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

the annual meetings and serve on editorial boards and committees. 

ANNUAL Dues AND SUBSCRIPTIONS: Annual membership dues for the year 1998 in the Society for the Study of Amphibians and 
Reptiles are as follows: Individual membership US$40; Student membership $30; Family membership $55. $16 of the amount 

of a membership pays for a subscription to Herpetological Review for one year. $21 of the amount of a membership pays for 

a subscription to Journal of Herpetology for one year. Remaining funds help support Society activities. Additional fee for air 

mail postage outside USA $35 for one year. Institutional subscriptions for Herpetological Review are $70 and individual 

subscriptions may be purchased for $24. 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. Subscription 

to the Catalogue of American Amphibians and Reptiles: Individuals $20; Institutions $20. 

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: Robert D. Aldridge, SSAR Treasurer, 
Department of Biology, Saint Louis University, St. Louis, Missouri 63103, USA. Fax: (314) 977-3658; e-mail: 
ssar@sluvca.slu.edu.  

Future Annual Meetings 

1998 — University of Guelph, Guelph, Ontario, Canada, 16-22 July (James P Bogart, Chair). 
1999 — University of Pennsylvania, University Park, Pennsylvania, USA, 24-30 June (Jay Stauffer, Chair). 



SOCIETY FOR THE STUDY OF AMPHIBIANS AND REPTILES 

1998 ANNUAL MEETING 
together with 

AMERICAN SOCIETY OF ICHTHYOLOGISTS AND HERPETOLOGISTS 

THE HERPETOLOGISTS' LEAGUE 

CANADIAN ASSOCIATION OF HERPETOLOGISTS 
16 — 22 July 1998 

University of Guelph, Ontario, Canada 

Keynote Address: "THE EVOLUTION OF MORPHOLOGICAL NOVELTIES," by Sharon Emerson, The Herpetologists' League Distin-
guished Herpetologist (University of Utah). 

Symposium: "RECENT ADVANCES IN ANURAN COMMUNICATION: A SYMPOSIUM HONORING DR. STAN RAND."Organizer: Michael J. 
Ryan, Clark Hubbs Regents Professor in Zoology, Department of Zoology, University of Texas, Austin Texas 78712, USA; e-
mail: mryan@mail.utexas.edu.  Tel: (512) 471-5078; Fax: (512) 471-9651. 

Symposium: "PHENOLOGY OF FISHES, AMPHIBIANS, AND REPTILES: INTEGRATING ORGANISM-LEVEL AND POPULATION-LEVEL PERSPEC 

TIVES." Organizers: Eric Schultz and Kentwood Wells, Department of Ecology and Evolutionary Biology, University of Con-
necticut, Storrs, Connecticut 06269-3042, USA. 

Symposium: "To FREFZF OR NOT TO FREEZE: AMPHIBIANS AND REPTILES IN THE COLD." Organizer: Kenneth B. Storey, Department 
of Biology, Carleton University, 1125 Colonel By Drive, Ottawa, Ontario, Canada K1S 5B6; e-mail: kbstorey  @ccs.carleton.ca . 
Tel: (613) 520-3678; Fax: (613) 520-4497. 

Symposium: "HERPETOLOGY IN THE LAB AND FIELD: A SYMPOSIUM IN RECOGNITION OF THE CAREER OF RONALD A. BRANDON." 

Organizers: Steve Reilly, Department of Biological Sciences, Ohio University, Athens, Ohio 45701, USA; e-mail: 
reilly@ohio.edu.  Tel: (614) 593-3343, and Ronn Altig, Drawer GY, Department of Biological Sciences, Mississippi State 
University, Mississippi State, Mississippi 39762, USA. e-mail: rga2@Ra.MsState.edu.  Tel. (601) 325-7561. 

Conservation Forum/Point-Counterpoint: "CITES: BENEFIT OR HINDRANCE TO THE CONSERVATION OF AMPHIBIANS AND REP-
TILES." Participants: Sue Lieberman (U.S. Fish and Wildlife Service), Brian Bowen (University of Florida). Organizer: C. 
Kenneth Dodd, Jr., Florida Caribbean Science Center, U.S. Geological Survey, 7920 N.W. 71st Street, Gainesville, Florida 
32653, USA. e-mail: Ken_Dodd@usgs.gov.  

Contributed Paper and Poster Presentations: Several concurrent sessions will be held each day throughout the conference. 

Student Paper Awards: Seibert Prizes (US $200 each) will be awarded in four categories: Systematics, Ecology/Evolution, 
Conservation, and Physiology/Morphology. Refer to the December 1997 issue of HR for details. 

Student Travel Grants: Ten travel grants of US $200 each will be available for SSAR student members. Refer to the Decem-
ber 1997 issue of HR for details. 

Multimedia Presentations: "HERPETOLOGY OF THE WEST" and "AMPHIBIANS OF THE APPALACHIANS" by David Dennis and Eric 
Juterbock; "HERPETOLOGICAL NAMESAKES" by Kraig Adler and David Dennis. 

Social Activities: General Reception at the University Center Building, SSAR Auction, Picnic at Guelph Lake, ROMMY II, 
Graduate Student Reception, and ASIH Banquet. 

Field Trips: Metro Toronto Zoo, Long Point Provincial park, Royal Ontario Museum, Niagara Falls and Winery. 

Live Exhibit: Live amphibians and reptiles of Ontario will be on display and available for viewing and photo sessions. 

Vendors: Books, carvings, jewelry, T-shirts, and equipment of interest to herpetologists. 

Costs: Pre-registration $170.00 Canadian (approx. US $120) regular, $85.00 CAN (approx. US $60) student/accompanying 
person. After April 1, 1998, costs are $220.00 CAN (approx. US $155) regular, $125.00 CAN (approx. US $88) student/ 
accompanying person. 

Further Details: See December 1997 issue of HR (pp. 169-171). Meeting Announcement and Call for Papers was mailed to 
all Canadian, U.S., and Mexican members of SSAR in January 1998. Overseas members wishing to receive this information 
may do so by contacting Tana McDaniel, Department of Zoology, University of Guelph, Guelph, Ontario, Canada NIG 2W1. 
Tel: (519) 824-4120 ext. 6260; fax: (519) 767-1656; e-mail: meeting@uoguelph.ca.  Please visit the meeting web site at http:/ 
/www.uoguelph.ca/-ichsherp  for additional and updated information. 
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SSAR BUSINESS 

New Conservation Brochure Available 

The SSAR Conservation Committee has produced a black and 
white brochure entitled "Conserving Amphibians and Reptiles." 
The brochure is posted on SSAR's Conservation page at http:// 
falcon.cc.ukans.edu/-gpisani/conservation.html . Individuals or 
organizations desiring hard copies can download the brochure 
using free Acrobat software, available through the web site. Please 
use this option as quantities are limited and there are no postage 
costs to the Society! You may run off as many copies as needed 
for distribution. Copies of the brochure also can be obtained 
through the Publications Secretary or by writing: Dr. Ken Dodd, 
U.S. Geological Survey, 7920 NW 71st Street, Gainesville, Florida 
32653, USA. 

SSAR Grants-in-Herpetology Committee 
Annual Report (1998) 

An award in the amount of $500 was made to each of the fol-
lowing individuals: 

Conservation.—Marc J. Mazerolle, Dalhousie University. 
Project title: "Amphibian abundance, movements, and popula-
tion structure in harvested and pristine ombrotrophic peat bogs 
of southeastern New Brunswick." 

Laboratory Research.—Kyle G. Ashton, University of Colo-
rado. Project title: "The evolution of body size within Crotalus 
viridis, the western rattlesnake." 

Field Research.—Sarah Annette Conditt, University of Mis-
souri. Project title: "Vocal mediation of mating tactic switches in 
the green treefrog, Hyla cinerea." Stephanie M. Rollmann, Uni-
versity of Chicago. Project title: "Courtship pheromones, female 
receptivity, and sexual isolation in plethodontid salamanders." 

Travel.—Rafe M. Brown, University of Texas. Project title: 
"Biogeography, systematics and evolution of direct development 
in platymantine ranids of SE Asia and southwestern Pacific is-
lands." 

Education.—Trevor A. Hare and Dennis Caldwell, Tucson 
Herpetological Society. Project title: "Tucson Herpetological So-
ciety Conservation Publications and Distribution." 

1998 Grants-in-Herpetology Committee.—Carole L. Horn, 
University of California, Davis; Randy Jennings, Western New 
Mexico University; Julian C. Lee (Chair), University of Miami; 
Joseph Mendelson III, University of Kansas; Janice Perry, Ari-
zona-Sonora Desert Museum; Barbara Savitzky, Christopher New-
port University; Kelly Zamudio, University of California, Berke-
ley. 

SSAR congratulates the 1998 GIH recipients and thanks the 
committee members for their efforts. 

About Our Cover: Emys orbicularis 

Emys orbicularis, the European Pond Turtle, is unique in being the 
only Old World member of the subfamily Emydinae. It has now and 
then been observed throughout Denmark during this century, but such 
specimens generally have been considered released pets. However, in 
1996 four turtles were found in Central Jutland (mainland, western Den-
mark) in an area rich in forests and freshwater habitats. In the last 20 
years about 24 specimens have been observed within a radius of 20 km. 

The four new specimens were morphologically similar to the nomi-
nate subspecies (rather big, dark colored, and males with a reddish brown 
iris) indigenous to the northern part of the range. Genetic tests, how-
ever, showed that three of the specimens possessed the same DNA hap-
lotype as populations from Poland, Lithuania, and the Black Sea, that 
is, the eastern part of the species' range. The fourth specimen was of a 
hitherto unknown haplotype, but definitely descendent from the type 
distributed in East Germany and Hungary (Bringsoe 1997. Forekomst 
of europwisk sumpskildpadde, Emys orbicularis, i Danmark. Nord. 
Herpet. Foren. 40(21:57-64). These haplotypes have been termed Ia 
and lid respectively (Lenk et al. 1998. Phylogeographic patterns in the 
mitochondrial cytochrome b gene of the European pond turtle [Emys 
orbicularisl: First results. Mertensiella: in press). 

Although traps were set up and searching was intensified during 1997, 
only two more specimens were found in the possible metapopulation of 
Central Jutland. DNA analyses indicated an eastern origin (haplotype 
la). If these specimens had been introduced in this century, they would 
probably have originated from South Europe, the source of most speci-
mens collected for the pet trade. However, the genetic studies clearly 
indicate that none of the Jutland specimens originated from South Eu-
ropean stock. 

It is possible that E. orbicularis immigrated to Denmark via two 
routes: one from the south through Germany, and another from the east 
over the Baltic as the Baltic Sea was a freshwater lake ca. 9000 years 
ago. Similar dispersal patterns are believed to apply to other Danish 
animal species. 

One proof for viable populations being able to survive in Denmark 
is still missing: observation of young. However, juveniles are shy and 
may be difficult to observe. Hatchlings of E. orbicularis often hiber-
nate in the nests, which makes them vulnerable to frost. From northern 
Germany it is known that they often die under these circumstances. 

Thus, it is still an open question whether the Danish occurrences 
form indigenous populations or have been introduced, or if they are a 
mixture of both. Certainly, E. orbicularis is very rare in Denmark. Oth-
erwise the northernmost known breeding populations are in southern 
Lithuania, at a latitude slightly south of Central Jutland. 

The cover photo was taken by Henrik Bringsne on 13 June 1997 on 
a field trip during the Sixth Nordic Herpetological Symposium held in 
Ry, Denmark. The locality of this individual is the lake Veiling Igelso 
(measuring 380 x 250 m), where most of the specimens from 1996-
1997 have been found. It is a male of haplotype Ia which had been 
caught in the lake shortly before and which was now going to be re-
leased. 

The photo was taken with ordinary equipment consisting of an old 
Olympus OM I body and 28 mm Olympus lens on Kodachrome 200 
film, under natural light. In order to take the photo from the same level 
as the turtle, the camera was held as close to the water surface as pos-
sible. A cloud cover prevailed on this day, a common condition in the 
relatively cold and humid Central Jutland. 

Bringsoe describes himself as "an amateur working with a number 
of disciplines of herpetology, including ecology, conservation, and 
herpetoculture. Two main areas of my activities are herpetology of 
Greece and Denmark." He is a contributor to one saurian volume of the 
German work Handbuch der Reptilien und Amphibien Europas and will 
be an author in the chelonian volume. He currently serves as the chair 
of Nordisk Herpetologisk Forening—the Scandinavian region's largest 
herpetological society, and is an NGO advisor to Denmark's CITES 
authority. 

Separation and imaging of Bringsoe's photograph is the work of Jim 
Bridges of Herpeto, Inc., Hollywood, Florida. 
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NEWSNOTES 

New Gecko Society Launched 

The Global Gecko Association (GGA) is a new organization 
dedicated to gecko enthusiasts worldwide. Membership is open 
to anyone with an interest in gekkonids, from the professional 
herpetologist to the hobbyist. 

The GGA is a not-for-profit organization committed to pro-
mote interest in gekkonids in a whole variety of ways, from re-
sponsible captive care, to study in the wild, conservation, aca-
demic research and beyond. Furthermore, the GGA will serve 
people who are interested in gekkonids by providing a voice and 
means of communicating and sharing of resources and ideas. 

Members will receive two issues of the Association's Journal 
annually, together with regular members' Newsletters. The Jour-
nal of the Global Gecko Association will be produced in color 
and contain articles and papers, book reviews, interviews and other 
items of interest that reflect the full breadth of the GGA's objec-
tives. Many of the leading figures in the "gecko world" have 
agreed to contribute. Newsletters will keep members fully up-
dated with Association events, gecko related news and views from 
around the world, veterinary advice, and provide a mechanism 
for members to communicate with each other. Advertising will 
be accepted for the Newsletters only. 

For membership and other information visit the GGA web-site 
at http://www.gekkota.com  or write to: Global Gecko Associa-
tion, P.O. Box 739, Westview Station, Binghamton, New York 
13905, USA. 

J. Larry Landers Student Research Award 

The Gopher Tortoise Council annually awards the J. Larry 
Landers Student Research Award to the best student research 
project. Awards have averaged approximately $500 over the past 
few years. The focus of the project can be on the gopher tortoise, 
its habitat, or related areas of interest. Applications should in-
clude an outline of the project, a proposed budget, and a brief 
vita. To be considered for the 1998 award, proposals should be 
received by 31 August 1998. Proposals should be sent to: Bob 
Herrington, Chairman of the Research Advisory Committee, De-
partment of Biology, Georgia Southwestern State University, 
Americus, Georgia 31709, USA. 

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

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

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

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

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

Ernie Liner to Receive Honorary Doctorate 

Long-time SSAR member Ernest A. Liner, of Houma, Louisi-
ana, is to receive an honorary Doctor of Science degree from the 
University of Colorado, Boulder, at its summer commencement 
ceremonies on Saturday, 8 August 1998. Ernie, as he is affection-
ately known to herpetologists throughout North America, is an 
amateur herpetologist. Until his retirement in 1987, he was em-
ployed for most of his professional life by the pharmaceutical 
firm of E. R. Squibb and Sons. 

Since 1949, Ernie has published nearly 100 titles, mostly on 
the herpetofaunas of Louisiana and Mexico. He published an in-
valuable checklist of the amphibians and reptiles of Mexico, to-
gether with their Spanish and English common names, in 1994. 
Currently, he is continuing his monographic work on the herpe-
tology of Nuevo Leon and has also assumed responsibility for 
updating the bibliographic analyses of the Mexican herpetofauna 
initiated by Hobart and Rozella Smith. He has produced highly 
useful herpetological indices to numerous journals and is pres-
ently completing a monumental index to the entire multivolume 
series Biology of the Reptilia, edited by Carl Gans and now pub-
lished by SSAR. 

Ernie is a member of numerous herpetological societies and 
has served on the governing boards of both ASIH and SSAR. 
Besides his herpetological research and activities, Ernie is a grower 
of prize-winning orchids and a renowned chef. He published A 
Herpetological Cookbook in 1978, including such recipes as "Fric-
assee of Iguana," "Congo Eel with Cucumbers," and "Picayune 
Frogs a la Creole." The book is not without scientifically appro-
priate instructions, for example, the recipe for "Ophidia a la 
Minton" begins: "Skin and gut snake. Remove tail with scent 
glands. Behead and make skull of head. . . ." A new, enlarged 
edition is being issued this summer by the publisher of Reptile & 
Amphibian Magazine. 

SSAR congratulates Ernie on this high honor. 

Wildlife Links: Request for Proposals 

The National Fish and Wildlife Foundation, through a coop-
erative agreement with the United States Golf Association, re-
quests preproposals for research and management projects that 
address wildlife conservation needs on golf courses. Areas of in-
terest include: examination of management and design options 
for increasing biodiversity on golf courses; research to determine 
the role of habitat characteristics in the designation of golf courses 
as wildlife corridors or bathers; preparation of management guide-
lines for specific species or species suites; programs to monitor 
the success of wildlife habitat conservation programs on golf 
courses; and the effects of golfer and maintenance activities on 
wildlife. All projects must address issues of management con-
cern to the golf industry, and should provide management recom-
mendations applicable on at least a regional basis. Approximately 
$80,000 will be available. Request should not exceed $25,000, 
yet multi-year funding is possible. 

Deadline for preproposals is 31 July 1998; full proposal dead-
line will be early September 1998, with funding available in Feb- 
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ruary of 1999. For preproposal guidelines, contact: Katie Distler, 
NFWF, 1120 Connecticut Ave. NW Suite 900, Washington, DC 
20036, USA; teL (202) 857-0166; e-mail: distler@nfwforg.  

Loggerhead Sea Turtle Bibliography Changes 
WWW Site 

The comprehensive bibliography of the loggerhead sea turtle 
has changed its WWW location. It can now be accessed through 
the Florida Museum of Natural History's herpetology home page 
at http://www.flmnh.ufl.edu/natsci/herpetology/herpetology.htm . 
The site contains references to more than 2000 citations on ex-
tant and fossil Caretta. In addition, there is now a search feature, 
new graphics, and full use of specialized grammatical marks in 
international languages. The references have been updated through 
November 1997. The bibliography will be updated every 6-12 
months. For more information contact: Dr. Ken Dodd, U.S. Geo-
logical Survey, 7920 NW 71st Street, Gainesville, Florida 32653, 
USA. 

MEETINGS 

Meetings Calendar 

12-15 June 1998—Highlands Conference on Plethodontid Sala-
manders, Highlands Biological Station, Highlands, North Caro-
lina, USA. For more information contact: Plethodontid Confer-
ence, Highlands Biological Station, P.O. Box 580, Highlands, 
North Carolina 28741, USA, or send an e-mail message to Judy 
Hill at: JHILL@wpoff.wcu.edu . Additional information: http:// 
www.wcu.edu/hibio.  

25-27 June 1998-22nd Annual Meeting of the International 
Herpetological Symposium, Inc., Holiday Inn-Cincinnati Airport, 
Cincinnati, Ohio, USA. Contacts: Stan Draper, IHS Secretary, 
P.O. Box 16444, Salt Lake City, Utah 84114-0444, USA; e-mail: 
sdraper@npsp.com;  or Pete Strimple, Liaison Committee Chair, 
5310 Sultana Drive, Cincinnati, Ohio 45238, USA; tel. (513) 451-
2392; e-mail: pds0404@aol.com.  

16-22 July 1998-41st Annual Meeting, Society for the Study 
of Amphibians and Reptiles; 46th Annual Meeting of The Herpe-
tologists' League; 78th Annual Meeting, American Society of Ich-
thyologists and Herpetologists. Hosted by the University of 
Guelph, Guelph, Ontario, Canada. Refer to meeting announce-
ment in this issue for details. 

1-5 September 1998—Third International Asian Herpetological 
Meeting, Almaty, Kazakhstan. To receive the First Announce-
ment and Preliminary Registration Form, please contact one of 
the meeting organizers: Dr. Tatjana Dujsebayeva, Department of 
Biology, Kazakh State University, Al-Farabi Prospect, 71, Almaty, 
480078, Kazakhstan; tel. (3272) 472677; fax (3272) 472609; e-
mail: zool@plague.almaty.kz;  Dr. Natalia Ananjeva, Department 
of Herpetology, Zoological Institute, Universitatskaja nab., 1, 
Saint-Petersburg, 199034, Russia; tel. (812) 2180711; fax (812) 
2182941; e-mail: anb@zisp.spb.su;  or Dr. Theodore Papenfuss, 
Asiatic Herpetological Research, Museum of Vertebrate Zoology, 
University of California, Berkeley, California 94720, USA; tel. 

(510) 642-3567; fax (510) 643-8238; e-mail: 
asiaherp@uclink2.berkeley.edu.  

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

3rd Annual Meeting of the 
Canadian Amphibian and Reptile 

Conservation Network 

The 3rd Annual Meeting of the Canadian Amphibian and Rep-
tile Conservation Network will be held in conjunction with the 
8th Annual Meeting of the IUCN/SSC Task Force on Declining 
Amphibian Populations in Canada (DAPCAN), at the University 
of Saskatchewan, Saskatoon, Saskatchewan, Canada, from 1-5 
October 1998. 

The principal feature of this year's conference will be a sym-
posium on the Conservation Biology and Monitoring of Reptile 
Populations in Canada, plus our regular program of featured speak-
ers, research papers, posters, workshops, field trips, discussions, 
and a general meeting on all aspects of the conservation biology 
of amphibians and reptiles in Canada. 

Overnight field trips are planned to Grassland National Park 
and the South Saskatchewan River Escarpments. Topics that are 
being considered for symposia or round-table discussion are: Her-
petological Education, Ethics, and Highway Mortality. 

Please forward your ideas, comments, suggestions or propos-
als for this meeting to: Andrew Didiuk, Local Organizer; e-mail: 
Andrew.Didiuk@ec.gc.ca;  tel: 306-975-4087; fax: 306-975-4089. 

CURRENT RESEARCH 

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

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

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

Adhesive Tail Tips of Carphodactyline Geckos 

Bauer employs electron microscopy to visualize and describe 
the morphology of the adhesive tail tips of carphodactyline gec-
kos (Reptilia: Diplodactylidae). He surveyed representatives of 
the genera Naultinus, Hoplodactylus, Bavayia, Eurydactylodes, 
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Rhacodactylus, and Pseudothecadactylus and determined that the 
New Caledonian and Australian species exhibit discrete, adhe-
sive pads similar in gross morphology to the subdigital scansorial 
pads. The internal structure of these pads closely resembles that 
of the subdigital scansors as well. These adhesive tail tips show a 
phylogenetic trend toward increasing complexity. Similarities 
among the microstructures of the subdigital and tail tip scansorial 
pads represents phylogenetic convergence and Bauer considers 
them as iterative homologues of one another. 
BAUER, A. M. 1998. Morphology of the adhesive tail tips of 

carphodactyline geckos (Reptilia: Diplodactylidae). J. Morphol. 
235:41-58. 

Correspondence to: Aaron M. Bauer, Department of Biology, Villanova 
University, 800 Lancaster Avenue, Villanova, Pennsylvania 19085-1699, 
USA; e-mail: abauer@king-kong.vill.edu.  

Developmental Temperatures Influence Turtle 
Temperature Choice and Growth Rate 

In this investigation, the author reports on her study of the ef-
fects of embryonic temperature on juvenile temperature choice 
and growth rate in the Snapping Turtle, Chelydra serpentina, a 
species with known temperature-dependent sex determination 
(TSD), with males produced at intermediate incubation tempera-
tures, and with sexual dimorphism (males larger than females). 
This study examines the hypothesis that male-producing egg tem-
peratures maximize growth rates and determines and measures 
the separate effects of embryonic temperature and sex on the 
growth rate and temperature choices of juveniles. The author found 
incubation temperature to be linearly and negatively correlated 
with growth rate of male and female juveniles (i.e., male-produc-
ing temperatures enhanced, but did not maximize growth rates). 
Developmental temperature also was found to be negatively cor-
related with juvenile temperature choice. Temperature choice was 
found to be repeatable, even after a six-month hibernation pe-
riod. The author comments that the multiple effects of embryonic 
temperature may create long-term differences between the physi-
ology and behavior of male and female C. serpentina and may 
have important implications for the evolution of TSD. 
O'STEEN, S. 1998. Embryonic temperature influences juvenile tempera-

ture choice and growth rate in snapping turtles Chelydra serpentina. 
J. Exp. Biol. 201:439-449. 

Correspondence to: Shyril O'Steen, Department of Ecology and Evo-
lutionary Biology, SH 321, University of California at Irvine, Irvine, 
California 92697-2525, USA; e-mail: sosteen@uci.edu.  

Median Lingual Process of Frogs 

The authors report the discovery of prominent median protu-
berances on the tongue of eight species of Colostethus (Anura: 
Dendrobatidae), a surprising find that is the first of its kind among 
New World anurans. Previously, median protuberances of the 
tongue were known only among Asian and African ranoids. Varia-
tion in this protuberance among New World dendrobatids and 
Old World ranids was documented with electron microscopy and 
four tentative morphologies were described (Type A-D). 
Colostethus exhibits nonretractile protuberances and all exam-
ined species except one conform to Type C protuberances, being  

elongate and longitudinally reclining. The possible function of 
the median lingual protuberance is discussed, but is still unknown. 
The authors also describe a new species, C. atopoglossus, and 
discuss the systematics of the genus. These data contribute to our 
understanding of morphological variation among Neobatrachians, 
as well as to our understanding of the systematics of this group. 
GRANT, T., E. C. HUMPHREY, AND C. W. MYERS. 1998. The median lingual 

process of frogs: a bizarre character of Old World ranoids discovered 
in South American dendrobatids. Am. Mus. Novitates 3212:40 pp. 

Correspondence to: Taran Grant, Investigador Asociado, Laboratorio 
de Herpetologfa, Universidad del Valle, A. A. 25360, Cali, Valle del Cauca, 
Colombia; e-mail• tagrant@biologia.univalle.edu.co . 

Postfreeze Survival in Wood Frogs 

The authors experimentally induced freezing in fall-collected 
juvenile Rana sylvatica. By manipulating the duration of freez-
ing, they found that the percent of frogs that recovered from freez-
ing was reduced as the duration of freezing increased. This may 
have implications for potential geographic variation in freezing 
tolerance—frogs in colder climates may be able to survive longer 
freezing periods. Also, they found that injecting some of the frogs 
with glucose prior to freezing increased their survival rates. They 
hypothesize that the major cryoprotectant properties of glucose 
may not relate to the reduction of ice formation, but rather may 
act to keep energy levels of frozen tissues high, thereby allowing 
frozen cells to stay viable for longer periods. 
LAYNE, J. R., JR., J. P. COSTANZO, AND R. E. LEE, JR. 1998. Freeze dura-

tion influences postfreeze survival in the frog Rana sylvatica. J. Exp. 
Zool. 280:197-201. 

Correspendence to: Jack R. Layne, Jr., Department of Biology, Slip-
pery Rock University, Slippery Rock, Pennsylvania 16057, USA; e-mail: 
JRL@SRUVM.SRU.EDU.  

Polymorphism and Sex-Specific Fitness 
Differences in Salamanders 

In this paper, Whiteman reports on his study of the faculta-
tively paedomorphic tiger salamander, Ambystoma tigrinum 
nebulosum, in which he recorded life history traits as measures 
of fitness parameters in several populations. He found that pae-
domorphic males bred more frequently than metamorphic males, 
and that there were differences in the sex-ratios among the two 
morphs—more paedomorphs were male and more metamorphs 
were female. He suggests that these ratios reflect sex-specific fit-
ness differences consistent with the parental investment theory 
of Trivers (1972). Because of the unique nature of the environ-
ment in these ponds, males are more likely to be paedomorphic 
and to remain in breeding areas consistently, whereas females are 
more likely to metamorphose to exploit a variety of resources. 
Whiteman suggests that the propensity in these salamanders to 
become paedomorphic relates to sex; therefore, future studies of 
fitness differences among polymorphic animals should consider 
each sex separately. 
WHITEMAN, H. H. 1997. Maintenance of polymorphism promoted by sex-

specific fitness payoffs. Evolution 51:2039-2044. 

Herpetological Review 29(2), 1998 
	 69 



Intergenic Spacer in Ambystomatid mtDNA 

McKnight and Shaffer describe an approximately 240bp long 
tandem duplicate in the mtDNA (between tRNAThr and tRNA PI1 
of ambystomatid salamanders. This region is quite stable, found 
in all Ambystoma surveyed, and quite active—some species have 
several additional base pairs in this region. They discuss the gen-
eral features of this intergenic spacer and hypothesize that it may 
have arisen by a duplication (and editing) event at the 5' end 
(including tRNAThr and tRNA I'm and the control region) early in 
the origin of this group of salamanders. The authors hypothesize 
about the possible reasons for the stabitlity of this spacer—either 
it is because of its strong secondary structure or because it acts as 
an alternative site of initiation of replication or transcription. They 
discuss the possible evolution of this sequence within this group 
(e.g., additional insertion events) and propose that this region may 
be informative for future work on the phylogenetic relationships 
of this group, as well as the evolutionary history of this region of 
mtDNA. 
MCKNIGHT, M. L., AND H. B. SHAFPER. 1997. Large, rapidly evolving 

intergenic spacers in the mitochondrial DNA of the salamander fam-
ily Ambystomatidae (Amphibia: Caudata). Mol. Biol. Evol. 14:1167-
1176. 

Correspendence to: H. Bradley Shaffer, Section of Evolution and Ecol-
ogy, University of California, Davis, California 95616, USA; e-mail: 
hbshaffer@  ucdavis.edu . 

LETTERS TO THE EDITOR 

Quo Vadis? Three American CITES Proposals 
for American Reptiles 

HENRIK BRINGSOE 
Esthersvej 7, DK-4600 Kage, Denmark 

Before the Tenth Meeting of the Conference of the Parties held 
in Harare, Zimbabwe, from 9 to 20 June 1997, the United States 
put forward three proposals for inclusion of North American rep-
tile taxa in CITES Appendix H: Crotalus horridus, Macroclemys 
temminckii, and Graptemys spp. For the genus Graptemys, the 
twelve currently recognized species—barbouri, caglei, ernsti, 
flavimaculata, geographica, gibbonsi, nigrinoda, oculifera, 
ouachitensis, pseudogeographica, pulchra, and versa—were in-
cluded. The subspecies kohnii was included within 
pseudogeographica. 

In March 1997, I was made aware of the proposals in my posi-
tion as NGO advisor (representing Nordisk Herpetologisk 
Forening, the Scandinavian Herpetological Society) for the Dan-
ish CITES authority, the National Forest and Nature Agency un-
der the Ministry of the Environment. It was emphasized that these 
species were in decline, which I have no reason to doubt. How-
ever, I was surprised that for nearly all of them the threat was not 
international trade. Rather, the problems were of a domestic na-
ture, typically habitat destruction and various types of uncontrolled 
hunting or killing. I will briefly go through the main threats to  

these species; with one exception (Pritchard 1989), all informa-
tion has been based on the supporting material of the U.S. CliES 
proposals. 

1. Crotalus horridus.—The decline over much of the species' 
range has been caused mainly by habitat loss and destruction as 
well as collection for rattlesnake roundups. Highway mortality, 
intentional killing, and collection for commercial pet trade have 
also been mentioned. Poachers are known to have devastated some 
populations. However, the international trade in C. horridus has 
been minimal It certainly does not seem to be very popular among 
terrarium-keepers or herpetoculturists in Europe. 

2. Macroclemys temminckii.—This turtle mainly lives in slow-
moving rivers, their major tributaries, and associated bodies of 
water (Pritchard 1989). Much of the natural habitat of the alliga-
tor snapping turtle has been eliminated which is by far the most 
important reason for its decline. A survey in Missouri has revealed 
that 90% of the habitat now is gone. Pollution is another factor. 
The U.S. proposal stresses draining of lowlands and swamps, now 
turned into fields of soybeans and cotton, as an important (per-
haps the most important) contribution to the decline of M. tem-
minckii. 

The most serious utilization of this species is the meat trade for 
the U.S. market. It is much larger than the pet trade. Especially 
rapacious has been the Louisiana market for meat. In addition to 
this commercial trade, M. temminckii also is trapped for personal 
consumption. 

For the international pet trade, which has been increasing, 
mostly juveniles are collected whereas the meat trade utilizes 
adults which are more valuable for the recovery of natural popu-
lations. Although state programs exist for the alligator snapping 
turtle, no national programs established specifically for the pur-
pose of protecting this species are known. 

3. Graptemys spp.—It is emphasized that the greatest threat to 
map turtles is habitat destruction such as alteration of nesting habi-
tats (e.g., waterfront development), water pollution, degradation 
of waterways, and recreational use of water areas. Basking indi-
viduals of many species are shot for target practice. Also, map 
turtles often are regarded as vermin or at least as competitors for 
fish. Occasionally humans eat the turtles and their eggs. A num-
ber of individuals drown in nets or on trot lines. 

Map turtles are popular in the pet trade both domestically and 
abroad. There is limited captive breeding of some species but 
most adult captives are wild-caught individuals. Only for G. 
barbouri has the international pet trade been mentioned as a threat 
to its survival. This species appears to be the one in greatest de-
mand internationally. 

None of the three proposals was accepted at the meeting in 
Harare in June 1997. Those on C. horridus and M. temminckii 
were withdrawn, and the one on Graptemys spp. was rejected. 
Appendix III listing, which does not require conference approval, 
was mentioned as an alternative. But is CITES really an appro-
priate tool to protect species that suffer from the degradation and 
reduction of habitats and other domestic abuses? 

It is disturbing that the U.S., with its great experience in CITES, 
has put forward such proposals that do not meet the basic criteria 
of the convention, i.e., that a species is or may be threatened by 
international trade. These criteria appear in Article H of the Con-
vention and, in more detail, in Resolution 9.24: "Criteria for 
Amendment of Appendices I and II" (Resolution of the Confer-
ence of the Parties, adopted in Fort Lauderdale, U.S.A., in No-
vember 1994). The latter has replaced the Berne Criteria. 

70 	 Herpetological Review 29(2), 1998 



Other countries have taken the appropriate measures in their 
own legislation to prevent habitat destruction and other threats of 
a national nature. Making such CITES proposals may give an 
impression that the U.S. Department of the Interior is trying to 
distract attention from the true cause of these declines. As experi-
enced elsewhere, habitat protection and restoration is costly, but 
these are virtually the only effective means to correct past mis-
takes. Of course, it is much easier and less expensive to initiate 
species protection, regardless of needs for habitat protection! Has 
the U.S. Department of the Interior taken this step as a feint to 
show the world that they care about their wildlife? 

My intention is not to prevent protection of these reptile spe-
cies. However, the step taken in Harare to reject Appendix II list-
ings was a first signal to the U.S. Department of the Interior to 
direct their attention to the severe national problems mentioned 
above and not to blame international trade. It is my firm belief 
that effective conservation should aim at solving the real reasons 
for the decline, i.e., to initiate an extensive habitat protection pro-
gram, although it will not at all be as cheap as implementing pro-
tection via CITES. CITES listings, including the easy adoption 
in Appendix III, should be abandoned (except for G. barbouri). 
Furthermore, the awareness of nature protection by the public 
throughout all social classes in a society is essential to gain wide 
support. In a civilized and democratic world we will have to ac-
cept that the attitude of the public is of utmost importance in con-
serving nature through habitat protection and prevention of un-
sustainable hunting and killing. 

This case shows that a change of attitude in the U.S. Depart-
ment of the Interior and perhaps in the U.S. Fish and Wildlife 
Service, from the dogmatic and conservative view of species pro-
tection alone, would be desirable. Perhaps a generational change 
will be necessary. 

I would appreciate it if a representative from the American con-
servation authorities could present the country's strategy outlin-
ing how an effective conservation of C. horridus, M. temminckii, 
and Graptemys spp. can be carried out in order to change the 
negative development and regain the former status of the popula-
tions. 

Quo vadis? Where do you go? 

LrrERATuRE CrrED 

PlUTCHARD, P. C. H. 1989. The Alligator Snapping Turtle: Biology and 
Conservation. Milwaukee Public Museum, Wisconsin. 104 pp. 

POINTS OF VIEW 

Bibliographic Accuracy: Importance in 
Herpetological Publications 

ERNEST A. LINER 
310 Malibou Boulevard, Houma, Louisiana 70364-2598, USA 

and 
VICTOR H. HUTCHISON 

Department of Zoology, University of Oklahoma 
Norman, Oklahoma 73019, USA 

e-mail: vhutchison@ou.edu  

Bibliographic citations are important sources of information 
for readers. The accuracy of citations often reflects the care au-
thors have given to their entire paper; inaccurate bibliographies  

may lead readers to doubt the trustworthiness of authors. Altig 
(1996) concluded that "from current involvement with large bib-
liographic listings that at least one-third of the published cita-
tions contains errors." One of us (EAL) reviewed over 1000 cita-
tions for a bibliography and found at least 20% had errors. Our 
intent here is to point out many inconsistencies and errors we 
encountered in compiling bibliographies. As in most fields of 
knowledge, the now vast herpetological literature appears in many 
types of publications: newspapers, popular nonscientific and sci-
entific magazines or periodicals, bulletins, journals, occasional 
papers, proceedings, symposia, reports (business and government), 
monographs, circulars, and scientific and popular books. Cata-
loguing these materials into accurate bibliographies can be mind-
boggling. Several abstracting services are available such as Zoo-
logical Record, Biological Abstracts, Biologische Zentralblatt, 
Dissertation Abstracts, Index Medicus, International Abstracts 
of Biological Sciences, Bibliographie deutschen 
Zeitschriftenliteratur, Referatvnii Zhurnal, and Bulletin 
Signaletique. Other good sources are supplied by the journals 
themselves either on a yearly or other cumulative basis. Some of 
the herpetological literature does not appear in these standard 
abstracting sources. As literature increases, some herpetologists 
have provided valuable service by producing bibliographies on 
taxonomic units (e.g., Smithsonian Herpetological Information 
Service series, Catalogue ofAmerican Amphibians and Reptiles), 
specific topics (e.g., Neill 1958; Harless and Morlock 1973), spe-
cific states (e.g., Carpenter and Krupa 1989), countries (e.g., 
Miyata 1982), geographic regions (e.g., Busack 1976), and habi-
tats (e.g., Neill 1958). One can find errors in most of these bibli-
ographies, even those compiled by abstracting services. The only 
sure way to provide accurate citations is to check each item di-
rectly from the original source. This is virtually an impossible 
task for editors and many authors who do not have access to large 
libraries. Even these major depositories will not have everything. 
A result of these problems is that many references are hand-me-
downs copied from other sources. Errors in citations thus become 
compounded into more errors. With increasing frequency, refer-
ences are being placed on the Internet by journals, abstracting 
services, organizations, and individuals. Some of these bibliog-
raphies are not checked by an editorial process or by direct refer-
ence to the original; errors are likely to be quite common. 

We hope that this paper will raise the awareness of the impor-
tance of correct citations in herpetological (and other) publica-
tions. We believe that the points raised are clearly applicable to 
most fields of knowledge. Style manuals such as the CBE style 
manual (Council of Biology Editors 1994) provide guidelines on 
the preparation of a bibliographic reference under different sce-
narios. The CBE style manual has been adopted by many bio-
logical journals and should be readily available to every writer of 
biological papers. 

We address here each element of a typical bibliographic cita-
tion in the order that they most frequently occur in biological 
publications. Many minor differences exist in the way citations 
are listed in journals and the style sheet for each journal should 
be consulted before preparing the literature cited section for a 
manuscript to be submitted for consideration for publication. 

Surname.—This is the last name of the author (first author, if 
two or more). Errors are quite frequent in the spellings of sur-
names. Latinized names of a person, particularly in the older lit-
erature (e.g., Linn& Linnaeus) are often not treated uniformly. 
Frequently names are spelled differently for the same person. Rus-
sian names frequently are spelled several different ways, often 
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due to differences in the translation (e.g., -sky vs. -ski or skii; 
Darevsky, Darevski, Darevskii). One of us (EAL) is working on 
a massive bibliography (a bibliographic index for the Biology of 
the Reptilia) and found, in several instances, the same reference 
entered more than once under different spellings or with various 
prefixes and suffixes to the surname. The use of hyphenated sur-
names (e.g., Chun-Lee or Chun Lee) can also produce confusion. 
The example could be listed under C or L for the same person 
based upon the use of the hyphen. This is frequent in some Asian, 
Spanish, and English names and is becoming more frequent in 
the United States where surnames are combined at marriage, ei-
ther with or without the hyphen. Sometimes authors create prob-
lems by not being consistent in use of their hyphenated surname. 

Another frequent problem with surnames is the use of da, de, 
dela, del, van, and von (to name a few), capitalized or not, and 
sometimes not separated from the surname. Some authors alpha-
betize under personal-name prefixes followed by whatever name 
follows. Others use the surname name before the prefix. Some 
bibliographies list under last names with the prefix first (e.g., 
Amaral, Alfredo do vs. do Amaral, Alfredo; Wettstein, 0. v. vs. 
von Wettstein, 0.). Sometimes this style shows up under both 
versions in the same publication and leads to duplication in large 
bibliographic compilations. This problem is compounded by the 
manner in which nominal prefixes are used in different countries. 
The simple thing to do is to list under prefixes instead of the body 
of the last name, but the recommendations in the CBE style manual 
(Table 7-1, Council of Biology Editors 1994) should be followed. 

The use of the umlaut frequently produces problems (e.g., 
Muller or Mueller for the same author). Inconsistency here leads 
to duplication in listings and placement in different alphabetical 
positions. Diacritical marks create a special problem because they 
are sometimes used and sometimes not, especially in U.S. publi-
cations. If the marks are used in the original article, then they 
should be used in later citations. If both accented and unaccented 
versions occur in the name of the same author in the original 
publication or in later listings, the diacritical marks should be 
added. The accent marks normally do not interfere with alpha-
betizing, except the umlaut. Where diacritical marks are not avail-
able on typewriters or word processors, they should be added by 
hand to manuscripts. Complete guidelines for proper use of the 
surname in bibliographic listings are given in the CBE style 
manual, The Chicago Manual of Style (University of Chicago 
Press 1993), and the Manual for Preparing Records in Micro-
computer-based Bibliographic Information Systems (Di Lauro and 
Brandon 1990). 

The importance of correctness in the use of names of authors 
in literature citations goes beyond just the need for accuracy in 
finding original sources (Garfield 1982). Citation analysis is now 
widely used for evaluation of the "quality" or "importance" of 
publications written by faculty members and scientists in gov-
ernmental and industrial laboratories (Garfield 1988a). The basis 
of this indicator of productivity is that important papers will be 
cited more frequently by others. Although obvious limitations exist 
in this assessment method (Garfield 1988b, 1989; Hutchison 1993; 
Lindsey 1980), its future use is likely to increase (administrators 
find numbers easier to use than the more subjective, but often 
more accurate, verbal descriptions of scientific quality). If au-
thors' names are spelled incorrectly or the wrong initials or given 
names are used in a citation, the papers will not be included in a 
citation analysis for an individual, unless such incorrect spellings 
also are searched in the data banks; these considerations are sel- 

dom used. For example, about 40% of the citations to the publi-
cations of the second author (VHH) are incorrect (e.g., 
"Hutchinson" or "Hutcheson" instead of "Hutchison"). In the lead-
ing textbook and reference on amphibian biology (Duellman and 
Trueb 1986), "Hutchinson" appears throughout. Various spell-
ings of the name appear within the same paper (e.g., Dunlap 1989), 
sometimes on the same page (e.g., Rodriguez et al. 1996), and 
even within the literature cited section (e.g., Innocenti et al. 1993). 
Some names are misspelled in the literature cited but do not ap-
pear within the text at all (e.g., Luke 1994) or are spelled differ-
ently in the text and literature cited section (e.g., Bols et al. 1992). 
Such errors in books and review papers (e.g., Badia et al. 1993; 
Bradshaw 1986) are more likely to be perpetuated than incorrect 
citations in original papers. Thus, authors of books and review 
papers should take particular care to reduce such errors, but some 
typographical or other errors are inevitable. Authors should check 
original sources, in all cases. 

Copy editors and printers also can contribute to errors in names 
(e.g., they often believe that "Hutchison" is an error and change 
it to "Hutchinson"). Errors by printers sometimes occur outside 
the control of authors, especially where some of the published 
material is not included with the proofs reviewed by the authors. 
The authors of Turtles of the United States and Canada (1994) 
are listed incorrectly as Ernst, Barbour, and Lovich on the title 
page, but the correct order of names (Ernst, Lovich, and Bar-
bour) appears on the dust jacket and on the copyright page with 
the ISBN number. Such errors may lead to incorrect library list-
ings (e.g., the electronic card catalog at the University of Michi-
gan Libraries has the book correctly under Ernst, Lovich, and 
Barbour; at Washington University it is Ernst, Barbour, and Lov-
ich). 

Given Name.—The current trend in scientific publications is to 
reduce the length of papers to save on the escalating costs of pa-
per, printing, and distribution. Included within these cost-saving 
moves is the use of initials only instead of the full first name and 
middle initial(s). We believe that this is a false economy and leads 
to many errors in bibliographies. A simple typographical error or 
an incorrect emendation can lead one astray. Where one initial 
instead of two or more is used for the same author, listings may 
appear in incorrect alphabetical order. Sometimes this problem is 
the result of an author not being consistent in use of initials. The 
use of the same initials for two or more authors with different 
names often leads to incorrect multiple listings. Sometimes the 
correct author(s) can be determined from the time period (e.g., 
1800's or 1900's) or subject matter (e.g., anatomy, ecology, sys-
tematics). The CBE style manual states that if one or more au-
thors have the same initials with a given surname then the given 
name should be spelled out; this is rarely done. 

Personal-name suffixes (Sr., Jr., II, III, etc.) often produce prob-
lems. As with hyphenated surnames, similar problems can occur 
with given names (e.g., Ming-Chung). Initials of such hyphen-
ated names should include the hyphen (i.e., M-C. for the example 
given). If two or more persons from the same family are publish-
ing papers, especially in the same field of study, the differences 
should be shown. When these personal name suffixes are not used, 
who is the real author? We have found many instances where 
only the first author is listed alphabetically and then chronologi-
cally, with all second coauthors out of alphabetical order. All of 
the authors' names should be in strict alphabetical order and then 
in chronological order for papers with the same authors listed in 
the same order. 
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Year —Normally the year of publication is given as printed in 
the publication. Sometimes the actual date of publication is not 
as printed but is actually in the following year. For example, the 
fourth number of a quarterly publication is sometimes delayed 
up to several months and actually appears in the following year. 
This can lead to problems, particularly in taxonomy where the 
actual date of publication determines nomenclatorial priority. 
Often publications will give the actual date (year) of issue, which 
should be included within parentheses in a citation [e.g., 
1997(1998)]. Frequently the year given for a reference is incor-
rect, usually an error either in typing or in copying. The use of a, 
b, c, etc., is used in a given year to designate papers by the same 
author(s). Errors occur here particularly with multiple authors. 
Some publications are published in installments that often lead to 
confusion of the dates of publication. When it is known that a 
certain installment was actually published then that year should 
be used. If the date is not known, then hyphenated years should 
be used (e.g., Gunther 1880-1898). The published proceeding of 
conferences, meetings, and symposia sometimes are published 
as the date of the meeting and not the date of actual publication. 
Both dates should be given, but the date of publication should be 
the one used in bibliographic citations. 

Title.—The title should be a simple item to handle in bibliogra-
phies, but often it is not. The title should be cited as given in the 
original paper, but some authors fail to put "The," "An," etc., as 
the first word. Often words in the title are transposed or words 
are altered. If an author says the article was in a different lan-
guage (e.g., Russian), it is understandable that slight differences 
will show up in translations. Usually this is not a problem but 
becomes a problem when English titles show up differently in 
English publications. Articles in edited volumes should always 
be cited as "IN: names (ed.), book or volume title, publisher, city 
of publication, total pages, and pages being cited within the vol-
ume." All of these elements may not be used by some journals 
and the order may differ, but the name(s) of the editor(s) and title 
are essential. These are not always given, making it very difficult 
to find the original paper or book chapter. Sometimes the portion 
of a title that follows a colon (or occasionally a period in serially 
published articles or subtitles of a book) is omitted in bibliogra-
phies. As in author names the use of an umlaut can throw a title in 
a different alphabetical sequence Giber vs. ueber). Recently, there 
has been a tendency to omit material (e.g., order, family) con-
tained in parentheses as part of original article titles. Similarly, 
when trinomial names are spelled out in the original document, 
abbreviations should not be used for the specific name in a cita-
tion (e.g., 7'hamnophis sirtalis sirtalis in the original source should 
not be reduced to Thamnophis s. sirtalis or T s. sirtalis). When 
writers copy references from the table of contents of a journal, 
rather than from the actual article within the issue, errors can be 
introduced; some journals abbreviate titles, use only initials of 
authors' names, etc., in the table of contents. 

Source.—Common errors in listing the source (publication title 
or publisher) include the listing of wrong or incomplete informa-
tion. Such problems often come from the improper use of abbre-
viations. Preferred citation names and abbreviations are given in 
Abbreviated Titles of Biological Journals, The World List of Sci-
entific Periodicals, British Union Catalogue of Periodicals, and 
others. The style sheets of many journals specify which standard-
ized list to use, but the abbreviations for most biological journals 
are quite similar in the guides. For citations to books, the 
publisher's name usually is given followed by the city of origin. 

Authors sometimes produce errors by listing the printer, rather 
than the publisher. The following are good sources for correct 
citation to books: British Museum General Catalogue of Printed 
Books, Library of Congress's The National Union Catalogues, 
Bowker's Books in Print, and similar standard sources available 
in most major libraries and on the Internet. We warn again that 
the ideal source for a correct citation is the original itself. 

Serial journals usually are issued as a volume or a number. If a 
publication is issued as a number rather than as a volume, the 
issue number should be in parentheses. When parentheses are not 
used, wrong numbers often are given for the publication. Wrong 
volume numbers are listed often, sometimes with obviously trans-
posed numbers or typographical errors; other errors are some-
times not so obvious. Some journals (e.g., Copeia) do not have 
volume numbers; in such cases the year of issue should be used 
as the volume. Where a journal has several issues a year, each 
issue usually is numbered and often included in parentheses fol-
lowing the volume number. As with other elements of citations, 
some journals now omit the issue number as another "economy." 
Wrong issue numbers occur frequently. Page numbers follow, and 
are separated from the volume and issue numbers, usually by a 
colon or a comma. Many errors occur in the pagination portion of 
citations. Authors sometimes do not cite a fractional page at the 
end of an article or will include a blank page behind an article or 
give incorrect pagination. Plates or appendixes at the end of an 
article should be included as part of the pagination or added after 
the pagination if the publication used Roman numerals for the 
appended material. Occasionally, only the first page of an article 
is given; this can lead to problems when one orders photocopies 
through an interlibrary loan or tries to track down original mate-
rials. For these reasons we abhor the tendency of some current 
journals (e.g., Science) to save space by using only the first page 
numbers of articles listed in the literature cited section. 

Ethics and Professionalism.—We have encountered all of the 
above problems (and others not discussed) in compilations of sev-
eral bibliographies from multi-volume works. Checking every 
reference from its original source is not always possible. Any-
time a reference appears with different versions, the only sure 
way to find the correct version is to check the original citation. 
The failure to consult original articles, especially those cited in 
research papers and reviews, is unprofessional. When one deals 
with thousands of references on a variety of subjects, the deter-
mination of the correctness of citations can be extremely time-
consuming. In one case a reference was listed five times. The 
first four were identical so one might assume that it was correct. 
The fifth occurrence had some variances; it was checked and 
found to be correct. The first four were wrong! 

Many problems emerge from citations listed as "in press," "in 
manuscript," "submitted," and "in preparation." Occasionally the 
journal listed in a citation as "in press" had no such article pub-
lished several years before or after the date of the citation. The 
cited manuscript either was withdrawn, anticipated but never sub-
mitted, or was submitted and then rejected by the journal. Some-
times the article was in a journal other than the one cited, and 
sometimes with additional authors. Occasionally we found after 
checking all available sources that the article never was published. 
Such misuses of "in press" are clearly unethical. Reviewers and 
editors have a duty to help ensure that such abuses do not occur. 

Authors appear to be increasingly careless in citing publica-
tions that they have not seen and are simply copying the refer-
ences from other sources. Resultant errors then are made worse 
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by additional mistakes and, in time, through aggregation of these 
errors, a citation may become quite distinct from the original. 
When it is impossible or impractical to consult an original refer-
ence as cited in a subsequent document, the original full citation 
should be given, followed by "cited in" and the name and date for 
the secondary source (e.g., "Jones 1952, cited in Smith 1978"). 
Authors sometimes are careless in citing even with the original 
paper in hand, and sometimes incorrectly cite their own papers! 
It falls upon the author to be more careful; editors and reviewers 
cannot check out every reference from its original source, par-
ticularly with very lengthy bibliographies. 

Conclusion.-Although the errors of existing bibliographies are 
now history, we hope that this summation of some common prob-
lems will lead to renewed vigilance on the part of authors, re-
viewers, and editors, and the incidence of errors will decline. We 
know that we have made some of the same errors we have dis-
cussed, but we will be monitoring our own bibliographic cita-
tions more carefully in the future. 
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Two New Facsimile Reprints from the Society for the Study of Amphibians and Reptiles 

CONTRIBUTIONS TO THE 
HERPETOLOGY OF THE 

BELGIAN CONGO 
Karl P. Schmidt and G. K. Noble 

New introductions by 
Donald G. Broadley and John C. Poynton 

HIS CLASSIC SERIES, ORIGINALLY PUBLISHED IN T 1919-1923 in three volumes, is the most compre-
hensive work on the herpetology of Central Africa and 
still an essential reference for the Congo rain forest 
and the Sudanese savanna. A total of 133 species of 
reptiles and 56 of amphibians are covered. The exten-
sive new introductions by Donald Broadley and John 
Poynton, who are acknowledged authorities on the 
herpetofauna of sub-Saharan Africa, include the cur-
rent nomenclature for Schmidt' s and Noble's names, 
biogeographic analyses, and bibliographies of Congo 
herpetology to update those in the original books. 

Specifications: 780 pages, 141 photographs, many 
text figures, indices, clothbound with dust jacket, 
ISBN 0-916984-45-1. To be issued September 1998. 

THE GIGANTIC 
'LAND TORTOISES 
OF THE GALAPAGOS ARCHIPELAGO 

John VanDenburgh 
Foreword by Peter C. H. Pritchard 

THIS BOOK IS THE MOST EXTENSIVE REVIEW OF THE 
giant tortoises of the Galapagos Islands. It con- 

tains detailed descriptions of 266 specimens collected 
by the California Academy of Sciences expedition of 
1905-1906, as well as extensive field notes by the 
collectors, tables of measurements of shells and eggs, 
and 200 photographs of tortoises. The new foreword by 
Peter Pritchard, who is himself a specialist on Galapa-
gos tortoises, includes the current nomenclature for 
VanDenburgh's names and a summary of the expedi-
tion with contemporary photographs and new map. 

Specifications: 290 pages, 205 photographs, index, 
clothbound with dust jacket, ISBN 0-916984-46—X. 
To be issued September 1998. 
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Arrangement of Oviductal Eggs and Intra-clutch 
Egg Shape Modification in the Habu, 
Trimeresurus flavoviridis (Viperidae) 
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Several works on reptile reproduction have described inter-
clutch egg size variation. For example, egg size has been shown 
to vary seasonally in lizards (e.g., Nussbaum 1981), and is lim-
ited by female size in several turtle species (e.g., Congdon and 
Gibbons 1983, 1987; Rowe 1994). However, no works have de-
scribed intra-clutch variations in egg size and shape. 

Egg ellipticity (width/length) is rather constant in lizard spe-
cies (Werner 1989), but is highly variable in the viperid snake 
Trimeresurus flavoviridis, ranging from 0.286 to 0.691 (Nishimura 
and Kamura 1993). This large variation is partly due to the fact 
that smaller females produce slender eggs in T flavoviridis (Ford 
and Seigel 1989; Nishimura 1983), indicating that egg shape is 
influenced by maternal size. The present work describes another 
source of variation, infra-clutch variation, in egg shape of T 
flavoviridis. 

Between 1981 and 1995, 256 gravid Trimeresurus flavoviridis 
were collected from the Okinawa Islands, south of Japan (26°30'N, 
127°45'E). Of these, 135 snakes oviposited whole clutches, 90 
snakes died or were sacrificed before oviposition, and 31 snakes 
died after ovipositing some of the oviductal eggs. Weight, length, 
and width of oviposited eggs were measured within 36 h (usually 
<16 h) of oviposition. Oviductal eggs were measured after freez-
ing the females. I classified the egg shape into three categories: 
normal, peaked at one side, and weakly peaked at one side. 

All embryonated and oviposited eggs had white shells with sev-
eral scar marks on them. I considered these eggs to be fertilized. 
Most unfertilized oviposited eggs were small and irregularly 
shaped. Some oviductal immature eggs had normal shapes with 
yellowish and scarless shells. I observed embryos in some of these 
eggs (see Koba et al. 1970). In the present work I used data from 
fertilized eggs and those of normally shaped oviductal eggs. 

As noted above, the means of egg width (Ford and Seigel 1989; 
Nishimura 1983) and length (Nishimura 1983) vary with mater-
nal size of T flavoviridis. Therefore, the variation of egg size in a 
clutch was described as a proportion to the mean of the other 
eggs. 

Arrangement of oviductal eggs.—Two females contained fol-
licles as large as oviductal eggs. One had three eggs and two large 
follicles in the right oviduct and in the left ovary, respectively, 
and the other had five eggs and two eggs in the right and left 
oviduct, respectively, and one large follicle in the left ovary. 
Shiroma (1993) suggested that several eggs ovulated from the 
right or left ovary move to the opposite oviduct in T flavoviridis. 

All pre-ovipositional females with complete ovulation had eggs 
in both oviducts. Of these I checked the egg arrangements in 54 
females. In 48 females all eggs in the right oviduct were situated 
anterior to those in the left oviduct. Among the remaining six 
females, one egg in the right oviduct was positioned posteriorly 
to (three clutches) or side by side with (three clutches) eggs in the 
left oviduct. The former type of clutch has been described by 
Koba et al. (1970) who dissected 17 gravid females in July (ovi-
positional season). They reported that two females had eggs only 
in the right oviduct. However, it is conceivable that these two 
females partially oviposited before dissection and originally con-
tained eggs in the left oviduct. 

Variation in egg shape of pre-oviposited clutch.—Compared 
to the eggs positioned in the middle of the abdominal cavity, the 
eggs positioned most anteriorly and posteriorly were longer and 
slightly smaller in width, and the weight of these eggs deviated 
only slightly from the average (Table 1). 

Among 18 eggs of peaked shape, 15 were positioned anteri-
orly or posteriorly, and the remaining three eggs were situated 
side by side with eggs in the other oviduct. The peaked points of 
the eggs were directed to either the anterior or posterior edge of 
the egg row. 

Full term clutches were positioned between the gall bladder 
and vent. The most posterior egg was positioned along the left 
kidney and opposite oviduct (usually the right oviduct) in the trunk 
of decreased width. Females with full term clutches or just after 
oviposition had consumed a considerable proportion of the fat 
bodies. However, most of the anterior fat body, which had not 
been consumed, decreased the space for the most anterior egg. 
The slender and peaked shape in the most anterior and posterior 
eggs may be due to the space constraints at both ends of the ab-
dominal cavity. 

TABLE 1. Relative size of the most anteriorly and posteriorly positioned eggs in the abdominal cavity of Trimeresurus flavoviridis. The measure-
ments of the eggs of pre-ovipositional females (died in the oviposition season) were divided by the respective mean of the eggs (N 2) interme-
diately positioned in each clutch. The most anterior eggs of partially oviposited females were left in the oviduct for more than one day and the 
measurements were divided by the respective mean of oviposited eggs (N 2) in each clutch. 

Pre-ovipositional female 

Length Width Mass 
N Meant S.E. N Mean ± S.E. N Mean ± S.E. 

Most anterior egg 36 1.115 ± 0.017 32 0.984 ± 0.016 33 1.049 ± 0.033 
Most posterior egg 35 1.127 ± 0.015 31 0.961 ± 0.012 32 1.014 ± 0.014 

Partially oviposited female 
Most anterior egg 10 1.136 ± 0.019 10 1.031 ± 0.025 10 1.140 ± 0.048 
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Variation in egg shape of oviposited clutches.-About half of 
the oviposited clutches contained neither pointed nor weakly 
pointed eggs. The maximum number of eggs in a clutch that was 
clearly peaked or weakly peaked was three while that of clearly 
peaked eggs was two (Table 2). Most of these peaked eggs ap-
peared to be positioned at the anterior or posterior edge of the 
egg row. 

TABLE 2. Frequency of oviposited clutches with peaked eggs in 
Trimeresurus flavoviridis. 

No. of peaked eggs 	 Clutch 

Not-clearly 	Clearly 	Number 	Proportion 
peaked 	peaked 

0 
	

0 
	

43 
	

0.45 
1 
	

0 
	

11 
	

0.12 
2 
	

0 
	

8 
	

0.08 
3 
	

0 
	

3 
	

0.03 
0 
	

1 
	

12 
	

0.13 
1 
	

1 
	

10 
	

0.10 
0 
	

2 
	

4 
	

0.04 
I 
	

2 
	

5 
	

0.05 
Total 
	

96 
	

1.00 

Variation in egg shape of partially oviposited clutches.-Ten 
females died with one or two oviductal eggs two or more days 
after oviposition. The mass and length of the most anterior ovi-
ductal egg were larger than those of oviposited eggs, and the rela-
tive mass of the former was larger than that of the most anterior 
egg in pre-ovipositional clutches (Table 1). 

1.3 

1.2 

0) 
0) 
a) 

y = 0.015 x + 1.06 
n = 9, r = 0.694, p < 0.05 

The period (days) from oviposition to death was positively cor-
related with the relative length of the most anterior egg remain-
ing in the oviduct (Fig. 1), especially in the 2-10 day period (Fig. 
1, N = 9, R = 0.694, P < 0.05), but was not correlated with the 
relative egg mass (N = 10, R = 0.080). Therefore, at least for the 
most anterior egg remaining in the oviduct, the length may in-
crease by about 10% in 10 days. On the other hand, female SVL 
was negatively correlated with the relative width of the eggs (N = 
10, R = -0.767, P < 0.01). A significant increase in egg mass of 
the slender shaped eggs oviposited by small females (Ford and 
Seigel 1989; Nishimura 1983) was attributed to an increase in 
egg width. 

My results indicate that in Trimeresurus flavoviridis, the vol-
ume of the abdominal cavity and other eggs may restrict the growth 
of oviductal eggs and cause shape modification in some anterior 
and posterior eggs within a clutch. 

Acknowledgments. -I thank the many persons who collected snakes 
for me, Takao Kamura for keeping the snakes, and Akira Mori and anony-
mous reviewers for improving the manuscript. 
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FIG. 1. Period from oviposition to death and the relative length of the 
most anterior egg remaining in the oviduct in Trimeresurus flavoviridis. 
The length of the most anterior egg was divided by the mean length of 
oviposited eggs in each clutch to determine the relative length of the 
most anterior egg. 
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Lepidophyma tarascae was described by Bezy et al. (1982) on 
the basis of three specimens from "near Mexiquillo, Aquila Dis-
trict, Michoacan, Mexico." This locality is on the coast of 
Michoacan, ca. 16 km (by Hwy 200) WNW Caleta de Campos at 
18°08'N, 102°56'W, but was listed inadvertently as 18°08'N, 
103°56'W in the original description. Our observations indicate 
that the vegetation near Mexiquillo consists of degraded "Bosque 
Tropical Caducifolio" (Rzedowski 1978), whereas Alvarez and 
Diaz-Pardo (1983:143) list the type specimens as having been 
collected in "encinar." Moreover, field work conducted by the 
authors in the vicinity of Mexiquillo has failed to produce addi-
tional specimens of the species. A special effort was made to search 
rocky habitats similar to that mentioned in the original descrip-
tion. As members of the genus can be extraordinarily difficult to 
collect, additional work is necessary to establish definitively 
whether L. tarascae actually occurs at Mexiquillo, or whether 
the designated type locality may have been in error. 

Recent field work, however, has established the presence of 
Lepidophyma tarascae in the northern sector of the Sierra de 
Coalcoman. A specimen (MZFC 8603) was collected in a cave 
(Cueva de la Virgen) on the canyon of the Rio Chilitos (18°52'N 
and 102°50'W) in the municipality of Aguililla, Michoacan. This 
is ca. 65 km N of the designated type locality and places the spe-
cies near the Balsas Basin The Coalcoman locality lies at 1225 
m elevation in a transition zone between tropical deciduous for-
est and oak woodland, conforming closer with the vegetation re-
ported by Alvarez and Diaz-Pardo (1983:143) for the type series. 

The specimen from the Sierra de Coalcoman differs somewhat 
in morphology from the type series of Lepidophyma tarascae. It 
has slightly fewer total femoral pores (14 vs. 16-18) and gulars 
(40 vs. 41-43) and more dorsal scales (159 vs. 145-150). It shares 
with the type series the presence (on each side of the neck) of an 
uninterrupted longitudinal row of enlarged tubercles extending 
from the posteroventral margin of the tympanum to above the 
gular fold (Fig. 3 in Bezy et al. 1982), a feature that was utilized 
by Bezy and Camarillo (1995) to identify L. tarascae in their key 
to the xantusiids of Mexico. However, in the Coalcoman speci-
men this post-tympanic row of tubercles is not as distinct, i.e., it 
is less clearly separated from the scattered enlarged tubercles of 
the upper nuchal area than it is in the type series, approaching the 
condition observed in some L. smithii from Chiapas (e.g., MVZ 
191448-49). The Coalcoman specimen lacks another distinctive 
feature found in the type series of L. tarascae. It has three dorsal 
interwhorls separating the enlarged caudal whorls throughout the 
length of the tail, whereas in the type series there are two in most 
of the proximal caudal segments (but three distally). 

As is often the case with Lepidophyma, species decisions must  

contend with limited sample sizes, discordant morphological 
variation, and geographically disjunct populations (Bezy 1984). 
Although the Coalcoman specimen differs somewhat from the 
other three known specimens of L. tarascae we provisionally as-
sign it to that species. The four specimens thus assigned to L. 
tarascae have fewer total femoral pores (14-18) than all other 
members of the genus except L. dontomasi, L. occulor, and L. 
smithii. From these L. tarascae differs most markedly from L. 
dontomasi in having strongly enlarged lateral tubercle rows. In 
some morphological features the Coalcoman specimen bridges 
the morphological gap between L. tarascae and L. smithii. How-
ever, we retain L. tarascae as a separate species as all four known 
specimens differ from L. smithii (302 specimens examined) and 
L. occulor (11 examined) in having fewer than 162 dorsal scales 
and fewer than 44 gulars. 
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The Circular Aesculepian Temple (Tholos) at 
Epidauros, Greece: An Early Snake Pit? 
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Fullerton, California 92634-6850, USA 

There were only a few circular temples (Tholos) built in an-
cient Greek times. The rotunda temples at Olympia and Delphi 
are probably the most famous and definitely the most complete 
although there is another in the market place at Athens. In the 
theater, sports, and healing complex at Epidauros, Greece, there 
is a unique Tholos designed or built, as were the others, by 
Polycleitus the Younger or his students between 360 and 320 BC. 
There is nothing left of this temple, which was located just west 
of the Temple of Asklepios, except for the foundation. Several 
portions of the tile floor, portions of the roof and two circles of 
columns from the temple are now in the museum at Epidauros. 
The Tholos had an external doric and an internal free standing 
corinthian colonade (Berve and Gruben 1962; Brilliant 1972; 
Dinsmoor et al. 1973; Lawrence 1957). The temple was unique, 
not only among circular temples, but apparently among most 
Greek temples in that it had a subterranean pit, cellar, or base-
ment under the temple (Figs. 1-2). In addition, the floor of the 
temple had a large central circular opening. Below the floor, the 
underground portion of the temple consisted of a labyrinth of three 
circular walls, each within the other. The walls were separated 
enough for a small passage between them and the passageways 
were linked by breaks or half walls within each of the circular 
walls. Each of these little doorways to the next inner passageway 
was located at a different position in each wall. Whether or not 
there was a covering for the opening in the middle of the temple 
and whether there were stairs descending into the subterranean 
passages is uncertain. 

Though unique, the purpose or function of the rotunda and its 
subterranean circular passageways, in spite of much speculation, 
is still unknown. An inscription, which recorded the accounts of 
monies received and spent on the building, called it the Thymela 
(place of sacrifice; Lawrence 1957). Many (Berve and Gruben 
1962; Pillement 1973) have suggested that holy snakes of the 

Flo. 1. Diagram of the Tholos at Epidauros, Greece showing location 
of subterranean area which may have been a snake pit. Modified from 
several sources, especially Berve and Gruben (1962), and personal ob-
servation.  

healing god Askelepios were kept there. The circumstantial evi-
dence for this suggestion included the fact that this was a sports, 
gymnasium, bath, and healing center and that the god Askelepios 
(son of Apollo) had a temple at Epidauros as did his daughter 
Hygieia, goddess of health. The Physician Hippocrates (450-370 
BC) visited Epidauros and there was a festival called "Hippocrates 
Day" or the "Festival of the Receiving of the Staff" (Berve and 
Gruben 1962). The staff was, of course, the Asclepian staff with a 
single (and later two) coiled snakes that has been the symbol of 
the medical profession for centuries. The first portrayal of the 
snake on a staff is probably from 1100 BC and snakes may have 
had an association with curing peoples' ills in Mesopotamia in 
the 2600s BC (Gimbutas 1982; Laughlin 1962; Schouten 1967). 
There is, of course, a real, living snake called the Asclepian (Aes-
culapian) snake (Elaphe longissima), and snakes have long been 
associated with good or evil in many different human cultures. 

As a herpetologist and a naive tourist at Epidauros, I asked 
myself this question; Was the Tholos at Epidauros a snake pit? 
Considering the biology of the Asclepian snake, the climate of 
Greece, and the nature of the Epidaurian complex, I propose that 
the subterranean portions of the Tholos was, in fact, one of the 
earliest known snake pits. 

Temperature Regulation of Snakes 

Many lizards, such as the common European wall lizard 
(Lacerta sp.), seen crawling over the Grecian ruins today, bask in 
the sun and have high body temperatures. While they do bask in 
the sun on cool spring days, most snakes have lower preferred 
body temperatures than most lizards (Brattstrom 1965). Snakes 
seldom have body temperatures above 30°C. Because snakes are 
limited by both high and low temperatures, the yearly activity 
cycle of snakes corresponds to the prevailing temperature changes 
in an area. Most snakes in southern Europe emerge from under-
ground retreats in March and April, engage in some basking be-
havior on cool mornings, feed, and mate. As the spring turns into 
summer the snakes become increasingly nocturnal in their activ-
ity (Brattstrom 1965). By mid-summer through early fall it is usu-
ally so hot in Mediterranean climes that snakes spend this period 
in activity in underground retreats. In mid-summer even the wall 
lizard is active only in the early morning and late afternoon (pers. 
obs.). There may be a period in the late fall when the temperature 
again allows the snakes to be active. As winter begins and the 
temperatures drop, the snakes again become inactive and retreat 
to subterranean retreats to avoid the cold. Thus, the snakes avoid 
the summer's heat and the winter's cold in inactivity and torpor. 
The subterranean basement of the Tholos at Epidauros would have 
been an excellent place to store snakes from both the heat and the 
cold. Such cellars, like caves at that latitude, maintain a constant 
temperature that is the average temperature of the area. Hence, 
both the summer and winter temperature of the underground por-
tion of the Tholos would be, estimated on the basis of latitude, 
about 15-20°C. 

Keeping Snakes: Snake Parks and Pits 

Snakes have long been associated with good or evil (Gimbutas 
1982). They are seldom portrayed as neutral. Snakes have been 
associated with power, healing, or other beneficial traits (as in 
keeping pestilence down by consuming rats and mice). Associa-
tions of snakes and good health go back to Mesopotamian times 
and snakes played an important role in Egyptian mythology. A 
natural evolution of this interest in snakes would be the keeping 
of colonies of snakes. The Hopi Indians of the American South- 
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FIG. 2. Photograph of the three-walled subterranean basement at 
Epidauros. This is all that remains on the site. Portions of the temple are 
preserved in a nearby museum. (Photo by P. Murphy) 

west, for example, collect gopher snakes and rattlesnakes and keep 
them for weeks prior to harvest snake dances, at which time they 
are released. Today, snakes are kept for a variety of reasons, rang-
ing from entertainment and education to venom collection and 
religious ceremonies. In addition to reptiles in zoos in the United 
States, we find numerous road-side snake pits, snake farms, rep-
tile gardens, and serpentaria. Others occur in South Africa, Aus-
tralia, Japan, China, Thailand, Brazil, and Mexico. Snakes are 
also kept for religious purposes in Hindu temples in India (espe-
cially associated with Kali cults) and by Christian "snake cults" 
in the American Appalachian region. It is not, therefore, out of 
line to think that Epidaurians might have also kept snakes. In-
deed, there may have been snake pits in the stoa of the Asclepieum 
at Athens and in the Erechtheum (Dinsmoor et al. 1973). 

Snakes at Epidauros 

Biological and cultural evidence, along with the circumstantial 
evidence of Hippocrates, Asklepios, the snake staff, the healing 
environment of Epidauros, and the fact that many cultures have 
kept large numbers of snakes for many reasons, suggest that the 
subterranean basement of the Tholos at Epidauros would be an 
excellent place to keep snakes. Clearly, it is conjecture whether 
snakes were passed up through the floor by some important per-
son, or deposited down into the hole in the floor of the Temple by 
worshippers or those wanting to be cured of an affliction. I only 
want to suggest that the function of the basement of the Tholos at 
Epidauros was for holding snakes, and indeed, may have been 
one of the first snake pits. At the least, I encourage others who 
might explore archaeological or historical evidence to consider 
this hypothesis and search for other evidence to support or dis-
prove the hypothesis. 
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Reticulate Melanism in Southwestern Populations 
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The western painted turtle (Chrysemys picta bellii) ranges from 
the Great Lakes region and central Mississippi Valley westward 
to the Pacific coast, with disjunct populations occurring in the 
southwestern United States and northern Mexico (Stebbins 1985). 
Among specimens of C. p. bellii from North Dakota, Smith et al. 
(1969) discovered an unusual color pattern which they termed 
"reticulate melanism." This condition, typified by a net-like ar-
rangement of dark lines overlaying the normal carapacial pat-
tern, was documented subsequently in other C. p. bellii popula-
tions in Minnesota and southern Canada (Ernst and Ernst 1973; 
MacCulloch 1981; Schueler 1983). Based on reported localities 
of occurrence, Lovich et al. (1990) and Ernst et al. (1994) con-
sidered this melanistic pattern to be limited to northern popula-
tions of C. p. bellii. This note documents the prevalence and char-
acteristics of reticulate melanism in southwestern populations of 
this turtle. 

Methods.—I defined reticulate melanism (RM) based on de-
scriptions and illustrations provided by Smith et al. (1969) and 
Schueler (1983). Schueler (1983) observed that Canadian C. p. 
bellii with carapacial RM also typically exhibit a parallel condi-
tion in which the longitudinal stripes on the top of the head are 
either obscured or disrupted by a dark reticulate or vermiculate 
pattern. My preliminary observations indicated that this cephalic 
pattern develops earlier than carapacial RM in maturing males, 
and Schueler (1983) found it in all males with well-developed 
carapacial RM. Because of its similarity to and apparent correla-
tion with carapacial RM development, the reticulate head pattern 
was considered a component of RM in this study. 

I examined preserved specimens of sexually mature C. p. bellii 
from three drainage systems in New Mexico (Rio Grande, Pecos 
River, and San Juan River) where native populations occur 
(Degenhardt et al. 1996). Specimens are deposited in the Univer-
sity of New Mexico Museum of Southwestern Biology (MSB). 
Straight-line plastron length (PL; to nearest mm) and sex were 
recorded for each specimen. Males were considered sexually 
mature based on the presence of secondary sexual characteristics 
(elongated foreclaws and thickened tail base); females 130 mm 
PL were considered sexually mature (Christiansen and Moll 1973). 
Based on my preliminary observations and those of Schueler 
(1983), RM progresses with maturation from the anterior part of 
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the body (top of head first, then the anterior laminae of the cara-
pace) to the posterior part of the carapace. To quantify this pro-
gression, specimens were categorized into five stages: Stage O-
no cephalic or carapacial RM; Stage 1—early development of 
cephalic RM only; Stage 2—well-developed cephalic RM only; 
Stage 3—cephalic RM, plus RM on anterior 25% of carapace; 
Stage 4—cephalic RM, plus RM on 50% of carapace. RM stage 
and PL were compared using Spearman's correlation coefficient. 
Other characteristics of RM development were evaluated quali-
tatively using museum specimens and a sample of ca. 50 live C. 
p. bellii captured in the Rio Grande in 1995-96. 

Results.—A total of 268 preserved adult C. p. bellii (159 males, 
109 females) were examined. Males in the sample were 74-167 
mm (117.3 ± 1.4 SE) and females were 130-202 mm (147.8 ± 
1.4 SE). Data for RM development in males are presented in Table 
1 and Figure 1. All females were categorized as Stage 0. The 
supraocular and medial head stripes in nine females (132-194 
mm PL) were slightly mottled, but in no case did the cephalic 
pattern approach the distinct stripe modifications seen in mela-
nistic males. No female possessed a shell pattern resembling that 
of males with carapacial RM. 

RM stage was positively correlated with plastron length in males 
(r = 0.77, P < 0.01). Males with no RM (Stage 0), cephalic RM 
(Stages 1-2), and both cephalic and carapacial RM (Stages 3-4) 
comprised 35.8%, 34.0%, and 30.2% of the sample, respectively 
(Table 1). The majority (76.1%) of males examined were from 
the Rio Grande drainage, therefore geographic variation among 
the three river systems was not compared statistically. However, 
the occurrence of RM in the small subsamples from the Pecos 
and San Juan rivers appeared to follow the pattern of develop-
ment seen in the Rio Grande population. Carapacial RM was typi-
cally darkest and most contrasting in those individuals with the 
most extensive development of this shell pattern. In addition, 
cephalic RM was usually most pronounced in the largest indi-
viduals with extensive carapacial RM. The cephalic pattern was 
essentially restricted to that part of the skin which overlays the 
prefrontal, frontal, and parietal bones of the skull; disruption of 
the head and neck stripes beyond this limited area was observed 
in ca. 30% of males (Stages 3-4) where it was very slight. The 
ventral surface of the body was unaffected by RM in virtually all 
specimens examined, although one Stage 4 male had an exten-
sively-spotted plastral pattern. 

TABLE 1. Summary data for straight-line plastron lengths (PL, in mm) 
of 159 adult male Chrysemys pieta bellii from New Mexico, grouped by 
reticulate melanism (RM) developmental stage (0-4). See text for ex-
planation of RM stages.  

RM Stage N (% total) PL Mean ± SE (Range) 

0 57 (35.8) 101.7 ± 1.7 (74-135) 

1 26 (16.4) 114.4 ± 2.4 (93-139) 

2 28 (17.6) 124.1 ± 2.7 (84-155) 

3 7 (4.4) 132.9 ± 3.5 (122-149) 

4 41 (25.8) 133.6± 1.7 (114-167) 

3 
a 

cn 2- 
cc 
cc 

180 

FIG. 1. The relationship between straight-line plastron length (PL, in 
mm) and reticulate melanism (RM) developmental stage (0-4) in 159 
adult male Chrysemys picta bellii from New Mexico. Box plots of PL 
include mean, one standard error, and range (from Table 1). See text for 
explanation of RM stages. 

Two other features possibly connected to RM development were 
noted but not quantified in this study. Based on examination of 
museum specimens and live males with Stage 4 RM from the Rio 
Grande, individuals with well-developed carapacial RM (70-
100% of carapacial surface affected) often had overall darker cara-
paces than females and Stage 0 males. In addition, the junctions 
between the nuchal and first marginals of most specimens at Stages 
3-4 were often sharply indented, producing a serrated or 
"sawtooth" appearance to the anterior edge of the carapace (vis-
ible in photographs in Smith et al. 1969:174, and Schueler 
1983:83). Both of these features were much less frequently ob-
served in mature females and were rarely seen in Stage 0 males. 

Discussion.—The results of this study closely parallel those of 
Schueler (1983) for Canadian C. p. bellii; he noted that all large 
(> 150 mm PL) males were melanistic. In this study, all males > 
135 mm had cephalic RM and all males > 155 mm had carapacial 
RM in addition to the cephalic pattern. It is noteworthy, however, 
that in few examined specimens was the carapacial reticulum as 
dark and continuous as in the example illustrated by Ernst et al. 
(1994:282); a narrow vermiculate or broken reticulate pattern was 
more typical of fully melanistic C. p. bellii from New Mexico. 

It is unclear if the serrated anterior marginals and overall darker 
carapace of melanistic males is connected to RM development. 
These features may actually be secondary characteristics of ma-
turity rather than components of RM as they are also present in 
some large females. The underlying cause for development of 
the anterior carapacial serration is apparently unknown. 

Although the causes and characteristics of male melanism have 
been partially elucidated in other emydid turtles (e.g., Trachemys 
spp.), data for C. p. bellii are relatively limited and, in some cases, 
conflicting. Previous studies indicated that RM was restricted to 
northern populations of C. p. bellii (probably due to an absence 
of studies elsewhere). However, the commonness of this pattern 
in New Mexico, near the southern distributional limit of the sub-
species, indicates that its occurrence is not influenced by lati-
tude. Data presented in MacCulloch (1981), Schueler (1983), and 
this study demonstrate that RM is limited to males, although Ernst 
and Ernst (1973) reported that females also may exhibit this pat-
tern. Ward (1984) stated that only females in C. picta are mela-
nistic, but it is unclear as to what form of melanism or to which 
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subspecies he was referring. Apparently, androgens are involved 
in the development of melanism in males of some Trachemys 
spp. (e.g., Garstka et al. 1991), but their role in RM development 
in C. p. bellii is unknown (Lovich et al. 1990). Unlike male mela-
nism in some Trachemys scripta, which involves disruption and 
reorganization of the pattern on almost all surfaces of the skin 
and shell (Lovich et al. 1990), RM in C. p. bellii is restricted to 
the carapace and top of the head. Restriction of this form of mela-
nism to dorsal surfaces underlaid with bone suggests that its lo-
cation on the body may be influenced by: 1) thickness of soft 
tissue; and 2) exposure of the surface to sunlight during basking. 
Additional studies are needed to clarify the geographic distribu-
tion of RM in C. p. bellii and investigate the possible roles of sex 
hormones and ultraviolet radiation exposure in its development. 
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Continued reports of amphibian declines from around the world 
(e.g., Drost and Fellers 1996; Green 1997; Kuzmin 1994; Joglar 
and Burrowes 1996; Pechmann et al. 1991; White 1995) dictate 
that amphibian mass mortalities be reported (e.g., Blaustein et al. 
1995; Marquez et al. 1995), and their causes be determined, where 
this is possible. Here, we describe the circumstances of an appar-
ently natural mass mortality of green frogs (Rana clamitans mel-
anota). 

On 10,11, and16 May 1996, we collected 23 adult ranid car-
casses adjacent to a small, seasonal wetland, dominated by sedges 
(Carex sp.), located at T35N, R17W, in Polk County (section 29), 
Wisconsin, USA. Carcasses were placed in the sun to evaporate 
surface moisture, and stored in individual zip-lock bags. Addi-
tional preservation was not necessary, animals remain today as 
they were when discovered. Exceptions are the few animals that 
developed surface fungus; these were rinsed with 70% ethanol. 
Twelve frogs have been deposited in the Michigan State Museum 
(Herpetological Skeletal Collection 4114 1455), eleven in the 
Milwaukee Public Museum (30251-30261). Because animals 
were similarly sized (see below) and clustered, they were assumed 
to be a single species. One carcass was sent to J.A.H. for identifi-
cation using ilial morphology (Holman 1984, 1995). Age estima-
tions based on skeletochronological methods were conducted (N 
= 19). To observe lines of arrested growth (lag lines), the central 
portion of one of the femurs of each carcass was embedded in 
paraffin according to standard histological techniques (Kiernan 
1990), and sectioned at 12 pm. Body measurements (total length), 
the presence of eggs, and the number of femoral lag lines were 
determined. Lag lines within the bone were counted. To this total 
an additional line was added marking the winter of 1995-1996 
(for a similar assumption see Acker et al. 1986). 

All carcasses were desiccated, blackened, leathery (Fig. 1), and 
entangled in detritus near the wetland edge. Carcasses were not 
pliable, joints were rigid. There was no evidence of insect larvae 
within the carcasses. Adipocere was not present. At the time the 
dead frogs were collected the water was out of its banks; the 
water's edge was in the lawn of the owners, and the deepest por-
tion of the wetland was about one half meter. This wetland usu-
ally dries by late summer and remains dry through the winter; 
1995 was unusual in that the wetland refilled prior to freeze-up. 
The dead frogs were found in two areas just above the waterline 
along the shallow northeastern side of the basin. Most skeletons 
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were intact, held together by skin, ligaments, and desiccated 
muscles and tendons; bones were clearly visible (Fig. 1). Eggs in 
gravid females were conspicuous (Fig. 1). Of the 23 frogs col-
lected, 8 were gravid females. Seven of these females were in-
tact, the remaining female consisted of a set of ovaries found 
dried together with a partially disarticulated skeleton of what ap-
peared to be a single frog (no duplicated limbs or vertebral col-
umns). 

Based on ilial morphology (Holman 1984, 1995) these frogs 
were identified as Rana clamitans. Our skeletochronological 
analysis supported this identification in that lag line morphology 
did not resemble the tight rings illustrated for northern leopard 
frogs (Rana pipiens; LeClair and Castanet 1987). Green frogs are 
probably the most common ranid species in Wisconsin, occur-
ring in every county (Casper 1996). 

Because most green frogs inhabiting these northern latitudes 
overwinter as Gosner (1960) stage 25 (i.e., legless) tadpoles (Vogt 
1981) an additional year was added to our age estimates. (We 
note that several features of green frog life history, including a 
long breeding season [Minton 1972; Vogt 1981; Wells 1977], the 
potential for double clutching [Wells 1976], and tadpoles that may 
or may not overwinter, produce a variability in this species that 
mitigates against confidence in calculating a-posteriori age as-
sessments.) Based on lag line counts and the presence of eggs in 
some individuals, our animals were young adults. Age estimates 
indicate that 15 of 19 animals were two and one-half years old, 
two were one and one-half years old, two were three and one-half 
years old. Wells (1977) reported that both sexes usually reach 
sexual maturity in the year following metamorphosis (i.e., about 
two and one-half years) although some may postpone breeding 
until the following year. Martof (1956) indicated that green frogs 
in natural populations probably live at least five years. Our green 
frog carcasses ranged in size from 60-80 mm. These animals were 
small compared with reports from other studies (Minton 1972: 
males 60-84.5 mm, females 64-88 mm; Vogt 1981: 60-90 mm; 
Walker 1946: males 69-90 mm, females 72-92 nun; Wells 1977: 
males 90-103 mm, females 98-105 mm). These size differences 
may be due in part to artifact; desiccation shrinks overall body 
length (Spindler 1994). Even so, these frogs were large enough 
to be breeding animals. Green frog males are sexually mature at 
60-65 mm (Martof 1956; Ryan 1953). The smallest male Wells 
(1977) found calling was 63 mm, the smallest female that laid 
eggs was 71 mm. By comparison, Wells (1977) reported that newly 
metamorphosed animals range in size from 28 to 38 mm. 

The winter of 1995-1996 was severe in the Upper Midwest. 
The National Weather Service station in Amery, Wisconsin, the 
nearest weather station (located about 29 km southeast of the site), 
reported that snowcover was continuous from November 26 to 
April 10-137 days (U.S. Department of Commerce, National 
Oceanographic Administration, National Weather Service). The 
deepest snowcover, 40 cm, occurred on March 25-27. During 
this time of snowcover the average daily maximum air tempera-
ture was -4.1°C and the average daily minimum was -12°C; both 
maximum and minimum temperatures were 2°C below the 1930-
1950 annual average. One local fisherman claims that there were 
125 cm (41 inches) of ice on the nearby lakes. Lakes and wet-
lands stayed frozen until the spring melt. Several fish winterkills 
in the region were reported to the Wisconsin Department of Natural 
Resources office in nearby Cumberland. A shallow portion of the 
adjacent Little Butternut Lake experienced a fish kill. 

Almost certainly the cause of the death of the green frogs de-
scribed here is winterkill, possibly a result of a poor hibernating  

site choice during an abnormally high water period. Green frogs 
usually hibernate in permanent waters (Harding 1997; Oldfield 
and Moriarty 1994). If death had occurred during the previous 
summer or fall, evidence of decomposition or ingestion by insect 
larvae should have been apparent. In our experience in the Upper 
Midwest, warm weather mass mortalities are usually associated 
with drying conditions or disease and affect aquatic larval stages. 
Dry conditions were not a factor in producing the deaths of our 
animals. These adult frogs were found in vegetation within 25 m 
of Little Butternut Lake; in fact, one group of frogs was found 
closer to the lake than to the opposite side of their wetland. We 
can envision no warm weather scenarios under mesic conditions 
that could plausibly create a mass mortality of apparently healthy 
green frog adults and produce clusters of carcasses that show little 
evidence of decomposition or scavenging. 

Fin. 1. Ventral view of mummified gravid female green frog (Rana clami-
tans melanota). Note darkened, desiccated body and distinct skeletal 
features. While most of the viscera have shrunken, the ovaries and indi-
vidual ova can be distinguished. Scale bar = 1 cm. 

In the usual sense, winterkills occur in water, most frequently 
in basins that are shallow (shallow water restricts dissolved oxy-
gen availability) and during winters when snowfall is high (deep 
snow restricts sunlight penetration and therefore photosynthesis; 
see Lannoo 1998). Aquatic winterkills have been reported previ-
ously for amphibians (Bradford 1983; Corn and Fogleman 1984; 
Manion and Cory 1952) and in some areas may be a common 
cause of mortality (Barica and Mathias 1979; Lannoo 1996; M. 
Redmer, pers. comm ) Three facts, however, suggest that aquatic 
winterkill was not the cause of death in these animals. First, all 
carcasses were found above the water level of the wetland, which 
admittedly could have lost water since its spring melt. Secondly, 
in our experience spring melt following a winterkill can create an 
olfactory experience not soon forgotten for those living down-
wind. But immediately following ice off, the wetland did not reek 
of methane, hydrogen sulfide, or other byproducts of anaerobic 
decomposition; nor did it smell of aerobic decomposition. Thirdly, 

Herpetological Review 29(2), 1998 
	 83 



and most convincing to us, the lack of decomposition suggests 
that the time from death to mummification could have been, at 
most, six months (mid-October 1995-mid-April 1996, see be-
low), which seems to be a time course too rapid for animals to 
mummify while embedded in ice. 

Thus, a terrestrial winterkill scenario is most likely. These ani-
mals appear to have been trapped out of the water. After death but 
before decomposition, carcasses were frozen and covered with 
snow, which dehydrated and preserved them. In general, mum-
mification is a common process, and mummified frogs have been 
produced following exposure to phosphoric acid in France 
(Weigelt 1989). However, authoritative books on the subject of 
taphonomy (Behrensmeyer and Hill 1980; Weigelt 1989) do not 
address mummification following aquatic winterkills. Weigelt 
(1989) reports that mummification can take place anytime a car-
cass loses most of its water content before decomposition begins. 
Under freezing conditions, water loss occurs through sublima-
tion. Rapid sublimation is known to occur in dry snow, as has 
been proposed for the preservation of the Hauslabjoch "ice man" 
(Spindler 1994). This process of sublimation in snow cover pro-
duces a natural form of freeze-drying, and seems to be a more 
likely explanation than preservation in ice for the presence of the 
mummified carcasses we discovered. 

We close with an encouragement to report mass mortality 
events. Such accounts would allow a better assessment of the 
relationships between amphibians and the environmental condi-
tions they experience. 
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A PROFILE OF ZOO HERPETOLOGISTS 

The following account is based on our impressions of valued 
colleagues in zoos, refined over many years of friendship and 
interactions with them. Many of these exhibited characteristics 
could be applied to herpetologists in other settings as well. A num-
ber of zoo herpetologists developed their interest in amphibians 
and reptiles as youngsters. As their interest expanded, many main-
tained large living collections, especially snakes. It was not easy 
to like snakes because most people, including parents, viewed 
these creatures with loathing and disgust. Consequently, the young 
enthusiast had to continually defend his or her interest as being 
acceptable in polite society. Since the young herpetologist was 
generally on the defensive, the possibility of developing argu-
mentative, antisocial and aggressive patterns in response to criti-
cism was real indeed. An interest became an obsession and social 
interactions with non-herpetologists became less frequent. In later 
years, marital relationships, especially when the partner was not 
interested in herpetology, could be strained beyond repair. A num-
ber of our colleagues have had multiple marriages. One zoo her-
petologist was separated from his second wife. He was offered a 
curatorial job in another city which was accepted but his wife 
remained behind. After several years in his new post, he was asked 
about his unsatisfactory relationship with her. He was unable to 
remember his wife's first name even though they were still le-
gally married. He pointed out that if he were to face death unless 
he remembered, he would die! 

If the zoo herpetologist had an interest in collecting organisms 
other than amphibians and reptiles, there were parallel patterns in 
these collections as well. Those interested in plants tended to col-
lect certain groups: cacti, succulents, cycads, bromeliads, and car-
nivorous plants. Be it invertebrate, fish, bird, or mammal, there 
was one consistent theme characterizing a zoo herpetologist's col-
lection: camivory! If invertebrates were collected, they were of-
ten spiders, scorpions, or predatory insects. Living fish collec-
tions included catfish, primitive fishes such as elasmobranchs, 
gar, bircher, lungfish, and predaceous fishes. When birds were 
kept, they were most often raptors. A mammal collection reflected 
similar specialization: small exotic carnivores. 

Since most of our colleagues throughout the years have been 
male, opportunities for women being limited, our analyses are 
based on behavior of men in herpetology. It is refreshing to see 
women entering the zoo profession in increasing numbers and it 
will be interesting to try to analyze their behavior in the future. 
Clearly not all men in the profession reflect all of these patterns 
but the following list may help define the zoo herpetologist: 

—Academic careers often are less than stellar. This may be 
due to a lack of interest in coursework not directly related to her-
petology. 

—Friendships are mostly limited to other herpetologists. 

—There is a measure of uncertainty among zoo herpetologists 
in that they are not certain whether they should view themselves 
as professional herpetologists or herpetoculturists. In reality, they 
are a blend of the two disciplines. Zoo herpetologists must con-
sider theoretical issues in biology but use applied methods to main-
tain living collections. 

—One does not enter the zoo field to make money. When dis-
cretionary income is available, it is often spent on herpetological 
literature or field trips. 

—Living collections of amphibians and reptiles are often main-
tained at home as well as at the zoo. There is a trend to maintain 
exotic rather than domestic animals. A propensity for herps may 
happen because they are generally small and easily accommo-
dated. If one were interested in mammals, it would not be easy to 
keep a hippopotamus in the back yard. The types of wild crea-
tures kept by zoo herpetologists are usually not responsive to 
human interaction but rather are likely to be highly defensive or 
independent of any human activity. Hence, any animal that re-
sponds positively to a human advance is generally considered to 
be undesirable. This is different from many other zoo workers 
who seem to derive pleasure from bonding with animals in a per-
sonal way. Should a favorite animal expire, it can be a highly 
traumatic event. There may be a reason for this difference. Zoo 
herpetologists view their animals as individual members of a spe-
cies group which are integral parts of a complex ecosystem. Life 
and death are part of the natural mosaic so the loss of any one 
amphibian or reptile is viewed as inevitable and not particularly 
troubling, especially since a strong personal bond has not been 
created. Frustration often stems from the loss of an important 
specimen in a breeding program which may be irreplaceable, with 
conservation implications. Unlike workers in other animal de-
partments in the zoo, herpetologists almost always use technical 
names for their charges and almost never use a pet name 

We do not wish to offend any of our non-herp zoo colleagues 
who wish to bond with their animals but there is an inherent dan-
ger to this approach. First, animals should imprint on conspecif-
ics rather than humans. Second, zoo visitors receive the wrong 
message. Animals should be viewed not as individual entities de-
pendent on humans per se but rather as part of a larger group with 
selection pressures shaping this taxonomic unit. In other words, 
individual animals live and die in the wild but are part of a broader 
species and community assemblage. The zoo visitor needs to be 
shown that zoo workers are aware of the distinction between in-
dividual and group and that zoo professionals are making every 
effort to maintain captive animals in as wild a state as possible 
with minimal human interference and interaction. With this ap-
proach, thorny issues such as euthanasia and culling of individual 
specimens inappropriate for breeding programs can be addressed. 
Some zoo workers invest considerable time and money to save 
an individual animal through such protocols as elaborate veteri-
nary procedures or hand rearing neonates which are possibly in-
ferior and lack fitness. These resources could be directed in more 
positive directions. 

—Priorities may be skewed. One keeper had an extensive ar-
ray of terrariums arranged throughout his living room but there 
was virtually no furniture. His wife complained bitterly that all 
he cared about were his reptiles. She underscored her argument 
by pointing out that he took food from their baby's mouth in or-
der to have the money necessary to buy mice to feed his snakes. 

—Career advancement in the zoo field beyond herpetology is 
not a high priority. There are a few exceptions to this trend: Carl 
Kauffeld, late Director of the Staten Island Zoo; John Werler, re- 
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tired Director of the Houston Zoo; and Roger Conant, retired Di-
rector of the Philadelphia Zoo serve as examples, disproving the 
general rule. 

—There are two distinct modes of dress. One group, certainly 
in the minority, dresses in sartorial splendor with nicely pressed 
and laundered clothes. The second group appears to have found 
mismatched clothing at a garage sale. These items seem to be 
infrequently washed and never ironed. A supervisor at a 
midwestern zoo regularly wore a beanie with a propeller attached. 
One male zoo herpetologist, apprehensive and anxiety-ridden, was 
preparing for an eagerly expected date with a winsome young 
lass. His personal habits were not exemplary for he rarely cleaned 
his clothes. He threw his soiled garments into a pile roughly waist-
high which could accurately be visualized as a steaming compost 
pile. As he was sorting through this unmentionable heap to locate 
the least offensive article of clothing to wear on his date, he dis-
covered a large, dried pizza. 

—Many of our colleagues reflect vigorous heterosexual be-
havior with little evidence of success in the game of love. As 
stated earlier, there were few women in the profession in the early 
days. At the herpetological conferences, those beleaguered women 
were the center of attention. It was a situation remindful of the 
spring emergence of red-sided garter snakes in Manitoba, Canada 
where scores of male snakes pursue females. At these confer-
ences, female mate choice was operative. 

—For male zoo workers, there has been a trend toward perma-
nent facial hair even during those periods in the United States 
when grooming styles were less hirsute. 

—Dining habits tend to reflect a high degree of carnivory with 
food consumed in impressive quantities. In at least two instances, 
keepers ate mice and grubs to shock zoo visitors who disliked 
snakes. Occasionally, culinary habits were questionable. One 
keeper's residence was so overrun with cockroaches that they 
marched in phalanxes at night. The butter dish was always left on 
the kitchen sink at night rather than in the refrigerator to ensure 
that the butter was soft and could be easily spread on slices of 
bread each morning. As dawn approached, mummified roaches 
would be stuck in the butter in a scene remindful of the La Brea 
tar pits. As the keeper prepared his morning repast, he would scrape 
legs, wing covers, and antennae off the spread. Although he gen-
erously offered buttered toast to his house guests, the gift was 
never accepted. 

—A number of our colleagues have had or currently have a 
motorcycle. 

In summary, zoo herpetologists are generally highly focused, 
somewhat aggressive individuals who enjoy and nurture live ani-
mals but may not be as considerate toward their fellow man. They 
should feel lucky that they have been able to combine their inter-
est with their profession. 

CURATORS VERSUS KEEPERS 

At the present time, the rights of zoo employees to work in a 
non-abusive environment are well protected legally and if their 
rights are trampled, legal options are available to redress griev-
ances. Yet during the period between 1950-1975, employees might 
be subjected to unimaginable conditions by a few unreasonable 
curators. Several examples will serve to illustrate this point. A 
curator, after observing dirty waterbowls contaminated with fe-
cal matter, demanded that all departmental employees drink from 
the vessels in order to learn proper sanitary procedures. In an-
other instance, zoo keepers were taught how to fold a paper towel  

properly when cleaning animal enclosures and if the towels were 
not folded in an acceptable manner, keepers could suffer severe 
consequences, including suspension. 

In some zoos, keepers were not allowed to feed their charges 
as these employees were regarded as incompetent by the curator. 
It was a privilege, reserved only for the curator, to feed these 
herpetological treasures. A curator who had told his people never 
to feed pink mice to a saw-scaled viper watched a keeper violate 
his instructions. He raced from the public area to the service sec-
tion, reached into the enclosure and pulled the mouse from the 
snake's mouth. There would be no eating of prohibited substances 
in his domain! In response to this transgression, the curator forced 
this guilty keeper to scrub the floor of the entire rear service area 
with a toothbrush. Should a specimen expire of unexplained 
causes, some curators berated their keepers incessantly; employ-
ees might be punished for allowing the creature to die! 

One woman keeper was carrying a large tray of rodent water 
bottles to a sink for cleaning. Unhappily, she lost her balance and 
fell amidst broken shards of glass whereupon she suffered lacera-
tions. The curator, seeing her standing unsteadily in the doorway 
dripping blood, yelled and ran into the room past her. As she tried 
to reassure him that she was not severely injured, he ignored her 
and held the broken pieces in his hands, exclaiming that he had 
used those same bottles for many years and their loss was cata-
strophic; those bottles were irreplaceable! 

Some keepers could truly test the patience of a curator. One 
was characterized by the curator as clumsy, scattered, and care-
less; an inordinate number of snakes under his care escaped. The 
curator, under strain from many administrative duties, engaged 
in a daily ritual to calm his shattered nerves. Every morning, he 
walked through the public area and inspected all of the enclo-
sures. At the end of his tour, he would pause at the front of his 
favorite terrarium and visibly relax. This particular exhibit re-
flected his personal touch for he had landscaped the cage with an 
interesting variety of tropical plants and stocked it with beautiful 
Neotropical treefrogs. On one particularly stress-filled morning, 
he was startled to see a garter snake in his terrarium eating the 
last of his treefrogs. In a fury, he shouted for the hapless keeper to 
come immediately to see the carnage. His employee, busy at work 
in the rear section, heard his call and ran into the public area at 
full stride, whereupon he lost his balance, slid into the curator 
and upended him. The curator, by now completely out of control, 
rose to his feet, pulled the keeper off the floor by his hair, and 
repeatedly banged his head on the exhibit glass, all the while shout-
ing how incompetent and stupid he was to allow such a fiasco to 
occur. The curator had to be restrained by fellow workers! 

Although bushmasters were highly desired in zoo collections, 
they were delicate captives and little was known of their repro-
ductive biology. This same curator had a particular fondness for 
bushmasters but his success rate with them was marginal. A po-
tentially gravid female was imported and set up in isolation in the 
rear section. Each day, the curator would fantasize about beauti-
ful baby bushmasters and stare into the cage to see if she had 
oviposited. One memorable day, she was coiled around a clutch 
of newly-laid eggs. All of the eggs were removed for artificial 
incubation. These were the primitive days before incubators and 
vermiculite were used to incubate reptile eggs so his plan was to 
create a suitable spot which offered appropriate heat and humid-
ity. He chose a site that seemed to cover all requirements for hu-
midity: a metal stock tank half-filled with water which housed a 
variety of small crocodilians and aquatic turtles. He placed a 
wooden plank on top of the tank and set the egg container on top. 
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For additional heat, a reflector and heat bulb were suspended from 
the ceiling above the eggs. His final task was the most important. 
A line was drawn on the floor around the tank. His nemesis, the 
now frog-less keeper, was not allowed to cross this line to view 
the eggs under any circumstance. It was inevitable that a disaster 
would occur. One day, when the curator was not at the zoo, the 
keeper noticed that the bulb was no longer burning. Rather than 
calling the curator at home, he chose to replace the bulb himself. 
As he stood on the plank to change the darkened bulb, he lost his 
balance and dumped all of the eggs into the tank whereupon croco-
dilians and turtles alike feasted on this unexpected fare. The 
keeper's life thereafter was exceedingly unpleasant. 

Keepers occasionally were expected to work many additional 
hours over the normal 40-hour weekly complement without com-
pensation. If they were unwilling, they were singled out as ma-
lingerers without a serious interest in herpetology and their pro-
fessional commitment was questioned; in rare cases, curators 
physically attacked keepers when a dispute arose. Some institu-
tions reflected a militaristic philosophy since keepers had to stand 
at attention for daily inspection and if a uniform was not suitably 
presentable, the offender was sent home to change. 

To our knowledge, the record for fired keepers by a single cu-
rator is over four score. His explanation was that he would fire 
them until he found a decent one. This curator also fired his wife 
who was a keeper in the department. At home, she was not al-
lowed to touch his rare books. After she finished reading each 
page, she had to call him to turn the next page. This marriage 
began to show signs of stress. The wife had a tame pet rat which 
she carried with her constantly. As the couple's relationship was 
deteriorating, he lamented one day that she loved that rat more 
than she cared about him. He paused pensively for a moment, 
then said,"But it is truly an exceptional rat!" 

Some keepers devised amusing methods for retaliating by ha-
rassing curators in subtle ways. One curator demanded that all 
objects removed from within an enclosure be replaced in exactly 
the same spot. To ensure that this was done, measurements were 
taken with a ruler. To destroy the curator's sense of order, keep-
ers moved waterbowls less than one inch daily from the anointed 
spot with wagers made on how much the dish could be moved 
before the curator noticed the new placement. In one zoo, the 
keeper staff was so badly mistreated that they created a "Keeper's 
Bill of Rights" which was ceremoniously presented to the cura-
tor. Included in this document were statements such as all staff 
must be treated as human beings rather than beasts of burden, 
and that allowances be made for personal time off the job. The 
keepers also requested that their personal habits, although bizarre, 
must not be a topic of discussion in a public forum. The curator's 
response was predictable and explosive; all keepers were threat-
ened with immediate termination! 

It was unusual for keepers to be given time on the job for inde-
pendent research projects and travel money for professional her-
petological conferences or field studies was rare indeed. In fact, 
should a keeper desire these "curatorial benefits," he was per-
ceived as overly ambitious and a threat to the internal stability of 
the department. The prevailing philosophy was that a keeper's 
only responsibility was to clean cages forever and any deviation 
from this was unacceptable. Needless to say, keepers had virtu-
ally no say in the composition of the collection. 

Collections were generally structured to reflect the personal 
interest of the curator but a good part of the pleasure in develop-
ing these assemblages seemed to have been the enjoyment de-
rived from showing them off to colleagues. "Are you ready for  

this?" could be heard in the building as the visitor was hauled 
from one enclosure to the next. This is not to say that certain 
curators were not enlightened managers who encouraged their 
employees in many positive ways. These administrators often 
directed highly productive departments with meaningful contri-
butions by the entire staff. The message to be taken is that the 
managerial history of zoo herpetology during this period varied, 
ranging from a repressive environment directed exclusively by 
the curator to one that was open and positive for all employees. It 
is surprising that some of the most dedicated keepers who suf-
fered under unsympathetic curators remained in the profession 
and it is to their credit that, generally, they did not continue the 
abusive practices of their former employers as they rose through 
the administrative labyrinth. 

INTERACTIONS WITH VENOMOUS REPTILES IN ZOOS 

Card and Roberts (1996) surveyed incidents of envenomation 
in zoos between 1970-1995. Yet there were a number of close 
calls with venomous reptiles which remain unreported. Policies 
for the handling of these reptiles varied according to the institu-
tion; some facilities had explicit procedures for handling poten-
tially dangerous reptiles whereas the policy at other zoos could 
be characterized as casual indifference. For instance, keepers at 
one famous zoo would dare each other to lift venomous snakes 
by sliding their hands beneath the coils. This practice, which in-
volved copperheads, moccasins, and rattlesnakes, continued un-
til the participants were caught by the curator. 

In one zoo, a keeper was holding a young black mamba and 
attempting to remove a dried, stuck shed skin. The snake turned 
and bit the keeper but the fang fortunately glanced off his thumb-
nail. Naturally, the keeper released the snake which quickly es-
caped into the zoo through a gap beneath the door. The snake was 
discovered shortly thereafter. The same keeper had a difficult time 
distinguishing venomous coral snakes (Micrurus) from false coral 
snakes (Erythrolamprus). His solution was to free-handle both 
snakes to see if one attempted to bite him; if one of the snakes did 
so, it was identified as a coral snake. A third episode involving 
this keeper deserves mention. His task was to clean the habu 
(Trimeresurusflavoviridis) exhibit. To do this, he was required to 
remove the snake from the exhibit and place it in a garbage can 
while servicing the cage. To save time, he placed the snake on the 
rim of the can a few feet behind him, then bent over to begin the 
cleaning. The habu, poised to strike, focused on the only target 
within reach—a human derriere. During the course of his duties, 
it just so happened that the keeper backed up several times and 
pushed the snake's head back with his rather substantial buttocks, 
disorienting the snake completely; there was simply too much 
area to strike! 

Feeding venomous reptiles can be hazardous. One keeper used 
to feed a group of boomslangs (Dispholidus) by holding up a tray 
of dead newborn mice into the exhibit enclosure which stimu-
lated the snakes to launch off of the branches, writhe around in 
the tray, and feed voraciously. Somehow the keeper's fmgers were 
never viewed as potential food items, even though the snakes 
crawled over his digits constantly. In another zoo, the curator was 
convinced that his charges "knew" him personally, accepted him 
as their caretaker, and would never attempt to bite him as he fed 
them. Consequently, he fed them with his fingers or used very 
short forceps for feeding and, in fact, was never bitten during the 
many thousands of feeding interactions over his career. 

Captive king cobras often have difficulty properly shedding 
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their eyecaps. As a result, a snake with this problem must be taken 
from its enclosure, held by the attendants, and the eyecaps re-
moved manually. At one midwestern zoo, the curator and two 
assistants were engaged in this dangerous undertaking but they 
had not noticed that the snake was ready to shed again. As they 
held the cobra, it slid out of its old skin like a sausage. The cura-
tor, as senior of the department, was entrusted to hold the snake's 
head. In a flash, the snake partially crawled out of its skin and 
rose several feet in the air, staring him in the face. Imagine the 
surprise of the crew as they held an evacuated shed skin with part 
of an enraged cobra within. Quick thinking saved the day. On the 
count of three, the handlers threw the snake several feet away, 
then recaptured it and returned it to the cage. At another zoo, a 
keeper took the liberty of shedding a golden eyelash viper by 
hand even though this was expressly forbidden by the curator. 
When the misdeed was discovered, the keeper was summoned 
immediately. The curator, in a rage, pointed out that such actions 
were not permitted in his department under any circumstances; 
he also said that he had noticed the shedding problem earlier and 
had planned to remove the skin himself. The keeper answered,"A 
good reptile man would have shed the snake two days earlier!" 
He was immediately relieved of his position. Several years later, 
one of us (JBM) was visiting this curator who was still furious 
about the unmitigated gall of his former keeper—whom he char-
acterized as the most incompetent individual in the profession. 
The curator raised his arms above his head, looked at his hands 
with pride and said,"These are the hands that shed the bushmas-
ter and the king cobra!" 

One curator was handling a rock rattlesnake on a snake hook 
when it started to crawl slowly up the shaft toward his hand. He 
asked the keepers if they had any idea what a rattlesnake's reac-
tion was to human scent. Their response was negative so he al-
lowed the snake to flick its tongue a few times on his finger. Natu-
rally it bit him! 

Another zoo herpetologist was despondent since his long stand-
ing love affair had collapsed. He concluded that life was no longer 
worth living so he decided to commit suicide. He believed that a 
bite from an eastern diamondback rattlesnake, his favorite snake, 
would be the most heroic way to end his now tattered and insig-
nificant life. He thrust his arm into the zoo exhibit which housed 
several of these ophidians, shielded his eyes with his other hand, 
and waited for the inevitable. Nothing happened! After waiting 
with his arm extended for five minutes in front of their heads, he 
waved his hand and tapped their snouts. Again, nothing happened. 
Clearly this was an omen from a higher power; suicide was not 
meant to be! 

Colima, Mexico was a desirable destination for herpetologists 
for there were several reptile dealers who usually offered inter-
esting reptiles from the region. One zoo herpetologist was proud 
of his newly acquired BMW sports car and decided to take it to 
Colima on its maiden voyage. When he visited the local dealers, 
he saw several gravid Mexican west coast rattlesnakes and cantils 
which he purchased to bring back to Fort Worth, Texas, where he 
was employed at the zoo. As he started toward home, his new car 
coughed a few times and expired. Since he was completely iso-
lated in a remote region and replacement parts were unavailable, 
he fretted about whether he would be forced to abandon his car 
there. As luck would have it, a fellow herper from Texas drove by 
in his pickup truck and noticed the stranded owner and vehicle. 
He offered to tow the vehicle back to Fort Worth but the only line 
available was a very short rope. Since necessity is the mother of 
invention, they attached the vehicles with the flimsy cord; the  

zoo worker steered the rear car as they set off for home. Since the 
herper was an avid road collector and speedy driver, every time a 
snake was seen on the road, he would slam on the brakes and 
retrieve it. Unfortunately, the zoo worker's reflexes were not keen 
enough to respond so he slammed into the reinforced bumper of 
the pickup truck during each sighting. Snakes were plentiful on 
the road and this catastrophe occurred rather frequently. On top 
of this, the recently purchased rattlesnakes and cantils gave birth 
during the return trip and the youngsters escaped into the car where 
they occupied every suitable hiding place. Although the herpe-
tologist tried to capture them when they were visible, he was 
mostly unsuccessful for there were many avenues of escape. When 
he reached Fort Worth, the front of his car was completely de-
molished and looked like a metal accordion. Every morning, he 
searched for young snakes in his ravaged car, finding over 50 
during a two-week period. 

At one zoo, the collection was heavily geared toward venom-
ous snakes, and aquaria housing them were stacked one upon 
another in the cramped service section until the enclosures nearly 
reached the ceiling. An adult Egyptian cobra escaped and although 
the entire area was diligently searched, the snake remained un-
discovered, One day, as the curator was cleaning cages, the snake, 
which had crawled around the cages up to the curator's eye level, 
struck at his face. According to the curator's analysis, as the snake 
extended its body in mid-strike, it realized that it was about to 
strike its favorite person. The snake's only option was to close its 
mouth as it bounced off the curator's cheek. The fact that the 
cobra did not envenomate convinced the curator that his snakes 
could identify their favorite human and would never harm him. 
This curator also crawled into the king cobra's cage periodically 
when the enclosure needed cleaning. As the snake reared defen-
sively, he tied a handkerchief around its head so the snake could 
not see him during the cleaning operation. When the curator was 
finished, he simply untied the cloth and exited the cage. 

At the present time, safety is paramount. There are emergency 
snakebite procedures incorporated as standard policy in zoos, and 
a computerized list of holdings at each zoo is periodically pub-
lished (Boyer and Murphy 1994). Recommendations for 
antivenoms in case of snakebite are available (Minton 1994). 

ZOO HERPETOLOGISTS AND THE PRESS 

Although zoo directors generally encourage their herpetologi-
cal employees to be cooperative with reporters, some in herpetol-
ogy find the prospect of dealing with the press unpleasant. When-
ever a snakebite occurs or snakes emerge in the spring, the local 
press often descends on the herpetological staff for in-depth cov-
erage on the biology of venomous reptiles and the potential for 
snakebite. This can be an annual ritual in places where snakes are 
common such as Texas. Most of the time, the zoo herpetologist 
handles these inquiries with aplomb but there are exceptions. One 
curator regularly pointed out that people who keep or collect 
venomous snakes are stupid and deserve to be bitten. 

Another curator viewed the press with utter disdain. When a 
young female reporter scheduled an appointment to interview him 
at the zoo, he placed trays of thawed, eviscerated mice and be-
headed chicks in front of his office door, which forced her to 
carefully wend her way through the myriad bodies to reach his 
inner sanctum. Prior to the interview, he worked up a frothy sweat 
by cleaning crocodilians, thereby ensuring that he would be cov-
ered with fish slime and algae when she arrived. 

One keeper, on a nationwide television program, assured the 
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viewers that baby snakes were much more attractive than human 
babies, as the former resembled the adult whereas the latter looked 
like a pink, rather disgusting, unformed blob of protoplasm. 

CURATORS AND THE ZOO VISITOR 

Considering the curator's view of his kingdom and his ambiva-
lence about the role of the public in his castle, the interaction 
between the two could be bizarre. Visitors seem predisposed to 
bang on the glass fronts of snake enclosures. At times, the sound 
is deafening to humans and is reminiscent of the staccato burst of 
machine gun fire. Curators have been known to react violently 
by physically throwing visitors out of their building. Zoo visitors 
have been subjected to verbal abuse as well. One curator, upon 
noticing a visitor flicking her tongue at a snake in a exhibit, loudly 
yelled that she should remove her tongue from the glass and put 
it back in her mouth where it belonged. Not all visitors accepted 
the curator's rebuke passively and shouting matches could be 
heard throughout the building. 

While knowing that visitors were essential to continued pay-
checks, curators were often indifferent about the public's pres-
ence in the zoo. Some desperately worked to avoid any interac-
tion with the public, including public speaking. Nowadays, as 
resources shrink and zoo conservation programs require public 
support, curators must be visible and effective advocates of their 
institution's mission. The loss of biodiversity and threats to am-
phibian and reptile conservation must be effectively presented to 
a wide audience; the modern zoo herpetologist is uniquely suited 
to this task. 

PRACTICAL JOKES 

The director of a small southwestern zoo built a planted out-
door aviary with funds donated by a well-known zoo supporter. 
The donor requested that the new exhibit be named in honor of 
his family and that an elaborate dedication ceremony be arranged 
with local dignitaries in attendance. Funds were available for con-
struction but there were no additional monies to buy expensive 
birds so the director stocked the aviary with parakeets solicited 
from the community. On the dedication day, as the distinguished 
guests arrived, the director realized that the aviary seemed un-
usually quiet—no chattering, multi-hued parakeets were flitting 
through the branches. As the group peered into the aviary, the 
only creatures in view were some extremely well-fed Texas rat-
snakes draped over the branches. One of the director's colleagues 
had slipped in the night before and released the snakes into the 
exhibit. 

A zoo keeper had a large, tame Gulf Coast toad which lived for 
years at the zoo. Every morning, he retrieved the anuran from its 
aquarium and placed it on his working cart as he serviced his 
exhibits. The toad did not attempt to escape but quietly sat on the 
cart. Throughout the day, the keeper would feed mealworms to 
his pet. Another keeper, on his way to work, found a dead toad on 
the road which resembled the pet toad. As the first keeper was 
busy at work, the second keeper picked the pet toad off the cart, 
deftly substituted the dead toad, yelled that he had been bitten by 
it, then threw the dead toad on the floor and squashed it with his 
foot. The first keeper, unaware of the switch, grabbed his coworker 
and tried to beat him into submission. Revenge was sweet. The 
aggrieved keeper later slipped a snapping turtle into the 
perpetrator's aquarium of exotic tropical fishes. 

One zoo herpetologist was asked to appear on a local televi-
sion program to talk about venomous snakes. To spice up his pre- 

sentation, he placed a live rattlesnake, moccasin, and copperhead 
in a cloth sack and started for the studio. He was bitten by one of 
the snakes on his leg through the bag but he could not identify the 
culprit. Fortunately, crotalid polyvalent antivenom was the drug 
of choice so the issue was somewhat moot. Convalescence was 
painful and arduous; he slowly hobbled around on crutches for 
many weeks. One day, his colleague removed the bolts which 
held the crutches together. As the victim unsteadily stood and 
placed his weight on them, the crutches collapsed; he fell down 
the stairs, amusing his companion greatly. Recovery was extended 
by a few weeks. 

One keeper was fond of Exuma Island rock iguanas and he had 
a tame specimen at home. During the summer, the lizard was 
kept in an outdoor enclosure from which it escaped. A thorough 
search of the neighborhood was mounted but the lizard was no-
where to be found. The keeper was crestfallen. A coworker found 
a deceased specimen of similar size in the freezer at the zoo. Since 
both keepers drove to work together each morning, the joker put 
the thawed carcass on the road, yelled that he saw the escaped 
saurian and promptly drove over it so that it wouldn't escape again. 
The exasperated lizard owner was not at all pleased! 

The director at a major zoo was inspecting the reptile house 
with the staff. As he leaned over the railing to examine an exhibit 
closely, he failed to notice some foreign material on the rail. Ear-
lier, a zoo visitor had placed his child on top of the railing where-
upon the youngster promptly defecated. When the director checked 
his shirt, there was a prominent horizontal stripe emblazoned on 
the garment. He called each member of the staff in turn over to 
the exhibit and demanded that each bend over the railing to view 
the exhibit closely for signs of uncleanliness. As a result, each 
had a similar design on his shirt. Although the zoo had a standard 
uniform policy, matching brown stripes had not been envisioned. 

In 1953, Roger Conant described a new subspecies of the dia-
mondback watersnake, the Tabasco watersnake (Nerodia 
rhombifer werleri) from Mexico, in honor of his colleague, John 
Werler, the now-retired Director of the Houston Zoo. The more 
common nominate form was the snake of choice to feed several 
king cobras at the zoo, so periodic shipments of the watersnakes 
arrived at the zoo from an animal dealer. A new keeper was told 
to feed several of the food snakes to the cobras. After the cobras 
had dined, the keeper was told that the snakes which he had used 
were, in fact, the very rare namesake of the Director and this 
serious transgression was grounds for immediate termination. 
Werler continued the ruse and berated the keeper forcefully for 
his oversight and carelessness. Eventually, the keeper was told of 
the joke but some anxious moments preceded the confession. 

THE FUTURE OF ZOO HERPETOLOGY 
At the annual meeting of the International Herpetological Sym-

posium in San Antonio, Texas in 1996, Curator David Grow from 
the Oklahoma City Zoo gave a disturbing presentation. His mes-
sage was simple and direct. There is a trend in zoos of the United 
States to reduce space and financial support for herpetological 
programs. In spite of the fact that reptiles and amphibians rank 
high in visitor popularity (Marcellini and Jenssen 1988), those 
administrators entrusted with the responsibility of allocating re-
sources have been trapped in a phylogenetic and financial mindset: 
mammals rank first, followed by birds, fishes and large aquaria, 
and finally herps. Grow pointed out that there has only been one 
herpetarium constructed in the United States during the last de-
cade. Moreover, when a new exhibit is planned, precious little 
space is devoted to herps. 
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We would like to take Grow's argument a step beyond. If one 
reviews the index of Card and Murphy (in press), there are roughly 
175 names listed of people who have worked in herpetological 
facilities, mostly reptile buildings. In these herpetologically satu-
rated environments, training, techniques, and novel ideas for cap-
tive management have been developed and honed in an impres-
sive way. The beneficiaries have been the animals housed at the 
zoo. Lately, there has been a trend in zoo planning to stress biodi 
versity and total immersion mixed exhibits with a wide variety of 
animals and plants. Although we applaud these efforts, there are 
several deleterious side effects. The first problem is keepers are 
trained to be generalists rather than specialists. The second is that 
the mechanical and electrical support equipment needed to en-
sure sophisticated environmental parameters for herps is rarely 
included in a facility designed mostly for mammals and birds. 
The third is that the smaller or less dramatic amphibians and rep-
tiles tend to pale in comparison with the more active endotherms 
and may be overlooked. The last is the opportunity for teaching 
herpetology in a zoo setting will be diluted in a large, generalized 
exhibit. Successful exhibits and programs can and have been de-
veloped for herpetological facilities that address the biology of 
amphibians and reptiles in an interesting way (see Chiszar et al. 
1993; Marcellini and Murphy 1998; Murphy and Chiszar 1989, 
for examples). 

Zoo herpetology has a vivid and rich history, but appears to be 
declining. Unless there is a reversal of attitude by the majority of 
zoo professionals, the zoo visitor may have to be content with the 
occasional large python, Komodo monitor, giant tortoise, mas-
sive crocodilian, or other equally dramatic and hardy examples. 
The danger is that many of the less glamorous species will be 
ignored and the opportunities for education will be lost. That is 
truly a shame. 
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TECHNIQUES 

A Portable Device for Restraining Frogs 

MICHELLE T. CHRISTY 
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New South Wales 2006, Australia 

Researchers often conduct field studies in relatively isolated 
areas without assistance. In many instances access by foot only 
is possible, which encourages the use of lightweight, durable, 
waterproof, and easily transportable equipment. It is sometimes 
necessary for captured animals to be restrained, such as during 
the application of tags or the fitting of radio-tracking devices 
(e.g., Carpenter 1954; Kluge 1981; Martof 1953; Prestt 1971). 
Restricting the movement of study animals is often difficult if 
the researcher is working alone. 

Many devices for restraining animals have been described (e.g., 
Fowler 1978; Jones and Hayes-Odum 1994; Quinn and Jones 1974), 
but few examples exist for amphibians. Heyer et al. (1994) suggest 
that salamanders and frogs should be placed in a wet zip-lock bag 
and tagged directly through the plastic. Although the technique 
works for some tagging methods, it is not always suitable, 
particularly when fitting radio-tracking devices where the researcher 
must have access around the body. Here I describe an alternative 
method for restraining frogs while fitting tracking devices or 
applying tags. The device is light, durable and waterproof, quickly 
and safely restrains frogs, and can be used by a single worker. 

The device, known as the "strapper," consists of a base of about 
20 cm x 20 cm x 1 cm, to which are attached four elasticised straps 
(Fig. 1). It weighs approximately 180-250 g depending on the 
material and size of the base (i.e., a cedar base weighs approximately 
180 g, polypropylene base weighs approximately 225 g). The base 
is likely to become wet, so should be made of moisture resistant 
wood or polypropylene. Each of the four elastic straps are secured 
to the base with a 10 mm stainless steel countersunk screw and 
threaded through a shoulder strap slide (as used in brassieres) and 
a strip of loop and hook fastening tape (e.g., VelcroTM) is sewn to 
the topside of the unsecured end. The four straps are gapped by 1 
cm, 2.5 cm, and 1 cm in sequence, respectively. Four strips of the 
complementary surface of fastening tape are attached to the 
underside of the base with matching spacing. 

Wrapping damp gauze around the straightened legs and tightening 
two of the elastic straps around the waist and thighs secures the 
frog, holding the legs firmly together. The upper body is positioned 
inside the loop of one of the remaining two elastic straps with the 
arms pinned in front of the tightened strap. Again, damp gauze 
should be used to provide moisture, cover the frog's eyes and protect 
the frog from potential skin damage. Once tightened, the straps are 
doubled back and secured to the underside of the board using the 
Velcro. This position inhibits the frog's movements and thus 
decreases the risk of injury during handling. 
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FIG. 1. The strapper incorporates four lengths of elastic secured to the 
base. The elastic is threaded through a shoulder slide and secured using 
VelcroTM. 

The two head straps can accommodate size variation in restraining 
frogs (i.e., the inside strap fits smaller frogs, the outside strap larger 
ones). These dimensions allow securing of frogs with a small (2.5 
cm) to relatively large (15 cm) snout-urostyle length. However, by 
increasing or decreasing the gaps between the straps, the strapper 
can be modified to accommodate most size ranges. 

During the past 24 months, the strapper has been used to secure 
in excess of 600 green and golden bell frogs (Litoria aurea) during 

FIG. 2. The frog is secured by tightening two of the elastic straps around 
the waist and thighs and one of the remaining straps around the upper 
body. Damp gauze provides moisture and protection from potential skin 
damage. 

Passive Integrated Transponder (PIT) implantation procedures or 
attachment of transmitters on waist belts. It would be possible to 
use only the lower body straps, or upper body straps, or further 
modify the strapper to make it compatible with alternative 
transmitter attachment or tagging methods (e.g., Emlen 1968; 
Kaplan 1958; Kluge 1981; Rathbun and Murphy 1996). The use of 
the strapper adds approximately 30 seconds to the PIT tagging 
procedure, but needs only to be used when the researcher's dexterity 
is compromised or the frog is uncontrollable. The fitting of the 
waist belt transmitter, from capture to release, takes approximately 
five minutes using the strapper. Thus far no adverse effects of using 
this method have been noted. After 24 months of field use, the 
strapper shows no sign of deterioration, however, I expect the elastic 
straps will need to be replaced bi-yearly, depending on use. 

In my work, the reasons for using such a device are four-fold. 
First, unlike some frog species, L. aurea can be feisty and difficult 
to handle. Second, as they are recognized in New South Wales as 
`endangered' on Schedule 1 of the Threatened Species Conservation 
Act 1995, extreme care must be taken to minimize potential stress 
and damage to individuals. Those in the smaller size range (e.g., 
35-40 mm) are most susceptible. Third, some applications, such 
as the fitting of transmitter belts, can be more quickly and easily 
completed if the frog is restrained using the strapper, leaving the 
researcher's hands free. It is particularly useful when working alone. 
Fourth, the strapper is particularly useful for researchers 
inexperienced or lacking confidence in PIT tagging or handling 
frogs in general. In most cases, the strapper has decreased handling 
time required to restrain difficult individuals, thus reducing the time 
taken to perform the tasks and, ultimately, the stress experienced 
by the animal. 
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Several reliable methods to mark anurans at the postlarval stage 
have been published (Elmberg 1989; Emlen 1968; Ferrier 1979; 
Howard 1978; Nace 1982; Rice 1993; Robertson 1984; Ryan 1980; 
Wells 1977, 1978). However, few practical techniques to mark 
anuran larvae exist. This is undoubtedly due to the delicate tis-
sues and lack of limbs or digits at this life stage. Commonly used 
methods include clipping notches on the tail fm (Turner 1960), 
staining with neutral red (Guttman and Creasey 1973; Herreid 
and Kinney 1966; Travis 1981), and injecting or spraying with 
dyes (Seale and Boraas 1974; Taylor and Deegan 1982). How-
ever, these methods have various limitations. The effects of fin 
clipping on growth, swimming behavior, and mortality of larvae 
have not been evaluated. Although neutral red staining is easy to 
perform, it has short-term permanence (Guttman and Creasey 
1973), causes decreased growth (Travis 1981), and can not be 
used for individual identification. Taylor and Deegan's technique 
(1982) of spraying pigments on several larvae at once is useful 
because individuals do not need to be handled. However, the au-
thors reported that their methods cause some mortality and re-
quire expensive equipment. Injecting pigments mixed with an 
organic solvent directly into larval tissues causes no mortality, 
but some preliminary work is necessary to develop the proper 
solvent formulation (Seale and Boraas 1974). Here we report on 
a useful alternative to the above methods for individually mark-
ing large numbers of larval anurans. In addition to evaluating the 
effects of our marker on survivorship and growth, we also quan-
tified its effects on the locomotor behavior of the larvae. 

Bullfrog larvae (Rana catesbeiana) were collected at Miami 
University's Ecology Research Center, Butler County, Ohio, USA, 
during November 1995. These larvae were held in a 500 L 
aquarium designed to provide a continuous flow of dechlorinated 
water at 18°C. Larvae were held under a 12L:12D photoperiod 
and fed trout chow ad libitum. On 19 May 1996 we selected 20 
larvae at the premetamorphic stage (stage 25, Gosner 1960) to 
use in the evaluation of our tagging method. Larvae were weighed 
on a Mettler balance (to nearest 0.01g) and measured with Ver-
nier calipers (SVL to nearest 1.00 mm), and randomly placed 
into either the tagged or untagged group (N = 10 per treatment). 
Each treatment group was maintained in a 37 L aquarium with a 
continuous flow of dechlorinated water at 25°C. 

Larvae outfitted with tags were anesthetized via submersion in 
a solution of tricaine methanesulfonate (approximately 0.050 g 
per L dechlorinated water) until movement ceased. Individual lar-
vae were then removed from anesthesia and a single stitch of 
polyester thread (thread diam. = 0.20 mm, needle diam. = 0.75 
mm) was made through the base of the tail, directly into the mus-
culature and slightly above the midline. Attached to the thread 
was a label made of plastic field flagging (5 mm x 5 mm) upon 
which a unique number was written in waterproof ink. The two  

ends of the thread were tied with enough slack to allow the label 
to remain free of the fin and allow for growth of the tail (Fig. 1). 
Total time required to tag all individuals was kept to a minimum 
by ensuring that two larvae were under anesthesia concurrently. 
such that each time a larva was removed for tag application an-
other was added to the tricaine methanesulfonate. 

Mass and SVL of all tagged and untagged larvae were mea-
sured at the beginning and every 2 wk until the first individual 
achieved forelimb emergence (stage 42, Gosner 1960), after wk 
8. Comparisons of these measurements between tagged and 
untagged larvae were made with Student's t-tests within each 2 
wk interval. Repeated-measures analyses among all time periods 
were not possible since the identity of individual untagged larvae 
was unknown between consecutive weeks. Upon reaching stage 
42, final mass and SVL measurements were made on individual 
larvae, and the time spent in the experiment was also noted as an 
indication of metamorphic duration. Mass and SVL at stage 42, 
as well as time spent in the experiment, were compared between 
tagged and untagged larvae with Student's t-tests. 

FIG. 1. Diagrammatic representation of tag location on a larval Rana 
catesbeiana. Tags are made of polyester thread and field flagging, and 
attached to the larva with a single stitch applied at the proximal end of 
the tail slightly above midline. 

Locomotor tests were conducted at wk 6, at which time larvae 
had small to moderate hindlimbs (stages 34-38), between 1200 
and 1700 h. The locomotor behavior of larvae was evaluated by 
placing individual larvae into 1 L crystallizing dishes containing 
approximately 600 ml of dechlorinated water at 25 C. Following 
a 5 min acclimation period, locomotor behavior of the animals 
was monitored using a video based data acquisition system, the 
Videomex-V (Columbus Instruments, Columbus, OH). This sys-
tem measured the distance traveled (cm) and average velocity 
(cm/sec) for 30 sec intervals during the total 5 min period. The 
two aspects of locomotor behavior we examined were the total 
distance traveled and the maximum velocity of each larva. Total 
distance traveled was calculated by summing the distance trav-
eled over all of the 30 sec intervals. Maximum average velocity 
was the fastest velocity measurement recorded in one of the sam-
pling intervals. Comparisons between tagged and untagged lar-
vae were conducted using separate Student's t-tests. 

Application of a tag required approximately 5-10 min per in-
dividual, but most of this time was spent waiting for the anesthe-
sia to take effect; the actual stitching and tying of the tag could be 
performed in < 1 min. Little blood loss was observed, but after 
several days the application site on most larvae became slightly 
inflamed, however, no infections were observed. One label fell 
off the day after the initiation of the experiment; however, the 
thread was still attached to the tail of this individual. Upon reap-
plication, this tag and all the others remained attached during the 
course of the experiment. The only mortality observed during the 
experiment was an untagged individual that died between wk 6 
and wk 8. 
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There was no significant difference in mean mass between 
tagged and untagged larvae from 0-10 wk after the start of the 
experiment (t 1.11, df = 17-18, P 0.281 for all time intervals; 
Fig. 2A). Both groups increased in mass between wk 0 and wk 
10. There was also no significant difference in SVL between 
tagged and untagged larvae during this time period (t 1.09, df = 
17-18 P 0.288 for all time intervals; Fig. 2B). The two groups 
increased only slightly in snout-vent length through the 10 weeks, 
indicating that they were near maximum length at the initiation 
of the study. Since the tags did not affect growth rates, it was not 
unexpected that there were also no significant differences among 
final mean mass, mean SVL, nor mean time spent in the experi-
ment, between tagged and untagged larvae at stage 42 (t 0.906, 
df =17, P 0.377 for all parameters). Tagging the larvae also did 
not affect the locomotor activities we measured, since there were 
no significant differences in total distance traveled (t = 1.591, df 
= 18, P = 0.129) or maximum average velocity (t = 0.094, df = 
18, P = 0.926) between tagged and untagged larvae. 

A 

-o- tagged 

-o- untagged 

M( 0 wk 2 wk 4 4( 6 M( 8 

B 

-e- tagged 
-o- untagged 

wk 0 wk 2 wk 4 wk 6 wk 8 

FIG. 2. Mean mass (A) and mean SVL (B) of tagged and untagged 
Rana catesbeiana larvae at 2-wk intervals. Bars indicate ± 1 SE. Sample 
sizes were 10 in each group, except on week 8, when there were only 9 
untagged larvae due to mortality. Larvae were initially at Gosner stage 
25 and began to metamorphose after wk 8. There were no significant 
differences between groups for either parameter at any week. 

Our tagging method provides an alternative to other methods 
because the materials are inexpensive, can be purchased at local 
stores, and can be applied by one person with a minimum of train-
ing. Since individuals can be given a unique number as well as a 
color-code, many more larvae can be marked and recognition of 
each is easy. Furthermore, the empirical evidence presented above  

indicates that the tags are long-lasting and cause no adverse ef-
fects on growth, survivorship, or normal activity. We have marked 
over 250 R. catesbeiana larvae thus far (60 in one day) with both 
individual and color-coded labels. Individuals as small as 1.00 g 
and 18 mm SVL have been tagged, and smaller individuals could 
probably be marked by using thinner needles and thread. Tags 
have remained attached on at least 60% of our larvae that sur-
vived from early premetamorphic stages to metamorphosis (8-
14 mo in the laboratory). The important step in the procedure is 
to ensure that the thread is knotted tightly, since most tag loss 
results from improperly applied tags rather than from the tag be-
ing torn from the larva's body. 

This tagging method would be especially useful for laboratory 
evaluations of behavior because such experiments often require 
identification of individuals without handling. Our techniques 
could also be used for certain field studies in the absence of preda-
tors and snagging objects. However, the potential utilization of 
our tags for studies examining exercise physiology or forced lo-
comotion might be limited, as the effects of the tags on hydrody-
namic properties and muscle performance of anuran larvae need 
to be evaluated prior to experimentation. 
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In their endeavors to capture small, fast, terrestrial lizards, her-
petologists have devised an impressive variety of sampling tech-
niques. Among those most widely used are pitfall trapping, rub-
ber bands, hand collection, and noosing; more recently, refuge 
tubes, baited lizard sticks, and glue sticks and traps have been 
used (for a review see Durtsche 1996; Whiting 1998). Although 
many of these techniques are efficient, they are either labor in-
tensive (e.g., pitfall trapping), demand that the collector has a 
certain degree of prior experience (e.g., rubber bands, hand col-
lection, baited lizard sticks, glue sticks), require more than one 
person to be effective (e.g., refuge tubes), or are not well suited 
to capturing small animals (e.g., noosing, glue traps). In addition, 
many of these techniques are not suitable in urban environments 
which often consist of concrete structures surrounded by long 
dense grasses. Here we report a method used to catch large num-
bers of small, fast, terrestrial lizards (common garden skinks, 
Lampropholis guichenoti, L. delicata, Saproscincus mustelinus: 

45 mm snout-vent length; 1.5 g) around urban environments 
in southeastern Australia. Our method is inexpensive, simple, and 
extremely effective. The procedure can be performed by one per-
son, demands no previous lizard catching experience, and is ide-
ally suited to urban landscapes. 

Our technique consists of placing 50 mm wide, clear packing 
tape (e.g., many commercial brands are readily available in 
newsagencies), adhesive-side uppermost, on hard flat surfaces 
enroute to basking sites. To reduce the stickiness of the tape and 
facilitate removal without damage to the animal, it is adhered 
once to a cotton fabric, and then removed and immediately used. 
The tapes vary in length depending on the geometry of the sur-
face (but rarely exceed 600 mm), and are fastened by placing 
smaller pieces of transparent tape adhesive-side down on each 
end and in contact with the surface. During strong winds, rocks 
are also positioned on both ends of the tape, and occasionally 
(especially for long tapes) in the center. The tapes are strategi-
cally placed (see below), but they are always away from obvious 
ant trails. Unless the traps are visited at regular intervals (at least 
3-5 min), it is imperative that they are placed in the shade to 
prevent thermal stress to captured lizards. 

Skinks walk onto the tape and the soles of their feet fasten to 
the adhesive surface. The ventral surface and tail of the skink 
often adhere also; and occasionally, the neck of the skink becomes 
stuck. Although held fast by the tape, we never have any diffi-
culty removing skinks from the traps. The skink is very slowly 
removed by degrees from the tape, beginning at the head and 
working toward the tail which is usually in a curved configura-
tion. Once the body of the skink is free, the tail is gently lifted 
from the tape by moving the unstuck body of the lizard toward 
the tip of the tail and following the curvature. The speed at which 
the skink is removed is positively correlated with the size of the 
captured individual and negatively correlated with the stickiness 
of the trap. The lizard is removed without ill effect, and without  

the aid of solvents or lubricants. As this can be done in situ, traps 
can be left in place and used repeatedly for a full day. 

We employed our technique from November 1996 through 
March 1997, at a number of urban cemeteries and parks around 
Sydney, Australia, where garden skinks are locally abundant (10 
lizards/2m2 ; S. Downes, unpubl. data). We scanned small areas 
(20 x 50 m) of habitat for garden skinks and set several traps (8-
10 at a time) on suitable sites. One of us continually checked the 
traps (moving from one trap to the next in the order in which they 
were placed) and removed captured skinks. During early after-
noon (the most active period of the day for our skinks during 
summer), up to 30 garden skinks (both adults and hatchlings) 
would be collected each hour using our method, compared with 
around 12 skinks per hour using hand collection. Undergraduate 
students with little or no prior experience in animal handling or 
capture enjoyed similar success using our traps. No skinks were 
killed, although a small proportion (around 3-5%) lost the tip of 
their tail through struggling to escape. 

We suspect that our method is particularly successful for cap-
turing large numbers of small lizards that display aggregative so-
cial behaviors: garden skinks are highly social (Torr 1990) and 
after one animal becomes stuck to a trap, others typically investi-
gate and also become entrapped (see also Whiting 1998). Although 
we used our method primarily to capture small lizards, we have 
employed a similar technique (using a commercial cockroach trap) 
to successfully catch larger terrestrial lizards from rock crevices 
along urban creeks (e.g., water skinks, Eulamprus quoyii, to 10 
cm SVL and 40 g: see also Bauer and Sadlier 1992). In this case, 
our technique involves attracting a lizard to the trap either by 
adhering a live cricket to the center of the strip, or luring it using 
a cricket tied to a fishing line (note however, that the animals 
were held for only a short time using this method). We envisage 
that employing similar baiting tactics with live insects would fur-
ther improve the rate that lizards are captured on the sticky traps 
(see also Whiting 1998). Additionally, when used intermittently 
with conventional methods, sticky traps may be well suited to 
catching individuals in mark-recapture studies that develop aver-
sion to the standard capture technique. 

Our traps take only minutes to set up and may be especially 
useful in areas where dense vegetation predominates among a 
few basking rocks, or rocky substrate hinders excavation for pit 
traps. They may also prove effective when used in place of con-
ventional pit traps in conjunction with drift fencing (see also Bauer 
and Sadlier 1992). This non-destructive technique should enable 
researchers (even those with limited prior experience in captur-
ing lizards) to successfully obtain very large numbers of small 
locally abundant species of lizards, including hatchlings and ju-
veniles that are otherwise hard to detect. 
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Skeletochronology is the study of growth periodicity in the 
mineralized bone structure of animals (Castanet et al. 1993). This 
technique can be used to accurately estimate the age of amphib-
ians whose annual growth patterns are cyclical (Castanet et al. 
1993). Because of its reliability, skeletochronology has become 
widely used by ecologists studying salamander populations (Wake 
and Castanet 1995). 

Preparing samples for skeletochronological analysis is a fairly 
complex process (Castanet and Smirina 1990). One important 
component is the selection and proper use of stains (Castanet et 
al. 1993). Hematoxylin and eosin (H&E) are the standard stains 
used in histological studies (Davenport 1960; Humason 1972). 
However, the protocol for using these stains is tedious and time 
consuming. 

We examined an alternative staining procedure to simplify and 
reduce sample processing time. We compared the Jordet J-322 
Dip-Quick Stains (Jorgensen Laboratories, Loveland, Colorado, 
USA) to the standard H&E stains for estimating the age of indi-
vidual salamanders. 

From October 1995 through April 1996 the longest phalange 
from the hind foot of 63 Ambystoma talpoideum were collected 
using a surgical scalpel. Samples were fixed in 10% buffered neu-
tral formalin, then stored in 70% ethanol (Wake and Castanet 
1995). Phalanges were decalcified in 3% nitric acid and washed 
in tap water (Humason 1972), and standard histologic procedures 
were used for preparing samples (Davenport 1960; Humason 
1972). Phalanges were cross-sectioned at 5 pm and processed at 
the Animal Disease Diagnostic Laboratory in Asheville, North 
Carolina. 

Each sample (N = 63) was replicated for comparing the two 
staining procedures. The H&E procedure consisted of immersing 
each sample in each of the following: xylene (15 min), 100% 
ethanol (2 min), 95% ethanol (2 min), 70% ethanol (2 min), dis-
tilled water (2 min), Mayer's Hematoxylin (15 min), tap water 
(10 min), 80% ethanol (2 min), eosin (3 min), 95% ethanol (3 
min), 100% ethanol (3 min), and xylene (3 min). The Dip-Quick 
procedure entailed dipping each sample into fixative (methyl al-
cohol) five times, stain #2 (eosin, sodium azide, and buffer solu-
tion) eight times, counter stain #3 (thiazine, sodium azide, and 
buffer solution) three times, and rinsing with distilled water five 
times. The duration of each dip was ca. one second. 

After staining, cover slips were placed over all samples with 
the toluene solution Permount (Fisher Scientific, Fair Lawn, New 

Jersey, USA). One of the authors and a lab assistant counted 
growth marks, following methods described by Castanet et al. 
(1993). Only a few discrepancies occurred between counts. These 
slides were re-evaluated and discussed until a consensus was 
reached. 

The Dip-Quick stains effectively highlighted growth marks in 
all samples. The number produced by the Dip-Quick stains was 
identical to those produced by the H&E stains in 92% of the 
samples. The Dip-Quick stains produced an additional growth 
mark in one sample, and the H&E stains produced an additional 
growth mark in four samples. The clarity of the growth marks 
produced by the Dip-Quick stains was comparable, if not better, 
than that produced by the H&E stains. 

Compared to the H&E procedure, the Dip-Quick procedure 
saved a considerable amount of processing time and was much 
simpler to use. The Dip-Quick stains required ca. 21 sec/slide, 
and 2-3 slides could be processed simultaneously (12 min/100 
slides). In contrast, the H&E procedure required ca. 62 min/slide, 
and 30 slides could be processed simultaneously (206 min/100 
slides). Thus, the Dip-Quick method resulted in a time savings of 
ca. 3 h/100 slides. 

The Dip-Quick stains were more expensive than the H&E stains 
(US $40/100 ml for the Dip-Quick refill kit vs. $17.90/500 ml 
Mayer's Hematoxylin and $35.80/500 ml eosin) [Fisher Cata-
logue 1996]. However, comparing the actual costs was difficult 
because the H&E stains are reusable if filtered regularly (D. Seal, 
pers. comm., Animal Disease Diagnostic Laboratory, Asheville, 
North Carolina). 

Skeletochronology is currently one of the most accurate and 
sophisticated techniques available for aging salamanders (Casta-
net and Smirina 1990; Castanet et al. 1993). The Jordet J-322 
Dip-Quick Stains proved to be an effective alternative for stain-
ing A. talpoideum samples for skeletochronological analysis. The 
procedure is straightforward and saves a considerable amount of 
processing time. Although more expensive than the standard 
stains, the Dip-Quick stains are not cost prohibitive. Therefore, 
we recommend the Dip-Quick stains as an alternative for stain-
ing samples for skeletochronological studies of salamanders. How-
ever, the Dip-Quick stains may not be appropriate for large-scale 
clinic or diagnostic use (i.e, processing >100 slides/day). The 
Dip-Quick stains need to be refilled periodically as they evapo-
rate, or replaced when they begin showing signs of discoloration. 
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