinthinus) 
was higher than the average price for non-concern species in the 
corresponding order (Table 1). 

The higher prices for concern species might reflect scarcity, a 
premium accorded to rare animals, or a premium associated with 
illegal sales of animals. Given the willingness of most store em- c) 

	

5. 	ployees to answer questions and the evident confusion over New 
York State conservation regulations (in five pet stores, an employee c 

	

c. 	told me it was illegal to sell any native species), the latter seems 0 

	

2 	an unlikely factor. 
Of the 23 pet stores whose employees provided information on • .- ,L) -0 

	

-.5 2 	the source of their animals, 11 used in-state suppliers and 12 used , O 0 	out-of-state suppliers. One store reported having bought animals .. 
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° , .:, ".° .,, °) .° 	Jersey, and one in Florida. In all, suppliers reported selling 12 of 
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1 "6 	., 4 ) ,,s § 	1). Suppliers reported three reptile species and no amphibian spe- 
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E 1A v, -- -. 8 tRi .5 v)  "4  ° 	•:a ' 	cies as captive-bred. Red-eared sliders and spiny softshells were o c c ,...- 0 m 	., E 	Z 	.= (...)Wr.44Z1:4c4o4v) 	— r. -,- 	described as both wild-caught and captive-bred. Suppliers did not 

report selling eastern hognose snakes or eastern milk snakes 
(Lampropeltis triangulum triangulum), but said that those species 
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were primarily captive-bred. 
Specific locations given by the suppliers for some of the wild-

caught animals were: Arkansas (map turtles and red-eared slid-
ers), Florida (bullfrogs, Rana catesbeiana), Louisiana (gray 
treefrogs, Hyla versicolor), and Minnesota (common garter snakes, 
Thamnophis sirtalis). No supplier reported selling animals taken 
from the wild in New York. 

Information on the source of animals can be compared with in-
formation from Enge (1992), who discusses the source of amphib-
ians and reptiles sold in Florida in one year in the early 1990s. 
Florida has greater herpetofaunal diversity than New York, but 
comparisons might be useful. In all, Enge found that 2 of 16 frog 
species and none of the 12 salamander or newt species were bred 
in captivity. This is similar to what suppliers told me—suppliers 
did not report any of 12 amphibian species as captive-bred. Re-
garding reptiles, at least one individual from nine turtle species 
and from nine snake species sold in Florida was captive-bred (out 
of 13 turtle species and 32 snake species). Similarly, suppliers told 
me two of three turtle species could be captive-bred, although all 
three of these species also were reported as wild-caught. Three of 
five snake species were described as captive-bred. Of the animals 
from Florida sold into the pet trade in one year, 61% were re-
ported as collected from the wild; of species I discussed with sup-
pliers, 75% were described as primarily collected from the wild. 
Both Enge's results and mine suggest that many amphibians and 
reptiles supplied to pet stores are wild-caught, although reptiles 
are more likely to be captive-bred than amphibians. 

The two animals sold in the most stores were red-eared sliders 
(sold in 39 of 41 stores) and painted turtles (Chrysemys picta) 
(sold in 25 of 38 stores). Of the remaining species, none was sold 
in more than 12 stores each. Red-eared sliders are not native to 
New York and many of the painted turtles sold might have been 
western painted turtles (C. picta bellii) rather than the two subspe-
cies native to New York, Chrysemys p. picta and Chrysemys p. 
marginata (in two pet stores, I saw signs advertising western 
painted turtles). This suggests that the demand in the New York 
pet trade for native species, as measured by sales volume alone, is 
smaller than that for non-native species. 

There are several limitations to these results. The interviews in 
stores were conducted with store employees, who might or might 
not have had clear or reliable knowledge of what was sold or in 
what quantities. Employees might have reported selling animals 
they did not actually sell. For example, employees often confused 
firebelly newts (Cynops spp.), which are not found in New York, 
with red-spotted newts (Notophthalmus viridescens viridescens). 
As already noted, in some cases, animals reported as sold in pet 
stores might have belonged to species or subspecies not found in 
the wild in New York. Additionally, employees obviously gave 
estimations—they provided numbers during the interview with-
out looking in records to find exact information. For the number 
of animals sold per year, people often gave estimates in multiples 
of 5s or 6s. Information I received from suppliers was anecdotal; 
they only told me whether animals were mainly captive-bred or 
wild-caught, without giving me any numbers. 

In summary, 4 of 16 protected New York State species were 
reported as sold in pet stores. At the time of my survey, nine spe-
cies of special concern could legally be collected or sold in New 
York, and at least six of those were sold in pet stores. Of 12 spe- 

cies sold by suppliers, nine were described as primarily wild-caught 
animals. No supplier reported selling animals taken from the wild 
in New York. However, one store reported selling frogs collected 
from the wild in New York. Employees from at least five stores 
relayed incorrect information about regulations for native 
herpetofaunal species. 

These results highlight several possible conservation issues re-
sulting from the New York pet trade. Despite the higher demand 
for non-native species, the fact that native herpetofaunal species 
were reported as sold indicates there is a market for those species. 
Many of the animals sold by suppliers to pet stores came from the 
wild and at least a small number sold in pet stores came from the 
wild in New York. If customers buy animals of concern species, 
an incentive to collect those animals from the wild might develop. 
For each concern species, the state or federal government has docu-
mented a concern or risk regarding that species' viability; collec-
tion of wild specimens of those species might increase the risk for 
that species. 

In consideration of these issues, I have three recommendations. 
Firstly, further investigation into New York's pet trade would pro-
vide more complete and quantitative information. While this study 
has provided general information regarding trends occurring in 
the New York pet trade, the limitations of the study prevented an 
accurate quantitative assessment of the pet trade. This study sug-
gests a possibility that the pet trade might threaten some species 
and further studies to investigate that possibility are justified. A 
clearer understanding of the extent of the commercial collection 
and sale of wild amphibians and reptiles could aid in determining 
the extent of the threats posed by that commercial use. 

Secondly, a review is warranted of the present status of concern 
species, particularly those currently designated as special concern, 
along with a review of the current regulations regarding the com-
mercial use of those species. The fact that pet stores sold concern 
species indicates a possible need for stronger regulations. By com-
paring a species' current status with information on whether spe-
cies are sold in pet stores, researchers might determine that regu-
lations restricting commercial collection and sale of some con-
cern species are justified. 

Thirdly, an educational program could be developed for the vari-
ous stakeholders in the pet trade (store owners, employees, sup-
pliers, and customers) to provide correct information on the regu-
lations for commercial use of native herpetofauna and the reasons 
for those regulations. If the people who could benefit from a sus-
tainable, nonthreatening use of amphibians and reptiles understand 
how they could benefit from protecting those species, they might 
become strong supporters for that protection. 

These recommendations suggest ways of further understanding 
the pet trade, the extent of its threat to native herpetofaunal spe-
cies, and how to lessen the threat. Given the extent of other threats, 
preventing overcollection for the pet trade might not ensure the 
survival of amphibian and reptile species, but it might provide 
populations with an increased chance of survival until problems 
such as habitat loss can be addressed effectively. 
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Description of the Tadpole of Megaelosia goeldii 
(Leptodactylidae, Hylodinae) with Natural 
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The genus Megaelosia (Anura, Leptodactylidae) Miranda-
Ribeiro, 1923 includes five species of frogs which are little studied 
because of their scarcity in museum collections and the difficulty 
of collecting specimens in the field; diurnal adults are wary and 
plunge into the torrential waters when disturbed (Giaretta et al. 
1993). 

The tadpoles of this genus have characters in common with the 
genera Hylodes and Crossodactylus in the subfamily Hylodinae, 
such as lateral line well-defined, sinistral spiracle, dextral vent 
tube, oral disc marginate with a broad anterior gap in the marginal 
papillae, and tooth row formula 2(2)/3(1). They all live in fast-
flowing streams. Megaelosia tadpoles are much larger than those 
of Hylodes and Crossodactylus and have distinct cranial 
morphology. 

The genus Megaelosia is distributed along the Atlantic Rain 
Forest of southeastern Brazil, especially in the states of Sao Paulo 
and Rio de Janeiro. The only known locality of sympatry for two 
species of this genus is Serra da Bocaina, Sao Paulo, Brazil, where 
M. goeldii and M. bocainensis are found. At every other locality 
only one species has been recorded, including Teresopolis where 
the specimens reported herein were collected. 

Megaelosia goeldii was described by Baumann (1912), who did 
not report any measurements for the species. The adult was 
redescribed by Miranda-Ribeiro (1923, 1926) under the name M. 
bufonia (= Elosia bufonium), but the tadpole was only figured in 
dorsal and lateral views with no further data. Lutz (1930) made a 
brief description of the tadpole from specimens collected in streams 
at Petropolis and Teresopolis, Rio de Janeiro, Brazil and illustrated 
the dorsal and lateral views but not the mouthparts. Lutz also 
described the color pattern that he used to compare these tadpoles 
with Hylodes larvae. The later description by Heyer et al. (1990) 
of a tadpole from Boraceia, Salesopolis, Sao Paulo, Brazil as M. 
goeldii turned out to be M. massarti (Giaretta et al. 1993). 

Herein, I describe the tadpole of M. goeldii from the type locality 
of the species, Rio Beija Flor, Teresopolis (22°24'S, 42°69'W), 
Rio de Janeiro, southeastern Brazil, elevation 910 m. 

Material and Methods.-Five tadpoles (Gosner 1960, stages 27, 
28, 30, 31, and 35) of Megaelosia goeldii were collected in 
February 2000 and deposited as MZUSP 95879. 1 compared these 
topotypic specimens with tadpoles described in the literature 
(Giaretta et al. 1993; Heyer et al. 1990; Lutz 1930) to confirm 
their identification. Also M. goeldii is the only species of this genus 
known to occur at the site of collection. The labial tooth formula 
follows Altig (1970), and all measurements are in millimeters. 

The specimen in stage 35 has the following measurements: total 
length 117.2; body length 48.2; body width 31.8; body height 21.1; 
eye diameter 3.5, eye-nostril distance 6.4; internostril distance 9.8; 
and maximal caudal height 28.3. Body ovoid in lateral and dorsal 

FIG. 1. Lateral and dorsal views of the tadpole of Megaelosia goeldii 
(scale 10 mm). 
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FIG. 2. Mouth parts of the tadpole of Megaelosia goeldii (scale 5 mm). 

views. Eyes small, dorsolateral, with interorbital distance (from 
medial eye edge) about four times the eye diameter. Snout rounded, 
nostrils directed anterolaterally about midway between eyes and 
tip of snout. Internostril distance (from medial nostril edge) slightly 
less than interorbital distance. Spiracle short, sinistral with its 
opening at midbody. Cloacal tube short and broad, opening 
dextrally. Tail slightly higher than body height and dorsal fin 
slightly higher than the ventral fin. Both fins thicker proximally. 
Tip of tail rounded. Oral disc directed anteroventrally with median 
region of upper labium lacking papillae and lower labium bordered 
by one row of papillae. One or two rows of marginal papillae near 
the corners of the disc. Labial tooth row formula 2(2)/(3(1); all 
rows of teeth of equal length. Beak well developed and serrated 
(Fig. 2) Lateral line system with 14 lateral branches, 7 on each 
side of the body and tail (Fig. 1): angular, anterior oral, infraorbital, 
longitudinal oral, posterior infraorbital, supraorbital, ventral. The 
lateral line system is similar to that figured in Miranda-Ribeiro 
(1926, as M. bufonia). 

In life, dorsum brown with irregular dark spots, ventral surface 
pale, terminal part of tail lighter brown with dark, clustered 
blotches. Preserved specimens have a dark brown dorsum and a 
pale ventral surface; fins are pale brown with small dark spots 
(0.2-0.5 nun). Tail musculature light brown with clustered blotches. 
Figs. 1 and 2 depict the largest specimen obtained. 

Natural History—Tadpoles and adults of Megaelosia goeldii 
were observed from the type locality along the Rio Beija-Flor, 
Teresopolis, Rio de Janeiro, a tributary of Rio Paquequer. Although 
both rivers were searched inside the borders of the Parque Nacional 
da Serra dos Orgaos, I observed specimens (adults, juveniles, and 
tadpoles) only along a 300 m section of the river outside the borders 
of the park. Over three days, from 0900 to 2100 h, the density of 
adults varied from 8 to 12 specimens sighted on large emergent 
rocks in the Rio Beija-Flor. At Rio Paquequer I saw one dead adult, 
but local inhabitants claim that these frogs are observed daily. The 
adults are wary and jump into the water when disturbed and were 
observed only during the day; at night they hide under rocks or 
might be found on low vegetation on the stream banks (W. R. 
Heyer, pers. comm.). 

Both banks of the Beija-Flor are bordered by masonry houses 
and walled with bricks lacking vegetation at a distance of ca. 200 
m beyond the park borders. At Rio Paquequer, the left bank is  

walled and the right bank is protected by the park border. In some 
places people have built dikes in the riverbed to make swimming 
pools. 

The greatest density of tadpoles occurred during the night in 
these swimming pools, seemingly having emerged from under the 
rocks to feed. During the day until sunset few tadpoles were 
observed in the same places the adults were sighted. 
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The taxonomic identification and distribution of the poorly 
known Vipera barani and V pontica have been problematic because 
of the limited number of specimens available for study (Baran et 
al. 2001). Vipera barani Bohme and Joger, 1983 was described 
from a single melanistic female from Sapanca, north of Adapazan 
at the southwest coast of the Black Sea. Its distribution was 
expanded to the southeast coast of the Black Sea with the reports 
of four specimens from Rize and Giresun provinces (Frazen and 
Heckes 2000) and two additional specimens from the high 
mountain slopes of caykara (1950 m) in Trabzon province (Baran 
et al. 2001). No specimens have been collected from regions 
between these areas, but Baran et al. (2001) speculate that its 
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distribution might extend along the intervening mountains 
bordering the Black Sea. 

The two specimens of Vipera barani from caykara in Trabzon 
province showed intermediacy in their morphology and color 
pattern when compared to V pontica, leading Baran et al. (2001) 
to question the validity of the latter species. Vipera pontica Billing, 
Nilson, and Sattler, 1990 was described from two specimens from 
the Coruh Valley in Artvin province and diagnosed from V barani 
by having an upturned snout and more loreals. Additional 
specimens of V pontica were reported from camlihernsin in Rize 
province, extending its range to the west to overlap that of V barani 
(Baran et al. 1997, 2001). 

A total of seven new specimens, from four lowland Black Sea 
coast locations in Trabzon province, with affinities to Vipera barani 
and V. pontica, are reported here. These specimens are compared 
to V barani and V pontica to determine their identity and to shed 
light on the problems associated with the diagnosis of these species. 
The new material was collected from April to September in both 
1999 and 2000 and deposited at Karadeniz Technical University 
(ZKTU). A male (ZKTU 7/1999-1) was collected from Ballica, 
ca. 63 km E of Trabzon. At Sugeldi, another male (ZKTU 7/1999-
2) was collected near the Baltaci Stream area, 5 km E of Balhca. 
Four specimens (two males and two females [ZKTU 7/1999-3-61) 
were collected from camlik, 68 km W of Trabzon. Of these, one 
female was large (> 600 mm total length) and the remaining were 
small (< 200 mm total length). The last specimen collected was a 
female (ZKTU 8/2000-1) from cmarli, 1 kin E of Trabzon. The 
Balhca, cmarli, and Sugeldi specimens were captured near tea 
plants (Camellia sirennis), while the camlik specimens were 
captured on the short grassland with oak (Quercus sp.), alder (Alnus 
sp.), and hazelnut (Corylus sp.) trees. 

FIG. 1 A. Dorsal view of head of the male from Ballica (ZKTU 7/ 
1999-1). B. Lateral view of same specimen. 

FIG. 2. Dorsal view of a normally colored male from Ballica (ZKTU 
7/1999-1). 

This new material was compared to five specimens of Vipera 
barani and two specimens of V pontica. Fourteen characters were 
analyzed, including those traditionally used to separate V barani 
from V pontica (Table 1). Pattern and coloration of the newly 
collected specimens (1 melanistic, 6 typically colored) were 
examined in life subsequent to preservation. Additional data were 
taken from the literature and another nine specimens collected from 
camlihemsin, Giresun, and caykara that have been previously 
reported (see Table 1; Baran et al. 2001 and references therein). 

The ventral scale number of the specimens from the lowland 
Black Sea localities (Balhca, Sugeldi, cinarh, and camlik) ranges 
from 140 to 149. With the exception of the two female specimens 
from Camlik (both with 149 ventrals), ventral scale numbers fall 
within the range of specimens identified as Vipera barani (142-
145) and V. pontica (142-147). The number of subcaudals is higher 
in all males (33-38) compared to females (29-31) and corresponds 
to the increased tail length to total length in males (0.15-0.17) 
compared to females (0.11-0.13). Gender specific differences of 
the new specimens fall within the range of previously known 
specimens (also see Baran et al. 2001: Table 1). 

Two apical scales are present over the rostral scale in all 
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TABLE 1. External morphology of the Trabzon viper specimens collected from lowland Black Sea coast localities (Ballica, Sugeldi, cmarli, 
and camlik) and related taxa (Vipera barani from Adapazan and Silifke, V. pontica from Artvin and the specimens from camlihemflin, Giresun, 
and caykara). Asterisk (*) denotes characters not visible because of damaged specimen. 

Characters Ballica 
1 d 

Sugeldi 
1 d 

camlik 
2 y 	2 d 

cmarh 
1 y 

V barani 
(N= 5) 

V pontica camhhemflin caykara 
(N= 2) 	(N= 5) 	(N= 2) 

Giresun 
(N= 2) 

Tail length (mm) 82 83 32-69 38-46 78 56-69 30 (31) 52-57 
Total length (mm) 518 543 186-627 172-197 634 550 254-277 444-590 
Ventral 140 141 149 140-145 146 142-145 142-147 140-145 142 142-146 
Subcaudal 37 33 30/31 37/38 29 26-37 32/36 30-38 28/29 30-36 
Mid-body scales 21 21 21 21 21 21-23 21 21-23 21 21 
Apicals 2 2 2 2 2 2 2 2 1(2) 
Canthals 2/2 2/2 2/2 2/2 2/2 2/2 1-1.5 2/2 2/2 2/2 
Rostra] index 1.18 1.05 1.05-1.07 1.08-1.16 1.10 1.05-1.40 1.12-1.24 
Loreals 5/5 5—* 4-5 4-5 4/5 3-6 6-7 4-11 4-5 4-5 
Supralabials 9/9 9—* 8-9 9/9 9/8 9-10 9-9 8-9 8-9 8-10 
Sublabials 11/11 11/11 10-11 10-11 10/11 10-12 11-12 10-13 9-11 11-12 
Circumoculars 13/12 10/10 9-10 8-11 11 10-14 9-10 10-12 8-9 9-11 
Crown scales 22 25 22-25 24-33 26 23-40 34 25-33 18-24 14-21 
Zig-zag bands 67 62-65 64-67 57 51-58 48(49) 

specimens (Fig. 1 a), with no remarkable difference between their 
size (Baran et al. 2001). Similarly, the numbers of mid-body scales, 
canthals, supralabials, sublabials, and circumoculars show little 
variance or a high degree of overlap between the specimens 
examined (Table 1). The number of crown scales (intercanthals + 
intersupraoculars) ranges from 22 to 36 for lowland Black Sea 
specimens. Specimens of Vipera pontica (34), V barani (23-40), 
caykara (18-24), and camlihemsin (25-33) have overlapping 
crown scale counts, while the two specimens from Giresun 
province (14-21) have a lower range (but, overlap caykara). 

The number of loreal scales on each side of the head (Fig. lb) 
ranges between 4 and 5 for the lowland Black Sea specimens, 
which overlap the ranges of Vipera barani (3-6), camhhemsin 
(4-11), caykara (4-5), and Giresum (4-5). Vipera pontica have a 
slightly higher range (6-7), but overlaps V barani and specimens 
from camhhemsin. 

The single melanistic male from Sugeldi shows similarities with 
the melanistic female specimen collected from caykara (Baran et 
al. 2001: Fig. 2). Both have whitish blotches on upper and lower 
labials and whitish spots of different sizes on the ventral surface 
of the head. The melanistic male has whitish supralabials edged in 
black compared to a yellowish-white of the female. 

The six typically patterned specimens have a greyish brown 
ground color with fragmented blackish zig-zag bands (Fig. 2). 
These aspis-like zig-zag bands are similar to the specimens from 
caykara and catnIthemsin and Vipera pontica (Baran et al. 2001; 
Billing et al. 1990), as opposed to the unfragmented berus-like 
pattern seen in V barani (Baran et al. 2001; Joger et al. 1997). The 
lowland Black Sea specimens have a high number of zig-zag bands 
(62-67) compared to V pontica (51-58) and the high mountains 
of caykara (48-49). The number of zig-zag bands has been 
correlated to altitude in V. dinniki, with higher numbers of bands 
increasing with altitude (Nilson et al. 1994, 1995; Hoggren et al. 
1993; Kutrup 1999). The opposite trend seems to be true with 
these specimens. 

Dark vertical blotches run along the lateral sides of the body 
and do not connect with the zig-zag bands. Two black bands extend 
diagonally from the posterior end of the parietal area to the sides 
of neck (see Fig. lb), similar to specimens from Artvin, Adapazan, 
camlihemsin and caykara. The sides of the body of small 
specimens have white spots extending to the level of the anal plate, 
while larger individuals have spots to the mid-body. The ventral 
ground color is black and contain no whitish spots under the tail. 
The tips of the tails are yellowish in all specimens. 

The lowland Black Sea specimens have blunt and expanded 
snouts, a characteristic of the berus complex (see Fig. 1). In 
comparison, specimens from the Artvin province used in the 
description of Vipera pontica and those collected from 
camhhen*n have an upturned snout (Baran et al. 2001; Billing 
et al. 1990). 

The addition of seven new specimens from Trabzon province 
provides useful insights into the variation used to separate the 
species Vipera barani and V pontica. Baran et al. (2001) reported 
on two specimens from the high elevation location at caykara, 
along with additional material from Artvin, and found intermediacy 
in the variation used to diagnose the two. Similarly, the seven 
specimens from the lowland Black Sea coast locations show 
intermediacy as well. The color pattern in six of the new specimens 
is similar to V pontica, whereas the melanistic specimen resembles 
V barani. In addition, our present knowledge of the morphological 
variation further diminishes the distinctiveness of the two species 
(Table 1). Baran et al. (2001) recommended the synonymy of V 
pontica with V barani, which is further supported here. It remains 
a possibility that V barani has differentiated at the subspecific 
level along the distribution of the two species (Baran et al. 2001), 
but, a characterization of this variation will require additional 
material and more sensitive molecular techniques. Additional 
specimens of these poorly known vipers collected from throughout 
their distribution will further clarify the variation seen in V. barani. 
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Miniature temperature-loggers (e.g., HOBO, Watchdog) have 
become valuable tools for herpetologists, and biologists in gen-
eral. Being lightweight and self-contained, miniature temperature-
loggers make it easy to record simultaneously temperatures at sepa-
rate sites. Certain models are waterproof and can be attached to or 
implanted in large organisms, providing detailed profiles of body 
temperature that are otherwise difficult to obtain (e.g., Butler and 
Woakes 2001; Litzgus et al. 1999). In some microhabitats, tem-
perature-loggers can even be used to estimate operative environ-
mental temperatures (Vitt and Sartorius 1999). Miniature tempera-
ture-loggers are accurate and reliable under field conditions and  

are generally easier to program and deploy than larger, more ex-
pensive systems (Mueller and Rakestraw 1995). Although the use 
of miniature temperature-loggers has increased rapidly in the last 
decade, reductions in the size and cost of these devices have not 
kept pace. 

Recently, a novel temperature-logging device has emerged that 
could enhance studies of behavioral and physiological ecology. 
The Thermochron iButton, manufactured by Dallas 
Semiconductors (Dallas, Texas, USA), is a remarkably small and 
light temperature-logger than meets or exceeds the specifications 
of temperature-loggers that are commonly used by biologists. Each 
Thermochron is a mere 5.9 mm thick and 17.4 mm in diameter, 
and has a mass of 3.1 g. The outer casing is stainless steel, 
permitting the unit to function normally during complete 
submersion in water. The Thermochron is powered by an non-
replaceable, internal battery that provides approximately 10 years 
of service (or one million readings). The manufacturer specifies a 
resolution of 0.5°C and an accuracy of ± 1°C within the operating 
range of —20° to 85°C. The thermochron was developed primarily 
as an inexpensive tool for commercial shipping companies to 
document that perishable goods have been stored and transported 
within an acceptable range of temperatures. Current pricing is 
approximately US $14 per unit, and discounts are available for 
purchases of 25 or more units. Thus, the Thermochron is a high-
performance temperature-logger that is approximately 10% of the 
cost of similar products. 

Thermochrons are launched (or "missioned") using free soft-
ware downloaded from the manufacturer's website and hardware 
included in a startup kit (US $25). The interface between a com-
puter (Macintosh or PC) and a Thermochron is established with 
an iButton reader (Blue Dot Receptor, Model DS1402D-DR8), 
which attaches to a serial port. The software (32-Bit iButton-TMEX 
Runtime Environment) provides an intuitive interface that allows 
one to toggle among windows enabling one to mission a logger, 
display the status of the current mission, and report output from a 
mission in progress. A mission "wizard" provides an easy to fol-
low, step-by-step process of starting a mission. Advanced features 
and ranges of settings are almost identical to those offered for 
competing brands of temperature-loggers (e.g., HOBO Temp log-
gers used with BoxCar Pro 4.5, Onset Computer Corporation). 
For example, the output can be obtained in the form of a text file 
or a histogram of temperatures, and each file is marked with a 48 
bit serial number that identifies the logger generating the data. 
Each mission can record up to 2048 data points, at rates ranging 
from one point per min to one point per 255 min. The start of the 
mission can be delayed up to 45 days, so that the user has time to 
position the Thermochron prior to the onset of data collection. 

Thermochrons also possess several unique features. Firstly, the 
Thermochron can add temperatures to the histogram after the maxi-
mum number of time-stamped data points have been stored; there-
fore, the mean temperature and its variance can be obtained for 
durations that far exceed the duration of the mission. Secondly, 
Thermochrons are equipped with an alarm feature that permits 
monitoring the number and duration of deviations from minimum 
and maximum temperatures (set by the user). The alarm feature is 
extremely useful for applications such as monitoring the occur-
rence of lethal temperatures in nests or hibernacula. Lastly, the 
Thermochron features 512 bytes of memory that enables the user 
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