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SOCIETY FOR THE STUDY OF AMPHIBIANS AND REPTILES 
www.ssarherps.org  

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

the annual meetings and serve on editorial boards and committees. 

ANNUAL. DUES AND SUBSCIUPTIONS: Annual membership dues for the year 2004 in the Society for the Study of Amphibians and 
Reptiles are as follows: REGULAR membership US$60 (Student $30)— includes Journal of Herpetology and Herpetologi-
cal Review; PLENARY membership US$80 (Student $45) — includes JH, HR, and annual subscription to the Catalogue of 
American Amphibians and Reptiles; INSTITUTIONAL SUBSCRIPTION $115 — includes JH and HR. Additional fee for 
airmail postage outside USA $35 for one year. Additional membership categories available on the SSAR webpage: http:// 
www.ssarherps.org/pages/membership.html.  

All members and institutions receive the Society's primary technical publication, the Journal of Herpetology, and its news-
journal, Herpetological Review; both are published four times per year. Members also receive pre-publication discounts on 
other Society publications, which are advertised in Herpetological Review. 

Payment must be made in USA funds, payable to "SSAR," or by International Money Order, or with VISA or MasterCard 
(account number and expiration date must be provided). Payment should be sent to: Theodora Pinou, SSAR Treasurer, Peabody 
Museum of Natural History, P.O. Box 208118, New Haven, Connecticut 06520-8118, USA. Fax: (203) 432-5176; e-mail: 
theodora.pinou@yale.edu  

Future Annual Meetings 

2004 — University of Oklahoma, Norman, Oklahoma, 26-31 May (with ASIH, HL) 
2005 — University of South Florida, Tampa, Florida, 7-11 July (with ASIH, HL) 



About Our Cover: Coloptychon rhombifer 

There are six genera of anguid lizards 
in the subfamily Gerrhonotinae (Good 
1988. Univ. California Publ. Zool. 121:1-
139). They share several characteristics, 
the most distinct being an hourglass-
shaped frontal bone and the most obvi-
ous being a lateral fold. They are called 
alligator lizards and they range collec-
tively from the Pacific Northwest region 
of North America south to Panama. There 
are about forty species, including some 
that are critically endangered, and some 
that rank among the most beautifully col-
ored reptiles. Until recently, one of these, 
the Isthmian Alligator Lizard 
(Coloptychon rhombifer), was known from only three specimens. Not only is 
it surpassingly rare, but also it can reach half a meter in total length. Its habits 
and microhabitat are unknown. Understandably the Isthmian Alligator Lizard 
has assumed almost mythic proportions in the minds of field biologists. Now, 
128 years after Peters named it, another has been found. 

Alejandro Solorzano, one of Costa Rica's most active herpetologists and 
Director of its National Serpentarium, received a call from Golfito, a commu-
nity in the southwestern part of the country. The caller had found a strange 
lizard wandering on the ground in his neighborhood and had put it into a card-
board box. Judging by the description of a long, snaky lizard with small limbs, 
Solorzano decided it might be Coloptychon. Elated at the luck, he set about 
organizing a trip to Golfito, but the lizard died before he could depart San 
Jose. He got lucky a second time because the caller informed him of the news 
immediately. Some biologists might have despaired but Solorzano saw oppor-
tunity. 

Fortunately, the caller was willing to follow instructions to freeze the car-
cass in water. Solorzano retrieved the specimen and carefully defrosted it, 
taking care to relax the body thoroughly. He arranged the lizard meticulously 
toe-by-toe and took photographs, some for reference and some for aesthetics. 
He then extracted tissues for DNA analysis, retrieved the stomach contents, 
and carefully preserved the specimen. Ongoing studies will tell us more but 
we know the lizard had fed on an arthropod, and indications are that 
Coloptychon is basal to all gerrhonotines (J. A. Campbell, pers. comm.). 

One of the most exciting things associated with this specimen is its size. It is 
a male, 505 mm in total length, nearly 50% larger than the known maximum. 
Coloptychon rhombifer is recorded from southwestern Costa Rica and adja-
cent Panama, and the specimens have come invariably from moist, lowland 
forest. The tropics hoard their secrets, yet one wonders why no more of these 
impressive lizards have appeared. The region has seen botanical and zoologi-
cal investigation for years. Is it simply because the Isthmian Alligator Lizard 
is rare? Could they dwell in the canopy? Do they live in burrows? 

The long, likely prehensile tail makes an arboreal life seem possible, but the 
coloration is indicative of a terrestrial mode. Yet, if it is terrestrial one would 
expect more specimens to have turned 
up. It may be facultatively arboreal (H. 
Greene, pers. comm.) and there is an-
ecdotal evidence from Costa Rica's 
Peninsula de Osa that supports this con-
tention. The scarcity of specimens may 
well indicate true rareness rather than 
something seen rarely by humans. The 
Isthmian Alligator Lizard remains an 
enigma, but Alejandro Solorzano's 
quick thinking has given the herpeto-
logical community a glimpse of a leg-
endary reptile. He took the photograph 
under natural light using a Canon EOS 
Rebel with Canon 100mm macro lens 
on Fujichrome Provia film. Solorzano's 
book, Snakes of Costa Rica, will be 
published in a bilingual edition by 
InBio in March. 

Editor's note.—Special thanks to Bill Lamar for preparation of the forego-
ing text, and to Louis Porras and John Crawley (Focus Design, Inc.) for pre-
paring Solorzano's image for publication. 

SSAR BUSINESS 

Announcing the 2004 Joint Meeting of 
Ichthyologists and Herpetologists 

26-31 May 2004 

004 JOINT MEETINGS OF ICHTHYOLOGISTS AND HERPEIDIRS 
MAY 26 — MAY 31 

HERPETOLOGISTS' LEAGUE (HL) 
AMERICAN ELASMOBRANCH SOCIETY (AES) 

SOCIETY FOR THE STUDY OF AMPHIBIANS AND REPTILES (SSAR) 
AMERICAN SOCIETY OF ICHTHYOLOGISTS AND HERPETOLOGISTS (ASIH) 

The annual meeting of the Society for the Study of Amphibians 
and Reptiles, The Herpetologists' League, and the American 
Society of Ichthyologists and Herpetologists will be held 26-31 
May 2004, hosted by the University of Oklahoma at the National 
Center for Employee Development/ Marriott Conference Center, 
Norman, Oklahoma (USA). Please refer to the Joint Meeting 
website (www.dce.ksu.edu/2004jointmeeting)  for information on 
how to register for the meeting. All material normally included in 
the Call for Papers is now accessible on the Joint Meeting website. 
In contrast to past years, the Call for Papers will only be mailed 
if requested. Members who lack access to the internet may request 
paper copies from William J. Matthews, Department of Zoology, 
University of Oklahoma, Norman, Oklahoma 73019, USA (e-mail: 
wmatthews@ou.edu;  fax 405-325-6202). 

SSAR Election Results 

Results of the 2003 SSAR election are as follows: 

Board of Directors (Class of 2006) 
	 David Hardy Sr., Richard Wassersug 

Constitutional Ammendments 
Article II, Section 1 a: 	 Approved 
Article II, Section 3: 	 Approved 
Article III, Section 1: 	 Approved 

Thanks to all of the nominees who agreed to stand for positions 
and to Maureen Kearney (Elector). 
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NEWSNOTES 

Kentucky Reptile Zoo Internships for 2004 

The Kentucky Reptile Zoo, a nonprofit organization, is seeking 
student interns for the 2004 season. The zoo is an educational 
exhibit, reptile breeding, and venom research facility located near 
Kentucky's Red River Gorge and Natural Bridge State Park. The 
intern will assist in the captive maintenance of the zoo's reptile 
collection, collect admissions to the exhibit, give interpretive talks 
and interact with the public, assist with educational outreach 
programs, and perform other duties as assigned. In addition, the 
intern will be responsible for the completion of at least one research 
project related to the field of herpetology. The intern will not be 
involved in the handling of any venomous species. 

Desirable qualifications include a willingness to handle snakes 
and other reptiles on a daily basis, ability to communicate 
effectively with people, writing skills, orientation to details, and 
self-motivation. The intern will be required to work Saturday and 
Sunday, with days off during the week. Students majoring in the 
biological or natural sciences are preferred. Interns are required to 
be either college students or recent graduates. Former interns have 
arranged for academic credit with their institutions. Benefits include 
experience with one of the most extensive and diverse collection 
of snakes in the United States, housing, and $55/week to cover 
expenses. Interns have been successful in finding zoo keeper 
positions; over 95% hire rate! Personal transportation 
recommended. Valid driver's license required. Starting dates are 
flexible, but a minimum of three months covering spring (April–
June), summer (June–August), and fall (September–November) 
is required. 

Deadlines are February 1 for spring, March 1 for summer, and 
June 1 for fall. To apply, send a cover letter, résumé, transcript, 
and at least two (preferably three) references to: Kristen Wiley, 
Internship Coordinator, Kentucky Reptile Zoo, 200 L&E Railroad, 
Slade, Kentucky 40376, USA or e-mail to: kyreptil@pop.mis.net . 

Biology of Boas, Pythons, and Related Taxa 

A satellite symposium on the biology of boas and pythons is 
currently in planning stages for the 2005 SSAR meeting in Tampa, 
Florida. We must, however, have a list of contributors and tentative 
titles for presentations. The deadline for the proposal is prior to 
the SSAR meeting in 2004. 

The main goal of the symposium is to exchange new information 
on the ecology, evolution, behavior, physiology, and conservation 
of boas, pythons, and related taxa. The format will be similar to 
the conference, Biology of the Vipers, held in 2000 at the 
Oldagarden Conference Centre in Marielund, Sweden. Eagle 
Mountain Publishing, LC will publish a peer-reviewed book 
(Biology of the Boas and Pythons) that will follow the format of 
the recently published Biology of the Vipers. Editors will be Robert 
W. Henderson, Robert Powell, and Gordon W. Schuett. 

At this time we are soliciting full-length manuscripts (book 
chapters) and color images (high quality slides or digital images) 
for the book. Manuscripts must be written in English and submitted  

in quadruplicate, including sets of figures and tables. In preparing 
manuscripts, authors should follow the general style of Biology of 
the Vipers. A formal guide for authors will be made available for 
accepted manuscripts. The editors are seeking original research 
and syntheses of important problems in the biology of members 
of Boinae, Erycinae, and Pythoninae, but also in the taxa 
Xenopeltis, Loxocemus, Bolyeria, Casarea, Exiliboa, Trachyboa, 
Tropidophis, Ungaliophis, and Xenophidion. No substantial portion 
of the work can be published or under consideration of publication 
elsewhere. Participation in the symposium does not guarantee 
manuscript acceptance. Conversely, manuscripts and/or slides 
intended for the book may be submitted irrespective of attendance 
at the symposium. 

Please send manuscripts and slides/digital images to: Robert W. 
Henderson, Section of Vertebrate Zoology, Milwaukee Public 
Museum, Milwaukee, Wisconsin 53233-1478, USA. 

Questions should be directed to Bob Henderson at rh@mpm.edu  
(voice mail: 414-278-2775; fax: 414-278-6100). 

Kansas Herpetological Society Annual Meeting 

The Kansas Herpetological Society held its 30th Annual Meet-
ing at Emporia State University in Emporia, Kansas, on 8-9 No-
vember 2003. Over 90 participants attended scientific paper ses-
sions to listen to 21 talks by scientists and students from across 
the nation. Featured speaker was Steven Beaupre, professor at the 
University of Arkansas in Fayetteville. 

During the Society business meeting, Sean M. Daly, former 
graduate student at Emporia State University, received the 2003 
Howard K. Gloyd/Edward H. Taylor Scholarship, honoring the 
memory of two great biologists with strong ties to Kansas. Dustin 
Wilgers, graduate student at Kansas State University, and James 
A. Daniel, graduate student at Pittsburg State University, received 
Alan H. Kamb Grants for Research on Kansas Snakes. 

At the Saturday night auction and social, Larry Miller, North-
ern Hills Junior High School, Topeka, was chosen as the sixth 
recipient of The Suzanne L. & Joseph T. Collins Award for Excel-
lence in Kansas Herpetology, based on his image of an Eastern 
Racer at Castle Rock selected as the best photograph of native 
Kansas herpetofauna. 

MEETINGS 

Meetings Calendar 

9-10 April 2004-27th Annual All Florida Herpetology Event. 
Gainesville, Florida, USA. Information available at: 
www.flmnh.uffedu/herpetology/herpsconference/afhc.htm. 

22-23 April 2004—Squamate Evolution and Systematics: A 
Conference in Honour of Garth Underwood. Linnean Society of 
London, UK. For information, contact: janet@linnean.org . 

11-15 May 2004—Biodiversity and Management of the Madrean 
Archipelago H: Connecting Mountain Islands and Desert Seas. 
Tucson, Arizona, USA. Information available at: http:// 
www.skyislandalliance.org/madreanconference/.  
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Henri C. Seibert, about 1958 (left); 
in 1992 (above). 

26-31 May 2004-47th Annual Meeting, Society for the Study 
of Amphibians and Reptiles, together with The Herpetologists' 
League and the American Society of Ichthyologists and 
Herpetologists. University of Oklahoma, Norman, USA. http:// 
www.dce.ksu.edu/2004jointmeeting/.  

10-13 August 2004-28th International Herpetological 
Symposium, Daytona Beach, Florida, USA. Information: http:// 
www.kingsnake.com/ihs/.  

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

OBITUARIES 

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

Henri Clerk Seibert (1915-2003) 

KRAIG ADLER 
Neurobiology and Behavior, Cornell University, W342 Mudd Hall 

Ithaca, New York 14853-2702, USA 
e-mail: kka4@cornell.edu  

Henri C. Seibert, who served SSAR and its predecessor, The 
Ohio Herpetological Society, in several official capacities for 28 
years, died at the age of 88 on 6 October from complications fol-
lowing a stroke, in West Grove, Pennsylvania. Although he was 
an ornithologist by training and inclination, his professional ca-
reer was spent in southeastern Ohio, an unglaciated, hilly region 
rich in salamanders which drew him more closely to herpetology 
and to an early association with the society. 

Seibert (being French, his family pronounces it SEE-bert) was 
born in Caen in Normandy but emigrated to the USA and to Balti-
more with his family at the age of six. He attended Haverford 
College (B.A. 1937 cum laude in biology) where one of his pro-
fessors was the herpetologist Emmett R. Dunn. After a masters in 
human biology (1940) with Raymond Pearl at Johns Hopkins, he 
entered the doctoral program at the University of Illinois in 1941. 
Like several young biologists of his era, Seibert soon interrupted  

his studies to study the effects of radiation on living organisms as 
part of the then-secret Manhattan Project. He completed his dis-
sertation in 1947 on the effects of photoperiod and temperature on 
weight and molt in birds, under the supervision of S. Charles 
Kendeigh and Victor E. Shelford. During the next years (1947-
1951) he published several important papers on snake population 
biology in Copeia. 

After receiving his Ph.D., Seibert was appointed assistant pro-
fessor of zoology at Ohio University in Athens, Ohio. He also 
became curator of the zoology department's vertebrate collections 
and served as department chair (1962-1967). The main courses 
he taught were herpetology, ecology, and ornithology. He super-
vised 23 masters students, among them two salamander biologists 
who went on to notable careers as amphibian researchers: Ronald 
A. Brandon and David M. Sever. It was with Brandon that Seibert 
published his major herpetological treatise, in 1960, "The Sala-
manders of Southeastern Ohio." His last herpetological contribu-
tions were species accounts in the book Salamanders of Ohio, 
edited by Ralph Pfingsten and Floyd Downs and published in 1989. 

Seibert joined The Ohio Herpetological Society during its inau-
gural year, 1958. He soon became active in its affairs and by 1962 
had become a member of the Board of Directors. One cannot over-
emphasize the importance of his joining the board at a time when 
most of the officers were college students. This was a generous 
and selfless act that was not without a certain professional risk. 
His reputation throughout Ohio immediately gave the young soci-
ety credibility and a new status that helped it to expand its scope. 
Seibert's contributions to the organization's growth continued in 
many capacities, as Publications Secretary (1967-1976), Treasurer 
(1970-1987), and finally as President (1989). 

As publications secretary, Seibert stored the society's rapidly-
growing back stocks of journals and books. He personally handled 
all sales, which provided critical income to the society beyond 
dues and subscriptions and this allowed expansion of the society's 
program. As treasurer, he oversaw annual budgets that grew more 
than ten-fold, from about $8,000 to $90,000. At annual meetings 
of the Board of Directors, Seibert was always the final step in any 
discussion of new projects. "Henri, can we afford it?" He would 
reply, "We'll find a way to do it." He would simply adjust and re-
adjust the proposed budget—adding here, subtracting there—un-
til there were funds to cover the new project. He always tried to be 
a facilitator, not a roadblock. And so the society's publications, 
meetings, and other activities would grow, with a membership of 
740 when he took over as treasurer in 1970 and 2257 when he 
stepped down 18 years later. When new members joined during 
any given year, it was Seibert who personally packed up all the 
back issues for that year and mailed them out. Seibert was instru-
mental in arranging for budding herpetologists and especially 
would-be members from overseas to join, by finding sponsors who 
could pay their initial dues costs. He carried on a voluminous cor-
respondence with society members, answering questions, making 
referrals, etc. To many members, Henri Seibert was the society. 

In gratitude for his long and dedicated service to OHS and SSAR, 
the society created The Henri C. Seibert Award in 1990 to recog-
nize the most outstanding student papers presented at SSAR's an-
nual meetings. His record of service to the society and thus to the 
development of herpetology as a discipline will be long remem-
bered and honored. 

Herpetological Review 35(1), 2004 



CURRENT RESEARCH

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

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

Thataras and the Phylogeny of Reptiles

Numerous hypotheses of higher-level phylogenetic relationships
among reptiles have been suggested by previous analyses of mor
phological and molecular data sets. Depending on the study, the
sister group of the genus Sphenodon has ranged from squamates
to archosaurs and turtles. To examine the phylogenetic position of
Sphenodon further, the authors sequenced the entire mitochon
drial genome of S. punctatus and compared the data to homolo
gous genes in other reptiles, mammals, and birds. A second analy
sis used Sphenodon as an outgroup to assess the phylogenetic po
sition of snakes to other squamates. Genes for ND5, tRNA Thr, and
tRN AHis were missing from the Sphenodon genome. The first group
of analyses were performed on 14 taxa, either with or without the
only snake (Dinodon semicarinatus), which has an unusually rapid
rate of mtDNA evolution. The second analysis was limited to Sphe
nodon and six other taxa. Data were analyzed with Bayesian in
ference and maximum parsimony (latter method mainly for com
parison); alternate trees were tested with the approximately unbi
ased (AU) and Shimodaira-Hasegawa (SH) tests. Lineage-diver
gence dates were assessed with truncated Newton optimization
and calibrated with fossil data. The overall optimal tree from the
first analysis placed tuataras as sister to squamates; eight of 13
alternate trees were rejected by the AU test, whereas three were
rejected by the SH test. The second analysis placed snakes within
the Anguimorpha (legless lizards + varanids) clade. Estimates of
divergence times for major clades are discussed.

REST,J. S., J. C. AST, C. C. AUSTIN,P. J. WADDELL,E. A. TIBBETTS,J. M.

HAY,ANDD. P. MINDELL.2003. Molecular systematics of primary rep
tilian lineages and the tuatara mitochondrial genome. Molecular
Phylogenetics and Evolution 29:289-297.

Correspondence to: David P. Mindell, Department of Ecology and Evo
lutionary Biology and Museum of Zoology, University of Michigan, Ann

Arbor, Michigan 48109-1079, USA; e-mail: mindell@umich.edu.

Sea Thrtle Behavior and Habitat Use in Coral
Reefs

Electronic devices have been used to study diving and migra
tion behavior of sea turtles, but direct observations are preferred
to minimize errors and provide improved data. The authors stud-

ied the foraging and diving behavior of hawks bill turtles
(Eretmochelys imbricata) from five sites in the granitic Seychelles.
Mock-up carapaces were used to estimate turtle size in situ. Ob
servers tended to overestimate carapace size. A total of 51 turtles
were observed in 120 h of monitoring; average size of these turtles
was much smaller than adult nesting females. In general, turtles
foraged at shallow depths « 3 m) and rested at relatively greater
depths (6-9 m). The absence of adult turtles from the study site
might be explained by results of previous studies that documented
continuous travel (3-5 days) of females after nesting. Relatively
deeper dives by resting juveniles are probably a way to maximize
resting duration.

HOUGHTON,J. D. R., M. J. CALLOW,ANDG. C. HAYS.2003. Habitat utiliza

tion by juvenile hawksbill turtles (Eretmochelys imbricata, Linnaeus,
1766) around a shallow coral reef. Journal of Natural History 37: 1269
1280.

Correspondence to: Jonathan D. R. Houghton, Marine Turtle Research
Group, School of Biological Sciences, University of Wales Swansea,
Singleton Park, Swansea SA2 8PP, UK; e-mail: Bdhought@swansea.ac.uk.

Reproductive Behavior in Edalorhina perezi

Frogs often utilize small ponds, pools, or host plants for ovipo
sition, but avoid sites where the risk of predation or competition
to larvae is high. Murphy studied how site-choice behavior varied
in a Peruvian leptodactylid (Edalorhina perezi) according to mul
tiple risk factors, sex, and season. The author observed behavior
in Manu National Park, Peru during the 1996-97 rainy season.
Data were collected regarding male calling and female oviposi
tion in three paired field experiments: I) tadpole predators present
or absent (repeated late in seven-month breeding season); 2) tad
pole competitors present or absent; 3) tadpole predators or tad
pole competitors present. Results suggested that males called more
often at predator-free and competitor-free pools, although the lat
ter result was not statistically significant. Females avoided pools
with predators and competitors for oviposition. In general, both
sexes favored pools with competitors to pools with predators. Late
in the rainy season, females reproduced in control pools about as
often as pools with predators. When restricted to low-quality sites,
males called less frequently and females tended to delay oviposi
tion. The change in female behavior during the latter part of the
breeding season might be explained by impermanence of breed
ing pools.

MURPHY,P. 1. 2003. Context-dependent reproductive site choice in a Neo-
tropical frog. Behavioral Ecology 14:626-633.

Correspondence to: Peter J. Murphy, Department of Biological Sciences,
Box 8007, Idaho State University, Pocatello, ID 83204-8007, USA; e

mail: pjmurphy@isu.edu.

Intraspecific Phylogeny and Historical
Biogeography of a Salamander

Allopatric fragmentation and range shifts occurred as a result of
global Pleistocene climate changes in many taxa. Two competing
hypotheses (one dispersal, the other vicariance) have been pro
posed in previous studies to explain phylogenetic affinities of sev-
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eral biota in the Central Highlands of North America. The authors
tested these hypotheses by examining the intraspecific phylogeny
of the ambystomid salamander Ambystoma maculatum. Samples
were collected from 85 localities. Two mitochondrial gene regions
(ND4-tRNA and control regions) were analyzed in PAUP* 4.0b4a
with maximum parsimony (MP) and maximum likelihood (ML).
Geographic and genetic structure was assessed with statistical

parsimony and nested-clade analyses. MP and ML analyses re
sulted in concordant topologies. Two widely distributed lineages
(interior and coastal clades) are consistent with two phylogroups
identified in a previous study of this species. Genetic structure
analyses suggested each lineage experienced fragmentation fol
lowed by range expansion and reduced gene flow in certain re
gions. Analyses in this study support a Central Highland dispersal
hypothesis rather than a vicariance hypothesis.

ZAMUDIO,K. R., ANDW. K. SAVAGE.2003. Historical isolation, range ex
pansion, and secondary contact of two highly divergent mitochondrial
lineages in spotted salamanders (Ambystoma maculatum). Evolution
57:1631-1652.

Correspondence to: Kelly R. Zamudio, Department of Ecology and Evo
lutionary Biology, Cornell University, Ithaca, New York 14853, USA; e
mail: krz2@cornell.edu.

The Oldest Known North American Colubrid

Present knowledge about the snake fauna of the Late Eocene is
poor. The oldest known colubrids are documented from the Late
Eocene in Thailand and Early Oligocene of North America, Eu

rope, and Asia. The authors report a vertebra from the extinct ge
nus Nebraskophis from the Late Eocene (36.0-34.2 Ma) of cen
tral Georgia, USA. Previous to this discovery, Asia had been noted
as the most probable source for early colubrid evolution. How
ever, because Georgian Nebraskophis were present in North
America at the same time as the Asian colubrids, the origin of
colubrids (in general) must predate the Late Eocene. The new dis
covery also bolsters evidence for a Cenozoic biogeographic con
nection between the Great Plains and the southeastern region of
North America for colubrid snakes. The authors suggest
Nebraskophis originated in southeastern North America (and not
as a Eurasian immigrant), and then dispersed westward.

PARMLEY,D., ANDJ. A. HOLMAN.2003. Nebraskophis Holman from the
Late Eocene of Georgia(USA), the oldestknown NorthAmericancolu
brid snake. Acta zoologica cracoviensia 46:1-8.

Correspondence to: Dennis Parmley,Department of Biological and Envi
ronmental Sciences, Georgia College & State University, Milledgeville,
GA 31061, USA; e-mail: dparmley@maiI.gcsu.edu.

Spatial Overlap of African Tree Agamas

Female mate choice has been correlated with male territory qual
ity and phenotypic characteristics in several species oflizards. The
authors studied female Acanthocercus atricollis spatial patterns
as they related to male and home range quality. Observations were
conducted during the breeding season (September-November
2000) in Mouritain Sanctuary Park, South Africa. Lizards were
noosed, measured, weighed, marked, fitted with transmitters (in

four cases), released, and observed with binoculars to minimize

disturbance. Estimates of male mating success were determined
from several factors that were analyzed in a Principal Compo
nents Analysis (PCA). In general, males had larger home ranges
than females, male home range size was not correlated with male

body condition, and female home range size was negatively cor
related with SVL. Home range space was shared between males
and females, but not among males. Results of the PCA suggest
male quality, prey number, and tree size affect female overlap with
male home ranges. It is difficult to separate the effects of male
traits and territory quality on female mate choice and reproduc
tive success.

REANEY,L. T., ANDM. J. WHITING.2003. Are female tree agamas
(Acanthocercus atricollis atricollis) turned on by males or resources?
Ethology, Ecology and Evolution 15:19-30.

Correspondence to: M. J. Whiting, Communication and Behaviour Re
search Group, School of Animal, Plant and Environmental Sciences,
University of the Witwatersrand, Private Bag 3, Wits 2050, SouthAfrica;
e-mail: martin@gecko.bioI.wits.ac.za.

A New Ancient Family of Frogs

Studies on the early evolution of neobatrachian frogs have been
hampered by the dearth of Mesozoic fossils in this group. The
authors report a new genus and species of burrowing frog from
the Western Ghats in India. This frog, Nasikabatrachus
sahyadrensis, shares some osteological characters in common with
other neobatrachian frogs, but also has a unique combination of
external and skeletal characters that suggest its recognition as a
new family (Nasikabatrachidae). Skeletal and molecular data (2.8
kb of mitochondrial and nuclear DNA) identify the Seychellian
Sooglossidae as the sister taxon to the new family. The finding
supports the hypothesis that Sooglossidae were present on Indo
Madagascar during the Late Jurassic/Early Cretaceous and subse
quently became extinct in India and Madagascar. The
Nasikabatrachidae/Sooglossidae clade diverged before the split
between India and the Seychelles at the Cretaceous/Tertiary bound
ary. Additional Cretaceous fossils are needed to understand fully
the phylogeny and biogeography of early Indo-Madagascar
neobatrachians.

Buu, S. D., ANDF.BossuYT.2003. New frog family from India reveals an
ancient biogeographical link with the Seychelles. Nature 425:711-714.

Correspondence to: S. D. Biju, Tropical Botanical Garden and Research
Institute, Palode, Thiruvananthapuram, 695562 Kerala, India.

Life History Characters of Amphibians

An understanding of amphibian life-history characters is the first
step toward understanding global amphibian declines. The authors
review patterns in life-history characteristics of amphibian popu
lations at different geographic localities, including development
and growth rates, body size, sexual maturity, length of breeding
season, number of egg clutches produced annually, and clutch!

egg size. In general, as altitude an~ latitude increase, breeding
season length, number of clutches (per season), and growth and
development rates decrease. However, body size, age at maturity,
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clutch size, and egg size generally increase at higher altitudes and
latitudes. Temperature seems to be the most important factor in
these cases, but notable exceptions include competition, food, habi
tat permanency, and predation, especially for growth and devel
opment. Increased generation time and lower fecundity at high
altitude/latitude amphibians make their populations more prone
to extinction following a disturbance to their equilibrium. Because
many declining populations have been noted from the tropics, al
titude seems to affect amphibian life-history characteristics to a
greater extent than latitude.

MORRISON,C, ANDJ. -M. HERO.2003. Geographic variation in life-his
tory characteristics of amphibians: a review. Journal of Animal Ecol
ogy 72:270-279.

Correspondence to: Clare Morrison, Institute of Applied Science, Uni
versity of the South Pacific Suva, Fiji; e-mail: morrison_c@usp.ac.fj.

Ultraviolet Radiation and Amphibian Embryos

Increased levels of ultraviolet-B (UVB) radiation to Earth has

been hypothesized to be a cause of global amphibian declines in
numerous studies. Species that reproduce in aquatic areas exposed
to direct sunlight are presumed to be most at risk, but several fac
tors can reduce this risk and include: 1) water color and depth,
which attenuate UVB; 2) melanin of eggs that block UVB; 3)
photolyase, which can repair DNA damaged by UVB; and 4) egg
capsules that absorb UVB. Licht discusses previous studies that
demonstrated the effectiveness of the above four factors to pre

vent UVB damage to amphibian embryos. Because some protec
tion is lost upon hatching, post-hatching and larval amphibians
are relatively more sensitive to UVB radiation. However, they
possess increased mobility and can move to areas shaded from
direct sunlight, which decreases the importance of studies that re
stricted the movement of larval amphibians exposed to artificially
high levels of UVB radiation. Numerous studies have cited detri
mental effects to embryos, but experimental conditions often did
not account for natural circumstances that shielded eggs from UVB

exposure (e.g., laying eggs on the underside of rocks). Moreover,
some studies used acetate filters, which are known to be toxic to

hatchling amphibians. Licht concludes that realistic environmen
tal factors are not sufficient to link UVB radiation and amphibian

population declines.

LICHT,L. E. 2003. Shedding light on ultraviolet radiation and amphibian
embryos. Bioscience 53:551-56l.

Correspondence to: Lawrence E. Licht, Department of Biology, York
University, Toronto, Ontario M3J 1P3, Canada; e-mail: lel@yorku.ca.

Apateon and the Origin of Salamanders

Because of large gaps in the fossil record, the origin and interre
lationships of Lissamphibia (frogs, salamanders, and caecilians)
remains a contentious issue. Three major hypotheses are currently
debated in the literature: 1) a monophyletic Lissamphibia origi
nating from temnospondyls; 2) a monophyletic Lissamphibia origi
nating from lepospondyls; and 3) a diphyletic origin of
Lissamphibia with caecilians allied to lepospondyls, frogs with
temnospondyls, and salamanders related to either lepospondyls or

temnospondyls. The authors argue that lepospondyls (larvae ab
sent in fossil record) are not likely to be ancestors of frogs and
salamanders, both of which possess gilled larvae among their primi
tive members. However, temnospondyls have extraordinarily well
preserved ontogenetic series represented in German Carbonifer
ous fossil beds (e.g., Apateon cauducus), which makes compari
sons to modern Lissamphibia larvae possible. The authors com
pared the sequence of ossification of the dermal skull in A.
cauducus with extant hynobiid, ambystomid, and salamandrid sala
manders. Numerous similarities were documented, and the authors

suggest that modern salamander skulls could have evolved by ter
minating ossification prior to formation ofthe circumorbital bones,
which distinguish most Paleozoic amphibians.

SCHOCH,R. R., ANDR. L. CARROLL.2003. Ontogenetic evidence for the
Paleozoic ancestry of salamanders.Evolution and Development 5:314
324.

Correspondence to: Rainer R. Schoch, Staatliches Museum fUr
Naturkunde, Rosenstein 1,0-70191 Stuttgart, Germany; e-mail:
schoch.smns@naturkundemuseum-bw.de.

Molecular Phylogeny of Pelobatoidea

The monophyly and phylogenetic relationships of primitive frogs
included in Pelobatoidea and their relationships to other anurans
have been debated in several previous studies. To address this prob
lem, the authors sequenced 520 bp of 16S and 385 bp of cyt b for
most species of Pelobatidae and Pelodytidae, Leptolalax
pelodytoides, Brachytarsophrys feae, and Megophrys lateralis;
outgroups from every major clade of frogs were included in the
anlaysis. Phylogenetic analyses (maximum parsimony, maximum
likelihood, and Bayesian) were performed independently and on
the combined data sets in PAUP* and Mr. Bayes 2.0. ML and Baye
sian analyses produced trees with identical ingroup topologies.
Pelobatoidea formed a monophyletic group, as did all genera ex
amined. Relationships among genera were not consistent with pre
vious hypotheses; monophyletic Pelodytidae and Megophryidae
were supported, but not Pelobatidae. The authors suggest
fossoriality evolved independently in Scaphiopodidae and
Pelobatidae.

GARCiA-PARIS,M., D. R. BUCHHOLZ,ANDG. PARRA-OLEA.2003. Phyloge
netic relationships of Pelobatoidea re-examined using mtDNA. Mo
lecular Phylogenetics and Evolution 28:12-23.

Correspondence to: Mario Garda-Paris, Museo Nacional de Ciencias
Naturales, CSIC, Jose Gutierez Abascal, 2, 28006 Madrid, Spain; e-mail:
mcnp505@mncn.csic.es.

A Morphological and Molecular Phylogeny of
Emydid Thrtles

Currently, the turtle family Emydidae contains 40 species in 10
genera. Previous phylogenetic studies of this group agreed on rec
ognition of two subfamilies (Emydinae and Deirochelyinae), but
numerous other conflicts remained. The authors combined 237

morphological characters and 547 parsimony-informative char
acters (cyt b, control region, 16S, and ND4 genes) for 39 of 40
emydid species to conduct a comprehensive phylogenetic analy-
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sis. Parsimony analyses of morphological data, and maximum like

lihood (ML) and equally weighted parsimony analyses of molecular

data were conducted in PAUP* 4.0bl. Four hypotheses of eco

logical diversification were explored within the context of the re

sulting phylogeny from the combined analysis of morphological

and molecular data sets. Results supported the monophyly of

Emydidae, both emydid subfamilies (in most cases), and the ma

jority of ingroup genera. Overall, results support a "limited-diver

sification hypothesis" of ecological diversification, which argues

against simultaneous changes on one or more ecological axes. The

authors propose that recent speciation events in emydids have been

a result of allopatric speciation between ecologically similar taxa.

STEPHENS,P.R., AND].J. WIENS.2003. Ecological diversification and phy-

logeny of emydid turtles. Biological Journal of the Linnean Society
79:577-610.

Correspondence to: Patrick R. Stephens, Department of Ecology and
Evolution, State University of New York at Stony Brook, Stony Brook,
New York 11794-5245, USA; e-mail: pstephens@life.bio.sunysb.edu.

Systematics of North American Chorus Frogs

Frogs of the genus Pseudacris are distributed from the southern

tip of Florida to northern Canada along both coasts of North

America. The authors examined the phylogenetic relationships of

38 populations of Pseudacris, representing 23 of 28 known spe

cies and subspecies. Approximately 2.4 kb of a mtDNA region

(incorporating 12S, tRNAval, and 16S rRNA) was sequenced for

each taxon; maximum parsimony, maximum likelihood, and Baye

sian analyses were performed. A published allozyme dataset was

re-analyzed to calculate Manhattan distances between taxa. Re

sults of the mtDNA analyses identified four major clades within a

monophyletic Pseudacris: (I) West Coast Clade (regilla and

cadaverina); (2) Fat Frog Clade (ornata, streckeri, and illinoensis);
(3) Crucifer Clade (ocularis and crucifer); and (4) Trilling Frog

Clade (all remaining species). The mtDNA phylogenetic hypoth

esis is mostly incongruent with those of the re-examined allozyme

dataset, and other published allozyme, morphological, and behav

ioral datasets. Geographic boundaries of some Pseudacris species

are difficult to determine because of broad sympatry with other

taxa, hybridization, and dearth of clearly diagnostic characters;

some currently recognized distributions are not consistent with

the results of this study. The taxonomic status of some species and

subspecies are discussed.

MORIARTY,E. c., ANDD. C. CANNATELLA.2004. Phylogenetic relation

ships of the North American chorus frogs (Pseudacris: Hylidae). Mo

lecular Phylogenetics and Evolution 30:409--420.

Correspondence to: Emily C. Moriarty, Section of Integrative Biology
and Texas Memorial Museum, University of Texas, 24th and Speedway,
Austin, Texas 78712, USA; e-mail: chorusfrog@mai!.utexas.edu.

Roger Conant
(1909-2003)

Roger Conant passed away in the early morning hours of 18

December 2003 in Albuquerque, New Mexico, at the age of

94. A full obituary will appear in the June 2004 issue of HR.

ZOO VIEW

Carl F. Kauffeld (1911-1974) at the Staten Island Zoo in New York

was a pioneer zoo herpetologist and his influence on many in the profes
sion has been considerable. He started as Curator of Reptiles in 1936 and
began building the reptile collection. Kauffeld became Zoo Director in
1963 and retired a decade later. The rattlesnake collection was world fa

mous; the collection reached 34 forms in 1963.

Some of his publications listed below will give a sense of his impor
tance to captive management and husbandry. His inspirational writings
of collecting adventures throughout the United States at his favorite sites
such as Okeetee Preserve in South Carolina, Ajo Road and Ramsey Can
yon in Arizona, and Lake Okeechobee and Payne's Prairie in Florida were
the impetus needed for enthusiastic collectors to hop in their cars and
speed quickly to these places.

Kauffeld's importance to his zoo has been described in detail in a new
book by Ken Kawata, general curator, called New York's Biggest Little

Zoo. A History of the Staten Island Zoo. This is a loving treatment, filled
with anecdotes about the history of the Zoo, Kauffeld's unique personal
ity and remarkable career, and Patricia O'Connor, the first full-time woman
zoo veterinarian in the United States. I recommend it highly, the perfect
read for a quiet afternoon.

HISTORICALOVERVIEW

ADLER,K 1989. Herpetologists of the past. In K Adler (ed.), Contribu
tions to the History of Herpetology, pp. 5-141. SSAR Contributions to
Herpeto]ogy, Volume 5, Oxford, Ohio. [biographical sketch of Carl
Kauffeld).

CARD,w., ANDJ. B. MURPHY.2000. Lineages and histories of zoo herpe
tologists in the United States. Herpeto!. Circ. 27:1--45. [portrait of
Kauffeld].

CONANT,R. 1975. Obituary: Carl Frederick Kauffeld, April 17, 1911-July
10, 1974. Herpeto!. Rev. 6:27-28.

---. 1997. A Field Guide to the Life and Times of Roger Conant.
Selva, Tyler, Texas [portrait of Kauffeld, p. 466].

KAWATA,K 2003. New York's Biggest Little Zoo. A History of the Staten
Island Zoo. Kendall/Hunt Publishing Co., Dubuque, Iowa.

1984. Carl F. Kauffeld memorial issue. HERP 18(1). [collection of
Kauffeld articles from various publications].

SYSTEMATICS& TAXONOMY

GLOYD,H. K,ANDC. F. KAUFFELD.1940. A new rattlesnake from Mexico.

Bul!. Chicago Acad. Sci. 6(2):] ]-14. [description of Crotalus durissus

Carl F. Kauffeld (holding snake head) pictured in News Bulletin of the
Staten Island Zoological Society in March 1937. Each issue cost 5 cents.
Courtesy of Staten Island Zoological Society and Ken Kawata.
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totonacus from northeastern Mexico]. 
KAUFFELD, C. F., AND H. K. GLOYD. 1939. Notes on the Aruba rattlesnake, 

Crotalus unicolor. Herpetologica 1(6):156-160. 

BOOKS BY CARL KAUFFELD 

CURRAN, C. H., AND C. KAUFFELD. 1937. Snakes and Their Ways. Harper 
& Brothers, New York. [reprinted 2003 by Krieger Publ. Co.]. 

KAUFFELD, C. 1957. Snakes and Snake Hunting. Hanover House, Garden 
City, New York. [reprinted 1995 by Krieger Publ. Co., now out-of-
print]. 
	.1969. Snakes: The Keeper and the Kept. Doubleday, Garden City, 

New York. [reprinted 1995 by Krieger Publ. Co., limited copies avail-
able]. 

HUSBANDRY 

KAUFFELD, C. F. 1943. Growth and feeding of newborn Price's and green 
rock rattlesnakes. Amer. Midl. Natur. 29:607-614. 
	. 1953. Methods of feeding captive snakes. Herpetologica 9:129- 

131. 
	. 1953. Newer treatment of mouthrot in snakes. Herpetologica 

9:132. 
	. 1953. Removal of abnormal snake eggs by sectioning. Herpeto- 

logica 9:161-163. 
	. 1954. Mites and ticks in captive snakes with remarks on cage 

sanitation. Herpetologica 10:103-107. 
	. 1954. Manipulation of odor as an aid in feeding captive snakes, 

with special reference to king cobras. Herpetologica 10:108-110. 
	 1969. The effect of altitude, ultraviolet light, and humidity on 

captive reptiles. Inter. Zoo Yearb. 9:8-9. 

GENERAL 

KAUFFELD, C. F. 1943. Field notes on some Arizona reptiles and amphib-
ians. Amer. Midl. Natur. 29:342-359. 
	 1960. The search for subocularis. Bull. Philadelphia Herpetol. 

Soc. 8(2):13-19. [in two parts, second installment in 8(3):9-15]. 
	 1961. Massasauga land. Bull. Philadelphia Herpetol. Soc. 9(3):7- 

13. 
	. 1963. More at home with cobras. Bull. Philadelphia Herpetol. 
Soc. 11(1-2):49-52. 
	 1965. The rattlesnake collection at Staten Island Zoo. Inter. Zoo 
Yearb. 5:168-170. 

BOOKS OF NOTE 

In 2002, R. Frankham, J. D. Ballou, and D. A. Briscoe published "In-
troduction to Conservation Genetics" (Cambridge University Press, Cam-
bridge), an exceptional book summarizing the history of genetic manage-
ment. Jonathan Ballou is a population biologist at Smithsonian National 
Zoological Park (SNZP). Twenty-three years earlier, Jon and his colleagues 
published a landmark paper on inbreeding and juvenile mortality in small 
populations of ungulates (1979. Science 206:1101-1103) which has led 
to a major change in the captive management of zoo animals 

Elliott Jacobson, veterinary pathologist at the University of Florida, 
has edited a book on green iguanas (2003. Biology, Husbandry, and Medi-
cine of the Green Iguana. Krieger Publishing Co., Malabar, Florida 2003) 
which includes chapters by zoo workers. Allison Alberts and John (Andy) 
Phillips from the Center for Reproduction of Endangered Species at the 
San Diego Zoo in California and Nancy Pratt-Hawkes from Disney's 
Animal Kingdom in Lake Buena Vista, Florida describe the ontogeny of 
captive and wild iguanas by focusing on hormonal, morphological, and 
behavioral changes from birth to first reproduction. Mary Allen and Olav 
Oftedal from SNZP cover nutrition in captivity, based in large part on 
research conducted at the Zoo. They evaluate the quality of commercial 
diets, importance of ultraviolet light, and recommend nutritionally bal-
anced diets. Frederick Antonio, general curator at the Central Florida 

Zoological Park in Lake Monroe, joined several other authors in outlin-
ing husbandry and management protocols. Kelly Helmick from the El 
Paso Zoo in Texas coauthored a chapter on drug dosages and chemo-
therapeutics. 

In the new SSAR book "Islands and the Sea: Essays on Herpetological 
Exploration in the West Indies," Allison describes her experiences work-
ing with the reptiles of Guantanamo Bay, Cuba. Retired curator Richard 
Sajdak from the Milwaukee County Zoo details his experiences in study-
ing vine snakes (Uromacer) on Hispaniola in 1980. Charles Knapp from 
the John G. Shedd Aquarium in Chicago writes about his work with igua-
nas (Cyclura) in the Bahamas. 

-James B. Murphy, Section Editor 

Herpetological Review, 2004, 35(1), 8-13. 
2004 by Society for the Study of Amphibians and Reptiles 

Johann Matthaus Bechstein: The Father of 
Herpetoculture 

LUCIAN HEICHLER 
502 Cutler Avenue, Frederick, Maryland 21701, USA 

e-mail: LHeichler@msn.com  

and 
JAMES B. MURPHY 

Department of Herpetology, Smithsonian National Zoological Park 
3001 Connecticut Ave., N.W., Washingtonn DC 20008, USA 

e-mail: jbmurphy2@juno.com  

"HOWEVER, I BELIEVE THAT HERE IT MUST BE ATTEMPTED TO PRESENT EVERY-

THING FOR EVERYONE, AND THERE ARE PROBABLY ENOUGH READERS WHO, AT-

TRAL.1 ED BY SUCH A BOOK, WILL WANT TO SEEK THE PLEASURE OF OBSERVING AN 

AMPHIBIAN [HERE INCLUDING REPTILES] AND A FISH, YEA, EVEN AN INSECT OR A 

WORM WHICH CAN TOLERATE THE AIR IN A ROOM, AND WHO ENJOY THE STUDY OF 

NATURE." 

TRANSLATED FROM JOHANN MATTHAus Bea-1mm (1797) 

Johann Matthaus (or 
Matthaeus) Bechstein 
was born on 11 July 1757 
in Waltershausen in 
Thuringia (today, part of 
Germany) and was inter-
ested in nature at an early 
age. He studied at the 
"Gymnasium Illustre" in 
Gotha, where languages 
and natural science, 
physics and mathematics 
were taught. After com-
pleting his studies at the 
Gymnasium he studied 
theology from 1778 to 
1781 at the University of 
Jena. Four years later, he 
taught mathematics and FIG. 1. Portrait of Johann Matthaeus 
natural history in his na- 	Bechstein. Courtesy of Kraig Adler. 
tive Schnepfenthal, but 
focused on teaching forestry after 1793. After Bechstein completed 
a public examination in the spring of 1795, conducted by senior 
forestry master Friedrich August Ludwig von Burgdorf (1747-
1802) at the Forestry School in Berlin, he founded a private re- 
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FIG. 2. Engraved title page and printed title page of "Naturgeschichte; oder, Anleitung zur Kenntniss und Wartung der Saugethiere, Amphibien, 
Fische, Insecten und Wiirmer, welche man in der Stube halten kann" by Johann Matthaeus Bechstein in 1797. Courtesy of Smithsonian Institution 
Libraries, Washington, DC. 

search institute and the "Society for Forestry and Hunting Lore" 
in Waltershausen. Because of insufficient financial support, his 
institute closed in 1799. That year Duke Georg von Meiningen 
installed him as forestry councilor with the purpose of creating 
the forestry school in Dreissigacker; it was opened in 1801 and 
elevated in 1803 to the status of a forestry academy. In 1806 the 
University of Erlangen bestowed on him the degree of a doctor of 
philosophy. Bechstein died 23 February 1822 in Dreissigacker bei 
Meiningen, Thuringia. 

Bechstein was a prolific author and some of his translated titles 
are as follows: "Natural History of Germany for the Common Use 
in all Three Kingdoms" (published between 1789 and 1795); "Natu-
ral History of Birds for the Home" (1795); "Natural History or 
Guide to Knowledge and Care of Mammals, Amphibians, Fishes, 
Insects and Worms which can be Kept at Home" (1797); transla- 

tion of the Natural History of the Amphibians by B. G. E. de 
Lacepede under the title "Mr. de la Cepede's Natural History of 
the Amphibians or the Oviparous Four-legged Animals and the 
Snakes—a Continuation of Buffon's Natural History (1800-
1802)," in five volumes; and "The Science of Forestry and Hunt-
ing in all its Parts" (32 volumes between 1818 and 1835). His 
book "Cage and Chamber-Birds, Their Natural History, Habits, 
Food, Diseases, Management, and Modes of Capture" was trans-
lated from the German in 1864. 

Bechstein's book on captive care of reptiles and amphibians was 
entitled "Naturgeschichte; oder, Anleitung zur Kenntniss und 
Wartung der Saugethiere, Amphibien, Fische, Insecten und 
Wiirmer, welche man in der Stube halten kann." In it, he covered 
five herp taxa: European pond turtle (Testudo orbicularis, now 
Emys orbicularis), common tree frog (Rana arborea, now Hyla 
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FIG. 3. Illustration of common tree frog (Hyla arborea) in Reverend

Gregory Climenson Bateman's "The Vivarium," published in 1897. This
was the first book on herpetoculture in English. Courtesy of Smithsonian
Institution Libraries, Washington, DC.

arborea), sand lizard (Lacerta agilis), great crested newt (Lacerta

palustris and lacustris, now Triturus cristatus), and European grass
snake (Coluber Natrix, now Natrix natrix). The terms aquarium,
terrarium, or vivarium had not yet been coined, so Bechstein used
descriptors like little boxes, buckets, sugar glasses, containers made
of porcelain, stoneware, and so on. Bechstein adheres closely to
the rules of systematic zoology already introduced 40 years ear
lier by the Swede Carl von Linne. Bechstein's "Amphibien" is
equivalent to Linnaeus's "Amphibia"; thus he is referring to all
herpetofauna. We had the opportunity to examine this rare book in
the Smithsonian Institution (SI) Special Collections Department
of the Joseph F. Cullman 3rd Library of Natural History and an
English translation of the section called "Amphibien" is provided
below.

TRANSLATION OF "AMPHIBIANS, WHICH MAY BE KEPT IN THE HOUSE"

lntroduction.- There are also amphibians which the amateur

can keep in his room for his pleasure; to be sure, in contrast to
birds and mammals, only very few. Also, they offer the pleasure
not for long and are kept mainly because of their rarity or beauty;
a few show some capacity for training, and only the tree frog is
raised to serve as weather prophet.

Generally speaking, the exterior of the amphibians-even of
the most beautiful forms and colors-has something repellant and

suspicious about it so that they must be struck from the list of
beautiful and inviting creatures. However, this results usually from
an error in upbringing as careful observations show.

The characteristics of these animals differs in the wild, there

fore also in the room, since some live in dry climates, others in the
water; thus there is a difference also in the home, and since they
are few in number, it is best to describe each animal in a few words.
Just as different as their environment is also:

The nourishment of the household amphibians. Most of them
are fed worms and insects. They don't chew anything but make

the food slippery with their saliva and then swallow it whole. They
digest slowly and can go without food for extraordinary lengths
of time because they perspire very little. It is said that turtles can
fast for a whole year. In general the vitality of these animals is
admirably great, so much so that some still live after their heart
has been ripped out; some die only very slowly if they are not
suffocated, and even replace body parts cut off or almost lost.

Reproduction in the home is unthinkable; in that case one would
have to allow the eggs of these animals to be brooded by the sun
in order to discover the step-by-step development toward comple
tion of the organism.

I. Crawling Amphibians
1. The Ordinary River Turtle (European Turtle)
[Testudo orbicularis Lin., now Emys orbicularis]

Description.-People usually keep several kinds of turtles, even
from the most distant regions of the world, in water buckets, but
more for food than pleasure. In Middle or Northern Germany,
however, these are kept preferably for pleasure. With head and
tail extended, the animal grows to a length of about one foot. The
head is small, and when it is retracted, it is covered by a black,
wrinkled skin which seems to form a cap. The snout comes to a
point, and even though the mouth is toothless, the sharp jaws fit
together so perfectly that the animal is thus enabled to crush and
tear apart its food. The tail is relatively long, round and gradually
ends in a point; while the feet are webbed, they clearly have toes.
Such turtles are called river turtles to differentiate them from other

families, of which some are named land turtles (with true toes)
and the others sea turtles (with feet similar to flippers). Our turtle
has four toes (aside from the webbing) on the fore feet but only
two toes on the hind feet; both are covered with shiny black scales
which have yellow points. The animal is able to hide head and tail
under the carapace; for it is enclosed in two roundish shells. The
lower is flat, yellow, and covered with black stripes; each one is
composed of several pieces, and the edges thereof are smooth and
not serrated.

Sojourn
a) At liberty: This turtle is encountered in the southern and mod

erate parts of Europe. It is but rarely found in Germany. It lives in
fresh water on the bottom in the mud and spends the winter asleep.

b) In captivity: They are placed either in small ponds in gar
dens, or in the house and courtyard in buckets.

Nourishment

a) At liberty: They feed on water insects, snails, and foliage,
etc.

b) In captivity: Here one can feed them for long times with bran,
flour, bread, and other remnants from the kitchen.

Reproduction

They lay hard-shelled eggs similar in size to pigeon eggs and
bury them in the ground.

Capture

They are fished with a net from the fresh water mud.

Commendable Characteristics
It cannot be said that their movements are varied or beautiful,

or that these animals may be counted among those which are en-
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tertaining; however, their very rarity, and the desire to have some
thing alive also from this class of animals under one's care and
supervision makes them attractive to the amateur. They can also
be fattened up so as to make use of their tasty (even though hard to
digest) meat, once the eyes have been satisfied by their sight. Al
ready clever experiments have been made with these animals: Mr.
Merz in Paris shut the mouth of one with wire and closed up the
nostrils with sealing wax; nevertheless the animal lived another
30 days without food or breathing. This reveals the tenacious vi
tality which these animals possess.

2. The Tree Frog (Ordinary Tree Frog)
[Rana arborea Lin., now Hyla arborea]

Description.- This pretty little frog, which is particularly at
tractive because of the rare cleanliness of its skin, its coloration,

and the delicate body structure, measures about 1.5 inches] in
length. The upper body is green; the lower parts yellowish-white.
The latter are covered with small raised warts which are nothing
other than glands containing a caustic fluid; if you catch a tree
frog with bare hands and then touch your eyes without first wash
ing them (which happened to me frequently) this moisture irri
tates painfully for a long time. In complete condition the green
color of the body is grass-green; however, once the mucous skin
has been shed-as these amphibians frequently do--the body color
changes to blackish or dark reddish-gray with white spots and there
upon becomes yellowish-green and is separated from the lighter
lower body by a light yellow stripe with brown edges. We recog
nize the males by their yellowish throat which, when they croak,
they blow up into a round bubble nearly as large as the entire
body. Instead of nails, the toes bear little plates shaped like shields
which enable them to attach themselves to the underside of leaves

and to glass.
Sojourn

a) At liberty: During the summer we encounter this little frog on
shrubs, trees, in the grass and in grain. When the sun is shining,
they hang from the underside of leaves. In the fall they wander
into ponds and swamps and mate there until June, and then climb
up again to the trees and shrubs. During the evenings in May and
June we can hear over a distance of half an hour the timorous

croaking from the swamps where these animals mate in innumer
able quantities. From far away this sounds like the ringing of sled
bells.

b) In the room: The animals are placed in the window-but in
such a way that they are not exposed to direct sunlight-in water
glasses equipped with a small ladder and tied at the top with paper
with holes in it, or they are put in clear wire cages laid out with
moist sod or grasses. Both the water in the glasses as well as the
sad and grass in the cages must be changed from time to time so
that these little creatures can feel well.

Nourishment

a) At liberty: Here they catch with amazing speed flies and other
insects from the leaves of trees, bushes, and weeds and grasses.

b) In the room: There they are given from time to time a living
fly. However, they hesitate to touch dead insects.

Reproduction
These frogs sometimes mate for as long as three days. Like all

our frog species, the female lays small eggs; these first develop
into tadpoles without, and later then with feet; finally the tail falls

DEscnrPTION DU JARDIN.

FIG. 4. Illustration of common ring-snake of Europe (Natrix natrix) in
M. Boitard's "Le Jardin des Plantes. Description et Moeurs des
Mammiferes" in 1845. Courtesy of Smithsonian Institution Libraries,
Washington, DC.

off, and the small, graceful little tree frog is complete. The animal
remains in the water until full development; only as a true frog it
climbs up on trees and shrubbery.

Commendable Characteristics

We usually employ the frog as weather forecaster. It announces
changes in the weather a considerable time in advance; preferably
through loud crowing and croaking. Also, when rainy or other
wise bad weather is about to occur, it goes into the water and be
haves there in a restless manner; when the frog anticipates pleas
ant, dry weather, it climbs to the higher region of the glass or up
the ladder. Its croaking makes it rather unpleasant.

3. The Green Lizard

(Common Lizard, Copper Lizard, Leaper)
[Lacerta agilis Lin.]

Description.-A commonly known, very agile and beautifully
marked animal. It measures between 5 and 10 inches. Its color

varies. As a rule they should be of golden hue on top, with brown
and black spots on the sides, and copper-colored or yellowish
white on the lower body. The scales on the throat are longer than
the norm and more pointed, and they form kind of a double neck
lace; the shields on the belly are square; the thick hind legs bear a
row of horny warts, and the long tail is ringed and sharply scaled.
In catching these animals, it is necessary to proceed with caution
so as not to injure the tail which breaks so easily. The tail also
possesses great reproductive power, for if it is cut off, a new one
grows, albeit very incomplete. The feet have five toes with sharp
nails.

Sojourn
a) At liberty: These lizards inhabit the warmer climates of Eu-
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rope as well as both Indies and the South Sea islands. The further
south they are found, the larger, more colorful and more beautiful
they are. They remain in the forested regions, and in gardens, walls
and rocks which are found in such regions. In the summertime
they seek a cave under a shrub, root, or stone; in the winter they
retreat further into holes, especially in dense shrubbery and in
hedges where they are covered by a heavy blanket of leaves and
grass.

b) In the house: Here one may either allow them to run around
freely by setting a small box into a corner equipped from time to
time with moist substrate and makes sure that they don't escape
from the room by the door. Normally one places them into a wide
sugar glass and adds moist moss and soil.

Nourishment

a) At liberty: Flies and other insects, worms, snails, small frogs,
and other little lizards, even of their own species. In front of low
beehives they often also prey on bees in the sunshine.

b) In the room: They may be given only one of the above-named
foods in order to maintain them for a long time; even if they are
only occasionally given a fly, they are content.

Reproduction
The female lays eight and more dirty white, blunt-round eggs,

which shine for a while in the darkness under the rocks, often in

the midst of large black ants which, however, do not attack them.
The young are brooded by the warmth of the sun, with each egg
containing only one animal, hatch in August and even as late as
September; for two years they look green and multicolored brown.

Positive Properties
It is only a matter of becoming accustomed to the sight of these:

Like all amphibians, we will undoubtedly find them appealing and
beautiful. They are also distinguished by exceptional vitality, speed,
and alert appearance. Finally they get to know the amateur, and he
is able to play with them as with other animals in the house. These
animals also lead us to admire the great reproductive force of na
ture, as entire limbs grow anew (even if not completely). It is also
noteworthy that this harmless little animal has the characteristic
to reveal the most subtle and concealed poison of the animals from
this class in that it dies with cramps of the whole body if it has
been bitten by another.

4. The Marsh Salamander

(Water Salamander, Water Newt, Water Lizard)
[Lacerta palustris and lacustris Lin., now Triturus cristatus]

Description.-The appearance of these animals is not exactly
appealing; yet they can be kept easily in a glass in the room, often
changing the water, and occasionally throwing in a fly as nourish
ment. The reproductive urge of these animals is notable by such
phenomena: as soon as they are placed in a larger vessel, their
gentle motions in swimming and the flatteries and caresses ex
changed by males and females. Usually we don't know these ani
mals well enough and mistake males, females, and young for dif
ferent species. Hence I want to describe them somewhat more spe
cifically:

Males: The length measures five inches from the tip of the mouth
to the end of the tail. Up to the ears the head measures 1/2 iriches,
flat on top, rounded bluntly in front, blown up on the cheeks; the
round nostrils are located in front, far distant from each other; the

eyes are large, the iris golden-yellow but divided by a dark-brown
circle so that it appears to consist of two rings. The eyebrows are
raised. The eyes are closer to the mouth than to the ears. The raised
skin back seam begins between the eyes and ends on the hind feet;
it is serrated in the shape of a saw, most profoundly in the middle
of the back, most finely at the end of the back and in the neck;
between the hind feet one feels only the seam without the skin; the
raised skin begins again with the tail, but it is bluntly serrated.
This skin can float and adheres again immediately when the ani
mal is not in the water but looks beautiful in swimming. The front
feet have four toes with two spheres [dumbbell-shaped phalan
ges]; small warts and dull points, and the back five also with such
round warts and points. The forelegs measure 3/4 inches to the
toes, and the hind ones are almost I inch long. The entire upper
body and the sides are covered with small raised warts; the lower
body more with fine seams and furrows. The upper body is dark
olive green; from a distance it looks black, with isolated, catered
black spots. The sides begin at the lower jaws; they are black with
fine white points. The lower body is orange-yellow, on the chest
from the vent and on the sides large black spots with all kinds of
longitudinal figures. The throat and the soles of the feet are light
yellow; the form spotted dark brown and spotted in white and can
be blown up to a large size; the pointed half of the toes are also
yellow with black bands. Other than that, the feet are like the up
per body: The broad tail is shaped like a lancet, has a yellow spot
behind the vent, is olive-brown above and below with white points
on the sides of the root; nearly in the center marked on both sides
with a bluish-white stripe which becomes pure-white after the point.
In the water appears beautifully light, almost transparent.

The female is larger than the male by nearly one third, with a
length of 7.5 inches; the head is somewhat thicker and engorged,
especially at the point; the entire body somewhat thicker and more
plump, especially in April and May, when the belly contains eggs;
the color of the back is somewhat lighter, hence the black points
are more prominent; the lower body is of a beautiful orange-yel
low color and also marked with beautiful broad black spots of
various shapes and forms; this yellow color continues uninterrupted
to the tip of the tail. The serrated back skin is missing, and only
the tail has several flat notches. The blue-white center stripe is not
clearly visible because in fact it is mixed in a dirty-dark-ash-like
manner with the other colors. The bands above the toes are not

visible everywhere; other than that, everything is the same.
As for the two-year-old male, 2.5 inches long, the back skin

starts in the neck and is dull; the upper body is olive-green, beau
tifully spotted with black and olive-brown spots; from the top and
the sides the head has similar stripes; the throat is dirty-white with
olive-brown spots; the remaining lower body has the color of egg
yolk all the way to the end of the tail with isolated similar round
spots. The narrow blue-white stripe runs along the sides of the
yellow lower underbody. In relation to the adult (older) male the
tail is somewhat broader, and the toes of the hind legs are also
somewhat broader; the points of the front foot toes are black, and
the legs are only vaguely formed.

The two-year-old female, somewhat exceeding the above-de
scribed male in size, matches the older female in every detail but
deviates strongly in color; for this reason it is often taken for a
different species. The upper body is olive green with a fine dark
brown line along each side of the back; throat, sides and legs are
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dirty-yellow; the belly butter-yellow.

Oddities

In April and May the females lay their eggs in the water, where
old and young permanently stay; especially in stagnant swamps,
ponds, and fountains. At times these eggs are of ajelly- or glasslike
consistency containing the white-yolk-looking like a white radish
seed.

These animals feed on flies and on all manner of water insects;
they do not inflict the great damage on the fish harvest of which
they are accused; they prefer to eat their own brood rather than
fish. In the spring, when one fishes muddy ponds, especially in
forested areas, one can catch these animals in large quantities.

II. Crawling Amphibians
5. The Ringed Snake (House Snake)
[Coluber Natrix Lin., now Natrix natrix]

Description.- This is the most common native species of snake,
and completely harmless; for this reason one may see swindlers
walk around with them; they put them in their mouths and cause
them to perform all manner of tricks under the pretense that these
are poisonous snakes which they are able to control in such a way
that they can do no harm. I have seen them at a length of four feet
and longer. The female is always larger and thicker than the male.
Normally one counts 170 broad belly plates and 60 ventral tail
scales but the number is not so exact. The upper body is either
blue-green, iron gray, or rust-gray; on the sides spotted in white
withindividual blackish points; the lower body is black, with white

interruptions along the sides and under the belly so that it gives
the impression of having black stripes. On both sides of the neck
the male has a yellow spot and the female a whitish-yellow spot in
the shape of a necklace or neck ring; hence the name.

Sojourn
a) At liberty: We find them in the highest mountains as well as

the lowest valleys, in dryas well as swampy places-in places
where they can never enter the water as well as sites where they
can swim daily in the water, on the banks of ponds and rivers.
Usually they seek out shady spots because they love the warmth
of the sun only at certain times, e.g., when they have shed the old
skin. They like to stay in stables, cellars, and garbage dumps.

b) In the house: In the room one allows them to run around and

gives them a little box with wheat bran where they go to sleep.

Nourishment

a) At liberty: Their food consists of toads, frogs, lizards, snails,
mice, worms, etc. Often I have cut open a snake which had swal
lowed a frog, and the frog jumped out again.

b) In the house: In the room the snake is content with milk and
wheat bran.

Reproduction

The ringed snake deposits its eggs in compost beds, garbage
dumps, stale places in stables. The gray-white-skinned eggs are
linked together like pearls. At mating time the male and female
exude an unpleasant odor, some say like a billygoat, but I cannot
agree; I find it a unique, sweetish odor. Each egg contains one
young the length of a finger when it hatches and looks cute.

Capture

They can be caught anywhere, especially when they are young

when they also look their best-in compost heaps, also the heaps
of garden trash which are raked together in the spring in gardens
and meadows. Here they are often found by the hundreds.

Positive Properties

These are certainly endearing animals which can be trained to
dance with a stick and the pipe, and to play dead.

My friend Mr. D. Vognetz has a ringed snake which is so tame
that she crawls up and down in the room like a domestic bird,
often climbs up on him, crawling up the arms and into the bosom.

But it does not easily approach anyone else. He puts it in his pocket,
goes into the garden with it and as soon as he emits a loud whistle,
similar to the tone with which at mating time they call their mates,
it comes to him, crawls up on him, lets him put it in his pocket and
remains there without moving until he takes it out again. Since
these crawling amphibians often grow exceptionally large, this
has provided opportunity for all kinds of fables.

They can go for long periods without food but also grow ex
tremely slowly.2

Footnotes:

I The old German Zoll, translatedhere as inch, seems to have been slightly
longer than the American inch, but we have not been able to determine
the exact ratio. - Translator

zIt is also possible to tame the common viper (Coluber berus, now Vipera
berus) and at times to remove their venom by letting them bite a cloth or
piece of leather, so that it does not easily damage its master who feeds
them. But I advise against it because one can never be sure; hence I also
have not added a description.
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reptiles is excerpted from that publication.
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Studies of field behavioral endocrinology permit researchers to 
examine the relationship between hormones and an organism's 
behavior under natural conditions. For analyses of circulating ste-
roid hormones, blood harvested in the laboratory is typically cen-
trifuged immediately to obtain plasma, which subsequently is 
stored frozen (e.g., ultra-low freezing, -80°C). Collection of blood 
samples outside of a laboratory setting, however, poses potential 
problems with respect to proper short-term storage. When con-
ducting research in remote field sites, several hours or even days 
may pass before samples can be centrifuged and the resultant 
plasma stored (e.g., -80°C). Prior to processing, steroids in blood 
samples may be metabolized (e.g., degraded, converted), leading 
to erroneous values derived from quantitative analyses such as 
radioimmunoassays. Alternately, hormones may remain stable 
under the above-mentioned conditions. There are few published 
data on the stability of steroids in blood samples collected under 
field conditions, and no studies are published on reptiles. 

Levels of steroids in blood samples may be sensitive to tem-
perature, and this sensitivity may differ among lineages (e.g., 
mammals versus reptiles). Circulating steroids associated with 
binding proteins degrade more slowly than free steroids (Pardridge 
and Mietus 1979), and at high temperatures the rate of steroid 
dissociation from their binding proteins increases (e.g., Ho et al. 
1987). Consequently, metabolism of bound and free steroids may 
be accelerated at high temperatures. Reptiles have higher circulat-
ing concentrations of steroids and binding proteins than mammals, 
and steroid binding proteins from these two amniote lineages seem 
to be inherently different both in their specificity and affinity for 
steroids (e.g., Callard and Callard 1987; Jennings et al. 2000). These 
facts raise the possibility that blood samples from mammals and 
reptiles show differences in temperature-sensitive metabolism of 
steroids. 

Research on stability of steroid hormones has been primarily 
conducted to evaluate the proper storage of mammalian blood and 
serum in veterinary clinics and hospitals. These results indicate  

that steroids in plasma and serum are relatively stable when fro-
zen (Bolelli et al. 1995; Kley and Rick 1984; Kley et al. 1985). 
Refrigeration of plasma samples also yields relatively high stabil-
ity of steroids (Key et al. 1996; Kley and Rick 1984; Olson et al. 
1981; Reimers et al. 1982), although Behrend et al. (1998) re-
ported a significant decline from baseline in cortisol levels in dog 
serum stored at 4°C for five days. Storage of plasma at higher 
temperatures (22-37°C) often leads to increased steroid hormone 
metabolism (Behrend et al. 1998; Olson et al. 1981; Reimers et al. 
1982, 1983). 

It is apparent that the method of choice for storing plasma 
samples for later hormone analysis is ultra-low freezing (-80°C), 
and that storage at higher temperatures for protracted periods can 
have negative effects on the concentrations of steroid hormones. 
The conditions to which the samples were exposed in the afore-
mentioned experiments were representative of the various storage 
methods available in veterinary or clinical laboratories (e.g., ul-
tra-low freezing, refrigeration) rather than the conditions typically 
encountered in the field, especially in deserts. Because research-
ers may have no choice but to delay processing blood for 24 h or 
more, it is critical to determine the effects of sample storage under 
those temperature and duration conditions. 

We were motivated to address the above question for our own 
studies of seasonal steroid hormone levels of rattlesnakes (Crota-
lus spp.) in the Sonoran Desert (Arizona). Typically, we obtain 
blood samples and immediately store them in a cooler filled with 
ice (0°C), but other times we are forced to carry them on our per-
son (25-40°C) in the course of sampling animals until we can store 
them on ice. Centrifugation, collection of plasma, and ultra-low 
freezing (-80°C) of these blood samples is done in a laboratory 
within 6-24 h. In this experiment, we tested whether steroid hor-
mone levels are stable in blood samples from rattlesnakes stored 
at two temperatures (0°C and 40°C) for two durations (6 h and 24 
h). 

MATERIALS AND METHODS 

Subjects.—Twenty (10 male, 10 female) adult Western Diamond-
backed Rattlesnakes (Crotalus atrox) were used in this study. All 
subjects were long-term (3-4 years), healthy captives (housed in 
the Animal Care Facility, Department of Life Sciences, Arizona 
State University West) that originated from several areas in central 
Maricopa County, AZ, near the vicinity of Phoenix. Snout–vent 
length and mass of males (SVL: mean = 89.1 ± SE 2.39 cm, range 
74.0-98.0 cm; mass: mean = 480.45 ± 32.81 g, range 278.80-639.3 
g, N = 10) and females (SVL: mean = 86.4 ± 1.65 cm, range 78.0-
92 cm; mass: mean = 534.65 ± 47 g, range 323.0-773.80 g, N = 10) 
were similar (SVL: F,,,, = 0.864, p = 0.365; mass: F 1.18 = 0.891, p = 
0.358). Subjects were housed individually in glass enclosures, and 
offered laboratory rodents weekly during the active season (March 
through October). Water was available in glass bowls ad libitum. 
Blood collection occurred on a single day (late morning) in March 
2000. 

Study design.—Blood harvested from each subject (see below) 
was partitioned into five treatment groups (split-plot design; Quinn 
and Keough 2002): 

T0 : Blood was immediately centrifuged and plasma stored in an 
ultra-low freezer (-80°C). This treatment served as the control. 
T,: Whole blood was placed on ice in a cooler (0°C) for 6 h, then 
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centrifuged and stored (-80°C). 
Ti. Whole blood was placed in an incubator (40°C) for 6 h, then 
centrifuged and stored (-80°C). 
T3:Whole blood was placed on ice in a cooler (0°C) for 24 h, then 
centrifuged and stored (-80°C). 
T4:Whole blood was placed in an incubator (40°C) for 24 h, then 
centrifuged and stored (-80°C). 

Collection of blood and plasma.—Subjects were gently removed 
from their individual enclosures using hooks and/or tongs, then 
quickly restrained in a standard squeeze-box. After snakes were se-
cured (1-3 min), 3.0 ml of blood was harvested from their tails 
(within 1 min) using heparin-treated syringes. All snakes were 
returned to their enclosures within several minutes of restraint. 
The blood from each subject was immediately partitioned (0.6 ml) 
into five 1.5 ml sterile centrifuge tubes, and placed in one of the 
five treatment groups. Following the respective treatment, blood 
samples were centrifuged for 4 min at 1200 g, and plasma was 
collected and placed into 1.5 ml sterile centrifuge tubes and im-
mediately stored at -80°C until radioimmunoassays could be per-
formed (<6 months). 

Radioimmunoassay of plasma sex steroids.—Radioimmunoassays 
(RIAs) of sex steroids examined in this study [testosterone (T) and 
1713-estradiol (E2)] were performed on plasma using commercial 
kits. 

RIAs of T followed Schuett et al. (1997), including validation 
(quantitative recovery and parallelism). Samples in the present study 
were run in duplicate (N = 200) in two RIAs. The intra-assay coef-
ficients of variation (CV) for T was 9.1% and 11.1%, and the inter-
assay CV was 11.9%. The T values are presented as arithmetic means 
± SE (ng/m1). 

For RIAs of E2, radio-labeled E2, antibody, and a precipitating 
solution were purchased from Diagnostic Products Corporation (Los 
Angeles, California; catalog numbers E2D1, E2D2, and N6). Stan-
dards were prepared by serial dilutions in methanol of a stock solu-
tion. The anti-estradiol antibody was diluted 1:3 in phosphate buff-
ered saline (PBS) containing 1:400 rabbit serum. One hundred mi-
croliters of snake plasma (with 300 ill of PBS) was extracted in 5.0 
ml of diethyl ether (Fisher Scientific). After removing and saving 
the diethyl ether layer, the sample was heated to 90°C for 5 min, 
extracted with an additional 5.0 ml of diethyl ether and 200 ill of 
PBS. Gelatin (1%) was added to the extract following evaporation 
of the diethyl ether. Extraction recovery of 311-estradiol (New En-
gland Nuclear, Boston, Massachusetts; NET-381) was 78%. For the 
RIA, 100 ill of diluted antibody, 100 ill of ' 251-E2, and 1.0 ml of 
precipitating solution were used. A 24 h incubation (4°C) period 
followed each step. Antibody-bound 1251 was separated by centrifu-
gation at 1600 g. Validation involved quantitative recovery and par-
allelism. Quantitative recovery of E2 added to snake plasma was 
100%, and parallelism was demonstrated between the inhibition 
curve for the standards and dilutions. Samples were run in duplicate 
(N = 200) in two RIAs. The intra-assay CVs were 7.9% and 12.5%, 
and the inter-assay CV was 11.9%. The E2 values are presented as 
arithmetic means ± SE (pg/ml). 

Statistical analyses.—Data were subjected to inspection for out-
liers, normality (skewness and kurtosis), and equality of variance 
prior to performing statistical tests. Outliers were not detected, and 
conditions for normality and equality of variance were met. To de-
termine whether or not body size influenced mean hormone levels, 
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FIG. 1. Mean (± 1 SE) plasma levels of (A) testosterone and (B) 17P-
estradiol for adult male Crotalus atrox (N = 10) resulting from blood 
exposed to five treatments (split-plot design). Treatments: 0 = control; 1 
= 0°C for 6 h; 2 = 40°C for 6 h; 3 = 0°C for 24 h; and 4 = 40°C for 24 h. 
See text for details of the statistical analysis. 

we ran simple regressions of body mass versus steroid levels (de-
pendent variable). In those tests we detected a significant relation-
ship between body mass and plasma steroids in males (T: r 2  = 0.084, 
FI,48 = 5.502, p = 0.023; E: r2 = 0.241, F,,, = 15.218, p = 0.0003); in 
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FIG. 2. Mean (± 1 SE) plasma levels of (A) testosterone and (B) 1713- 
estradiol for adult female Crotalus atrox (N = 10) resulting from blood 
exposed to five treatments (split-plot design). Treatment: 0 = control; 1= 
0°C for 6 h; 2 = 40°C for 6 h; 3 = 0°C for 24 h; and 4 = 40°C for 24 h. See 
text for details of the statistical analysis. 

females, that relationship was significant for T (r 2  = 0.267, F1.48 = 
17.506, p = 0.0001), but not for E2 (r 2  = 0.267, F1 , „ = 2.928, p = 
0.0936). We thus chose to use body mass as a covariate in subse-
quent statistical analyses. 

Data were analyzed with a three factor split-plot multivariate 

analysis of covariance without replication, where sex and treat-
ment are crossed fixed factors, subject is a random factor nested 
within sex, and body mass is the covariate. We achieved an unsat-
urated model by omitting the test for the treatment*subject (sex) 
interaction. The a-level of significance was set at 0.05. All tests 
were performed using SAS (SAS Institute 1999). 

RESULTS AND DISCUSSION 

We found that steroid hormone levels were significantly differ-
ent in samples from males and females (sex main effect: F2.63  = 
6.03, p = 0.004) (Figs. 1 and 2). There were, however, no differ-
ences in hormone levels among treatments (treatment main effect: 
Fs. 32 = 0 .05 , p = 0.999). Also, there was no significant interaction 
between treatment and sex (treatment*sex effect: F 8, 128 = 0.74, p = 
0.659), indicating that samples from males and females do not 
respond differently to the treatments. 

Our results show that exposure of blood samples from adult 
male and female C. atrox to 0°C or 40°C, for two different dura-
tions (6 h or 24 h), does not change concentrations of plasma T 
and E2 (Figs. 1 and 2). Our results agree with the few studies that 
have investigated the stability of E2 and T in blood and plasma 
(serum) samples from mammals. Prior to our study, and to the 
best of our knowledge, the stability of T and E2 in samples from 
any animal had not been reported at temperatures higher than room 
temperature (22-25°C). Because our blood samples can potentially 
be exposed to temperatures in excess of 30°C, it was important for 
us to show that these high temperatures do not lead to steroid hor-
mone degradation/reduction or conversion. 

In this study, we tested the effects of storage temperature and 
duration on the stability of levels of two sex steroids, T and E2, 
known to be important in the reproductive biology of a range of 
reptilian species. Although all steroid hormones share a common 
cholesterol-based backbone and thus may exhibit similar responses 
to temperature, it is possible that other steroid hormones (e.g., 
corticosterone, progesterone) could respond differently to storage 
conditions. There is, moreover, the possibility that desert-adapted 
reptiles have plasma (and plasma components) that are more du-
rable to conditions of high temperatures for protracted periods. 
Although we do not have data on other species of reptiles to com-
pare our results, these ideas are important and need to be tested in 
a range of species, especially in those that are cold-adapted. 

In conclusion, we have demonstrated that in Western Diamond-
backed Rattlesnakes (C. atrox) from Arizona, blood samples ex-
posed to high temperatures for short time periods (5.24 h) do not 
show significant changes in levels of plasma T and E2. Although 
we recommend that blood samples collected in the field be imme-
diately placed on ice (0°C) and processed in 5 24 h, our data show 
that negative consequences of short-term storage of blood under 
the above-discussed conditions are at most minimal. 
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Eleutherodactylus eugeniae was described by Lynch and 
Duellman (1997) from a small area of cloud forest, at elevations 
of 1700-2010 m in Provincia Pichincha in northwestern Ecuador. 
These authors examined very few specimens from the type local-
ity. We collected 29 new individuals (7 juveniles, 9 females, 13 
males), 7 from the type locality, and the rest from two new locali-
ties (see Appendix I). Herein, we describe aspects of the diet, vo-
calization, morphological variation, ecology, and reproductive bi-
ology of this species. 

MATERIALS AND METHODS 

Ecological, reproductive, and morphological data were gath-
ered on Eleutherodactylus eugeniae from three localities of cloud 
forests in northwestern Ecuador between 1994 and 2001. This re-
gion has an annual precipitation of 2600 mm, with a rainy season 
from December to May, and moderate rains from July to Novem-
ber; mean annual temperature is 15.6°C (Caiiadaz-Cruz 1983). The 
localities and specimens examined are listed in Appendix I. 

We recorded 12 individuals and collected four of them (Appen-
dix I). Calls were recorded from 14-28 February and 10-24 Sep-
tember 1998, and from 27 February-11 March and 13-17 August 
1999 in Bosque Integral Otonga reserve (BIO) with a Sony WM 
D6C Professional Walkman tape recorder and an Optimus Unidi-
rectional Condenser Microphone. Calls were digitized at a sam-
pling rate of 22 kHz at 8-bit precision with the built-in A/D con-
verter on Power Macintosh 7100/80 AV computer and the soft-
ware Canary 1.1 (Charif et al. 1993). Waveforms and spectra were 
analyzed with Canary 1.1. Acoustic terminology follows that de- 
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FIG. 1. Eleutherodactylus eugeniae, QCAZ 16041, adult female, SVL 
38.4 mm 

FIG. 2. Eleutherodactylus eugeniae, QCAZ 16040, subadult female. 
SVL 30.3 mm. 

scribed in Heyer et al. (1990). 
Morphological measurements were taken with digital calipers 

to the nearest 0.1 mm, and follow the methodology described in 
Gray and Cannatella (1985) and Lynch and Duellman (1980). 
Additionally, we measured: internarial distance—distance between 
nostrils; snout to eye distance—distance from tip of snout to ante-
rior margin of eye; and radio-ulna length—length of flexed fore-
arm from elbow to proximal border of palmar tubercle. 

We examined the intestine and stomach contents of 10 females 
and 10 males (Appendix I). Prey items were identified to the low-
est possible taxonomic level. Adults and larvae were analyzed sepa-
rately because of their differences in body form. The volume of 
each complete prey item was estimated using the formula for a 
prolate spheroid (i.e., Volume = 4/3n [greatest length of prey/2] 
[greatest width of prey/21 2; Dunham 1983). The trophic niche 
breadth, was estimated using the reciprocal of Simpson's (1949) 
diversity measure 

(i.e., B = 1/ 	P. 
=  

females and by the presence of vocal slits and enlarged testes in 
males. Abbreviations as follows: SVL = snout-vent length; IOD = 
interorbital distance; BIO = Bosque Integral Otonga reserve; REG 
= Reserva Floristica Ecologica Rio Guajalito; QZ = Quebrada 
Zapadores; QCAZ = Museo de Zoologia, Pontificia Universidad 
Catdlica del Ecuador. 

RESULTS 

Variation in measurements and proportions are presented in 
Tables 1 and 2. In addition to the coloration pattern described in 
Lynch and Duellman (1997) (Fig. 1), a cream-yellow interorbital 
bar occurs in five individuals (QCAZ 11691, 13119, 13120, 16039, 
16040; Fig. 2). Contrary to Lynch and Duellman (1997), we found 
that the tympanic annulus, described as indistinct externally in 
males (N = 1), is evident in all the males we sampled (N = 13). 

Fifty-nine prey items, corresponding to 18 prey categories, were 
found (Table 3). The diet of Eleutherodactylus eugeniae consisted 
mainly of insects (86%), followed by spiders (10.2%), and Acari 
(3.4%). Most of the insects consumed were adult Coleoptera (32%), 
followed by Araneae (10%), and Hemiptera (8%) (Table 3). Within 
the identified Coleoptera, the family Chrysomelidae is the most 
important prey category (Table 3). Volumetrically, the most im-
portant items are Coleoptera (adult 26%, larvae 20%) and adult 
Orthoptera (19%) (Table 3). 

In females, the most common prey category is adult Coleoptera 
(49%), followed by Araneae (14%), and Hemiptera (11%) (Fig. 
3); the volume ingested by females consists of adult Coleoptera 
(32%), Orthoptera (20%), and Dermaptera (14%) (Fig. 3). 

Prey category 

200 

160 
46 
a) 120 

80 

40 

0 

Prey category 

Frog habitat and microhabitat were recorded. Sexual maturity 	FIG. 3. Numeric (top) and volumetric (bottom) importance of prey cat- 
was recognized by the presence of eggs or convoluted oviducts in egories in females of Eleutherodactylus eugeniae. 
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FIG. 5. Expanded waveform of a single call of Eleutherodactylus 
eugeniae, QCAZ 13199, SVL 27.1 mm 

In males, we found only nine prey items (3 Coleoptera, 2 Or-
thoptera, 1 Acari, 1 Araneae, 1 Hemiptera, 1 Formicidae); this 
low number prevent us from generalizing about the composition 
of their diet. On average, we found fewer prey items in males (1.3 
prey items per individual) than in females (3.7 items per individual). 

We found 66 to 149 ovarian eggs in different developmental 
stages in six of the eight females examined. They are covered by a 
membrane pigmented with minute dark brown spots, and have a 
diameter of 0.1-3.9 mm. Variations in number and size of eggs for 
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the six females, associated with SVL, locality, and collection date 
of specimens are summarized in Table 4. 

We heard males calling during all of our fieldwork (February 
and September, 1998; March and August, 1999; June and July, 
2001). In Eleutherodactylus eugeniae, calls are organized into 
groups, which are emitted approximately every 15-30 min. Call 
groups (Fig. 4) are no frequency modulated; they have a duration 
of 4.7-63.7 s (mean = 32.507 ± 15.547, N = 12), and contain 3-16 
calls (mean = 7.694 ± 3.344, N = 12). Each call is formed by one 

FIG. 6. Distribution of Eleutherodactylus eugeniae in Ecuador (circles). 

note. Notes have a length of 0.008-0.403 s (mean = 0.131 ± 0.061, 
N = 12); internote length is 0.473-23.361 s (mean = 5.264 ± 2.578. 
N = 12); notes are pulsed, with pulses decreasing in amplitude 
through note (Fig. 5); notes with no noticeable frequency modula-
tion. Fundamental frequency (when evident) is distributed between 
99 and 190 Hz (mean = 160 ± 31.224, N = 4) and dominant fre-
quency is between 3370 and 3776 Hz (mean = 3514 ± 117.745, N 
= 12). The frequency of the first harmonic lies between 6669 and 
7415 Hz (mean = 6926 ± 298.771, N = 8) and that of the second 
harmonic (when evident) between 10257 and 10594 Hz (mean = 
10479 ± 119.169, N = 3). 

Eleutherodactylus eugeniae was mainly found in disturbed 
(45.8%, N = 24) and undisturbed primary forests (41.7%, N = 24), 
but few individuals were found in secondary (8.3%, N = 24) and 
gallery forests (4.2%, N = 24). Individuals were collected at night, 
on vegetation between 40 and 340 cm (mean = 180 ± 79.3, N = 
26) above ground, but several calls originated near the forest canopy 
(at least 8 m high). In BIO, we found one individual in a bromelia 
50 cm above ground on three consecutive mornings. We also re-
covered one individual of Eleutherodactylus eugeniae (QCAZ 
13424) from the bill of a Striped Wood-haunther, Hyloctistes 
subulatus (Ayes: Furnariidae), which had been trapped in a mist 
net placed near its nest. 

The known altitudinal distribution and range is here expanded. 
The species has a known altitudinal distribution of 1700-2200 m 
and has been recorded from four localities in western Ecuador—
viz., QZ, REG, and 6.3 km E Tandapi (ca. 00° 24' S, 78° 47' W) in 
Provincia Pichincha (Lynch and Duellman 1997); and BIO in 
Provincia Cotopaxi (Fig. 6). 

DISCUSSION 

The description of Eleutherodactylus eugeniae (Lynch and 
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TABLE 3. Diet and niche breadth of Eleutherodactylus eugeniae based on 20 individuals. No = Total number 
of prey items found in all individuals examined; No % = Percentage of prey item number in relation to total 
number of items found in the species; Vol = Total volume of prey category in all individuals examined; Vol % = 
Percentage of prey item volume in relation to total volume of items found in the species; * = Number of prey 
items used to calculate volume, this value is used because not all prey were found complete; Frequency = 
Number of individuals containing prey item. 

Prey category No No (%) Vol (mm3) Vol (%) Frequency 

Acari 2 3.39 0.450 0.06 2 2 

Araneae 6 10.17 67.105 8.81 6 6 

Coleoptera 11 18.64 108.594 14.25 11 4 

Brentidae 1 1.70 19.055 2.50 1 1 

Chrysomelidae 7 11.86 71.863 9.43 7 4 

Staphylinidae 1 1.70 1.431 0.19 1 1 

Dermaptera 1 1.70 74.810 9.82 1 1 

Formicidae 1 1.70 0.190 0.03 1 1 

Hemiptera 4 6.78 47.019 6.17 4 4 

Lygaeidae 1 1.70 3.337 0.44 1 1 

Homoptera 2 3.39 7.405 0.97 2 2 

Hymenoptera (Formicidae) 1 1.70 0 0 0 1 

Larva unidentified 1 1.70 3.953 0.52 1 1 

Larva Coleoptera 1 1.70 150.773 19.79 1 1 

Larva Lepidoptera 1 1.70 57.955 7.61 1 1 

Lepidoptera 1 1.70 0 0 0 1 

Orthoptera 4 6.78 141.873 18.62 4 4 

Plant material 13 22.03 6.216 0.82 13 8 

TOTAL 59 100 762.029 100 57 - 

Niche breadth 8.191 7.643 

Duellman 1997) is adequate, but it does not address the range of 
morphological variation (Table 1; Fig. 2). This information is es-
pecially relevant to males, which originally were described on the 
basis of a single individual. 

Eleutherodactylus eugeniae is a nocturnal, sit-and-wait forager; 
once a prey item is sighted, individu-
als of E. eugeniae have been observed 
to pursue it for a short distance (< 30 
cm) before capture (D. F. Cisneros-
Heredia and A. Leon-Heredia, pers 
comm.). Our results (Table 3) agree 
with the hypothesis that the sit-and-wait 
foraging strategy might favor capture  

by the high frequency of Coleoptera, Araneae, and Hemiptera in 
their stomachs (Table 3). The presence of plant material in the 
stomachs of eight specimens is considered to be accidental and 
related to the ingestion of animal prey (Lajmanovich 1995; Zug 
and Zug 1979). 

Collection Year 

1994 	 1999 	 2001 

TABLE 4. Number and size of ovarian eggs in six adult females of Eleutherodactylus eugeniae associ-
ated with SVL, locality and collection date of specimens. REG = Reserva Floristica Ecologica Rio 
Guajalito; BIO = Bosque Integral Otonga reserve; QZ = Quebrada Zapadores; Max = Maximum; Min = 
Minimum. 

of relatively large, highly mobile prey 
(e.g., Coleoptera, Orthoptera, solitary 
spiders), rather than small prey species 
with predictable patterns of movement 
and clumped distributions (e.g. ants, 
termites, social spiders; Eckhardt 1979; 
Huey and Pianka 1981; Krebs 1978). 
Moreover, because E. eugeniae prin-
cipally inhabits the upper strata of the 
forest, its diet might depend mostly on 
those arthropods that either fly or climb 
to the forest canopy; this is supported 

Collection month April March August August August April 

QCAZ no. 6559 13117 13424 13425 13426 16041 

Locality REG BIO BIO BIO BIO QZ 

SVL 36.8 36.7 35.7 33.6 38.6 38.4 

Egg no. 	2 mm 18 1 0 0 25 1 

Egg no. < 2, 	1 mm 8 9 15 18 25 12 

Egg no. < 1 nun 68 67 51 131 74 77 

Total egg no. 94 77 66 149 124 90 

Max egg size (mm) 3.1 2.6 1.9 1.8 2.5 2 

Min egg size (mm) 0.1 0.1 0.2 0.1 0.2 0.1 
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APPENDIX I 

Specimens examined of Eleutherodactylus eugeniae. J = Juvenile; JF = Juvenile female; AF = Adult female; JM = Juvenile 
male; AM = Adult male; SAF = Subadult female; REG = Reserva Floristica Ecologica Rio Guajalito (00°14' S, 78°48' W, 1800-
2200 m, near Chiriboga, Provincia Pichincha); BIO = Bosque Integral Otonga reserve (00°25' S, 79°00' W, 1800-2200 m, near 
San Francisco de Las Pampas, Provincia Cotopaxi); QZ = Quebrada Zapadores, type locality of E. eugeniae (00°14' S, 78°45' W, 
1700-2010 m, 5 km ESE Chiriboga, Provincia Pichincha). 

Museum No. 
QCAZ Sex Diet Morphology Reproduction Call Locality Collection Date 

6551 J — REG October 1994 

6559 AF x x x REG April 1994 

11691 J BIO February 1998 

11692 AF x x BIO February 1998 

11693 AM x x BIO February 1998 

11694 AM x x BIO February 1998 

11695 AM x BIO February 1998 

12228 AM x BIO June 1998 

12304 JF x BIO September 1998 

12305 AM x x x BIO September 1998 

12306 AM x x x BIO September 1998 

12307 AM x x X BIO September 1998 

12308 AM x x BIO September 1998 

13117 AF x x X BIO March 1999 

13118 AM x BIO March 1999 

13119 AM x x X BIO March 1999 

13120 AM x x BIO March 1999 

13424 AF x x x BIO August 1999 

13425 AF x x x BIO August 1999 

13426 AF x x x BIO August 1999 

16036 AF x QZ April 2000 

16037 JF QZ April 2000 

16038 JM QZ April 2000 

16039 J QZ April 2001 

16040 SAF x QZ April 2001 

16041 AF x x x QZ April 2001 

16042 JF x — QZ April 2001 

16935 AM x x BIO February 2000 

16936 AM x x BIO February 2000 

Males eat fewer prey items than females; this might be a conse-
quence of differences in size (SVL = 30.6-38.6 mm in females; 
22.5-28.9 in males), and/or behavior. Several studies have shown 
a positive relation between the number and size of prey items with 
the SVL in anurans (Menendez 2001; Parmelee 1999). Addition-
ally, reproductive effort in calling males might restrict the time 
spent in feeding activities (Jenssen 1972; Lamb 1984; Woolbright 
and Stewart 1987). This might be exacerbated in Eleutherodactylus 
eugeniae, in which males seem to call throughout the year. The 
results of our diet study might be biased toward hard-bodied prey. 
Specimens collected were not preserved immediately and, surely, 
many soft-bodied prey were digested (Caldwell 1996; Parmelee 
1999). Another variable that probably influenced our results is the  

spatial and temporal fluctuations of arthropod populations. 
Females with eggs larger than 2 mm in April and August (Table 

4), and males calling in February, March, June, July, August, and 
September (Appendix I), suggest that Eleutherodactylus eugeniae 
breeds throughout the year. This mode of reproduction could be 
sustained by the high humidity of the region and by the reproduc-
tive strategy of Eleutherodactylus: terrestrial eggs with direct de-
velopment (Duellman and Trueb 1994; Lynch and Duellman 1997). 

The calls of Eleutherodactylus are poorly known. The only other 
call description available for the 61 species of Eleutherodactylus 
that inhabit western Ecuador is of E. achatinus in Provincia del 
Carchi, Ecuador (Lynch and Myers 1983). This lack of informa-
tion prevents us from comparing the vocalization of E. eugeniae 

Herpetological Review 35(1), 2004 



with sympatric or related species. 
Our records document the distribution of the species within the 

Montane Cloud Forest formation as described by Valencia et al. 
(1999). We collected specimens as high as 340 cm above ground, 
but most calling individuals were in sub-canopy and canopy. These 
data suggest, as mentioned by Lynch and Duellman (1997), that 
Eleutherodactylus eugeniae primarily inhabits the upper strata of 
the forest. Field observations suggest that this species might have 
site fidelity to diurnal retreats; E. eugeniae might depend on trees 
with epiphytic vegetation (e.g., bromeliads) for diurnal retreats as 
part of its habitat requirements. The species tolerates habitat dis-
turbance (45.8% of individuals in disturbed primary forest). Indi-
viduals have been heard calling in forest patches < 3 m 2  and in 
solitary trees with bromeliads (D. F Cisneros-Heredia and A. Le6n-
Heredia, pers. comm.), however, it seems to be susceptible to dras-
tic habitat modification (only 8.3% where found in secondary for-
est, and none in grasslands). 
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Loggerhead turtles, Caretta caretta, are highly migratory and 
use a wide range of broadly separated localities and habitats dur-
ing their lifetime. In the Pacific, most loggerheads carry out an 
extensive developmental migration, traveling from nesting areas 
in Japan and Australia to distant developmental and foraging habi-
tats in the eastern Pacific (Bowen 1995; Bowen et al. 1995; Uchida 
and Teruya 1988; P. Dutton, unpubl. data). After spending years 
foraging in the eastern Pacific, these turtles return to their natal 
nesting beaches for reproduction (Nichols et al. 2000; Resendiz et 
al. 1998) and remain in the western Pacific for the remainder of 
their life cycle (Hatase et al. 2002; Kamezaki et al. 1997; Sakamoto 
et al. 1997). At least some loggerhead turtles, however, apparently 
do not undertake trans-Pacific migrations and instead remain in 
the western Pacific for their entire life cycle (Limpus et al. 1994). 

Loggerhead sea turtles in the Pacific are adversely impacted by 
a variety of activities including incidental capture in commercial 
fisheries, boat strikes, debris ingestion, and intentional harvest 
(Gardner and Nichols 2001; Suganuma 2002; Wetherall 1996). 
These have contributed, at least in part, to declines in annual nest-
ing populations in Japan (Suganuma 2002) and Australia (Limpus 
and Couper 1994; Limpus and Reimer 1994). These reductions 
have prompted calls for increased research and protection (Na-
tional Marine Fisheries Service and U.S. Fish and Wildlife Ser-
vice 1998). However, the development of appropriate manage-
ment strategies has been hindered by the paucity of data on the 
biology of loggerhead turtles. 

Knowledge of regional size-class distributions of loggerhead 
turtles can help determine the importance of different marine habi-
tats for various life stages, and provide insights into the geographic 
variability in life history patterns (Bjorndal et al. 2000; Bolten 
2003; Witzell 2002). An important component of this understand- 

ing is the size at which juveniles depart the oceanic zone (i.e., 
seafloor depth > 200 m; Lalli and Parsons 1993) and recruit to 
neritic foraging habitats (i.e., seafloor depth 200 m; Lalli and 
Parsons 1993). Size-at-recruitment to the neritic zone is an impor-
tant element in the development of sea turtle population models 
(Bjorndal et al. 2000; Bolten 2003; Crouse et al. 1987) but is poorly 
understood in the Pacific: current knowledge is based solely on 
Limpus et al. (1994) who report a neritic recruitment size of 70 
cm curved carapace length in Australia based on in-water research. 
However, the vast size and substantial variation in coastal bathym-
etry of the Pacific (Briggs 1974) combined with potential life-
history differences between Japanese and Australian nesting stocks 
suggest that the size-at-recruitment for loggerhead sea turtles in 
Australia might not be representative of the entire Pacific. In the 
Atlantic, for example, some loggerheads might recruit to neritic 
habitats at substantially smaller sizes (starting at 25.0 cm curved 
carapace length along the US Atlantic coast; Musick and Limpus 
1997). The purpose of this report is to present information on the 
size of loggerhead sea turtles in neritic habitats of the Gulf of Cali-
fornia. This will provide researchers with a small data set with 
which to compare demographic data from other locations in the 
Pacific Ocean. 

From 1996 to 2002 we documented the presence of loggerhead 
turtles at two study areas in the central Gulf of California. Bahia 
de los Angeles (BLA) and the Infiernillo Channel (CIN), along 
the coasts of Baja California and Sonora, Mexico, respectively 
(Fig. 1). These areas are neritic feeding grounds for green turtles, 
Chelonia mydas (Cliffton et al. 1982; Seminoff 2000), and the 
large abundance of invertebrate fauna (Brusca 1980) suggest they 
are potential foraging areas for loggerhead turtles. Efforts to docu-
ment loggerhead turtle presence included: (1) in-water capture of 
live turtles (2) beach surveys for dead carcasses, and (3) docu-
mentation of turtle consumption in human coastal communities. 

We attempted to capture loggerhead turtles with entanglement 
nets (100 m x 8 m, mesh size = 50 cm stretched) placed along the 
shallow perimeter of each study area. Distance from shore and 
water depth of netting sites ranged from 50 m to 500 m, and 2 m to 
27 m, respectively. Nets were set during both day and night and 
monitored regularly. Turtles were removed immediately upon cap-
ture and held captive up to 24 h. We calculated catch per unit 
effort (CPUE) with each unit effort equaling the deployment of 
one 100-m net for 24 h. At BLA and CIN we recorded straight 
carapace length (SCL; ± 0.1 cm) and curved carapace length (CCL; 
± 0.1 cm), respectively, from the nuchal notch to the posterior-
most portion of the rear marginals. We converted all CCL mea-
surements to SCL using the conversion equation: CCL = 1.388 + 
(1.053) SCL (Bjorndal et al. 2000). Prior to release each turtle 
was double tagged with Inconel tags (Style 681; National Band 
and Tag Company, Newport, Kentucky); one tag in the first large 
proximal scale of each front flipper. 

To quantify the occurrence of deceased loggerheads we con-
ducted beach surveys along coastal perimeters of each study area. 
Each survey of the Infiernillo Channel coast covered 16 km of 
coastline. Surveys were conducted quarterly in March, June, Sep-
tember, and December, 1999-2001 (N = 12). At Bahia de los An-
geles each survey encompassed 5 km of shoreline, and surveys 
were performed monthly from June to September, 1996-2002 (N 
= 26). In addition, we searched fish camps and refuse dumps near 
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FIG. 1. Map of northwestern Mexico showing Bahia de los Angeles 
(BLA) and Infiernillo Channel (CIN) regions in the Gulf of California, 
and Bahia Magdalena (BMA) along the Pacific coast of the Baja Califor-
nia peninsula. 

each study site once each year (N,,, = 7; NcIN = 3). Data were re-
corded on each sea turtle carcass found, following Gardner and 
Nichols (2001). Measurements followed the same procedure as 
that for live-captured turtles. We described presence of external 
abnormalities, carried out necropsies when possible (Work 2000), 
and recorded cause of death when known. After each carcass was 
examined, it was marked with all-weather spray paint or collected 
to avoid duplicate counting. 

We recorded a total of 15 loggerhead turtles during this study: 
10 (seven live-captured, two floating dead, and one at a dumpsite) 
at BLA and five (all at dumpsites) at CIN. Mean straight carapace 
length of loggerhead turtles was 61.9 (SE = 2.1; range = 43.5-
92.7 cm). There was no difference in the mean SCL between the 
two sites (t = 0.35; P = 0.73), nor was there a difference in the 
mean SCL of live and deceased turtles (t = 0.54; P = 0.29). A 
summary of the size and manner of collection for each turtle is 
presented in Table 1. 

We could not determine the cause of death for the six logger-
heads found at dumpsites; however, the fact that all had meat re-
moved and were actively discarded suggests human consumption 
was likely. For the two loggerhead turtles encountered floating 
near BLA, mortality might have been from incidental capture in 
local fisheries: gillnets are commonly utilized in the region for  

harvest of a variety of finfish species (JAS, pers. obs.). We saw no 
evidence of contact with oil or tar, no turtles had boat collision or 
propeller damage, and necropsies of these turtles revealed that both 
had full stomachs at the time of death. 

Overall, the seven live-captured loggerheads from BLA repre-
sent 3.2% of all live-captured sea turtles (including Chelonia 
mydas, Eretmochelys imbricata, and Lepidochelys olivacea) at that 
area over the same time period (Seminoff 2000). The CPUE for 
the seven live turtles captured at BLA was 0.014, or one logger-
head capture every 1699 h of netting effort. At CIN, no live log-
gerhead turtles were captured despite 624 h of netting effort. The 
eight dead loggerhead turtles represent 6.6% of all deceased turtles 
found at the two areas (Seminoff 2000; Seminoff, unpubl. data). 

We are unaware of the habitats from which deceased turtles origi-
nated, but the capture of live turtles provides useful information 
on the distribution of loggerheads. In the Gulf of California some 
loggerhead turtles seemingly shift from the oceanic juvenile phase 
to the neritic juvenile phase at a size that is smaller than that re-
ported for populations in the western Pacific Ocean. While Limpus 
et al. (1994) report settlement sizes starting at 65.2 cm SCL (70.0 
cm CCL) in the southern Great Barrier Reef of Australia, the small-
est live loggerhead turtle encountered during this study measured 
43.5 cm SCL. Olguin-Mena (1990) and Resendiz et al. (1999) 
reported minimum sizes of 37 cm SCL and 29.9 cm SCL, respec-
tively, for loggerheads in similar habitats within the Gulf of Cali-
fornia. Based on these data, the sizes at which some loggerheads 
recruit to neritic habitats in the Gulf of California seem more similar 
to those for loggerheads along the US Atlantic coast (25-46 cm 
CCL; Bjorndal et al. 2001; Musick and Limpus 1997). 

Although the mechanisms of dispersal into the Gulf of Califor-
nia are unclear, our study illustrates the potential variability of 
loggerhead life-history in the Pacific Ocean. The factors that con-
tribute to apparent differences in neritic recruitment size are poorly 
understood and caution should be exercised in formulating theo- 

TABLE 1. Summary of Caretta caretta recorded from the Gulf of Cali-
fornia 1996 to 2002. Disposition codes include: L - live captured; F -
floating in water; D - found dead at dumpsite. 

Date 	 Size (cm SCL) 	Disposition 

Bahia de los Angeles 

1 January 1996 
	

47.7 
4 September 1997 
	

69.4 
31 October 1997 
	

49.7 
22 August 1998 
	

75.4 
4 February 1999 
	

92.7 
6 September 1999 
	

43.5 
19 September 1999 
	

63.0 
26 June 2001 
	

61.1 
2 August 2001 
	

57.7 
2 July 2002 
	

67.4 

Infiernillo Channel 

1 June 2000 
	

49.0 
18 June 2000 
	

67.1 
7 March 2001 
	

63.3 
9 March 2001 
	

60.9 
4 June 2001 
	

61.2 

F 
L 
L 
F 
L 
L 
L 
L 
D 
L 

D 
D 
D 
D 
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TABLE 2. Comparison of size data for loggerhead turtles (Caretta caretta) in the Gulf of California and Pacific coast of the Baja California Peninsula, 
Mexico. 

Site Gulf of Californiaa  Pacific Coast of Baja California b  Pacific Coast of Baja California" 

Mean SCL ± SE 61.9 ± 2.1 58.5 ± 11.1 46.9 ± 1.3 

Range (cm) 43.5 - 92.7 26.6 - 83.4 32 - 58 

N 15 180 39 

a  this study. 
Data from Gardner and Nichols (2001). Data are for stranded turtles only. Mean is reported with Standard Deviation. 
Data from Ramirez Cruz et al. (1991). Data are for live-captured turtles. 

ries about neritic recruitment patterns based on the few studies 
that have occurred to date. Moreover, as reported for Atlantic log-
gerheads by Witzell (2002), the shift from pelagic to coastal habi-
tats might be flexible. Some immature turtles might remain in the 
pelagic habitat longer than hypothesized, and some might move 
back and forth between pelagic and coastal foraging habitats. These 
variable data underscore the need for additional comparative studies 
of intrinsic and environmental effects on loggerhead turtles to as-
sess their relative influence on habitat preference. 

Considering that most sea turtles attain maturity at or near mean 
nesting size (Chaloupka and Musick 1997), the size range in this 
study (43.5-92.7 cm SCL) is indicative of a population consisting 
primarily of juveniles and sub-adults. All but one turtle encoun-
tered during this study was smaller than the mean nesting size in 
Japan (89.0 cm SCL; Uchida and Nishiwaki 1982). A preponder-
ance of juvenile sizes has also been reported for loggerheads along 
the Pacific Coast of Baja California (Nichols 2003; Olguin-Mena 
1990; Ramirez Cruz et al. 1991). These findings are consistent 
with the prevailing life-history model that depicts the eastern Pa-
cific as an important juvenile developmental habitat (Bowen et al. 
1995). 

The mean size of loggerheads examined in this study (61.9 ± 
2.1 cm SCL) is significantly larger than that reported by Ramirez 
Cruz et al. (1991) for live loggerheads from the Pacific coast of 
the Baja California Peninsula (t = 6.029, P < 0.0001; Table 2; Fig. 
1). Moreover, the maximum SCL in this study (92.7 cm) is larger 
than that reported for both live (58 cm; Ramirez Cruz et al. 1991) 
and stranded (83.4 cm; Gardner and Nichols 2001) loggerhead 
turtles from the Pacific. Consistent with our results, Marquez 
(1969) reported that the larger of two loggerheads found in the 
Gulf measured 92.0 cm SCL. Although the greater size of logger-
heads in the Gulf of California relative to the Pacific coast of the 
Baja California peninsula might be because of small sample sizes, 
we believe this difference might result from the semi-enclosed 
nature of the Gulf of California. Perhaps the Baja California pen-
insula acts as a land barrier, delaying the westward journey of 
loggerheads in the Gulf of California. Nichols et al. (2000) re-
ported that a loggerhead turtle returning to Japan from Baja Cali-
fornia maintained a westward bearing regardless of surface cur-
rent patterns. If bearing-specific homing is characteristic of all 
Pacific loggerheads, then return movements of individuals in the 
Gulf of California, that must first move south to depart the Gulf, 
might be delayed relative to those of loggerheads on the west side 
of the Baja California peninsula that have an unimpeded west-
bound route. We encourage additional studies to substantiate the 
comparatively large mean size observed in this study. Moreover,  

satellite telemetry might be a useful tool to investigate this 'pen-
insular barrier' hypothesis and establish the route taken by logger-
heads as they depart the Gulf of California. 

The low capture per unit effort in this study suggests that the 
Gulf of California might not provide critical habitat for logger-
head turtles in the eastern Pacific. Nevertheless, given consider-
ation of the recent population decline for Pacific loggerheads, the 
Gulf region should be included as a target area for efforts to pro-
tect this endangered marine species. 
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Johann Georg Wagler (1800-1832), German naturalist with a 
special interest in herpetology and ornithology, produced major 
treatises in his short life (Adler 1989). Among them, his 
"Natiirliches System der Amphibien" (1830) is a comprehensive 
classification, in which the first 129 pages were dedicated to mam-
mals and birds, and the remainder to the "Amphibia" (reptiles in-
cluded). Higher taxa (order, family, genus) were diagnosed, spe-
cies were listed with synonymies (some also diagnosed), and foot-
notes with comments on identification and etymology of the names 
are provided (Vanzolini 1977). 

In this work, Wagler proposed the generic name "Scinax, 
Schnellfrosch" (= "Scinax, quick frog") with the following diag-
nosis, freely translated from Latin: "Similar to preceding 
[Phyllomedusa]; body somewhat long; head narrow and snout 
somewhat long; fmgers slender, cylindrical, ending in globulous 
disc, without webbing; foot half webbed, except the free first toe. 
(Throat in not inflatable vesicle.) America." The species included 
in the new genus were Hyla aurata Wied-Neuwied, Hyla variolosa 
Spix, and Hyla bipunctata Spix. Hyla variolosa, currently a jun-
ior synonym of Hyla punctata (Schneider), was also placed as a 
species belonging to the genus Auletris Wagler. In a footnote, the 
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etymology is quoted as "Scinax agilis ad subsiliendum" (= Scinax 
agile to leap). 

Wagler provided no evidence on the gender of the name Scinax 
and did not combine his genus with any of the included species, 
which appeared as feminine names associated with the feminine 
genus Hyla. The same is observed for the currently masculine gen-
era Dendrobates (included Hyla nigerrima Spix, Hyla tinctoria 
Daudin, and Hyla trivittata Spix), Phyllodytes (included Hyla 
luteola Wied-Neuwied), and Hemiphractus (included Rana scutata 
Spix), for example. 

The first combination of a species name with Scinax appears in 
Tschudi (1838), in the list of synonyms of Hypsiboas luteola, as 
"Scinax aurata, variolosa, bipunctata Wagl." The gender adopted 
was intentionally feminine whereas in the same list the combina-
tion "Auletris variolosus Wagl." is also present, denoting clear 
utilization of Auletris in masculine gender, although it had been 
treated in the same inexplicit way by Wagler (1830) as he did for 
Scinax. Fitzinger (1843) confused the situation by including Scinax 
Wagler as a synonym of Hypsiboas Wagler, with Hyla punctata 
Daudin as its type species ("typus"). This designation is invalid 
according to the International Code of Zoological Nomenclature 
(ICZN 1961, 1964, 1985, 1999), because Hyla punctata was not 
originally included in the genus Scinax. 

Gunther (1858) placed Scinax (and Calamites, Hypsiboas, 
Auletris, Hyas, and Phyllodytes Wagler) in the synonymy of Hyla 
Laurenti, 1768, and this arrangement was followed by subsequent 
authors (e.g., Boulenger 1882; Nieden 1923), or only Phyllodytes 
was excluded as a valid genus (e.g., Bokermann 1966; Gorham 
1974; Duellman 1977; Frost 1985, 2002). 

Reviewing Spix's specimens of anurans housed in the Royal 
Cabinet of Natural History in Miinchen, Peters (1872) used the 
combination Scinax bipunctata Wagler, 1830 as a synonym of Hyla 
bipunctata Spix, 1824. He did not discuss that combination nor 
present any reason to consider Scinax feminine Apparently, he 
simply followed the combination derivative of Wagler (1830). 

Stejneger (1907), by subsequent designation, defined Hyla 
aurata Wied-Neuwied as the type species for Scinax Wagler. Al-
though Stejneger's studies were characterized by a critical, schol-
arly approach, with detailed descriptions of identifiable specimens 
and careful designations of type species and type localities (Adler 
1989), he did not express clearly the new combination nor his 
opinion on the gender of Scinax. 

The Hyla rubra group was defined by Le6n (1969) to accom-
modate a set of species occurring in Mexico and Central America; 
this group was recognized by Cochran and Goin (1970) and 
Duellman (1970). Several phenetic subgroups were proposed sub-
sequently for the H. rubra group by Duellman (1972) and Lutz 
(1973). 

The genus Ololygon Fitzinger, 1843 (type species, by monotypy, 
Hyla strigilata Spix, 1824) was resurrected by Fouquette and 
Delahoussaye (1977) to accommodate the species formerly in-
cluded in the Hyla rubra group (sensu lato). Ololygon is neutral in 
gender (cf. ICZN 1964, 1965), but the authors made no attempt to 
combine grammatically the several names of species to the genus, 
treating them irrespectively as feminine, directly transposed from 
Hyla. They included 48 species in five species groups of Ololygon 
and referred ten other species to the genus. The generic arrange-
ment of Fouquette and Delahoussaye (1977) was disputed explic- 

itly or implicitly by employing Hyla instead of Ololygon (see ref-
erences in Faivovich 2002) or adopted (e.g., Caramaschi and 
Kisteumacher 1979; Hoogmoed and Gorzula 1979; Harding 1983; 
Frost 1985; Duellman 1986; Peixoto 1987, 1988a,b; Peixoto and 
Weigoldt 1987; De la Riva 1990; Heyer et al. 1990; Henle 1991). 

Pombal and Gordo (1991) noted that Scinax Wagler, 1830 has 
priority over Ololygon Fitzinger, 1843, but they did not make taxo-
nomic changes and conservatively adopted the genus Hyla to ac-
commodate two new species that currently are associated with 
Scinax (S. jureia and S. littoralis). 

Duellman and Wiens (1992) followed Pombal and Gordo (1991) 
in recognizing the seniority of Scinax over Ololygon. These au-
thors presented a comprehensive approach to the problem, by res-
urrecting and diagnosing the genus Scinax and discussing the no-
menclature relevant to the genus, by designating and describing a 
neotype (KU 125383) for Hyla aurata, the type species of that 
genus, and thereby placing its type locality to Maracas (13°27'S, 
40°26'W), State of Bahia, Brazil. They also hypothesized intra-
and intergeneric relationships and tentatively updated the species 
composition of the genus. These authors considered the generic 
name Scinax, from the Greek "skinos" meaning quick or nimble, 
an appropriate name for these agile frogs, and clearly stated that 
the gender is feminine. 

Kohler and Mune (1996) argued that there is no Greek word 
"skinos," as presented by Duellman and Wiens (1992), and that 
the proper etymology given by Wagler (1830) was "Skinax agilis 
ad subsiliendum." Quoting a bio-etymological dictionary, they 
stated that "scinac - Gr. skinax, genit. skinakos, quick, nimble. 
Ex.: Scinaco-pus (Ins.), Scinax (Rept.)" Moreover, they affirmed 
that the Greek word skinax has been rarely used in the classic 
literature; they cited the hellenistic poet "Nikander (200 b.Ch.) 
used it as an attribute for the hare (Gr. - lagos)." Besides they 
considered that the linguistic derivation is not clear, but most likely 
derived from "kindax" resp. "kinein - G. to move", they stated 
that, in any case, its gender is clearly masculine. So, according to 
Article l lg of the International Code of Zoological Nomenclature 
(ICZN 1985), they concluded that "Scinax has therefore to be 
treated as a noun of masculine gender." Following this conclu-
sion, Kohler and &Mime (1996) cited 29 species names as mascu-
line, following the valid species names associated previously with 
the genus Scinax as feminine by Duellman and Wiens (1992, 1996). 
The masculine gender was adopted by Kwet and Di-Bernardo 
(1999), Izecksohn and Carvalho-e-Silva (2001), and Lescure and 
Marty (2001) in studying regional anuran faunas, by Peixoto (2002) 
in describing a new species (Scinax arduous) and treating all spe-
cies referred and included in the Scinax perpusillus species group 
by him, and by Alves and Carvalho-e-Silva (2002) in describing 
the tadpoles of S. alter and S. cuspidatus. 

According to Gow and Scholfield (1953), Nikandros of 
Kolophon (ca. 140 BC) was a Greek priest of Apollo, didatic poet, 
grammatist, and chronicler, author of the "Theriaka" and of the 
"Alexipharmaka," currently known only by fragments, and of a 
"Georgica," lost but later imitated by Virgil. The reference to the 
hare is in the "Theriaka" but there is no evidence that he utilized 
"skinax" as a masculine or a feminine adjective. It is noteworthy 
that Wagler selected such a rare word for the generic name. 

Reactions to the proposition of Kohler and Bohme (1996) ap-
peared early in 2000. Guix et al. (2000), in a nomenclatural note, 
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mentioned that they opted for the feminine gender of Scinax be-
cause this word comes from the Greek "skinax" (= agile), which 
can be utilized as masculine or as feminine, and that Wagler (1830) 
originally combined Scinax to three species in feminine gender. 
Therefore, according to the Article 30.1.4.2 of the International 
Code of Zoological Nomenclature (ICZN 1999), they concluded 
that this gender must prevail (but, they stated, see also Kohler and 
Bohme 1996). The nomenclatural position of Guix et al. (2000) 
was followed by Langone (2001) and Faivovich (2002) without 
additional comments. 

Duellman (2001) discussed the etymology and the gender of 
Scinax, referring that Duellman and Wiens (1992) considered that 
the generic name is feminine, and that Kohler and Mime (1996) 
incorrectly argued for a different interpretation with the gender 
being masculine. To corroborate that proposition, Duellman (2001) 
cited the Fourth Edition of the International Code of Zoological 
Nomenclature (ICZN 1999; Article 30.1.4.2), which clearly states: 
"A genus-group name that is or ends in a word of common or 
variable gender (masculine or feminine) is to be treated as mascu-
line unless its author, when establishing the name, stated that it is 
feminine or treated it as feminine with an adjectival species-group 
name." Arguing that Wagler (1830), when proposing the generic 
name Scinax, treated it as feminine by using its combination with 
three feminine specific names (aurata, bipunctata, and variolosa), 
Duellman (2001) concluded that the suggestion of Kohler and 
Bohme (1996) that specific names of Scinax should have -us end-
ings must be disregarded. In fact, Duellman (2001) should have 
referred to the 1985 edition of the Code because this was in effect 
when Kohler and Bohme (1996) proposed their ideas. Fortunately, 
there is no difference in Article 30.a.i contained in the 1985 and 
1999 editions of the Code, and thus no change is required of 
Duellman's proposition. 

Cannatella (in Frost 2000) stated that Scinax is a third declen-
sion noun, and those ending in -x are usually feminine, although 
there are several exceptions. This is true for names ending in -nx 
(-gx, in Greek) and -ix (-ix, in Greek), which are feminine, but not 
for -ax (-ax, in Greek), which is masculine (see Appendix D in the 
editions 1961 to 1985 of the Code). Again according to Cannatella, 
"the etymology provided in the original coining of the name (`agilis 
ad subsiliendum') is of no help. Agilis is a two-ending adjective 
and so could be masculine or feminine. Ad subsiliendum, despite 
the neuter implication of the -um ending, is a gerund expression in 
the accusitive case (usually used with ad in this form), denoting a 
sense of purpose. 'Agile or light for the purpose of leaping' would 
be a translation. But this modifying phrase provides no clue about 
gender, other than it is not neuter." In fact, in Greek, according to 
the meaning, most words designating actions are feminine 
(Papavero 1994), but this also does not clarify unequivocally the 
gender of Scinax. 

Frost (2000) considered that the argument for masculine gender 
is weak as is the argument for feminine gender. Therefore, he as-
sumed "Scinax to be a common gender and have taken the first 
combination of Scinax as analogous to the first revisor action in 
setting gender, which is, in this case, feminine, based on the first 
use in combination by Peters, 1872 (Scinax bipunctata, now in 
Hyla), which has also been the predominant usage." He appar-
ently overlooked that the first usage of the combination of Scinax 
with a specific name was by Tschudi (1838), as feminine (see  

above); thus, Peters (1872) cannot be accepted as analogous to a 
first revisor action. In fact, if applicable, the work of Duellman 
and Wiens (1992) is a real first revision of the genus Scinax, and 
there its gender is also feminine. 

Kwet (2001) presented a brief history of the problem and agreed 
with Kohler and Bohme (1996) by concluding that Scinax is a 
name of variable gender. Consequently, according to Article 
30.1.4.2 of the current Code (ICZN 1999), which states that "a 
genus-group name that is or ends in a word of common variable 
gender (masculine or feminine) is to be treated as masculine un-
less its author, when establishing the name, stated that it is femi-
nine or treated it as feminine in combination with an adjectival 
species-group name," Kwet (2001) determined that Scinax is mas-
culine. On the other hand, respecting the application of the Article 
24.2 (ICZN 1999), which rules the Principle of the First Reviser, 
Kwet (2001) correctly argued that it does not concern the determi-
nation of gender of names and rejected Frost's (2000) proposi-
tion. Finally, arguing that Scinax was not in use over more than a 
hundred years until its revalidation by Duellman and Wiens (1992) 
and, after that, both masculine and feminine spellings of Scinax 
were widely used in current literature, without a clear predomi-
nance of one or another, the masculine gender should have prior-
ity. 

Savage (2002) argued that the Greek word skinax (plural 
skinakos) would actually be an adjective used to modify both 
masculine and feminine nouns with no change in termination. In 
the case of the generic name, scinax would be an adjective used as 
a noun ("the nimble one"), and contrary to Mailer and Mime 
(1996) would not be "clearly" of masculine gender. By citing the 
Article 30.1.4.2 of the current Code (ICZN 1999), which stated 
that when a generic name is based on a word of variable gender 
and was not clearly indicated as feminine by the author establish-
ing the name, it is to be treated as masculine, notwithstanding the 
reference of Peters (1872) to Scinax bipunctata, he concluded that 
Scinax must be regarded as of masculine gender. 

Noting that the gender of Scinax is controversial, but resolved 
arbitrarily by Article 30.1.4.2 of the Code (ICZN, 1999) and that 
Kohler and Bohme (1996) suggested that the gender of the name 
Scinax is masculine, Frost (2002) reinstated the observations of 
D. Cannatella presented in Frost (2000) and that the first action 
applying a specific gender to Scinax was that of Peters (1872), 
who treated it as feminine (as Scinax bipunctata, now in Hyla). 
He considered this first action in keeping with at least one inter-
pretation of the gender of Scinax and that it has been the predomi-
nant usage subsequently. Nonetheless, as Frost (2002) noted, con-
trary to this purportedly predominant usage, the Code (ICZN 1999) 
does set the gender of Scinax to be masculine; Kwet (2001) is 
referred to as discussing the gender and the Code. Thus, Frost 
(2002) recognized 84 valid species names for Scinax, combining 
them as masculine when appropriate. 

In conclusion, by considering: (1) that Wagler (1830) did not 
use Scinax in combination and therefore did not demonstrate the 
intended gender of his genus; (2) that Greek words ending in -ax 
are normally masculine and according to its meaning part of the 
words designating actions, as is Scinax, are masculine; (3) that the 
Principle of the First Reviser does not apply to determination of 
gender of names; (4) that there is no clear predominance of mas-
culine or feminine usage for Scinax in the current literature; (5) 
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that the Code (ICZN 1999) clearly states that a name of common 
variable gender is to be treated as masculine; and (6) that in the 
checklist of amphibian species by Frost (2002) the gender is now 
consistently used as masculine, I hereby reassert that the gender 
of the genus Scinax should be considered masculine. 

Currently the genus Scinax is composed by 84 species, as rec-
ognized by Frost (2002), plus Scinax arduous Peixoto, 2002. How-
ever, a number of species currently placed in Hyla probably be-
long in the genus Scinax (Frost 2002), several nominal species 
currently in the synonymy of other species are actually valid spe-
cies, and a number of new species are waiting description. 
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Literature Citations for Slider Turtle 

(Trachemys scripta) Requested 

Carl Ernst and Michael Seidel are preparing the species account (Catalogue 
of American Amphibians and Reptiles) for Trachemys scripta. In an effort to 
be thorough and because the literature on this turtle is so voluminous, they are 
seeking the assistance of anyone (author, bibliophile, reader) who is aware of 
publications on this species which might be overlooked by a routine search of 
the literature. References to publications in non-U.S. or technical journals would 
be especially helpful. Citations can be forwarded to: Michael E. Seidel, De-
partment of Biological Sciences, Marshall University, 400 Hal Greer Boule-
vard, Huntington, West Virginia 25755-2510, USA; teL (304) 696-7262; fax 
(304) 696-7136; e-mail: seidel@marshall.edu.  
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Krefft's River Turtles, Emydura krefftii, inhabit many of the riv-
ers and streams along the eastern Queensland coast (Cogger 2000), 
yet its ecology in the wild is poorly understood, particularly within 
tropical populations (Cann 1998). Previous studies on E. krefftii 
(Georges 1982a, b; Georges 1983) were conducted on Fraser Is-
land, Southeast Queensland. However, the Fraser Island popula-
tion might be genetically distinct from the mainland populations 
and might be an undescribed species (Cann 1998). There are no 
studies on the ecology of E. krefftii from mainland populations 
(Cann 1998). 

Many freshwater turtles, including Emydura spp. exhibit sexual 
size dimorphism, with females being larger than males (Cann 1998; 
Chessman 1978; Georges 1982a; Spencer 2000). Larger female 
body size might be the result of selection for increased fecundity 
(Ernst et al 1994; Gibbons and Lovich 1990; Viosca 1933). In 
addition, females of a number of species including E. krefftii have 
relatively larger heads than males, with both sexes undergoing 
macrocephaly with increasing age (Cann 1998). Greater head size 
in females might function to increase the size range of food items, 
perhaps in response to calcium depletion after oviposition (Cann 
1998; Chessman 1978). 

This study describes sexual dimorphism in a population of E. 
krefftii from Ross River. The Ross River is located in the seasonal 
wet-dry tropics of North Queensland, Australia. The study site 
was a 360 m portion of the Ross River, downstream of the Aplins 
Weir, (19°15'59"S, 146°45'6"E) at Douglas, Townsville. Sampling 
was carried out between the 13 August and 10 October 2001 in the 
late dry season when river flow and water levels are lowest. Turtles 
were trapped using modified crab pots (8 x 8 cm mesh) baited 
with chicken carcasses, following the hoop trap design of Legler 
(1960). In addition, a few turtles were collected with dip nets. 
There were 22 days in which traps were set. Each day, four traps 
were set for a three-hour period and checked hourly. 

From each individual, shell dimensions were measured to the 
nearest mm with a flexible tape. Mass was recorded to the nearest 
20 g using Elson spring balance scales with 1000 g or 5000 g 
capacity. Carapace length was measured as curved carapace length 
along the midline and carapace width was measured as the curved 
horizontal distance across the highest point of the carapace. Plas-
tron length was measured as the curved distance along the ventral 
midline, and plastron width was measured across the proximal 
end of the femoral plates. Cranial measurements were made to the 
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nearest mm using Unimax dial calipers. Cranial length was mea-
sured, from the snout tip to the posterior edge of the quadrate bones. 
Cranial width was measured at the widest point, across the tym-
panic membranes. 

Turtles were sexed based on the marked sexual dimorphism in 
tail morphology. Male E. krefftii have considerably broader and 
longer tails than females (Cann 1998). Each turtle was given a 
unique mark (Cagle 1939) and released at the original site of cap-
ture. 

Data were log-transformed prior to analysis so as to meet as-
sumptions of normality and homogeneity of variance. Intersexual 
comparisons of mass were made using univariate ANOVA. In or-
der to describe differences in body shape, or relative morphology, 
the effects of body size were removed using standardized residu-
als calculated from regressions of each morphological character 
against body mass. These measures of relative morphology were 
then compared between sexes, using univariate ANOVA. 

A total of 126 Emydura krefftii were marked (72 females and 54 
males). Mass frequency distributions seemed to be normally dis-
tributed in both males and females (Fig. 1). The greater frequency 
of females, compared to males, in the larger size classes is clearly 
evident. Mean body mass was significantly greater in females than 
in males (F = 17.25, P < 0.001, Table 1). Additionally, mean cara-
pace length and width, plastron length and width, and head length 
and width were also greater in females (Table 1). 

Significant linear relationships, on a log-log scale, were evident 
between body mass and all other measurements (Fig. 2). The slope 
of each of these relationships approximated isometry (slope = 0.33), 
indicating generally proportionate growth over most of the size 
range. However with differences in body mass removed, females 
still had significantly larger cranial length, cranial width, and cara-
pace width (Table 2). 

Female E. krefftii are significantly larger than males. In addi-
tion, with the effects of body size removed, female E. krefftii have 
relatively greater carapace widths than males. These results are 
consistent with those from other genera of freshwater turtles from 
around the world, with sexes usually significantly differing in as-
pects of their morphology (Aresco and Dobie 2000; Cann 1998; 
Chessman 1978; Ernst et al 1994; Gibbons and Lovich 1990; 
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Flo. 1. Frequency distribution of body mass for male and female 
Emydura krefftii (N = 126). 

TABLE 1. Mean ± SE of eight morphological parameters for male and 
female Emydura krefftii. 

Parameter Male Female 

Carapace Length (mm) 183.5 ± 3.95 208.9 ± 4.26 
Carapace Width (mm) 148.1 ± 2.90 173.3 ± 3.70 
Plastron Length (mm) 143.7 ± 3.05 164.5 ± 3.33 
Plastron Width (mm) 56.9 ± 1.25 66.6 ± 1.49 
Cranial Length (mm) 33.9 ± 0.64 39.4 ± 0.86 
Cranial Width (mm) 27.8 ± 0.50 33.4 ± 0.84 
Body Mass (grams) 650 ± 37.8 1010 ± 61.7 

TABLE 2. ANOVA results for six relative morphological parameters with 
the effects of mass differences removed (calculated utilizing residuals) 
comparing male and female Emydura krefftii. 

Parameter 	 F (d.f = 1,120) Significance 

0.545 
0.002 
0.598 
0.083 
0.033 
0.001 

Relative Carapace Length 
	

0.368 
Relative Carapace Width 
	

9.910 
Relative Plastron Length 
	

0.280 
Relative Plastron Width 
	

3.066 
Relative Cranial Length 
	

4.670 
Relative Cranial Width 
	

11.428 

Viosca 1933). Sexual dimorphism in turtles often has been attrib-
uted to differences in reproductive strategies (Gibbons and Lovich 
1990). Greater mass, and relative width, might increase fecundity 
in female E. krefftii because they can accommodate more eggs. In 
contrast, larger body sizes (and the associated energetic and re-
source costs) are generally regarded as not advantageous for males 
in terms of reproductive success. 

In addition to attaining greater overall body size, female E. krefftii 
also had larger heads than males. The muscular and bony devel-
opment associated with greater cranial size is likely to have im-
portant functional and ecological consequences. In particular, 
greater head size might increase niche breadth in female E. krefftii. 
However, dietary studies in the genus Emydura do not support a 
niche breadth hypothesis. Studies of E. macquarii have found little 
difference between the diets of males and females (Chessman 
1978). These turtles were omnivorous, but the majority of their 
diet consisted of terrestrial and aquatic plants (Chessman 1986). 
Similarly, Georges (1982b) found no difference in diet between 
sexes in E. krefftii on Fraser Island. These turtles were utilizing 
aquatic insects, with an ontogenic shift to larger insects and crus-
taceans. 

We have described marked patterns of morphological variation 
between sexes in E. krefftii. Further work is required to examine 
the functional and ecological implications of this variation. In par-
ticular, dietary differences between sexes, as well as ontogenic 
shifts in dietary habits of E. krefftii need to be explored. Addition-
ally, the hypothesis that reproductive success is related to body 
size in female E. krefftii remains to be examined. 
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The native distribution of Trachemys scripta elegans, the red-
eared slider, is limited to the Mississippi Valley from Illinois to 
the Gulf of Mexico (Ernst et al. 1994). For decades, T s. elegans 
has been the most popular turtle in the pet trade worldwide. Fur-
thermore, large numbers of adults have been shipped around the 
world as laboratory animals. From these sources, T scripta has 
been introduced into many areas outside of its native range. Intro-
duced populations have been reported worldwide in Japan, Ger-
many, Israel, South Africa, and the Mariana Islands (Ernst et al. 
1994), and in the U.S. in Michigan, Arizona, Hawaii, Pennsylva-
nia, New Jersey, Washington D.C., and Virginia (Conant 1975; 
Ernst et al. 1994; Mitchell 1994). In Florida, introduced popula-
tions have been reported in Dade Co. (Wilson and Porras 1983), 
Orange Co. (Bancroft et al. 1983), and in Pinellas Co. at Coquina 
Key, Gulfport, Sawgrass Lake Park, Boyd Hill Park, and Eckerd 
College (Hutchison 1992; P. Meylan, pers. comm ; G. Heinrich,  

pers. comm.). 
Hutchison (1992) reported a reproducing population of T s. 

elegans at Fox Pond, Eckerd College. This species inhabits all 
Eckerd College campus ponds, which it shares with two native 
species, Pseudemys floridana and P nelsoni. All of these ponds 
are connected through a storm sewage system. Fox Pond, a 1.21-
ha body of water, is separated from Chapel Pond by a 1-m wide 
sidewalk, but the two ponds are connected by a storm pipe that 
runs under the sidewalk. Similarly, Fox Pond is connected to Front 
Gate Pond (0.567 ha) by a 415-m storm pipe, and to ELS Pond 
(0.243 ha) by a 455-m storm pipe. This report is an update of the 
status of the reproductively active population of T s. elegans in 
Fox Pond. 

Fox Pond was sampled 12 times over a 34-month period be-
tween September 1997 and December 1999 using funnel traps 
baited with sardines. Four 1.0 m by 0.75 m funnel traps (mesh 
size 2.5 cm) were placed near vegetation, approximately two-thirds 
submerged to allow captured turtles to surface. Captured turtles 
were marked by drilling the marginal scutes following the coding 
system of Gibbons (1988), and by insertion of AVIDTm PIT tags. 
A variety of data were recorded from each turtle at each capture, 
but for the purposes of this paper we report only sex and straight 
midline plastron length (MPL). Adult female turtles were also x-
rayed for the presence of eggs. The Jolly-Seber model (Pollock et 
al. 1990) was used to make 12 consecutive population and survi-
vorship estimates. The population estimates were examined via 
regression analysis for evidence of population growth. 

A total of 35 T s. elegans, 20 males and 15 females, were cap-
tured 104 times over the 34-month study period. Female MPL 
ranged from 135-222 mm, with a mean ± SD of 183 mm ± 28 mm 
(Fig. 1). Male MPL ranged from 126-199 nun, and averaged 162 
mm ± 19 mm (Fig. 1). Four females were gravid, with clutch sizes 
of 8, 9, 10, and 12 eggs. 

Monthly population estimates ranged from 21.0 ± 15.9 to 54.7 
± 27.1 turtles (Fig. 2). Regression analysis demonstrated a slope 
of 0.532, which is significantly greater than zero (t = 2.46, P < 
0.05), indicating a growing population. Survival rate was estimated 
as 97.5% for one of the monthly samples, and 100% for the re-
maining 11 samples, indicating that individuals are not being re-
moved from the population. 

Hutchison (1992) estimated the number of T. s. elegans in Fox 
Pond to be 25.7 individuals. The current estimate of 54.7 ± 27.1 
individuals suggests an increase of greater than 100% in popula-
tion size over the past eight years. By comparison, T scripta popu-
lation estimates for a newly constructed pond (0.3 ha) in Clay Co., 
Mississippi were determined to be one turtle in 1981, and 26 by 
1983, an increase which may have been due to immigration (Parker 
1990). The increase in the number of individuals in Fox Pond, 
which is similar to the increase at the Clay Co. Mississippi site, is 
at least in part due to immigration. Turtles captured in other cam-
pus ponds during an initial short-term trapping project have been 
recaptured in Fox Pond. I have documented the immigration of 
five turtles to Fox Pond from surrounding ponds, and the emigra-
tion of four turtles from Fox Pond to other campus ponds. Exten-
sive trapping in the other campus ponds is necessary to accurately 
determine emigration/immigration frequencies. 

Although the individuals inhabiting Fox Pond belong to a 
metapopulation, the continuous, slow increase in numbers sug- 
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FIG. 1. Size frequency distribution of female and male T s. elegans in 
Fox Pond. 
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FIG. 2. Monthly population estimates (± 1 SD) of T. s. elegans in Fox 
Pond, from March 1997 to December 1999. 

gest that the metapopulation is increasing at a steady rate, which 
must be due to recruitment. The invasive impact of T s. elegans 
cannot be determined without population estimates of the two 
Pseudemys species. The population status of both species of 
Pseudemys is currently unknown, due to low capture rates in baited 
funnel traps that can be attributed to the fact that they are prima-
rily herbivorous. 
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Determining the age of individual animals is extremely impor-
tant for demographic, population dynamics, or life history studies 
of amphibians (Castanet and Smirina 1990; Hemelaar and van-
Gelder 1980; Kusano et al. 1995; Ryser 1988; Smirina 1994). Mark-
release-recapture and skeletochronology are generally used for es-
timating the age of amphibians (Castanet and Smirina 1990; 
Hemelaar 1981; Halliday and Verrell 1988; Kusano et al. 1995; 
Smirina 1994). Counting of growth layers in the phalangeal bones 
is a non lethal (therefore, ideal for live samples) and a good alter-
native method for mark-recapture (Coles et al. 2001). 

The recent reviews on aging of amphibians reveal that most of 
the skeletochronological studies on the estimation of age and lon-
gevity of amphibians emerge from temperate areas (Castanet and 
Smirina 1990; Esteban et al. 1996; Halliday and Verrell 1988; 
Smirina 1994). In these species, the marked seasonality in the 
ambient temperature is known to result in the formation of dis-
tinct annual growth rings consisting in broader growth zones (cor-
responding to faster bone growth in wanner months) and lines of 
arrested growth or LAGs (corresponding to arrested bone growth 
in colder months). Alternately, amphibian species inhabiting con-
stant wanner areas or tropics are expected to express the growth 
marks inconspicuously or less clearly owing to uninterrupted os-
teogenesis (Castanet and Smirina 1990; Guarino et al. 1998; 
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