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SSAR BUSINESS 

HR Staff Changes 

Lee Fitzgerald has stepped down as an Associate Editor for 
HR. In addition to this most recent role, Lee previously toiled as 
a Section Editor for Natural History Notes. On behalf of SSAR, 
the editors thank Lee for his efforts and contributions to colleagues. 

Hal Avery (U.S. Geological Survey) and Sharyn Marks 
(Humboldt State University) have joined our staff as Associate 
Editors. E-mail addresses for each are provided on the inside front 
cover. 

SSAR Grants-in-Herpetology 

Proposals are now being accepted for the 1999 SSAR Grants-
in-Herpetology Program. This program is intended to provide fi-
nancial support for deserving individuals or organizations involved 
in herpetological research, education, or conservation. Grant pro-
posals will be considered in the following categories: 

1.CONSERVATION OF AMPHIBIANS AND/OR REPTILES. 
Proposals should address research (particularly conservation bi-
ology) on species endangered or threatened at the state, national, 
or international level, or address research on potentially threat-
ened habitats or species, or on introduced injurious species. Pro-
posals must be accompanied by a letter of support from another 
member of the SSAR or a student's major advisor or committee 
chairperson. 

2.FIELD RESEARCH. Proposals may address needs for field 
station fees or equipment and materials in field oriented projects, 
or the field work portions of broader studies. This might include 
in-situ behavioral studies, ecological, life history, or sexual selec-
tion studies. Survey work by individuals or regional societies may 
be submitted here or in TRAVEL below depending on how the 
funds are to be used. Proposals must be from individuals only 
and be accompanied by a letter of support from another member 
of the SSAR, the president of the sponsoring regional society (if 
applicable), or a student's major advisor or committee chairper-
son. 

3.LABORATORY RESEARCH. Proposals may address needs 
for equipment or materials in laboratory projects or laboratory 
portions of broader projects. This might include studies in behav-
ior, biochemistry, molecular biology, biomechanics, or physiol-
ogy. Proposals must be from individuals only and be accompa-
nied by a letter of support from another member of the SSAR or a 
student's major advisor or committee chairperson. 

4.HERPETOLOGICAL EDUCATION. Proposals may address 
an educational project or start up support for an educational pro-
gram in a zoo, museum, park, nature center, regional herpetologi-
cal society, etc. The project must focus on an herpetological topic. 
Proposals must be from individuals only and be accompanied by 
a letter of support from the herpetological curator, the director of 
the facility, or the regional society president. 

5.TRAVEL. Proposals may address support for travel to field 
study sites near or far, or to utilize distant collections or facilities. 
If funding is sought to get from one place to another, proposals 
should be submitted in the TRAVEL category. Proposals normally 
submitted in the CONSERVATION or HELD RESEARCH cat-
egories should be submitted here if travel funding is being sought. 
Proposals must be accompanied by a letter of support from an- 

other member of the SSAR or a student's major advisor or com-
mittee chairperson, or the regional society president. 

6. INTERNATIONAL. Proposals may address needs in any of 
the above five categories, but applicants must be from countries 
where herpetological research has historically been underfunded, 
and where alternative sources of financial support are scarce or 
nonexistent. 

In keeping with the Society's goal of encouraging participation 
by the broadest possible community, preference may be given to 
individuals who might not have access to other funding sources. 
All applicants must be members of the SSAR with the exception 
of those applying for support of regional herpetological society 
projects, or those applying in the international category. Mem-
bership dues must be paid (to SSAR Treasurer) no later than 31 
December 1998 for proposals to be considered. Applicants are 
limited to submission of one proposal in one category per year. If 
proposals in any of the categories are not forthcoming, or judged 
not to be of sufficient quality, the funds in those categories may 
be transferred to other categories. Each proposal must include the 
following: (A) TITLE PAGE giving the title of the project, the 
name, mailing address, office and home telephone numbers and, 
if possible, fax number and e-mail address of the applicant. The 
title page should include a statement indicating that applicants 
"will comply with all applicable permit regulations, and adhere 
to all appropriate animal care guidelines in the course of conduct-
ing funded projects." (B) BACKGROUND AND OBJECTIVES 
of the proposed project. (C) METHODS of carrying out the project. 
(D) COMPLETE PROJECT BUDGET (regardless of whether the 
SSAR grant will entirely cover expenses). Include an explicit ex-
planation of how an SSAR award of $500 would be applied to-
ward the objectives of the project, and provide a current listing of 
all current and pending support for the project. (E) BRIEF 
RESUME of the applicant or project coordinator. (F) LETTER 
OF SUPPORT. The proposal must be typed, double spaced, and 
must not exceed 1200 words, excluding title page, literature cited, 
resume, and budget. Applicants must indicate word count on their 
application. 

Applicants must designate to which of the six categories their 
proposal is submitted (although the committee reserves the right 
to reassign categories). All proposals must be submitted (post-
marked) no later than 31 DECEMBER 1998 to be considered. 
Failure to meet these guidelines may result in elimination of a 
proposal from consideration. The awards will be announced on 
or around 1 April 1999. Successful applicants are encouraged to 
submit the results of their research for publication in the Journal 
of Herpetology or Herpetological Review or to present their find-
ings at the annual meeting of the SSAR. Submit proposals or ques-
tions regarding application procedures to: Joseph R. Mendelson 
III, Chain SSAR Grants-in-Herpetology, Department of Biology, 
Utah State University, Logan, Utah 84322-5305, USA. Tel. (435) 
797-2097; Fax (435) 797-1575; e-mail: sapo@biology.usu.edu.  

SSAR Henri Seibert Award for 1999 

The Henri Seibert Award was initiated in 1992 to provide rec-
ognition for the best student papers given at the annual meeting 
of the SSAR. To be eligible, the presented paper must be the re-
sults of research conducted by the presenter, who must also be a 
current SSAR member. The research must have been done while 
the student was in either an undergraduate or graduate degree 
program. The presentations will be judged by the SSAR student 
prize committee. One Seibert Prize of US $200 may be given in 
each of the four categories: Conservation, Ecology/Evolution, 
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Physiology/Morphology, and Systematics. Please indicate the 
category to which you are submitting your abstract on the ab-
stract form in the Call for Papers (to be mailed in early October 
1998). Note also that past winners of this award are not eligible 
for participation in future Seibert Award competitions. Please re-
fer to Herpetological Review 28(4):175 for recommendations to 
students entering next year's Henri Seibert competition. 

Kennedy Student Award Committee 
Annual Report-1998 

The Kennedy Award Committee has completed its work for 
Volume 31 of the Journal of Herpetology. The Committee has 
selected "The effects of reproductive mode and climate on repro-
ductive success in the Australian lizard, Lerista bougainvillir by 
Carl P. Qualls (Vol. 31[1]:60-65). As an undergraduate, Carl per-
formed research under Bob Jaeger at The University of South-
western Louisiana. The work reported in Volume 31 was a por-
tion of his doctoral research under Rick Shine at the University of 
Sydney. Currently, he is a post-doctoral student in Robin Andrews' 
laboratory at Virginia Polytechnic Institute and State University, 
where is working with brown tree snakes in Guam. 

Fifteen manuscripts were in competition this year. The Com-
mittee noted the high quality of the submitted papers. Committee 
members were: Robin Andrews (Virginia Polytechnic Institute & 
State University), David Duvall (Oklahoma State University), 
Robert E. Gatten, Jr. (University of North Carolina), Terry D. 
Schwaner (Southern Utah University), and Ken R. Marion (Chair, 
University of Alabama at Birmingham). 

NEWSNOTES 

David Wake Elected to U.S. National Academy 

David B. Wake, long-time SSAR member and Gompertz Pro-
fessor of Integrative Biology at the University of California at 
Berkeley, was recently elected to the U.S. National Academy of 
Sciences. He also serves as director of the Museum of Vertebrate 
Zoology. David is well known for a broad range of outstanding 
studies in evolutionary biology and is the leading authority on the 
systematics of plethodontid salamanders. In recent years, he has 
also investigated the neuroethology of salamander feeding mecha-
nisms. 

Election to the select membership of the National Academy is 
a singular honor for an American scientist and SSAR salutes David 
for this richly deserved tribute to his career as a research scien-
tist. 

North Texas Herpetological Society Scholarship 
Giving Reaches $10,000 

Over the past six years the North Texas Herpetological Society 
has hosted its spring symposium. Its purpose is to provide educa-
tion and further conservation efforts worldwide, particularly with 
regard to reptiles and amphibians. This is accomplished prima-
rily with a day of speakers, an education room open to the general 
public, and through the dissemination of unrestricted scholarships 

About Our Cover Siphlophis cervinus 

The similarity between the South American Emerald Treeboa, 
Corallus caninus, and the Indo-Australian Green Tree Python, 
Morelia viridis, is famous. But many other reptiles, separated by 
huge phylogenetic and geographic distances, share motifs of color 
and pattern, often resembling one another to an astonishing de-
gree. Among the snakes, the harlequin decorations involving black-
and-cream rings, spots, or bands coupled with a brilliant red or 
orange mid-dorsal stripe are particularly striking. Such a pattern 
can be seen, for example, in the South African Homoroselaps lacteus, 
in the Central American Scolecophis atrocinctus, and in the South 
American Oxyrhopus leucomelas. 

It also appears in an odd little snake called Siphlophis cervinus. 
The Neotropical genus Siphlophis includes five species: S. cervinus, 
S. leucocephalus, S. longicaudatus, S. pulcher, and S. worontzowi (Pe-
ters and Donoso-Barros 1970. Catalogue of the Neotropical 
Squamata. Part 1. Snakes. Washington, DC, 347 pp.). Four of these 
species are Brazilian endemics (Peters and Donoso-Barros 1970, 
op. cit.), a bizarre Panamanian reference for S. longicaudatus not-
withstanding (Villa, Wilson, and Johnston 1988. Middle American 
Herpetology. A Bibliographic Checklist. Columbia, Missouri, 131 
pp.). The Liana Snake, Siphlophis cervinus, ranges from Panama and 
Trinidad south to Bolivia and tropical Brazil. It is a denizen of 
rainforests, where it leads a mostly arboreal life. Under cover of 
darkness, it forages actively in shrubs and trees for lizards, and 
has been known to consume Anolis and Tropidurus. Juvenile Liana 
Snakes, which hatch from eggs, resemble adults in color and pat-
tern. 

Why would a snake, especially a nocturnal one, possess such a 
startling combination of colors? And why would species dissimi-
lar in habits and habitats look so much alike? We know something 
about sight in vertebrates, but next to nothing about vision, the 
complex interaction of the brain's processing of optic nerve infor-
mation and how this is presented to the consciousness (Walls 1942. 
The Vertebrate Eye. Bull. 19. Cranbrook Inst. Science, 785 pp.). 
When we can simulate the way other creatures see, it will be in-
structive to take a walk in the woods....to look at things through 
the eyes of a civet or an owl, or some other predator. Surely many 
peculiarities of the animal world, especially those involving color 
and pattern, will begin to resolve themselves. 

The cover photo depicts an adult male Siphlophis cervinus 
approximately 750 mm long. The sleeping snake was 
photographed by William W. Lamar during late afternoon, as it 
lay coiled among vegetation in Amazonian rainforest along the 
Pindoyacu River, Loreto, Peru. Lamar made the shot on a tripod 
with an aged Pentax LX 35mm camera and a Vivitar Series 1, 
105mm macro lens. The image was captured under natural light 
at f27 on Fujichrome Velvia film. 

Commenting on his photo technique, Bill said, "I have mini-
mal equipment, and all of it is old and badly worn. I like a variety 
of approaches, at various focal lengths, using both fill-flash and 
natural light, and very slow film. I know the look I want to cap-
ture: intimate, immediate, and natural. The problem is, I lack the 
skills to get what I want. But the trying is worthwhile!" 

Bill Lamar is Adjunct Professor in the School of Sciences at The 
University of Texas at Tyler, and a Research Associate at The Uni-
versity of Texas at Arlington Collection of Vertebrates and the Natu-
ral History Museum of The University of Kansas. He has lived or 
worked in Latin America for over twenty years and is well-known 
for his scientific and popular publications. Excerpts from his mem-
oir, Primitive at Heart, can be found in editions of Fauna magazine. 
He recently authored The World's Most Spectacular Amphibians & 
Reptiles (World Publications), now in its third printing. Lamar 
spends much of his time in the tropics of Latin America, where he 
works with documentary film makers and conducts natural his-
tory tours for GreenTracks, Inc. 

Separation and imaging of Lamar's photograph is the work of 
Jim Bridges of Herpeto, Inc., Hollywood, Florida. 
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to deserving graduate students in the fields of herpetology, wild-
life science, and conservation ecology. 

The NTHS is proud to announce that, as of this year, a total of 
$10,000 has been awarded to graduate students from five differ-
ent universities. The annual symposium is generally held in April. 
Interested individuals wishing to be put on next year's notifica-
tion list should contact the Scholarship Chairman, K.C. Rudy 
(animan@flash.net) or write the NTHS at P.O. Box 1043, Euless, 
Texas 76039, USA. 

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

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

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

Proposals are due on 15 October 1998, with notification by 1 
December 1998. Grantees are expected to complete their Acad-
emy visit by 15 September 1999. Please call 415-750-7037 for 
further information. 

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

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

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

Proposals should include a short (e.g., one page) description of 
the research project and a budget. In the case of graduate stu-
dents, a letter of support from the student's faculty advisor is re-
quired. 

Proposals are due on 15 October 1998; notification will be made 
by 1 December 1998. Awardees are expected to complete their 
Academy visit by 15 September 1999. Please call (415) 750-7039 
for further information. 

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

The CAS chelonian holdings are included in the Department of 
Herpetology database: www. calacademy.org . 

MEETINGS 

Meetings Calendar 

1-5 October 1998-3rd Annual Meeting of the Canadian Am-
phibian and Reptile Conservation Network in conjunction with 
the 8th Annual Meeting of the IUCN/SSC Task Force on Declin-
ing Amphibian Populations in Canada (DAPCAN), University of 

Saskatchewan, Saskatoon, Saskatchewan, Canada. Contact: An-
drew Didiuk, Local Organizer; e-mail: Andrew.Didiuk@ec.gc.ca;  
tel: 306-975-4087; fax: 306-975-4089. 

2-6 March 1999-19th International Symposium on Sea Turtle 
Biology and Conservation, South Padre Island, Texas, USA. (Re- 
fer to detailed information below). 

13-17 May 1999—Fourth International Symposium on Isolated 
Vertebrate Communities in the Tropics, Bonn, Germany. Hosted 
by the Zoologisches Forschungsinstitut and Museum Alexander 
Koenig. To receive announcements and to obtain further infor-
mation, please contact: Prof. Dr. W. Bohme, Adenauerallee 160, 
53113 Bonn, Germany; tel. +49 228 91 22 250, fax ++49 228 216 
979, e-mail: r.hutterer.zfmk@uni-bonn.de.  

8-11 October 1999—Second Symposium on the Status and Con-
servation of Florida Turtles, Eckerd College, St. Petersburg, 
Florida, USA. Contact: Gopher Tortoise Council, do George L. 
Heinrich, 1223 Alhambra Way S., St. Petersburg, Florida 33705-
4620, USA; tel. (813) 865-6255; e-mail• highpine@gte.net . 

19th International Sea Turtle Symposium 

The 19th International Symposium on Sea Turtle Biology and 
Conservation will be held at South Padre Island, Texas, USA from 
2-6 March 1999. This will be the last symposium of the millen-
nium. We have chosen a primary historical theme for the meeting 
entitled, "The Promise, the Pain, and the Progress of 50 years of 
Sea Turtle Research and Conservation." 

The symposium meeting site will be the South Padre Island 
Convention Center which is located adjacent to a salt marsh on 
Laguna Madre. The primary lodging site, "Bahia Mar Resort," 
which has many lodging options including condominiums of vari-
ous sizes, is located within walking distance across the narrow 
island on a wide Gulf of Mexico beach. Excellent rates for rooms, 
food, air fares, and ground transportation have been negotiated 
with local vendors who have agreed to provide a 10% return to 
the Symposium. Southwest Airlines and Advantage Rental Cars 
have also agreed to give us special rates. 

Registration will begin on Tuesday afternoon (2nd March) fol-
lowed by an evening social at the Convention Center. Friday 
evening is set aside for the banquet and dance. The last official 
activity will be the IUCN Marine Turtle Specialist Group meet-
ing on Saturday morning (6th March). If you have not previously 
attended a turtle symposium and are therefore not included in the 
symposium mailing list, then please contact Jane Provancha, Sym-
posium Secretary, Aquatics Ecological Program, DYN-2, Kennedy 
Space Center, Florida 32899, USA; e-mail: Jane.Provancha-
1  @ksc.nasa.gov ; Fax: (407) 853-2939. 

Travel funds are available to assist international participants in 
their efforts to attend the Symposium in Padre Island. Awards 
should not be expected to cover the full cost of travel. Priority 
will be given to those who will be presenting papers or posters, 
those who apply before the deadline, and to individuals from rela-
tively under-represented regions. If you are in need of assistance 
for travel to the Symposium, contact the relevant regional com-
mittee representatives before 1 December 1998. A copy of your 
abstract should accompany your application if you will be pre-
senting a paper or poster. Candidates should have no hesitation in 
contacting their regional chair for letters of invitation or advice. 

Americas/Caribbean: Wallace J. Nichols, University of Arizona-
Wildlife Ecology, Fax: (650) 651-1579; e-mail: 
jnichols  @ ag.arizona.edu . 
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Asia and Pacific: Marydele Donnelly, IUCN, MTSG, Fax: (202) 
872-0619; e-mail: mdonnelly@cenmarine.com.  

Africa and Europe: Brendan Godley and Annette Broderick, 
Marine Turtle Research Group, University of Glasgow, Fax: + 44 
141 330 5971; e-mail: MTN@bio.gla.ac.uk.  

A limited number of travel awards will be made available to 
students travelling from within the USA. Candidates should con-
tact Travel Committee Chair, Wallace J. Nichols (above). 

Symposium on the Status and Conservation of 
Florida Turtles 

A Second Symposium on the Status and Conservation of Florida 
Turtles will be held at Eckerd College in St. Petersburg, Florida 
on 8-11 October 1999. Co-sponsored by Eckerd College, the Go-
pher Tortoise Council, and the Florida Turtle Conservation Trust, 
this symposium will address the problems faced by Florida turtle 
species, as well as conservation strategies and specific recovery 
solutions. 

Paper session topics include populations, habitat, disease, com-
mercial trade, and conservation measures. In addition to a poster 
session and field trips, workshops on the identification of emydid 
turtles, field methods, and environmental education are sched-
uled. 

A volume describing the conservation biology of Florida turtles 
at the end of the 20th century is planned. We anticipate that it will 
include 25, mostly multi-authored, accounts. Anyone wishing to 
contribute to one or more species accounts is asked to contact 
Peter Meylan (e-mail: meylanpa@eckerd.edu).  

For more information about the symposium, contact the Go-
pher Tortoise Council, do George L. Heinrich, 1223 Alhambra 
Way S., St. Petersburg, Florida 33705-4620, USA; tel. (813) 865-
6255; e-mail: highpine@gte.net.  

CURRENT RESEARCH 

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

The current contents of various herpetological publications can now 
be found on the World Wide Web. At present, more than 20 publications 
are listed. The Web site address is: 

http://www.sisna.com/users/Herpbooks/Contents.html  

Molecular Phylogeny and Biogeography of 
Elapid Snakes 

Keogh sequenced regions of the 16S rRNA and cytochrome b 
mitochondrial DNA genes from 17 species (distributed among 16 
genera) of elapid snakes. These data were analyzed separately, as 
well as combined as a single data set. Results of his analyses sup- 

port several hypotheses (e.g., American and Asian coral snakes 
are a natural [monophyletic] group; true sea snakes do not form a 
monophyletic group, but rather have arisen several times from 
terrestrial Australo-Papuan elapids). Keogh suggests an African, 
Asian, or Afro-Asian origin of elapid snakes, and an independent 
Asian origin of American (micrurine) coral snakes (dispersal via 
land bridges) and the hydrophiines. This study discusses the pos-
sible Gondwanan and Laurasian origin of the Elapidae. 
KEOGH, J. S. 1998. Molecular phylogeny of elapid snakes and a consid-

eration of their biogeographic history. Biol. J. Linn. Soc. 63:177-203. 

Correspondence to: J. Scott Keogh, Division of Botany and Zoology, 
Australian National University, Canberra, ACT 0200, Australia. 

Varanid Biogeography 

The authors sequenced regions of the 12S rRNA gene from 21 
extant species of Varanus. Results of their study indicate that the 
Australian varanids form a monophyletic group, and that the 
pygmy monitors (subgenus Odatria) may form a monophyletic 
Glade with respect to the large monitors (subgenus Varanus). Their 
results support an Asian origin of Australian varanids. Asian 
varanids were found to be more closely related to the Australian 
taxa than were the African varanids, possibly suggesting a non-
Gondwanan origin of Varanidae. Both parametric and nonpara-
metric statistics were employed to test hypotheses of relation-
ships based on their 12S data, which were constrained according 
to previously described topologies based on hemipenial, lung, and 
chromosomal morphology. 
FULLER, S., P. BAVERSTOCK, AND D. KHJG. 1998. Biogeographic origins of 

goamias (Varanidae): A molecular perspective. Mol. Phylog. Evol. 
9:294-307. 

Correspondence to: Susan Fuller, School of Applied Science, South-
ern Cross University, P.O. Box 157, Lismore, 2480, New South Wales, 
Australia. 

Invasion Ecology of Bufo marinus 

The investigators employed mark-recapture studies in Austra-
lia and South America to demonstrate that Bufo marinus achieves 
much higher densities in Australia (where they are an introduced 
species) than in their native habitats in South America. From the 
population model presented in their study, predictions of adult 
equilibrium densities and tadpole survival rates at equilibrium 
are consistent with what they reported in South America and Aus-
tralia. Also, the mean basic reproductive number estimated for 
these two continents is greater than 1, which confirms the inva-
sion and reproductive potential of this toad. Only postmetamorphic 
survivals contribute to adult equilibrium densities and it was de-
termined that adult equilibrium densities are increasingly sensi-
tive to incremental change in adult survival. Basically, higher adult 
survival in Australia likely explains the higher densities of this 
species on that continent. Survival estimates also were found to 
be in favor of Australian B. marinus over their South American 
counterparts (nearly 3:1). The major ecological factors contribut-
ing to the greater densities of this toad in Australia, as compared 
to South America, are unkown. 
LAMPO, M., AND G. A. DE LEO. 1998. The invasion ecology of the toad 

Bufo marinus: from South America to Australia. Ecol. Appl. 8(2):388-
396. 
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Correspondence to: M. Lampo, Centro de Ecologia, Instituto 
Venezolano de Investigaciones Cientfficas, Apartado 21827, Caracas 
1020-A, Venezuela. 

Morphology of Dibamus taylori and Relationship 
of Dibamidae within Squamata 

Jakob Hallerman describes, in great detail, the nasal capsule 
and nasal sac of Dibamus taylori, employing techniques of serial 
sectioning. The morphology of D. taylori is compared with rep-
resentatives of several other lizard genera, and a discussion of the 
similarities and affinities between Dibamus and Scincomorpha, 
amphisbaenians, and snakes is included as well. Cartilaginous 
and epithelial characters, as well as characters from other regions 
of the body, are employed in a phylogenetic analysis, indicating 
the following relationships (((Dibamidae, Amphisbaenia) 
Serpentes) Scleroglossa). 

HALLERMANN, J. 1998. The ethmoidal region of Dibamus taylori 
(Squamata: Dibamidae), with a phylogentic hypothesis on dibamid 
relationships within Squamata. Zool. J. Linn. Soc. 122:385-426. 

Correspondence to: Jakob Hallermann, Zoologisches Institut and 
Zoologisches Museum der Universitat, Martin-Luther-King-Platz 3, D-
20146 Hamburg, Germany; e-mail: fb6a044@rrz-cip-l.rrz.uni-
hamburg.de.  

Integrative Approach to the Study of Pheromones 

In this paper, Houck discusses the emergence of the use of inte-
grative methodology in amphibian research. She focuses her re-
view on studies of physiological changes associated with behav-
ioral performances, specifically those relating to reproductive 
pheromones. Integrated approaches are used most often in two 
types of studies within the field of pheromonal research: 1) those 
examining pheromonal influences on behaviors directly linked 
with courtship success; and 2) field studies of the hormonal basis 
of reproductive behavior. She provides an excellent overview of 
most of the recent works on salamander reproductive pheromones 
and behavior, and shows how seemingly disparate works (e.g., 
studies on neural pathways, behavior, chemical composition of 
pheromones, and phylogenetic relationships) all combine to give 
a greater understanding of the role of pheromones in reproduc-
tive behavior. 

Houcx, L. D. 1998. Integrative studies of amphibians: from molecules to 
mating. Amer. Zool. 38:108-117. 

Correspondence to: L. Houck, Department of Zoology, 3029 Cordley 
Hall, Oregon State University, Corvallis, Oregon, 97331, USA; e-mail: 
houckl  @bcc.orst.edu . 

Synchronous Emergence as an Antipredator 
Mechanism 

The authors tested the hypothesis that synchronous metamor-
phosis in Bufo boreas acts as a mechanism against predation by 
garter snakes (Thamnophis). In laboratory experiments, they 
measured the time to emergence from water, the number of 
metamorphs emerging together, and level of aggregation of toads 
with and without the presence of garter snakes. They found that  

in the presence of a predator, toads will emerge sooner, will ag-
gregate more, and more toads will emerge in synchrony. Although 
toads emerged synchronously, many individuals were not at the 
ideal developmental stage for terrestrial movement. Therefore, 
the authors suggest that variability in emergence time may be a 
flexible response to multiple selection pressures caused by the 
presence of a predator. 
DEVITO, J., D. P. CHIYERS, J. M. KIESECKER, A. MARCO, E. L. WILDY, AND 

A. R. BLAUSTEN. 1998. The effects of snake predation on metamor-
phosis of western toads Bufo boreas (Amphibia, Bufonidae). Ethol-
ogy 104:185-193. 

Correspondence to: J. Devito, Department of Biology, Angelo State 
University, San Antonio, Texas 76909, USA; e-mail: 
jill.devito@angelo.edu.  

Multiple Paternity in Rana temporaria 

By collecting newly-laid egg masses, raising the larvae, and 
examining allozyme frequencies of individuals from each clutch, 
the authors examined the occurrence of multiple paternity and 
sperm competition in Rana temporaria. They found lower than 
expected (from single mating) levels of average relatedness. They 
suggest that egg clutches of these frogs often contain individuals 
sired from different males and that communal breeding effects 
paternity patterns in these and other frogs. 

LAURJLA, A., AND P. SEPPA. 1998. Multiple paternity in the common frog 
(Rana temporaria): genetic evidence from tadpole kin groups. Biol. J. 
Linn Soc. 63:221-323. 

Correspondence to: A. Laurila, Division of Population Biology, De-
partment of Ecology and Systematics, P.O. Box 17, FIN-00014 Univer-
sity of Helsinki, Finland; e-mail: anssidaurila@helsinki.fi.  

Sexual Condition, Diet, and Temperature in 
Desert Lizards 

To determine the effects of sexual condition on food consump-
tion and body temperature selection in the herbivorous desert liz-
ard, Uromastyx philbyi, the author conducted laboratory experi-
ments on male and gravid and non-gravid females. Lizards were 
fed ad libitum and the amount of food consumed by each over a 
21-day period was measured. To determine temperature selec-
tion, lizards were subjected to thermogradients and their body 
temperatures were measured for a 24-h period. Zari found that 
both sexes had significantly higher body temperatures during day-
time conditions than at night. Gravid females had the lowest food 
consumption rate, chose the highest body temperatures, and re-
mained at these selected temperatures for a longer period of time. 
The author suggests that this probably allows for more rapid egg 
development. Also, the reduced energy intake of this species (rela-
tive to others) is most likely an adaptation to life in a hot desert 
environment. 

ZARL T. A. 1998. Effects of sexual condition on the food consumption 
and temperature selection in the herbivorous desert lizard, Uromastyx 
philbyi. J. Arid Envir. 38:371-377. 

Correspondence to: T. Zari, Department of Biological Sciences, Fac-
ulty of Science, King Abdul Aziz University, P.O. Box 9028, Jeddah 
21413, Saudi Arabia. 
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Relationships and Evolution of the Bufo bufo 
Species Group 

In this study, the authors investigate the phylogenetic relation-
ships of frogs in the Bufo bufo species group using mitochondrial 
DNA sequences. They test the two major hypotheses for the colo-
nization of the Tibetan Plateau: 1) vicariant speciation by uplift-
ing of the Plateau, in which case populations at high elevations 
should be monophyletic, and 2) dispersal after the uplift, in which 
case high elevation and low elevation populations should be 
closely related. The single most parsimonious tree resulting from 
their analysis suggests that species in the Bufo bufo group form a 
monophyletic assemblage and that within the group, the Asian 
species (also a monophyletic assemblage) form two major clades. 
Their hypothesized groupings support neither the vicariant nor 
the dispersal hypothesis for colonization of the Tibetan Plateau. 
Instead, they suggest that a combination of vicariance and subse-
quent dispersal is responsible for the current distribution of Bufo 
in this area. 
MACEY, J. R., J. A. SCHULTE, A. A. LARSON, Y. WANG, B. S., TUNIYEV, AND 

T. J. PAPENFUSS. 1998. Phylogenetic relationships of toads in the Bufo 
bufo species group from the eastern escarpment of the Tibetan Pla- 
teau: A case of vicariance and dispersal. Mol. Phylog. Evol. 9:80-87. 

Corresponding author: A. Larson, Department of Biology, Box 137, 
Washington University, St. Louis, Missouri 63130, USA; e-mail: 
Larson  @ wustl.edu . 

LETTERS TO THE EDITOR 

Morphology and the Status of the Snake Genus 
"Ptyas" 

JAMES LAZELL 
The Conservation Agency 

6 Swinburne Street, Jamestown, Rhode Island 02835, USA 
e-mail: jcinjtown@aol.com  

Three species of Asian racers bearing a close and detailed re-
semblance to the North American Coluber constrictor, type spe-
cies of the genus Coluber, have often been separated from other 
racers as the genus Ptyas. I reiterated the history of the putative 
genus Ptyas and discussed the one morphological character then 
said to distinguish Ptyas from Coluber: relative tooth size (Lazell 
et al. 1991). Variation within and among the species in question—
American constrictor, mainland Asian mucosus and korros, and 
Sulawesi dipsas—is broadly overlapping and not even the ex-
tremes are distinctive in tooth size. Therefore, Lazell et al. (1991) 
formally synonymized "Ptyas" under Coluber. The purpose of 
this note is to correct apparent errors which have led to continued 
use of the name "Ptyas." 

Zhao and Adler (1993) separated Coluber from Ptyas at the 
generic level in their key couplet 26 (p. 88): "Top of head nor-
mally with nine large, symmetric shields" leading to Coluber and 
"Top of head not as in 26A" leading to Ptyas. The clear implica-
tion is that Ptyas does not have the common colubrid arrange-
ment of head shields and is distinct in this respect from Coluber. 
This is erroneous. Two errors have been compounded. First, Pope 
(1935) mistakenly believed Coluber had a single loreal and Ptyas  

had two loreals. The number of loreals is variable in Coluber sensu 
lato and has not been used as a generic character since Pope (1935). 

Second, loreals are not among the "nine, large symmetric 
shields" on the top of the head in Coluber. The head shields of all 
three Asian species number nine and are identical in configura-
tion to those of Coluber constrictor (Lazell et al. 1991, Fig. 1 for 
Coluber dipsas). There is no morphological basis for recognition 
of a genus "Ptyas" as separate from Coluber sensu stricto. 

Acknowledgments.—I am indebted to K. Adler (in litt. 15 January 1997) 
and E. Zhao (in litt. 2 May 1997) for explaining the sources of these two 
errors. V. Wallach assisted me in checking head scales at the Museum of 
Comparative Zoology. 

LrrERATuRE Crimp 

LAZELL, J. D., J. E. ICEIRANS, AND G. A. SAMUELSON. 1991. The Sulawesi 
black racer, Coluber (Ptyas) dipsas, and a remarkable ectoparasitic 
aggregation. Pacific Sci. 45(4):355-361. 

POPE, C. H. 1935. The Reptiles of China. America Museum of Natural 
History, New York: lii + 604 pp. 

ZHAO, E., AND K. ADLER. 1993. Herpetology of China. SSAR Contribu-
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Early Reptile Photography 

JOHN EDWARDS 
26, Rhondda Grove 

London E3 5AP, England 

I enclose a transparency of a photograph of an unknown keeper 
at London Zoo holding a Boa constrictor (Fig. 1). The original is 
actually a Magic Lantern Slide about 3.25 inches square. The pho-
tograph has been developed onto glass in order that it can be pro-
jected onto a screen, just as modern colour transparencies are pro-
jected. 

FIG. 1. Keeper with Boa Constrictor. Photographed from life by 
Frank Haes, 1865. 
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FIG. 2. The Boa Constrictor. Photographed from life by Frank Haes, 1865. This is an example of the stereo-
scopic card method of publication typical of the period. 

Magic Lantern Slides by this photographer, Frank Haes (1832-
1916), are extremely rare and indeed, the only ones I know of are 
in my own collection. Most of his London Zoo photographs were 
published in the form of stereoscopic cards—that is, two slightly 
different photographs (the view as seen from each eye) were 
mounted side by side and when looked at through a viewer a three-
dimensional view is obtained (Fig. 2). This was particularly de-
sirable when an animal was photographed from behind bars. Haes 
took photographs at the London Zoo in the summer of 1864 and 
amongst the images known to have been secured, was one of a 
tortoise and another of a Tasmanian or Thylacine Wolf, neither of 
which I have seen. This tortoise was the only reptile in the 1864 
series and may thus be the earliest photograph ever taken of a 
reptile. Certainly it is the oldest known to me. Haes wrote about 
his 1865 season at the Zoo in The Photographic News for 23 Feb-
ruary 1866. On page 91, he wrote: 

`The Boa Constrictor, of which you have before four portraits, 
was not in good health at the time; it is since dead. It measured 
about thirteen feet in length, and in the thickest part girthed nearly 
eighteen inches. The yellow snake of Jamaica was an active fellow, 
and looks in the photograph spiteful enough.' 

I recently acquired a rather battered stereoscopic card of a Boa 
Constrictor by Haes (Fig. 2). It is impossible to say which of the 
photographs is earlier—they may have been taken within min-
utes of each other. Haes also photographed 'Yellow Snake of Ja-
maica' (I am not sure what this might have been—probably the 
Yellow Tree Boa Epicrates inornatus [Reinhardt] which was first 
received at London Zoo in 1851 and which bred on several occa-
sions between 1851 and 1873. Thus the photographs which I pos-
sess are the earliest which I have seen personally, although I know 
that other have existed and may, I hope, still exist. 

The snakes were photographed around their keepers' necks, or 
draped over trestles because the glass fronts of their cases re-
flected the light. For this reason, I think that venomous snakes 
were not photographed! It is a curious fact that the Count of 
Montizon, who photographed a living pike (believed to be the 
first photograph ever taken of a living fish), never seems to have 
attempted a reptile. One would have thought that a tortoise would  

have been easier than a fish. In this connection, I have always 
thought that at least part of Montizon's reasons for taking animal 
photographs was to demonstrate his skills as a photographer, rather 
than an interest in zoology. Many early photographs of animals 
which purport to be of living specimens are actually of museum 
specimens. 

Hyla chrysoscelis, by Michael G. Frick 
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Department of Herpetology, Zoological Institute, 
Russian Academy of Sciences, St. Petersburg, 

Russia: History and Current Research 

NATALIA B. ANANJEVA 
Curator of Herpetology 

Head of the Laboratory of Herpetology and Ornithology 
Zoological Institute, Academy of Sciences, 199034 St. Petersburg, Russia 

e-mail: nbanorus@glasnet.ru  

Early History 

The origins of herpetology in St. Petersburg can be traced to 
the time of Peter the Great when the first museum in Russia—
called the Cabinet of Curiosities, or Kunstcamera—was founded 
in this capital of the Russian Empire. In 1717, Peter the Great 
personally purchased for the Kunstcamera the famous collection 
of Albertus Seba, a wealthy merchant and amateur naturalist in 
Amsterdam, including 120 amphibians and reptiles (the first Seba 
collection) which became the original specimens of our herpeto-
logical collection (Juriev 1981). The Academy of Sciences was 
founded in 1724 and the Kunstcamera (together with its associ-
ated library) became its responsibility. This period was a time of 
exploration and description in herpetology. Many new collections 
were obtained by the first expeditions of the Academy of Sci-
ences and by purchases abroad (including part of the second Seba 
collection, purchased at auction in 1752). Among the first expe-
ditions of interest to herpetologists was Peter S. Pallas's trip in 
1768-1773 in eastern Russia and Siberia. Herpetological studies 
can be traced to Pallas and the historical center of Russian herpe-
tology was the Zoological Museum (now Institute) in St. Peters-
burg. One result of Pallas's great expedition was that a number of 
new amphibians and reptiles were described. Most of the collec-
tions (including amphibians and reptiles) were taken to the Crimea 
where he finished writing his classic book, "Zoographia Rosso-
Asiatica" (Svetovidov, 1978). Unfortunately, most of his mate-
rial is no longer available; some specimens later were transferred 
to the Zoologisches Museum der Humboldt-University in Berlin 
and the Museum National d'Histoire Naturelle in Paris. 

The further development of herpetological research is associ-
ated with the official recognition of the Zoological Museum as an 
independent Institution in 1832, whereas previously it was only a 
part of the Kunstcamera. The first museum director, Johann F. 
Brandt, was well known for his herpetological activity; he de-
scribed some new species of Asian reptiles and enlarged the col-
lection (from various expeditions within the Russian Empire and 
abroad, particularly from Baron Georg Heinrich von Langsdorff 
in Brazil; and through exchanges with other museums). Brandt 
and Alexander A. Strauch, who replaced him in the post of the 
museum director, both of whom were academicians, were founders 
of the Russian school of herpetology. 

Strauch is an especially important figure in the history of Rus-
sian and, indeed, world herpetology (Scarlato 1982; Adler 1989). 
He had serious scientific communication with most of the lead-
ing herpetologists of the day and used these contacts to increase 
the herpetological collection through purchase and exchange with 
other museums. A very significant source of new and interesting 
materials was from the first expedition of the famous explorer 
Nikolai M. Przewalski in the vast unknown regions of Central 

Asia. By 1882, the herpetological collection included 5889 cata-
logue numbers representing 1222 species of reptiles (119 species 
of turtles, 14 crocodiles, 596 lizards, and 493 snakes) and 1285 
catalogue numbers of 283 species of amphibians (9 caecilians, 
224 frogs, and 50 salamanders), i.e., it was widely representative 
for its time (Strauch 1889). As a result of his own careful study of 
these, Strauch wrote several monographs and world synopses of 
turtles, crocodiles, lizards, snakes, and salamanders (Strauch 1866, 
1869, 1870, 1873, 1887, 1890). His review of the snake fauna of 
the Russian Empire (1873) and results of his identification and 
description of the amphibians and reptiles (1876) from 
Przewalski's first expedition to Central Asia are of special value 
for Russian and world herpetology. 

The Department of Herpetology was officially recognized as a 
separate administrative unit only in 1915 and until that time it 
was part of a combined division of fishes, amphibians, and rep-
tiles in the Zoological Museum. The curator of this combined 
division during the period 1896-1903 was the widely known her-
petologist Alexander M. Nikolsky (Mazurmovich 1983; Adler 
1989). Nikolsky was the author of several important monographs, 
including synopses of the herpetofaunas of Turkestan (1899) and 
the Caucasus (1913), and the first comprehensive books on our 
amphibians and reptiles ("Fauna of Russia and Adjacent Coun-
tries," in three volumes, 1915, 1916, 1918). Another important 
contribution of Nikolsky was the study, identification, and de-
scription of the rich herpetological materials collected in Iran by 
N. A. Zarudny, who was one of the first zoologists to study the 
diverse fauna of Persia. Nikolsky's contemporary, the well-known 
herpetologist Jacques von Bedriaga, was informally associated 
with the Zoological Museum. His most famous and important 
contribution was a large monograph (in quarto and nearly 800 
pages; 1898-1912) devoted to the study of the huge herpetologi-
cal collections made by Przewalski and other Russian explorers 
during their Central Asian expeditions (Adler 1989; Bogdanov 
1891; Zhao and Adler 1993). 

Flo. 1. Main buildings of the Russian Academy of Sciences, Saint 
Petersburg, along the north bank of the Neva River, opposite the Her-
mitage (December 1986). From left, the buildings house the Academy 
Administration, Anthropology Museum, and Zoological Institute (where 
herpetology is located on the top floor at the far right of the complex). 
The gold spire of the Fortress of Peter and Paul, where Russian czars are 
buried, is at the far right. 
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Modern History 

Sergius F. Tsarevsky was curator of the newly independent 
Department of Herpetology during 1915-1929; he published im-
portant works on the taxonomically complicated groups Eryx and 
Phrynocephalus. After the museum's name was changed to the 
Zoological Institute in 1930, Sergius A. Chernov, a student of 
Nikolsky, was appointed curator of the Department of Herpetol-
ogy, succeeding Tsarevsky. Chernov, who became the leading 
Soviet herpetologist during his curatorship (1930-1961), con-
ducted extensive herpetological field work in the Transcaspian 
region (1932), the Caucasus (1937-1939), and in Tajikistan (1942-
1944). The results were published as a series of articles and sev-
eral monographs including regional synopsis of herpetofauna of 
Armenia (1937, 1939) and Tajikistan (1959). His most widely-
known work was a book, "Field Guide to the Reptiles and Am-
phibians of the USSR," coauthored with Paul V. Terentjev (three 
editions in 1936, 1940, 1949), that was translated into English in 
1965. During the last years of his life, Chemov studied the tax-
onomy of Palearctic snakes, focussing on peculiarities of the skull 
(Adler 1989). 

Paul Terentjev, a prominent herpetologist and author of the 
world's first textbook of herpetology, worked in the Department 
of Herpetology during World War II including the German siege 
of Leningrad (1941-1944). He studied taxonomy and biogeogra-
phy, mostly of the Anura, but also conducted ecological, biomet-
ric, and evolutionary research (Adler 1989; Scarlato 1982). 

In 1962, Ilya S. Darevsky, a former student of Chernov, was 
appointed curator of the Department of Herpetology and, later, 
head of the Laboratory of Ornithology and Herpetology from 1976 
to 1996. His research interests are associated with taxonomy, 
morphology, natural history, biogeography, and speciation in rep-
tiles. Much of his research is devoted to the phenomenon of natu-
ral parthenogenesis and polyploidy in higher vertebrates, discov-
ered by him in 1957 in a polymorphic group of Caucasian rock 
lizards related to Lacerta saxicola (Darevsky 1967; English trans-
lation, 1978). This important discovery has stimulated similar 
research and made Darevsky a leader of the new branch of sci-
ence that concentrates on the study of the hybridogenous origin 
and speciation of clonal species of reptiles. It was developed suc-
cessfully by Darevsky and his department colleagues (Larissa 
Kupriyanova, Felix Danielyan), and partly in collaboration with 
herpetologists from the USA (Thomas Uzzell), Canada (Robert 
W. Murphy), and Austria (Josef Eiselt). 

Beginning in 1996, the curatorship of the Department of Her-
petology and administration of the Laboratory of Ornithology and 
Herpetology passed to Natalia B. Ananjeva. Today, the herpetol-
ogy staff consists of nine persons: five research workers (Natalia 
Ananjeva, Leo Borkin, Ilya Darevsky, Larissa Kupriyanova, 
Nikolai Orlov), two collections managers (Larissa Johanssen, 
Konstantin Milto), one technical assistant (Julia Smirnova), and 
a Ph.D. student (Igor Danilov). As of 1997, we also have a Ph.D. 
student (Spartak Litvinchuk) and a Ms.D. student (Svetlana 
Kalyabina) who are preparing their dissertations in our depart-
ment. 

Herpetologists of the Zoological Institute traditionally conduct 
research associated with the problems of biodiversity of amphib-
ians and reptiles of Russia and adjacent countries, their taxonomy, 
ecology, phylogeny, and biogeography, continuing the traditions 
established in the last century. The most important results during 
the last two decades have been taxonomic revisions of rock liz-
ards (Darevsky), agamid lizards (Ananjeva), viperid snakes 
(Orlov), and brown frogs (Borkin) of Palaearctic Asia, using a  

number of approaches and methods including biochemical and 
cytological analysis (Proceedings of the Zoological Institute of 
the USSR Academy of Sciences, 1977, 1979, 1981a, 1981b, 1984, 
1986, 1987, 1990). These workers personally led more than 50 
expeditions which include field studies in all regions of the former 
USSR. 

Current Research 

Traditionally, research interests focus mainly on Asia. One of 
the most intensively explored regions—from Nikolsky's day to 
the present—is the Caucasus. Despite intensive studies over long 
periods by many herpetologists, even during the last two decades 
a lot of new distributional data on amphibians and reptiles was 
obtained and many new species and subspecies were described 
from the territory of the Caucasus. The study of the herpetofauna 
of Armenia and adjacent areas of Turkey and Iran also continues. 
Significant herpetological research has been done during the last 
three decades in Middle Asia and Kazakhstan. As a result, several 
taxonomic revisions and descriptions of new forms were pub-
lished by research workers and students in our department. Im-
portant work by Boris Tuniyev, a postdoctoral fellow, was based 
on the results of joint work with our staff and was devoted to the 
analysis of the origins of the herpetofauna of the mountain sys-
tems of Alpine Folding (Orogenesis) in the Caucasus and Central 
Asia (1995). 

New data were also obtained in eastern Siberia, the Far East, 
and the European part of Russia. This information was published 
in a number of papers in Russian, German, and English and shortly 
will be summarized in a new edition (Ananjeva, Borkin, Darevsky, 
and Orlov 1998) of a synopsis of the amphibians and reptiles of 
Russia and adjacent territories (the former USSR). 

The department's Asiatic herpetological research is not limited 
by the geographical boundaries of the former USSR. Extensive 
field work has been done in Mongolia (Ananjeva, Borkin, Orlov) 
within the framework of the joint Soviet-Mongolian Biological 

FIG. 2. Staff of the Department of Herpetology, including doctoral stu-
dents (November 1957). Left to right (seated): Sergei A. Chernov (cura-
tor), Paul V. Terentjev (professor at Leningrad University), Lev I. 
Khosatzky (docent at Leningrad University); (standing): Kirill B. Yuriev 
(Ph.D. student), Ilya S. Darevsky (postdoctoral fellow), Ludmila N. 
Lebedinskaya (collection manager), Gunther Peters (Ph.D. student from 
Berlin), Abdulla M. Alekperov (Ph.D. student from Baku). 
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Flo. 3. Part of the lizard collections, includ-
ing Galapagos iguanas on the lowest shelf, 
with staff (from left: Svetlana A. Kalyabina, 
Julia A. Smirnova) (September 1997). 

Expedition in 1981-1988 which led to important results on the 
distribution, natural history, ecology, and taxonomy of amphib-
ians and reptiles that are published in a number of papers and 
monographs on amphibians (1988) and reptiles (1998). Through 
collaborations with herpetologists from various institutions in 
Moscow (Sergius Kuzmin, Valentina Orlova, Dmitri Semenov) 
and Mongolian colleagues (Khorlooghiyn Munkhbayar, 
Khayankhyarvagijn Terbish), they summarize more than 100 
years' study of the Mongolian herpetofauna, from Przewalski, 
Kozlov, and other famous Russian explorers of Central Asia up to 
the present time, and can be used as a basis for the future herpeto-
logical research of this region. 

During the last decade, special attention has been given to long-
term research on the herpetofauna of tropical forests of southeast 
Asia. Darevsky and Orlov personally have led more than 10 ex-
peditions to Vietnam beginning in 1982; as a result of this herpe-
tological study of Vietnam, and also of Laos, Nepal, and Sikkim 
(India), a large number of species endemic to tropical forests that 
are difficult to access, in the coastal area and adjacent islands, 
were collected. A number of new species and subspecies of frogs, 
lizards, and snakes, and two new genera of scincid lizards, were 
described. This research is one of the central programs of the 
Department of Herpetology today and is conducted in concert 
with herpetologists from the USA (Field Museum of Natural His-
tory and Museum of Vertebrate Zoology, University of California 
at Berkeley) and Canada (Royal Ontario Museum). 

The integrative study of biomorphological diversity in 
squamates is now being researched by Natalia Ananjeva who is 
examining different trends of adaptation to the arid and mesic, 
petro-, and psammophilous lizards and snakes. A major area of 
interest is the study of integument, using light and electron mi-
croscopic methods (especially SEM) conducted during the last 
decade in cooperation with the Department of Zoology, Kazakh 
State University (Tatyana Duysebayeva). This research includes 
a comparative study of different types of scalation patterns and 

evolutionary trends in 
different branches of 
squamates, and also 
the morphology of 
derivative structures 
(skin sense organs, 
callose scalation) that 
are of special interest 
for clarifying ques-
tions of ecology, be-
havior, and phylog-
eny. Other interesting 
results were obtained 
during a comparative 
study of the egg tooth 
of squamates. 

The Department of 
Herpetology also is 
active in conservation 
of herpetofauna. 
Ananjeva, Darevsky, 
Borkin, and Orlov 
participated as au-
thors or editors in sev-
eral editions of the 
"Red Books" of the 
USSR and of Russia 
and for some popular  

books and booklets on animal protection. A book about rare and 
endangered amphibians and reptiles of the world (Darevsky and 
Orlov 1988) and collected papers (edited by Darevsky and 
Vladimir Krever, 1987) on amphibians and reptiles of the pro-
tected reserves of the USSR has been published. Captive breed-
ing of rare species is conducted in our department's terrarium and 
in cooperation with the St. Petersburg Zoo and Tula Zooexotarium, 
with special focus on rare and endangered species and species 
that are of special scientific and economic value (parthenogenetic 
rock lizards, boids, viperids, rare and endangered amphibians and 
reptiles of Vietnam). Captive breeding of rare frogs, lizards, and 
snakes of Indochinese tropical forests are being actively devel-
oped. 

The paleontological activities of Lev I. Khosatzky and Lev A. 
Nessov have been closely connected with our department. Both 
of them worked as docents in the Department of Vertebrate Zool-
ogy of St. Petersburg State University. Khosatzky mainly studied 
Neogene turtles of the USSR and described some of the most 
common turtles from the late Cretaceous of Mongolia. Some of 
his papers and monographs (Khosatzky and Oleg Redkozubov 
1989) were devoted to the Neogene herpetofauna of Moldavia. 
The paleoherpetological collection of our department was founded 
as a result of his work. He was the graduate supervisor for 
Ananjeva and Borkin during their study at the University. 
Khosatzky also trained many paleo- and neoherpetologists, among 
them Nessov, who made great contributions to the study of Juras-
sic, Cretaceous, and Paleogene amphibians and reptiles of the 
USSR. During 25 years of his scientific work, he published 67 
papers and one monograph (Nessov 1995) devoted to fossil am-
phibians and reptiles. A second monograph was published after 
his death (Nessov 1997). His publications include descriptions of 
44 amphibian and 92 reptilian taxa (Averyanov 1996). The most 
important among them are descriptions of the oldest salamander 
(the middle Jurassic Kokartus), one of the last labyrinthodonts, 
Ferganobatrachus (late Jurassic), rare Cretaceous salamanders 
and frogs, numerous new taxa of Jurassic, Cretaceous, and Paleo-
gene turtles, rare forms of lizards (among them the oldest 
amphisbaenians and xenosaurids), sea snakes, crocodiles, dino-
saurs, and pterosaurs. Most of the materials studied by Nessov 
are now deposited in our institute's paleoherpetological collec-
tion. Some current studies in paleoherpetology are carried out by 
Alexander Averyanov and Igor Danilov. The latter is involved 
now in studying important Mesozoic turtles from Mongolia. 

Studies on speciation conducted in our department have had 
wide international recognition. One mechanism of interest—so 
called "neorthodoxal speciation"—is associated with clonal re-
production, hybridization, and polyploidy. A long series of publi-
cations on the unisexual rock lizards of the Caucasus (Ilya 
Darevsky, Larissa Kupriyanova) has become a classic study of 
speciation mechanisms. They use an integrative approach involv-
ing morphological, karyological, and cytological methods, skin 
graft technique, protein electrophoresis, and analysis of repeti-
tive DNA sequences that allow an estimate of the significance of 
hybridization in the origin of parthenogenetic species, their rela-
tionships with bisexual species, and the role of interspecific hy-
bridization (between parthenogenetic females and males of po-
tential parental species) in the origin of triploid males. New data 
about parthenogenetic agamids and geckos, with descriptions of 
new species, have been obtained from Vietnam. The analysis of 
hybridogenous speciation in fish, amphibians, and reptiles led them 
to new concepts of gradual hybridization of unisexual and bi-
sexual forms that explains the origin of polyploid complexes in 
vertebrates. 
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FIG. 4. Present staff of the Department of Herpetology, including stu-
dents (August 1997). Left to right: Leo J. Borkin, Konstantin D. Milto, 
Natalia B. Ananjeva, Larissa K. Johanssen, Ilya S. Darevsky, Igor G. 
Danilov, Larissa A. Kupriyanova, Andrei A. Barabanov (first-year stu-
dent at Saint Petersburg University), Nikolai L. Orlov. 

Important results were obtained from a study of European green 
frogs of the hybridogenous Rana esculenta-complex (Leo Borkin) 
in the former USSR, Poland, Germany, and Sweden. Using flow 
DNA-cytometry, evidence of selective elimination of chromo-
somes of one of the parent's genomes during gametogenesis was 
obtained in hybrid males. A large variety of mixed population 
systems has been discovered in the territory of the former USSR 
(hybrid frogs coexisting only with one of the parental species, or 
with both parental species; or existing mostly as males or females 
or living without parental species at all). 

Another interesting case of neorthodoxal speciation is the poly-
ploid complex of green toads in Central Asia that also has been 
studied by cytogenetic methods. An analysis of samples from 
Kazakhstan, Kirgizia, and other republics permit an understand-
ing of the trends of geographical and altitudinal distribution of 
diploid and tetraploid species, and zones of sympatry and hybrid-
ization (with sterile hybrids) have been discovered. It has been 
hypothesized that tetraploid toads, which have a vast distribution 
from the Caspian Sea to Mongolia, originated through autopoly-
ploidy, i.e., without hybridization. 

Comparative karyological studies of lizards (Larissa 
Kupriyanova) have led to important conceps about their chromo-
some evolution. Ideas about chromosome variation in lacertid liz-
ards and evolution on the karyological level have also been for-
mulated. 

Publications, Current Collections, and Other Activities 

From 1977 to 1990, eight volumes of collected papers in her-
petology were published by the Zoological Institute. A list of the 
world's herpetofauna (Ananjeva, Borkin, Darevsky, and Orlov) 
with their common names in four languages (Russian, English, 
German, and French) was published in 1988. In 1993, these her-
petologists, together with Folium Publishing Company, founded 
a new English-language journal—the Russian Journal of Herpe-
tology —that has been published twice a year, beginning in 1994  

(web address: http://www.folium.ru/rjh).  
A large number of specimens of amphibians and reptiles col-

lected by Russian zoologists and explorers over several genera-
tions are stored in the Department of Herpetology; our depart-
ment houses one of the largest collections of herpetofauna of 
Russia and adjacent countries, including Central and Southeast 
Asia. There are now 5444 registration numbers of amphibians 
and 20568 of reptiles (a registation number represents one sample 
from one locality). Ours is the largest herpetological collection in 
Russia, as well as in all of the countries formerly part of the USSR; 
it contains numerous type specimens. Recently, the collection was 
moved to a special fire-proof storehouse outside the city, although 
all accessioning is conducted at the old institute. The tedious job 
of moving, rearrangement in the new storehouse, and inventory-
ing is possible only due to the hard work and enthusiasm of col-
lection managers Larissa Johanssen, Igor Danilov, and Konstantin 
Milto. Collections of fossils and skeletons of recent species were 
organized and increased considerably during recent years due to 
the efforts of Ananjeva and Danilov. 

For a long time, the Department of Herpetology has been the 
center for herpetology in the USSR. Ilya Darevsky was the head 
of the Herpetological Committee of the USSR Academy of Sci-
ences, Natalia Ananjeva was a Secretary of this Committee, and 
staff of our department actively participated in the organization 
of all the Soviet Herpetological Conferences (in 1964, 1968, 1973, 
1977, 1981, 1985, 1989). During this period more than 30 herpe-
tologists from all the parts of the Soviet Union, Mongolia, and 
Vietnam have received their Candidate and Doctoral Degrees 
under Darevsky's guidance. In 1989, Darevsky was elected as 
President of Nikolsky's Herpetological Society, the Russian na-
tional herpetological society. Members of our department also 
have played essential roles in the establishment and running of 
the World Congress of Herpetology, beginning in 1982. 

Our international projects and programs have become of in-
creasing importance during the last decade. One of the most im-
portant is our longterm joint program of research in arid territo-
ries of the Palaearctic region (with scientists at the Museum of 
Vertebrate Zoology, University of California at Berkeley [T. J. 
Papenfuss], Washington University in St. Louis [J. R. Macey], 
and the Chengdu Institute of Biology, Academia Sinica [Zhao 
Ermi and his colleagues]). 

FIG. 5. Ilya S. Darevsky and Nikolai L. Orlov, during expedition to 
Vietnam (October 1994). 
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In 1989, 1990, 1992, and 1995, Ananjeva and Orlov conducted 
extensive expeditions in Central Asia. Herpetologists from the 
Royal Ontario Museum, headed by R. W. Murphy, worked on 
Caucasian rock lizards together with Darevsky and Kupriyanova. 
The new program of herpetological research in Indochina is con-
ducted together with colleagues from the Royal Ontario Museum, 
Museum of Vertebrate Zoology, and Field Museum of Natural 
History. Borkin has done long-term cooperative studies with her-
petologists from Canada and Japan on the study of brown frogs 
of the Palaearctic and in the study of the hybridogenous complex 
of European green frogs with herpetologists from Germany, Po-
land, and Sweden. Finally, a joint project on viperid snakes has 
been done by Orlov and Boris Tuniyev with GOran Nilson and 
Claes Andren from G6teborg University, Sweden. 

After dissolution of the USSR, cooperative projects with her-
petologists from the former member republics (Turkmenistan, 
Kazakhstan, and Kirgistan) continue to be developed. The Sec-
ond Asian Herpetological Meeting was organized with the par-
ticipation of members of our department in Ashgabat, 
Turkmenistan, in 1995 and the Third Asian Herpetological Meet-
ing will be held 1-5 September 1998 in Almaty, Kazakhstan. 

Acknowledgments.-I am very thankful to Kraig Adler who encour-
aged me to prepare this paper and for correcting my English. 
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Facultative paedomorphosis is an environmentally-induced 
polymorphism (polyphenism) of some salamander species in 
which larvae either transform into terrestrial forms that mature 
on land to become metamorphic adults, or retain their larval mor-
phology and aquatic existence while becoming sexually mature 
paedomorphic adults (Semlitsch 1985; Whiteman 1994). Facul-
tative paedomorphosis has been found in a variety of species in 
the families Ambystomatidae and Salamandridae (e.g., Brandon 
and Bremer 1966; Collins 1981; Eagleson 1976; Harris 1987; 
Kalezic and Dzukic 1985; Kalezic et al. 1989; Patterson 1978; 
Shaffer 1984; Sprules 1974a). This polymorphism is especially 
well known in the Ambystoma tigrinum complex, occurring in 
several of the currently recognized subspecies (Collins 1981). 
However, paedomorphosis appears to be rare in the eastern tiger 
salamander, A. t. tigrinum; published accounts are limited to a 
few specimens from Michigan (Hensley 1966; Jones et al. 1993). 
Here we document facultative paedomorphosis in an eastern ti-
ger salamander population in Indiana. 

We collected tiger salamanders from Sharon Chapel pond, a 
permanent, 1.2 ha borrow pit pond located 9.6 km west of West 
Lafayette, Indiana, USA, in the Purdue University Horticultural 
Farm. We obtained paedomorphic individuals during May 1992 
while collecting Rana catesbeiana tadpoles with plastic minnow 
traps baited with liverwurst wrapped in cheesecloth. We also 
sampled for tiger salamanders using minnow traps in March 1993, 
and both minnow traps and a 50 m section of drift fence with 
pitfall traps (for breeding metamorphic adults) during March 1994. 
Each individual was transported to the laboratory, identified to 
morph (by presence or absence of larval characters such as gills 
and tailfin in sexually mature individuals) and sex (by the pres-
ence [males] or absence [females] of large darkened papillae pos-
terior to the slit-like [males] or rounded [females] cloaca), and 
measured for various morphological parameters including snout-
vent length (SVL; using a metric ruler) and mass (g; using an 
Ohaus model GA-110 balance). After taking these measurements, 
we marked salamanders with individual toe clips and released 
them back into the pond. 

We compared the SVL and mass of metamorphic and paedo-
morphic adults using a two-tailed t-test. Recaptured individuals 
were excluded from analyses, and we did not analyze differences 
between sexes because few females were captured. We also cal- 

culated mean growth rates (SVL and mass) for recaptured meta-
morphic adults. 

We captured five paedomorphic adults in 1992 (3M:2F; Fig. 1, 
2), eight metamorphic adults in 1993 (all males), and eight meta-
morphic adults in 1994 (six recaptures, two new females). One of 
the six recaptures had been captured originally as a paedomor-
phic male in 1992, and the others were caught as metamorphic 
adults in 1993. Paedomorphic adults were significantly larger than 
metamorphic adults in both SVL and mass (Table 1). Mean growth 
rate (± 1 S.E.) for recaptured metamorphic males was 0.7 (± 1.0) 
mm SVL and 0.9 (± 2.8) g mass over a single year. The trans-
formed paedomorphic male, in contrast, grew 1.5 mm/yr SVL 
and lost 22.1 g/yr mass over a two-year period. 

Morphologically, paedomorphic salamanders differed from 
those found in Colorado populations of the Arizona tiger sala-
mander, Ambystoma tigrinum nebulosum (Whiteman, pers. 
observ.). Heads of paedomorphic adults from Sharon Chapel ap-
peared less shovel-shaped and flattened (Fig. 1) and tails wider 
(apparently laden with fat deposits; Fig. 2) than those of the west-
ern subspecies. 

The presence of facultatively paedomorphic salamanders has 
usually been associated with the absence of fish in permanent 
ponds and lakes (Collins 1981; Sprules 1974a); however, a vari-
ety of abiotic and biotic factors influence the production and 
maintenance of these alternative morphs (e.g., Harris 1987; Jack-
son and Semlitsch 1993; Licht 1992; Semlitsch 1987a; Sprules 
1974b; Whiteman et al. 1996). Sharon Chapel pond is perma-
nent, but contains small predatory fish (bluegill, Lepomis 
macrochirus) and bullfrogs (Rana catesbeiana), both of which 
are known to consume larval amphibians (e.g., Bury and 
Luckenbach 1976; Moyle 1973; Semlitsch 1987b). However, 
European millefoil (Myriophyllum spicatum) was extremely dense 
in the pond and may have provided a refuge from these predators. 
We speculate that individuals became paedomorphic in this popu-
lation because of favorable aquatic growth conditions (abundant 
food, low competition, or low predation; Werner 1986; Wilbur 
and Collins 1973). The large body size of paedomorphic adults 
(Table 1) provide some support for this hypothesis. 

We did not capture any paedomorphic individuals after 1992. 
Because one paedomorphic salamander was recaptured as a meta-
morphic adult, some or all of the paedomorphic salamanders in 
the pond may have transformed. 

TABLE 1. Mean (± 1 S.E.) body size measurements for paedomorphic 
and metamorphic eastern tiger salamanders from Sharon Chapel pond in 
Tippecanoe County, Indiana. 

Paedomorphic 
Adults 

Metamorphic 
Adults p 

SVL (mm) 131.6 ± 2.4 117.8 ± 2.2 3.83 0.02 

Mass (g) 117.1 ± 3.5 44.23 ± 2.1 19.05 <0.0001 

N 5 10*  

*N = 9 for mass 

The appearance of paedomorphic eastern tiger salamanders in 
this Indiana locality suggests that other polymorphic populations 
might also exist throughout the range of this subspecies, and that 
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FIG. 1. Paedomorphic eastern tiger salamander from Tippecanoe Co., 
Indiana. 

sampling permanent wetlands might reveal such populations. It 
also suggests that regardless of their current prevalence, paedo-
morphic adults may have been historically common in eastern 
tiger salamanders. The large amount of anthropogenic change 
which has occurred during the last two centuries in the eastern 
and midwestern United States has had a significant impact on 
aquatic habitats and the organisms that live in them (Dahl 1991; 
Lannoo 1998; Russell 1989; Tiner 1984), and might have had 
similar negative effects on facultatively paedomorphic sala-
manders. Wetland destruction, fish and bullfrog introductions, and 
agricultural and industrial effluent have all been suggested as 
possible factors influencing the rarity of facultative paedomor-
phosis in the Midwest (Larson 1998; Whiteman and Howard 
1998). Such factors could also apply to much of the rest of A. t. 
tigrinum's range as well. 

FIG. 2. Top view of paedomorphic eastern tiger salamander. Note quar-
ter for size comparison. SVL = 139 mm, total length = 255 mm, mass = 
124.2 g. 
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Agamidae) in Borneo, with Notes on its Habitat 

ROBERT F. INGER 
Department of Zoology, Field Museum of Natural History 

Chicago, Illinois 60605, USA 
e-mail: inger@fmnh.org  

and 
MAKLARIN LAKIM 

Kinabalu Park, Sabah Parks, P.O. Box 10626 
88806 Kota Kinabalu, Sabah, Malaysia 

Mount Kinabalu, Sabah (northern Borneo), is one of the better 
explored areas of Southeast Asia from the herpetological stand-
point. Yet much uncertainty still remains. Calotes kinabaluensis 
de Grijs, a relatively large agamid (snout-vent length 133 mm, 
total length 448 mm), was described 60 years ago on the basis of 

FIG. 1. Calotes kinabaluensis. Upper, oblique view of side and top of 
head. Lower, oblique view of underside of head. Areas marked A, B, C 
are enlarged in Fig. 2. Scale bars equal 10 mm 

A 

B 

FIG. 2. Calotes kinabaluensis, neotype. A. Dorsal view of end of snout. 
Scale bar equals 2 mm. B. Section across frontal and supraocular region. 
Scale bar equals 2.5 mm. C. Parietal region and base of nuchal crest. 
Scale bar equals 2.5 mm. 

a unique holotype collected in 1900 at "Mount Kina Balu" (de 
Grijs 1937). Ota and Hikida (1996) reported the second known 
individual (snout-vent length 143 mm, total length 474 mm), col-
lected in the late 1970's (date imprecise) from "Kinabalu Park." 
As Kinabalu Park, which covers most of the forested mass of the 
mountain, runs from 200 to 4100 m above sea level and covers a 
variety of forest types, the habitat of C. kinabaluensis is uncer-
tain. 
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We report here a third specimen (Sabah Parks 02670) collected 
in primary lowland rain forest (forest designation after Kitayama, 
1992) at 900 m at Sayap, Kinabalu Park, on 23 March 1997. This 
specimen was collected at night resting on a leaf of a shrub 0.2 m 
above ground and 1.5 m from a small stream. The long tail and 
long limbs, as well as the few observations of this species, sug-
gest that its usual stratum is the canopy. 

The Sayap specimen has a snout-vent length of 130 mm and a 
total length of 428 mm. It agrees with the original description (de 
Grijs 1937) and the expanded description presented by Ota and 
Hikida (1996). In life the head and body of the Sayap specimen 
were green. The trunk had chocolate brown and black spots form-
ing bands. Ventrally the body was brown with green spots. The 
tail was mostly brown with small green areas. 

Ananjeva et al. (1991), in a survey of skin sense organs in 
iguanian lizards, reported that Calotes mystaceus had scale or-
ganelles on supralabials, nasals, postoculars, postparietals, and 
mentals. Ota and Hikida (1996) observed "...some marginal scales 
with short hair-like sense organs associated with pits" on their 
specimen of C. kinabaluensis. In the new specimen of C. 
kinabaluensis scale organelles, most of them knob-like and sur-
mounted by hairs, appear on the scales on top of the snout (Figs. 
1 and 2) and on the supralabials, canthals, supraciliaries, 
supraoculars, and the scales at the rictus behind the labials. 
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Although most species of anurans breed in aquatic environ-
ments, breeding usually occurs in shallow water or on land be-
side water (Jameson 1955, Wells 1977). Underwater breeding 
behavior is extremely rare, occurring in the Pipidae and some 
members of Leiopelmatidae and Ranidae. Bufo torrenticola, an 
inhabitant of central Japan, is an unusual toad, for it breeds on the 
bottom of pools of fast-flowing mountain streams (Maeda and 
Matsui 1989). This paper provides the first quantitative study of 
the underwater breeding behavior of B. torrenticola. 

Study site.-This study was conducted on a branch of the 
Hirakura River (34°27'N, 136° 15'E), in Mie Prefecture, central 
Japan (see Tsuji and Kawamichi 1996a, for details). Field obser-
vations were made at a major breeding pool located mid-stream 
(elevation 500 m, Tsuji and Kawamichi 1996b), from 6-17 April 
1991. This pool was elliptical in shape (16 x 7 m), with a sloping 
waterfall about 10 m high at the upstream end. The water was 90 
cm deep in the center and shallower near the shore. The pool's 
right bank consisted of a rocky cliff, and the left bank was a 
wooded slope. The pool's rock bottom was partially covered with 
loose rocks of various sizes, gravel, and sand. The current was 
fast along the right shore, but water was relatively still along the 
left shore. The water temperature ranged from 8.5-13.0°C during 
the study period. 

Methods.-The toad population in the breeding pool was 
censused 44 times at night, and 18 times during the day, at inter-
vals of 2-8 h, throughout the 12-day breeding period in 1991. 
Oviposition occurred over six days in the latter part of this pe-
riod. Most of the toads detected in the pool were captured and 
individually marked (see Tsuji and Kawamichi 1996a, for mark-
ing technique). During each census, the location of lone males, 
lone gravid females, and amplectant pairs in the pool were noted 
on maps. We used a clear plastic box for viewing underwater to 
observe toads in deeper parts of the pool. Despite the use of a 4.5- 

TABLE 1. The cumulative number (percentage) of observations of male 
and female Bufo torrenticola in three positions. aExcluding attacked paired 
females. bOne on the trail near the pool. 

Submerged At surface 	On land 	Total 

Males 825 (87.7) 66 (7.0) 50 (5.3) 941 
Lone 720 (86.1) 66 (7.9) 50 (6.0) 836 
Struggling 105 (100) 0 Ob 105 

Females 419 (93.1) 20 (4.4) 11 (2.4) 450 
Lone 9 (75.0) 2 (16.7) 1 (8.3) 12 
Paired' 374 (93.0) 18 (4.5) 10 (2.5) 402 
Attacked paired 36 (100) 0 Ob 36 
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volt headlamp and a 6-volt flashlight to observe toads at night, 
the toads did not appear to be disturbed by our presence. After 
completing field investigations, the maps were divided into 120 
quadrats (1 m x 1 m), and the number of toads in each quadrat 
was determined and used for analyses. Only single males, single 
gravid females, and pairs that were not ovipositing were included 
in quadrat counts. The water depth for each quadrat was deter-
mined as the deepest point for each quadrat. Toad positions were 
categorized into three types: 1) submerged; 2) at surface-head 
or upper part of body above water at shore; and 3) on land-
positioned on land around shore. 

When toad-balls (male[s] clinging to a pair) were found, their 
location was noted on maps and the numbers of male(s) clinging 
to a pair was counted. Males clinging to a pair in a toad-ball were 
referred to as "struggling males," while the focal pair of the toad-
ball was referred to as the "attacked pair." When the number of 
struggling males in a toad-ball could not be counted exactly, a 
minimum estimate of toads that could be counted was used. 

Results.-A total of about 200 males (including amplectant 
males) and 100 females was captured and marked in the pool 
during the breeding period (see Tsuji and Kawamichi 1996a). 
Combining data among censuses, the cumulative number of ob-
servations of male toads in the pool was 941, and 450 observa-
tions of females were made (Table 1). These figures include mul-
tiple observations of some individuals. 

There was a significant difference between males and females 
in the three positions, submerged, at surface, or on land (x 2  = 
9.97, df = 2, P < 0.01). However, the percentage of submerged 
toads was about 90% for each sex, with relatively low numbers 
occurring at the surface or on land (Table 1). With the exception 
of one of each sex, all toads at the surface or on land were found 
at night. 

The cumulative number of toads observed per quadrat over the 
breeding season ranged from zero to 84 (mean ± SD = 10.1 ± 
14.0) for males and from zero to 32 (5.8 ± 6.9) for pairs not ovi-
positing. Both sexes were more widely distributed in the pool at 
night than during the day. Males occurred in 81 of 120 study quad-
rats (67.5%) at night, and in 40 (33.3%) during the day. Pairs that 
were not depositing eggs occurred in 68 of 120 quadrats (56.7%) 
at night, and in 43 (35.8%) during the daytime. Submerged males 
were found in 82 (68.3%) of the 120 quadrats, and pairs were 
found in 71 (59.2%) quadrats. 

Using the data from six censuses conducted between 1500 h on 
11 April and 0800 h on 12 April, during which breeding activity 
was greatest, the mean number of toads observed per census was 
29.2 ± 6.4 (range = 22-37) for males and 16.5 ± 3.0 (range = 12- 
20) for pairs, and they occurred in 21.5 ± 4.8 quadrats (range = 
14-27) and 13.5 ± 2.1 (range = 10-15), respectively. The mean 
number of toads observed per occupied quadrat per census was 
1.37 ± 0.14 (range = 1-8) for males and 1.22 ± 0.11 (range = 1-3) 
for pairs. 

Egg-strings were found in 8 of 120 quadrats (6.7%), with over 
80% of all egg-strings concentrated in two adjacent quadrats. A 
huge mass of egg-strings was formed on one of these two quad-
rats, thus it is referred to as the communal oviposition site. 

Lone females were observed only 12 times in just eight quad-
rats, with most of them in water less than 30 cm deep (Fig.1) and 
less than 1 m from the right shore of the pool. 

The cumulative number of submerged toads observed in each 
quadrat was positively correlated with water depth (males: r = 
0.630, N = 82; pairs: r = 0.566, N = 71; P < 0.001 for both; Fig.1). 
When I removed struggling males or attacked pairs in submerged, 
the cumulative number of submerged toads observed in each quad- 

rat was still positively correlated with water depth (males: r = 
0.609, N = 82; pairs: r = 0.521, N = 71; P < 0.001 for both). 
However, males and pairs differed in their distribution patterns; 
males were most frequently found in the deepest quadrat (90 cm 
deep), whereas pairs were mostly at the communal oviposition 
site which was 40 cm deep (Fig. 1). Most of submerged males 
actively moved around the pool bottom, possibly searching for 
females. 

A total of 36 toad-balls, all submerged, were found in the pool 
(Table 1). Toad-balls were found in 17 of 99 occupied quadrats 
(17.2%), and 15 (41.7%) toad-balls were found in three quadrats 
in the deeper part (> 80 cm deep) of the pool. Struggling males 
represented 12.7% of all submerged males, while attacked pairs 
represented 8.6% of all submerged pairs (Table 1). The cumula-
tive number of both struggling males and attacked pairs was posi-
tively correlated with water depth (males: r = 0.569, pairs: r = 
0.556; N = 17, P < 0.02 for both; Fig. 1). With one exception, no 
toad-balls were found at the communal oviposition site (Fig. 1). 

Discussion.-This study confirms that B. torrenticola is un-
usual in the genus Bufo, in that it is an underwater breeder in fast-
flowing mountain streams. Underwater activity is a dominant part 
of the species' typical breeding behavior, because: 1) breeding 
males and females were submerged on the pool bottom most of 
time; 2) toad-balls, direct male-male competition for paired fe-
males, occurred only underwater; 3) many of the pair formations 
are considered to have taken place inside the study pool (unpubl. 
data); and 4) spawning pairs remained underwater and seldom 
surfaced during the spawning period of 1-2 h (Tsuji and 
Kawamichi 1998). However, the breeding activity of B. 
torrenticola is not entirely underwater. In the beginning of the 
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breeding season, males searched for mates while on migration 
routes to the stream (Tsuji and Kawamichi 1996a), and they also 
occasionally waited for females on shore around the pool at night. 
Such males may be able to intercept newly arriving females to 
the pool. In general, the males of explosive breeders occur widely 
around the edges of ponds until spawning commences, where-
upon they concentrate around oviposition sites (e.g., Bufo bufo, 
Davies and Halliday 1979; Rana sylvatica, Howard 1980). Al-
though this was seen occasionally in B. torrenticola, males more 
often searched and struggled for mates in the deeper parts of the 
breeding pool. However, lone females commonly were found in 
shallow water near shore, and paired females were most often 
found at the communal oviposition site. 

Breeding adult B. torrenticola showed predominantly noctur-
nal activity; both sexes were more abundant (Tsuji and Kawamichi 
1996a) and more widely distributed in the pool at night than dur-
ing the day, and almost all toads at the surface or on land were 
found at night. During the day, however, many toads were found 
in the relatively deeper parts of the pool. The diurnal breeding 
activity of B. torrenticola may be associated with the early breed-
ing in spring, color dimorphism in visual mate recognition (see 
discussion in Tsuji and Kawamichi 1996a), and/or underwater 
breeding. 

Besides B. torrenticola and members of Pipidae living in the 
water, underwater breeders are known for the tailed frog, Ascaphus 
truei (Jameson 1955), and the Japanese steam-breeding frog, Rana 
sakuraii (Kusano and Fukuyama 1989), both breeding in fast-
flowing streams. Thus, underwater breeding behavior is consid-
ered to have evolved independently among anuran groups. The 
possible benefits of breeding on the bottom of fast-flowing streams 
include: 1) richly oxygenated waters; 2) low metabolic demands 
in relatively cold water; 3) relatively stable water temperature; 4) 
no danger of drying; and 5) predator avoidance (see Olson 1989). 
On the other hand, possible costs are restricted activity in the water 
and risk of the eggs being washed away. For two Japanese under-
water breeders, B. torrenticola and R. sakuraii, the most striking 
adaptation to underwater breeding is enlarged dorsal skin of males 
(Maeda and Matsui 1989; pers. observ.) that might assist cutane-
ous respiration in the water and allow them to be vigorously ac-
tive there. 
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Wildfire and prescribed fire are important influences on pine 
ecosystems in the southeastern United States (Komarek 1968, 
1974; Platt et al. 1988). Although considerable research on the 
impact of fire on vertebrates due to changes in vegetation struc-
ture has been reported, the direct impact of fire on vertebrates is 
not well known (Means and Campbell 1981). The Louisiana pine 
snake (Pituophis melanoleucus ruthveni) occupies a limited range 
in eastern Texas and western Louisiana (Conant 1956; Reichling 
1995). Within this range it is generally found on sandy soils in 
longleaf pine (Pinus palustris) savannas (Young and Vandeventer 
1988). Historically these longleaf pine savannas were maintained 
by frequent, low intensity ground fires (Komarek 1968; Platt et 
al. 1988, 1989). In recent decades wildfire frequencies have de-
clined severely due to suppression efforts, and maintenance of 
these fire climax communities is currently dependent on prescribed 
fire (Conner and Rudolph 1989; Landers 1987; Platt et al. 1988; 
Van Lear 1985). 

The association of Louisiana pine snakes with longleaf pine 
savannas and the dependence of these savannas on frequent fire 
suggests that Louisiana pine snakes have adapted to frequent fire. 
The influence of wildfires has declined precipitously in recent 
decades and prescribed fires have only maintained a substantial 
ecosystem role in limited situations. We have previously hypoth-
esized that these alterations in the fire regime have resulted in 
apparent declines and local extirpations of Louisiana pine snakes 
(Rudolph and Burgdorf 1997). The massive increase in woody 
midstory vegetation and consequent decline of herbaceous veg-
etation are hypothesized to have had a detrimental impact on 
pocket gopher populations (Geomys breviceps) and ultimately on 
Louisiana pine snakes. 
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Since 1993, radio-transmitters (Holohil Systems Ltd., SI-2T 
transmitters) have been implanted in Louisiana pine snakes at a 
variety of sites in Texas and Louisiana using the protocol of 
Weatherhead and Anderka (1984). These transmitters provide a 
location signal that varies with temperature, providing an esti-
mate of snake body temperature. Preliminary results of ongoing 
studies demonstrate that Louisiana pine snakes are associated with 
sandy soils, savanna habitats with abundant herbaceous vegeta-
tion, and presence of Baird's pocket gophers (G. breviceps). Loui-
siana pine snakes spend substantial amounts of time underground, 
primarily in pocket gopher burrow systems, or coiled on the sur-
face adjacent to entrances to pocket gopher burrow systems 
(Rudolph et al., unpubl.). 

Sites where instrumented snakes were located were periodi-
cally prescribe-burned by land managers, providing an opportu-
nity to observe snake behavior during exposure to fire. Habitat at 
all sites consisted of a longleaf pine overstory with a well devel-
oped herbaceous understory dominated by bluestem 
(Schizachyrium spp.) and other grasses. Nine snakes were located 
in burn areas during 1994-97. All nine snakes survived exposure 
to the prescribed fires with no apparent damage. Six of the snakes 
were known to be in the burned areas, but were not under obser-
vation during the course of the prescribed burns, and it is not 
known if they were above or below ground at the time of the 
fires. Three snakes were under observation during the course of 
the prescribed fires and observations are detailed below. 

A prescribed fire on 25 Februrary 1994 burned the area where 
an adult female Louisiana pine snake was located. At 1155 h the 
snake was coiled on the surface 1 m downslope from the burrow 
it used to access a pocket gopher burrow system where it had 
hibernated. It remained in this position until the approach of the 
fire at 1438 h. Immediately prior to the passage of the fire the air 
temperature was 25°C and the transmitter temperature was 27.5°C. 
The approaching fire was backing downslope at approximately 5 
m per min. with flame heights of 0.5-0.8 m. When the fire front 
was approximately 15 m from the snake, it began moving 
downslope away from the fire and the burrow entrance. After pro-
gressing approximately 2 m the snake reversed direction and 
moved toward the approaching fire and into the burrow. The fire 
was 10 m distant as the snake moved underground. The transmit-
ter temperature immediately began to drop from 27.5°C toward 
the burrow temperature of approximately 11-14°C. Burrow tem-
peratures for this and other observations were estimated from trans-
mitter temperatures of instrumented snakes located in pocket go-
pher burrows during the general period of the prescribed fire in 
question. 

A prescribed fire on 10 March 1997 burned the area where two 
Louisiana pine snakes were located. One snake, an adult female, 
was coiled on the surface at 1145 h. Numerous pocket gopher 
mounds were evident but, to avoid disturbing the snake, they were 
not investigated in detail. The snake was in the same position at 
1300 h. as the fire approached. Air temperature was 24°C and 
transmitter temperature was 27.5°C as the backfire with 0.3-0.6 
m flame heights moved downslope at approximately 1 m per min. 
The snake began moving when the fire was 2 m distant and en-
tered a burrow approximately 5 m distant. The burrow presum-
ably allowed access to the pocket gopher burrow system. The fire 
passed over the snake's burrow entrance at 1352 h. Transmitter 
temperature at 1400 h was 22°C and dropping toward the burrow 
temperature of approximately 12-16°C. 

The second snake observed on 10 March 1997, an adult male, 
was located at 1150 h. moving out of a debris pile. It was inad-
vertently disturbed in the process of being located and rapidly  

moved approximately 30 m and sought shelter under grass cover.  
It was still in this location at 1504 h. as the fire approached. The 
snake was not visible and was not approached closely because o1 
the risk of disturbing it again. As the fire approached the snake, 
air temperature was 24°C and the transmitter temperature was 
23.5°C. The fire was a backfire moving downslope at approxi-
mately 2 m per min with 0.4-0.8 m flame heights. The snake 
maintained its position under grass cover until the flames were 
within 20 cm at 1516 h. The snake then emerged from beneath 
the grass cover and moved rapidly across the slope, parallel to 
and approximately 1.5 m in front of the fire. After moving 15 m 
the snake reversed direction and moved 95 m in the opposite di-
rection still paralleling the fire front. When relocated at 1524 h. 
the snake was underground approximately 2 m in front of the 
advancing fire. The fire passed over the snake's position at 1533 
h. The transmitter temperature was unchanged at this time, but 
began dropping immediately and had reached 18.5°C by 1715 h. 
After the passage of the fire, no evidence of an entrance to a bur-
row was located, although numerous pocket gopher mounds were 
in the immediate vicinity. 

These observations suggest that Louisiana pine snakes are not 
at excessive risk of death or injury because of frequent fire in fire 
climax pine communities. Snakes located on the surface near 
known burrow systems simply retreat underground, even if this 
requires moving toward the advancing fire. Once underground, 
presumably at the 10-20 cm depth typical of pocket gopher bur-
rows, they are insulated from the effects of the passing fire. Re-
sults of our telemetry studies (Rudolph et al., unpubl.) demon-
strate that Louisiana pine snakes are underground, or on the sur-
face within a few meters of known burrows, a large majority of 
the time. Given the large differences at which the snakes appar-
ently detected the advancing fires, it is impossible to reasonably 
speculate on the possible cues that they might be using to detect 
fires. It is very possible that different cues are used in different 
situations. 

Snakes on the surface and not near known burrows may be at 
greater risk. This would occur primarily when snakes were mov-
ing substantial distances; ie. between pocket gopher burrow sys-
tems, or had sought temporary surface shelter during moves. The 
third snake discussed above fits this scenario. Even in this situa-
tion, behavior of the pine snake served to minimize risk. The 
snake's immediate behavior was to move a safe distance away 
from the fire and then initiate what appeared to be rapid search-
ing for a subterranean retreat. This behavior did not cease until 
the snake gained an underground retreat, even though movement 
of just a few meters directly away from the advancing fire would 
have temporarily removed the risk. 

The prescribed fires that have largely replaced wildfires in Loui-
siana pine snake habitat differ substantially from historical fires 
(Frost 1993; Komarek 1968). Prescribed fires are typically con-
ducted in late winter-early spring whereas wildfires are/were more 
frequent later in the growing season. In addition, due to a number 
of concerns, prescribed fires seldom achieve the intensity of many 
wildfires. These differences presumably influence the interaction 
of Louisiana pine snakes and fires, however, comparative data 
are lacking. 

The observed behaviors of these Louisiana pine snakes are suf-
ficient to reduce the risk of mortality or injury to a low level from 
all but the most rapidly advancing fires that occur in the longleaf 
pine ecosystem. In all of the observed instances the fires were 
relatively slowly advancing backfires. The potential for mortality 
or injury to snakes due to rapidly advancing headfires is presum-
ably greater, especially for snakes without immediate access to a 
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burrow. Wildfires, due to their greater intensity, may pose more 
of a risk than prescribed fires. 

Erwin and Stasiak (1979) and Seigel (1986) reported mortality 
and injury to several snakes, including P. melanoleucus, as a re-
sult of prescribed fires conducted in prairie habitats in Nebraska 
and Missouri. These observations demonstrate that snakes are 
susceptible to death or injury during fires. The authors of both 
studies suggested that the timing of fires probably influenced their 
impact on snakes. Means and Campbell (1981) reported signifi-
cant mortality of eastern diamondback rattlesnakes (Crotalus 
adamanteus) due to prescribed fires in a longleaf pine ecosystem. 
All reported instances were of snakes in ecdysis and it was hy-
pothesized that reduced mobility and sensory abilities were asso-
ciated with the mortality. Similar effects are possible with Loui-
siana pine snakes, but relevant observations are not available. 
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Road cruising may be a time-efficient capture method for Texas 
horned lizards (Phrynosoma cornutum) and may yield better cap-
ture success per unit effort than systematic searches and funnel 
and pitfall trapping (Fair and Henke 1997). However, it is un-
known if road cruising can be used to assess activity patterns of 
P. cornutum. Phrynosoma may show changes in their activity 
patterns due to season (Fair 1995; Potter and Glass 1931) and 
ambient temperature (Prieto and Whitford 1971). We hypothesized 
that P. cornutum would be most active and, therefore most vul-
nerable to collection, during the wannest months, and that P 
cornutum in southern Texas would exhibit one daily peak in ac-
tivity during spring and autumn and two daily peaks in activity 
during summer as suggested by Potter and Glass (1931). We sought 
to test this hypothesis by collecting information on the success of 
sighting and capturing P. cornutum during road cruising searches 
throughout a four year period. 
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FIG. 1. Average number of P cornutum collected monthly via road 
cruising during March 1991 to October 1994 in southern Texas. Bars 
extending above the means are the standard errors of the means. Aver-
age number of P. cornutum for January, February, November, and De-
cember was calculated using three years of data; the average number of 
P cornutum for the remainder of the months was calculated using four 
years of data. 
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TABLE 1. Average number of Phrynosoma cornutum collected each month during diurnal hours via road cruising 
in southern Texas from March 1991 to October 1994. 

Month 

Morning Afternoon Evening 

mean 	SE %' mean 	SE %' mean SE %' 

March 0.75Ba 2 ' 3  0.2 21.4 2.25Bb 0.8 64.3 0.50Ba 0.3 14.3 
April 2.25Ba 1.4 12.0 9.50ABb 4.2 50.7 7.00Bb 3.5 37.3 
May 12.75ABa 3.4 20.3 23.75Ab 3.9 37.9 26.25Ab 6.4 41.8 
June 31.75Aa 12.8 62.0 9.25ABb 1.2 18.0 10.25Bb 2.8 20.0 
July 20.50ABa 7.8 60.7 6.00Bb 2.7 17.8 7.25Bb 4.4 21.5 
August 4.75Ba 3.0 42.2 2.25Ba 1.0 20.0 4.25Ba 1.9 37.8 
September 1.25Ba 0.6 35.7 1.50Ba 0.3 42.9 0.75Ba 0.5 21.4 
October 0.00Ba 0.0 0.0 1.50Ba 1.0 60.0 1.00Ba 0.4 40.0 

'Percent of P. cornutum collected within the specified time period during each month. 
'Means with the same upper case letter are not different (P > 0.05) between months within the same time period. 
'Means with the same lower case letter are not different (P > 0.05) between time periods within the same month. 

We marked and released P cornutum on the Chaparral Wildlife 
Management Area (WMA; 28°20'N, 99°30'W) in southern Texas 
from March 1991 to October 1994. The Chaparral WMA is a 6154 
ha mesquite (Prosopis glandulosa) shrubland with sandy loam 
soils and contains multiple secondary roads. Average monthly tem-
peratures range from 6.1°C in January to 36.1°C in August 
(Stevens and Arriaga 1985). Mean annual precipitation is 54.6 
cm, of which 85% occurs during spring (April and May) and au-
tumn (September and October; Stevens and Arriaga 1985). Liz-
ards were actively sought and captured by road cruising, marked 
by toe-clipping and the use of passive integrated transponders 
(Camper and Dixon 1988), and released at site of capture. Be-
cause P. cornutum are considered diurnal (Stebbins 1954), search 
efforts were limited to daylight hours. Date and time of day of 
captures were recorded. Time of day was separated into three time 
periods: sunrise to 1100 h (morning), 1101 to 1600 h (afternoon), 
and 1601 h to sunset (evening). Sunrise occurred as late as 0725 h 
during the winter equinox and sunset as late as 2040 h during the 
summer solstice. However, an equal sampling effort was main-
tained throughout the study. Each time period was divided into 
five 1-h intervals beginning at 0600 h and ending at 2100 h. One 
randomly selected interval was chosen during each time period 
and intervals were rotated so that each hour interval within a time 
period was sampled 73 times per year. A 19.5-km route was 
searched for P. cornutum at a speed of approximately 30 kph dur-
ing each time period each day. 

We used a repeated measures design with months and time of 
day as main effects and years as replications. The distribution of 
captures was tested to verify normality with the Shapiro-Wilk 
test (PROC UNIVARIATE procedure; SAS 1989). A general lin-
ear analysis of variance (PROC GLM; SAS 1989) was used to 
test the main and interactive effects on the number of captures of 
P. cornutum. Multiple comparisons were made using Tukey's 
studentized range (HSD) test when a significant F-test was noted. 
Statistical significance was inferred at P < 0.05. For the purposes 
of this study, we classified P cornutum as exhibiting one daily 
peak in activity if lizards were encountered more frequently dur-
ing the afternoon than at other time periods, and as exhibiting 
two daily peaks in activity if lizards were encountered with equal 
frequency during the morning and evening time periods, and less 
frequently during the afternoon. 

A total of 692 P cornutum was collected on 749 occasions dur-
ing the four year study; 86, 231, 132, and 300 horned lizards were  

captured in 1991 through 1994, respectively. Forty-three P. 
cornutum (6.2%) were recaptured at least once during the study. 
Of the recaptures, 35 lizards were recaptured only once, four liz-
ards were recaptured twice, three lizards were recaptured three 
times, and one P cornutum was recaptured five times. 

May yielded the greatest number of captures of P cornutum, 
followed by June and July (Fig. 1). Cumulatively, these months 
resulted in nearly 80% of the P cornutum collected. Phrynosoma 
cornutum were not collected nor observed on secondary roads 
during November through February during any year (Fig. 1). Af-
ter a seasonal hibernation period, P cornutum in southern Texas 
generally were first observed crossing roads during the third week 
of March (i.e., 20, 16, 25, and 26 March during 1991 through 
1994, respectively); whereas, they typically were last observed 
crossing roads prior to hibernation during the second week of 
October (i.e., 10 October, 15 September, 6 October, and 21 Octo-
ber during 1991 through 1994, respectively). 

Number of captures of P cornutum differed by month, time of 
day, and the interaction of the two main effects (P < 0.0001). Due 
to a significant interaction, separate analyses were conducted on 
the number of captures of P. cornutum per month and by the time 
of day. During June, P cornutum were encountered most often 
during the morning (Table 1). However during May, the likeli-
hood of encountering P cornutum on secondary roads was great-
est from midday to sunset (Table 1). Phrynosoma cornutum ex-
hibited one daily peak in activity only during March, while dur-
ing the remainder of the year the probability of encountering P 
cornutum occurred with equal frequency between two or more 
time periods (Table 1). The earliest and latest time of capture oc-
curred in June and was 0630 and 2046 h, respectively. 

Neither of our predictions of P cornutum activity held true. 
July and August are the warmest months in southern Texas 
(Stevens and Arriaga 1985); however, P cornutum activity peaked 
in May and declined with each subsequent month. Perhaps this 
was a result of P. cornutum seeking mates. Phrynosoma cornutum 
breed shortly after spring emergence (Milne and Milne 1950). 
Also, we predicted P. cornutum would exhibit two daily peaks in 
activity from June through August; however, they were most ac-
tive during the morning hours of June and July with few occur-
rences of crossing roads in the evening. Phrynosoma cornutum 
are known to remain near active harvester ant (Pogonomyrmex 
spp.) mounds, their main dietary staple (Whiting et al. 1993), and 
only leave the area when they cause the ant colony to shutdown 
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(Munger 1984). Also, lizards retreat to shelter after their body 
temperature exceeds their comfort zone. The preferred tempera-
ture of P. cornutum is 38.5°C (Prieto and Whitford 1971). Soil 
temperatures taken after 1600 h during summer in southern Texas 
can exceed 50°C (Henke, unpubl. data). Although speculative, 
perhaps P. cornutum in our study spent mornings locating active 
ant mounds and the remainder of the day engaged in localized 
feeding and thermoregulation. 

Phrynosoma cornutum in our study emerged from hibernation 
earlier than previously documented (Potter and Glass 1931). Also, 
daily low temperatures dropped to 11°C during mid-September 
1992 (National Oceanic and Atmospheric Administration 1993), 
which coincided with the lack of P cornutum observed crossing 
roads after mid-September of that year. Cessation of Phrynosoma 
activity occurs with the onset of cold weather during autumn 
(Wright 1949). 

Researchers in southern Texas can use these data to concen-
trate their capture efforts during peak activity periods of P. 
cornutum. Also, this information could be used in conservation 
efforts to educate the public as to the active periods of P. cornutum 
and make the general public aware of P. cornutum use of second-
ary roads. Fair (1995) documented road fatalities of P. cornutum 
as a major mortality source in areas with many secondary roads. 
To our knowledge, there were no P cornutum fatalities as a result 
of our surveys. 
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The breeding ecology of the Siberian salamander, Salamandrella 
keyserlingii (Hynobiidae), warrants assessment in Japan. 
Although this species is widely distributed in Siberia, ranging 
from the Ural Mountains to Kamchatka, it is restricted to Kushiro 
Marsh on eastern Hokkaido Island in northern Japan (Mikamo 
1955). Kushiro Marsh is a wetland complex in a floodplain along 
the Kushiro and Akan Rivers, with several small freshwater lakes, 
extensive reed beds, sedge meadows, and peat bogs (Scott 1991). 
In 1987, selected areas of this marsh and surrounding hillsides 
were designated as Kushiro Shitsugen National Park (26,861 ha). 
The central zone that occupies approximately 25% of this park has 
special protection by law, and here development is prohibited. In 
this zone, there is a major breeding population of S. keyserlingii 
(Nakabayashi et al. 1986). However, most other breeding 
populations of this species are located outside of the National Park 
and have been adversely affected by development, and 
consequently have declined within the last decade (Hashimoto 
1991; Hasumi and Kanda 1996; Ueda 1988). 

Conservation measures have met with limited success due to 
our lack of knowledge of the breeding habitat requirements of S. 
keyserlingii. Transplantation of individuals of this species from 
developed areas to within Park boundaries has been attempted. In 
1986-1990, a total of 66 adult males, 150 adult gravid females, 
and 2140 pairs of egg sacs (each breeding female deposits one 
pair; mean = 197.8 eggs, N = 78, SD = 32.9, range = 111-280, in 
Otanoshike; Hasumi and Kanda 1996) were transplanted into 
eight artificial ponds newly made within an area of the Park where 
this species did not occur (Hashimoto 1991). For these five years, 
a total of 63 pairs of egg sacs were deposited in this area. 
Currently, only a relatively small number of egg sacs (at most 41 
pairs in 1994; Kushiro-shi, unpubl. data) are deposited annually. 
For comparison, the past largest breeding population in the 
present developed area had produced 1036 pairs of egg sacs in 
1986 (Hashimoto 1991). There are other studies in which 
translocations were attempted as conservation measures with 
success (e.g., Natterjack toads in Britain; Beebee 1996). 

Habitat conditions may be suboptimal for breeding at the 
artificial ponds. It is unlikely that vegetation is unsuitable because 
the sedges used for oviposition have grown thick in these ponds. 
However, sedges were not dense at the ponds in 1986 (Hashimoto 
1991), and the number of egg sac pairs deposited there in 1986-
1990 (0, 4, 27, 16, and 16; respectively by year) indicates a 
possible delay in the recognition of these artificial ponds as a 
suitable breeding site. One possible explanation for this low 
reproductive rate is that these ponds (each measuring 
approximately 10 x 2.5 m, and about 1 m deep) are too deep for 
successful breeding. In fact, it is unclear why a water depth of 1 m 
was chosen for constructing these ponds. The water depth this 
species requires for breeding habitats is unknown. Other species 
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have shown associations with oviposition site depth (Crump 
1991; Petranka and Petranka 1981; Richter 1997). Thus, our study 
objective was to examine breeding habitat requirements, 
focussing on oviposition site depth, for the Siberian salamander in 
Japan, by determining water depths of natural breeding habitats 
within a low marsh fen and comparing these depths with water 
depths of nonbreeding habitats within the same fen. 

We conducted this study in a marsh located outside the National 
Park in Otanoshike, Kushiro-shi, Hokkaido Prefecture, Japan 
(43°01'02"N, 144°17'38"E; 4 m elevation). This marsh has a 
triangular area of approximately 20 ha, clipped off with a main 
road now under construction (Hasumi and Kanda 1996) and two 
residential sections having lesser roads and abandoned developed 
areas. The Otanoshike-ogawa River (5-6 m wide) flows slowly 
through the central region of this marsh from the northwest to the 
southeast. Along the approximately 30 m distance from the right 
bank (Fig. 1) of this river, vegetation changes from a composition 
chiefly of sedges and woody plants (mainly Spiraea salicifolia) to 
a forest that is dominated by an overstory of a single species of the 
alder Alnus japonica and is irregularly interspersed with small 
open fields. There are many bodies of water on the southeastern 
edge of this right bank, which collectively form the fen, the 
breeding habitat of S. keyserlingii. This population is located at 
what corresponds to the southern limit of the distribution for this 
species. 

After sunset, a female deposits a pair of egg sacs side by side in 
open water near the surface by attaching the adhesive tips of the 
sacs to dead leaves of sedges. During three consecutive breeding 
seasons (23 April-7 May 1995, 20 April-12 May 1996, and 11 
April-19 May 1997), we marked each oviposition site within the 
fen every day and recorded maps of oviposition sites after 
establishing the plots described below. We did not consider the 
role of plants in accounting for egg sac distribution because 
sedges were distributed throughout the fen. We carried out 
afternoon surveys because the water surface on the fen  

occasionally was iced to the thickness of approximately 1-2 cm in 
the morning. In addition, the water surface of the river 
occasionally was iced in the morning. Snow had fallen during the 
night of 9 May 1996, and approximately 10 cm of snow covered 
this marsh by the next morning (Hasumi and Kanda 1997). 
Salamanders in 1996 and 1997 exhibited an indistinct end to the 
breeding season, and therefore we obtained additional data on 29 
May and 30 May, respectively. 

Fen water depth was determined by measuring depths across a 
grid-system placed in the fen. We divided a 50 x 13.5 m fen into 
0.5 x 0.5 m plots (N = 2700). Water depths within plots were 
measured to within 1 cm by averaging five point-measurements. 
Depths were collected over three days, after breeding activity 
ceased, 2-4 May 1995. In 1995, as in other years, the bottom of the 
fen was frozen until mid-May. Because rainfall increased water 
depths, to estimate depths during spawning at oviposition sites, 
we adjusted plot measurements by determining a standardized 
depth for the fen. This was done by measuring daily water depths 
at 1200 h at a fixed point over the breeding periods, 23 April-7 
May 1995, 20 April-12 May 1996, and 11 April-19 May 1997. To 
standardize plot depth measurements, we adjusted plot-data on 
the day after eggs were laid. This was done by determining the 
difference between the single fixed-point depth value on that day 
and the depth measured after breeding (when plot depths were 
determined). The difference was added to all plots to determine 
oviposition site depth. 

To map the fen topography, we categorized plot water depths 
into nine depth classes: 50, 1-10, 11-20, 21-30, 31-40, 41-50, 
51-60, 61-70, and 71-80 cm. We averaged water depths of a set 
of nine plots ("plot-cluster," 1.5 x 1.5 m area), consisting of a 
central plot ("plot-center," 0.5 x 0.5 m area) which was 
characterized as either "utilized" or "unutilized" for egg sac 
deposition and eight surrounding plots, in order to characterize 
breeding habitats of this species. For a plot at the edge of the fen, 
we averaged water depths of a set of four or six plots. We 

TABLE 1. Oviposition sites of Salamandrella keyserlingii characterized by water depths within a 50 x 13.5 m fen divided into 2700 plots of 0.5 x 
0.5 m in Kushiro Marsh, Japan, during three consecutive breeding seasons. Water depths of a set of nine plots (plot-cluster), consisting of a central 
plot (plot-center) utilized or unutilized for oviposition and eight surrounding plots, are averaged. Within years, each average depth of plot-cluster is 
compared with its plot-center depth among those 2700 plots. 

Year Plot characteristic 

Water depth (cm) Center vs. cluster 

N Mean SD Range t df 

1995 Utilized Center 40 44.2 9.7 32-66 1.804 78 0.075 
Cluster 40 40.62 7.78 24.9-54.5 

Unutilized Center 389 40.7 4.3 35-53 20.184 776 <0.001 
Cluster 389 32.71 6.48 14.0-53.5 

1996 Utilized Center 43 39.7 12.5 7-61 0.700 72 0.486 
Cluster 43 38.15 8.02 18.0-53.4 

Unutilized Center 841 35.4 5.6 28-52 20.669 1680 <0.001 
Cluster 841 29.22 6.63 5.7-51.8 

1997 Utilized Center 60 38.9 9.7 11-65 1.496 118 0.137 
Cluster 60 36.54 7.86 19.2-56.5 

Unutilized Center 739 36.0 4.8 30-48 20.849 1476 <0.001 
Cluster 739 29.81 6.56 5.7-53.4 

1995-1997 Utilized Center 130 39.8 10.6 7-66 2.140 237 0.033 
Cluster 130 37.35 7.77 18.0-56.5 

Unutilized Center 700 36.0 4.9 30-50 21.533 1398 <0.001 
Cluster 700 29.45 6.38 5.7-50.5 
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FIG. 1. Topography of a 50 x 13.5 m fen divided into 2700 plots of 0.5 
x 0.5 m, showing two dimensional water depths every 10 cm. Left black 
50 x 1.5 m area (arrow) corresponds to the right bank. Fen-tussocks are 
expressed by black cm) and many blackish (1-10 cm) areas. Each 
square area represents a plot utilized for egg sac deposition of 
Salamandrella keyserlingii in 1995 (line from upper left to lower right), 
1996 (line from upper right to lower left), and 1997 (horizontal 
centerline). Ellipses represent "hot spots" (communal breeding 
locations) in 1995 (upper) and 1996 (lower). Hot spots in 1997 separate 
into both these ellipses. 

compared the average depth of the plot-cluster with the water 
depth of the plot-center using the Aspin-Welch test when 
exhibiting unequal variances (Snedecor and Cochran 1980) or 
Student's t-test (a = 0.05). 

Breeding activity varied slightly each year, with breeding 
typically completed in April or May, resulting in the deposition of 
approximately 60-80 pairs of egg sacs within the fen (Fig. 1; year/ 
date of completion of breeding/number of egg sac pairs, 1995/28 

April/78, 1996/10 May/62, 1997/30 May/74). A few egg sacs 
were deposited in a specific location outside the fen (1996/three 
pairs, 1997/one pair). All eggs were viable each year. 

The fen was relatively shallow throughout and included a great 
number of tussocks (Fig. 1; black, 0 cm, and many blackish, 1-
10 cm, areas), each consisting of a mass of sedges assuming a 
shape like a hummock (Tanaka 1962). Among the 2700 plots, the 
maximum water depth was 73 cm. In 1995, egg sacs were 
deposited neither in shallow plots less than 32 cm (2020 plots/ 
74.8%) nor in deep plots more than 66 cm (2 plots/0.074%). Seven 
and 12 of those 2020 shallow plots were utilized for oviposition in 
1996 and 1997, respectively. A total of 130 plots (4.8%) were 
utilized for oviposition in three years (1995: 78 egg sac pairs, 40 
plots; 1996: 62 pairs, 43 plots; 1997: 74 pairs, 60 plots). Among 
years, 4 of 40 utilized plots in 1995 were utilized again in 1996, 
and 7 of 40 1995 plots and 4 of 43 1996 plots were reutilized in 
1997. Furthermore, only two plots were utilized over three 
consecutive years. 

Plots utilized for oviposition during these three years tended to 
occur in two places. In 1995, 19 of the 40 plots (47.5%) occurred 
at one locality; but in 1996, 12 of the 43 plots (27.9%) occurred on 
another location (Fig. 1). These "hot spots" (communal breeding 
locations) changed between 1995 and 1996. In 1997, 12 (20.0%) 
and 15 (25.0%) of the 60 plots with oviposition occurred on those 
two locations. 

Depth of plot-centers did not differ from the average depth of 
plot-clusters when those centers were utilized for oviposition 
(Table 1). In contrast, in every comparison, water depths of 
unutilized plot centers differed from those of clusters. Thus, 
unused areas appeared to have more variable water depths. 
Although many plots with apparently suitable depths (i.e., ± 1 SD 
of the mean) were not utilized, each year the mean depths of these 
plot-clusters (1995, N = 389, mean = 32.71 cm, SD = 6.48; 1996, 
N = 841, mean = 29.22 cm, SD = 6.63; 1997, N = 739, mean = 
29.81 cm, SD = 6.56; 1995-1997, N = 700, mean = 29.45 cm, SD 
= 6.38) were significantly lower (each P <0.001) than their plot-
centers (1995, mean = 40.7 cm, SD = 4.3; 1996, mean = 35.4 cm, 
SD = 5.6; 1997, mean = 36.0 cm, SD = 4.8; 1995-1997, mean = 
36.0 cm, SD = 4.9). 

Female Salamandrella keyserlingii oviposited neither in 
shallow sites nor in deep sites. In addition, they also did not 
oviposit in sites with moderate depths (i.e., about 40 cm) but small 
overall areas (0.5 x 0.5 m). These disproportionate depth 
associations strongly suggest that relatively large areas (1.5 x 1.5 
m), having a water depth of around 40 cm, are used as breeding 
habitats by this species. Our data agree with those of others. For 
example, in another population, 42 pairs of egg sacs were 
deposited in a pool (4 x 3 m) having a water depth of 30-40 cm in 
1995, but no egg sacs were deposited in an adjacent pool (3 x 1 m) 
having a water depth of 10 cm (Hasumi and Kanda 1996). 
Moreover, Nakabayashi et al. (1986) stated for this species that 
the mean water depth of 13 breeding ponds was 48.2 cm. 

Other species have demonstrated associations with breeding 
site depth. In Ambystoma opacum, reduced nest densities occur in 
the deepest and shallowest sections of a pool (Petranka and 
Petranka 1981). In Hyla pseudopuma, oviposition sites 
containing deep water receive more eggs than sites with shallow 
water (Crump 1991). Richter (1997) reviewed water depths used 
for amphibian oviposition, primarily for North American species, 
and found that many utilized medium water depths between 10-
100 cm. The ponds to which S. keyserlingii were transplanted may 
have been too deep (1 m) to allow successful breeding. The 
present study suggests that egg laying success could be improved 
by providing moderate water depths of around 40 cm. 
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Contrary to our expectations, only two of the 2700 plots were 
utilized for egg sac deposition of Salamandrella keyserlingii over 
three consecutive breeding seasons. There may be a tendency to 
use traditional sites at a slightly larger spatial scale, however. For 
example, there may be a few "hot spot" locations used by the 
salamanders, and one or more of these locations may be used each 
year (see Fig. 1). Traditional use of specific breeding areas is 
common in lentic or lotic breeding habitats (e.g., Tsuji and 
Kawamichi 1996). This low overlap of "microsites" (plots) used 
among years presumably reveals the plasticity of breeding habitat 
use in the Siberian salamander. This notion may contribute to 
conservation planning of this species. 

Acknowledgments.-The senior author thanks all staff members of 
Onnenai Visitor Center, Kushiro Shitsugen National Park, for their 
partial support during his stay in Kushiro. We have benefited greatly 
from the constructive comments of Deanna H. Olson, Klaus 0. Richter, 
and anonymous reviewers. Handling of S. keyserlingii is regulated by the 
Government of Kushiro-shi, and this study was conducted under the 
permission authorized by this Government. This study was financially 
supported in part by Grants-in-Aid for Scientific Research from the 
Japanese Foundation for the Management of Riverine Environments, the 
Maeda Ippo-en Foundation (Japan), and the Akiyama Memorial 
Foundation (Japan) for the Promotion of Life Sciences. 

LITERATURE CITED 

BEEBEE, T. J. C. 1996. Ecology and Conservation of Amphibians. 
Chapman and Hall, New York, New York. 

CRUMP, M. L. 1991. Choice of oviposition site and egg load assessment 
by a treefrog. Herpetologica 47:308-315. 

HASHIMOTO, M. 1991. On the removal of Siberian salamander 
Salamandrella keyserlingii in Kushiro Marsh, eastern Hokkaido. 
Memoirs Kushiro City Mus. 16:1-12. (In Japanese, English abstr.) 

HASUMI, M., AND F. KANDA. 1996. Breeding of the Siberian salamander 
Salamandrella keyserlingii at Otanoshike in Kushiro Marsh, Japan. 
Memoirs Kushiro City Mus. 20:1-4. (In Japanese.) 
	, AND 	. 1997. A serious delay in the breeding season of the 

Siberian salamander Salamandrella keyserlingii. J. Hokkaido Univ. 
Edu. Kushiro 29:35-39. (In Japanese.) 

MucAmo, K. 1955. The occurrence of Salamandrella keyserlingii 
Dybowski in Hokkaido. Annot. Zool. Japon. 28:44-47. 

NAKABAYASHI, S., T. UEDA, AND T. SAT O. 1986. Spawning and its behavior 
of Salamandrella keyserlingii in Kushiro Marsh. Rep. Kushiro City 
Mus. 299:3-11. (In Japanese.) 

PETRANKA, J. W., AND J. G. PETRANKA. 1981. On the evolution of nest site 
selection in the marbled salamander, Ambystoma opacum. Copeia 
1981:387-391. 

RICHTER, K. 0.1997. Criteria for the restoration and creation of wetland 
habitats of lentic-breeding amphibians of the Pacific Northwest. In K. 
B. Macdonald and F. Weinmann (eds.), Wetland and Riparian 
Restoration: Taking a Broader View, pp. 72-95. Contributed Papers 
and Selected Abstracts, Society for Ecological Restoration, 1995. 
International Conference, September 14-16, 1995, University of 
Washington, Seattle, Washington, USA. Publication EPA910-R-97- 
007, USEPA, Region 10, Seattle, Washington. 

Scorr, D. A. 1991. Asia and the Middle East. In M. Finlayson and M. 
Moser (eds.), Wetlands, pp. 149-178. Facts On File, Oxford, UK. 

SNEDECOR, G. W., AND W. G. COCHRAN. 1980. Statistical Methods. Iowa 
State Univ. Press, Ames, Iowa. 

TANAKA, M. 1962. Ecological studies of some fen-tussocks in the Kushiro 
Moor, Hokkaido. J. Hokkaido Gakugei Univ. 13:52-61. 

Tsun, H., AND T. ICAWAMICHI. 1996. Breeding habitats of a stream-
breeding toad, Bufo torrenticola, in an Asian mountain torrent. J. 
Herpetol. 30:451-454. 

UEDA, T. 1988. Observation of the habitat of Salamandrella keyserlingii 
at Mino in Kushiro Marsh. Nippon Herpetol. J. 36:1-6. (In Japanese.) 

TECHNIQUES 

Methods for Anaesthetizing and 
Marking Larval Anurans 

BRADLEY R. ANHOLT* 
SONJA NEGOVETIC** 

and 
CHRISTIAN SOM 

Zoological Institute, University of Zurich 
Winterthurerstrasse 190, 8057 Zurich, Switzerland 

*Present address: Department of Biology, University of Victoria 
P.O. Box 3020, Victoria, British Columbia, V8W 3N5, Canada 

e-mail: banholt@uvic.ca  
**Present address: Experimental Ecology, Swiss Federal Institute 

Zurich, Switzerland 

The marking of groups or individuals can provide invaluable 
ecological information. Marked groups can be used to estimate 
population sizes using standard methods (Krebs 1989). Marks can 
be used to distinguish among sibships or closely related species 
in experiments. Individual marks can be used to estimate whether 
survival and recapture rates depend on phenotypic characters such 
as morphology, color, or behavior (Lebreton et al. 1992). The 
power of these methods has made their use widespread for many 
taxa. Unfortunately, anuran larvae have remained difficult to mark 
reliably. In setting out to mark tadpoles we found we had two 
distinct problems: 1) how to anaesthetize tadpoles with minimal, 
preferably zero, mortality; and 2) how to mark individual tad-
poles with unique marks. 

Anaesthesia.-We tested three anaesthetics suggested in Fellers 
et al. (1992): chloretone (chlorbutanol; 1,1,1-trichloro-2methy1- 
2propanol), benzocaine (ethyl4-aminobenzoate), and tricaine 
methanesulfonate (TMS; MS-222; ethyl 3-aminobenzoate). We 
rejected the first two because in preliminary experiments with 
Rana temporaria we found that mortality rates were unaccept-
ably high if anaesthesia occurred within 10 min. At concentra-
tions of 0.01% chloretone, 6 of 48 tadpoles did not recover from 
anaesthesia and at 0.001% benzocaine, 3 of 48 tadpoles failed to 
recover. At lower concentrations, anaesthesia took up to 30 min 
to occur. 

At concentrations of 0.02% (1:5000) TMS, 20 of 20 R. 
temporaria tadpoles (mean = 128.8 mg; SD = 24.2 mg) recov-
ered from the anaesthesia. All animals were immobile within 4 
min and recovered after about 30 min. Although amphibians vary 
widely in their ability to tolerate anaesthetics (Fellers et al. 1992), 
we were later able to mark nearly 1000 tadpoles of Rana lessonae 
and R. esculenta that had been anaesthetized this way. The only 
difficulty occurred when the tadpoles first to recover from anaes-
thesia began to eat the tailfins of still immobilized animals. This 
problem was eliminated when tadpoles were placed in separate 
containers after marking. 

Marking.-Donnelly et al. (1992) reviewed methods for mark-
ing larval amphibians. We were searching for a method that would 
not affect the predation risk experienced by tadpoles and there-
fore rejected fin clips (Turner 1960) and vital stains (Travis 1981) 
as being unlikely candidates. We were unsuccessful in our at-
tempts to mark tadpoles by injecting organic dyes (Seale and 
Boraas 1974) and acrylic polymers (Cecil and Just 1976). 

Tadpoles were first anaesthetized in a 0.02% solution of TMS 
and then rinsed in fresh water. We marked the tadpoles with a 
biologically inert fluorescent polymer (elastomer) from North- 
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west Marine Technology Inc. The elastomer is available in a vari-
ety of colors and when used in combination provides a substan-
tial number of individually recognizable marks. 

We injected the tadpoles under the skin, above the musculature 
of the tail, with a tiny amount (0.2 mm wide; 1 mm long) of fluo-
rescent elastomer using a 1 ml tuberculin syringe and No. 20 needle 
(19 mm long; 0.4 mm diameter). Injection was done while ob-
serving through a stereomicroscope at 6.5X. The procedure can 
mark animals as small as 8 mm snout-vent length and takes less 
than 10 s for a single mark. Multiple marks take longer because 
of the care that must be taken to avoid damaging the tail fin by 
creating multiple injection wounds. With larger animals it is pos-
sible to slide the needle from the tail well up onto the backs of the 
tadpoles. We found this preferable because it was possible to read 
the marks more effectively and we had the impression that the 
marks were less likely to be lost from the back than the tail. Al-
though flexible, the elastomer is not as flexible as a tadpole's tail 
and can be forced out through the skin. Injections below the tail 
musculature were not effective. 

We have used the material for marking tadpoles in two experi-
ments where we wanted to examine the effect of predators on 
tadpoles of the closely related Rana esculenta and R. lessonae 
which are morphologically indistinguishable and must be identi-
fied by electrophoresis. We had hoped to eliminate the cost of 
electrophoresis for identifying survivors at the end of the experi-
ment. 

In the first experiment we marked 280 animals with one of four 
colors and kept them in four 1000 liter outdoor fiberglass tanks 
that contained dead Phragmites as substrate and actively forag-
ing Anax imperator larvae. Out of 160 surviving animals, 136 
were still identifiably marked after 8 days. We believe that mark 
retention would have been higher if we had marked all animals 
on the back and rejected animals for the experiment that had im-
perfect marks. 

In the second experiment we marked 12 lots of 60 animals with 
a combination of three marks with the constraint that adjacent 
marks had to be different colors. With five available colors this 
gave us 80 unique combinations. The purpose of the marking was 
to measure survival probabilities of individual genotypes as well 
as look at the effect of morphology on survival. Although many 
animals lost marks, the remaining marks and electrophoretic in-
formation allowed us to resolve the identity of almost every sur-
viving animal at the end of the experiment. In treatments without 
predators, survival was up to 100% after five weeks, and some 
animals had metamorphosed. 

Particularly, we were concerned that the marking procedure 
would change the risk of predation for the tadpoles. We tested 
these possibilities in two experiments. In the first experiment we 
used pairs of marked and unmarked R. temporaria tadpoles 
matched for size and exposed them to an Anax imperator larva. 
In four experimental blocks of 12 pairs, marked animals were 
captured first 22 of 48 times (binomial test; P = 0.65). In the sec-
ond experiment we videotaped the startle response of resting tad-
poles and measured the distance travelled in the first 0.2 s (5 frames 
on PAL). Again, there was no detectable difference in the dis-
tance travelled between 20 marked and 20 unmarked tadpoles (t-
test; t = 0.8; P = 0.4) 

Conclusions—Tadpoles can be marked with extremely low 
mortality by anaesthetizing in low concentrations of TMS and 
injecting fluorescent elastomer subcutaneously. Mark retention 
is less than 100% but still acceptable for many applications. The 
marks appear to have little or no effect on tadpole behavior and 
viability. 
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Radio-telemetry is an increasingly used procedure to obtain data 
on the biology of free-living snakes (Reinert 1992, 1994). In Texas 
and Louisiana we have been using the surgical technique of 
Weatherhead and Anderka (1984) to implant transmitters in tim-
ber rattlesnakes (Crotalus horridus) and Louisiana pine snakes 
(Pituophis melanoleucus ruthveni) to obtain information on biol-
ogy and habitat preferences. In New Jersey transmitters were sur-
gically implanted following the procedure described by Reinert 
and Cundall (1982), with recent improvements and modifications 
(Reinert 1992), to investigate the biology and habitat preference 
of timber rattlesnakes (Reinert and Zappalorti 1988a, 1988b) and 
northern pine snakes (P. m. melanoleucus) (Burger and Zappalorti 
1988, 1989, 1991). During the course of this research we have 
implanted SI-2T transmitters (Holohil Systems Ltd.) in 30 C. 
horridus and 28 P m. ruthveni; and SM-1 transmitters (AVM In-
strument Co.) and LF-1 transmitters (L. L. Electronics, Inc.) in 
37 P. m. melanoleucus, 28 C. horridus, and several in other snake 
species. 

Snakes were captured, returned to the laboratory, and surgi-
cally implanted with transmitters using the two techniques cited 
above. In Texas and Louisiana all transmitters were implanted 
subcutaneously. In New Jersey, all transmitters were implanted 
in the coelomic cavity (Reinert and Cundall 1982). Snakes were 
maintained in the laboratory for 2-15 days, with access to a heat 
source to facilitate healing (Smith et al. 1988), prior to release. 
Snakes received replacement transmitters at approximately 6-18 
month intervals and were entered in the data set repeatedly for 
each surgery. 

In New Jersey, to avoid poor healing or infection during hiber-
nation (Reinert, pers. comm.), snakes rarely were implanted with 
transmitters after September 1, unless there was a specific need 
or important reason to do so, e.g., discover an unknown hiberna-
tion site, monitor winter body-temperature, or to prevent the loss 
of a long-term study specimen. In Texas and Louisiana, as re-
search progressed, we suspected that elevated mortality and be-
havioral anomalies might be occurring in snakes that received 
implants 1-2 months prior to hibernation in the fall. Observa-
tions after release suggested that snakes receiving transmitters in 
the fall suffered higher mortality during subsequent hibernation 
than snakes receiving transmitters during spring and summer. In 
addition, snakes undergoing fall surgeries appeared to exhibit a 
greater tendency to be present on the surface during the subse-
quent winter than snakes operated on in the preceeding spring 
and summer. 

We tested these hypotheses using Texas data accumulated over 
a four-year period between 1993 and 1997. A total of 39 rattle-
snake surgeries were performed. Three snakes were deleted from 
the data set because of causes of death unrelated to surgery (two  

killed on roads and one died of a pre-existing fungal disease). 
Five individuals were lost after 1-6 months because of unknown 
causes and also were deleted. Of the remaining 31 surgeries, 21 
were performed between 1 February and 31 August (early surger-
ies) and 10 were performed between 1 September and 31 October 
(late surgeries). Six snakes died following surgery and release, 2 
of 21 following early surgeries, and 4 of 10 following late surger-
ies. This difference is significant (x 2  = 4.03, P = 0.045). 

Also, we examined the influence of surgery date on timber rattle-
snake behavior between a sample of snakes subjected to early 
surgery, and those subjected to late surgery, specifically the oc-
currence of the snakes above or below ground during the primary 
hibernation period (Dec.—Feb.). For this three-month period, 
snakes subjected to early surgery (N = 19) were on the surface 
near their hibernacula during only 8 of 74 relocations (10.8%). 
Of the six snakes subjected to late surgery, 10 of 24 relocations 
(41.7%), including observations of all six individuals, were of 
snakes on the surface. This difference is highly significant (x 2  = 
11.51, P = 0.001). Of the four snakes that ultimately died during 
the hibernation period following late surgery, an even higher per-
centage of relocations were of snakes on the surface (71.4%). 

Similar results were obtained for Louisiana pine snakes. A to-
tal of 37 surgeries were performed. Eight were deleted from the 
data set for reasons similar to those for rattlesnakes (three killed 
on roads, five lost). Of the remaining 29, 25 were early surgeries 
and 4 were late surgeries. A total of 8 snakes died following sur-
gery and release, 4 of 25 after early surgeries and 4 of 4 after late 
surgeries. This difference is highly significant (x 2  = 12.18, P = 
0.001). 

Limited data for pine snakes also are available in relation to 
surface activity during Dec.—Feb. For the three-month period, 
snakes subjected to early surgeries were on the surface near their 
hibernacula during 2 of 37 relocations (5.4%). Snakes subjected 
to late surgeries were on the surface during 4 of 5 relocations 
(80%) prior to their deaths. This difference is highly significant 
(x2  = 20.02, P = 0.001). 

Although the sample sizes are small due to our discontinuation 
of late surgeries, the differences are unequivocal. Snakes receiv-
ing surgically implanted transmitters in the fall experience a sig-
nificantly higher mortality rate than snakes implanted earlier in 
the season. They also spend significantly more time on the sur-
face during the subsequent winter. We suggest that individuals 
subjected to late surgeries that spend more time on the surface 
during the subsequent winter may be attempting to thermoregu-
late in a effort to hasten healing of their surgical wounds. Indi-
viduals operated on earlier in the season have had more time to 
heal prior to hibernation and do not exhibit thermoregulatory be-
havior to the same extent. 

How the above scenario translates to higher mortality rates is 
open to speculation. Several additional observations are perhaps 
relevant. Of the eight snakes of both species that died following 
late surgeries, all died within 1-4 months after surgery, in all cases 
prior to the end of the winter hibernation period for these popula-
tions. Of the eight snakes in question, five were observed 7-16 
days prior to being found dead. All five were in apparent good 
health and showed no obvious signs of infection. When verified 
as dead, two were isolated transmitters, four were skeletal re-
mains and transmitters, one a badly decayed carcass, and one an 
extremely fresh carcass with no indication of cause of death on 
necropsy. This last individual was found mid-morning following 
a night of sub-freezing temperatures. All eight transmitters or re-
mains were on the surface within 5 m of the snake's hibernacu-
lum. We suspect that all eight snakes died on the surface. The 
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limited information available suggests that predation, and per-
haps hypothermia, contributed to cause of death. 

If the snakes were more vulnerable to predation while on the 
surface at low temperature, and this was a factor in the above 
results, the differences between species may be relevant. Follow-
ing late surgeries, rattlesnakes survived at a higher rate (6 of 10) 
than pine snakes (0 of 4). It is possible that even when exposed at 
low temperatures, the larger and venomous rattlesnakes are bet-
ter able to deter avian and mammalian predators. 

Similar results were observed in New Jersey. A total of 75 early 
surgeries (April-August) and 9 late surgeries (September-Octo-
ber) were performed on six species of snakes, primarily timber 
rattlesnakes and northern pine snakes. A total of eight snakes died, 
four following early surgery (5%) and four following late surgery 
(44%). This difference is highly significant, x, 2 = 14.26, P < 0.001). 
As observed in Texas, snakes that received late implants (Sep-
tember-October) spent more time basking and remained on the 
surface longer than those that did not (Zappalorti et al. 1983; 
Zappalorti and Burger 1985). Additionally, in New Jersey late 
implant timber rattlesnakes (N = 3) and northern pine snakes (N 
= 3) emerged sooner in the spring and spent more time basking 
than snakes receiving early implants. 

These results strongly suggest that researchers should refrain 
from surgical procedures and release of snakes immediately prior 
to hibernation if possible. These data also suggest that effects of 
surgical procedures can alter snake behavior, apparently for sev-
eral months in some situations, following relatively minor sur-
gery. The implications for conclusions based on resulting data 
are obvious. 
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Amphibian dietary studies conventionally employ dissection 
of fixed animals. This kind of study requires large samples, some-
times difficult to justify in light of amphibian population declines 
(Wake 1991). Another drawback is the destruction of specimens 
that could otherwise be useful for other purposes. Moreover, de-
structive sampling may interfere with population studies by af-
fecting density-dependent processes. 

Non-destructive techniques have been used in a variety of di-
etary studies on large anurans including direct observation 
(Murphy 1976), stomach eversion, and stomach flushing (Gittins 
1987; Legler and Sullivan 1979; McAlpine and Dilworth 1989). 
These methods, when carried out properly, cause low or no mor-
tality, do not disrupt population processes, and allow individuals 
to be sampled repeatedly over time. However, dietary studies of 
small frogs still rely on the collection and dissection of animals 
(Lima and Moreira 1993; Vitt and Caldwell 1994). 

In this report I describe an adaptation of the stomach flushing 
method for use in small frogs. The method was used to study the 
diet of the small leptodactylid frog Hylodes asper (Muller), an 
endemic species of the Atlantic forest of southeast Brazil. The 
range of snout-urostyle length (SUL) of postmetamorphic indi-
viduals of this species varies from 20 to 47 mm. 

After capture, frogs that were too strong to immobilize with 
one hand (usually animals >35 mm SUL), were anesthetized for 
a few seconds in a plastic bag containing cotton soaked with chlo-
roform. In preliminary tests of the procedure, three frogs died 
after being exposed to chloroform for more than 20 seconds; 10 
seconds of exposure seems to be a safe limit. Small individuals 
were not anesthetized to avoid unnecessary trauma. I used chlo-
roform instead of liquid (Leclerc and Courtois 1993) or injected 
anesthetic (Letcher 1992) due to the faster recovery rate and be-
cause no anesthetic remains on the frog's body. 

Anesthetization prevented frogs from using their hands to re-
move the flushing tubes from their mouths. After anesthetization 
I introduced a thin flexible silicone tube (Sigma Equipment: 1 
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mm OD and 0.5 mm ID, 5 cm long) through the mouth into the 
stomach. When the tube reached the pylorus (the tube could be 
felt through the wall of the abdomen and the pylorus resisted fur-
ther introduction), it was retracted approximately 1 mm. I then 
positioned the animal head down with its mouth pointing into a 
100 ml collecting bottle and pumped water through the tube us-
ing a 20 ml syringe to wash out the stomach contents. While pump-
ing water, I firmly pressed the lower portion of the abdomen to 
prevent water from opening the pylorus and allowing the passage 
of food to the intestine. If I felt additional food through abdomi-
nal palpation, I repeated the procedure until all contents had been 
removed. When the procedure produced no further stomach con-
tents, I repeated it once more to ensure that no food remained. 

I toe-clipped study specimens for individual identification. 
Anesthetized animals were allowed to rest before they were re-
leased at the place of capture. In most cases, the frog fled within 
a few seconds by jumping. After release I preserved the stomach 
content samples by adding ethanol to the collecting bottle. 

During 18 days in the field, I obtained 121 stomach contents 
from 97 animals. Twenty animals were recaptured, of which 13 
were recaptured once and 7 twice. Food was found in the stom-
achs of 88% of the recaptures (only 3 of the recaptures lacked 
food). This suggests that the animals were not injured by the pro-
cedure and resumed normal feeding activities. 

To check if food remained in the frogs' stomachs after flush-
ing, I dissected six animals, three that had been killed in a pre-
liminary collection and three that died during anesthetization tri-
als. None contained food remains in the stomach. I performed the 
same test on an abundant invader species, Leptodactylus fuscus 
(Schneider). Twenty animals with SUL ranging from 35 to 45 
mm were flushed. Food was found in 60% of the animals and no 
food remains were subsequently found by dissection. 

The stomach flushing method can be used on small anurans 
species as well as larger anurans. Most animals seem to recover 
after release.The method may be especially useful for dietary 
analyses of rare, endemic, or protected species, and in studies of 
population processes or of long term population trends. Further-
more, the whole procedure takes approximately 10 minutes from 
capture to release, somewhat less than that needed to sample the 
contents of a fixed animal, and can be performed by one person. 
The method uses little equipment, but must be performed imme-
diately on freshly captured animals to diminish digestive loss and 
facilitate prey identification. 
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The hoop trap described by Legler (1960), as well as the D-
shaped funnel trap described by Graham (1995), have been used 
to capture spotted turtles, Clemmys guttata. These traps are set 
partially submerged in water, allowing enough air space for cap-
tured turtles to breathe. Funnel traps like these are commonly 
used to capture aquatic turtles and typically require bait placed 
inside of them, in order to attract turtles (Graham 1995; Legler 
1960; Plummer 1977; Ream and Ream 1966). Although the baited 
funnel trap has demonstrated its ability to capture spotted turtles 
in aquatic environments (Dunson 1986; Graham 1995; Klemens 
1993; pers. obs.), we have found bait to be an ineffective attractor 
in the early spring, when turtles emerge from brumation, and water 
temperatures are below optimum feeding temperatures. In this 
paper we report on a new technique to attract spotted turtles into 
water funnel traps in the early spring, using man-made spotted 
turtle decoys in lieu of bait. 

We used a variety of trap capture techniques at our study site in 
Bridgewater, Massachusetts, including: D-shaped and hoop fun-
nel traps baited with canned sardines in oil; D-shaped and hoop 
funnel traps set with decoys; and empty control D-shaped and 
hoop funnel traps. The trapping period was from 6 April to 20 
June 1997. All trapping combinations were deployed simulta-
neously in temporary bodies of water, known as vernal pools. 
Spotted turtles were also searched for and captured by hand dur-
ing this same time period. 

Decoys were made out of aluminum foil shaped and wrapped 
with plaster of Paris gauze strips. These decoys lasted for most of 
the study period but eventually deteriorated. Subsequent decoys 
have been made out of cement poured in plaster of Paris casts. 
Each decoy was hand painted with acrylic paints to closely re-
semble C. guttata markings and color. Once the paint dried, de-
coys were sealed with clear polyurethane. Decoys (one per trap) 
were then suspended with fishing line, fully submerged in a trap 
to look as if they were swimming, or mounted to look as if they 
were standing on the floor of the bottom of a trap. 
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Traps with C. guttata decoys repeatedly and successfully cap-
tured both male and female C. guttata (5 adult captures: 3 male 
and 2 female, in 508 trap days). Baited traps yielded only one 
capture (1 adult female, in 492 trap days). Empty traps (76 trap 
days), deployed as controls, yielded no captures. Hand captures 
yielded nine C. guttata (5 adult females, 1 adult male, 1 juvenile 
female, and 2 hatchlings, in 64 search days [a search day is the 
equivalent of a three and a half hour daytime period of active 
searching for C. guttata on the study site]). 

An unexpected result was 3 Chrysemys picta captures in decoy 
traps (1 adult female, and 1 juvenile which was captured twice). 
In comparison, no C. picta were captured in either baited or 
unbaited traps during our study period. 

Our first attempt at using decoys to capture C. guttata was in 
the spring of 1990 at a site where a year earlier we were involved 
in an extensive spotted turtle population study (Graham 1995). 
Baited traps from a portion of this site, identified as Vernal Pool 1 
and Vernal Pool 2, yielded 13 C. guttata captures (5 adult females 
and 8 adult males) in 584 trap days from 10 May to 16 July 1989. 
The following year, one decoy trap was set in Vernal Pool 1 and a 
second decoy trap was set in Vernal Pool 2 from 29 April to 15 
May 1990, for a total of 32 trap days. These decoy traps yielded a 
total of 6 C. guttata (3 adult females, 3 adult males). 

Although water temperatures below 14°C inhibit C. guttata 
feeding activity (Ernst 1982), these temperatures are not too low 
for mating activity. Spotted turtles have been observed mating in 
water temperatures as low as 8.5°C (Ernst 1967). 

Because our trapping was conducted in the spring, we believe 
that our capture success the result of C. guttata mating activity. 
Decoys are routinely used by hunters and biologists to attract wa-
terfowl and deer. Some references comment on commercial 
turtlers' use of floating decoys to attract sea turtles during mating 
season (Caillouet 1995; Carr 1952; Rebel 1974). Although scien-
tific literature on using decoys to attract C. guttata is scarce, we 
have found one study that used live adult female C. picta along 
with bait to attract other turtles (Frazer et al. 1990). 

Frazer et al. (1990) placed live adult female painted turtles, 
Chrisemys picta, in hoop net traps along with bait, and had sig-
nificantly higher capture rates in these traps than in traps set only 
with bait. Unlike our findings, however, these researchers note 
that the reason for conspecific attraction in their study could not 
be attributed to an "apparent attraction to sexual activity" because 
the study was carried out in August, not during spring or fall mat-
ing seasons (Frazer et al. 1990). The potential for trapped turtles 
to attract other turtles into a trap has been noted by others (Cagle 
and Chaney 1950; Dunham et al. 1988; Plummer 1979). Cagle 
and Chaney (1950), have suggested that the first turtle in a trap 
may influence the outcome of the entire catch. 

Although we believe that the attraction of C. guttata to water 
funnel traps baited with decoys in the early spring is primarily 
related to mating behavior, a number of questions regarding the 
apparent tendency for turtles to be attracted to one another or to 
turtle decoys remain. For example, does the localized activity (or 
presence) of decoy turtles (live or artificial) signal to other turtles 
that there may be a particular resource to exploit (e.g., food, mates, 
heat, or even basking sites)? Our decoy traps also attracted two 
Chrysemys picta. These results, as well as the findings of Cagle 
and Chaney (1950) and Frazer et al. (1990), imply that in addi-
tion to mating activity, there are likely to be other instances when 
one turtle may benefit by pursuing another turtle. The use of de-
coys to attract turtles may help researchers investigate those fac-
tors that play a role in a turtle's attraction to other turtles. 
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Lizards of many species are commonly used in research on 
behavior, ecology, and population biology. Many types of studies 
require individuals to be captured and then re-released. Lizards 
may be captured using a variety of techniques, including pitfall 
and wire mesh traps (Doan 1997; Simmons 1987), mouse glue 
traps (Bauer and Sadlier 1992), and baited traps (Zani and Vitt 
1995). However, it is often useful to be able to quickly capture 
specific individuals, which is not always possible when using traps. 
Commonly used techniques include hand-capture, using a noose 
attached to the end of a pole (e.g., Medica et al. 1971, cited in 
Simmons 1987; Tokarz et al., in press), using rubber bands to 
knock lizards from their perches (Simmons 1987), using baited 
nooses (Strong et al. 1993), and using scooping devices on the 
ground (Brattstrom 1996). Several specialized techniques for cap-
turing arboreal lizards have been developed, including the use of 
sticky poles (Durtsche 1996) and mechanical grabbers (Witz 
1996). These techniques can be used with success on a variety of 
species, notably many anoline lizards. 

FIG. 1. An overhang is created by first tightly winding bridal veil around 
the tree (the inner wrap) and then loosely tucking the last wrap of fabric 
into the top of the inner wrap. When the lizard moves up the tree, it will 
be trapped between the overhang and the trunk. 

However, it can be extremely difficult to capture some arboreal 
species, particularly those that are small, wary, and/or fast-mov-
ing, using the above techniques. Hand capture may be difficult or 
impossible. Even if these species will allow themselves to be 
noosed, the thread used for the noose must often be very fine and 
is difficult to manipulate or see. Although using rubber bands can 
be effective (Simmons 1987), this technique is often undesirable 
as it is more likely than others to result in injury to the lizard 
(Conant and Collins 1991; Witz 1996). Using mechanical devices  

may be difficult when lizards are easily disturbed, fast-moving, 
and able to escape to inaccessible refuges. To reliably capture the 
bark anole, Anolis distichus, I developed and used a new, simple 
technique which may also be applicable to other trunk-dwelling 
species. 

Individual A. distichus usually are found on the trunks of trees 
and generally avoid the ground except when capturing prey. This 
species is sufficiently wary and agile to make noosing and hand 
capture almost impossible. Most individuals respond to capture 
attempts by running up tree trunks beyond reach. 

I was able to capture A. distichus from the trunks of trees using 
a mesh barrier to facilitate hand capture. After locating individu-
als, I approached their trees from the side opposite the lizard and 
tightly wrapped a mesh barrier (bridal veil fabric, available in 
many sewing and craft stores) several times around the tree above 
the lizard (approximately 2 meters above the ground). I tucked 
the final wrap loosely under the top of the previous layers so that 
it provided an overhang (Fig. 1). The lizards were reluctant to 
pass the mesh barrier or to venture onto the ground, so it was 
possible to capture them by hand in a confined area. If they at-
tempted to pass the barrier they often became caught between the 
tightly wrapped layer and the overhang long enough to allow cap-
ture. They could be easily removed from the mesh without injury. 

This method of capture for A. distichus is easily used and inex-
pensive. Other types of similar fabric should work equally well 
(e.g., mosquito netting). Although not appropriate for some spe-
cies that will readily escape across the ground, it may be useful 
for many other trunk-dwelling species. 
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The twig snakes of the genus Thelotornis are arboreal, rear-
fanged colubrids native to savannahs and coastal forests of east-
ern and southern Africa and the rainforests of central and western 
Africa (Branch 1988). Two species are recognized: Thelotornis 
capensis and T kirtlandii. In addition, three races of T capensis 
have been described: T c. capensis, T c. mossambicanus, and T 
c. oatesii (Branch 1988). Information on captive reproduction and 
husbandry of Thelotornis is sparse and few institutions house them. 
Slavens and Slavens (1996) list two institutions as holding 
Thelotornis, while the ISIS Reptile Abstract (1997) current as of 
30 June 1997 lists four institutions as maintaining Thelotornis 
with reproduction occurring only at the Riverbanks Zoo. Recently, 
the St. Louis Zoo reproduced T c. oatesii using captive born ani-
mals acquired from the Riverbanks Zoo (Ettling, pers. comm.). 
This paper summarizes husbandry, reproductive events, and neo-
nate care of T c. oatesii at the Riverbanks Zoo. 

A single, wild-caught adult male was acquired in December 
1993 followed by two additional males and a single female (all 
wild-caught adults) in September 1994. According to Shine et al. 
(1996), Thelotornis are sexually dimorphic in that males have 
longer tails, smaller heads and thinner bodies. Here, it was pos-
sible to accurately sex the adult snakes using these characteris-
tics; however, sexing was confirmed by hemipenial probing (> 
than 10 subcaudals for males, 1-2 subcaudals for the female). 
Upon arrival, the snakes were moved into quarantine facilities 
for 90 days and individually housed in aquaria measuring 61.0 x 
40.6 x 30.5 cm. Cage furniture consisted of a potted plant (Pothos), 
several branches, and a water bowl. Heat and light were provided 
by an incandescent 60 W light bulb placed on one end of the 
cage. Paper towels and newspaper were used as substrates. 

All snakes were offered live or prekilled young mice (6-18 g). 
One male accepted live mice, while the other three snakes re-
fused. Their natural diet is composed mainly of lizards, frogs, 
snakes, and rarely, birds (Shine et al. 1996) and in captivity, they 
readily accepted live Anolis carolinensis. Because of the diffi-
culty in obtaining large numbers of Anolis and the possibility of 
introducing parasites to the snakes, it was deemed necessary to 
wean the snakes off of the lizards and on to mice. First, a small 
mouse liberally scented with Anolis "soup" (minced Anolis mixed 
with water) was offered. If this failed, a live Anolis was used as 
bait. The lizard was either placed in a clear jar within the snake's 
sight or directly in the snake's enclosure. This elicited an imme-
diate hunting response. A scented mouse was then placed between 
the snake and the lizard. After the snakes regularly accepted 
scented mice, the amount of Anolis soup was reduced every few 
feedings until they took unscented prekilled small mice (process 
took between 1-8 mo.). 

TABLE 1. Comparison of egg and hatchling data of six clutches of Thelotornis capensis oatesii at the Riverbanks Zoo (R) and St. Louis Zoo (S), 
and one clutch of T c. capensis by Haagner (H). Egg data: clutch weight, mean egg weight, incubation temperature, and incubation period with N as 
the number of eggs per clutch. Hatchling data: weight, snout-vent length (SVL), and total length (TL). Means are provided followed by ranges in 
parentheses and N as the number of hatchlings measured. 

Riverbanks St. Louis Haagner 

EGG DATA 

Clutch # RI R2 R3 R4 SI S2 H1 
Weight (g) 70.5 23.3 82.4 70.0 39.5 31.6 60.6 
Mean 6.4 7.8 9.15 6.36 5.64 6.32 6.06 
N 11 3 9 11 7 5 10 

Incubation temperature (°C) 26.7 28.9 26.7 27.8 - 28.0 
Incubation period (days) 73-76 59-61 72-76 62-63 56-57 

HATCHLING DATA 

Weight (g) 4.0 5.0 6.5 3.7 3.5 
(2.0-5.0) (4.8-5.2) (5.0-7.2) (3.3-4.2) (3.0-3.9) 
N = 10 N = 3 N = 7 N = 3 N = 10 

SVL (mm) 185 195 226.7 175 
(165-220) (185-205) (215-233) (146-195) 

N = 6 N = 3 N = 7 N = 3 

11 (mm) 285.5 283.3 354 252.3 310.2 
(245-320) (275-290) (340-370) (225-304) (292-331) 

N = 10 N = 3 N = 7 N = 3 N = 10 
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As soon as the snakes began feeding, they were treated pro-
phylactically with anthelmenthics. A one time dose of praziquantel 
(Droncit, Miles Inc., Shawnee Mission, Kansas 66201, USA) was 
administered IM at 7.0 mg/kg. In addition, two doses of 
fenbendazole (Panacur, Hoechst-roussel Pharmaceuticals, 
Sommerville, New Jersey 08876, USA) at 1.0 ml/kg and two doses 
of metronidazole (Flagenase 400 pediatrico, Laboratorios 
Liomont, Cuajimalpa, Mexico 05000) at 4.0 ml/kg were admin-
istered in food items 10-14 days apart. 

A fiberglass exhibit measuring 122 cm tall x 107 cm wide x 81 
cm deep was used to house a pair of snakes. Light and heat were 
provided by one 150 W spot light and two 135 W flood lights 
placed directly on the screen wire that covers the top of the ex-
hibit. This created basking spots of 29.4-35.0°C. In addition, a 
61 cm double fluorescent light fixture equipped with Duro-Test 
Vita-Lites was used for supplemental light and for the benefit of 
the plants. A fiberglass rock water bowl was provided at all times 
An Elaeagnus shrub was planted in the right rear corner of the 
exhibit and covered ca. 70% of the enclosure at the time of this 
writing. Dried grasses and rocks were arranged on the exhibit 
floor for aesthetic value. 

Beginning in October 1994, the photoperiod was gradually, over 
a period of three months, shortened to 8 h of light and 16 h of 
dark. Likewise,the ambient temperature was slowly decreased to 
a daytime high of 22.2°C and to a nighttime low of 16.7°C. In 
mid-February, the photoperiod was gradually increased to 14 h of 
light and 10 h of dark, while the ambient temperature was in-
creased to a daytime high of 25.6°C and nighttime low of 22.2°C. 
The St. Louis Zoo reported a photoperiod ranging from 9 h of 
light in November to 13 h of light in July with a year-round, day-
time ambient temperature of 25.6-26.7°C (nighttime low of 
23.9°C in the summer and 22.2-23.3°C in winter) (Ettling, pers. 
comm.). Shine et. al. (1996) describe both sexes of T. capensis as 
having highly seasonal reproductive cycles; consequently, some 
method of cycling may be necessary to induce reproduction in 
captivity. 

In March 1994, a male was placed on exhibit followed by the 
female in December of the same year. On 3 May 1995, courtship 
behavior was observed. This behavior was typified by the male 
crawling over the female while frequently flicking its tongue and 
jerking its head. Copulation was noted on 15 May 1995. During 
the courtship process, the male ceased to feed while the female's 
appetite markedly increased. Her diet was doubled to two mice 
per week. By late June, the female's girth noticeably increased. 
On 6 July 1995, the female shed. The snake was removed from 
exhibit and placed in an aquarium measuring 61.0 x 40.6 x 30.5 
cm. Several branches and a plant were added. A nest box was 
assembled by placing damp sphagnum moss in a plastic shoe box 
measuring 25 cm x 40 cm. It was then covered by a similarly 
sized shoe box that had an access hole cut in it. During this time 
(post-shed to oviposition), the female was offered food but re-
fused. Over the next several days, the snake entered the nest box 
on many occasions. On 16 July 1995, eleven fertile eggs were 
laid underneath the moss within the nest box. As the entire clutch 
of eggs was adherent, individual egg lengths and weights were 
not available (Table 1). The female was returned to the exhibit on 
19 July 1995. Copulation was again observed on 5 September 
1995. On 13 October 1995, a clutch of four eggs was laid, three 
of which were fertile. The infertile egg (yellow, smooth, and shiny) 
was discarded. 

The following year the snakes were cycled by manipulating 
the temperature and photoperiod as discussed previously. On 9 
May and 20 May 1996, copulation was observed. On 12 June  

1996, the female shed. On 21 June 1996, a clutch of nine fertile 
eggs was laid. Although the female remained off exhibit, a sec-
ond clutch of eleven fertile eggs was produced on 4 September 
1996. As a nest box was not provided, the snake laid the eggs 
under the newspaper substrate. 

At the St. Louis Zoo, one female T c. oatesii laid a clutch of 
seven eggs on 14 May 1997, while a second female laid a clutch 
of five eggs on 13 July 1997 (Ettling, pers. comm.) (Table 1). 
Both breedings represent second generation reproduction. One 
female was 1 yr 7 mo 16 d old at the time of oviposition, while 
the other female was 1 yr 9 mo 13 d. The males were the same 
age as the females. Haagner (1995) reported a clutch of 10 eggs 
laid by a wild-caught T c. capensis (Table 1). 

Incubation medium consisted of two parts vermiculite to one 
part water by weight. This was placed in a covered glass jar (0.5 
liter). A variety of temperatures were used to incubate the eggs; 
however, no correlation seemed to exist between incubation tem-
perature and hatchling size (Table 1). 

Initially, the hatchling Thelotornis were placed in aquaria mea-
suring 50.8 x 30.5 x 25.4 cm with two or three snakes per cage. 
Within three weeks, an attempt at cannibalism was observed; con-
sequently, the snakes were separated and housed individually. Each 
enclosure contained a water bowl, several branches, and a small 
plant. Paper towels and newspaper were used as substrates 

The hatchlings were offered food after ecdysis occurred (usu-
ally within ten days after hatching). Like the adults, they readily 
accepted Anolis lizards. Usually, one or two snakes per clutch 
immediately accepted live newborn mice. Tease feeding with new-
born mice proved to be a successful strategy. For the remaining 
snakes, the same methods used to entice the adults to feed on 
mice were implemented with the hatchlings. All hatchlings were 
feeding on unscented newborn mice within three months. 

Because Thelotornis are not widely held, a lack of captive hus-
bandry and reproductive parameters exists. Their reputation as 
poor captives can be summed up by Patterson (1987), who stated 
that perhaps only one out of every 30-40 twig snakes settles into 
captivity and most do not adapt to an alternative diet. However, 
the techniques implemented at the Riverbanks Zoo illustrate that 
T c. oatesii will thrive and reproduce in captivity and can be trained 
to accept a rodent diet. 
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