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About Our Cover: Protobothrops jerdonii 

Forested areas of southeastern Asia 
are home to a diverse group of 
pitvipers assigned to several genera. 
Many of these species have tradition-
ally been placed within the genus 
Trimeresurus, but recent molecular 
phylogenetic studies (Kraus et al. 
1996. Copeia 1996:763-773; 
Parkinson 1999. Copeia 1999:576-
586; Tu et al. 2000. Zool. Sci. 
17:1147-1157) have confirmed the 
presence of multiple monophyletic 
assemblages within Trimeresurus 
(sensu lato). Of these, the genus Protobothrops (Hoge and Romano-
Hoge 1983. Mem. Inst. Butantan 44-45:81-118) comprises a group 
of seven species of relatively gracile pitvipers that collectively range 
from India eastward to China, Japan, and Vietnam. 

Protobothrops jerdonii occupies areas of southern China, north-
eastern India, and northern Indochina. The snake on our cover is 
representative of P. j. bourreti (Klemmer, 1963), a relatively rare and 
narrowly distributed subspecies, occupying northwestern Vietnam 
(Lao Cao and Lai Chau provinces). 

This specimen, photographed in situ by Nikolai Orlov, was found 
in the morning on the branch of a tree in secondary montane rainforest 
at 1900 m elevation in the Hoang Lien mountain region (Lao Cao 
Province, northwestern Vietnam). Orlov used a tripod-mounted Nikon 
F4 camera with a Nikkor f2.8 macro lens, two SB 28 flashes, and 
Fuji Sensia (100 ASA) film to record the image. To show this snake 
in landscape with surrounding habitat in focus, a low aperture set-
ting of fl l was used. 

Orlov and colleagues have studied this snake in the Mount Fan Si 
Pan area, where it occurs from 1400 to 2300 m elevation. It is semi-
arboreal, active mostly at night on bushes, large boulders, and rocky 
slopes on the banks of waterfall streams. Basking snakes have been 
observed in April and May during the day following cold nights where 
air temperatures dropped to 10°C. Interestingly, snakes have been 
found at night at air temperatures as low as 11°C, being fully active 
and even feeding (Orlov et al. 2002. In Schuett et al. [eds.], Biology 
of the Vipers, pp. 345-359. Eagle Mountain Publ., Eagle Mountain, 
Utah; Orlov et al. 2002. Faun. Abh. Staatl. Mus. Tierk. Dresden 
23[10]:177-218). Mating seemingly takes place in April and young 
are born live. 

Orlov is a research scientist affiliated with the Zoological Institute 
of the Russian Academy of Sciences in St. Petersburg. He has a long-
standing interest in 
the herpeto-fauna 
of the Palearctic 
and eastern Asia, 
and has authored 
about 140 publica-
tions, including six 
monographs. He 
has led or partici-
pated in more than 
50 collecting expe-
ditions to areas 
throughout the 
former Soviet Union, as well as Mongolia, Vietnam, Thailand, Laos, 
Nepal, and India, often in cooperation with herpetologists from 
Goteborg University, Royal Ontario Museum, Field Museum of Natu-
ral History, and Museum of Vertebrate Zoology. 

SSAR BUSINESS 

Announcing the 2004 Joint Meeting of 
Ichthyologists and Herpetologists 

26-31 May 2004 

1QNJOINI1IEETINGS OF 1CHTHYOLOGISTS AND HERPETOLOGISTS 
MAY 26 — MAY 31 

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

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

Please see the insert included in current issue of Journal of 
Herpetology for information on how to register for the Joint 
Meeting in Norman, Oklahoma. All material normally included in 
the Call for Papers will be accessible on the Joint Meeting website 
(www.dce.ksu.edu/2004jointmeeting) . The Joint Meeting website 
will be linked to ASIH, HL, SSAR, and AES websites. In contrast 
to past years, the Call for Papers will only be mailed if 
requested. Members who lack access to the interne may request 
paper copies from William J. Matthews, Department of Zoology, 
University of Oklahoma, Norman, Oklahoma 73019, USA (e-mail: 
wmatthews@ou.edu;  fax 405-325-6202). 

Herpetological Conservation Update 

Herpetological Conservation is an SSAR publication series 
devoted to important topics in the conservation biology of 
amphibians and reptiles. Volume Three, scheduled for publication 
in 2005, will focus on Urban Herpetology. We are currently 
seeking contributions. The Editors for the volume are Dr. Robin 
E. Jung and Dr. Joseph C. Mitchell. For a description of this 
volume's scope, objectives, topics, and contribution needs, please 
go to http://www.ku.edu/-ssar/HConservation.html.  

Seibert Award Winners for 2003 Announced 

The twelfth annual Seibert Awards were presented at the 46th 
Annual Meeting of the SSAR in Manaus, Brazil, 26 June-1 July 
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2003. These awards are named in honor of Henri C. Seibert, an 
early and tireless supporter of SSAR (having served as an officer 
for over 20 years). In recognition of outstanding student 
presentations at the annual meeting, a single award was given in 
each of the following categories: Systematics (3 eligible 
presentations), Physiology/Morphology (5 eligible presentations), 
Evolution (3 eligible presentations), Ecology (10 eligible 
presentations), and Conservation (8 eligible presentations). All five 
awardees received a check for US $200 and a book from Academic 
Press. 

The Winners.—Systematics: Matthew Brandley, Department of 
Biology, San Diego State University, "Inferring the Phylogenetic 
Relationships of Skinks (Squamata: Scincidae) using Partitioned 
Bayesian Analyses of DNA." Physiology/Morphology: Paula 
Kahn, Craig Guyer, and Mary Mendonca, Dept. of Biological 
Sciences, Auburn University, "Biomarkers of Stress and 
Immunocompetence in Gopher Tortoises: A Preliminary Study." 
Ecology: Nancy Schoeppner and Rick Relyea, Dept. of Biological 
Sciences, University of Pittsburgh, "All Cues are not Created 
Equal: How Predator Diets Affect Prey Behavior." Conservation: 
Robert Puschendorf, Frederico Bolaflos, and Gerardo Chaves, 
Universidad de Costa Rica, "Long-term, Widespread, Taxonomic 
and Geographic Prevalence of Chytrid Fungus in Costa Rican 
Anurans." Evolution: Conrad Hoskin and Craig Moritz, 
Department of Zoology and Entomology, University of 
Queensland, "Character Displacement across a Mosaic Contact 
Zone in the Green-Eyed Tree Frog Littoria genimaculata of the 
Wet Tropics, NE Australia." 

Honorable Mention.—Ecology: Josh Auld and Rick Relyea, 
University of Pittsburgh, "Having the Guts to Compete: 
Competitor-Induced Plasticity in Tadpole Intestines." Leigh Isaac, 
University of Victoria, "Characterizing the Thermal Ecology of 
the European Grass Snake (Natrix natrix) in Southeastern 
England." Patrick Owen, University of Connecticut, "Relative 
Rates of Evolution in Advertisement and Aggressive Calls in 
Chorus Frogs, Genus Pseudacris." Conservation: Joanne Hoare, 
Shirley Pledger, Susan Keall, Nicola Nelson, Nicola Mitchell, 
Charles Daugherty, Victoria University of Wellington, "Declining 
Body Condition Prompts Concern for the Brothers Island Tuatara, 
Sphenodon guntheri." Taylor Edwards, Cecil Schwalbe, Don 
Swann, Caren Goldberg, University of Arizona, "Conservation 
Genetics of the Sonoran Desert Tortoise, Gopherus agassizii." 

The judges were Adolfo Amezquieta (Universidad de los Andes), 
Brian Crother (Southeastern Louisiana University), Chuck 
Crumley (Elsevier Science-Academic Press), David Bickford 
(University of Texas, Austin), Bobby Espinoza (California State 
University, Northridge), Cindy Hitchcock (USGS), Bill Magnusson 
(Institute Nacional de Pesquisas da Amazonia), Joe Mendelson 
(Utah State University), Kirsten Nicholson (Washington 
University), and Marion Preest (The Claremont Colleges). 

Graduate Student Reprint and Book Scavenge 

Do you have extra or duplicate reprints, books, or other 
publications taking up valuable shelf space in your office? If so, 
please consider donating them to the Graduate Student Reprint & 
Book Scavenge, to be held at the 2004 Joint Annual Meeting in 

Norman, Oklahoma. This is a great opportunity for younger 
herpetologists to add to their research libraries. Donors can bring 
materials directly to the meeting or ship them ahead of time to: 
Stephen C. Richter, Oklahoma Biological Survey, 111 East 
Chesapeake Street, Norman, Oklahoma 73019, USA; e-mail: 
richter@ou.edu.  Please notify Stephen if you will be bringing 
items with you to the meeting. 

Silent Auction at 2004 Meeting 

The SSAR Student Travel Awards Committee announces the 
Ninth Annual Frameable Art Silent Auction to be held at the 2004 
SSAR meeting at the University of Oklahoma, Norman, 
Oklahoma. Preferred donations include herp-related photos, line 
drawings, prints, paintings, plates, engravings, or anything 
frameable, if not already framed. If you are interested in donating 
an item (tax deductible for U.S. residents), please contact: Stephen 
C. Richter, Oklahoma Biological Survey, 111 East Chesapeake 
Street, Norman, Oklahoma 73019, USA; e-mail: richter@ou.edu.  
Please notify Stephen if you will be bringing silent auction items 
with you to the meeting. 

SSAR Student Travel Awards: Call for 
Applications 

Ten awards of US $200 each are available. An applicant for a 
travel award must be a student and a member of SSAR, must not 
have previously received a travel award from SSAR, and must be 
the first author of a paper or poster to be presented. Application 
package must include: 1) letter signed by his/her major advisor or 
department chair that states: he/she is not completely funded for 
travel from another source; 2) an official copy of the poster or 
paper abstract to be presented; 3) a self-addressed, stamped 
envelope. If the research is co-authored, the applicant must also 
include a letter from his/her advisor stating that the work was 
primarily the product of the applicant. Qualified applicants are 
pooled and winners are drawn at random. Students from local 
meeting site and current members of the SSAR Travel Awards 
Committee are excluded from applying for a travel award. 
Applications must be postmarked by 15 April 2004. Award checks 
will be disbursed at the SSAR business meeting. Send application 
package to: Dawn S. Wilson, Southwestern Research Station, P.O. 
Box, 16550, Portal, Arizona 85632, USA, or for further 
information e-mail: dwilson  @ amnh.org . 

SSAR Special Membership Recognition 

SSAR wishes to acknowledge gratefully the following 
Supporting and Plenary Members. If you wish to support the 
Society at either of these levels, please contact Donald Schmitt at 
the Membership Office (ssar@memsys.com ). 

Supporting Members: Christopher J. Bell, James Bergan, Alvin 
R. Breisch, Bryant Buchanan , John P. Feeney, Douglas F. Fraser, 
Brian Greene, William Holmstrom, Jr., Joseph Hummer, Victor 
Hutchison, Richard Lardie, Tom Lott, Teresa J. & Eddie Mayfield, 
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Jack K. McAllister, III, Robert W. McKeever, Paul Moler, William 
S. Parker, Anders G. Rhodin, Robert M. Rioux, Willem 
Roosenburg, Hartwell Welsh, Jr., Sharon Wise, Robert A. Young. 

Plenary Members: Clifton Acosta, Robert Aldridge, Noel Alt, 
Steven Anderson, Blain Anderson, Gilda Andrade, James Andrews, 
John S. Applegarth, Rudolf Arndt, David L. Auth, Ralph Axtell, 
Donald Ayres, Badger, Jean-Pierre Baron, Sean J. Barry, Rogerio 
Pereira Bastos, Aaron Bauer, Christopher K. Beachy, Joseph Beatty, 
Marc-Andre Beaucher, Joseph Bernardo, Matthew Bettelheim, 
Robert L. Bezy, James P. Bogart, J. Kevin Bowler, Ronald Brandon, 
Alvin Braswell, Bayard Brattstrom, Jeff Briggler, Henrik Brings0e, 
Janine B. Brodeur, Lauren Brown, William S Brown, Nikolle L. 
Brown, Chris Brown, Richard C. Bruce, Robert W. Bryson, Jr., 
Sandra Buckner, Walter Bulmer, Gordon Burghardt, Oswald 
Burkhard, R. Bruce Bury, Stephen Busack, Janalee Caldwell, Jose 
L. Camarillo, Jeffrey Camper, Ulisses Caramaschi, Charles 
Carpenter, Joseph Cebek, Paul Chippindale, Bruce Christman, 
George Cline, Vincent A. Cobb, Philip Cochran, Charles Cole, 
William Coles, Scott Coles, Guarino Colli, Joseph Collins, Francis 
R. Cook, Joseph F. Copp, Michael Corn, David Cundall, Richard 
Daniel, Robert Davie, Jon Davidson, J. Rogers Davis, Kevin de 
Queiroz, James Dixon, Michael Dloogatch, C. Kenneth Dodd, Jr., 
Herndon Dowling, Wayne Drda, William Duellman, Richard 
Edgren, Carl Ernst, Carlos Estol, Jean-Marie Exbrayat, James D. 
Fawcett, Gary Ferguson, George Ferguson, Dino Ferri, Bill 
Flanagan, Oscar Flores Villela, Richard Franz, Thierry Fretey, 
Patricia Fromm, Darrel Frost, Richard S. Funk, Cory Gardiner, 
Robert E. Gatten, Jr., David J. Germano, Itzchak Gilboa, LaMe A. 
Giovanetto, Jason Glassy, Stephen Goldberg, Matt Goldsworthy, 
Steve Gotte, Jan Grathwohl, Edward Greding, Jr., James Grizzell, 
Neil Gushulak, Ronald Gutberlet, Jr., Carol Hall, Michael Hallman, 
Geoffrey Hammerson, Robert Hansen, Rick Harmon, Trish Plumb 
Hartmann, J. Brian Hauge, Thomas M. Hays, Terrell Heaton-Jones, 
Stephen J. Hecnar, Neil Heinekamp, Philip Heise, Notker 
Helfenberger, Kurt Henkel, Robert Herrington, D. Grant Hokit, 
Eugene W. Holmes, Paul Huang, Jun Ikeda, Craig Ivanyi, Robert 
Jaeger, Alan Jaslow, Bob Johnson, Jerry Johnson, William M. 
Johnson, David Johnson, Delvin Jones, Robert L. Jones, Frank W. 
Judd, Tina Jungwirth, J. Eric Juterbock, Ronald Jyring, Larry 
Kamees, Kiyoshi Kasugai, Maureen Kearney, Edmund Keiser, J. 
Scott Keogh, Peter Kern, Ken King, James J. Kirk, Erik Kiviat, 
Michael Klemens, John Kleopfer, Gunther Kohler, Akihiro 
Koshikawa, Linda Krulikowski, Thomas Laduke, Michael Lannoo, 
James Lazell, Jr., Holger Lehmann, Brandon Lenenski, Mark 
Lethaby, Joseph Lewandowski, Lauren Livo, John Lynch, Meredith 
Mahoney, Clark Mahrdt, Jacob Malcom, Edmond V. Malnate, Allan 
Markezich, Gilbert Matz, Jeffrey Mayne, Peter Mayne, Chris 
McAllister, John McBride, Don McCarty, James R. McCranie, 
Hugh McCrystal, Samuel B. McDowell, William T. McDowell, 
M.Elizabeth McGhee, Jimmy A. McGuire, Brian McGurty, Jim I. 
Mead, D. Bruce Means, Philip Medica, Joseph R. Mendelson, III, 
George L. Meyer, Brian Miller, Edwin Mills, Mark Mills, Russell 
Mittermeier, Frank Mondrosch, Richard Montanucci, Jose Manuel 
Mom, John Moriarty, James Mueller, Raul Muniz-Martinez, Sergio 
Murillo, James Murphy, John C. Murphy, Charles W. Myers, 
Andreas Noellert, Ronald Nussbaum, R. Andrew Odum, James 
Organ, Sue Orloff, Mark O'Shea, Christopher Oufiero, Gary C. & 
Mary J. Packard, William M. Palmer, Ingo Pauler, Thomas K. 

Pauley, Ray Pawley, Peter Petokas, Ralph Pfingsten, Kok Philippe, 
Jorge Luis Pinero, Edward Pirog, Michael Plummer, Allan Puskar, 
Larry R. Raymond, Michael Redmer, Dawn Reis, Randall Reiserer, 
Christophe Remy, Stephen Ressel, Alan Richmond, Jose Rosado, 
Philip Rosen, Richard Rosevear, Manny Rubio , Anthony Russell, 
Paul Russo, Mason Ryan, Richard Sage, Richard Sajdak, Jay 
Savage, Alan Savitzky, John Scheibe, James Schulte, II, Paul 
Schulze, Donald Schwab, Tim Schwab, Gregory Setz, David Sever, 
Owen Sexton, Wade Sherbrooke, C. Robert Shoop, Thomas 
Simpson, Dan Singer, Jack Sites, Jr., Tim Skelton, Cathie B. Slack, 
Eric Smith, Hobart M. Smith, James Spotila, Brett Stearns, Dirk 
Stevenson, Glenn Stewart, James Stewart, Keith Stokes, James N. 
Stuart, John Sullivan, Samuel Sweet, Tomoko Tanaka-Ueno, Tracy 
Tarr, Nathan Taylor, Michele Testoni, Andrea Teti, Robert E. Todd, 
Jr., Michihisa Toriba, Daniel Townsend, Stanley E. Trauth, Eugene 
Trescott, Jr., Ray Tripp, Tom Tryning, Bern Tryon, Martin A. 
Tuegel, Clara Turnbull-Murphy, Sheila E. Tuttle, David Ulrich, 
Robert W. Van Devender, Thomas Vance, Murlin Varner, Jr., Glenn 
E. Vaters, James L. Vial, Laurie Vitt, Kent Vliet, Richard Vogt, 
David B. Wake, Warren F. Walker, Jr., Tomas Waller, Harlan D. 
Walley, Richard Wassersug, R. Mark Waters, Donna J. Wear, Frank 
Wegscheider, Michael Weil, Scott Weinstein, Wayne Weller, 
Kentwood Wells, John E. Werler, J. Kirwin Werner, Albert 
Westerman, Kenneth Williams, Lawrence A. Wilson, Tonnie 
Woeltjes, Richard D. Worthington, Wolfgang Waster, Douglas 
Wynn, Radu Zamfirescu, Peter Zani, David Zeitz, George Zug, 
Richard Zweifel. 

2003 Annual Meeting: Manaus, Brazil 

The 46th annual meeting of SSAR took place from June 26 to 
July 1, 2003 in the Hotel Tropical Conference Center in Manaus, 
Amazonas, Brazil. As has been the case in recent years, the Society 
met jointly with the American Society of Ichthyologists and 
Herpetologists (ASIH), the American Elasmobranch Society 
(AES), and The Herpetologists' League (HL). Additionally, this 
year we were joined by the Neotropical Ichthyological Association, 
Sociedade Brasileira de Ictiologia, Sociedade Brasileira para o 
Estudo de Elasmobranquios, and Sociedade Brasileira de 
Herpetologia. The meeting was hosted by Instituto Nacional de 
Pesquisas da Amazonia (INPA), Universidade Federal do 
Amazonas, and Associacao de Ictiologos e Herpetologos da 
Amazonia. 

More than 1100 herpetologists and ichthyologists (over half of 
them students) from at least 35 countries attended the meeting. 
Eleven symposia were held and almost 400 oral and 500 poster 
presentations were enjoyed over a very busy 6-day period. Many 
thanks to the local chairs, Richard C. Vogt and Ning Labbish Chao, 
and the hoards of volunteers for organizing and running the meeting 
in such a unique and special place. 

Social Programs 

Walter WW1, a preeminent tropical amphibian biologist from 
the University of Vienna, presented this year's SSAR President's 
Travelogue on the evening of June 26 following an introduction 
by SSAR President Janalee Caldwell. In a packed room we were 
treated to a wonderful slide show entitled "From the Amazonian 
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The site of the annual meeting picnic on the banks of the Rio Negro. 
Photo by Dawn Wilson. 

Floating Meadows to the Surumoni Canopy Crane Project: Frog 
Research in Amazonia." Dr Midi's research has focused on 
behavioral ecology, population and acoustic biology, and 
reproductive behavior of frogs and salamanders. He has been 
coming to the Amazon since 1976, so is now well-seasoned, but 
admitted that his training as an alpine climber and lab biologist 
did rather little to prepare him for his first visit. We were treated to 
stories and slides of places he had been, of people who had helped 
him, and fountains he had bathed in! We also heard a little about 
Walter's "other life" filming stingless bees and ghost shrimp. Dr 
HMI's presentation was wrapped up with a well-received 
presentation of the toe-tapping "Phyllomedusa Blues." 

The Joint Plenary Session on the morning of June 27 began 
with a general welcome and introduction to the meeting from local 
chairs, Richard C. Vogt and Ning Labbish Chao, and local scientists 
and dignitaries. The ASIH Presidential Address, given by David 
Cannatella was entitled "AmphibiaTree: A Community-based 
Phylogeny of Amphibians." William E. Duellman, The 
Herpetologists' League's Distinguished Herpetologist, presented 
"In Search of El Dorado: The Neotropical Herpetofauna," and 
Ricardo Rosa presented the AES Presidential Address entitled 
"From the Amazon to Atol das Rocas: A Brief History of Brazilian 
Elasmobranch Studies." The traditional Group Photograph was 
then taken outside around the Vitoria Regia swimming pool. This 
year's photograph gathering outstripped even last year's (in Kansas 
City) in terms of heat and humidity. A busy schedule of oral and 
poster sessions was kicked off after lunch. 

The Annual Auction, co-sponsored by SSAR and The 
Herpetologists' League, was held on the evening of June 30. 
Although the number of items available was down a little compared 
with recent years, energetic bidding still occurred and the auction 
was a great success. A canoe filled with beer undoubtedly helped 
drive up the bidding! An exhibit of live reptiles and amphibians 
native to the Amazon drew many viewers keen to see some of the 
local fauna. Thanks to Marcelo Gordo (UFAM) for arranging this. 

The mid-meeting picnic was held on the sandy beach of the Rio 
Negro on the evening of June 29. The picnic featured a typical 
Brazilian churrasco with more food than we could have eaten in a  

week! Entertainment included music and dancing by "Boi-Bumba... 
The social aspect of the meeting finished with the Joint Meeting 
Banquet on Tuesday (July I). Once again we were well-entertained, 
this time by some of our own members. 

Many attendees took advantage of the incredible locality and 
ventured far from Manaus either before or after the meeting. Full-
day and half-day excursions were taken in the Manaus-Rio Negro 
area for those needing a break from meeting activities. Keen 
birdwatchers could often be seen lurking around the hotel grounds 
and trips to the local market were a real treat, especially for the 
ichthyologists. 

Board Meeting and Business Meeting Summaries 

Society President Janalee Caldwell called the Annual SSAR 
Board Meeting to order at 0810 h on June 26, 2003, at the Hotel 
Tropical in Manaus, Brazil. Nine members of the Board of 
Directors and/or the Society attended the meeting. Because of the 
lack of a quorum, issues were discussed but no votes could be 
taken. Necessary votes will be taken via email by the Board at a 
later date. 

President Caldwell presented summaries of reports made by 
SSAR Board of Directors members, Committee Chairs, and 
Coordinators. Former President David Green reported on activities 
during the last six months of his Presidency. At the 2002 Annual 
Meeting in Kansas City, Kraig Adler and David Dennis were 
honored as founders of SSAR and presented with commemorative 
plaques designed by Jim Murphy. President Green communicated 
with the Board regarding the consequences of switching to biennial 
elections. This decision to change to biennial elections necessitates 
an increase in the number of Directors and a switch to 2- or 4-year 
terms of office. Relevant changes in the Society's by-laws were 
published in Herpetological Review (Vol. 33[3]: 163) and will be 
voted on by the general membership. 

During President Green's term, a new set of Membership and 
Subscription rates was approved by the Board of Directors and 
compiled. Additionally, the role of the Publications Secretary was 
clarified to include some business oversight and foster 

Tables of food were laid out for our enjoyment at the picnic, which was 
held on the beach of the Rio Negro. The tables were beautifully decorated 
with orchids and other tropical flowers. Photo by Janalee P. Caldwell. 

284 	 Herpetological Review 34(4), 2003 



A Brazilian beach party with "horned lizards." Photo by Adrian A. Garda. 
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Barbara and Al Savitzky and John Cadle enjoying a busy poster ses-
sion. Photo by Dawn Wilson. 

communications between the Society editors. Appointments made 
included Marion Preest as Secretary (replacing John Matter), 
Dennis Desmond as Webmaster (replacing George Pisani), John 
Matter as chair of the Conservation Committee (replacing Michael 
Plummer), Robin Jung as Editor of Herpetological Conservation 
(replacing Steve Corn), and Ron Brooks as chair of the 
Nominations Committee (replacing Julian Lee). Thanks are given 
to outgoing officers and editors for their service. 

The Board approved the recommendation of a report written by 
Brian Crother that BioOne be used for on-line publication of the 
Journal of Herpetology and an agreement with BioOne was signed 
on Dec 31, 2002. President Green stepped down as President as of 
December 31, 2002. 

President Caldwell reported that sites for the Joint Meeting have 
been finalized for 2004 (Norman, Oklahoma, May 26-31) and 
2005 (Tampa, Florida). 
Plans are underway for 
meeting in New Orleans 
in 2006. A letter of 
invitation was received 
from Kelly Zamudio to 
hold the 50th Anniversary 
Year meeting in 2007 at 
Cornell University. 
Preparations for the 2004 
meeting are well in hand 
with a budget approved, 
logo prepared, etc. A good 
turnout of SSAR 
members is expected. 

In January, President 
Caldwell signed a 
contract with the new 
SSAR Webmaster, 
Dennis Desmond. A 
number of well-received 
changes and updates to 
the website have already  

been made. President Caldwell has recommended the formation 
of a web content committee. 

Appointments made during the first half of 2003 include Dawn 
Wilson as Chair of the Resolutions Committee and Ruston 
Hartdegen as Chair of the Committee on Relations with 
Herpetologists at Zoological Parks. 

With assistance from Bob Powell, the Dean E. Metter Memorial 
Award guidelines were completed and Joe Beatty was appointed 
as chair of the committee. The Board discussed whether the Award 
should be administered by the Grants-in-Herpetology Committee. 
Letters of appreciation were sent to the Bobby Witcher Society 
and to Dr. Metter's widow and daughter. Additionally, a letter of 
thanks was sent to Mrs. Robert E. Gordon acknowledging the 
donation of Dr. Gordon's library and stamp collection to SSAR. 

President Caldwell has revised the Nominations Procedures and 
is compiling recent changes to the SSAR constitution and by-laws. 
Other documents, including Guidelines for Committee Chairs, will 
be revised in light of changes from annual to biennial elections. 
Electronic copies of the updated material will be posted to the 
SSAR website and transmitted to incoming officers and chairs. 

Former Treasurer Robert Aldridge (for Theodora Pinou, 
Treasurer, in absentia) reported on the state of the Society's 
finances for calendar year 2002. The Society made a profit of 
$32,794 during this period: $18,502 in operating income and 
$14,292 in realized investment income. However, as a result of 
the downturn in the stock market, the Society also has an unrealized 
loss on its investments of $75,404. As this is a paper loss only, it 
will not be realized unless assets are sold before values rebound. 
All funds have experienced positive year-to-date returns during 
2003. The Board discussed briefly a proposal to appoint a 
Development Officer for the Society to spearhead fundraising 
efforts. The decline in membership numbers noted in last year's 
report continues this year, particularly in the foreign individual 
category. Breck Bartholomew (Publications Secretary, in absentia) 
reported that income from sales of the Society's publications totaled 



$58,241. 
The Board discussed the status of the SSAR publications 

inventory and how to manage it. The inventory is currently being 
stored free of charge in St Louis; however, this arrangement will 
not continue indefinitely. Shipping the material to Salt Lake City 
(where the Publications Secretary is located) would be expensive 
and there the Society would need to pay for storage. Several 
suggestions were made regarding what to do with some material, 
including providing it free of charge to international scientists, 
foreign institutions, field stations, and regional herpetological 
societies and making the material available at nominal charge at 
the 2004 meeting in Norman. 

Journal of Herpetology Editor, Brian K. Sullivan (in absentia), 
submitted a report indicating a number of personnel changes. Steve 
Busack, Rafael de SA, Ken Dodd, John Fauth, Mike Harvey, and 
Paul Verrell resigned as Associate Editors during 2002-2003. They 
were replaced by Sharon Downes, Don Forester, Howard 
Whiteman, and Martin Whiting. Mike Harvey resigned from the 
Board of Editors and was replaced by Steve Busack. 

A reduction in the submission rate in 2002 (220 as compared 
with 284 in 2001 and 262 in 2000) was thought to reflect: 1) the 
post-acceptance lag to publication; 2) an increased rejection rate; 
and 3) random fluctuation. The post-acceptance lag time has been 
reduced significantly as a result of an increase in page numbers. 
However, the pre-acceptance lag time still exists. The appoint-
ment of new Associate Editors and a request for electronic ver-
sions of manuscripts should alleviate this problem somewhat. Of 
the 220 submissions in 2002, 42 were accepted, 126 were rejected, 
and 52 were being revised by the authors. Compliments have been 
received regarding the recently implemented use of glossy paper 
and the inclusion of abstracts and subheadings in Shorter Com-
munications. 

Herpetological Review Editor Robert Hansen (in absentia), re-
ported a 15% increase in the number of pages in Herpetological 
Review Volume 33 compared with Volume 32. He expects Vol-
ume 34 to be approximately the same size as Volume 33. This 
increase in page numbers has not entailed an increase in costs be-
cause the production of Herpetological Review is now completely 
electronic. The size of Herpetological Review grew steadily over 
the past few years (a 31% increase since 1999) and submissions 
continue to increase. The post-acceptance lag time for Natural 
History Notes, although down from 9-12 months to 6-9 months, is 
still higher than desirable. Sharyn Marks and Michael Dorcas 
stepped down as Associate Editors and were replaced by Michael 
Grace and Robert Reed. Gordon Schuett has replaced Brian 
Butterfield as a Section Editor for Natural History Notes. 

Robert Powell (in absentia), Editor of the Catalogue of Ameri-
can Amphibians and Reptiles (CAAR), reported on the status of 
this publication effort. Bob noted that the 2002 contributions to 
CAAR consisted of 20 accounts (Nos. 741-760; one salamander, 
two frog, two turtle, eight lizard, and seven snake accounts) for a 
total of 81 printed pages. Color plates were included in 19 ac-
counts. The 2003 subscription is scheduled for June (20 accounts; 
three salamander, four frog, two turtle, three lizard, and eight snake 
accounts) and Bob has tentative plans for another 20 accounts for 
2004. Production costs continue to increase, primarily because of 
increases in the price of paper and mailing to members, but also 
because of costs of shipping accounts to the Publication Secre- 

tary. Bob requested a slight increase in the budget for 2004 to 
allow for typical page costs (including continued use of color 
plates) and acquisition of software upgrades. Gregory Watkins-
Colwell is serving as Index Editor. Bob reported a continual 
struggle to receive an adequate number of accounts and further 
noted that the accounts he has received recently have not been 
geographically balanced. 

Kraig Adler (Editor, in absentia) reported on the publication 
activities of Contributions to Herpetology. A recent publication in 
this series was "Amphibians of Honduras," by James McCranie 
and Larry David Wilson (February 2002). Anticipated in August 
2003 is "Islands and the Sea: Herpetological Explorations in the 
West Indies," edited by Robert Henderson and Robert Powell. 
"Biology of the Reptilia, Volume 20 (Morphology)," edited by Carl 
Gans and Abbot Gaunt and "Field Guide to Amphibians and Rep-
tiles of the West Indies," by S. Blair Hedges are expected in 2004. 
Beyond next year, publications will include "Herpetological Time 
Travel Through the Zoo and Aquarium World," by James B. 
Murphy, "Tasks and Problems Studying the Life of Reptiles in 
Zoos," by Hans-Gunter Petzold, and "Lizards of Southern Africa," 
edited by William R. Branch and Aaron Bauer. 

Editor of Facsimile Reprints in Herpetology, Aaron Bauer (in 
absentia), reported on the reprinting of "Herpetology of Cuba," 
by Thomas Barbour and C.T. Ramsden in April 2003. Expected in 
2004 is "Les Tortues de l'Indochine," by Rene Bourret. "The Her-
petological Contributions of Mario Giancinto Peracca," edited 
by Franco Andreone and Elena Gavetti (with an English transla-
tion of the introduction) and "The Herpetological Contributions 
of John Edward Gray" are anticipated beyond 2004. Gregory 
Watkins-Colwell has been appointed as Associate Editor. Aaron 
aims ultimately to produce two facsimile publications per year; 
however, for the near future he expects one per year. 

Herpetological Circulars Editor, John Moriarty (in absentia). 
reported that HC 32, "Conservation Guide to the Eastern Dia-
mondback Rattlesnake" will be published in August 2003. No 
Herpetological Circular is planned for 2004; however, manuscript s 

are being solicited for the future. 
Stephen Corn (in absentia), former Editor of Herpetological 

Conservation reported that Volume 2 in this series, "Ecology, Con-
servation, and Status of Reptiles in Canada," has been received 
and is expected to be sent to the printer in Fall, 2003. Robin Jung 
has taken over the duties of Series Editor and will be involved 
with the production of Volume 2. 

Reports were received from the following committees: Dean 
Metter Memorial Award Committee, Grants-in-Herpetology 
Committee, Henri Seibert Awards Committee, Kennedy Student 
Award Committee, Meeting Management and Planning 
Committee, Standard English and Scientific Names Committee, 
and Student Travel Awards Committee. 

The Dean Metter Memorial Award Committee (Chair, Joseph 
Beatty, in absentia) has received proposals for this award and a 
winner will be announced in September, 2003. Deadlines for this 
award will be different in upcoming years and will be reported in 
Herpetological Review. 

Erik Wild (Chair, in absentia) reported that six Grants-in-
Herpetology Awards in the amount of $500 each have been made. 
The number of applications increased approximately 30% 
compared with recent years and included proposals from 12 
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countries other than the United States. 
The Board commended Erik for soliciting proposals actively 

from individuals outside the U.S. They suggested that, in regard 
to the International Category, wording to the effect "preference 
will be given to students with limited access to research funds" be 
inserted in the call for applications. It was suggested that the posting 
of a sample proposal on the website might be useful to all 
applicants, particularly international applicants, and that a statement 
regarding budget items that will not be funded (e.g., salary) might 
be appropriate. 

President Caldwell approved all requests from Erik Wild 
regarding changes to the wording of the advertisement in 
Herpetological Review and changes to the title page and supported 
the idea of electronic submission and review of proposals. The 
Board clarified that in the International Category the applicant 
must be a student, but not necessarily a Society member, and that 
in the Herpetological Education Category the applicant need not 
be a member or a student. 

Marion Preest (Chair, Henri Seibert Awards Committee) reported 
that four awards were made at the 2002 Kansas City meeting 
(details published in Herpetological Review 33 [3] :161-163). This 
year the (recently very large) Ecology/Evolution Category has been 
split in two. Although total number of participants was low this 
year, it is anticipated that numbers will rise next year. 

Robert Gatten, Jr. (Chair, in absentia) reported that no Kennedy 
Student Award was made this year due to the lack of a clear 
emergence of a winner. The Board noted that information regarding 
the Kennedy Award should be posted to the website, and they 
discussed a recommendation regarding the eligibility of students 
for the Kennedy Student Award. 

Henry Mushinsky (Chair, ASIH Meeting Management and 
Planning Committee) reported on the development of plans for 
the Manaus meeting and on a proposal regarding symposia given 
to each of the Societies participating in the joint meeting. The 
proposal recommends limiting the number of symposia sponsored 
by each Society to two (funded or unfunded) and limiting the length 
of the symposia to 1 day each. 

Henry expects to receive an official invitation to hold the 2007 
meeting in Minneapolis (an invitation has already been received 
from Cornell for the same meeting) and notes that the Societies 
are now being courted by potential host cities. 

Brian Crother (Chair, Standard English and Scientific Names 
Committee) informed the Board that an update has been submitted 
to Herpetological Review and that David Green and Roy 
McDiarmid have been added to the committee. A suggestion was 
made that SSAR might consider sponsoring a field guide of North 
American amphibians and reptiles. It was thought that this would 
be a valuable alternative to the field guides currently, or soon to 
be, available and could be a source of funds for the Society. 

Dawn Wilson, Chair of the SSAR Student Travel Awards 
Committee (in absentia) reported that 22 applications were 
received and ten awards will be presented at the Annual Auction 
in Manaus. 

Coordinators' reports were received from the Elector (Maureen 
Kearney), Relations with Herpetologists at Zoological Parks 
Committee (Ruston Hartdegen), and SSAR Representative to the 
American Institute of Biological Sciences (Al Savitsky). Ruston 
Hartdegen (in absentia) reported on the appointment of five  

individuals to the committee, the development of a mission 
statement, and the outlining of general goals and a tentative 
schedule of events, including submission of an article to 
Herpetological Review detailing the scope and purpose of the 
SSAR Relations with Herpetologists at Zoological Parks 
Committee. Al Savitsky (in absentia) submitted a thorough report 
detailing his activities as AIBS representative. He attended the 
2003 AIBS council and a meeting of BioOne. One issue discussed 
at the AIBS meeting of importance to SSAR dealt with the way in 
which biologists can influence public policy. It was suggested that 
each Society contribute a "success story" to show how basic 
research can serve the public interest. Also relevant was information 
provided about how best to ensure that letters addressed to political 
representatives reach their target. The BioOne meeting involved 
discussion of an international program, the role of library consortia, 
an evaluation of electronic manuscript submissions, and the long-
term consequences of electronic publication for scientific Societies. 

As per our agreement with BioOne, the Journal of Herpetology 
is now available online. It is too early to assess how many users of 
this service there are (or will be). The Board discussed making 
Journal of Herpetology available through BioOne to SSAR 
members who do not have access through their institutions. A 
charge (to cover costs and provide a small profit) would need to 
be made for this service. It was not clear how much use there 
would be of this, since these individuals would need to be members 
of SSAR and therefore are already receiving paper copies of the 
journal. It would provide early access to the journal (prior to mailing 
of the hard copy) and access to some back issues. A suggestion 
was made that a special membership category be made that only 
allows access to Journal of Herpetology electronically. This 
category would be less expensive than existing membership 
categories and could have the effect of increasing membership. 
The balance between a possible increase in membership and a 
decrease in sales of Journal of Herpetology needs to be considered. 

The Board discussed the use of Allen Track to convert 
submissions and review of manuscripts to Journal of Herpetology 
to an entirely electronic process. This would have the effect of 
reducing the submission to publication lag time. Brian Sullivan is 
interested in the idea, but does not have the time to invest in setting 
up this system. A suggestion was made that we provide funds to 
support someone to assist Brian with the setup. Concern was 
expressed that conversion to a wholly electronic format makes it 
more difficult for reviewers to serve as copy-editors (as many 
currently do with hard copies of manuscripts). This then puts the 
job of copy editing solely on the associate editor. 

There being no further business President Caldwell adjourned 
the meeting at 1155 h. 

A sparsely attended SSAR Annual Business Meeting was held a 
few days later on June 29 in the Hotel Tropical. It was called to 
order at 1340 h by President Caldwell who then reviewed some of 
the issues dealt with in the Board Meeting. The only new business 
raised related to the upcoming World Congress of Herpetology 
(WCH) in Canada. Richard Wassersug reported on informal 
discussions held earlier in the week. Specifically, recommendations 
included choosing a theme for the Congress, thoroughly organizing 
the meeting prior to the event, increasing communication with 
participating societies and society members (possibly through 
increased website linking), and increasing representation of 

Herpetological Review 34(4), 2003 	 287 



individuals from areas other than North America and Europe. 
Concern was raised at the meeting about the continued dismantling 
of zoology departments worldwide. It was thought that the WCH 
could highlight the importance and usefulness of an organismal 
approach to biological research. 

The meeting was adjourned at 1510 h. 

— Respectfully submitted by Marion R. Preest, SSAR Secretary 

NEWSNOTES 

Southwestern Research Station Positions and 
Grants for 2004 

VOLUNTEERS.—Approximately 30 volunteer positions are 
open at the American Museum of Natural History's Southwestern 
Research Station in Portal, Arizona. The volunteer program is run 
annually and offers students in biological sciences outstanding 
opportunities to observe and become involved with scientists doing 
field research. Food and lodging are provided to volunteers in 
exchange for twenty-four hours per week of routine chores, with 
the remaining time available for research activities. 

The program is open to both undergraduate and graduate 
students; the latter may pursue their own research projects. Faculty 
knowing of promising students should alert them to this opportunity 
for professional experience toward, development of, and evaluation 
of their career goals. The program is open to non-students as well, 
particularly in the spring and fall. 

Volunteers are needed between March 4 and October 31, 2004. 
Appointments are for part of this period, with a minimum 
appointment of six weeks. Applicants for spring positions (March–
May) should submit applications by February 15, summer 
volunteers (June–August) by April 1, and fall volunteers 
(September–November) may apply any time. 

For applications, write: Dr. Dawn S. Wilson, Director, 
Southwestern Research Station, American Museum of Natural 
History, P.O. Box 16553, Portal, Arizona 85632, USA; phone/fax: 
520-558-2396; e-mail:swrs@amnh.org.  

SOUTHWESTERN RESEARCH STATION STUDENT 
SUPPORT FUND.—The American Museum of Natural History 
awards several grants each year of approximately US $400–$800 
to graduate or postdoctoral students pursuing research at its 
Southwestern Research Station in the Chiricahua Mountains, 
Portal, Arizona. 

Information and application forms for this program and other 
Museum grant programs can be obtained by contacting: Office of 
Grants and Fellowships, American Museum of Natural History, 
Central Park West at 79th Street, New York, New York 10024-
5192, USA; http://research.amnh.org/grants/index.html . 
Application due date: February 15, 2004. Address questions 
concerning the Station to: Dr. Dawn S. Wilson, Director, 
Southwestern Research Station, American Museum of Natural 
History, Portal, Arizona 85632, USA; phone/fax: 520-558-2396; 
e-mail: swrs@amnh.org.  

Amphibian Monitoring Volume Translations 

Russian and Spanish translations are now available for the book, 
"Measuring and Monitoring Biological Diversity: Standard 
Methods for Amphibians," published by the Smithsonian Institution 
Press in 1994. 

The Russian version was translated by Dr. Sergei M. Lyapkov, 
edited by Dr. Sergius L. Kuzmin, and printed by KMK Scientific 
Press Ltd. The Russian translation was printed in June 2003. The 
cost per copy is $29 US plus shipping. Orders should be sent to 
Dr. Kirill Mikhailov at kmk2000@online.ru . 

The Spanish version was translated by Dr. Esteban 0. Lavilla, 
edited by Olga MacBryde, and printed by Editorial Universitaria 
de la Patagonia. Although the book was printed in 2001, the 
Editorial Universitaria de la Patagonia has not been able to 
distribute it, due in large part to the Argentine economic crisis. 
Dr. Nestor Basso has successfully acted as an intermediary with 
the Editorial to resolve the distribution problem. The book is now 
available from Bibliomania. The cost per copy is US $24.95 plus 
shipping. Orders should be sent to Bibliomania either at 
breck@Herplit.com  or the Bibliomania web site http:// 
www.herplit.com . 

Slowinski Award Recipient for 2003 

The Center for North American Herpetology is pleased to 
announce that the inaugural recipient of the Joseph B. Slowinski 
Award for Excellence in Snake Systematics is Thomas P. Wilcox, 
formerly a researcher in the Section of Integrative Biology and 
Center for Computational Biology and Bioinformatics at the 
University of Texas, Austin, and currently conducting research in 
Florida. The award is named for the late Curator of Herpetology 
at the California Academy of Sciences, who died from the bite of 
a krait in the jungles of Myanmar on 12 September 2001. 

This fitting tribute, brought about through the generous 
contributions of Joe's friends and colleagues, was created as a trust 
in perpetuity in 2002, with the commitment to award a $500 prize 
annually to the biologist who published in the previous calendar 
year the premier scientific paper on snake systematics, an area of 
research to which Joe Slowinski was deeply committed. 

A distinguished committee, comprised of Frank Burbrink (City 
University of New York, Staten Island), Brian Crother (committee 
chair, Southeastern Louisiana University, Hammond), and Robin 
Lawson (California Academy of Sciences, San Francisco), selected 
the paper entitled "Phylogenetic Relationships of the Dwarf Boas 
and a Comparison of Bayesian and Bootstrap Measures of 
Phylogenetic Support" (published in Molecular Phylogenetics and 
Evolution, volume 25, number 2). The paper was co-authored by 
Wilcox with Derrick J. Zwickl, Tracy A. Heath, and David M. 
Hillis (all of the University of Texas at Austin). 
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MEETINGS 

Meetings Calendar 

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

26-31 May 2004-47th Annual Meeting, Society for the Study 
of Amphibians and Reptiles, together with The Herpetologists' 
League and the American Society of Ichthyologists and 
Herpetologists. University of Oklahoma, Norman, USA. 

15-20 November 2004—VI Symposium of Zoology, Havana, 
Cuba. Information: Executive Secretary: DrC. Daysi Rodriguez 
Batista (zoologia.ies@ama.cu ) or www.geocities.com/ 
zoologiacubana/simposio. 

OBITUARIES 

Herpetological Review, 2003, 34(4), 289. 

0 2003 by Society for the Study of Amphibians and Reptiles 

Cynthia Kagarise Sherman (1950-2002) 

Cindy Sherman, who 
published important pa-
pers on amphibian popu-
lation declines and the 
role of diseases in them, 
died of pancreatic cancer 
in Ithaca, New York, on 
16 November 2002, at the 
age of 52. Cindy was 
born in Altoona, Pennsyl-
vania, on 6 September 
1950. She graduated 
from Cornell University 
in 1972 with honors in bi-
ology for her research 
project completed under 
the mentorship of Jack W. 
Bradbury. At The Univer-
sity of Michigan, Cindy completed her PhD in 1980, under the 
supervision of Richard D. Alexander, with a thesis entitled "A Com-
parison of the Natural History and Mating System of Two Anurans: 
Yosemite Toads (Bufo canorus) and Black Toads (Bufo exsul)." It 
was here that she met and married a fellow student in the same 
laboratory, Paul W. Sherman, with whom she moved to the Uni-
versity of California at Berkeley. 

Cindy returned to Cornell in 1981 as a research associate when 
her husband took a faculty position in the Department of Neurobi-
ology and Behavior, where earlier she had been a student. When 
their two children were born, she resigned her position to focus on 
their welfare but continued her research informally. 

In 1993, with Martin L. Morton, Cindy documented the dra-
matic population declines in the Yosemite toad of the Sierra Ne-
vada of eastern California during 1971-1990. Her last paper, co-
authored with D. Earl Green in 2001, has already become a minor 
classic in showing that chytridiomycosis and other infectious dis-
eases, believed to be responsible for some population declines in 
frogs, are not a recent phenomenon, but one that goes back at least 
to the mid-1970s. Cindy also published on her other major re-
search interest—aggressive behavior in dogs. She developed a 
thriving private consulting practice in the Ithaca area where she 
conducted a popular series of dog training classes and taught a 
new sport called "Agility." 

—Kraig Adler. 

CURRENT RESEARCH 

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

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

Historical Global Ecology of Squamates 

The structure of communities is largely affected by the 
evolutionary history of organisms. Using dietary data of non-snake 
squamates from the literature, the authors attempted to identify 
those events in the evolutionary history of large and widespread 
clades that contributed to the observable disparity in ecological 
traits among subclades. They examined how this history has 
affected present-day community structure and proposed three 
hypotheses to explain the ecological consequences of historically 
derived traits. The first hypothesis is that a prey shift occurred at 
the Iguania-Scleroglossa transition, with Iguania retaining the 
ancestral squamate diet (i.e., mostly ants and other noxious insects). 
Dietary data on Neotropical and desert lizards support this 
hypothesis, which suggests that part of the structure with respect 
to food niches in lizard assemblages is historical. The second 
hypothesis is that scleroglossans were better competitors than 
iguanians with respect to prey acquisition because scleroglossans 
enhanced prey handling and chemosensory-mediated prey 
discrimination. The third hypothesis is that iguanians and gekkotans 
shifted to microhabitats or times not used by most autarchoglossans. 
This hypothesis assumes that autarchoglossans were better 
competitors for food as a result of the combination of jaw 
prehension, mesokinesis, vomeronasal chemoreception, and high 
activity levels. The authors argued that a major determinant of 
squamate species composition and community structure is 
historical, without implying that recent species interactions do not 
contribute to community structure. 
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Bergmann's Rule in Reptiles 

Bergmann's rule hypothesizes a negative association between 
body size and environmental temperature. Although this associa-
tion has been well studied in endothermic vertebrates, it remains 
unclear whether Bergmann's rule holds true for ectothermic or-
ganisms. The authors gathered data from the literature and mu-
seum specimens to investigate intraspecific body size variation 
relative to latitude/elevation (combined) and environmental tem-
perature in chelonians and squamates. Nonphylogenetic and phy-
logenetic versions of two meta-analytical procedures (vote-count-
ing and grand mean effect size) were used. The authors found that 
83% of the species of chelonians included in the analysis were 
larger at higher latitudes/elevations and cooler environments. Con-
versely, 73% of sampled squamate species were larger at lower 
latitudes/elevations and warmer areas. These results suggest that 
chelonians follow Bergmann's rule, whereas squamates reverse 
it. Because the data included in this study were geographically 
biased (mostly Northern Hemisphere), the authors discussed the 
possibility that Bergmann's rule and its converse occur predomi-
nantly in temperate regions. 

ASHTON, K. G., AND C. R. FELDMAN. 2003. Bergmann's rule in nonavian 
reptiles: turtles follow it, lizards and snakes reverse it. Evolution 
57:1151-1163. 

Correspondence to: Kyle G. Ashton, Archbold Biological Station, 123 
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station.org.  

Response of Tadpole Epidermis to Thyroid 
Hormone 

Tadpole epidermis is composed of two to three layers of cells. 
As thyroid hormone (TH) concentration rises during metamor-
phosis, cells forming the outer layers die, whereas basal cells serve 
as progenitors for the adult frog epidermis. The authors created 
transgenic tadpoles of Xenopus laevis to determine whether tad-
pole epidermal cells die autonomously as a result of TH induc-
tion, or indirectly by cell-cell interaction. TH-induced death of 
the epidermis of transgenic tadpoles was inhibited by expression 
of a dominant negative TH receptor in the epidermal cells. Al-
though these tadpoles metamorphosed normally, a larval epider-
mis was retained over the developing adult epithelium, indicating 
that tadpole skin dies autonomously in response to thyroid hor-
mone. This also suggests that epithelial-mesenchyme remodeling 
and tail resorption are not induced by larval skin in direct response 
to TH. 

SCHREIBER, A. M., AND D. D. BROWN. 2003. Tadpole skin dies autono-
mously in response to thyroid hormone at metamorphosis. Proceed-
ings of the National Academy of Sciences 100:1769-1774. 

Phylogenetic Significance of the Fossil Snake 
Haasiophis terrasanctus 

Different scenarios on the origin and early evolution of snakes 
have been proposed. Of particular interest has been the discovery 
of fossil taxa (Pachyrhachis, Podophis, Haasiophis) that combine 
snake-like features with plesiomorphic traits, such as relatively 
well-developed hind limbs However, the phylogenetic significance 
of these fossils remains controversial. Some authors consider these 
fossils to be basal to all other snakes and suggest that snakes origi-
nated from marine mosasauroids. Other authors consider these 
fossils to be more advanced (macrostomatan) snakes. Rieppel et 
al. described the anatomy of H. terrasanctus in detail and reviewed 
the current debate on snake relationships and origins, as well as 
the implications of the presence of hind limbs in these fossil snakes 
for cladistic analyses. In spite of its well-developed hind limbs, H. 
terrasanctus has the skull of a relatively advanced snake 
(macrostomatan). Also, Haasiophis might be closely related to 
Pachyrhachis. According to the authors, they found further evi-
dence in support of the idea that fossil snakes with well-devel-
oped hind limbs are closely related to basal macrostomatans. 

RIEPPEL, 0., H. ZAHER, E. TCHERNOV, AND M. J. POLCYN. 2003. The anatomy 
and relationships of Haasiophis terrasanctus, a fossil snake with well-
developed hind limbs from the mid-Cretaceous of the Middle East. 
Journal of Paleontology 77:536-558. 
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Venom Diversity in Advanced Snakes 

Among advanced snakes, toxinological research has focused on 
the venoms of Elapidae, Viperidae, and Atractaspididae. Venoms 
of species in the various colubrid clades have received little atten-
tion. In an attempt to determine how individual toxin families are 
distributed across the major advanced snakes lineages, the authors 
used liquid chromatography with mass spectrometry to analyze 
venoms of 43 species of snakes. Saliva from the reticulated py-
thon Python reticulatus (Henophidian) was used as negative con-
trol. The authors discovered an unexpected diversity of venom 
proteins in advanced snakes. Terrestrial elapids and pit vipers had 
a higher diversity of venom components than colubrids (except 
for Psammophis and Heterodon), marine elapids, and viperines. 
Some of the toxins detected in colubrid venoms belong to wide-
spread toxin families shared with front-fanged snakes. The au-
thors also found evidence of the antiquity of various toxin groups 
and their early appearance in advanced snakes. Additionally, they 
proposed to abandon the term "Duvernoy's gland," as well as the 
distinction between opistoglyphous and aglyphous colubrids. 

FRY, B. G., W. WUSTER, S. F. R. RAMJAN, T. JACKSON, P. MARTELLI, AND R. 
M. Kim. 2003. Analysis of Colubroidea snake venoms by liquid chro- 
matography with mass spectrometry: evolutionary and toxinological 
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Water Depth and Foraging Behavior in 
Garter Snakes 

Based on diet and foraging behavior, North American garter 
snakes can be divided into aquatic specialists (AS) and terrestrial-
aquatic generalists (TAG). As opposed to TAG, AS are capable of 
crawling, striking, and visually detecting prey items underwater. 
These foraging behaviors have been hypothesized as adaptations 
of AS for feeding on widely dispersed aquatic prey. One of the 
predictions of this hypothesis is that intermediate species (IM) 
between AS and TAG (in terms of feeding on aquatic prey) shift 
their behavior in the direction of an aquatic specialist with increas-
ing water depth. The author tested this prediction by comparing 
the aquatic feeding behavior of Thamnophis validus (IM) with 
that of T rufipunctatus (AS) and T proximus (TAG). A second 
prediction, which the author also tested using T validus, is that 
TAG behaviors are less effective than AS behaviors in deep water. 
Feeding trials were carried out in a circular pool; snakes were fed 
rosy reds, a variety of Pimephales promelas. Kruskal-Wallis, Mann-
Whitney U, and Wilcoxon matched-pairs signed-ranks tests were 
performed. The author found that T validus does in fact change its 
behavior toward that of AS with increasing water depth. Unfortu-
nately, the second prediction could not be fully supported or re-
jected Finally, de Queiroz used a recently published molecular 
phylogeny of garter snakes to suggest that the facultative behav-
ior observed in T validus might represent an intermediate stage in 
the evolution of aquatic specialization. 

DE QUEIROZ, A. 2003. Testing an adaptive hypothesis through context-
dependence: effects of water depth on foraging behaviour in three spe-
cies of garter snakes. Ethology 109:369-384. 
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Phylogeny of Advanced Snakes 

True snakes (Alethinophidia) include three successively less in-
clusive clades: Macrostomata, Caenophidia, and Colubroidea. As 
currently defined, the advanced snakes Glade (Caenophidia) com-
prises the sister taxa Colubroidea and Acrochordus. Phylogenetic 
relationships among members of Caenophidia have been subject 
to continued debate and conflict. Based on phylogenetic analyses 
of mitochondrial DNA sequence data of 98 species of snakes, the 
authors attempted to identify higher taxa within advanced snakes 
and generate robust hypotheses of relationships within and be-
tween those taxa. Supertree consensus, maximum parsimony, 
maximum likelihood, and Bayesian inference methods were used. 
The results reinforced previously supported clades, such as Vi-
peridae, Xenoderminae, Pareatinae, Psammophiinae, 
Pseudoxyrophiinae, Homalopsinae, Natricinae, Xenodontinae, and 
Colubrinae. The position of several other advanced snake taxa was  

discussed. For example, the authors proposed exclusion of 
Xenoderminae from Colubroidea because the Glade Acrochordus 
+ Xenoderminae was recovered as the sister taxon of Colubroidea. 

KELLY, C. M. R., N. P. BARKER, AND M. H. VILLET. 2003. Phylogenetics of 
advanced snakes (Caenophidia) based on four mitochondrial genes. 
Systematic Biology 52:439-459. 
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Patterns of Evolutionary Radiation in Iguanian 
Lizards 

Existence of general properties of evolutionary radiations has 
been proposed, but none of these properties has been clearly iden-
tified yet. The authors used a comparative approach to identify 
general patterns in the relationship between cladogenesis and 
morphological disparity among evolutionary radiations in four 
clades of iguanian lizards. For each of these clades (Caribbean 
Anolis, Liolaemus, Australian agamids, and phrynosomatines), the 
authors examined historical patterns of extant subclades using 
molecular phylogenies. The extent to which the rate of lineage 
accumulation departed from a stochastic model of constant rates 
of diversification per lineages was estimated for each Glade with 
the lineage diversity index. In addition, disparity-through-time plots 
were calculated to examine the time course of morphological di-
versification. Elevated levels of early diversification were identi-
fied in agamids, anoles, and phrynosomatines. Levels of average 
subclade morphological disparity were high in Liolaemus, low in 
agamids, and intermediate in the other two clades. The authors 
found that taxa with steady rates of increase in species richness 
(e.g., Liolaemus) tended to exhibit more overlap in morphological 
variation among subclades than taxa with high levels of early di-
versification (e.g., Australian agamids). They suggested that this 
pattern could be the result of ecological interactions, ecological 
opportunity, or relaxation of genetic constraints. 

HARMON, L. J., J. A. SCHULTE II, A. LARSON, AND J. B. Losos. 2003. Tempo 
and mode of evolutionary radiation in iguanian lizards. Science 
301:961-964. 
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Box 1137, Washington University, St. Louis, MO 63130-4899, USA; e-
mail: harmon  @biology.wustl.edu . 

The Earliest Crown-Group Salamander 

A new fossil assemblage containing 200 specimens of sala-
manders was recently discovered in the Middle Jurassic 
Jiulongshan Formation of Inner Mongolia, China. Assessment of 
fossil age was based on biostratigraphic analysis of insect and 
vertebrate assemblages. The remarkably well-preserved sala-
manders were described as Chunerpeton tianyiensis, a new spe-
cies of Cryptobranchidae. These specimens represent the earliest 
known record of crown-group urodeles. The 180 mm holotype 
retains juvenile features, such as short external gills. Presacral 
vertebrae with unicapitate ribs, reduction in the number of rib-
bearing anterior caudal vertebrae, and absence of lachrymal bones 
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are some of the derived characters that the new species shares 
with living cryptobranchoids. Based on the age of the new taxon 
and distribution of other fossil taxa, the authors hypothesized an 
Asian origin of cryptobranchoids (Cryptobranchidae and 
Hynobiidae). 

GAO, K., AND N. H. SHUBIN. 2003. Earliest known crown-group sala-
manders. Nature 422:424-428. 

Correspondence to: Neil H. Shubin, Department of Organismal Biology 
and Anatomy, University of Chicago, 1027 East 57th Street, Chicago, Illi-
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ZOO VIEW 

There are three major living herpetological collections in Russia: Mos-
cow Zoo, Leningrad Zoo, and Tula Exotarium. 

The Moscow Zoo is supported by the city but is viewed as a national 
institution. Over the years, it has had partial control over the dispersal of 
monies to other Russian zoos and acted as a clearinghouse for inventories 
and conservation efforts. The Zoo was started by a Board of Trustees 
from a nearby university for research and educational purposes, with public 
attendance as an added responsibility. The herpetological department has 
had a rich history which is presented here by curator Sergei Kudryaystev 
and his assistant Sergei Mamet. 

The staff at the Leningrad Zoo (St. Petersburg), known as Leningradskii 
Zoopark, has published papers on captive management. Yuri Lukin is 
Chief of the Dept. of Herpetology and Eugeny Kamelin is the Herpetolo-
gist. According to International Zoo Yearbook (1998:Volume 28), com-
position of the collection was 76 taxa of reptiles with 252 specimens and 
3 taxa of amphibians numbering 8. 

In the late 1970s and 1980s, V. A. Igolkina reported on feeding activity 
in captive animals, incubation of reptile eggs and early ontogenesis of 
snakes, and captive breeding of snakes such as Lebetine vipers (Vipera 

lebetina turanica and V 1. obtusa) in the Leningrad Zoo. Kamelin and 
Lukin have investigated captive maintenance and breeding of the Central 
Asia cobra (Naja oxiana) and hybridization of Vipera schweizeri and 
Vipera lebetina obtusa. 

Founded in September of 1987, the Tula Exotarium, located approxi-
mately 200 km south of Moscow, has specialized in research on repro-
ductive biology, taxonomy, ecology, and principles of captive manage-
ment of amphibians and reptiles. Many specimens are maintained in the 
off-exhibit laboratory. The collection is impressive: Asian arboreal snakes 
(Boiga, Rhynchophis, Dinodon, Ahaetula, some Elaphe, Philodryas, and 
African Toxicodryas); terrestrial Asian snakes (Elaphe sensu lato; 
Spalerosophis, Coluber, Rhabdophis, Oligodon, Lycodon, and others); 
kingsnakes (Lampropeltis) and other North American colubrids; Euro-
Asian rat snakes; Asian vipers (Trimeresurus, Protobothrops, Ovophis, 

Tropidolaemus, and Azemiop4); Er.:opean and Caucasian vipers (Vipera); 

pythons and boas (Morelia, Corallus, Sanzinia, Candoia, Python, Liasis, 

Leiopython, Antaresia, Boa, Acranthophis, Epicrates, Eunectes, Eryx, and 
others); geckos and eublepharids (Gekko, Rhacodactylus, Uroplatus, 
Gehyra, Ptychozoon, Eublepharis, Hemitheconyx, Coleonyx, 

Goniurosaurus, and others); agamas and skinks (Pogona, Physignathus, 

Tiliqua, Corucia, Tribolonotus, Eumeces, and others); chelonians; and 
amphibians (Polypedates, Theloderma, Ichthyophis). In 2002, the collec-
tion included 408 species, subspecies, and forms of reptiles and 30 spe-
cies of amphibians. 

The Exotarium staff members are specialists responsible for specific 
tasks, rather than generalists as in many zoos. This group is led by Sergei 
Ryabov, founder of the Exotarium. Many taxa have been bred and results 
published: Stuart's milk snake and other kingsnakes, rare Southeast Asian  

ratsnakes, white-lipped python, six species of Boiga, rough-scaled sand 
boa, prairie kingsnake, Jalisco milksnake, and ashy pitviper (Trimeresurus 
puniceus), western hog-nosed snake, two species of geckos (Paroedura, 
Goniurosaurus), bearded dragons, and the green tree python. Other re-
productive studies are in press: Trans-Pecos rat snake, Euro-Asian group 
of ratsnakes, Lotiev's viper, black mangrove snake (Toxicodryas 
blandingi), Central American rat snake (Elaphe flavirufa), Chinese bam-
boo rat snake, green-eyed gecko (Gehyra marginata), New Caledonian 
bumpy gecko (Rhacodactylus auriculatus), and scarlet kingsnake. Addi-
tional information may be found in Ryabov (2001. The Exotarium—Snake 
Centre in Russia. Litteratura Serpentium 21:40-46; 2002. The Tula 
Exotarium. Exso [Kiev, the Ukraine] 1:45-47). 

One problem encountered by Russian authors is that their names might 
be changed during translation and editing into English, such as 
Kudryavtsev (= Kudrjavtsev in English), and Vassiliev (=Vasiliev or varia-
tions in English). 

SSAR Webmaster Dennis Desmond prepared the photographs. 

—James B. Murphy, Section Editor 
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History of Moscow Zoo's Herp Department 

SERGEI V. KUDRYAVTSEV 
and 

SERGEI V. MAMET 
Department of Herpetology of Moscow Zoo 

Moscow Zoo, B. Grouzynskaya 1, 123242, Moscow, Russia 
e-mail: svkmzpmsk@mtu-net.ru  

When the Moscow Zoo opened in 1864, a few reptiles were 
housed in various pavilions, mainly at the Aquarium. On occa-
sion, specialized exhibits were created and the number of reptiles 
increased to as many as 10 species and 50 specimens. However, a 
formalized Reptile Department was founded in 1926, when an 
Artificial Mountain Complex was constructed in the so-called New 
Territory, where the Terrarium was incorporated on the second 
and third floors. After the official opening in 1927, the reptile col-
lection grew to ca. 70 species and remained at that level for many 
years. During World War II (which is known as the Great Patriotic 

Terrarium-Aquarium building at Moscow Zoo, 1877 
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War in Russia, 1941-1945) the herpetological collection was nearly 
disbanded. It is likely that the Terrarium was the only herpetologi-
cal zoo facility to ever have anti-aircraft artillery placed on the 
roof during these troubled times. 

Many distinguished biologists worked in the Moscow Zoo Ter-
rarium during the period 1930-1950: 

Alexey M. Sergeiyev—honorary member of Moscow State Uni-
versity, specializing in the evolution of reptiles. He died at age 31 
in Stalin's labor camps. 

Roman Khecin-Lourie—geneticist known world-wide and a cor-
responding member of the Academy of Science of USSR. 

Ilja S. Darevsky—(1962), Head of Laboratory for Ornithology 
and Herpetology of Zoological Institute of Russian Academy of 
Science, corresponding member of Russian Academy of Science, 
professor at University of California, and professor at Armenian 
Institute of Zoology; 

Valentina F. Orlova—from 1962, Curator of Herpetological De-
partment of Zoological Museum of Moscow State University. 

The zoo staff was equally distinguished. During the period 1946-
1980, the Curator of Reptiles was Zoja N. Kovaleva. At that time, 
the reptile collection consisted mainly of common species but no 

Top: Moscow Zoo Reptile House, 1972. Bottom: The present-day Rep-
tile House, 2003. 

Current Reptile Department staff members (left to right): Ludmila V. 
Ganina, Oleg V. Shoumakov, Sergei V. Mamet, Sergei V. Kudryavtsev, 
Andrei 0. Bochkarjev, Dmitry B. Vassiliev, Natalja M. Soudina, Vladimir 
V. Fedin. Two members are missing (Tatyana V. Latysheva and Alexander 
V. Kouznetcov). 

scientific research was conducted. Vladimir Y. Frolov occupied 
the post between 1980-1985 and later became Assistant Director 
for Zoological and Veterinary matters. His successor was Sergei 
V. Kudryavtsev, who began working in the Department in 1981. 
In 1987 Sergei V. Mamet became Assistant Curator of Herpetol-
ogy. The next year, the leading specialist on reptile disease in Rus-
sia, Dmitry B. Vassiliev, joined the Department. 

In 1989, the reptile collection was moved to an old, reconstructed 
two-story building. A rather small exhibit area allows only about 
20% of the present collection to be shown. The rest of the facility 
is used for breeding and research purposes. The 1980s were the 
most active and fruitful period for herpetology at the Zoo. The 
collection grew dramatically and in late 1990s consisted of 226 
species and 846 specimens, both common and rare. Department 
staff members were involved in quite a number of scientific re-
search projects, together with colleagues at the Institute for Na-
ture Conservation, Zoological Institute of Russian Academy of 
Science, zoological organizations of various Soviet Republics, and 
elsewhere. Researchers focused on ecology and reproductive bi-
ology of many rare amphibian and reptile species of USSR. Thus, 
impressive successes were attained, aimed at study of reproduc-
tive biology of nearly all rare species of vipers and ratsnakes 
(Elaphe) of USSR and of many rare Boidae. For the first time, the 
Central Asian cobra (Naja oxiana) was bred in captivity, and cap-
tive breeding of the Caspian desert monitor (Varanus griseus 
caspius) occurred at the Zoo. Over 170 scientific and popular ar-
ticles, as well as several books, were published during that period. 
Numerous field surveys—Central Asia, Caucasus, Far East, and 
other regions of USSR—were conducted. In the late 1980s and 
early 1990s, department staff members participated in numerous 
herpetological studies, including the Ryukyu Archipelago (Japan), 
East, West and South Africa, Vietnam, Cambodia, Indonesia (Java, 
Sumatra, Irian Jaya), and the USA. Also, during those exciting 
years, many international contacts were established with colleagues 
from over 30 countries and at institutions such as Institute Butantan 
(Brazil), Japan Snake Institute, Razi Institute (Iran), Queen 
Saovabho Memorial Museum (Thailand), and the National Mu-
seum of Kenya. 
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During the last several years, the main research interest has been 
studying reproductive biology and in developing methods for long-
term captive husbandry of rare and problematic species of ven-
omous snakes found throughout the world. Herpetology at the zoo 
has declined recently as there have been severe financial prob-
lems. It is unlikely that funds will be available to construct a new 
reptile house in the near future. The size of the herpetological col-
lection is decreasing; as a result, research has diminished as well. 

RESEARCH PROGRAMS 

In situ studies and captive breeding of rare and problematic rep-
tile species of Central Asia.-In the course of this research (1981-
1993) the first complete studies on captive breedings of the Cen-
tral Asian cobra (Naja oxiana) and certain species of the family 
Viperidae were achieved (Kudryavtsev et al. 1991); data on repro-
duction of the desert monitor (Varanus griseus caspius) was ob-
tained (Bozhanskii et al. 1998); and ecology and zoogeography of 
numerous common reptile species of that region such as Central 
Asian tortoise (Agrionemys horsfieldi) (Makeev et al. 1994) were 
investigated. Other studies included: 

Aspects of captive maintenance and breeding of rare frog and sala-
mander species of the former USSR (Uteshev et al. 1986); 

In situ studies and captive breeding of rare vipers of the former 
USSR, mainly of the genus Vipera (Vipera ammodytes 
transcaucasiana, V dinniki, V kaznakovi, V latifii, V lebetina, V 
raddei, V wagneri, and others) (Kudryavtsev and Mamet 1998b); 

Studies on captive maintenance and breeding of rare ratsnakes of 
the genus Elaphe found in the former USSR and adjacent coun-
tries-Elaphe climacophora, E. quatuorlineata, E. mandarina, E. 
moellendorfii, E. persica, and others (Mamet 1999); 

Studies on captive maintenance and breeding of cobras of the ge-
nus Naja and related elapids: Aspidelaps, Boulengerina, Bungarus, 
Dendroaspis, Haemachatus, Ophiophagus, and Oxyuranus 
(Vassiliev and Kudryavtsev 1996; Vassiliev 1997; Vassiliev et al. 
1999; Kudryavtsev et al. 2001); 

Ecology and captive propagation of rare and problematic Boidae 
species of Southeast Asia and Pacific region: Apadora papuana, 
Chondropython viridis, Liasis albertisii, L. amethistinus, L. 
mackloti, Morelia boeleni, Python curtus breitensteini, P curtus 
brongersmai, P. molurus pimbura, P. timorensis, and others 
(Kudryavtsev et al. 1995; Vassiliev et al. 1997; Kudryavtsev and 
Mamet 1998a); 

Ecology and captive propagation of rare and problematic Boiginae 
species of Southeast Asia and Pacific region (Shumakov 2002); 

Studies on ecology and captive propagation of rare and problem-
atic pitvipers of Southeast Asia: Gloydius, Ovophis, Protobothrops, 
Trimeresurus, and others (Kudryavtsev et al. 2002); 

Studies on ecology and captive propagation of African bush vi-
pers (Atheris) and related species (Vassiliev et al. 1999). 

Some preliminary results of the research programs described 
above were published in Terrestrial Snakes of the Soviet Union 
(Kudryavtsev and Mamet 1989) and Keeping and Breeding in 
Captivity Snakes of Russia and Adjacent Countries (Kudryavtsev, 
Mamet, and Proutkina 1993). 

REFERENCES 

BOZHANSKYI, A. T., V. M. MAKEEV, S. V. KUDRYAVTSEV, V. E. FROLOV, AND 
Yu. KHOMUSTENKO. 1998. Varanus griseus caspius: some results of field 
studies in Turkmenistan and at Moscow Zoo Reptiles Department. Sci-
entific Research in Zoological Parks 10:103-111. 

KUDRYAVTSEV, S. V., V. M. MAKEEV, V. E. FROLOV, AND Yu. KHOMUSTENKO. 
1991. Breeding of Central Asian cobra Naja oxiana in captivity. Scien-
tific Research in Zoological Parks 1:38-44. 
	, AND S. V. MAMET. 1989. Terrestrial snakes of the Soviet Union. 

The Snake 21(1):29-35. 
	, AND 	. 1993. Keeping and breeding in captivity snakes of 

Russia and adjacent countries (within the former USSR), part I. The 
Snake 25(1):39-53. 
	, AND 	. 1993. Keeping and breeding in captivity snakes of 

Russia and adjacent countries (within the former USSR), part II. The 
Snake 25(2): 121-130. 
	, AND 	. 1998a. Short history of the herpetological collec- 

tion of Moscow Zoo with notes on successful reproduction of several 
rare species, part I. EAZA News (22):7-9. 
	, AND 	. 1998b. Notes on successful reproduction of several 

rare viper species, part II. EAZA News (23):20-21. 
	, AND V. V. FEDIN. 2002. Some results in husbandry and 

breeding of the rare and hard-to-keep venomous snakes at the Moscow 
Zoo (part H: 2000-2001 years). Scientific Research in Zoological Parks 
14: in press. 
	, V. I. ODINCHENKO, D. B. VASSILIEV, V. A. LATYSHEV, AND A. V. 

KORZHOV. 1995. Breeding of the Asian and Asian-Pacific pythons in 
the Moscow Zoo. Scientific Research in Zoological Parks 5:8-10. 

MAKEEV, V. M., A. T. BOZHANSKYI, AND V. E. FROLOV. 1994. Ecology of 
Horsfield's tortoise Agrionemys horsfieldi Gray, 1844 in Central 
Kopetdag (Tuurkmenia). Scientific Research in Zoological Parks 4:101-
109. 

MAMET, S. V. 1999. The results of scientific research "The reproductive 
biology of the rare species of Elaphe from Russia and contiguous coun-
tries" conducted at the Herpetological Department of the Moscow Zoo. 
Scientific Research in Zoological Parks 11:82-91. 

SHUMAKOV, 0. V. 2002. Snakes of the genus Boiga Fitzinger 1826, in zoo 
collections. Scientific Research in Zoological Parks 14: in press. 

UTESHEV, V. K., 0. L. SHABRAVY, I. A. SERBINOVA, AND B. F. GONCHAROV. 
1986. Breeding of rare and endangered amphibian species in captivity. 
In Z. Rocek (ed.), Studies in Herpetology, pp. 731-733. Charles Uni-
versity, Prague, Czech Republic. 

VASSILIEV, D. B. 1997. Keeping and breeding in captivity Rinkhals 
(Hemachatus haemachatus Lacepede) in Moscow Zoo. The Snake 
27:145-146. 
	, AND S. V. KUDRYAVTSEV. 1996. Keeping and breeding of Naja 

species in the Moscow Zoo. Scientific Research in Zoological Parks 
6:26-50. 
	, AND S. V. MAMET. 1999. Some successful results in hus- 

bandry and breeding of the rare and hard-to-keep venomous snakes at 
the Moscow Zoo. Scientific Research in Zoological Parks 11:43-56. 

 , AND V. I. ODINCHENKO. 1997. Some data about the biology and 
keeping of rare species - black python (Morelia boeleni) - part I. The 
biology features of black python. Scientific Research in Zoological 
Parks 9:126-134. 

294 	 Herpetological Review 34(4), 2003 



POINTS OF VIEW 

Herpetological Review, 2003,34(4), 295-302. 
0 2003 by Society for the Study of Amphibians and Reptiles 

On the Snake Hemipenis, with Notes on 
Psomophis and Techniques of Eversion: 

A Response to Dowling 

CHARLES W. MYERS 
American Museum of Natural History, New York, New York 10024, USA 

e-mail: myers@amnh.org  

and 
JOHN E. CADLE 

Chicago Zoological Society, Brookfield, Illinois 60513, USA 
e-mail: jocadle@brookfieldzoo.org  

Dowling (2002) recently commented on what he considered to 
be erroneous descriptions of snake hemipenes and made unsup-
ported assertions concerning the genera Psomophis and Siphlophis. 
We here reject his pronouncements on the hemipenial morphol-
ogy of Psomophis and provide additional details; the matter of 
Siphlophis is separately treated by Zaher and Prudente (2003). 

Dowling's commentary reveals entrenched opinions that have 
led us also to review methods of study, particularly the techniques 
of everting hemipenes of both freshly killed snakes and of mu-
seum specimens. There is room for improvement and experimen-
tation, but the procedures are not as difficult as suggested by 
Dowling. 

The reader should keep in mind our distinction that a "fully 
everted" hemipenis is not necessarily "maximally expanded [or] 
inflated." A fully everted organ has all surfaces and structures vis-
ible, including the terminus or termini of the sulcus spermaticus. 
A maximally expanded hemipenis is fully everted and is inflated 
to the fullest extent allowed by its original elasticity, which may 
or may not be regained when working with preserved specimens. 
As with a balloon, there are imperceptible degrees of inflation, 
resulting mainly in a changing circumference. This has little taxo-
nomic import unless hemipenial topography is noticeably differ-
ent at maximal inflation—owing either to differential expansion 
in fresh tissue or failure to regain sufficient elasticity in a pre-
served retracted organ. It should be realized that the extent of 
hemipenial eversion and expansion attained in the female's cloaca 
is unknown. 

PSOMOPHIS 

Psomophis is a tightly knit genus containing three species of 
small South American xenodontine colubrids that share a novel 
type of hemipenis (Myers and Cadle 1994). The two heads of the 
bicapitate hemipenis bear large papillae that terminate in minute 
spinules. These spinulate papillae appear to be disposed on caly-
ces on the retracted organ, but the appearance of calyculation may 
disappear completely when the organ is everted. The everted 
hemipenes of Psomophis also are atypical of capitate or bicapitate 
organs in that the capitula face almost completely toward the sul-
cate side (Figs. 1, 2); each capitulum is visible in profile but shows 
only as a papillate edge or underside of an upturned flap around 
the nude asulcate side of each lobe. 

Dowling (2002:13) disagreed with the last feature mentioned 
above. He bluntly asserted that his examination of the hemipenis 
of Psomophis genimaculatus that was figured in Myers and Cadle 
(1994:Fig. 3) "showed the hemipenis to be far from 'fully everted,' 
and so badly distorted that the drawing showed an apical (rather 
than a sulcate-side) view of the partly-everted lobes." We here 
provide photographs (Fig. 1) of the same hemipenis to supple-
ment the original drawing and to demonstrate the fallacy of 
Dowling's assertions. 

The hemipenis in question (Fig. 1) had been fully everted and 
probably maximally inflated by the collector; the branches of the 
sulcus spermaticus do not disappear into the lobes but are seen 
(when the sulcus walls are parted with fine teasing needles) to 

FIG. 1. The fully field-everted hemipenis of Psomophis genimaculatus 
(USNM 331437) thought by Dowling (2002:12) to be incompletely everted 
and "badly distorted". A. Sulcate view of organ restrained by minuten 
pins in straightened position (x4.7). B. Asulcate view of organ in nearly 
straight position (x4.7). C. Side view of unrestrained organ showing strong 
recurvature, possibly caused by tension of an unrelaxed, unsevered re-
tractor muscle at the time of preservation (x4.7). D. Enlarged side view 
(x11.7) of capitulum showing ornamentation of large, soft papillae, which 
have minutely spinulate tips. Each capitulum (head) faces the sulcate side 
of the organ, leaving the nude asulcate side of the lobe framed distally 
and laterally by a papillate fringe (as figured in Myers and Cadle 1994). 
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terminate abruptly on the surface of the fully expanded capitula. 
The hemipenis is "distorted" only in the sense that, as mentioned 
in the original description, it is strongly recurved (Fig. 1C), al-
though flexible enough to straighten (Fig. 1 A). Field-everted 
hemipenes were available for no other specimen of Psomophis 
(retracted organs were described for each species). For purposes 
of best showing distribution of micro-ornamentation and shape of 
the everted hemipenis, both sulcate and asulcate sides of the or-
gan were drawn in straightened views by Edmond V. Malnate, an 
artist-scientist experienced in hemipenial interpretation. We agree 
with Dowling that relationships "cannot be determined" from 
Malnate's "beautiful (but unidentifiable) drawing"—but only be-
cause the morphology of the hemipenis itself does not convinc-
ingly relate Psomophis to any other genus! 

Although Dowling cited Zaher (1999) on other matters, he in-
explicably failed to notice that Zaher had corroborated the general 
physiognomy of the Psomophis hemipenis in text discussion and 
with photographs of organs that Zaher had everted from preserved 
specimens of P genimaculatus and P joberti in the collection of 
the Instituto Butantan (Zaher 1999:71, 147, Fig. 74). These manual 
laboratory eversions were difficult owing especially to the ex-
tremely narrow base of the Psomophis hemipenis; although the 
photographs show distally complete eversions, the lobes are not 
expanded to maximum width. We have examined Zaher's prepa-
ration of P joberti and provide new photographs in Figures 2-3. 

The hemipenial lobes are relatively short and broad in Psomophis 
genimaculatus (Fig. 1). When the edges of the lobes of the field-
everted hemipenis of P genimaculatus are raised toward the hori-
zontal plane, the lobes are seen to be nearly as wide (> 90%) as 
long (length as measured on medial side in sulcate view). Because 
of the soft drooping lateral edges, capitulum width is better visu-
alized from the published drawing (Myers and Cadle 1994:Fig. 3 
[= about x6.3, not "x3.6" in caption]) than in photographs of the 
same organ (e.g., Fig. 1A). 

The lobes of the organ everted from a preserved specimen of 
Psomophis genimaculatus are noticeably narrower in photographic 
comparisons, appearing to be only about 60% as wide as long 
(compare Fig. lA with Fig. 74 [lower right] in Zaher 1999). Dif-
ferential expansion of fresh lobular tissue evidently accounts for 
the branches of the sulcus spermaticus appearing relatively shorter 
in the more fully expanded field-everted organ (see below). 

The Psomophis organs manually everted from preserved speci-
mens by Zaher show relatively shorter hemipenial lobes in 
genimaculatus than in joberti, with corresponding differences also 
in the lengths of the sulcus branches (see Zaher 1999:Fig. 74). 
Differences in lobe length in Psomophis had been suggested by 
comparison of retracted organs, the lobes of which varied from 
about 30% of hemipenis length in genimaculatus, to 33% and 40% 
in joberti and obtusus, respectively (Myers and Cadle 1994:11-
12). The branches of the sulcus spermaticus extend virtually to 
the tips of the lobes in the retracted condition, but differential tis-
sue expansion causes them to terminate more proximally in the 
everted condition. And the branches appear relatively shorter in 
the fully expanded organ of genimaculatus (Fig. 1A) than in the 
incompletely expanded one shown in Zaher (1999:Fig. 74). 

Width of everted hemipenes cannot be estimated from the re-
tracted condition, nor can interspecific differences in width be re-
liably judged by comparing lab-everted and field-everted 

FIG. 2. Hemipenis of Psomophis joberti in sulcate and asulcate view, 
x3.9, prepared by H. Zaher from a preserved specimen (IB 36437). The 
organ is fully everted but incompletely expanded. 

FIG. 3. Enlarged view (x13.7) of capitulum of Psomophis joberti (left 
lobe in Fig. 2A), showing arrangement of spinulate papillae on weak trans-
verse folds. The interconnecting hairline vertical folds probably would 
disappear in a maximally expanded fresh eversion. 
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hemipenes. In any case, both the laboratory and field-eversions 
show clearly that in Psomophis the capitula face toward the sul-
cate side of the hemipenis. 

Although Myers and Cadle (1994) and Zaher (1999) were in 
agreement (contra Dowling) over the general appearance of the 
everted Psomophis hemipenis, they differed in their interpretation 
of calyculation. Myers and Cadle (1994:13) noted that, on first 
inspection, the retracted organs of each species "appear to be ca-
lyculate with exceptionally large papillae, but the papillate sur-
faces are acalyculate on the everted hemipenis [of Psomophis 
genimaculatus, which] had but weak indications of tissue folds 
connecting single rows of spinulate papillae." In addition to loss 
of sharply distinct longitudinal (vertical) folds, it was observed 
that the transverse folds of tissue could be "flattened by microma-
nipulation with fine teasing needles," quite unlike normal calyces 
whose walls retain their rigidity at all times. Although Myers and 
Cadle noted that these weak folds might be vestigial calyces, they 
suspected that "they simply represent a method of folding expan-
sible tissue when the Psomophis hemipenis is inverted for stor-
age." Consequently the term pseudocalyces was coined for these 
transient structures (we subsequently saw that this term had been 
used previously by Broadley [1980:493, Pl. IIA] for markedly 
anastomosing flounces on the elongate, noncapitate hemipenes of 
two species of the African genus Prosymna). 

The two organs everted by Zaher from preserved specimens of 
Psomophis genimaculatus and P. joberti retained indication of weak 
but thin and sharply defined longitudinal or vertical folds that con-
nect the transverse rows (Zaher 1999:71); the retention of both 
vertical and transverse folds in the everted state can be visualized 
from an enlarged photograph (Fig. 3). Zaher interpreted these faint 
folds as vestigial calycular walls and noted that they are most evi-
dent "proximally near the medial edge of each capitulum." How-
ever, comparison with the field-everted hemipenis (Fig. 1) sug-
gests that the thin, hairline vertical folds retained in Zaher's prepa-
rations would have become obliterated if further expansion of the 
lobes had been possible. 

Since calyces are probably plesiomorphic among xenodontine 
and dipsadine snakes, Zaher's belief that the "pseudocalyces" rep-
resent vestigial calyces is not an unreasonable interpretation. Fur-
thermore, along with Zaher, we suspect that evolutionary loss of 
the longitudinal or "vertical" walls of calyces probably explains 
the evolutionary origin of transverse "flounces" on the capitula of 
many colubrid snakes, some of which have both calyces and 
flounces on the same organ (e.g., some Helicops, see Zaher 
1999:61). The everted hemipenis of Psomophis, with a transverse 
alignment of papillae and virtual absence of interconnecting ver-
tical folds, might be in a stage nearly intermediate between 
calyculation and flouncing—if the pseudocalyces are in fact ves-
tigial calyces, which is an open question. 

The large spinulate papillae on the capitula of Psomophis 
hemipenes are doubtless synapomorphic for the genus, but it is 
uncertain whether they are modified "true papillae" (Zaher, 
1999:71) or possibly "spines in which mineralization (an ontoge-
netic event) has been almost entirely arrested" (Myers and Cadle 
1994:13). The first interpretation is probable if the structures rise 
from vestigial calyces, whereas the latter would be consistent with 
an origin from a hemipenis that was distally spinose. In at least 
one colubrid, Geodipsas laphystia (Madagascar), the ontogeny of  

spine mineralization proceeds from proximal to distal for the en-
tire organ, and from tip to base for individual spines (Cadle 
1996b:43-44). This would be consistent with Myers and Cadle's 
suggestion that the spinulate papillae of Psomophis might be spines 
in which mineralization has been arrested. Except for mineralized 
papillae (spinules) on the calyces (especially basal calyces) of many 
snakes, spines normally are not found on the heads of capitate 
hemipenes, although a single indisputable spine extends from 
among the spinulate papillae on each capitulum of the hemipenis 
of Psomophis joberti (Myers and Cadle 1994:12-13; Zaher 
1999:71); one of these spines can be seen extending from midway 
along the edge of a capitulum in Fig. 2B. 

The method of capitation and ornamentation of the Psomophis 
hemipenis is unusual and not clearly homologous with the condi-
tions in other Neotropical snakes (although the sulcate- side orien-
tation of the capitula is at least approached in some other 
Xenodontinae). Additionally, we know of no other instance in 
which pseudocalyces or calyces disappear during eversion and full 
expansion of the hemipenis. 

TECHNIQUES OF STUDY AND EVERSION 

Edward Drinker Cope called attention to the systematic impor-
tance of snake hemipenes in the late 19th century. His data were 
derived from retracted genitalia, each of which was "laid bare in 
situ and split lengthwise along the exposed (inferior) middle line 
before it is removed [which is] necessary to avoid cutting it along 
the sulcus" (Cope 1895:190). Cope's classic 1895 paper included 
succinct summaries of hemipenial anatomy and variation, as il-
lustrated by 234 elegant interpretive drawings of retracted organs. 

With eventual widespread use of hypodermic syringes for pres-
ervation, it slowly became commonplace in the following century 
to evert hemipenes in the field by injecting alcohol (later forma-
lin) into the tail base. Finally, more than 60 years after Cope's 
(1895) classic survey of diversity revealed in the anatomy of re-
tracted hemipenes, Dowling and Savage (1960) published an in-
fluential paper showing a sampling of the extraordinary diversity 
among everted organs. 

Although Dowling and Savage (1960:21) recognized that the 
majority of characters evident in everted hemipenes can in fact be 
recovered by dissection of the retracted organ, they stated (p. 22) 
that "everted preparations are much to be preferred." Indeed, 
today's workers generally prefer to use everted hemipenes in sys-
tematic studies, owing both to increased availability of field-everted 
organs and to development of techniques for manually everting 
retracted organs of museum specimens. However, eversion may 
bring about marked changes in relative positioning of various struc-
tures (Dowling and Savage 1960:20; Myers 1974:33); Psomophis 
(see above) provides an example in which there is not a precise 
correspondence between the apices of the retracted and everted 
organs. But, in some sense, everted organs seem easier to under-
stand, and everted hemipenes obviously provide the best compre-
hension of their potential for expansion (whether or not maximal 
inflation is ever attained in the female's cloaca). 

It needs to be emphasized in passing that better understanding 
is gained when retracted and everted hemipenes are compared. 
Complementary comparisons of retracted and everted hemipenes 
provide fuller comprehension and in some cases increase the num-
ber of taxonomically useful characters (Myers 1974:30-33; Myers 
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and Cadle 1994:13). Examples: Weak bilobation evident in a re-
tracted hemipenis may disappear completely on eversion; simi-
larly, a clearly non-bilobate hemipenis may reveal in the retracted 
state the retention of a weakly divided retractor muscle (such con-
ditions can unambiguously establish character polarity within such 
a genus as Trimetopon [Myers, unpub1.]). A narrow gap between 
spines on the asulcate side of retracted organs expands in some 
species, but not others, to a diagnostically broad interspinal nude 
area on the everted organ (Myers and Cadle 1994:ftnote 7). The 
asulcate side of the capitulum may produce species-diagnostic 
folding in the retracted state (Myers 1974:31, Fig. 4). These few 
examples suffice to show that the retracted hemipenis should not 
be ignored as a potentially important source of taxonomic data. 

Regarding the process of everting hemipenes of freshly killed 
snakes, Dowling and Savage (1960:17) wrote that "Since the 
hemipenis . . . is relatively easy to ready for study, the belief that it 
is difficult to locate or prepare is fallacious." Having seemingly 
changed his mind, Dowling (2002:13) now believes that "the proper 
preparation of everted hemipenes is a difficult process that requires 
some experience and skill"! We agree only that experience helps 
and we hope to provide a few useful tips in the following para-
graphs. 

Field ( Fresh ) Eversions.—Early field workers often did not fully 
evert hemipenes, or, even if they did, contraction of the retractor 
muscle frequently caused the organs to partially retract. Tying off 
the base of the everted hemipenis with thread and then opening 
the underside of the tail base medially (between the hemipenes) 
and severing the retractor muscle(s) might be all that is needed to 
provide a quick, simple, and useful field preparation. However, 
tying off the organ does not seem critical to maintaining eversion 
in many hemipenes if care has been taken to let the retractor muscle 
become relaxed so that it is no longer capable of contraction (see 
below); even then, the retractor muscle may be severed as a pre-
caution. If the everted organ is to be tied off, we now realize that 
an easily removable overhand knot is preferable, because the thread 
may obscure or distort such important structures as basal spines 
or nude pockets (fide Cadle and Myers 2003:ftnote 7). 

Some published instructions for everting hemipenes seem most 
applicable to large and moderate-sized snakes being preserved on 
a laboratory table (e.g., Dowling and Savage 1960; Branch and 
Wade "1976" [1977]). Dowling and Savage (1960:22) suggested 
that one should "slit open the ventral surface of the tail, cut the m. 
retractor penis magnus and inject fluid into the blood sinus at the 
base of the hemipenis so as to cause eversion." Few workers com-
prehend the last nicety, which is difficult and impractical espe-
cially when preserving small snakes in a temporary field camp in 
poor light, with the distracting drone of diurnal mosquitoes in one's 
ears. Usually it suffices to inject the tail base and effect eversion 
prior to slitting the tail and severing the retractor muscle; eversion 
is accomplished simply by fluid pressure within the tail. If the 
eversion proves difficult (probably because time was not allowed 
for the retractor muscle to relax), the tail can be slit medially and 
the retractor cut before continuing. A scalpel or razor blade may 
be used, but we prefer the convenience of fine-pointed dissecting 
scissors. It might be helpful to first start the eversion with external 
pressure on the tail base, by pushing forward toward the cloaca. 
With care, it is possible and sometimes desirable to leave one of 
the two hemipenes uneverted for later study in the retracted con- 

dition. 
It is very useful and sometimes critically important for the 

muscles of the freshly-killed snake to become completely relaxed 
before injecting the tail base. (Not waiting for this accounted for 
most of our early failures to obtain complete field eversions of 
complex organs.) In order not to burst a small hemipenis nearing 
maximum inflation, a jeweler's loupe may be used to monitor the 
everting apex—in which case it is advisable to protect one's eyes 
by filling the syringe with water, which also will lessen skin expo-
sure to formalin. In fact, we suggest the routine use of water for 
hemipenial eversion. The initial use of water seems not to affect 
the subsequent formalin-fixation of delicate hemipenial tissue and 
may also minimize retraction or shrinkage of the retractor muscle. 

In the case of snakes having bilobed hemipenes, including es-
pecially those with slender apical structures (as in some Micrurus 
and Enulius), it becomes particularly important that the retractor 
muscles be allowed to become completely relaxed after injection 
of diluted sodium pentobarbital (Nembutal) or other killing agent. 
Myers (1974:31) recommended waiting the better part of an hour 
before everting hemipenes of rare snakes, and Branch and Wade 
("1976" [1977]:550) extended the wait to 1-2 h, which is even 
safer if field time permits; placing specimens, especially small 
ones, in a jar or plastic bag with some water or damp paper towels 
will prevent desiccation during the wait. 

Dowling (2002:13) recommended that the tail first be opened 
and that the retractor muscle be severed between the end of the 
hemipenis and its point of division, so that the divided retractor 
will not form a loop and "impede the complete eversion of the 
lobes, thus giving them a false appearance." However, separating 
the two slips of retractor muscle on a bilobed hemipenis normally 
is essential only when everting a retracted hemipenis from a mu-
seum specimen (see below). We find Dowling's suggestion im-
practical under field conditions because (1) we usually complete 
the eversion before cutting open the tail, (2) we do not always 
know in advance if a given snake has a divided hemipenis, and (3) 
the insertion and division of the retractor muscle is sometimes not 
evident except under a dissecting microscope. The retractor "loop" 
seemingly does not impede hemipenial eversion by the snake it-
self, nor need it do so now if the retractor is completely relaxed 
and severed farther back after eversion. Once the retractor is cut 
and the organ tied (if necessary) around the base, any subsequent 
shrinkage of the retractor is too minimal to cause noticeable dis-
tortion. 

Everted hemipenes may be left on the snake, to be later removed 
if necessary for detailed study and illustration. The organ will of-
ten deflate, in which case remaining air or fluid may be pressed 
out and the organ re-inflated at any time with colored petroleum 
jelly (see below); other substances that have been successfully 
used include paraffin (Ortenburger 1923), liquid latex (Dowling 
and Savage 1960:22), and agar (Manzani and Abe 1988); everted 
organs may also be dried (Manzani and Abe 1988), although we 
question the practicality of this for small delicate structures. If the 
everted (or retracted) hemipenis is to be cut away from the snake. 
care must be taken to excise the organ at its very base so that 
proportions are not affected. 

What to do with hemipenes only partially protruded at the time 
of field preservation? These were generally considered as irrecov-
erable, but that is no longer so. Myers (1974:30) noted that "if 
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only the base is everted, the tail can be opened and the organ pulled 
back and studied in the retracted position." For organs partially 
everted beyond the base, Myers adapted circa 1967 a hot-paraffin 
technique for rescuing partially everted organs of small dipsadine 
and xenodontine snakes; Myers (1974:30) speculated that the in-
tense heat of the paraffin softened preserved tissue that would only 
burst under pressure from other liquids. Branch (1986:287) found 
Myers' technique to be "rarely successful" for organs that were 
less than two-thirds everted. However, partial eversions can now 
be approached using methods that were subsequently developed 
for everting fully retracted hemipenes of preserved specimens. In 
fact, as pointed out by Zaher and Prudente (2003), it may be easier 
to evert a hemipenis that was preserved partially everted than one 
that is completely retracted (see following). 

Laboratory Eversions from Preserved Specimens.—Dowling 
(2002:13) stated that "with considerable effort, it is possible to 
evert the hemipenes to some degree from museum material 
(Pesantes 1994)." In fact, however, eversions of preserved, retracted 
hemipenes require only a little learning and patience, and some 
(not all) can not be distinguished from fresh eversions. 

It has never been pointed out, but should be acknowledged, that 
Dowling's own research program sponsored the development of 
such techniques some 30 years ago. At the time (1968-1973), 
Frances L. Gibson (née Waite) was working in the capacity of 
artist-technician for Dowling, who was then a Research Associate 
at the American Museum of Natural History. She was versed in 
snake anatomy (e.g., Gibson 1966, 1970) and a talented illustra-
tor, being responsible for the outstanding plates and line drawings 
in Dowling and Savage (1960). With advice and support from 
Dowling, Waite Gibson realized that invaginated organs of mu-
seum specimens might be everted if the tissues could be softened 
and returned to an elastic state. A method of softening was par-
tially described by Gibson (1970) and her "improved and com-
pletely different technique for everting hemipenes of preserved 
specimens" was mentioned by Myers (1974:30), who adopted the 
essentials of it for occasional use starting in the 1970s. Gibson 
(1970) made reference to a manuscript and in 1974 gave a draft 
copy to Myers; she unfortunately never published the complete 
description, but gave permission to quote it (letter from Waite 
Gibson to Myers, 12 August 1986). 

The softening in the Waite Gibson Technique involved, as origi-
nally stated, a "soaking in glycerine, and then in a solution of tri-
sodium phosphate and `Calgonite'" (Gibson 1970). Trisodium 
phosphate (Na3PO4) is a detergent that had been shown useful for 
softening and rehydrating dried animal tissue (Van Cleave and 
Ross I 947a, b); Calgonite is the trade name of a water softener 
containing sodium phosphates and sodium carbonate. 

For initial softening, Waite Gibson (Ms.) opened the tails and 
placed entire small and medium-sized snakes in undiluted glycer-
ine for up to 6-8 days, followed by two days in a saturated solu-
tion of the two detergents. (Myers later found that just removing 
the hemipenis from the snake directly to a saturated solution of 
Na3PO4  worked about as well.) Waite Gibson described the ever-
sion process as follows: 

The tail is split and the retractor muscle cut as described 
(Dowling and Savage, 1960, p. 21; and Myers, 1972, pp. 61-
63 [= draft of 1974:311). If the organ is bilobed, the retractor 
muscle must be cut fairly close to the lobes, anterior to the  

point where the two fascicles of the muscle coalesce. The pre-
served muscle, even though softened, is not flexible enough to 
permit the two lobes to fully evert while still interconnected. 
Next the hemipenis is freed from its sheath, beginning at the 
retractor muscle and working forward. The hemipenis is left 
attached at its base. With blunt forceps, the hemipenis is gently 
pushed forward as it would normally evert. The forceps should 
have well-worn teeth as the tissues are easily torn, especially 
on very spiny specimens. When about a quarter of an inch is 
everted, it is possible to inject some petroleum jelly into the 
sinus. This is done with a syringe (a 5 cc syringe with a No. 18 
needle for medium sized snakes and a No. 22 needle or a 2 cc 
disposable syringe for smaller snakes) and petroleum jelly mixed 
with carmine dye. Sometimes the jelly flows more easily if the 
filled syringe is allowed to stand a few minutes in warm water. 
The needle of the syringe is inserted into the sinus of the 
hemipenis by slipping it forward between the walls of the in-
verted and everted portions. Care must be taken to keep from 
puncturing the walls. The jelly thus injected facilitates further 
eversion, which is continued by alternately pushing the 
hemipenis forward with forceps and pressing the jelly forward 
with the fingers, adding more jelly as needed. In bilobed speci-
mens, a dull probe may be used to make certain the lobes are 
everted to their fullest extent. 

When the hemipenis is fully everted, or nearly so, it may be 
removed from the snake and inflated [with] more petroleum 
jelly. A better specimen is obtained if the needle can be inserted 
into the lymph sinus and this inflated also. Since the tissue is so 
thin, this is sometimes difficult to do without puncturing the 
outer wall. Preserved specimens can not be expanded to the 
same degree as fresh specimens so that there is a disparity in 
diameter between the two. (Waite Gibson, Ms.) 

Because it was unpublished, Waite Gibson's method was little 
used by other workers. Her drawings of hemipenes, including an 
unknown number of organs prepared by this method, are frequently 
seen in Dowling's publications. If any of his published figures 
shows a fully everted hemipenis that appears less robust or less 
bulbous than a new organ being compared, it may be that the draw-
ing represents one of Waite Gibson's early preparations from mu-
seum specimens. 

Pesantes (1994) subsequently published another method of pre-
paring hemipenes from preserved snakes. He initially removed 
the organ from the snake and softened it for three days in a 2% 
solution of potassium hydroxide (KOH). After testing for flexibil-
ity, washing, and buffering the remaining hydroxide, the hemipenis 
could be everted with round-tipped forceps. Pesantes gave little 
detail of his eversion process beyond mentioning that each lobe of 
a bilobed organ should be everted separately. After eversion, 
Pesantes recommended preparing the hemipenis for wet or dry 
preservation following the methods of Manzani and Abe (1988). 
His one illustration, a photograph (Pesantes 1994:Fig. 1), showed 
side-by-side views of two Bothrops moojeni hemipenes filled with 
agar solution; the one prepared from a preserved snake appears 
virtually identical with one from a freshly killed specimen. 
Pesantes' demonstration that KOH provides a convenient and ef-
fective softening agent was a significant advance. Many of the 
organs illustrated in Zaher (1999) were prepared using a modifi-
cation of Pesantes' technique. 

We currently use a combination of the Pesantes and Waite Gibson 
techniques, with modifications of each. KOH probably is a better 
softening agent than Na 3PO4  (comparisons would be useful), but 
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three days immersion in 2% KOH probably is too long for small 
delicate organs. Zaher (1999:7) increased the solution to 3% but 
greatly decreased the soaking time. There is concern that buffer-
ing with hydrochloric acid as recommended by Pesantes might 
damage mineralized spines and spinules in small organs (Cadle 
1996a:372). It seems sufficient to stop the action of KOH by flood-
ing the softened organ in a large volume of water and several 
changes of alcohol. 

We now use a 2% or 3% KOH solution and follow Zaher 
(1999:7) in immersing the isolated hemipenis "either for 1-6 hours 
or overnight," or even longer depending on size and condition of 
preservation and other factors (e.g., very spiny organs being more 
difficult than smooth ones). Because of scheduling problems, we 
have sometimes alternated difficult hemipenes between KOH and 
diluted glycerine or 65% alcohol over a period of several days 
(the KOH time for each round being up to several hours). The 
organ is inspected under a dissecting microscope between soakings, 
until flexibility seems maximal without totally breaking down the 
tissues. 

When the organ is flexible enough, the base can be rolled back 
cufflike (e.g., by pushing against opposite sides of the open base 
with parallel ends of forceps). Because of the narrowness of the 
base, it usually is necessary to first cut a short slit in the base on 
the side opposite the sulcus spermaticus (usually located in a thick 
ridge of tissue on one side); a cut on the sulcate side may spread 
up the sulcus spermaticus, resulting in the opening of a long split 
(Zaher and Prudente 2003). Holding the extreme base with for-
ceps, one starts to evert the base by pushing it forward with a 
second pair of smooth, blunt-tipped forceps. This is usually the 
most tedious part of the process, and a lack of flexibility may indi-
cate the need for further soaking in KOH. In this way the entire 
organ can be gradually everted; a rounded-end narrow probe of 
metal or polished wood may be helpful, particularly in bilobed 
organs (the round heads of no. 5 or no. 7 insect pins work well in 
the lobes of small hemipenes). The manually everted organ can 
now be inflated with petroleum jelly, which may also help in the 
final everting of small apical structures and narrow lobes. 

Yuki (1997) claimed without elaboration that a semi-everted 
hemipenis "will not produce a general shape similar to that of or-
gans that are completely everted, as the action of the KOH solu-
tion is not uniform." This has been neither our usual experience 
nor that of Zaher and Prudente (2003), although injecting KOH 
into the lumen of the hemipenis and increasing total immersion 
time might be needed in some cases. After being sufficiently soft-
ened and relaxed, partially everted but undamaged hemipenes 
should be more easily eversible than fully retracted ones, since 
the beginning of the process already has been done. If a bathed 
organ already has been mostly everted, it can be grasped between 
the fingers and the retractor muscle pulled back far enough to sever 
the two slips of muscle anterior to their merging. In the case of 
single or very weakly bilobate hemipenes, it should be sufficient 
to snip the retractor shorter so that it disappears into the organ 
being everted. 

In line with Waite Gibson's early observation (see above), we 
emphasize that lab-everted hemipenes softened either in Na 31304 

 or KOH may be fully everted without always becoming maxi-
mally expanded (inflated), in which case they are of a smaller 
diameter than field-everted organs. Whether a longer period of  

softening would have returned more elasticity to the organ usu-
ally is not clear. Taxonomic usefulness is not necessarily hindered 
because all structures are revealed, but taxonomic inference should 
not be made by comparing widths or circumferences of lab-everted 
hemipenes with fresh eversions made at the time of preservation. 
We have not rejected the possibility that lab-everted organs might 
be overextended longitudinally even while resisting expansion to 
"normal" diameter, but reliable observation or histological evi-
dence is lacking. At the moment, we consider that lab-everted and 
freshly everted organs can be compared when assessing relative 
lobe length (but not width) as a species character (e.g., in the 
Geophis brachycephalus complex; Myers 2003). 

Waite Gibson discovered in the late 1960s the practicality of 
using petroleum jelly for subsequent inflation of field-everted 
hemipenes and for helping to evert retracted organs of museum 
specimens. We cannot overemphasize the usefulness of this readily 
and widely available substance. It can be drawn into a hypoder-
mic syringe (with needle removed) with little prior warming; sev-
eral syringes can be filled and left on the workbench indefinitely 
until needed, and used at normal room temperature. For ease of 
flow, the needle should be sized to the syringe (e.g., a 26- or 20-
gauge needle on a 1-cc or 2-cc syringe for small hemipenes, a 16-
gauge needle on a 10-cc or 20-cc syringe for larger ones). Branch 
and Wade ("1976" [1977]:551) thought it advisable to immerse 
the hemipenis in warm water in order to "prevent blockage of the 
needle by cooling petroleum jelly," but this is a procedure that had 
been suggested for paraffin injection (Myers 1974:30) and is not a 
concern for petroleum jelly. The syringe itself can be placed in hot 
water for a few minutes if faster flow is desired, but this is not 
essential and it sometimes seems easier to monitor and avoid burst-
ing small hemipenes that are being slowly inflated. The tip of the 
needle should always be filed blunt before use. 

If the hemipenis resists eversion, the petroleum jelly can be 
squeezed out and the organ put back into KOH. Leakage of jelly 
from small tears will soon stop when the organ is plunged into 
water or alcohol, and excess jelly is easily lifted or scraped from 
the surface of the organ with a teasing needle or fine forceps. One 
or more large jars of inexpensive petroleum jelly can be pigmented 
and stored indefinitely. 

Petroleum jelly should be colored prior to use in order to en-
hance surface ornamentation of the hemipenis, thus greatly facili-
tating study and illustration. Carmine dye was used by Waite 
Gibson and subsequently by Myers and others. However, if car-
mine-dyed petroleum jelly is not first vacuum-strained prior to 
use, solid particles of carmine might plug narrow-gauge hypoder-
mic needles at awkward moments. Zaher found while working at 
the American Museum that red candle-wax coloring made an ef-
fective substitute for carmine dye. 

We urge anyone wishing to use these techniques to experiment 
with some common snakes before working with specimens of rare 
species, and to remember that small organs tend to be more deli-
cate and easily damaged than large ones. Damaged organs some-
times can be repaired with cyanoacrylate glue before filling with 
petroleum jelly (Zaher 1999:8). Although occasional organs can-
not be everted completely, they may still show useful details of 
structure and microornamentation and may still be worth illustrat-
ing if other material is not available—but the incompleteness or 
probable incompleteness of the eversion should be noted, as rec- 
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ognized by Dowling (2002) who attempted to identify some in-
completely everted hemipenes illustrated in the literature. 

An apical depression or dimpled tip is "almost always an indi-
cation of incomplete eversion" of snake and lizard hemipenes 
(Myers and Donnelly 2001:49). There are a few exceptions to this 
working generalization, as in some species of the Madagascan 
genus Liopholidophis; the four species comprising the stumpffi 
group are characterized by an "umbelliform" depression at the 
tips of the lobes, which is correlated with a "broad internal attach-
ment of the [retractor] to the somewhat pleated tissue at the tips of 
the lobes" (Cadle 1996b:441, Figs. 34-36). Dowling and Duellman 
("1974-1978" [1978]:Fig. 112b.5) show the hemipenis of L. 
lateralis as lacking such a depression, but it is an interpretive draw-
ing based on the assumption of incomplete eversion; the actual 
organ (AMNH 60691), on which the drawing is based, has the 
branches of the sulcus spermaticus entering an apical depression. 
This hemipenis, everted by Waite Gibson from a museum speci-
men, is much narrower and much less robust than a field-everted 
organ of the same species (cf. Cadle, 1996b:439, Fig. 35). 

An apical depression similar to that of the Liopholidophis 
stumpffi group also is present on the non-bilobed hemipenis of 
Elaphe longissima. According to Schultz (1996:23, Fig.27), this 
depression is part of the normal morphology and not the result of 
incomplete eversion as previously thought. 

Although some of the techniques discussed above (e.g., ever-
sion and use of colored petroleum jelly) are applicable to lizards, 
we have worked with the hemipenes of relatively few groups of 
lizards and have little to contribute in a general sense. Bohme 
(1988) and Ziegler and Bohme (1997) presented extensive reviews 
of lizard hemipenes, and Savage (1997) commented on parallel-
ism and divergence in some terminology used for hemipenes of 
male snakes and lizards. The "diverticulum" (Arnold 1984) or 
"hemiclitoris" (Bohme 1995; Ziegler and Bohme 1996) of female 
lizards is a hemipenial homologue-a rudimentary hemipenis-
also known from a few scattered reports for female snakes (e.g., 
Hoge et al. 1959; MacLean 1968; Hardy 1975; Ziegler and Bohme 
1997:30). 

The available literature seems to suggest that in female snakes a 
recognizable hemipenial homologue or parts thereof (e.g., muscles 
only) varies from commonly or usually absent to variably present 
within genera and species, presumably because of the juxtaposi-
tion of unknown hormonal and/or developmental events, and com-
plicated by interpretations of intersexuality. The mammalian cli-
toris (a penile homologue normally always present, with its own 
function and species-specific morphology) does not seem to be an 
appropriate analogy in light of such variation, and at this time we 
personally prefer not to use a special term for female hemipenes. 
Although much more attention needs to be given to snakes, fe-
male hemipenes (sometimes eversible) and their associated mus-
culature are known to be taxonomically widespread among liz-
ards (Arnold 1984; Ziegler and Bohme 1997). 
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Dowling (2002) recently suggested that the hemipenial pattern 
of Siphlophis described by Zaher and Prudente (1999) as the T-
shaped condition is actually an artifact of preparation because of 
incomplete eversion. Dowling also argued that hemipenial prepa-
rations of Conophis vittatus and Hydrops martii figured by Zaher 
(1999: Figs. 41 and 52, respectively) show similar eversion defi-
ciencies. 

Despite the convincing visual effect produced by his figure 1, a 
more careful examination of the arguments and examples used by 
Dowling shows that his criticisms are founded upon two falla-
cious ideas: 1) that science is a matter of authoritative knowledge 
instead of a search for answers by empirical observation and test 
of hypotheses; and 2) that hemipenial morphology shows some 
special value as a source of information at the detriment of other 
morphological complexes. 

We do agree with Dowling (2002) that hemipenial features are 
informative at most taxonomic levels within snakes. However, we 
do not view hemipenial morphology as more reliable than any 
other morphological complex, as advocated by Dowling who be-
lieves that hemipenial structures are less influenced by ecological 
and behavioral constraints. As shown by Zaher (1999), hemipenial 
features are surprisingly variable at all taxonomic levels within 
colubroids. The tribe Pseudoboini (sensu Zaher 1999) is an excel-
lent example of a moderately speciose group of colubrid snakes 
with a highly variable hemipenial morphology (Zaher 1994). Ad-
ditionally, a number of hemipenial features have been reported to 
appear homoplastically in several unrelated taxa within the New 
World xenodontine and dipsadine radiations (Zaher 1999; Zaher 
and Caramaschi 1994). A nude area associated with the tip of the 
lobes appeared independently in the Xenodontini (as an apical disk) 
and Oxyrhopus (Zaher and Caramaschi 1994). Unilobation was 
derived independently several times (e.g., within Apostolepis, 
Arrhyton, Contia, Echinanthera, Nothopsis, Taeniophallus, and 
Xenopholis). Reduction or loss of calycular walls to form flounces 
may have arisen independently in Arrhyton, Conophis, Farancia, 
Helicops, Hydrops, laltris, the Xenodontini, and within the 
Tachymenini. Highly complex transformation series as well as 
homoplastic occurrences of hemipenial structures at low taxonomic 
levels do not support the hypothesis of hemipenes being inher-
ently stable morphological complexes (Zaher 1999; Zaher and 
Prudente 1999). 

In order to support our previous observations, we analyzed ad-
ditional hemipenial material from the Instituto Butantan, totaling 
seven specimens with previously everted organs (2 Siphlophis 
pulcher, 3 S. longicaudatus, and 2 S. compressus). Although some 
of them are only partially everted, all present a clearly T-shaped 
condition. We completed the preparation of three hemipenes (one 
from each species) and photographed the most important steps of 
the procedure. Figure 1 shows these steps on a hemipenis of S. 
longicaudatus (IB uncatalogued). This preparation confirms that 
the "T-shaped" condition is not an artifact of preparation. 

Dowling failed to test accurately our results (Zaher and Prudente 
1999) with additional hemipenial preparations of the genus 
Siphlophis (including Tripanurgos). His Figure 1 does not repre-
sent empirical results based on new preparations, but the author's 
belief of what might have occurred with our preparations. Dowling 
attempts to justify his perspective by mentioning his long experi-
ence with hemipenial morphology: "I must admit that it took me 
many years to recognize these problems...." In that sense, his con-
tribution is unscientific and misleading. 

Dowling supports his point of view with a montage in which 
Zaher and Prudente's (1999) original figures of T- and Y-shaped 
hemipenes are used as background to illustrate the retractor muscle 
position as a possible cause of the artifactual preparation (Dowling 
2002: Fig. 1). It is important to stress that Dowling did not exam-
ine the original material used by Zaher and Prudente (1999). As 
such, his Figure 1 is merely a hypothetical reconstruction of what 
Dowling believes would be the position of an unsectioned retrac-
tor muscle in the hemipenes prepared by Zaher and Prudente 
(1999). The retractor muscle restricted by ties at the basal end of 
the T-shaped hemipenis is also another extrapolative deduction 
(Dowling 2002: Fig. 1B, lower right). 

Dowling suggested that failure to section the retractor muscle 
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caused the hemipenis of Siphlophis to retain a T-shaped condi-
tion: "if this element of the procedure is neglected (cutting the 
retractor muscle too far posterior — or not cutting at all) the di-
vided retractor muscle will form a loop in the 'lobular crotch' be-
tween the two lobes of the hemipenis" (Dowling 2002:13). How-
ever, Dowling figured the Y-shaped hemipenis with an unsectioned 
retractor muscle (Dowling 2002: Fig. 1). Such inconsistency ex-
poses the speculative ground on which Dowling built his argu-
ments. Indeed, it is not clear from his discussion if the T-shaped 
condition is an artifact because of an uncut retractor muscle or to 
a muscle restricted by ties at the base of the organ. According to 
Dowling (2002:13), "the T-shaped figures shown by Zaher and 
Prudente also demonstrate the distortions caused by an additional 
problem.... The short and convoluted hemipenial body and the dis-
tortion of the sulcus spermaticus in the T-shaped figures are clear 
indications that the retractor muscle was included in and restricted 
by the tied base." However, a quick examination of the original 
material prepared by Zaher and Prudente (1999) would have saved 
misleading speculations as it confirms that the muscle has been 
sectioned and the two remaining tips of each branch are not tied at 
the base of the T-shaped hemipenis but lodged within their re-
spective lobes. Clear examples of restricted or uncut muscles never 
result in a T-shaped hemipenis with fully everted lobes, as is the 
case in Siphlophis, but rather will result in organs with partially 
everted lobes. Although Dowling (2002:13) acknowledged this 
point by arguing that the failure to cut the retractor muscle will 
"impede the complete eversion of the lobes, thus giving them a 
false appearance," he failed to observe that the hemipenes figured 
by Zaher and Prudente (1999) have fully everted lobes. 

Myers and Cadle (2003) proposed to distinguish two very dif-
ferent conditions of hemipenial preparation: 1) a "fully everted" 
hemipenis, and 2) a "maximally expanded" (or inflated) hemipenis. 
According to Myers (pers. comm.), maximally expanded 
hemipenes are always fully everted, but fully everted ones may 
not be maximally expanded. Such distinction is very helpful be-
cause it highlights an important variable for a proper interpreta-
tion of hemipenial features, as we will discuss in more detail be-
low. 

Dowling (2002) suggested that partially everted organs should 
not be used as source of information. As shown by Zaher (1999), 
partially everted organs may be of great value for supraspecific 
comparisons as they may show systematically informative details 
of structure and micro-ornamentation on the parts of the organ 
that are adequately everted. Also, incompletely everted field-pre-
pared hemipenes can be easily prepared again, resulting in fully 
everted, "maximally expanded" organs (see Myers and Cadle 2003; 
contra Dowling 2002). The hemipenial preparation shown in Fig-
ure 1 illustrates adequately this point. 

Differences in shape and form because of artifactual prepara-
tions might be classed in three distinct categories: 1) incomplete 
eversion of the lobes; 2) incomplete inflation or expansion of the 
hemipenial body and lobes; 3) "distorted" or strongly recurved 
hemipenial body and/or lobes due to preservation procedures or 
unsevered retractor muscles. 

Partially everted hemipenes that fall in Category 1 above are 
easily diagnosed as such by the characteristic depression observ-
able on the tip of their lobes. A fully everted organ is characterized 
by totally everted lobes, with tips showing no invaginated or de- 

pressed tissue (except in Liopholidophis; see Cadle 1996; Myers 
and Cadle 2003). Hemipenes with pointed or rounded tips can be 
considered, without hesitation, to be fully everted. The terminus 
of the sulcus spermaticus visible on the rounded surface of the 
lobe is another indication of a fully everted organ. However, this 
last feature may not be applicable on hemipenes with large apical 
disks or nude areas on the tip of the lobes because the sulcus tends 
to terminate on the edge of these structures. 

A fully everted hemipenis might be either only partially or maxi-
mally expanded. "Deformations" that fall in Category 2, i.e., fully 
everted hemipenes that are only partially expanded, in general, 
have a direct effect on the overall shape of a hemipenis without 
affecting significantly the microornamentational pattern of the 
surface. Besides incomplete filling of the organ, destructive steps 
of the procedure, such as splitting of the organ base for eversion 
or accidental perforations during injection of petroleum jelly (see 
below), may also lead to partially expanded organs. 

As clearly explained by Myers and Cadle (2003) "a maximally 
expanded hemipenis has inflated to the fullest extent allowed by 
its original elasticity... As with a balloon, there are imperceptible 
degrees of inflation, resulting mainly in a changing circumference." 
Freshly prepared hemipenes are likely to expand to their greatest 
elasticity whereas organs dissected out from museum specimens 
might not expand always to their fullest original extent. The de-
gree of extension of a preserved hemipenis is highly variable and 
might cause slight differences of proportion when hemipenial 
preparations from several preserved specimens are compared. 
However, based on previous results obtained from examination of 
large series of hemipenial preparations (Myers 1974; Zaher 1999), 
such differences have little or no impact on systematic data. A 
common variation in micro ornamentation is illustrated by the dif-
ferential degree of "erection" of spines. A partially expanded or-
gan typically shows rows of spines (when present) in a "resting" 
position, more or less parallel to the hemipenial wall, whereas 
maximally expanded organs will show erected spines with stretched 
tissues at their base. Dowling seems to recognize only maximally 
expanded hemipenial preparations as valid for descriptive and 
comparative studies (although he never made clear such distinc-
tion), rejecting any observation made on fully everted organs that 
would not show a maximally expanded condition. 

Dowling also rejects observational data on hemipenial prepara-
tions with "distorted" (= strongly recurved) shapes. We here use 
Dowling's word "distortion" only with caution since the word is 
inappropriate to describe the hemipenial condition in question. 
The "distorted" condition suggested by Dowling actually refers to 
a perfectly everted and inflated organ of Psomophis genimaculatus 
(Myers and Cadle 1994). The so-called "distortion" shown by the 
Psomophis hemipenis clearly corresponds to a strong curvature of 
the hemipenial body with virtually no consequence to the micro 
ornamental pattern, a typical case belonging to Category 3. To-
tally everted, maximally expanded hemipenes may often show a 
strongly recurved shape, as shown by the hemipenes of Psomophis 
genimaculatus (figured in a straight position by Myers and Cadle 
2003), Taeniophallus occipitalis (Zaher 1999: Fig 92), Tomodon 
dorsatus (Zaher 1999: Fig 91), or Antillophis parvifrons (Zaher 
1999: Fig 31). As in the examples of Psomophis (Myers and Cadle 
2003) and Antillophis (Zaher 1999), a "distorted" (= strongly re-
curved) hemipenis can be straightened to a nearly straight posi- 

Herpetological Review 34(4), 2003 	 303 



tion with the aid of pins without changing the micro-ornamenta-
tion pattern. Indeed, "distortions" of that nature do not affect at all 
the micro-ornamentations on the surface of the hemipenes. 
Dowling wrongly concluded that the Psomophis hemipenis fig-
ured by Myers and Cadle (1994) was so badly distorted that it 
would not be useful for drawing systematic conclusions. The ex-
act reasons that lead to hemipenial shape distortions (= strong cur-
vatures) are still unclear. It might be caused by inappropriate pres-
ervation procedures (Category 3 defined above) such as unrelaxed 
and unsevered retractor muscles (Myers and Cadle 2003), or in-
adequate positioning of the specimen at the time of preservation 
resulting in excessive curvature of the tail. 

Although we recognize the importance of having maximally 
expanded, minimally "distorted" preparations, we regard "dis-
torted" hemipenes as important material that is interpretable and 
useful for systematic purposes. This broader approach leads us to 
view preserved specimens of museum collections as an invalu-
able source of hemipenial information, although personal experi-
ences have shown that hemipenes from preserved specimens of-
ten present problems (Categories 2 and 3). 

Hemipenial preparations on freshly-killed specimens.— 
Hemipenes are easier to prepare from freshly killed specimens 
than from museum specimens. In the field, the procedure can be 
straightforward: formalin is injected into the ventral surface of the 
tail of the freshly killed specimen until the hemipenis is everted 
by fluid pressure. The needle should puncture at a level that could 
not inflict damage to the hemipenis. However, such simple tech-
nique often results in partially everted organs although it should 
not be viewed as a problem since partially everted organs (via 
formalin injection) can be subsequently dissected out and prepared 
in the lab. Partially everted organs do greatly simplify the process 
of complete eversion in the lab (see below). A more efficient, but 
time consuming procedure, involves dissection of the tail and re-
tractor muscles. It has, however, the disadvantage of being im-
practical to apply on small specimens in the field without a dis-
secting scope, which restricts the use of this procedure to the lab. 
The procedure is as follows: 1) slit open the ventral surface of the 
tail on its midline; 2) cut the retractor muscle just posterior to the 
tip of the lobe(s) so as to leave the smallest possible piece of muscle 
attached to the lobe (a careful examination of the tissue color and 
texture is essential to define the exact location of the tip of the 
lobes, see below); 3) when the hemipenis is bilobed, gently sepa-
rate the lobes from each other and remove with caution the sheath 
of tissue around the hemipenis from the tip to the base; 4) force 
the hemipenis with thin, rounded tweezers toward the base of the 
organ, causing its eversion (note that the hemipenis is attached to 
the specimen; final eversion of the tip of the lobes can be done 
manually by finger pressure); 5) inject formalin inside the everted 
hemipenes through the hole at the base of the organ and force it to 
fully expand (we do not recommend tying off the base with a 
strand). This procedure permits field or laboratory preservation of 
hemipenes in a maximally expanded position, which can be later 
removed from the specimen and filled with petroleum jelly. 

An important suggestion to field collectors who are not willing 
to prepare hemipenes in the field would be to avoid puncturing 
the area of the tail where the hemipenes are lodged during the 
process of fixation. Formalin can be injected in the dorsolateral 
region of the tail or gently injected along the ventral midline of  

the tail. Simple procedures of fixation, as the ones described above, 
can greatly augment the chances of subsequent preparation. An 
illustration of the possibilities provided by good preservation con-
ditions is given by some of the maximally expanded hemipenial 
preparations obtained from rare specimens that were fixed and 
stored at the Paris Museum at the end of the 19th Century (Zaher 
1999). 

In order to clarify some of the more specific steps and provide a 
guideline for preparation of hemipenes from museum specimens, 
we furnish a detailed description of our procedure below, based 
on the steps illustrated in Figure 1. 

Hemipenial preparations on museum specimens.—Hemipenes 
can be prepared from museum specimens that have either totally 
inverted organs or partially everted ones. The procedure figured 
herein was performed on a partially everted organ. Partially everted 
hemipenes are significantly easier to fully evert and prepare than 
totally inverted ones because the most difficult and delicate step 
of the process consists of forcing the inverted base of the organ to 
evert. This is generally done with the help of rounded forceps that 
serve to secure firmly the basal region of the organ while the rest 
of the organ is forced manually toward the forceps, thus causing 
the base to evert. However, the base of the organ is often tighter 
than the body and lobes, which renders nearly impossible the ever-
sion process without causing irreversible damage to the hemipenis. 
A solution to this problem consists in cutting longitudinally the 
basal region of the hemipenial body on its asulcate side (the inci-
sion cannot be done on the sulcate side because invariably the cut 
will spread to the sulcus spermaticus causing it to open and ex-
tend toward the lobes). Arrow 1 in Figure 1B shows the approxi-
mate length of a cut to be performed at the base of the asulcate 
side of a totally inverted organ for subsequent eversion. The 
hemipenis of Alsophis anomalus figured by Zaher (1999: Fig. 24) 
illustrates adequately this procedure. 

Any hemipenial preparation from an inverted or everted organ 
should be done on hemipenes that have been previously removed 
from the specimen. There should be no attempt to evert or invert a 
fixed organ before soaking it in a solution of potassium hydroxide 
(KOH; see next steps below). The tail first has to be opened by an 
incision on its ventral midline (Fig. 1B). In the case of either an 
inverted or partially everted organ, the retractor muscle must be 
severed and removed from the tail as shown in Figure 1B (arrow 
2). At this point, the retractor should be severed as far as possible 
from the hemipenis (Fig. 1B: arrow 2). The long strand of muscle 
will be helpful in the next steps for pulling back the lobes to an 
inverted position (see below). With the retractor tightly pressed to 
the hemipenis, the latter is removed from the specimen via a cir-
cular incision around the base of the organ, through the thin mu-
cosa that forms the tissue of the cloacal region (Fig. IC: arrow 3). 
This incision should promote the removal of the entire hemipenis 
along with its retractor muscle (Fig. 1C). After removal, the organ 
is immersed in a solution of 2% or 3% potassium hydroxide (KOH) 
for softening the tissues. We recommend injecting KOH with a 
rounded needle inside the hemipenis to help accelerate the pro-
cess and to identify possible holes on the hemipenial wall. Soften-
ing tissues with KOH is an essential step that provides elasticity 
to the organ and reduces the friction between the tissue walls dur-
ing the eversion procedure (Pesantes 1994). Time of immersion in 
KOH is variable but should not be more than a half a day (except 
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FIG. 1. Steps illustrating the eversion and filling with petroleum jelly of a partially everted hemipenis from a preserved specimen of Siphlophis 

longicaudatus (Institute Butantan, uncatalogued). A: ventral view of the cloacal region prior to dissection. B: ventral surface of the tail cut and opened 
to expose retractor muscles. C: right hemipenis dissected out. D: right hemipenis partially re-inverted to expose the lobes. E: right hemipenis totally 
everted and tied around a needle. F, G, H: sulcate, asulcate and dorsal views (respectively) of the hemipenis, fully expanded and showing a T-shaped 
condition. See text for details. 
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for exceptionally large preparations that might stay overnight). 
Most of the hemipenial material prepared by us did not remain in 
3% KOH for more than one hour. The hernipenis is ready for ever
sion when the tissue becomes rubbery. We recommend not rinsing 
the hemipenis until eversion is complete because KOH solution 
reduces friction during the process of eversion. Partially field
everted organs are better candidates for a complete and easy ever" 
sion because their basal portion is already on the correct, everted 
side. Bilobed organs that are half-way everted should be inverted 
again until the basal crotch appears on the inverted side. This can 
be done by pulling the organ back by the retractor muscles that 
were previously left long for this purpose. This procedure allows 
separating the lobes from each other and removing the thin sheath 
of tissue from around the hemipenis (Fig. lD). After the latter 
procedure is concluded, the hernipenis is ready to be fully everted 
(Fig. IE). However, before everting the hernipenis, the retractor 
muscles should be cut just posterior to the tip of their lobes. The 
exact location where the retractor muscle inserts on the tip of the 
lobe is generally marked by a slight constriction (see Fig. lD: 
arrow 4). Differential color and texture between lobular and mus
cular tissues also help to define the precise location of the bound
ary. 

Totally inverted organs are more difficult to evert. As mentioned 
above, a practical solution for everting totally inverted organs con
sists of slitting open the asulcate side of the base to force the ever
sion of the organ through a larger (basal) opening. This should be 
done using rounded forceps that will serve to grab the tissue proxi
mal to the end of the slit and secure it firmly (avoiding the slit to 
enlarge) while, with the aid of other forceps or with the fingers, 
forcing the tissue of the base to roll over and evert toward the 
tweezers securing the base of the slit. As soon as the base is everted, 
the rest of the hemipenis can be forced toward it and fully everted. 
It is important to mention that the tissue of the lobular crotch and 
lobes is always thinner and much more fragile than the hernipenial 
body. Special care should be given when forcing these regions to 
evert (separate eversion of the lobes in bilobed hemipenes is not 
recommended; both lobes should be grabbed by the rounded for
ceps and forced together toward the base). 

At this step in the procedure, pre-existing or accidental holes 
can be patched with cyanocrylate glue before filling the organ with 
agar or petroleum jelly. The area to be glued must be dried before 
applying the glue (remove alcohol by squeezing the area between 
your fingers with absorbent paper). It must be kept in mind that 
this procedure often does not allow perforated lobes to expand at 
all, and the rest of the organ to expand only to some degree. How
ever, we find the resulting preparation useful since it often per
mits the assessment of a significant part of the hemipenial struc
tures that might be of systematic value. 

The everted organ is preferentially filled by injecting colored 
petroleum jelly through a syringe (Myers and Cadle 1994). Col
ored petroleum jelly is preferable because it enhances surface or
namentation (Myers and Cadle 1994). This can be done with Car
mine Dye (Myers, pers. comm.) or with concentrated wax dye 
(candle dye) . The syringe should be uniformly filled with petro
leum jelly and the needles, with rounded tips, adjusted to the size 
of the organ to be filled. Petroleum jelly is easy to manipulate 
because it can be maintained in a liquid state in warm water, al
though some persons prefer to use it directly at normal room tern-

perature, a procedure also allowed by the petroleum jelly (see 
Myers and Cadle 2003). We personally prefer to use warm, lique
fied jelly because it helps distend the tissues of the hemipenis dur
ing injection. Warm and cold water should be kept nearby during 
the filling procedure and used eventually to liquefy the jelly in
side the needle or to stop or diminish possible leaks (the syringe 
and needle, along with the mounted hemipenis, can be dropped 
directly into cold or warm water). For proper filling procedure, a 
totally everted hemipenis has to be tied to a rounded needle with a 
thread and all the air should be removed from the organ (Fig. IE). 
Figures IF, lG, and lH show the sulcate, asulcate, and dorsal views 
of a fully everted and expanded hemipenis of S. longicaudatus 
using the procedures described above. The result confirms that 
the T -shaped condition is not an artifact of preparation. 

We agree with Dowling (2002) that incompleteness of eversion 
should always be noted. Zaher (1999) failed to furnish this infor
mation because he was focused on showing major hemipenial pat
terns within a large and diversified lineage of snakes. However, 
only four hemipenes prepared and figured by Zaher ( 1999) are not 
fully everted: Conophis vittatus (Fig. 41), Pseudoboa coronata 
(Fig. 72), Siphlophis pule her (Fig. 77), and Xenopholis undulatus 
(Fig. 95). All other figured hemipenes are fully everted as con
firmed by re-examination of the original material. The latter spe
cies do have a slightly bilobed hernipenis whereas X. scalaris shows 
a clearly unilobed organ. 

The differential length of the lobes seen in Phalotris nasutus 
(Zaher 1999: Fig. 63) and several species of Philodryas is a natu
ral condition, not the result of partial eversion. The hemipenes of 
Helicops leopardinus (Fig. 47), H. modestus (Fig. 48), and 
Philodryas aestiva (Fig. 65), that might be interpreted as partially 
everted organs, are actually fully everted and expanded. Similarly, 
and contrary to Dowling's belief, the hemipenis of Hydrops martii 
(Fig. 52) is fully everted and expanded. Unlike the hemipenis of 
H. martii figured by Dowling (2002: Fig. 4B), which shows lobes 
with distally flattened surfaces, the hemipenis figured by Zaher 
( 1999: Fig. 52) has rounded and expanded lobes. The flounces 
seen on the asulcate surface also represent a natural condition of 
the organ (Zaher 1999: 62). 
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Whereas bites by viperid and elapid snakes have long been rec
ognized as an important public health problem in Brazil (Ministerio 
da Saude. Funda~ao N acional da Saude 1998), bites by other snakes 
have received much less attention. Nonetheless, reports of symp
tomatic bites by supposedly non-venomous snakes in Brazil have 
appeared throughout this century (Martins 1916; Penteado 1918; 
Vital Brazil and Vellard 1926). Interest in colubrid bites increased 
after the herpetologists Karl Patterson Schmidt and Robert Mertens 
were killed by African snakes in the genera Dispholidus and 
Thelotornis , respectively (Nahas eta!. 1976). 

Symptomatic bites by colubrid snakes were reviewed by Minton 
(1990). Since then, additional species of colubrid snakes have been 
reported to cause symptomatic bites. These include several life
threatening bites to infants by Boiga irregularis (Fritts eta!. 1990, 
1994), and two serious bites by Hydrodynastes gigas, resulting in 
repeated episodes of collapse and paralysis in one case (Manning 

eta!. 1999) and a "permanently disfigured" arm in another (Stevens 
2000). 

Apart from Dispholidus and Thelotornis, Rhabdophis tigrinus 
(Mittleman and Goris 1974; Zotz et al. 1991) has also caused fatal 
bites, and more recently, a fatal bite by Philodryas olfersii was 
reported (Fowler and Salomao 1994; Salomao and Di-Bernardo 
1995). Controversies about the capacity of some colubrids, such 
as the South American Tachymenis peruviana, to kill humans re
main. Lema (1978a) reported a case of fatal bite by T peruviana, 
citing Vellard (1955). However, Vellard (1955) did not mention 
symptoms in humans, but only discussed the potent effects of T 
peruviana venom in animal experiments. Serious bite symptoms 
by this species have been described by Schenone and Reyes (1965). 
Finally, Boigaforsteni is also suspected to have caused fatal bites 
in Sri Lanka (Fritts and McCoid 1999). 

During the 1980s and 1990s certain colubrids thought to pos
sess toxic saliva or venom (see Kochva 1987 for considerations 
on this matter) were identified (Hill and Mackessy 2000; McKinstry 
1978, 1983; Minton 1990; Spawls and Branch 1995), based on 
the histological observation of their Duvernay's glands, carried 
out by Taub (1967), Kochva and Gans (1970), Gabe and Saint
Girons ( 1971 ), and the descriptions of clinical manifestations in 
patients bitten by these snakes. Minton (1990) listed, summarized, 
and divided these symptoms into two basic categories: systemic 
poisoning associated with coagulopathy and those that presented 
local effects. 

In Brazil, the number of reports on bites from "non-venomous" 
snakes has increased considerably and snakebites by "harmless" 
snakes are now considered a problem of public health. Among all 
the snakebites registered in the State of Sao Paulo (Fan and Cardoso 
1995) and those caused by crotaline snakes in the city of 
Uberlandia, State of Minas Gerais (Silveira and Nishioka 1995), 
approximately 40% did not develop symptoms of envenomation, 
possibly because the snake was nonvenomous or, if it was venom
ous, the skin was not deeply punctured or no venom was injected 
(so called "dry bite") (Albolea 1999; Albolea and Salomao 1998; 
Ministerio da Saude. Funda~ao Nacional da Saude 1998; Santos
Costa et a!. 2000). 

Examples of snakes which have caused human envenomations 
with serious clinical manifestations are the opisthoglyphous spe
cies Phalotris lemniscatus (= Elapomorphus bilineatus according 
to Ferrarezzi [1993]) (Lema 1978b); Philodryas olfersii and P. 
patagoniensis (Araujo and Santos 1997; Brito and Carvalho 2000; 
Campbell and Lamar 1989; Fowler and Salomao 1994; Nickerson 
and Henderson 1976; Nishioka and Silveira 1994; Salomao and 
Di-Bernardo 1995 ; Silva and Buononato 1983/84), Clelia clelia 
plumbea (Pinto eta!. 1991) and the aglyphous Liophis miliaris 
(Santos-Costa and Di-Bernardo 1997) and Helicops modestus 
(Albolea and Salomao 1998; Albolea eta!. 2000). 

This paper is a report on bites caused by snakes other than 
pitvipers and coral snakes. It includes the frequency of snakebite 
per year, the identification of the snake species implicated, the 
profile of victims (age and sex) and clinical manifestations, as an 
aid in evaluation and prevention of this problem in Brazil. 

The Hospital Vital Brazil (HVB), Instituto Butantan, Sao Paulo, 
provides free treatment for patients bitten by snakes. Some pa
tients still possessed the snake (live or dead) which caused the 
snakebite, therefore an immediate identification could be done, 
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helping doctors make decisions about the 
use of antivenom. Snakes would then be 
deposited in the museum collection of the 
Laboratorio de Herpetologia, Instituto 
Butantan, which contains only snakes re-
sponsible for biting humans and subse-
quent hospitalization of these patients. 
Data concerning information about the 
snake, the patient, and the snakebite itself 
are recorded by the museum and in HVB 
reports for each patient. A survey of the 
specimens, museum data, and medical re-
ports allowed us to collect detailed infor-
mation on the most common snakes in-
volved, patient profiles, and most frequent 
symptoms. We emphasize that most snake-
bite victims at HVB come from the state 
of Sao Paulo and our conclusions may not 
apply to other states in Brazil. However, 
registers from the state of Sao Paulo are 
the most complete data sets in Brazil, be-
ing used by health authorities as a national 
reference because a lack of information on 
this subject from other states. 

Hospital Vital Brazil started its activi-
ties in 1946. However, routine registration 
of snake species began only in 1959. Since 
then, HVB admitted a total of 6048 snake-
bite victims in which the offending snake 
accompanied the patient and was available 
for identification (Table 1). Of these, 4083 
were inflicted by elapid and viperid snakes, 
42 were inflicted by snakes of the families 
Anomalepididae, Boidae, and 
Leptotyphlopidae, and 1923 were caused 
by snakes in the family Colubridae (Table 
2). Among the colubrids, the largest num-
ber of snakebites was caused by the gen- 
era Helicops, Philodryas, and Liophis 
(Table 3). 

We found that male patients predomi-
nated in 11 of the 16 genera investigated. 
Snakes belonging to five genera- 
Tomodon, Tropidodryas (x 2  = 4000, P = 
0.045, d.f. = 1), Liotyphlops, 
Erythrolamprus (x2  = 11560, P < 0.001, 
d.f. = 1), and Apostolepis (x 2  = 36000, P < 
0.001, d.f. = 1)-bit significantly more 

TABLE 1. Frequency of snakebites registered at Hospital Vital Brazil, Instituto Butantan. 

Year Viperids and Elapids Others 	 Total 
N 

1959 52 64.2 29 35.8 81 1.34 
1960 64 68.1 30 31.9 94 1.55 
1961 72 69.2 32 30.8 104 1.72 
1962 66 61.1 42 38.9 108 1.79 
1963 81 68.6 37 31.4 118 1.95 
1964 76 70.4 32 29.6 108 1.79 
1965 77 72.6 29 27.4 106 1.75 
1966 65 60.7 42 39.3 107 1.77 
1967 103 64.8 56 35.2 159 2.63 
1968 89 60.5 58 39.5 147 2.43 
1969 87 66.4 44 33.6 131 2.17 
1970 97 74.6 33 25.4 130 2.15 
1971 104 68.4 48 31.6 152 2.51 
1972 88 59.8 59 40.2 147 2.43 
1973 80 64.5 44 35.5 124 2.05 
1974 97 68.8 44 31.2 141 2.33 
1975 106 65.4 56 34.6 162 2.68 
1976 82 62.6 49 37.4 131 2.17 
1977 91 62.3 55 37.7 146 2.41 
1978 109 61.2 69 38.8 178 2.94 
1979 134 64.1 76 35.9 209 3.46 
1980 126 65.9 65 34.1 191 3.16 
1981 119 65.7 62 34.3 181 2.99 
1982 150 69.8 65 30.2 215 3.55 
1983 156 70.6 65 29.4 221 3.65 
1984 173 72.1 67 27.9 240 3.97 
1985 235 71.6 93 28.4 328 5.42 
1986 233 70.0 100 30.0 333 5.51 
1987 179 71.3 72 28.7 251 4.17 
1988 148 68.5 68 31.5 216 3.57 
1989 130 74.5 40 23.5 170 2.81 
1990 88 66.1 45 33.9 133 2.20 
1991 83 72.8 31 27.2 114 1.88 
1992 50 59.5 34 40.5 84 1.39 
1993 87 73.7 31 26.3 118 1.95 
1994 50 66.7 25 33.3 75 1.24 
1995 65 67.7 31 32.3 96 1.59 
1996 51 61.4 32 38.6 83 1.37 
1997 40 64.5 22 35.5 62 1.03 
1998 52 68.4 24 31.6 76 1.26 
1999 48 62.3 29 37.7 77 1.27 

Total 4083 1965 6048 100.0 

female patients. 
Patients between 0 and 40 years of age were the main victims of 

colubrid bites, particularly of Helicops (x2  = 23.604, P < 0.0001, 
d.f. = 1) and Philodryas (x2  = 10.071, P < 0.0015, d.f. = 1). Snakes 
belonging to the genera Xenodon, Liophis, Philodryas, Atractus, 
Chironius, Waglerophis, Helicops, and Thamnodynastes bit more 
patients between 15 and 40 years old. Children under 14 years old 
were the main victims of Liotyphlops, Mastigodryas, Tropidodryas, 
Oxyrhopus, Waglerophis, and Helicops (Table 4). Hands, arms, 
feet, and legs were the most frequently bitten parts of the body. 

Snakes of the genera Atractus, Mastigodryas, Philodryas, 
Thamnodynastes, and Xenodon bit hands and arms 60.0% of the 
time, whereas species of the genera Helicops (x 2  = 5.22, P = 0.0223, 
d.f. = 1), Liotyphlops, Tropidodryas, Apostolepis, and Waglerophis 
bit feet and legs more often. The high frequency of Helicops bites 
on feet and legs must be a consequence of the aquatic habits of 
these snakes, associated with the fact that people do not use pro-
tection to walk in the water, especially when fishing. Bites to the 
trunk were reported for Erythrolamprus, Tomodon, Apostolepis, 
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and Tropidodryas. Most of these bites to the middle of the body 
occurred when the victim was either in bed or having a bath (Table 
5). 

The main clinical manifestations exhibited by patients (Table 
6) were abrasions (sometimes with bruising) and local pain, fol-
lowed by local hemorrhage from teeth punctures, swelling, and 

TABLE 2. Percentage of snakebites among different families of snakes 
at Hospital Vital Brazil from 1959 to 1999. 

Family 
	 Number of snakebites 	(%) 

Viperidae 
	 4050 
	

66.96 

Colubridae 
	 1923 
	

31.80 

Elapidae 
	 33 
	

0.55 

Anomalepididae 
	 28 
	

0.46 

Boidae 
	 13 

	
0.21 

Leptotyphlopidae 
	 01 
	

0.02 

Total 
	

6048 
	

100.00 

TABLE 3. Percentage of snakebites by genera at Hospital Vital Brazil 
from 1959 to 1999.  

Family Genus N % 

Anomalepididae Liotyphlops 28 1.42 
Boidae Boa 11 0.56 

Epicrates 1 0.05 
Eunectes 1 0.05 

Colubridae Helicops 427 21.73 
Philodryas 397 20.20 
Liophis 258 13.13 
Oxyrhopus 167 8.50 
Thamnodynastes 142 7.23 
Waglerophis 122 6.21 
Chironius 81 4.12 
Xenodon 75 3.82 
Sibynomorphus 74 3.77 
Tomodon 51 2.60 
Atractus 29 1.48 
Mastigodryas 27 1.37 
Apostolepis 14 0.71 
Tropidodryas 13 0.66 
Erythrolamprus 10 0.51 
Tantilla 10 0.51 
Simophis 5 0.25 
Pseudoboa 4 0.20 
Spilotes 4 0.20 
Clelia 3 0.15 
Taeniophalus 3 0.15 
Sordellina 2 0.10 
Gomesophis 2 0.10 
Echinanthera 1 0.05 
Hidrodynastes 1 0.05 
Imantodes 1 0.05 

Leptotyphlopidae Leptotyphlops 1 0.05 

Total 1965 100.00 

erythema. Other less significant symptoms included: stinging sen-
sation, local numbness, general discomfort, hyperemia, local pale-
ness, local itching, and sweating. Ecchymoses and gum hemor-
rhage occurred only in patients bitten by Philodryas (Table 7). 

Recently (September 2000) a herpetologist from Instituto 
Butantan was bitten by Liophis poecilogyrus on his left fourth 
digit and thereafter exhibited local effects such as intense pain 
(particularly throbbing), swelling, local hemorrhage, lack of sen-
sitivity, and local decrease of temperature. These symptoms lasted 
for three hours (C. A. Falcetti, pers. comm.). 

Some of these manifestations are very similar to those exhib-
ited by patients bitten by pitvipers, and this may confuse inexperi-
enced doctors. An example of this is the case of a man, 53 years 

TABLE 4. Percentage of snakebites by genus among patient age groups 
at Hospital Vital Brazil from 1959 to 1999. 

Age of patients 
Genus 0-14 15-40 Over 40 

Helicops 42.4 47.0 10.6 
Philodryas 27.3 54.5 18.2 
Liophis 31.5 58.0 10.5 
Oxyrhopus 50.0 25.0 25.0 
Thamnodynastes 36.4 45.5 18.1 
Waglerophis 50.0 50.0 0 
Chironius 28.6 50.0 21.4 
Sibynomorphus 40.0 20.0 40.0 
Tomodon 40.0 40.0 20.0 
Xenodon 16.7 83.3 0 
Atractus 16.7 50.0 33.3 
Liotyphlops 66.7 0 33.3 
Mastigodryas 60.0 20.0 20.0 
Apostolepis 40.0 40.0 20.0 
Tropidodryas 60.0 20.0 20.0 
Erythrolamprus 33.4 33.3 33.3 

TABLE 5. Percentage of snakebites to different parts of the body by 
genus at Hospital Vital Brazil from 1959 to 1999. 

Genus Trunk Hand and arm Foot and leg 

Helicops 0 30.8 69.2 
Philodryas 0 60.0 40.0 
Liophis 0 42.4 57.6 
Oxyrhopus 0 50.0 50.0 
Thamnodynastes 0 53.3 46.7 
Waglerophis 0 40.0 60.0 
Chironius 0 42.9 57.1 
Sibynomorphus 0 60.0 40.0 
Tomodon 20.0 40.0 40.0 
Xenodon 0 60.0 40.0 
Atractus 0 60.0 40.0 
Liotyphlops 0 14.3 85.7 
Mastigodryas 0 60.0 40.0 
Apostolepis 16.6 16.7 66.7 
Tropidodryas 16.7 0 83.3 
Erythrolamprus 33.3 33.3 33.4 
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TABLE 6. Percentage of pathologies presented by patients bitten by 
mildly venomous snakes admitted to Hospital Vital Brazil from 1959 to 
1999. 

Pathology 

Abrasions 30.67 
Local pain 28.09 
Local hemorrhage 13.40 
Swelling 10.05 
Erythema 8.25 
Discomfort 4.90 
Stinging sensation 1.28 
Ecchymosis 0.77 
Numbness 0.77 
Gum hemorrhage 0.52 
Hyperemia 0.52 
Local paleness 0.26 
Local itching 0.26 
Sweating 0.26 

old (HVB number 73386) bitten by Helicops, who was admitted 
to the hospital and received four vials of bothropic antivenom, 
because of coagulopathy. Bothropic antivenom was also given to 
a patient (HVB number 48575), bitten by Liophis miliaris, who 
presented serious symptoms of hemorrhage. On another occasion 
a 17-year-old boy was admitted with all the symptoms of Bothrops 
envenomation. However, he claimed he had been bitten by a green 
snake with brown head, which unfortunately he had not managed 
to catch. When a Philodryas olfersii was shown to him, he identi-
fied it immediately, which avoided the administration of bothropic 
antivenom (G. Puorto, pers. comm.). 

Colubrids produce the greatest number of bites in relation to 
their abundance in neotropical regions, compared to other fami-
lies (Cadle and Greene 1993; Ferrarezzi 1994; McDowell 1987; 

Vanzolini 1986). In India 80% of reported snake bite cases are 
caused by "mildly venomous" snakes, particularly a common water 
snake (Cerberus rhynchops) (Saha and Hati 1998). Aquatic snakes 
of the genus Helicops caused most snakebites registered in the 
state of Rio Grande do Sul, in southern Brazil (Costa 1997). A 
possible explanation for this is the defensive behavior exhibited 
by species of Helicops (Cei 1993) when compared to species of 
other genera. Bites to the feet and legs are more frequent because 
farm workers often do not wear shoes. A similar situation has been 
found regarding colubrid bites reported by Minton (1996), Costa 
(1997), and Saha and Hati (1998). Snakebites involving Helicops 
and Liophis occurred predominantly near or in the water, where 
snakes are difficult to see because of cryptic coloration. Snakes of 
other genera such as Waglerophis, Chironius, Apostolepis, 
Tropidodryas, and Tomodon can also have a cryptic color pattern. 
thus increasing the probability of bites. This is because people 
typically touch or step on them without realizing their presence. 
Alternately, brightly patterned species might inflict more bites be-
cause of their attractiveness and increased liklihood of being 
handled. This seems to be the case with species of Philodryas, 
Apostolepis, and Erythrolamprus, as many patients admitted they 
were bitten when attempting to capture snakes. 

Blind snakes (Liotyphlops) have not been reported to bite hu-
mans. Data presented here show that children were most frequently 
involved in these encounters (66.7%), probably because they play 
on the ground, digging up soil and often have bare feet (part of the 
body most affected-85.7%). Many parents indicated that the child 
was playing with the snake. This shows a close correlation be-
tween the fossorial habits of this snake, and the situation in which 
the encounter occurred. However, despite the number of cases (N 
= 28), the medical reports of these patients described only abra-
sions and local pain. 

Local hemorrhage is one of the most common pathologies pro-
duced by snake venom. Proteolytic activity at various levels, high 
phospholipase A (2) activity, phosphodiesterase and acetylcho- 

TABLE 7. Distribution of main clinical manifestations (%), shown by patients admitted to Hospital Vital Brazil, Instituto Butantan, among the 
different genera of mildly venomous snakes. (SS - stinging sensation; LP - local pain; N - numbness; SL - swelling; EC - ecchymosis; ER -
erythema; A - abrasions; GD - general discomfort; GH - gum hemorrhage; HY - hyperemia; HE - local hemorrhage; PL - local paleness; LI - local 
itching; SW - sweating). 

Genus SS LP N SL EC ER A GD GH HY HE PL LI SW 

Helicops 30.5 10.6 1.2 41.2 5.9 10.6 
Philodryas 2.7 19.3 2.0 14.7 2.0 13.3 20.7 7.3 1.3 16.0 0.7 
Liophis 32.6 4.4 6.5 39.1 6.5 8.7 2.2 
Oxyrhopus 16.7 16.7 16.7 16.6 33.3 
Thamnodynastes 21.4 7.1 7.1 42.9 14.3 7.2 
Waglerophis 55.6 22.2 22.2 
Chironius 37.5 6.2 43.8 12.5 
Sibynomorphus 50.0 25.0 25.0 
Tomodon 40.0 60.0 16.7 
Xenodon 41.7 8.3 8.3 25.0 
Atractus 50.0 50.0 
Liotyphlops 57.1 14.3 28.6 22.2 
Mastigodryas 11.1 22.2 44.5 
Apostolepis 28.6 14.3 28.5 14.3 14.3 33.3 
Tropidodryas 55.6 11.1 
Erythrolamprus 33.3 16.7 33.3 16.7 
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linesterase activities, have been found in the "venom" (Duvernoy's 
secretion) of twelve species of colubrid snakes (Hill and Mackessy 
2000). Bioassays using mice (18-22 g) have shown that the spe-
cies Apostolepis dimidiata, Phalotris lemniscatus, Elapomorphus 
quinquilineatus, Erythrolamprus aesculapii, Thamnodynastes 
strigilis, and Liophis miliaris have highly hemorrhagic "venoms" 
(M. G. Salomao, pers. obs.). Such reactions in mice were similar 
or more intense than those resulting from Philodryas olfersii, whose 
Duvernoy's secretion causes quantitatively more hemorrhaging 
than the venom of many species of Bothrops (Assakura et al. 1992; 
Salomdo 1991). Local hemorrhage is normally a consequence of 
skin perforation combined with venom effects. Philodryas is an 
exception because bites cause significant systemic coagulopathy 
such as gum hemorrhage. 

Experiments using the saliva of Helicops (0.0725 mg dried 
venom/g mice) killed mice in 10 minutes, with the mice exhibit-
ing spasms and distension of posterior legs. When tested on fish 
(4-6 g), their usual prey, it caused a decrease of opercular beat-
ings and general immobilization for about 30 minutes, followed 
by death (Albolea 1999; Albolea et al. 2000). Paralysis was also 
observed when extract of the Duvernoy's glands of Sibynomorphus 
neuwiedi (Laporta-Ferreira 1985) and of S. mikani (Salomao and 
Laporta-Ferreira 1994) were used on snails and slugs, respectively. 

Other symptoms, such as general discomfort (e.g., headache, 
nausea, dizziness) and sweating may be a consequence of psycho-
logical effects of encountering a snake. These results show a rela-
tionship between the effects of venom on prey and certain symp-
toms present in victims of bites from "mildly venomous" species. 
Moreover, additional laboratory studies should be undertaken to 
determine if other snake species, presently considered nonven-
omous, might have "venoms" of medical significance to humans 
(Nishioka and Silveira 1994). 

Our results have documented the potential danger of certain Bra-
zilian colubrid snakes to humans. Several taxa, in particular 
Philodryas olfersii and at least some species of Phalotris and 
Apostolepis, and possibly Hydrodynastes gigas, can cause poten-
tially life-threatening illness. The adjective "harmless" should be 
abandoned when referring to colubrids. We suggest the designa-
tion of "mildly venomous" (Minton 1990) to refer to those snakes 
which are known to produce toxic symptoms and recommend the 
use of "non-venomous" exclusively for those species which lack 
Duvernoy's glands. Moreover, we feel people should be advised 
not to handle snakes unnecessarily, mainly because the effects of 
the "venom" of many species are completely unknown and even 
those species, such as boids, which do not inject toxic saliva may 
cause serious injuries (see Duarte et al. 2000 for details on attacks 
by boids). Campaigns such as those carried out in Instituto Butantan 
to teach people about the importance of snakes in the environ-
ment, despite their potential danger to humans, should be encour-
aged and implemented in other states. Training for doctors and 
nurses for immediate snake identification should be reinstituted; 
such training would minimize unnecessary administration of 
antivenom, and consequently, antivenom side effects (see Nishioka 
and Silveira 1994 for more examples). Studies on natural history 
should focus on epidemiological aspects of colubrid species to 
better understand their behavior, consequences of interaction with 
people, and thereby reducing risks of snakebite to the public. Fi-
nally, the idea of preparing a specific antivenom for some colu- 

brid snakes, as suggested by Lema (1978a, b) and Salomao (1991) 
should be considered on the basis of its cost/benefit ratio, despite 
the logistic difficulties of venom extraction from colubrid snakes 
(Salomao et al. 1990). 
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The Mexican lance-headed rattlesnake (Crotalus polystictus) is 
distributed across the Mexican Plateau and has been documented 
from the states of Veracruz, Puebla, Mexico, Distrito Federal, 
Michoacan, Queretaro, Guanajuato, Jalisco, and Zacatecas 
(Campell and Lamar 1989). Few data exist on the natural history 
of this species. Armstrong and Murphy (1979) provided habitat 
descriptions, behavioral observations, and morphometric data on 
several gravid females and their offspring. Other records of repro-
duction in C. polystictus were reported in Klauber (1972) and 
Hubbard (1980). Klauber (1972) stated that one specimen of C. 
polystictus contained mammal hair, and in another a small passe-
rine bird and a small mammal. Specimens have been found in 
mesquite-grassland (Duellman 1965), plains-grassland, on plateaus 
in breaks in pine-oak forest (Armstrong and Murphy 1979), and 
in pine-oak forests (Campbell and Lamar 1989). McCranie and 
Wilson (2001) reported finding a female and six young near a 
stream in a cornfield in Aguascalientes. The historical range of C. 
polystictus may be declining because of the conversion of this 
species' native habitat to farmland and habitat destruction 
(Armstrong and Murphy 1979; Greene and Campbell 1992). The 
draining of Lago de Chapala also might have caused a decline in 
the number of C. polystictus (Duellman 1961). Greene and 
Campbell (1992) listed this species as "vulnerable to extinction" 
because of habitat conversion and its restricted distribution. 

The region of central Mexico situated on the Mexican Plateau 
west of the Sierra Ajusco between Toluca and Atlacomulco is char-
acterized by vast monocultures of corn fields. In mid-August 2001 
we spent four days in the environs several kilometers north of 
Ixtlahuacan, Mexico. This area lies at an average elevation of 2500 
m and is relatively flat. Approximately 25 individuals of C. 
polystictus were observed. Most were found along a small stretch 
of earthen canal (ca. 50 m long) bordering a dirt road between two 
fallow corn fields. The canal averaged 1.5 m deep and 2 m wide, 
and was covered by thick vegetation. There was no running water 
in the bottom of the canal, though standing pools of water up to 
ca. 30 cm deep in places were present. Rodent burrows were found 
on the steep canal sides. Several other specimens of C. polystictus  

(including a female with neonates) were found ca. 1 km from the 
canal on top of a grassy earthen berm next to a cornfield. 

All specimens were observed from 1115 h to 1815 h CST. On 
10 August 2001 we were in the field from 9000 h until 1500 h. 
After 10 August all our search times were limited to the late after-
noon and early evening (1500-1900 h). Cooler temperatures (< 
15°C), cloudiness, and rain in the early evening limited C. 
polystictus activities. An adult male was found active at 1815 h 
before it started raining, and nocturnal activity, such as that found 
by Armstrong and Murphy (1979), is probable when environmen-
tal conditions are favorable. Specimens were located in a coiled 
position basking in direct sun in the morning and early afternoon. 
Often these basking individuals were found coiled on top of bunch-
grass (zacaton). Most specimens observed in the late afternoon 
and early evening were found actively crawling or in a semi-coiled 
position out of the direct sunlight, when it was present. Upon col-
lection, specimens were restrained in clear plastic tubes for ease 
of handling and to verify sex and reproductive condition. 

Adult C. polystictus were alert and difficult to approach. Speci-
mens observed from a distance often laid motionless before being 
approached to within a few meters, at which time they would rap-
idly retreat into burrows. Several specimens that were first ob-
served perched on zacaton retreated into the water of the canal 
and could be heard or were seen swimming away. Klauber (1972) 
reported that Paul D. R. Ruthling found C. polystictus in the tules 
of Lake Chapala that sought refuge in the water. These behaviors 
contrast with those found in C. polystictus by Armstrong and 
Murphy (1979), who found these rattlesnakes to "generally not 
retreat when approached" during the summer. 

Reproduction and mating behaviors in C. polystictus were ob-
served. A female was found basking with six neonates on top of 
her at 1115 h on 10 August 2001. The air temperature was 17.4°C. 
Upon discovery the neonates and female took refuge under a nearby 
concrete fence post. Though no length measurements were taken, 
the female weighed 122 g and the combined weight of the neo-
nates was 52 g. The neonates shed a few days later. At 1232 h later 
that day an adult female (167 g) was found with four neonates 
coiled next to her, one of which was shedding, on the steep side of 
the earthen canal in thick vegetation in partial shade. However, 
gentle palpation of the female revealed she was gravid. She gave 
birth to two live and two stillborn neonates and four infertile ova 
on 21 August 2001. No data were recorded on the litter. 

Reproductive associations were observed in C. polystictus on 
several occasions. On 10 August 2001 at 1245 h an adult male 
(306 g) was found stretched out on top of an adult female (108 g) 
on the side of the earthen canal underneath a small bush. The male 
was collected but the female escaped into a rodent burrow. She 
was observed again at 1406 h below the rodent burrow coiled on 
top of another adult male. She was collected but the male escaped 
into the burrow. This female had shed after the first observation of 
her prior to being collected. The fresh shed skin was found near 
the entrance to the burrow and a small piece was stuck to her. The 
second male (identified by his unique dark coloration and large 
size) remained outside the entrance to the rodent burrow and was 
observed here for several days. On 14 August 2001 at 1750 h this 
male was found outside the entrance to the burrow alongside an-
other adult male. The shedding of the female and release of phero-
mones may have stimulated the male courtship behavior, as dis- 
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cussed in Schuett (1992) and Aldridge and Duvall (2002). 
This population of C. polystictus lies within an artificial, highly-

modified habitat. Such an area may provide an increase in prey 
availability because of high rodent densities typically associated 
with agricultural areas. Several of the scats from wild collected 
individuals examined in the lab contained rodent hair (species not 
identified). Specimens were most commonly encountered near 
heavily vegetated earthen canals and berms. The monoculture cre-
ated by hectares of uninterrupted cornfields contain unsuitable 
habitat, and thus concentrate populations of C. polystictus along 
breaks in their periphery. The use of agricultural chemicals and 
pesticides and conversion of earthen canals to concrete canals may 
negatively affect this population. Searches near concrete canals 
failed to produce any specimens of C. polystictus, presumably 
because of their lack of rodent burrows and vegetated sides. Al-
though this population of C. polystictus appears to be healthy, it 
should be considered fragile because of its location in an area sub-
ject to further modification for agriculture. 
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The need for conservation and management of rare species is 
becoming increasingly important as wildlife species and their habi-
tat continue to decline. Translocation of wild captured adults to 
augment and reintroduce populations has been successfully used 
for some endangered avian species (see Carrie et al. 1999; Rudolph 
et al. 1992). In general, success rates for mammals and birds are 
higher than those for amphibians and reptiles (Dodd and Seigel 
1991; Griffith et al. 1989). 

The Timber Rattlesnake (Crotalus horridus) is listed as a State 
of Texas threatened species and translocation of captive raised 
snakes might benefit small populations. Controversy exists on the 
benefits versus problems associated with translocation of amphib-
ians and reptiles (Burke 1991; Dodd and Seigel 1991; Reinert 
1991). A recent evaluation of the impacts of translocation on be-
havior and survival of mature C. horridus suggests that transloca-
tion of adult snakes not be recommended as a standard manage-
ment technique because of immediate aberrant movement behav-
ior patterns and long-term elevated rates of overwinter mortality, 
predation, and disease (Reinert and Rupert 1999). 

Because of the problems associated with translocation of adult 
C. horridus, the ability to successfully raise neonate rattlesnakes 
and successfully introduce them into forest habitat may be an es-
sential conservation technique if viable populations of this rare 
species are to be maintained in the wild. If captive-raised neo-
nates can be grown to sufficient size, predation-related and over-
winter mortality events suffered by neonates and first-year juve-
niles might be minimized, increasing the net survival rates of co-
horts released to the wild. 

We captive raised one neonate C. horridus in 1993-1994 and 
eight in 1994-1995, recording detailed growth data on the eight 
snakes over an 11-month period. The nine snakes were released 
with surgically implanted transmitters in eastern Texas and we 
monitored their movements for six years. We determined their 
survival rates in the wild to evaluate the possible merit of using 
captive-raised neonates to augment small, isolated populations. 

Materials and Methods.—Locations of released Crotalus 
horridus with transmitters were monitored in the Stephen F. Aus-
tin Experimental Forest, southern Nacogdoches County (31°29'N, 
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