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• 

The Society for the Study of Amphibians and Reptiles, the largest international herpetological society, is 
a not-for-profit organization established to advance research, conservation, and education concerning 
amphibians and reptiles. Founded in 1958, SSAR is widely recognized today as having the most diverse 
society-sponsored program of services and publications for herpetologists. Membership is open to any- 
one with an interest in herpetology—professionals and serious amateurs alike—who wish to join with us 
to advance the goals of the Society. 

▪ All members of the SSAR are entitled to vote by mail ballot for Society officers, which allows overseas 
members to participate in determining the Society's activities; also, many international members attend 

the annual meetings and serve on editorial boards and committees. 

ANNUAL DUES AND SUBSCRIPTIONS: Annual membership dues for the year 2007 in the Society for the Study of Amphibians and 
Reptiles are as follows: REGULAR membership US$60 (Student $30)—includes Journal of Herpetology and Herpetologi-
al Review; PLENARY membership US$80 (Student $45)—includes JH, HR, and annual subscription to the Catalogue of 

.1merican Amphibians and Reptiles; INSTITUTIONAL SUBSCRIPTION $115—includes JH and HR. Additional fee for 
airmail postage outside USA $35 for one year. Additional membership categories available on the SSAR webpage: http:// 
www.ssarherps.orgJpages/membership.html.  

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

Payment must be made in USA funds, payable to "SSAR," or by International Money Order, or with VISA or MasterCard 
( account number and expiration date must be provided). Payment should be sent to: Breck Bartholomew, SSAR Membership 
Office, P.O. Box 58517, Salt Lake City, Utah 84158, USA. Fax: (801) 453-0489; e-mail: ssar@herplit.com.  

Future Annual Meetings 

2007 — Saint Louis, Missouri, 11-16 July (with AM, HL) 
2008 — Montreal, Canada (with ASIH, HL) 
2009 — Portland, Oregon (with ASIH, HL) 



About Our Cover: Dicamptodon ensatus 

The Pacific Giant Salamanders 
(genus Dicamptodon), are a phylo-
genetically isolated group, assigned 
to their own family (Dicampto-
dontidae). For many years, 
Dicamptodon was thought to consist 
of but a single species (D. ensatus) 
occupying the humid coastal forests 
from central California to the Pacific 
Northwest. The first indication of 
greater diversity was the discovery 
and description in 1970 of 
Dicamptodon copei, a small, neo-
tenic species restricted to western 
Washington and extreme northwest-
ern Oregon (Nussbaum 1970. Copeia 
1970:506-514). Later, allozyme 
studies by Daugherty et al. (1983. 
Copeia 1983:679-691) and Good (1989. Evolution 43:728-744) revealed that 
the formerly wide-ranging D. ensatus was comprised of three species-level 
groups: D. aterrimus, ensatus, and tenebrosus. 

Our cover subject is an example of an adult D. ensatus (California Giant 
Salamander), the southernmost member of the group. This species occupies a 
small area of coastal California from the Santa Cruz Mountains north to south-
ern Mendocino Co., closely associated with humid forests. Its range narrowly 
(by about 2.5 km) overlaps that of its northern relative D. tenebrosus, and 
hybrids between these two species are known (Good, op. cit.). This is one of 
the largest terrestrial salamanders, up to 304 mm TL. Adults are occasionally 
seen surface active on rainy nights, but more often can be observed at burrow 
entrances adjacent to small streams at night. Eggs, numbering 70-100 per 
female, are laid underground in running water, and attended by the female 
until hatching. The larval period ranges from 2-3 yrs. Paedomorphic indi-
viduals are known from the southern part of the range, and are associated with 
underground cave systems. Of the four species of Dicamptodon, D. ensatus is 
the only one known to emit bark-like vocalizations when roughly handled. 
Two thorough reviews of the natural history of this species have been pub-
lished recently, and this account draws largely from those works: Fellers and 
Kuchta (2005. In Jones et al. [eds.], Amphibians of the Pacific Northwest, pp. 
50-53. Seattle Audubon Society) and Bury (2005. In Lannoo [ed.], Amphib-
ian Declines: The Conservation Status of United States Species, pp. 653-654. 
Univ. California Press, Berkeley). 

Brian Freiermuth photographed the cover salamander in late February in 
California's Santa Cruz Mountains, the southern terminus of this species' range. 
The photo was taken using a Nikon D70 digital SLR camera with a 24mm 
fixed lens mounted on a 
Benbo Trekker tripod with 
wireless remote trigger. 
The image was recorded 
using natural light with fill 
flash (SB800) stopped 
down 2 exposures. A long 
exposure (4 seconds) cap-
tured movement of the 
stream. Brian is an avid 
naturalist and photogra-
pher. The majority of his 
coverage is herpetofauna, 
both wild and captive. 
Currently he works as an 
environmental consultant 
in the San Francisco Bay 
Area, performing a wide 
range of field studies. With 
an undergraduate degree 
in Earth Systems Science 
and Policy, he plans to re-
turn to school to seek a 
PhD in biology (with a fo-
cus on herpetology). 

SSAR BUSINESS 

Open Letter to Membership 

SSAR will celebrate its 50th Anniversary in 2007. Special ac-
tivities will take place during the Joint Meeting of Ichthyologists 
and Herpetologists (JMIH) in St. Louis, 11-16 July. The major 
events associated with SSAR's Anniversary are scheduled for 13 
July. These events feature a symposium organized by Jonathan 
Losos entitled "Herpetology in the Age of Genomics." Jim Murphy 
and Kraig Adler will be the Masters of Ceremonies for a special 
SSAR Banquet that evening. The SSAR/HL auction will follow 
the banquet. And, of course, everyone is invited to attend the Busi-
ness meeting on July 15. A link to registration on our website 
(http:www.ssarherps.org) will be available in January. Registra-
tion can be for the entire meeting or only for the day of the SSAR 
celebration. 

—Robin Andrews, SSAR President 

Annual Report (2006) 
Grants-in-Herpetology Committee 

An award in the amount of US $500 was made to each of the 
following individuals: 

Conservation.—Ricardo J. Torres-Cervantes, Oklahoma State 
University. Project title: "Conservation and disease in the endan-
gered aquatic Patagonian frog (Atelognathus patagonicus) and 
other Patagonian frogs." 

Field Research.—Dean A. Croshaw, University of New Or-
leans/Savannah River Ecology Laboratory. Project title: "Poly-
andry in Ambystoma talpoideum and its consequences for indi-
viduals and populations." 

Laboratory Research.—Matthew Chatfield, University of 
Michigan. Project title: "Hybrid zone dynamics between two spe-
cies of salamanders in the genus Plethodon." 

Travel.—Ali M. Rabatsky, University of Louisiana at Lafayette. 
Project title: "Evolutionary vestigialization of complex features 
using an island rattlesnake model." 

International.—Juan Carlos Jordan Arizmendi, Universidad 
Nacional Mayor de San Marcos, Peru. Project title: "Resource 
partitioning among three sympatric Ameiva lizards (Sauna: Teiidae) 
in the Zona Reservada de Tumbes (Tumbes, Peril)." 

2006 Grants-in-Herpetology Committee.—Chair: Erik R. Wild. 
Reviewers: Jeffrey Parmelee, Carol Spencer, Tod Reeder, James 
Austin, Chris Parkinson. SSAR congratulates the 2006 GIH re-
cipients and thanks the committee members for their efforts. 

Grants-in-Herpetology 2007 Proposals 

Proposals are now being accepted for the 2007 SSAR Grants-
in-Herpetology Program. This program is intended to provide fi-
nancial support for deserving individuals or organizations involved 
in herpetological research, education, or conservation. Applica- 
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tion deadline is 28 February 2007. Grant application details are 
available at: 

<http://www.ssarherps.org/pages/GIH.html > 

Manuscript Review Service: An Update and 
Reminder 

SSAR has a service for herpetological researchers, who wish to 
publish in English, but do not have English as their first language. 
As a society we offer some assistance to such authors in editing 
their manuscripts before they submit them for publication. This 
service has proven popular and we'd like to remind both authors 
and potential pre-submission reviewers about the program. Infor-
mation about this service is posted at http://www.ssarherps.org/ 
pages/presub.php 

As a potential author, look over carefully what is mentioned at 
that website, and feel free to contact researchers listed at that site, 
if you feel they can help you with your manuscript. If you are 
already listed on the site as a potential reviewer, please confirm 
that the information there is current. 

It would be nice to expand the list of potential reviewers. There-
fore, if you are comfortable with your English skills and would 
like to be added to the list of potential reviewers, please consider 
doing so. The contact information and what is required to be a 
potential reviewer is provided at that website. 

2006 Annual Meeting, New Orleans, Louisiana 

The 49th annual meeting of SSAR took place from 12-17 July, 
2006 at the Sheraton Hotel in New Orleans, Louisiana. SSAR 
members met with members of the American Elasmobranch Soci-
ety (AES), the American Society of Ichthyologists and Herpetolo-
gists (ASIH), and The Herpetologists' League (HL). The meeting 
was co-hosted by the University of New Orleans (UNO), South-
eastern Louisiana University (SELU), and Tulane University with 
local hosts Hank Bart, Bob Cashner, and Brian Crother. 

A total of 1206 herpetologists and ichthyologists from 30 coun-
tries (including Argentina, Australia, Brazil, Costa Rica, Ecuador, 
Italy, Jamaica, Japan, Mexico, and New Zealand) attended the 
meeting. Approximately 530 of those present were students and 
around 590 papers and 280 posters were presented. Seven sym-
posia, including one sponsored by SSAR (Amphibian and Reptile 
Use of Golf Courses, organized by Peter Paton and David Scott), 
were included in the meeting schedule. 

SSAR extends thanks to the local co-hosts and other members 
of the Local Committee (especially the graduate students) for all 
of their hard work. We are once again very grateful to Sharon 
Brookshire and the staff of the Kansas State University Division 
of Continuing Education for a very smoothly-run meeting. 

Social Programs and Resolutions 

On the evening of 12 July, President Robin Andrews introduced 
Dr. Aaron Bauer (Villanova University) who gave this year's well-
received SSAR President's Travelogue "Herps and Herping in India 
and Sri Lanka." Aaron continued the tradition of enjoyable and  

informative Travelogues. With around 1500 species of reptiles and 
amphibians in India and Sri Lanka, there are plenty of opportuni-
ties for study—even if some of them involve wearing a sarong 
and getting to a field site on the back of a camel! Many species of 
herps are poorly known in this part of the world. For example, in 
the Eastern Ghats of India, the leaf-toed gecko was first described 
in 1870 and then not observed again until 1985. As could be ex-
pected, geckos featured prominently in Aaron's presentation. We 
saw beautiful pictures of colonial golden geckos. Only the domi-
nant males are golden and they appear to use cracks in boulders as 
resonating chambers for their vocalizations. In addition to lots of 
herp pictures, we also saw slides of people and places including 
impressive archeological sites and regions in eastern Sri Lanka 
that were devastated by the 2004 tsunami. 

The next morning, the meeting officially began with a call to 
order by the local co-hosts. Bob Cashner on behalf of UNO wel-
comed us to the city and to the JMIH. An invitation to hold the 
2006 meeting in New Orleans was offered in 2001. This was in-
tended as the 10-year anniversary of the 1996 New Orleans meet-
ing. Following Hurricanes Katrina and Rita, the local organizers 
and Meeting Planning Committee seriously considered other ven-
ues (including holding the meeting in Tampa again). Bob (whose 
home was flooded and was completely gutted recently in antici-
pation of renovation) recounted that, towards the end of 2005, 
they were "inundated" with letters of support from society mem-
bers who wanted to hold the 2006 JMIH in New Orleans if at all 
possible. Brian Crother and Mary White (both from SELU) were 
key players in moving things forward and by December of last 
year it appeared that the New Orleans meeting would go ahead. 
The key to success, according to Bob, was that the three sponsor-
ing universities worked together closely. Bob said that the city 
desperately needs conferences like this, both to support the local 
economy and to serve as "ambassadors" to help tell the story of 
what happened in New Orleans and of the current situation. Hank 
Bart (Tulane University) and Brian Crother echoed Bob's wel-
come and thanked members of the societies for their many well-
wishes. Brian mentioned that Mary White, for all her efforts, should 
be considered a fourth co-host. Drs. Scott Cowen (President, Tulane 
University) and John Crain (Provost, SELU) then greeted the 

President Andrews thanking Aaron Bauer for his presentation of the 
2006 President's Travelogue "Herps and Herping in India and Sri Lanka." 
Photograph by Marion Preest. 
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From left to right Jim McGuire, Lisa Hazard, Brad Hollingsworth, 
Richard Etheridge, Ben Lowe, and Angelo Soto-Centeno waiting in the 
heat and humidity for the Group Photograph outside the Aquarium of the 
Americas. Photograph by Marion Preest. 

meeting attendees and made introductory comments. 
The warm welcome we received throughout the week from the 

co-hosts and meeting organizers, the hotel staff, and locals in res-
taurants, shops, and along the streets was unrivalled in my experi-
ence. If you missed this meeting, you really did miss something 
special! Many people at the meeting expressed a feeling of satis-
faction and pride at being members of Societies that contributed 
(even if in a small way) to helping New Orleans get back on its 
feet. Mary White arranged an opportunity for those who could 
arrive a day early to assist with Habitat for Humanity's vast ef-
forts in New Orleans. There is no shortage of work to be done! 
Bob Cashner, Hank Bart, and President Cowen all encouraged those 
at the meeting to take advantage of the "Hurricane Tours" being 
offered twice daily by Liz Sigler, Meg O'Connell, and Jim Grady 
(all from UNO). The tours quickly filled up following this encour-
agement and many were over-booked. The tour consisted of a 3-
hour drive through a small part of the hardest hit areas of the city. 
Despite all the news coverage last August and September, I think 
all of us were struck by the magnitude of the damage and the vast-
ness of the area affected (even though we only saw a minor frac-
tion of it). Many people's memories of the 2006 JMIH will not be 
of papers attended or posters viewed, but of the devastation still 
so apparent almost a year after the 2005 hurricane season. 

Following the call to order and welcomes on the first morning, 
the Plenary Sessions began. Daryl Frost (President, ASIH) intro-
duced Dr. Lynne Parenti (Past-President, ASIH) who gave a pre-
sentation entitled "A Sense of Scale." This was followed by Dr. 
H. Carl Gerhardt, the Herpetologists' League Distinguished Her-
petologist for 2006 who spoke on "Evolution and Mechanisms of 
Accoustic Communication in Frogs and Toads" and Dr. Robert A. 
Thomas from Loyola University who presented "How do Severe 
Storms affect the Herpetofauna? Louisiana is Alive and Croak-
ing." A busy schedule of paper sessions and symposia began on 
the afternoon following the Plenary Session. 

That evening the group photograph was taken outside on the 
steps of the Aquarium of the Americas. Following this, a recep- 

tion was held in the Aquarium, which had only recently reopened 
following Hurricane Katrina. 

In contrast with the previous two years, this year's Annual Pic-
nic was not disrupted by weather and was held at the Audubon 
Zoo as planned. Attendees congregated on the patio area of the 
Swamp Exhibit and enjoyed good food, live music, and the heat 
and humidity of New Orleans outdoors in July. 

Over $4,400 was raised at the Annual SSAR/HL Live Auction 
held on Sunday evening. SSAR uses these funds to support Stu-
dent Travel Awards. Daryl Frost served as the auctioneer. The si-
lent auction held throughout the meeting raised $462 (also used to 
support student travel). 

The Annual Banquet was held in the Sheraton Hotel on 17 July 
with Larry Allen serving as the Master of Ceremonies. Past-Presi-
dents of ASIH, SSAR, HL, and AES in attendance at the banquet 
were acknowledged. HL and ASIH presented a number of awards 
including the Storer and Stoye Student Awards and the H.S. Fitch 
Award to Whit Gibbons. Henry Mushinsky (Past President of 
SSAR) was informed of his election as President-Elect of ASIH. 
He will join the small but select group of herpetologists who have 
been President of SSAR, ASIH, and HL. 

The following SSAR resolutions, prepared by Richard 
Wassersug (SSAR Resolutions Chair), were read: 

Whereas, the following individuals have given freely of their 
time, energy, and expertise to SSAR, and 

Whereas, because of their hard work and dedication, SSAR pro-
grams, projects, and goals have been advanced, and, 

Whereas, SSAR is dependent on the generosity and tremendous 
efforts of its members and is grateful for their willingness to serve, 

Therefore be it resolved that the Society for the Study of Am-
phibians and Reptiles offers its gratitude and sincere thanks for 
jobs well done to the following individuals: 

Theodora Pinou, Treasurer (2001-2006); Brian Sullivan, Editor, 
Journal of Herpetology (2001-2005, now serving as Associate 

SSAR officers (past, present, and future) Kirsten Nicholson, Robin 
Andrews, Roy McDiarmid, and Bob Aldridge enjoying the Temperature 
Lunch Special at the Palace Cafe. The cost of lunch ($9.17) was the high 
temperature achieved the previous day (91.7°F). Photograph by Marion 
Preest. 
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2007 Henri Seibert Student Award judges and winners. From left to 
right: Lora Smith (co-chair), Tracy Rittenhouse (winner, Conservation 
category), Elizabeth Harper (Honorable Mention, Ecology category), Julie 
Ray (winner, Evolution and Systematics category), Margaret Gunzburger 
(co-chair). (Photograph by Janalee Caldwell). 

Editor to help with the editorship transition); Bill Parker, Manag-
ing Editor, Journal of Herpetology (1991-2005): Don Forester, 
Associate Editor, Journal of Herpetology (2002-2005); Andrew 
Price, Associate Editor, Journal of Herpetology (2005); Martin 
Whiting, Associate Editor, Journal of Herpetology (2002-2005); 
Erik Wild, Associate Editor, Journal of Herpetology (1997-2005); 
Steve Johnson, Associate Editor, Herpetological Review (2004-
2005); Paul Stone, Associate Editor, Herpetological Review (2000-
2005); Hidetoshi Ota, Geographic Distribution Section Editor, 
Herpetological Review (1996-2005); Hugo Alamillo, Copy Edi-
tor, Herpetological Review (2002-2006); Robert Gatten, Jr. Chair, 
Kennedy Award Committee (1988-2005, chair since 1999); Linda 
Ford, Chair, Resolutions Committee (2004); Marion Preest, Chair, 
Henri Seibert Awards Committee (2001-2005); Jack Sites, Mem-
ber, Standard English and Scientific Names Committee; Chris 
Tracy, Nominations Committee (2004-2005). 

The Banquet closed with thanks from Larry Allen to the Local 
Committee and conference organizers and an enthusiastic invita-
tion to attend the 2007 Joint Meeting in St. Louis, Missouri (11-
16 July). 

Board Meeting and Business Meeting Summaries 

Society President Robin Andrews called the Annual SSAR Board 
Meeting to order at 0805 h on 12 July 2006 in the Sheraton Hotel, 
New Orleans, Louisiana. In attendance were 7 members of the 
Board of Directors and 15 Editors, Committee Chairs, or mem-
bers of the Society. Minutes of the 2005 Board of Directors Meet-
ing (Tampa, Florida) were approved. 

Annual reports for 2006/2007 were submitted by all officers, 
editors, and committee chairs. In her past year in office, President 
Andrews (with the assistance of the Secretary) reported revising 
the SSAR Constitution and updating Organization, Functions, and 
Duties of the Officers, Editors, and Committees. Both documents 
are now accessible via the SSAR website. She also wrote descrip-
tions of the Society and of the Journal of Herpetology for the 
JSTOR website. 

President Andrews appointed Richard Wassersug as Chair of 
the Resolutions Committee, Lynette Sievert as Chair of the 
Kennedy Award Committee, and Margaret Gunzburger and Lora 
Smith as co-Chairs of the Henri Seibert Award Committee Thanks 
to Linda Ford, Bob Gatten, Jr, and Marion Preest who previously 
served in these positions. She wrote letters of thanks to the local 
committee who hosted the 2005 JMIH in Tampa and letters of 
congratulations to the winners of the Grants-in-Herpetology 
Awards. President Andrews suggested that the President's Fund 
(to which Presidents contribute $500 at the end of their term) be 
phased out after she steps down, however this proposal was not 
supported by the Board. 

President Andrews attended several meetings in Tampa to dis-
cuss proposals by the Alliance Communications Group to publish 
Journal of Herpetology. She decided that the proposal to publish 
was not favorable, however a number of other services offered by 
the group were attractive. President Andrews noted in her report 
that SSAR is still searching for a permanent repository for its ar-
chives. The National Museum was raised as a possibility. Presi-
dent-Elect Roy McDiarmid will investigate this possibility. He 
requested that he be informed as to the volume of material need-
ing archiving. Aaron Bauer was invited to present the President's 
Travelogue at the 2006 JMIH. 

Treasurer, Theodora Pinou reported that during 2005, SSAR's 
expenses exceeded revenues resulting in an operating loss of 
$24,315. However, the Society realized investment income of 
$26,204 (a 4% return on investments) and received a grant of 
$33,600 and a donation of $4,776 that resulted in a net income of 
$40,265. Early in 2006, the portfolio of mutual fund investments 
was reshuffled to enhance income while maintaining the Society's 
investment objective of maximizing returns on investment while 
preserving the original principal amount of all restricted funds. 

An overall decline in membership through 2005 may be partly 
explained by the availability of past SSAR publications through 
BioOne. Individual memberships however, increased in 2006 at 
least partly due to a concerted effort to contact members who had 
not renewed in recent years. Breck Bartholomew suggested that 
SSAR consider a membership drive in association with our 50th 
Anniversary Celebration in 2007. Dick Durtsche mentioned that 
he talks to members of his herpetology class about SSAR, points 
them in the direction of the website, and provides them with mem-
bership application forms. 

Treasurer Pinou reported that SSAR received royalties of 
$10,006 (2004) and $12,426 (2005) from BioOne. Duties of the 
membership office were transferred from the Treasurer to the Pub-
lications Secretary's office in 2005. 

Among her duties in the past year, Secretary Marion Preest re-
ported that she wrote a summary of the 2005 Annual Meeting and 
compiled the Annual Report and prepared agendas for the Board 
and Business Meetings at the 2006 Annual Meeting. She responded 
to numerous emails regarding SSAR business and updated SSAR 
letterhead and various pages on the website. 

Publications Secretary, Breck Bartholomew reported that income 
from sales of the Society's publications totaled $33,187. Mem-
bers now receive a 10% discount on all SSAR publications and 
approximately a 20% discount for prepublication sales. Breck is 
investigating the possibility of having a distributor handle SSAR 
publications in Europe. Even with extra costs of shipping and han- 
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Steve Secor and Vic Hutchison enjoying the General Reception at the 
newly-reopened Aquarium of the Americas. Photograph by Marion Preest. 

dling, he predicts the Society would still realize a profit. 
Andy Price, Editor of Catalogue of American Amphibians and 

Reptiles (CAAR), reported that because of problems during the 
editorship transition, the 2005 account was delayed until Febru-
ary, 2006. It consisted of 20 accounts. The 2006 account (also 20 
accounts) is expected this year. Andy is searching for new map-
ping software for account range maps. There was some discussion 
among those at the Board meeting of GIS systems and Arc View. 

Kraig Adler (Editor) reported on the publication activities of 
Contributions to Herpetology. No books were published in 2005. 
"Biology of the Reptilia, Volume 20 (Morphology)," edited by 
Carl Gans, Abbot Gaunt, and Kraig Adler is anticipated for De-
cember 2006. Volume 21 (a complete bibliography of previous 
Volumes) will be the last in this series. Formatting has begun on 
"Tasks and Problems Studying the Life of Reptiles in Zoos," by 
Hans-Gunter Petzold. Publications beyond 2006 include "Herpe-
tological Time Travel Through the Zoo and Aquarium World," by 
James B. Murphy, "Contributions to the History of Herpetology," 
Volume 2, "Field Guide to Amphibians and Reptiles of the West 
Indies," by S. Blair Hedges, and "Lizards of Southern Africa," 
edited by William R. Branch and Aaron Bauer. Contributions to 
Herpetology is a sequel to the 1989 volume issued at the First 
World Congress of Herpetology and will include biographies of 
leading herpetologists, an index to taxonomic authors, and doc-
toral lineages. 

Editor of Facsimile Reprints in Herpetology, Aaron Bauer, re-
ported that "The Herpetological Contributions of Mario Giancinto 
Peracca," edited by Franco Andreone and Elena Gavetti (with an 
English translation of the introduction) will be published in 2006. 
A donation has been received from the Societas Herpetologica 
Italica in support of this book. Planned for 2007 is "Gray's Cata-
logues of the Specimens of Amphibians and Reptiles in the Collec-
tion of the British Museum." Aaron mentioned another organiza-
tion publishing herpetological reprints. He does not view them as 
serious competition however as they are publishing facsimiles of 
mostly 20`h  century works. 

John Moriarty (Editor, Herpetological Circulars) reported that 
"Synopsis of Helminths Endoparasitic in Snakes of the United 

States and Canada" has been printed and "A Review of Marking 
Techniques for Amphibians and Reptiles" is anticipated in late 2006. 
Two Circulars are planned for 2007 including "The First Fifty 
Years —A History of SSAR." John suggests having this distributed 
gratis at the 2007 JMIH. 

P. Steven Corn (former Editor, Herpetological Conservation) 
reported that Volume 2, "Ecology, Conservation, and Status of 
Reptiles in Canada," is at the page proofs stage and should be 
ready for publication in late September. Robin Jung and Joe 
Mitchell, current co-Editors of Herpetological Conservation, re-
ported that they have received 52 submissions for Volume 3 "Ur-
ban Herpetology: Ecology, Conservation and Management of 
Amphibians and Reptiles in Urban and Suburban Environments." 
These are in various stages of completion and revision. The edi-
tors plan to approach a publisher in early Fall, 2006. The U.S. 
Forest Service has provided a donation to assist with publication 
costs. 

Herpetological Review Editor, Robert Hansen reported a 13% 
increase in the number of pages in Herpetological Review Volume 
36 compared with Volume 35. To deal with a backlog of accepted 
natural history notes, more space was devoted to that section in 
Volume 36. The time lag for publication is now 3-9 months. The 
rate of new submissions appears to have leveled off. Most manu-
scripts are submitted and handled electronically. The SSAR Manu-
script Review Service continues to be used. A Board member sug-
gested that this service may need updating. Steve Johnson and 
Paul Stone (Associate Editors), Hidetoshi Ota (Geographic Dis-
tribution Section Editor), and Hugo Alamillo (Copy Editor) have 
resigned. New appointments include Brent Thomas, Indraneil Das, 
and Raul Diaz. There was discussion among the Board of increas-
ing the amount of color used in Herpetological Review. 

In 2005, the editorial office of Journal of Herpetology received 
236 manuscripts (comparable with numbers received annually in 
the past 5 years). The rejection rate was approximately 60%. All 
manuscripts received since the beginning of 2006 have been sub-
mitted via AllenTrack and this appears to shorten the time for the 
review process. The median number of days to the first decision 
on a manuscript is now 32 days. Geoff Smith (Editor) has recom- 

Lora Smith and Kirsten Nicholson—meeting burnout! Photograph by 
Marion Preest. 
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mended that the Copy Editing and Managing Editing duties be 
transferred to Allen Press. He provided a description of the ser-
vices provided by Allen Press. The Board indicated that a deci-
sion regarding this should be made by Geoff. There was discus-
sion among Board members of the Author Assistance Program 
offered by SSAR. It was suggested that a reference to this service 
be included in the Instructions to Authors for the Journal of Her-
petology and also that editors should ask reviewers to take a more 
active role in editing manuscripts. 

Geoff Smith took over as JH Editor in January 2006 and former 
Editor Brian Sullivan assumed a position as Associate Editor to 
help with the transition. Bill Parker stepped down as Managing 
Editor. Don Forester, Andy Price, Martin Whiting, and Erik Wild 
resigned as Associate Editors and Paul Andreadis, Sarah Bouchard, 
Tiffany Doan, Walter Meshaka, Matthew Parris, Gad Perry, and 
Fred Zaidan joined the staff as Associate Editors. 

The 50th Anniversary of SSAR will be celebrated at the JMIH in 
St. Louis, Missouri, 11-16 July 2007. The "Committee on Cel-
ebration of the 50 th  Anniversary of SSAR" (Al Savitzky, Chair) 
met in Tampa in 2005 to discuss ideas for the celebration. The 
Joint Meeting Planning Committee will be asked to assist in el-
evating the profile of SSAR in St. Louis. Two specific ideas for 
the meeting have been discussed. The first is a symposium on 
molecular approaches to research on amphibians and reptiles, 
which provides a link to a symposium held during the 25th Anni-
versary. The Board voted and agreed unanimously to use the 
President's Fund to support this symposium and other activities 
proposed by the Committee. The second idea is a revival of the 
popular Herp Quiz, which has not been held for a number of years. 
The Committee met during the 2006 JMIH to discuss additional 
ideas and welcomes input from Society members. The Board dis-
cussed the possibility of a presentation of the history of the Soci-
ety (focusing on the Society rather than on herpetology in gen-
eral) possibly instead of the Travelogue or perhaps preceding the 
SSAR/HL live auction or an SSAR banquet. 

Stephen Richter (Chair, Conservation Committee) reported that 
in 2005 the committee responded to various herpetological que-
ries received from individuals and began forming connections with 
other herpetological conservation committees. They met with the 
ASIH Conservation Committee during the 2005 JMIH. 

The Dean Metter Memorial Award screening committee (Jo-
seph Beatty, Anne Maglia, and Brian Miller) received 10 propos-
als for the fourth Dean E. Metter Award. An award was made to 
Cybil Nicole Smith for her proposal "The Significance of the Dis-
tinctive Color Pattern and Behavior of Hatchling Great Plains 
Skinks (Eumeces obsoletus)." Ms. Smith is the first undergradu-
ate to win this award. 

Forty-six proposals for the Grants-in-Herpetology program (Erik 
Wild, Chair) were received in 2006 and awards of $500 were made 
in each of five categories (Conservation, Field Research, Labora-
tory Research, Travel, International). The Bibliographic Research 
category is no longer offered. The vast majority of proposals and 
letters of recommendation are now submitted electronically. 

Marion Preest (Chair, Henri Seibert Awards Committee) reported 
that awards were made at the 2005 Tampa meeting in the follow-
ing four categories: Ecology, Physiology/Morphology, Evolution/ 
Systematics, and Conservation. 

Catherine Bevier (Chair, Herpetological Education Committee) 

reported activation of the Herpetology Hotline question/answer 
page in November 2005. Approximately 50 inquiries were received 
in the first 6 months of operation. Some of these will be posted to 
a FAQ page. As requested at the 2005 Board meeting, the Com-
mittee is updating the International Grants Programs list on the 
website. The Board asked that the HEC update the "Careers in 
Herpetology" webpage. 

Lynette Sievert (Chair, Kennedy Student Award Committee) re-
ported that the winner of the 2006 Kennedy Student Award is 
Margaret Gunzburger for her paper: Gunzburger, M.S. and J. 
Travis. 2005. Critical Literature Review of the Evidence for 
Unpalatability of Amphibian Eggs and Larvae. Journal of Herpe-
tology 39:547-571. 

SSAR had previously agreed to meet as part of the JMIH in St. 
Louis in 2007 and Montreal in 2008. Henry Mushinsky (SSAR 
Rep., Meeting Planning Committee [MPC]) reported that the MPC 
had received and reviewed invitations for future joint meetings. 
The Board voted to approve meeting in Portland, Oregon in 2009, 
Providence, Rhode Island in 2010, and Minneapolis, Minnesota 
in 2011. As at previous Board meetings, there was some discus-
sion of meeting with the World Congress of Herpetology (WCH). 
The consensus was that, given the prior planning (often several 
years in advance) now needed for JMIH, SSAR was unlikely to be 
able to make a commitment to meet with the WCH unless the 
Congress organizers began planning well in advance of a Con-
gress. A suggestion was made that WCH be invited to participate 
in the 2009 or 2010 JMIH. 

The 2006 JMIH was the first meeting subject to the limit of 700 
oral presentations. However, because fewer than 700 abstracts were 
received, all those who wished to present oral papers were allowed 
to do so. Every symposium supported by at least one of the four 
societies was approved for the 2007 meeting. The Board was re-
minded of the new timetable and procedures for symposium ap-
proval. 

No election was held in 2005. Kirsten Nicholson (Chair, Nomi-
nations Committee) reported that in 2006 the following positions 
need to be filled: President-Elect, Treasurer, Secretary, Regional 
Society Board Member, Conservation Board Member, and Regu-
lar Board Member (two positions). A new procedure will be imple-
mented in 2006 to allow the Elector to track voters and to ensure 
confidentiality of votes. There was discussion of converting the 
Regional Society Board position to a Regular Board position, how-
ever, it was decided to retain this position as is for at least another 
term. It was recommended that the Regional Society Board mem-
ber reach out to large, active local herpetological societies and 
encourage them to provide information about SSAR in their news-
letters and websites. 

Resolutions were read at the 2005 meeting in Tampa by Rich-
ard Wassersug thanking retiring members of SSAR for their ser-
vice and acknowledging Janalee Caldwell and Laurie Vitt for their 
joint presentation of the SSAR President's Travelogue. Richard 
questioned whether SSAR should continue to make joint resolu-
tions with ASIH. The Board stated that the Resolutions Chair need 
not contribute to the joint resolutions unless he/she wished. 

Brian Crother (Chair, Standard English and Scientific Names 
Committee) reported that the committee is in the early stages of 
producing a new volume of standard English and scientific names. 
He questioned whether publishing the list as part of the Herpeto- 
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logical Circulars series created a static document and raised the 
possibility of issuing the next volume in both hard and electronic 
versions. The Board discussed creating an electronic "living" docu-
ment, for example a pdf file that could be updated regularly. They 
decided that the Names Committee and John Moriarty (Editor, 
Herp. Circulars) should choose the appropriate format for the list. 
The consensus was that no restrictions should be placed on access 
to the list and that providing the list should be viewed as a service 
to the wider herpetological community. 

Dawn Wilson reported that twenty applications were received 
for Student Travel Awards and ten awards ($200 each) were pre-
sented at the Business Meeting in Tampa. Very few applications 
were received for the 2006 meeting; Dawn attributed this partly to 
difficulties with advertising these awards on the meeting website. 
The possibility of emailing students and alerting them to the ex-
istence of the awards was raised. 

The Web Oversight Committee (Anne Maglia, Chair) worked 
with the Relations with Herpetologists at Zoological Parks Com-
mittee to launch a new forum (see below). The site is being con-
tinually modified and updated and the Committee wishes to thank 
the webmaster Zack Walker for his hard work and dedication. Sug-
gestions regarding the website are welcomed. 

Recent activities of the Relations with Herpetologists at Zoo-
logical Parks Committee (Clay Garrett, Chair) include the launch-
ing of a committee web page and discussion forum. A bibliogra-
phy of published contributions by zoo herpetologists will soon be 
accessible on the web forum. In 2006, the committee plans to ex-
plore the idea of a quarterly committee electronic newsletter. 

In the past year, Al Savitzky attended both the American Insti-
tute of Biological Sciences (AIBS) and BioOne meetings. AIBS 
has a diverse array of programs and services available. Those of 
greatest interest to SSAR relate to education and public policy. 
For example, AIBS is heavily involved in defense of education 
concerning evolution in public schools and a Fall 2006 workshop 
organized by Marvalee Wake will cover the issue of macroevolu-
tion. AIBS is also concerned with building diversity in the 
workforce of professional biologists and has a Diversity Scholars 
Program offering funding for students of under-represented groups 
to present research at national meetings of member societies (such 
as SSAR). The public policy office continues to provide advice to 
lawmakers regarding issues of interest to organismal biologists 
and ecologists, e.g. funding at NSF, science education, environ-
mental legislation, support of museum collections. AIBS has in-
dicated a willingness to assist member societies with issuance of 
press releases. AIBS, in collaboration with several other scientific 
organizations, has designated 2009 as the "Year of Public Under-
standing of Science." 

Al reported that BioOne has a new business model of providing 
replacement rather than supplemental income to society publish-
ers. The size of the BioOne collection has increased, but cost per 
title has decreased. There is a very high renewal rate among aca-
demic library subscribers. BioOne is concerned about overseas 
distribution and is actively soliciting subscriptions in Europe and 
Asia. The full BioOne collection is available free to 80 develop-
ing countries. The preservation and archiving of electronic files is 
of concern, and BioOne has entered into agreements with several 
organizations and services (e.g. LOCKSS), which employ diverse 
technologies to archive web-distributed journal content. BioOne  

is planning to offer a second collection of journals beginning in 
2007. Rather than expanding the current collection, this alterna-
tive will provide additional titles without diluting the current profit-
sharing pool among BioOne publishers. BioOne is now able to 
handle non-standard issues of society journals. Open Access was 
once again a topic of discussion. The publishing community ex-
pects the U.S. government to mandate further open access pub-
lishing of federally funded research. Electronic only publication 
(no print copies) was also discussed. 

Dick Durtsche (Symposium Proposals coordinator) received two 
proposals for symposia for 2007. The SSAR proposal for "Her-
petology in the Age of Genomics" was approved by the Meeting 
Management committee however the SSAR/HL/ASIH proposal 
"Chemical Ecology" submitted by the ASIH Graduate Student 
committee was not approved. 

After the annual reports were discussed, the Board turned to 
new business. Two representatives from Allen Press and Alliance 
Communications Group reviewed the services they could offer to 
SSAR including journal production, electronic publication, mar-
keting, membership duties, etc. They could generate a restricted 
access online data base with a real-time directory that would al-
low members to pay subscriptions electronically, review their own 
accounts, access member information, etc. Members would be able 
to update their own mailing information and email addresses. If 
needed, Allen Press could provide financial and investment ser-
vices including filing of necessary reports. President Andrews met 
with the Allen Press reps during the JMIH and a detailed proposal 
will be considered by the Board at a later date. 

Journal of Herpetology became available through JSTOR in Feb-
ruary, 2006. There was discussion of two options to make back 
issues available to all society members. With the Per User Model, 
SSAR would pay $7.50 per individual per yr for members without 
institutional access to JSTOR or BioOne. Assuming that requests 
would be few and that most would come from members in devel-
oping countries, President Andrews suggested that the society ab-
sorb these costs. With the Usage Model, JSTOR access would be 
provided to all members by bundling it with Allen Press member-
ship services. Given our membership numbers, we would receive 
180 free downloads and then pay $0.20 for each additional down-
load up to a cap of $2,520 (plus associated Allen Press charges). 

The family membership category needs to be reinstated (it ap-
pears to have been dropped in 2003 from the possible member-
ship options). This would allow two or more members living at 
one address to receive one copy of the journals and each have 
voting rights and all other rights associated with membership. 

Hardin Waddle is currently updating the much out-of-date list 
of officers, editors, and chairs on the website. 

The SSAR 2007 budget was approved. There being no further 
business, the meeting was adjourned at 1345 h. 

The Annual SSAR Business Meeting was called to order by 
President Andrews at 1603 h on 15 July. Approximately 34 SSAR 
members were in attendance. President Andrews summarized busi-
ness dealt with at the Board Meeting on 12 July. Winners of the 
2006 Kennedy Award, Henri Seibert Student Awards, Grants in 
Herpetology Awards, and Student Travel Awards were announced. 
The meeting was adjourned at 1730 h. 

Respectfully submitted by Marion Preest, SSAR Secretary 
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Metter Award Proposals Sought for 2007 

Dean E. (Doc) Metter (1932-2001) was a long-time member of 
the biology faculty at the University of Missouri-Columbia, where 
he taught zoology, comparative anatomy, evolution, and herpetol-
ogy. A believer in putting knowledge to the test in the field, Doc 
provided frequent opportunities for students to engage in field-
work. In addition, he frequently assisted his graduate students as 
they ventured out to collect data. 

Doc was a co-founder of the Bobby Witcher Society, the legacy 
of which is a scholarship fund. For many years, the interest earned 
served to reward outstanding herpetology students who intended 
to continue their education and seek a career in vertebrate biol-
ogy. That fund now serves a similar purpose by honoring Doc's 
memory while helping to fund the SSAR-administered Dean E. 
Metter Memorial Award. 

Application details are available from the SSAR website: 

<http://www.ssarherps.org/pages/metter.php > 

SSAR dues for 2007 must be paid no later than 31 December 
2006, and proposals must be submitted (postmarked) by 28 Feb-
ruary 2007. Proposals should be submitted electronically as email 
attachments (preferred) or by regular mail. Submit proposals or 
questions regarding application procedures to the Chair of the 
Metter Award Committee, Dr. Joseph J. Beatty (e-mail: 
beattyj@science.oregonstate.edu).  Awards will be announced on 
or around 10 April 2007. 

NEWSNOTES 

Herpetological Research & Conservation in 
Ecuador 

We are now accepting applications for participants in our Ec-
uadorian herpetofauna research program for 2007. Participants will 
gain hands-on experience in Herpetology and Conservation Ecol-
ogy. We are studying the population ecology and community struc-
ture of reptiles and amphibians in imperiled western Ecuadorian 
ecosystems, which have dwindled to only 2-5% of their historic 
area. This rate of ecosystem decline, along with the high levels of 
biodiversity found in the region, prompted Conservation Interna-
tional to designate western Ecuador and parts of neighboring coun-
tries a "Conservation Hotspot"—an area in greatest need of study 
and conservation. We are exploring the last remaining fragments 
of disappearing forests. Data from our surveying and monitoring 
studies will lead to sound management decisions on the 
ground. Due to the high levels of endemism in the region, nearly 
every new site explored yields species previously unknown to sci-
ence. In short, we want to find out what life exists there while 
there is still the chance, and to assist conservation planning in the 
region to make sure that as much as possible of the biodiversity 
found there can be saved. 

In exchange for trip fees, participants receive all travel within 
Ecuador, training, room and board, and an experience to last a  

lifetime. Internships and course credit are available. We have dates 
available in January, May, and August of 2007. If you or anyone 
you know might be interested in participating, please see our Web 
site, www.ReptileResearch.org , for more details. 

Slowinski Award Announced for 2006 

The Center for North American Herpetology is pleased to 
announce that the recipient of The Joseph B. Slowinski Award for 
Excellence in Snake Systematics for 2006 is Todd A. Castoe, of 
the Department of Biology, University of Central Florida. 

On 12 September 2001, the world lost one of its premier 
biologists, a loss that went virtually unnoticed in the wake of the 
tragedy that befell the United States the previous day. Joseph Bruno 
Slowinski, the 39-year old curator of amphibians, turtles, reptiles, 
and crocodilians at the California Academy of Sciences in San 
Francisco, died in the jungles of Burma from the bite of a venomous 
snake. Joe was bitten on 11 September and, despite heroic efforts 
to save his life by expedition companions and colleagues, 
succumbed to the effects of the bite the next day. Eventually, the 
world took notice, and numerous media outlets across the nation 
and throughout the world chronicled Joe Slowinski's exemplary 
career, cut so tragically short. 

A distinguished committee, comprised of Frank Burbrink (City 
University of New York, Staten Island), Brian Crother 
(Southeastern Louisiana University, Hammond), and Robin 
Lawson (committee chair, California Academy of Sciences, San 
Francisco), have deemed the paper "Modeling Nucleotide 
Evolution at the Mesoscale: The Phylogeny of the Neotropical 
Pitvipers of the Porthidium Group (Viperidae: Crotalinae)" as the 
most distinguished paper on snake systematics to appear worldwide 
during 2005. The paper was co-authored with Mahmood M. Sasa 
and Christopher L. Parkinson, and was published in Volume 37 of 
Molecular Phylogenetics and Evolution. 

As senior author of the paper, Todd Castoe becomes the fourth 
recipient of The Slowinski Award, and will receive a check from 
The Center for North American Herpetology for US $500 along 
with a commemorative memento in recognition of his achievement. 

Ouachita Mountains Biological Station 

The Ouachita Mountains Biological Station is located in the 
Ouachita Mountains of western Arkansas. The station consists of 
380 acres, almost surrounded by the Ouachita National Forest. The 
terrain is rugged, and includes several springs and streams. Most 
of the habitat includes oak-hickory forest or mixed pine-decidu-
ous forest. Several mountain tops with rocky outcrops and low 
flat wet areas are available. Three small ponds and an abandoned 
slate mine are on the property. 

A well-lighted lecture/laboratory building with AC/heat, bath-
room, and shower, can comfortably seat 24 at worktables. A small 
dormitory building has a kitchen, two bathrooms, shower, AC/ 
heat and 10 beds (5 bunk beds). Four additional beds are available 
in other buildings. Other facilities include good potable water, a 
pavilion, and some trails for easy access to distant points. The sta-
tion is available year-round. A web site with some photos is avail- 
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able at: www.lsus.edu/Isusmus/ombs/ . The station is well-suited 
for small research or teaching groups. 

To reserve space for your group contact: 

Dr. Laurence M. Hardy 
Ouachita Mountains Biological Station 

Museum of Life Sciences 
LSU in Shreveport 

One University Place 
Shreveport, Louisiana 71115-2399, USA 

e-mail: lhardy@lsus.edu  

Kansas Herpetological Society Annual Meeting 

The Kansas Herpetological Society held its 33`d Annual Meet-
ing at Fort Hays State University in Hayes, Kansas, on November 
4-5, 2006. Over 100 participants attended scientific paper ses-
sions presented by scientists and students from across the nation. 
Featured speakers were James L. Knight, curator of the South 
Carolina State Museum in Columbia, and Jerry D. Johnson, pro-
fessor of biology at the University of Texas-El Paso. Both grew 
up in Salina, Kansas.. 

David Bender, student at Fort Hays State University, received 
the 2006 Howard K. Gloyd/Edward H. Taylor Scholarship, hon-
oring the memory of two great biologists with strong ties to Kan-
sas. The 2006 Alan H. Kamb Grant for Research on Kansas Snakes 
was made to George R. Pisani, Kansas Biological Survey. Henry 
S. Fitch, University of Kansas, Lawrence, was chosen as the ninth 
recipient of "The Suzanne L. & Joseph T. Collins Award for Ex-
cellence in Kansas Herpetology." Eugene D. Fleharty was installed 
as the eighth Distinguished Life Member of the Kansas Herpeto-
logical Society. Dr. Fleharty is Emeritus Curator of Herpetology 
at the Sternberg Museum of Natural History, Fort Hays State Uni-
versity. In 2007, the Society will meet at the Topeka Zoo, Topeka, 
Kansas. 

MEETINGS 

Meetings Calendar 

Meeting announcement information should be sent directly to the Editor 
(rwh13@csufresno.edu) well in advance of the event. 

18-19 January 2007—Declining Amphibian Populations Task Force, 
California-Nevada Working Group Annual Meeting, Las Vegas, 
Nevada, USA. Information: http://ice.ucdavis.edu/ 
CANVDecliningAmphibians/DAPTF2007Announcement.htm. 

6-8 February 2007—Workshop: Understanding Agriculture's Effects 
on Amphibians and Reptiles in a Changing World. Sponsored by U.S. 
Geological Survey's Amphibian Research and Monitoring Initiative, 
Partners in Amphibian and Reptile Conservation, the Natural Re-
sources Conservation Service, Environment Canada, the Association 
of Fish and Wildlife Agencies, and Conservation International. St. 
Louis, Missouri, USA. Information: http://www.umesc.usgs.gov/ 
ag_effects_workshop/workshop.html. 

22-25 February 2007—Southeast Partners in Amphibian and Rep-
tile Conservation, Annual Meeting, Chattanooga, Tennessee, USA. 
Information: http://www.separc.org/.  

31 March-1 April 2007—Horida Herpetology Conference (including 
the 30'h  Annual All Florida Herpetology Event), Gainesville, Florida. 
Information: http://www.flmnh.ufl.edu/herpetology/herpsconference/  
afhc.htm. 

16-20 April 2007—First Mediterranean Herpetological Congress, 
Marrakech, Morocco. Information available from the Congress website: 
www.ucam.ac.ma/cmhl.  

14-18 April 2007-14th  ARAV Conference, Association of Reptile 
and Amphibian Veterinarians, New Orleans, Louisiana, USA. 
Information: http://www.aray.org/.  

20-23 June 2007-31st International Herpetological Symposium, 
Toronto, Canada. Information: http://www.kingsnake.com/ihs/.  

11-16 July 2007-50th Annual Meeting, Society for the Study of 
Amphibians and Reptiles; 87th Annual Meeting, American Society 
of Ichthyologists and Herpetologists; 65th Annual Meeting, The 
Herpetologists' League. St. Louis, Missouri, USA. Information: http:/ 
/www.dce.ksu.edu/jointmeeting/.  

3-6 August 2007-5th Conference on the Biology of Plethodontid 
Salamanders: Symposium in Honor of David B. Wake. Instituto de 
Biologia, UNAM and ECOSUR, San Cristobal de la Casas, Chiapas, 
Mexico. Information: http://www.ibiologia.unam.mx/barra/congresos/  
salamandra/salamandra.html. 

CURRENT RESEARCH 

The purpose of Current Research is to present brief summaries and 
citations for selected papers from journals other than those published by 
the American Society of Ichthyologists and Herpetologists, The Herpe-
tologists' League, and the Society for the Study of Amphibians and Rep-
tiles. Limited space prohibits comprehensive coverage of the literature, 
but an effort will be made to cover a variety of taxa and topics. To ensure 
that the coverage is as broad and current as possible, authors are invited 
to send reprints to the Current Research section editors, Maria del Rosario 
Castaiieda or Michele Johnson; 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.  

Behavioral Response To Social Cues Determined 
By Dispersal Status in Lizards 

During and after dispersal, dispersing individuals face the costs 
of survival in unfamiliar habitats, and so they may differ from 
philopatric (non-dispersing) individuals in phenotypic traits that 
allow them to assess new habitat suitability quickly. To test this 
hypothesis, the authors examined behavioral responses of dispers-
ing and non-dispersing yearling common lizards (Lacerta vivipara) 

to the presence of scent-marks from conspecific yearlings. Gravid 
females (N = 172) were captured from four natural populations 
and housed in the laboratory, where half were treated with corti-
costerone (a stress hormone) before they laid their eggs to deter-
mine if maternal stress affected dispersal. After hatching, juve-
niles (N = 816) were marked and released in either an unaltered 
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site or a site with manipulated (decreased) density, but not in the 
site of their mother's origin. One year later, 140 juveniles were 
recaptured and categorized as dispersers or non-dispersers and 
transferred to the laboratory where they were exposed to each of 
four conditions: 1) caged with no conspecific scent-marks, 2) caged 
with odor of one conspecific, 3) caged with odors of three conspe-
cifics housed in isolation, and 4) caged with odors of three con-
specifics housed communally. Results showed that morphometry 
did not differ among dispersers and non-dispersers, and that den-
sity, release site, maternal hormone treatment, and sex had no ef-
fect on response to the different conditions. However, dispersers 
spent more time trying to escape from scents from communally 
housed conspecifics than isolated scents, while the opposite was 
true for non-dispersers. The authors suggested that this may be an 
attempt of dispersers to avoid potential conflicts with other inter-
acting individuals during the risky dispersal period. They concluded 
that while the environmental components measured did not affect 
dispersal-related behavior, dispersers are more sensitive to novel 
social cues. 

ARAGON, P., S. MEYLAN, AND J. CLOBERT. 2006. Dispersal status-depen-
dent response to the social environment in the Common Lizard, Lacerta 
vivipara. Functional Ecology 20:900-907. 

Correspondence to: Pedro Aragon, Centro de Biologia Ambiental, 
Faculdade de Ciencias da Universidade de Lisboa, Edificio C-2 Campo 
Grande, Lisboa, 1749-016, Portugal; e-mail: paragon  @ mncn.csic.es . 

Genetic Differences and Plasticity Determine Diet 
Preferences in Tiger Snakes 

Genotypic and phenotypic variation play major roles in food 
selection, and environmental variation and differences in dietary 
experience can result in behavioral plasticity in response to food. 
As these factors interact, it is difficult to determine their relative 
importance in feeding behavior. To address this question, the au-
thors studied two disjunct populations of tiger snakes (Notechis 
scutatus) in Australia that occur in environments (mainland vs. 
island) with different prey availabilities. They tested feeding pref-
erences among 6 types of prey (mouse, skink, silver gull, chicken, 
shearwater, and frog) in three groups of tiger snakes: wild-caught 
adults, neonates, and laboratory-reared juveniles. Results from 
these trials showed that adults (N = 55) from the two populations 
shared preferences for the same types of prey, regardless of their 
natural diet. Diet-naive neonates (N = 82) showed interest in all 
prey types, but island neonates preferred gull chicks (the main 
prey of island adults) more than mainland neonates. Juveniles (N 
= 15) that were fed only mice until 8 months of age significantly 
preferred mice. The authors concluded that although the species 
has the potential for behavioral plasticity, the preferences shown 
by island snakes for prey no longer consumed by their population 
also indicate a strong genetic basis in feeding behavior for this 
species. 

AUBRET, E, G. M. BURGHARDT, S. MAUMELAT, X. BONNET, AND D. BRADSHAW. 

2006. Feeding preferences in two disjunct populations of tiger snakes, 
Notechis scutatus (Elapidae). Behavioral Ecology 17:716-725. 

Correspondence to: Fabien Aubret, School of Animal Biology and Cen- 
tre for Native Animal Research, University of Western Australia, Perth, 
Western Australia 6009, Australia; e-mail: aubretf@cyllene.uwa.edu.au.  

New Phylogeny and Insights on Biogeographic 
Patterns of Ranid Frogs 

Ranidae is one of the largest extant anuran families, with more 
than 1000 extant species and a nearly global distribution. How-
ever, there is no phylogenetic hypothesis for all major lineages in 
this group. The authors sequenced —1570 by of nuclear gene frag-
ments (Rag-1, Tyr, and Rhod) and —2100 by of the mitochondrial 
genome from 104 species, including representatives of all ranid 
subfamilies. Parsimony, maximum likelihood and Bayesian analy-
ses were performed to reconstruct the phylogeny, which was used 
in an attempt to reconstruct the early biogeographic history of the 
group. The phylogeny indicates that the monophyly of several pre-
viously recognized groups is rejected with high confidence. Fur-
ther, the results of the biogeographic analyses indicate that plate 
tectonics have played an important role in determining the current 
distribution of ranids, as each major Glade is associated with a 
single Gondwanan plate and their divergences fit the temporal 
break-up of the continents. The authors discuss several potential 
scenarios that would result in the current distribution of ranid frogs. 

BOSSUYT, F., R. M. BROWN, D. M. HILLIS, D. C. CANNATELLA, AND M. C. 

MILINKOVITCH. 2006. Phylogeny and biogeography of a cosmopolitan 
frog radiation: late Cretaceous diversification resulted in continent-scale 
endemism in the family Ranidae. Systematic Biology 55:579-594. 

Correspondence to: Franky Bossuyt, Unit of Ecology and Systematics, 
Vrije Universiteit Brussel, Pleinlaan 2, B-1050 Brussels, Belgium; e-mail: 
fbossuyt@vub.ac.be.  

Turtle Navigation in Unfamiliar Habitats 

Animals may use various orientation mechanisms to locate nec-
essary resources, and different mechanisms are utilized in famil-
iar and unfamiliar areas. Semiaquatic Eastern Painted Turtles 
(Chyrsemys picta picta) are ideal for studies of orientation, as they 
must travel through risky terrestrial habitat to reach suitable dis-
crete patches of water. To determine whether turtles use an orien-
tation mechanism in unfamiliar areas, the authors removed 60 adult 
turtles from their home lake and released them on land at five 
distances (100-2000 m) from an unfamiliar lake. To track paths of 
movement, each released turtle had a thread bobbin attached to its 
carapace, and fractal analysis was used to determine the tortuosity 
(the opposite of straightness) of the trails. Surprisingly, results 
showed that turtles walked in straight paths, indicating the use of 
some orientation mechanism, but did not orient towards water or 
in any single direction. The authors suggested that this implies 
that the turtles could not locate suitable aquatic habitats, even 
though they were most likely trying to reach them. They conclude 
that a compass mechanism (using either the sun or the earth's 
magnetic field) is the only mechanism that would produce these 
results, but that in unfamiliar areas the use of a compass without a 
mental map does not help them to locate water. 

CALDWELL, I. R., AND V. 0. NAMS. 2006. A compass without a map: tortu-
osity and orientation of eastern painted turtles (Chrysemys picta picta) 
released in unfamiliar territory. Canadian Journal of Zoology 84:1129-
1137. 
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Multiple Paternity Varies with Nesting Behavior 
in Sea Turtles 

Mating systems can be affected by a number of behavioral, ge-
netic, and demographic factors, all of which may differ between 
and within species. The authors studied two populations of Olive 
Ridley Sea Turtles (Lepidochelys olivacea) in Costa Rica to ex-
amine the frequency of multiple paternity in these populations, 
one of which displays mass nesting events (i.e., "arribada") and 
the other displays solitary nesting behavior. They used two highly 
polymorphic microsatellite markers to determine the number of 
paternal alleles occurring in hatchlings from the nests of 13 fe-
males (20-27 hatchlings per nest) in each of the two populations. 
Results indicated that multiple paternity is significantly higher for 
the arribada population (92%, the highest recorded for marine 
turtles) than the solitary nesters (30%), but analyses with six poly-
morphic microsatellite loci showed no genetic differentiation be-
tween the populations. The authors suggested that the difference 
in multiple paternity may be due to the differing abundances of 
individuals in the mating system between the two groups; the ex-
tremely large breeding assemblages that occur for the arribada 
population may cause mating with multiple individuals to be less 
energetically demanding, and therefore more frequent, than for 
the solitary nesters. 

JENSEN, M. P., A. ABREU-GROBOIS, J. FRYDENBERG, AND V. LOESCHCKE. 2006. 
Microsatellites provide insight into contrasting mating patterns in 
arribada vs. non-arribada olive ridley sea turtle rookeries. Molecular 
Ecology 15:2567-2575. 

Correspondence to: Michael P. Jensen, Applied Ecology Research Group, 
University of Canberra, ACT 2601, Australia; email: michael  @mpj.eu . 

Stress Hormone (But Not Androgens) Determine 
Male Calling Behavior in Toads 

The expression of many sexually dimorphic traits is mediated 
by the effects of gonadal steroids (e.g., androgens). However, these 
effects can interact with those of stress hormones, including corti-
costerone (CORT). In this study, the authors investigated the rela-
tionship of androgens and CORT in male calling behavior in the 
Great Plains Toad (Bufo cognatus), a species that displays two 
male mating tactics: males may call to attract mates, or they may 
attempt to intercept females responding to calling males (a non-
calling "satellite" strategy). First, they measured call parameters 
(i.e., call duration, frequency, amplitude) and hormone levels in 
callers with (N = 24) and without (N = 35) satellite males. They 
found that callers with and without satellites did not differ in call 
parameters or in their circulating androgen levels, but callers with 
satellites had lower CORT levels than callers without satellites. 
When males (N = 5) were experimentally treated with CORT, their 
call durations compared to a control group decreased over time, 
independent of their androgen levels. Further, in natural choruses 
CORT was generally negatively correlated with call duration. Fi- 

nally, to test the prediction that females prefer longer calls (typi-
cal of males with low CORT and satellites), preference trials were 
performed. Twelve females were exposed to digitized broadcast 
calls of two different durations, and all preferred the longer calls. 
This is consistent with the hypothesis that satellites choose to as-
sociate with low CORT males to increase their mating opportuni-
ties. The authors also discuss potential mechanisms underlying 
the relationship between CORT, androgens, and satellite-caller 
associations. 

LEARY, C. J., A. M. GARCIA, AND R. KNAPP. 2006. Stress hormone is impli-
cated in satellite-caller associations and sexual selection in the Great 
Plains toad. American Naturalist 168:431-440. 
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Alternative Developmental Trajectories in Extinct 
Amphibians 

Although metamorphosis is a trait widespread in extant amphib-
ians, the evolutionary origin of these morphological transforma-
tions remains poorly understood. The recent discovery of fossils 
of adult specimens of Apateon gracilis (Branchiosauridae Glade), 
revealed that individuals in this group (previously known only 
from larval specimens) underwent extensive morphological meta-
morphosis during development. This contrasts with other 
branchiosaurid species, in which development was neotenic: adult 
forms were merely an extension of the larval trajectory. In this 
study, the authors examined fossil material to describe the unique 
features of A. gracilis adults and to determine which features char-
acterized the latest stages of development in this species. They 
discovered that A. gracilis experienced major proportional changes 
in cheek and posterior skull bones, and that up to 8 postlarval 
ontogenetic events occurred in a small window of developmental 
time. These results were compared to A. caducus, a neotenic 
branchiosaurid that has a larger body size but lacks the adult fea-
tures of A. gracilis. The authors concluded that metamorphosis 
was likely correlated with habitat change (i.e., facultative) in Pa-
leozoic branchiosaurids, and that the developmental pathways seen 
in extant amphibians were already established in this Glade. 

SCHOCH, R. R. AND N. B. FROBISCH. 2006. Metamorphosis and neoteny: 
alternative pathways in an extinct amphibian Glade. Evolution 60: 1467-
1475. 
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Speciation in Plethodontid Salamanders 

Many biologists struggle with the questions of how many spe-
cies exist in a given taxon and how to diagnose those species. 
Using the general lineage species concept, the author examined 
two sympatric genera of plethodontid salamanders (Ensatina and 
Batrachoseps) in California with the goal of recognizing distinct 
evolutionary lineages that will likely remain distinct. After review-
ing the decades of work on species relationships in Ensatina, a 
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well-known ring species complex, the author recommended that, 
despite its problems, the most appropriate taxonomy of this group 
is that of a polytypic species, and that adaptive divergence related 
to predator avoidance is the dominant force behind the differen-
tiation among populations of this group. In contrast, a review of 
the work on Batrachoseps (the slender salamanders) led to the 
conclusion that this group includes approximately 20 differenti-
ated species that represent a nonadaptive radiation, as their ge-
netic diversification was not accompanied by ecological differen-
tiation. The role of geography in the evolution of these groups 
was also discussed. The author concludes that careful analyses of 
the patterns and processes that lead to species formation will not 
resolve species controversies, but will continue to yield useful dis-
cussion. 

WAKE, D. B. 2006. Problems with species: patterns and processes of spe-
cies formation in salamanders. Annals of the Missouri Botanical Garden 
93:8-23. 
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How Many Species of Dinosaurs Existed? 

Quantifying the species diversity in extinct animal groups is a 
current focus of paleontologists, but no study has yet attempted to 
determine the total taxonomic richness of both known and still 
undiscovered nonavian dinosaurs. Here, the authors applied a sta-
tistical method called the abundance-based coverage estimator 
(ACE) using previously published data to account for the defi-
ciencies in the fossil record and to determine whether dinosaurs 
were declining prior to their ultimate extinction. They estimated 
the total "discoverable" diversity of dinosaurs to be 1844 genera, 
only 527 of which have currently been described. A logistic model 
predicted that 90% of this diversity will be known within 100-
140 years. Estimated dinosaur diversity in the late Cretaceous re-
mained steady (even though known diversity declined in this pe-
riod), indicating that dinosaurs were not in decline in the 10 mil-
lion years before extinction. This conclusion shows the impor-
tance of considering the incompleteness of the fossil record when 
analyzing fossil evidence. The authors also discussed factors that 
affect the relationship between true original dinosaur diversity and 
estimated discoverable diversity. 

WANG, S. C., AND P. DODSON. 2006. Estimating the diversity of dinosaurs. 
PNAS 103:13601-13605. 
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Insular Body Size Shifts in Rice Frogs 

Island populations of reptiles, birds, and mammals have been 
shown to have different body sizes than their mainland counter-
parts, but no previous study has found insular size shifts in am-
phibians. The authors investigated populations of the Rice Frog 
(Rana limnocharis) on seven islands in the Zhoushan Archipelago 
and on the mainland of China (N > 17 females and 5-9 males per  

population), and found that island frogs were significantly larger 
than their mainland conspecifics in both breeding and non-breed-
ing seasons. This insular body size increase was correlated with 
both increased population density and higher prey availability on 
islands. However, there was no relationship between body size on 
islands and variation in prey size, absence of other competing frog 
species, island size, or distance of islands from the mainland. The 
authors suggested that the increased density of rice frogs on is-
lands is the result of increased resource availability, and the in-
creased body size is due to the more intense intraspecific compe-
tition that occurs in high density populations. Further, they sug-
gested that reduced predation on islands might also be responsible 
for the observed increased insular densities, and recommended 
further study to test this hypothesis. 

Wu, Z., Y. Li, AND B. R. MURRAY. 2006. Insular shifts in body size of rice 
frogs in the Zhoushan Archipealgo, China. Journal of Animal Ecology 
75:1071-1080. 
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e-mail: limy@ioz.ac.cn.  
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On 2 August 2006, "Meg" Stewart, professor (emerita) of biol-
ogy at the State University of New York at Albany (SUNY, Uni-
versity at Albany) and past president of the Society for the Study 
of Amphibians and Reptiles (SSAR), passed away peacefully at 
her home on the Helderberg Plateau in the Appalachian uplands 
of Albany County, New York, after a long battle with pancreatic 
cancer. Meg is survived by her husband, George E. Martin (Fig.  
1A), her brother John M. Stewart, and several nieces and neph-
ews. To those who may not have known Meg closely, the follow-
ing quotation from a note written to us in the spring of 2005 (about 
a year before her death) demonstrates her love of the natural world 
and her optimistic view of life even as her own was in jeopardy. 
She said: "It is great to have sunshine and flowers; salamanders 
are breeding (have bred) in my pool and peepers are calling in our 
marshes. A little merlin sat in our yard all afternoon yesterday and 
our red fox walked across the yard at 3:00 pm. How could we ever 
leave this place?" 

396 	 Herpetological Review 37(4), 2006 



nos. lA—C (LEFr TO RIGHT). A. Meg Stewart and her husband, George Martin (October 2004). Photo by Ariana N. Breisch. B. Meg with two of her 
Ph.D. students, Dan Townsend (left) and Larry Woolbright (right) in Puerto Rico in 1990. Unknown photographer. C. Stewart in the field in southwest-
ern New York in 1957 with undergraduate assistant Gary Larson (center) and New York State Curator of Botany, Stanley J. Smith (right). Photo by 
Thomas H. Watthews. 

Meg was well known to many in the herpetological community 
as she became the first female president of a major herpetological 
society anywhere in the world, assuming the elected position of 
president of SSAR in 1979. She was far from a figurehead officer 
in SSAR. Meg undertook seriously her assignment of leadership, 
having a personal agenda to reorganize the committee system 
within the society and to develop an operating manual for officers 
and editors that described in detail the roles of these positions (she 
said it was an unbelievable amount of work as she spent all sum-
mer writing letters). These operating procedures have provided a 
lasting foundation for the society, and the committees and chairs 
she appointed were similarly oriented toward productivity. This 
accomplishment, and her subsequent election to the presidency of 
the American Society of Ichthyologists and Herpetologists (ASH) 
in 1996, solidifies her position among the well-known leaders in 
the major professional herpetological societies. In 2005, ASIH 
awarded her both the Robert K. Johnson Award for excellence in 
service to the society and the Henry S. Fitch Award for excellence 
in the study of amphibian and/or reptile biology. 

By Meg's own admission, her society work caused her to sacri-
fice some momentum in working up her long-term data on tropi-
cal anurans. This work, as Powell and Henderson (1996) write, 
propelled her to prominence in tropical biology: "[She] and [her] 
coworkers (including A.S. Rand and F.H. Pough, and especially 
D.S. Townsend and L.L. Woolbright [Fig. 1B]), in a series of pa-
pers since 1979, have produced exquisitely detailed studies of 
Eleutherodactylus coqui on Puerto Rico. As a result, this particu-
lar frog is the best-known of all West Indian amphibians. Further-
more, Stewart's efforts pioneered the now-growing field of eco-
logical studies on West Indian frogs." Meg herself summarized 
her early years in the Caribbean in a highly prescient natural his-
tory with an entertaining narrative of her research (Stewart 2003). 
Her field studies in the American tropics were preceded by her 
well-known study of the amphibian fauna in southeastern Africa 
conducted during a sabbatical leave in 1963-1964 and culminat-
ing in her monograph, Amphibians of Malawi (State University of 
New York Press, 1967), in which keys and line drawings (clearly 
executed by her own hand) of each species, and color photographs 
of many, are accompanied by full species accounts including  

records, range, size, general appearance, similar species, color 
pattern, body features, sexual dimorphism, variation, calls and 
calling time, breeding time, eggs, and habits and habitat. Thus 
reflecting Meg's detailed approach as a systematic naturalist, this 
work "...established her reputation in herpetology" (Langenheim 
1996) and may form a baseline of data to evaluate the global ex-
tinction crisis affecting amphibians (Mendelson et al. 2006). 

Meg was born on 6 February 1927 in rural Greensboro County, 
North Carolina, where she was raised with her older sister 
Josephine and brother John on a 100-acre truck farm that pro-
duced fruits, vegetables, eggs, and dairy products operated by her 
parents (with seemingly unending contributions of the children). 
She entered the Woman's College (now the University of North 
Carolina at Greensboro) and later the University of North Caro-
lina at Chapel Hill, receiving her Bachelors and Masters degrees 
in 1948 and 1951, respectively. In June of 2006, the Epsilon chap-
ter of Phi Beta Kappa at UNC-Greensboro elected her as an alumna 
member in recognition of an extraordinary career as a scientist 
and university professor. She was a laboratory instructor in biol-
ogy and instructor in the Evening College of UNC-Greensboro 
for several years while an undergraduate student, and later taught 
briefly at Catawba College after receiving her Masters degree. Her 
doctoral dissertation (Cornell University, 1956) was on the natu-
ral history and development of the Northern Two-lined Salamander, 
Eurycea bislineata. A number of Meg's better known scientific 
papers are listed in an historical perspective that also outlines fur-
ther aspects of her life's travels, travails, and triumphs (Brown 
and Breisch 2005). 

Meg was initially appointed in 1956 to a full-time faculty posi-
tion at the New York State College for Teachers at Albany (now 
the University at Albany) to which she devoted her full profes-
sional career. Her position was dedicated to field biology, but, as a 
woman, she accepted an entry-level salary 20% lower than com-
parable pay for men. She considered herself a vertebrate ecologist 
focusing on population and community ecology, and behavior of 
amphibians. One of her first major projects was a biological sur-
vey of the Allegany Indian Reservation and adjacent Allegany State 
Park (Stewart 1961) (Fig. 1C). Following her work in Africa, she 
focused her attention to the New World tropics, but she was quite 
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Al Holman, excavating microfossils 
near East Lake, Mackinac Co., Michigan, 
July 2002. Photograph by Phil Myers. 

at home doing regional faunal surveys as well as conducting field 
studies of the local herpetofauna of the Adirondack Mountains in 
northern New York. For decades she devoted much of her natural 
history talents to the Albany Pine Bush, a glacial remnant pitch 
pine-sand plain community in and around the City of Albany. The 
latter "backyard" area served as a study site for her numerous class 
field trips, solidifying her extensive knowledge of the area's flora 
and fauna that led to her appointment to a state commission charged 
with management of the system. She was also active in the local 
chapter of The Nature Conservancy and supported a diversity of 
environmental causes, including providing expert testimony at 
hearings. 

Numerous undergraduate and graduate students in her courses 
praised Meg's classroom abilities and field excursions. She was 
recognized officially as a Distinguished Teaching Professor in the 
Department of Biological Sciences at SUNY-Albany in 1977, one 
of about a dozen such select professors holding this prestigious 
title in the university. After her official retirement in 1997, she 
was reappointed to take on the rather arduous job of putting the 
finishing touches of organization on a new graduate program that 
she and several colleagues had earlier (in 1991) launched, the 
Biodiversity, Conservation, and Policy masters program (which 
accepted its first student in 1998). In 2003, she personally made a 
gift to endow the program through the establishment of the Mar-
garet M. Stewart Graduate Scholarship (BCP program). Gifts in 
Meg's memory may be made to the University at Albany Founda-
tion with notation to the above fund, and may be sent to Dr. Sorrell 
Chesin at the foundation, UAB-201, 1400 Washington Ave., Al-
bany, New York 12222, USA. 

Acknowledgments.—We are grateful to Kraig Adler for commenting 
on Meg's instrumental role in SSAR and other aspects of our summary of 
her life and legacy. 
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J. Alan Holman died sud-
denly of a heart attack on 12 
August 2006 at his beloved 
fishing cabin at Fife Lake 
in northern Michigan, end-
ing a remarkable and pro-
ductive career in vertebrate 
paleontology and herpetol-
ogy, and leaving family, 
friends, and colleagues with 
a profound sense of loss. 

Al Holman was born in 
Indianapolis, Indiana, in 
1931, and very early devel-
oped an intense interest in 
the natural world, and am-
phibians and reptiles in par-
ticular. He recalled as a 
child having a continuous and ever-changing menagerie of the local 
herpetofauna, and noted that the common species in the area then 
are now among the rarest, including the Kirtland's Snake 
(Clonophis kirtlandii) and the Cricket Frog (Acris crepitans), the 
latter being once so abundant that he often collected the little frogs 
as food for his snakes. Years afterward Al often lamented the ob-
vious drastic decline in "herp" species and numbers over his life-
time. "What bothers me most," he would say, "is not that the rarer, 
more specialized species have become endangered or even disap-
peared—it's that the formerly common "generalist' species have 
now become rare—even in places that still seem to have habitat!" 
Al tried to do something about this situation, but his greatest con-
tributions to science came in studying long-extinct amphibians 
and reptiles. 

Al attended Franklin College in Indiana, receiving his Bachelor 
of Science degree in 1953. After a stint in the Navy, working as a 
medical corpsman, he then went on to graduate studies at the Uni-
versity of Florida, Gainesville, earning his MS degree in Biology 
in 1957, and his PhD in Systematics and Ecology in 1961. Al's 
doctorate advisor was Dr. Pierce Brodkorb, so not surprisingly his 
PhD thesis focused on fossil birds ("The osteology of living and 
fossil New World quail"). Another of his mentors at OF was Dr. 
Archie Carr, the famous marine turtle expert, who presumably 
encouraged Al's special life-long appreciation for all things che-
lonian. 

Al began his teaching career at Samford University and then 
Illinois State University before coming to Michigan State Univer-
sity in 1967, where he had joint appointments in the Geology and 
Zoology Departments. He taught the undergraduate course in ver-
tebrate paleontology, and later (after the retirement of friend and 
colleague Dr. Max Hensley) the herpetology course. He also be- 
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Warren Iliff served as Past-
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Zoos & Aquariums (formerly 
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logical Parks and Aquariums) 
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1990. As president, his final 
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build the Aquarium of the Pa-
cific in Long Beach, Califor-
nia. Photograph courtesy of the 
Aquarium of the Pacific. 

came the first curator of vertebrate paleontology at the MSU Mu-
seum. Over three decades, Al amassed a collection of nearly 3000 
fossil specimens—mostly fossil fishes, amphibians, reptiles, and 
small mammals, but also a large mammoth skull he and colleagues 
collected in Kansas in 1971, now on display at the Museum. In 
addition, Al prepared and curated an impressive herpetological 
comparative osteological collection, presently containing over 4100 
complete and partial skeletons. During his career, and after retire-
ment, he described 53 new species, 22 genera, and one family of 
vertebrate fossils. 

Al Holman focused his research on Cenozoic and Quaternary 
paleoherpetology in North America and Europe, and was a lead-
ing authority on New World fossil snakes. His studies on dishar-
monious Pleistocene "herp" faunas lent support for the Pleistocene 
Climatic Equability Hypothesis (in part, the idea that at times dur-
ing the Pleistocene, winters were warmer and summers were milder 
in much of eastern and central North America than occurs today.) 
He also dabbled in "larger" animals at times, including devising a 
hypothesis that, post-glacially, mammoths and mastodons migrated 
to Michigan from other areas to partake of salt deposits in the 
central lower peninsula. Al enjoyed field work and for many years 
led expeditions of graduate students to many parts of the United 
States and Canada, and also worked with colleagues in the United 
Kingdom. Important fossil sites included sink holes in Florida, 
sand pits in Kansas and Nebraska, peat bogs in Michigan, and 
interglacial beds in Norfolk, England. 

Al's research produced more than 300 publications, most of 
which were scholarly papers, but also a number of semi-popular 
and popular articles, along with eleven books. His productivity 
certainly did not decline after "official" retirement in 1997. His 
most recent book is "Fossil Salamanders of North America" (2006); 
other titles include "Fossil Frogs and Toads of North America" 
(2003), "In Quest of Great Lakes Ice Age Vertebrates" (2001), 
and "Fossil Snakes of North America" (2000). His concern for the 
conservation of living amphibians and reptiles was reflected in 
the production of three popular educational field guides on Michi-
gan herps that we co-authored: "Michigan Snakes" (revised in 
2006), "Michigan Turtles and Lizards" (1990, rev. 1997), and 
"Michigan Frogs, Toads, and Salamanders" (1992). In 2003, Al 
and his wife Margaret ("Peg") Holman (a respected archeologist 
who died in April 2006) co-authored a popular guide to Michigan's 
natural and human history—"The Michigan Roadside Naturalist." 
At least two additional book manuscripts were complete or nearly 
so, and are forthcoming. 

Al Holman was foremost a dedicated educator. He chaired the 
committees of 21 graduate students at the masters and doctorate 
levels, and served on many others. His students knew him to be a 
kind and patient advisor, but with high expectations for academic 
achievement and communications skills. His colleagues knew Al 
as a reliable friend and confidant, ever willing to offer useful ad-
vice or assist with an academic question. A humble and often shy 
man, but with a droll wit and an uplifting sense of humor, Al's 
jokes could lighten the mood or break the tension at the driest or 
most acrimonious of staff meetings. 

There can be no regrets for Al Holman's lifetime of contribu-
tions to his academic profession, his dedication and love for his 
family, and the well-earned respect of his colleagues and students. 
But we lament the untimely loss, and greatly miss his counsel and 
friendship. 
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When Warren Iliff arrived at the 
Dallas Zoo in Texas as director and 
my boss in 1984, the place was in 
shambles—lack of public support 
and declining attendance, indiffer-
ent city officials, an uninspired staff, 
and a barely functioning zoological 
society. Within months, he started 
to turn the place around through 
sheer energy, personal charm, boy-
ish enthusiasm, and a strong com-
mitment to conservation and re-
search. Warren and his wife 
Ghislaine became treasured icons in 
the community. These were some 
of the best days at the zoo. 

Warren was not a herpetologist 
but loved and supported herpetol-
ogy. He secured funding for three 
research initiatives for the zoo herp 
staff and outside colleagues: 1) 
herpetofaunal survey of the Sierra 
de los Cuchumatanes in northwest 
Guatemala (with Jonathan A. 
Campbell and Edmund D. Brodie, 
Jr.); 2) Bushmaster study at La 
Selva, Costa Rica, developed by 
Harry W. Greene, which involved travel to that lovely setting by 
the entire staff; 3) analysis of Panther Chameleon biology in Mada-
gascar (with Gary W. Ferguson, Jean-Baptiste Ramanamanjato, 
and Achille Raseliminana). Staff development was important to 
Warren so he made sure that monies were available for our staff, 
even when our budget was tight, to attend national and interna-
tional herpetological meetings and training programs. 

His memory was prodigious. Within a few months after arriv-
ing at the zoo, he knew the names of not only the entire zoo staff, 
members of the Dallas Zoological Society, and fellow workers in 
the City of Dallas, but the names of their spouses and children as 
well. Since he had total recall of our conversations, I could never 
put anything over on him. 

Warren did not tolerate complacency and pushed me in direc-
tions that were to me unimaginable. Before he came to Dallas, our 
department essentially operated as an isolated fiefdom and we made 
little effort to interact with others in the zoo, our zoo visitors, or 
the broader zoo community. During my first annual evaluation, 
Warren made clear that in the future I would be judged in broader 
terms, no longer would my isolated and misanthropic way of do-
ing things be accepted. Naturally, I was devastated and after sev-
eral weeks of soul-searching, I concluded that he was right and 
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R. Marlin Perkins and chimp. 
Undated photograph provided by 
Kraig Adler. 

made an effort to change my approach; I became a more-well-
rounded and better zoo professional as Warren would accept noth-
ing less. It is rare that a new boss pushes a long-term employee in 
this way and unless it is done properly, it can be traumatic and 
destructive for both sides. Warren did it properly. 

Warren was a caring director and the following anecdote under-
scores this point. Ghislaine and Warren hosted a series of parties 
at their home for the entire zoo and zociety staff, which numbered 
about 300 persons. These were not catered events—all of the food 
was prepared beforehand and served to all of the attendees by the 
hosts. 

Our weekly staff meetings were energetic, unpredictable, and 
filled with mirth. Since Warren's mind was so fertile, the ideas 
would flow in an unquenchable torrent from his lips and we had to 
struggle mightily to keep up with the pace. Subjects ranged from 
the lack of viable conservation programs in zoos, which fishes 
breathe air, parental care in salamanders, ophiophobia in primates, 
cleanliness in the public restrooms (Warren wanted to put Gary 
Larsen cartoons in the stalls to occupy the patron), pro football, 
embryo transfer into surrogate mothers, collection and cryo-pres-
ervation of gametes and do or should zoos need the "frozen zoo," 
responsibilities of the press, animal welfare issues, lack of oppor-
tunities for minorities in our profession, global warming before it 
was fashionable, failed management strategies, zoo scandals, and 
so on—no topic was considered to be too delicate or sacrosanct. 
Often, we left these meetings so highly charged that we adjourned 
to the local pub to finish our discussions into the wee hours. 

When Warren and I left the zoo, we kept in touch regularly. One 
remarkable characteristic of our conversations was that he rarely 
dwelled on his life but always wanted to know how my family and 
I were doing. He loved to talk about his friends and colleagues 
and explore the intricacies and challenges of the zoo business. 

Many months ago, he was diagnosed with lung cancer and dur-
ing the past several months was undergoing radiation and other 
treatments at a local hospital. Even during the last days of his 
illness, he inquired about my family and my well-being and I had 
to press him to talk about his condition and how he was doing. 

I am sad to say that Warren passed away on 5 August 2006. When 
his condition deteriorated, he wanted to go home, and so spent his 
last few days with Ghislaine and brother Bernie in that place. The 
day before, he slipped into a coma but Ghislaine said that he was 
peaceful at the end. 

Warren was a wonderful boss . . . challenging but not demand-
ing. His presence in my life stretched me both intellectually and 
professionally. I will miss his wise counsel and friendship—and 
his infectious laugh so precious. 

ZOO VIEW 

I enjoyed reading Kevin Murphy's article about the Buffalo Zoo be-
cause it brought back memories of my earlier association with Director 
R. Marlin Perkins at the Lincoln Park Zoo in Chicago during the 1950s. 
Perkins was assuredly the most well-known zoo personality in the United 
States with his television shows "Zooparade" and "Mutual of Omaha's 
Wild Kingdom." The American Zoo and Aquarium Association issues an 
annual award called "Marlin Perkins Award for Excellence" to a zoo 
worker chosen for significant contributions to the profession. 

During the 1950s when my parents occasionally decided that my col-
lection of reptiles at home had to go, mostly due to untimely escapes, my 
herpetological treasures always went to the Lincoln Park Zoo. With heavy 
heart, I periodically carried my charges to the reptile building although I 
was already planning my next ploy to bring more herps home when my 
parents settled down and became resigned to my unusual interest. During 
these purges, I met R. Marlin Perkins, Edward Maruska, Gene Hartz, Ray 
Pawley, and Ed Almandarz. They subsequently spent hours explaining 
the intricacies of the zoo business, encouraging me to give it a try as a 
career. Since it was clear that I was ill-equipped to do anything else, their 
wise counsel prevailed. Marlin Perkins was the only dissenter; he insisted 
that the zoo business would thrust me into a life of insolvency, chaos, and 
frustration. Accurately predicting two out of three is not bad! 

Although I mentioned this experience 
earlier (Card and Murphy 2000. Lineages 
and histories of zoo herpetologists in the 
United States. Herpetol. Circ. No. 27:1-
44), it bears repeating as it was a defining 
moment of my life: "While a high school 
student, JBM was introduced to Perkins 
by Gene Hartz. JBM timidly knocked on 
his office door, entered cautiously and 
spent an unforgettable thirty minutes with 
him. Perkins told JBM that getting into 
the zoo business was the greatest mistake 
of his life. His frustrations were exacer-
bated by indifferent politicians, zoo work-
ers, and personal friends who could not 
understand his passion for animals. Fur-
ther, zoo finances were always unstable 
and his bosses were jealous of his TV 
fame. Finally, Perkins advised the impres-
sionable lad that if he were stupid enough to embark on a career in zoo 
herpetology, fate would deal a cruel and unrelenting blow to his entire 
life. Perhaps he was right?" 

Later, when I was at the Dallas Zoo, Perkins came to visit and charmed 
all of the herpetological staff with his stories about zoo herpetology in the 
early days. One of the most memorable was his description of the near-
fatal Gaboon Viper bite in 1928 at the St. Louis Zoo. His assistant, Moody 
Lentz, was holding the smallish snake as Perkins was trying to remove an 
eyecap; he was envenomated with one fang. This was before the days 
where a monovalent antivenin was available for this species so American 
pitviper polyvalent, followed by cobra serum and an additional one to 
counteract Fer-de-lance and other Bothrops venoms were used—Perkins 
nearly died. He concluded his anecdote by saying, ". . . that the doctors 
threw everything but the kitchen sink at me and I still survived!" 

Rick Hudson in the Fort Worth Zoo's conservation department has been 
the prime force in the impressive and successful captive breeding/rein-
troduction program for the critically endangered Jamaican Iguana and 
other Cyclura species. Rick has published three chapters on transloca-
tion, headstarting and the role of zoos relative to West Indian iguanas in 
the book Iguanas: Biology and Conservation (2004. Alberts et al. [eds.]. 
Univ. California Press, Berkeley). 

—James B. Murphy, Section Editor 
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A Jewel of a House 
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In 2005 the Buffalo Zoo renovated a little bit of history. The zoo 
closed down its Reptile House for seven months for some excit-
ing improvements. Lead paint in the exhibit murals, threatening 
to become an animal health concern, was the impetus to start the 
project. The murals dated back to 1942 when the Reptile House 
was first opened. The Reptile House is part of the Main Building 
of the zoo which was a Works Project Administration (WPA) prod-
uct, one of many building projects around the country. At the time 
the Reptile House was being built, R. Marlin Perkins, a renowned 
herpetologist, was curator at the Buffalo Zoo. Perkins took great 
pride in exhibiting reptiles in what at the time were considered 

very naturalistic exhibits. The 
murals depicted in the reptile 
exhibits helped boost the aes-
thetic and educational value of 
the individual exhibits and the 
reptile house in general. 

In modern exhibits too, mu-
rals can add a great deal to the 
accurate exhibitry of the ani-
mal and facilitate attaining the 
goal of a truly natural look-
ing exhibit. Visitors viewing 
a well done naturalistic ex- 

hibit can passively learn a great deal about an animal, just by ob-
serving the animal in its natural habitat. 

Zoo staff had been trying to cope with the deteriorating murals 
for years. Lead abatement companies must be licensed and follow 
rigorous protocols in the removal process to prevent the release of 
super fine lead particles into the air. Due to the high costs of abate-
ment, staff had been unable to appropriately remove any of the 
paint. Finally, a local labor union was contacted and an agreement 
was worked out with their abatement training school to use the 
Reptile House as a training facility. 

Once the Perkins era murals were removed there was a tremen-
dous amount of repair work done by zoo staff. Every wall of the 
26 exhibits was patched, sanded, and primed. Each of the exhibits 
was originally built with hand-troweled concrete plaster walls that 
incorporated curved corners in the rear of the exhibits. These walls 
are very conducive to placing naturalistic props and the curved 
corners aid in mural continuity. In addition to the wall work, zoo 
staff spent numerous hours refurbishing the 1940s-vintage metal 
work that makes up the doors, doorframes, and shift doors assem-
blies. When Perkins designed the House he had the foresight to 
build a number of the enclosures with remotely operated shift cages 
as well as "peep" windows in all the keeper entry doors. 

Once the prep work was done, photo references for each animal's 
habitat were painstakingly developed. Nationally renowned mu-
ralist David Rock used the photo references to create accurate, 
realistic murals. Each exhibit has a different habitat portrayed that 
seems to keep visitors engaged as they experience what the build-
ing has to offer. Once the initial murals were completed the project 
seemed to take on a life of its own. The zoo found the money to 
replace the majority of the badly etched glass fronts as well as for 
educational graphics throughout the building. 

Exhibits were completed with three-dimensional props, mist-
ing systems, and new lighting schemes. Staff experimented with a 
number of new exhibitry techniques including an underwater view 
for a Mata Mata turtle exhibit. 

In mid September 2005, the first exhibits were ready for their 
inhabitants. It was a very exciting time for staff. Special care had 
gone into re-building the exhibits and hiding the lights and mist-
ing systems. The animals in the exhibits now have more choice in 
terms of temperature and humidity gradients as well as how they 
can use the exhibit spatially. This was the first time since it opened 
that the Reptile House had been completely emptied and reno-
vated. The house now looks fresh and new. There are a number of 
fascinating new species exhibited with special attention given to 
mixed species exhibits (Figs. 1A—D). As staff continues to strive 
for excellence at the Buffalo Zoo it seems likely that Marlin Perkins 
would be proud of this jewel that he started over 65 years ago. 
Zoo staff members certainly are. 

FIG. 1. A) Black Tree Monitor (Varanus beccarii) basking in its newly 
designed arboreal exhibit. Elevated, exterior nest box can be accessed by 
the lizards through the tree hole visible in mural. B) Exhibits showing 
graphics and a variety of habitats. Exhibit in center with pine tree houses 
Eastern Diamondback Rattlesnake (Crotalus adamanteus), Gopher Tor-
toise (Gopherus polyphemus), and Southern Fence Lizard (Sceloporus 
undulatus undulatus), one of several new mixed species exhibits in the 
house. C) Exhibits including Mata Mata Turtle (Chelus fimbriatus)IEm-
erald Tree Boa (Corallus caninus) display with underwater viewing. D) 
Mexican Lancehead Rattlesnake (Crotalus polystictus) exhibit created 
from photos of habitat near Atlacolmulco, Mexico. 
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When a group of iguana biologists and conservation profession-
als gathered in Fort Worth, Texas, in August 2001, it signaled the 
beginning of a new era for iguana conservation. The group con-
vened to address the critical need to provide a reliable source of 
funding for iguana conservation, particularly to support ongoing 
recovery programs for some of the critically endangered iguanas 
of the genus Cyclura. Shortly thereafter, the International Iguana 
Foundation (IIF) was formally established as a registered non-
profit organization and with it, the futures of a number of endan-
gered iguanas grew more secure. 

The IIF is a diverse group of conservation professionals, com-
bining years of experience with multidisciplinary expertise. With 
a governing board comprised of research scientists, zoo adminis-
trators, professional fund-raisers, field ecologists, captive manag-
ers, private breeders, and veterinarians, the IIF brings a uniquely 
broad perspective to iguana conservation. Currently the IIF has 
14 board positions with individuals representing zoos and aquari-
ums, corporations, wildlife trusts, and foundations. Largely U.S. 
based, the majority of Board members represent zoos that have 
made long-standing commitments to Cyclura conservation, includ-
ing Audubon, Columbus, Fort Worth, Gladys Porter, Houston, In-
dianapolis, San Diego, Sedgwick County, Shedd Aquarium, To-
ledo, and the Wildlife Conservation Society. Disney's Animal King-
dom is our sole corporate partner, and Durrell Wildlife Conserva-
tion Trust (formerly Jersey) is our lone foreign member. However 
the IIF is currently making a strong push to recruit more participa-
tion from both Europe and Australia. The single private sector 
representative is the California-based International Reptile Con-
servation Foundation (IRCF), a relatively new nonprofit that pub-
lishes the journal IGUANA and that has been instrumental in de-
veloping the IIF's web site: <www.iguanafoundation.org >. The 
President of the IIF is Dr. Allison Alberts, newly appointed Direc-
tor of Conservation & Science for the Zoological Society of San 
Diego, and an accomplished iguana research biologist with a re-
markable body of published work to her credit. 

The IIF mission is to ensure the survival of iguanas and their 
habitat through conservation, awareness, and scientific programs. 
This translates to one simple overarching goal: zero iguana ex-
tinctions. 

The IIF's primary purpose is to raise the financial resources es-
sential to implementing iguana conservation programs. Working 
in tandem with the Iguana Specialist Group (ISG) of the World 
Conservation Union (IUCN), the IIF provides critical support to 
initiatives prioritized in the ISG's Conservation Action Plan and 
in the various Species Recovery Plans drafted under that group's 
auspices. In addition, IIF works to generate public awareness of 
the many threats facing iguanas. 

Prior to the formation of the IIF, the conservation of Caribbean 
rock iguanas was largely handled by the ISG. Formed as the West 
Indian Iguana Specialist Group in 1996, the group expanded its 
mandate to include all iguana species in 2000. The ISG did an 
admirable job of prioritizing and facilitating iguana conservation 
work, primarily in the West Indies. The group achieved remark-
able success in terms of fund-raising and grant writing, matching 
resources with project needs, providing logistical support and sci-
entific oversight to recovery programs, developing headstarting 
facilities, conducting field research and predator control and a host 
of other activities. 

The strength of the ISG rests with their ability, through the in-
ternational recognition that comes with IUCN affiliation, to forge 
working relationships with foreign governments, trusts and con-
servation NGOs (nongovernmental organizations). The ISG has 
developed a Species Recovery Plan (SRP) process. Since 2001, 
the group conducted workshops for the Grand Cayman Blue, 
Anegada Iguana, Ricord's Iguana, Turks and Caicos Iguana, Andros 
Iguana, and recently (and the first venture outside the Caribbean) 
the Fiji Crested Iguana. These SRP workshops are conducted in 
conjunction with the ISG annual meeting, where the group re-
views the ever-changing list of priority species and projects. This 
list is made available to the IIF to use as they award funds and 
grants for projects. 

Where the ISG is long on expertise, they are short on financial 
resources, which is where the IIF steps in. The close working rela-
tionship between these two groups is essential to ensure that the 
limited funds available for iguana conservation are used wisely 
and reflect the current prioritized needs. The strength of this pro-
cess is that all decisions, both regarding funding (IIF) and species 
priorities (ISG) are made with consensus and under peer-review, 
which assures a broad and disciplined perspective. 

Since its inception, the IIF has raised more than $484,000, pri-
marily through direct board member annual contributions from 
supporting partners. The IIF also receives grants and public dona-
tions. Each supporting partner contributes from $2,500 to $10,000 
annually; additionally, partners respond to requests for special 
project assistance or appeals for emergency needs such as those 
wrought by Hurricane Ivan in 2004 or the Blue Iguana extinction 
crisis of 2002. 

The IIF applies for annual Disney Wildlife Conservation Fund 
(DWCF) grants that are earmarked for special large-project needs. 
Since 2002, the DWCF has been especially generous to the IIF, 
having awarded $68,750 for projects in Grand Cayman, Jamaica 
and the Turks and Caicos islands. The IIF has administered over 
$142,000 in grants from sources, including the Morris Animal 
Foundation (MAF), the SSC Sir Peter Scott Fund for Conserva-
tion Action, AZA's Conservation Endowment Fund, USFWS, and 
Conservation International. The largest of those, a $46,440 grant 
from MAF, funded medical evaluations on five Cyclura species, 
including pre-release health screening and establishing normal 
physiologic values on free-ranging animals. 

The IIF is able to manage these conservation funds effectively 
because they have no overhead or paid employees. As one of the 
IIF's founding partners, the Fort Worth Zoo supports me to devote 
40% of my salaried time to iguana conservation activities, includ-
ing serving as the group's Executive Director. The zoo likewise 
supports the IIF's administrative office, one of two nonprofit rep- 
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From top left, clockwise: ►  Glenn Gerber, PhD (San Diego Zoo CRES) collects data on 
a Stout Iguana, Cyclura pinguis, prior to being released in October 2004. ►  The first group 
of 24 C. pinguis was released in October 2003, in two distinct habitat types on Anegada, 
BVI. In total, 101 iguanas have been repatriated from 2003 to 2006. ►  A C. pinguis male, 
indicated by the red paint mark, rests on a dead tree following release on Anegada, Octo-
ber 2003. ►  Kelly Bradley (Dallas Zoo), with help from a local Anegadan student, applies 
a white paint mark to a female iguana prior to release in 2005. Kelly successfully radio-
tracked 72 iguanas on Anegada from 2003 to 2006 and obtained overall survivorship data 
of -85%. ►  Rick Hudson (Fort Worth Zoo) and Rick Van Veen (field coordinator for the 
Jamaican Iguana Recovery Team) apply a paint mark to a female C. collei, prior to release 
in the Hellshire Hills, February 2005. 67 C. collei have been repatriated since 1996. 

tile conservation organizations (the Turtle Survival Alliance be-
ing the other) headquartered here, reflecting the zoo's strong tra-
dition of commitment to herpetological conservation. 

Conservation funds are allocated annually through a grants pro-
gram. Since 2002, the IIF has awarded at total of $210,000 in four 
grant cycles to the following high priority projects: Blue Iguana 
Recovery Program, Grand Cayman; Jamaican Iguana Recovery 
Program; Anegada iguana research and conservation, British Vir-
gin Islands; San Salvador Iguana translocation, Bahamas; St Lucia 
field research and conservation; Ricord's Iguana field research, 
Dominican Republic, Mona Iguana population monitoring and Fiji 
Crested Iguana field surveys. 

The intent of the IIF is to address critical conservation needs, 
and three of the mainstays that fall into this category are the ongo- 

ing recovery programs for the Jamaican (Cyclura 
collei), Grand Cayman Blue (C. lewisi) and 
Anegada (C. pinguis) iguanas. All three are ranked 
Critically Endangered by the IUCN Red List and 
are considered conservation dependent; that is, the 
risk of extinction is too high to ignore the annual 
program needs. Intervention is necessary to offset 
the major threat, primarily high juvenile mortality 
associated with invasive feral predators. Not fund-
ing these programs is simply not an option. There-
fore, the board recognizes that there will always be 
certain fixed costs associated with the grants pro-
gram, however a solid proposal based on good sci-
ence is still expected. 

The IIF reached a major milestone in 2005: 100 
individual iguanas of three species (Jamaica, Grand 
Cayman, and Anegada) returned to the wild with 
IIF funding since 2003. The October 2005 and 2006 
releases of 24 and 29 Anegada iguanas respectively, 
surpasses that milestone, bringing to 224 the num-
ber of iguana repatriated to the wild with funding 
support from the IIF. In recent years the IIF has 
emerged as a major force for iguana conservation. 
And though the IIF has successfully raised a con-
siderable amount of money, the group is constantly 
faced with worthy projects that are in serious need 
of fmancial support, but remain unfunded. Spiny-
tailed iguanas of the Ctenosaura melanosterna com-
plex fall into this category and will require consid-
erable conservation funding in the coming years if 
they are to persist. Difficult choices have to be made. 
Such decisions are even more difficult with the re-
alization that tried and tested conservation solutions 
exist for some of the highly endangered iguana spe-
cies. 

The expertise and techniques are available to 
help them; however, the pace of recovery is dic-
tated by funding. For many species, rather than 
boldly forging ahead, the best that can be done is 
"holding the line" because of funding limitations. 
The IIF faces the challenge of reversing this situa-
tion, and to become better positioned financially to 
allow iguana conservation to move ahead at the pace 
that matches the need. For endangered iguanas 

worldwide, the IIF offers a fighting chance at survival. 
The IIF is 501 c (3) nonprofit foundation registered in the State 

of Texas. Tax deductible (for U.S. taxpayers) contributions can be 
made with checks made payable to the IIF and sent to Rick Hudson, 
IIF, 1989 Colonial Parkway, Fort Worth, Texas 76110, USA, or 
on-line at <www.iguanafoundation.org> and click on contribute. 
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Amateurs, Professionals and Showmen: 
Taking Risks and Steve Irwin 
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Some of us study animals to answer fundamental questions about 
their ecology, evolution and natural history, while others learn just 
enough about an animal's behavior to be dangerous to themselves, 
and sometimes to others. In Australia, prior to my departure in 
1989, people who engaged in scientific studies of dangerous ani-
mals, the ones who sought to publish scientific papers, were few 
and virtually confined to universities, museums, or Australia's 
Commonwealth Scientific and Industrial Research Organization 
(CSIRO). The professional field has grown since then, although 
the number of studies requiring "hands on" field work, particu-
larly with highly venomous snakes, has not changed much. On 
the other hand, there was never a shortage of Australians who 
caught, kept, and often displayed dangerous animals. 

The contrast between Australian scientific types and the lay pub-
lic is perhaps exemplified by Banjo Patterson's poem, "Johnson's 
Antidote," that describes Johnson as a "free selector" (in this case 
a swagman, or an Aussie battler), always searching for a quick 
way to make a living, who witnessed a fight between a goanna 
and a venomous tiger snake. The goanna fmally kills and eats the 
snake, surviving numerous bites ostensibly by nibbling the leaves 
of some plant. Johnson believes the plant harbors an antidote, and 
seeks the advice of a "scientific person" (actually a museum cura-
tor) for how to test it. The test shows the plant to be more deadly 
than the snake's venom, leaving the battler to battle on in search 
of fame and fortune. 

As a "professional," finding populations of critters to study, es-
pecially if one was not born in Australia, required developing close 
relationships with "amateurs"—the risk-takers who handled those 
critters. They were the blokes (and Sheila's) who had read the 
popular accounts, traded husbandry notes, developed intense fas-
cinations with particular species, applied what they knew to jus-
tify catching and handling them, and dreamed of one day finding 
their own "antidote," or running their own reptile park. And some 
did. 

Joe Bredl, then owner of Bredl's Reptile Park near the riverland 
of South Australia, was a short, wiry man with a clipped white 
beard, a wonderful smile, and crisp Hungarian accent. Joe was 
quick to size me up as the new Curator of Reptiles at the South 
Australian Museum—and alas, a Yank! "Joe," I said, "where can 
we find some snakes?" "Oh, well it's too hot and dry mate," said 
Joe. The next day it rained—poured, rather—for several hours, 
and we caught lots of frogs, but no snakes. So I went back to Joe's 
park. "Joe," I asked, " where are the snakes hiding?" "Too, wet, 
mate," was Joe's reply. The front passed through and the humidity 
dropped, along with the temperature, so I asked once more, "Joe,  

any idea where we can find those snakes now?" "Too cold, mate, 
too cold." And that was my introduction to one of the most fa-
mous of the living "amateurs." I last heard Joe was bitten on the 
chest by an Inland Taipan or fierce snake, the world's most ven-
omous terrestrial snake, while on a collecting trip. He nearly died. 
But being one of the few people to ever survive such an ordeal, 
Joe lavished in the publicity—he was now the stuff of legends, 
taking his place beside many other risk-takers. 

"How many times have you been bitten?" the amateurs ask, when 
I tell them I've handled some ten thousand tiger snakes over the 
last 20 years. "None," I reply, "at least not envenomed." Their 
faces betray their skepticism and disbelief—one even blurts out, 
"Well, how can you call yourself a herpetologist, if you've never 
been bitten?" "Just lucky, I guess," shying away from the ques-
tions and not attempting to justify my apparent lack of experi-
ence. No credential—a childhood of catching snakes in the swamps 
behind my house in Louisiana, Bachelors, Masters, and Ph.D. de-
grees in herpetology, and postdoctoral experience in the biochem-
istry of snakes—nothing would impress them. Some know the risks 
of handling these highly venomous reptiles, but most, I think, only 
really understand (or learn to appreciate) the danger after they or a 
friend are bitten. 

At a "show and tell" session, during a meeting of the Junior 
Herpetology Club of South Australia, a ten year old boy sat qui-
etly with a knotted bag on his lap. When called on, he opened the 
bag, reached in, and took out a live, three-foot long taipan (the 
world's second most venomous terrestrial snake, and sometimes 
ranked as the worlds most dangerous). No one crowded around 
the young boy—all were too shocked to move. The snake seemed 
docile enough. "How long have you had that snake?" I asked, as 
calmly as I could. "Since it was a baby," he said. "I feed it mice by 
hand." Brian Miller, among the keenest of amateurs, and a close 
friend, grimaced at the comment. Just a few weeks before he'd 
told me about an incident in the cane fields of Queensland. "I saw 
this tail sticking out from between two railroad sleepers and I 
grabbed it," he said. "I thought it was a large whipsnake, but it 
was a taipan about four or five feet long. It doubled back, shot 
over my left shoulder and was gone in a second or so. I was so 
fortunate, as it could have bitten me thrice in the same amount of 
time." Brian congratulated the boy on the interesting snake he 
exhibited, and quietly asked that he put it back in the bag. After-
wards, we talked to him for over an hour about the dangers of 
handling such an unpredictable reptile. But the snake, apparently, 
was acquired legally, and after that night the boy never returned to 
the meetings. 

Steve Irwin's first film on snakes was "The Ten Deadliest." Dr. 
Richard (Rick) Shine, of The University of Sydney, arguably one 
of the world's most scholarly herpetologists and an authority on 
Australian snakes, with over 500 refereed papers on amphibians 
and reptiles, reviewed the story line and videotape for Partridge 
Films. I also reviewed the materials. Rick and I agreed that Steve's 
handling abilities were cautious enough, but his dialog was meant 
for amateurs and lay people—handling snakes as gingerly as he 
did, examining them by holding their tails, and generally making 
a fuss over them, cooing about how mild their tempers were when 
"handled properly," were just a bit over the top. We scientific types 
take some twenty measurements, count numerous scales, exam-
ine for gender, reproductive condition and gut contents, draw blood 
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and venom samples, and mark, weigh, and photograph each indi-
vidual. Using Steve's ideas, we would have given up the studies, 
or worked well into old age, to get enough data to finish our 
projects. But the part of Steve's film we found most objection-
able, was the sight of him lying on the ground near a rat burrow, 
allowing a very large female inland taipan to approach and "lick" 
him on the cheek with her tongue flicks. That reminded me of the 
young boy with the taipan. 

In spite of our objections, Steve's film was an instant success—
particularly in the United States. Years later, a fellow herpetolo-
gist and keen field researcher told me that while trying to make a 
film on Eastern Diamond-backed Rattlesnakes in Georgia, he was 
notified of a recent snakebite victim, a young boy, just admitted to 
the local hospital. After the crisis was over, and the boy was inter-
viewed, he was asked, "Why did you try to pick up that snake?" "I 
was just trying to be like the Crocodile Hunter," he replied. 

Although my fascination with snakes has caused me to take many 
risks—most involved transport between islands in a rubber boat—
I treated each snake as a research subject, with caution and a pro-
tocol for safety, as if each capture and handling was the first time. 
Over the years, I sensed that Steve Irwin, in spite of my reserva-
tions, perhaps subconsciously, did that, too. He most likely felt 
the same adrenalin rush and the same sense of accomplishment in 
collecting and displaying animals to the camera that I got from 
recording the data that, I hoped, would make my publications read 
and admired by my peers and the public. And, for a time, I eagerly 
accepted invitations of film crews from the ABC, the Cousteau 
Society, local and national television, and freelance cameramen 
working for the likes of David Attenborough, to make videos and 
television documentaries on tiger snakes. I even teamed up with 
Mark O'Shea on one of his 'big adventures,' and enjoyed it im-
mensely. But all these were diversions from my real goal—to pub-
lish a book on the biology of these snakes—and that quest contin-
ues, today. 

While in Australia in 2001, I also learned that Steve, the show-
man, was also Steve the conservationist, spending some of his 
earnings on the preservation of land for wildlife. This new per-
spective, related to me by an old friend at the South Australian 
Museum, changed my attitude toward Steve. Like most of his fans 
and detractors, I never knew him, personally. But, showmanship 
aside, conservation and land preservation for wildlife habitat, par-
ticularly in Australia, is admirable, no matter what the means are 
for doing it. My perspective changed. I began thinking more about 
the joy Steve displayed and how his work transferred wonderfully 
to his audiences. Wildlife expert, risk-taker, buffoon, comic, ad-
vocate, family man—he was all these things and more, and he 
projected his joy and enthusiasm for life into millions of homes. 

I came to the conclusion there is a kinship among those of us 
who take risks with dangerous wildlife. Steve Irwin's death causes 
me to wonder how I survived all my years handling venomous 
snakes and to count my blessings. It also points, perhaps selfishly, 
toward a renewed sense of urgency to finish and publish my work, 
if for no one other than my wife, children, and grandchildren. When 
a person we all recognize dies, we may give pause to our daily 
chores and ask—what good have we actually contributed to hu-
manity? Steve's impact will endure in his films. They will be seen 
by his wife and children, and remembered by all for a very long 
time. 
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In the very interesting life history of the Moila Snake, Malpolon 
moilensis (Colubridae: Psammophiinae), as described by Gasperetti 
(1988), I was struck by the claim that Kramer and Schnurrenberger 
(1963) had recorded two female M. moilensis from Libya, of 1897 
mm and 1899 mm total length. Kramer and Schnurrenberger (1963: 
511-513) actually examined 19 specimens from Libya. Of these 
they indicated the length of only the longest one, a female of 910 
mm (including tail 165 mm). 

Gasperetti (1988: 253-257, 371 + appendix II) measured at least 
47, and possibly as many as 144, Arabian M. moilensis, of which 
the longest was a female of 1213 mm (including tail 207 mm). 
Although he also mentioned a "non-measured"[sic], badly decom-
posed Arabian specimen "of over 1500 mm" (probably also in 
Gasperetti 1973), he seems to have excluded the possibility of the 
existence of Arabian specimens reaching 1900 mm, the size he 
ascribed to the Libyan specimens supposedly reported by Kramer 
and Schnurrenberger (1963). Despite his reservation regarding such 
large specimens, it appears that he mistook the collection num-
bers SK 1897 and SK 1898, listed by Kramer and Schnurrenberger 
(1963), for snake lengths in millimeters. A tiny additional error, 
possibly typographical, yielded the top record of 1899 mm. Apart 
from this, the distribution of Malpolon moilensis, correctly given 
by Kramer and Schnurrenberger (op. cit.) as extending from 
Mauritania and Morocco to Iran, was given by Gasperetti (1988), 
in his text and two maps, as extending only from Algeria to Iran. 
These errors were not present in Gasperetti's (1973) earlier treat-
ment of M. moilensis, in which no Kramer and Schnurrenberger 
(op. cit.) specimens are mentioned either. 

Unfortunately, Gasperetti's (1988) erroneous size record based 
on the SK-numbers has been repeated in the literature. In a study 
on biological diversity in Jordan, Disi (2002) stated that, accord-
ing to Kramer and Schnurrenberger (1958[sic]), the two longest 
measured Malpolon moilensis are females from Libya of "189,7 
cm and 189,9 cm total length." In another work (Disi et al. 2001), 
it is stated that there is a 190 cm maximum length for M. moilensis 
from Libya, with a list of thirteen "pertinent references." Among 
these Gasperetti (1988) is present but Kramer and Schnurrenberger 
(1963, or any other year) is not. 

More erroneous statements on Malpolon sp. would have been 
avoided if Disi et al. (2001) had correctly interpreted the results of 
Kramer and Schnurrenberger's (1963) research; in particular, those 
results, subsequently corroborated by De Haan (1999, 2003), dem-
onstrating that M. monspessulanus males grow much larger than 
females of the same age (maximum total length 230 cm vs.140 
cm), despite a lack of sexual dimorphism in tail length. 

I hope that this letter will put an end to the repetition of errone- 
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ous lengths for the two Malpolon species, and will do justice to 
the excellent work on Libyan snakes by Kramer and 
Schnurrenberger (1963). 

LITERATURE CITED 

DE HAAN, C. C. 1999. Die Europaische Eidechsennatter Malpolon 
monspessulanus (Hermann 1804). In W. Bohme (ed.), Handbuch der 
Reptilien und Amphibien Europas, Band 3/IIA: Serpentes II: Colubridae 
2, pp. 661-756 + 789-807. Aula-Verlag, Wiebelsheim, Germany. 

 . 2003. Extrabuccal infralabial secretion outlets in Dromophis, 
Mimophis and Psammophis species (Serpentes, Colubridae, 
Psammophiini). A probable substitute for 'self-rubbing' and cloacal 
scent gland functions, and a cue for a taxonomic account. C. R. Biolo-
gies 326:275-286. 

Ds', A. M. 2002. Jordan Country Study on Biological Diversity — The 
Herpetofauna of Jordan. The Hashemite Kingdom, GCEP, UNDP and 
UNEP, Amman, Jordan. 288 pp. 
	, D. MODRY, P. NECAS, AND L. RIFAY. 2001. Amphibians and Rep- 

tiles of the Hashemite Kingdom of Jordan. An Atlas and Field Guide. 
Chimaira, Frankfurt/M, Germany. 408 pp. 

GASPERETTI, J. 1973. A preliminary sketch of the snakes of the Arabian 
Peninsula. J. Saudi Arabian Nat. Hist. Soc. 1:1-72,33 figs., 15 maps. 

 .1988. Snakes of Arabia. In W. Biittiker and F Krupp (eds.), Fauna 
of Saudi Arabia, Vol. 9, pp. 169-450. NCWCD, Riyadh, Saudi Arabia 
and Pro Entomologia NHMB, Basel, Switzerland. 

KRAMER, E., AND H. SCHNURRENBERGER. 1963. Systematik, Verbreitung und 
Okologie der Libyschen Schlangen. Rev. suisse Zool. Geneve 70:453-
568. 

POINTS OF VIEW 

Herpetological Review. 2006, 37(4). 406-407. 
(0 2006 by Society for the Study of Amphibians and Reptiles 

Stability Restored to the Name Phymaturus 
palluma: A Response to Cei and Scolaro (2006) 

RICHARD ETHERIDGE 
and 

JAY M. SAVAGE 
Department of Biology 

San Diego State University 
San Diego, California 92182-4614, USA 
e-mail (RE): rether@sunstroke.sdsu.edu  

e-mail (JMS): savyl@cox.net  

We initially prepared this article at the request of the editor in 
response to a manuscript submitted to this journal by J. M. Cei 
and A. J. Scolaro regarding the recent action of the International 
Commission on Zoological Nomenclature (ICZN), designating a 
type species for the iguanian lizard genus Phymaturus, and a neo-
type for the species Phymaturus palluma (ICZN 2005). However, 
the manuscript of Cei and Scolaro was subsequently withdrawn, 
and an expanded version recently appeared in the journal Zootaxa 
(Cei and Scolaro 2006). The following is brief history of this case, 
taken from our application to the ICZN (Etheridge and Savage 
2003). 

The genus Phymaturus (Gravenhorst 1837) has been used for 
over 150 years for a group of lizard species that occur in the cor-
dilleras of central Chile and Argentina, and on several volcanic  

mesestas of Patagonian Argentina. Cei and Lescure (1985) deter-
mined that the type species of Phymaturus, Lacerta palluma Molina 
1782, was misidentified by Gravenhorst (1837), and that Molina's 
description was actually based on a specimen of the teiid species 
Callopistes maculatus. Consequently, Cei and Lescure (1985) pro-
posed replacing Phymaturus palluma with Callopistes palluma. 
Subsequently, Lescure and Cei (1991) proposed revalidation of 
the next available generic name, Centrura Bell (1843), for all spe-
cies referred to Phymaturus, and replacement of the name Centrura 
flagellifer with Phymaturus flagellifer. Etheridge and Savage 
(2003) then applied to the ICZN, in the interest of nomenclatorial 
stability and universality, to use its plenary powers for the pur-
pose of designating the holotype of Centrura flagellifer Bell 1843, 
as the neotype of Lacerta palluma 1782, and to place the names 
Lacerta palluma Molina 1782 and Phymaturus Gravenhorst 1837 
on the Official List of Names in Zoology. Two years later our 
application was approved (ICZN 2005, Case 3225). 

Cei and Scolaro (2006) argue that the decision of the ICZN was 
a mistake. They repeat the assertion of Cei and Lescure (1985) 
that the specimen upon which Molina (1782) based his descrip-
tion of Lacerta palluma was actually a specimen of the teiid lizard 
now known as Callopistes maculatus, and attribute the initial er-
ror of identification to Daudin (1802). The conclusions of Cei and 
Lescure (1985) were based on a detailed comparison of Lacerta 
palluma, as described by Molina (1782), with the characteristics 
described by Gravenhorst (1837) for Phymaturus palluma, and 
with those of Callopistes maculatus. We have made the same com-
parisons, and find their conclusion that Molina's specimen was 
probably a Callopistes to be convincing. Although we have never 
disputed this assertion, we believe the initial error was likely that 
of Gmelin (1788) and Meyer (1795) rather than Daudin (1802). 
Gmelin (1788), citing Molina (1782) listed Lacerta pelluma [sic] 
between Lacerta cordylus (Linnaeus 1758) (now Cordylus 
cordylus: Cordylidae) and Lacerta stellio (Linnaeus 1758) (now 
Laudakia stellio: Agamidae), both species having a spiny tail. 
Meyer (1795), citing Gmelin (1788) then placed Lacerta pealuma 
[sic] in the genus Cordylus, apparently because Linnaeus (1758), 
in his description of Lacerta cordylus used the term "cauda 
verticillata" (tail whorled), employed also by Molina (1782) in 
his description of Lacerta palluma. Because Cordylus cordylus is 
a lizard with a spinose tail, Meyer (1795) apparently incorrectly 
assumed the tail of Molina's species was also spinose. Subsequent 
authors appear to have perpetuated this error. Latreille (1801) and 
Daudin (1802) used the genus Stellio for Lacerta palluma, Cuvier 
(1829) used Oplurus, and Kaup (1826) used Uracentron, all gen-
era characterized by a tail with whorls of spinose scales. It is not 
surprising, therefore, that when Gravenhorst (1837) was presented 
with a spiny-tailed lizard from Chile, he assumed it was Molina's 
Lacerta palluma. Thereafter, the name Phymaturus palluma was 
used consistently and universally until 1985. The revalidation of 
the next available name, Centrura flagellifer (Bell 1843) by Cei 
and Lescure (1985), and their subsequent proposal to again change 
the name to Phymaturus flagellifer (Lescure and Cei 1991) ush-
ered in two decades of instability during which Centrura flagellifer, 
Phymaturus flagellifer, and Phymaturus palluma were used for 
the same species. Our sole objective in submitting this case to the 
ICZN (Etheridge and Savage 2003) was to bring an end to this 
instability once and for all. 
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Hurricanes alter forest vegetation structure causing extensive 
defoliation, limb breakage, and uprooting of trees (Tanner et al. 
1991). This reduction in canopy cover results in decreased humid-
ity and increased light penetration and wind speeds, paralleling 
changes that occur locally in tree fall gaps (Hubbell and Foster 
1986). Loss of canopy cover due to Hurricane Hugo in Puerto 
Rico resulted in increased temperatures near the forest floor and 
abundant growth of understory vegetation (Stewart 1995). Natu-
ral disturbances may stimulate vertebrates to respond in physi-
ological, behavioral, or ecological manners (Karr and Freemark 
1985). Habitat alterations can influence vertebrate species com-
position and population density (e.g., Reagan 1991; Woolbright 
1991) through changes in predator-prey dynamics, food supply, 
and availability of retreat sites (Schoener et al. 2001). Such alter-
ations can occur immediately and be long lasting (Waide 1991). 

Few studies have quantified the response of animals to hurri-
canes. The densities of nectivorous and frugivorous birds (Askins 
and Ewert 1991; Lynch 1991; Waide 1991) and invertebrates such 
as phasmids and snails (Willig and Camilo 1991) were signifi-
cantly reduced after hurricanes. The vertical microhabitat of Anolis 
species changed after Hurricane Hugo forcing three species to use 
habitat near ground level (Reagan 1991). The most detailed analy-
ses of hurricane effects on an amphibian are those of Woolbright 
(1991, 1996) and Stewart (1995) on Eleutherodactylus coqui in 
Puerto Rico. One year following Hurricane Hugo, 
Eleutherodactylus coqui showed a fourfold increase in adult popu-
lation size, likely because of an increase in retreat sites and de-
crease in predatory invertebrates (Woolbright 1991). A recent study 
(Vilella and Fogarty 2005) also reported an increase in the abun-
dance of E. coqui but decreases in the abundance of two other 
eleutherodactylids after Hurricane Georges. Amphibians are sen-
sitive to microhabitat changes and are considered indicators of 
ecosystem perturbation due to their unique life histories and physi-
ologies (Blaustein and Wake 1995; Phillips 1990). Furthermore, 
pond-breeding species are influenced by vegetative changes oc-
curring within ponds and surrounding terrestrial habitats (Semlitsch 
2000). Therefore, pond-breeding frogs should be excellent model 
organisms to study the impact of hurricane disturbance. 

Hurricane Iris (Class W) struck southern Belize in October 2001. 
A 20-month study conducted prior to the hurricane (February 2000 
to September 2001) examined the breeding phenology and habitat 
associations of frogs in several pond-breeding sites in the Bladen 
Natural Reserve (BNR; Hawley 2002). The availability of these 
pre-hurricane data presented a rare opportunity to examine the 
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effects of a hurricane on diverse anuran assemblages in multiple 
sites of different habitat types. Furthermore, predictions could be 
made regarding the response of anurans to changes in vegetation 
caused by Hurricane Iris. Hawley (2002) identified several spe-
cies, including Bufo valliceps, Hyla microcephala, Smilisca 
baudinii, Leptodactylus melanonotus, Rana berlandieri, and Rana 
vaillanti, as common, habitat generalists, i.e., occurring within 
pine-savanna and forest habitats. In contrast, Agalychnis callidryas, 
Hyla loquax, Hyla ebraccata, Gastrophryne elegans, and 
Rhinophrynus dorsalis were specialists of forest habitat and Hyla 
picta, Scinax staufferi, and Leptodactylus fragilis were specialists 
of pine-savanna habitat. I expected habitat specialists, which are 
limited by particular physical and biological characteristics that 
occur within their range of habitat (Hutchinson 1957), to undergo 
more changes in their abundance and distributions than habitat 
generalists. For example, some hylids (e.g., A. callidryas) are con-
fined to the forest because the canopy provides protection from 
high temperatures and low relative humidity that may be physi-
ologically stressful. In contrast, other hylids (e.g., H. picta and S. 
staufferi) occur in areas with tall understory growth (Lee 1996), 
which serves as habitat for perching during the breeding season. 
If Hurricane Iris altered the quality of habitat for these species, I 
expected to observe changes in assemblage composition and their 
abundance at the study sites. 

In this study, I compare frog species richness, composition, and 
abundance and canopy cover pre- and post-hurricane at six breed-
ing sites. These pre-hurricane surveys in combination with post-
hurricane surveys allow for changes in frog assemblages and veg-
etation structure to be assessed. 

METHODS 

Study Sites.—I selected six study sites (each approximately 100 
x 30 m) in the southeast portion of the BNR (16°33.124'N, 
88°42.974'W) in the Toledo District of southern Belize in May 
2000 (Hawley 2002; Fig. 1). Sites were selected based on their 
potential to serve as regular frog breeding ponds. Sites were lo-
cated in primary tropical evergreen broadleaf lowland forest (Fl–
F4), short-grass savanna (S1), and transitional habitat (T1) 
(Meerman and Sabido 2001). F1 and F2 were located on a little-
used, unpaved road between the Southern Highway and Bladen 
River and four sites (F3, F4, T 1, and S 1) were located off the road. 
Sites were a minimum of 100 m apart, with the most distant sites 
separated by 1.5 km (F1 and S1). I obtained daily precipitation 
and maximum and minimum temperatures for the years 2000-
2002 from the Belize Foundation for Research and Environmen-
tal Education (BFREE), located ca. 750 m NE of site F 1 . The 
monthly maximum temperature was 32.28 ± 1.98°C (mean ± SD) 
and minimum temperature was 21.22 ± 2.83°C (mean ± SD) from 
2000-2002 at BFREE. BNR is characterized by a distinct wet 
(May–October) and dry (November–April) seasonal cycle. Total 
annual precipitation was 2562 ± 66 mm (mean ± SD) from 2000 
to 2002. 

Anuran Surveys.—I conducted a minimum of six nocturnal au-
dio surveys (Zimmerman 1994) in each site during June to August 
in 2000 and 2002 (Table 1). Survey effort was lower in 2001 with 
only two surveys conducted at some sites during the same time 
period. Surveys were conducted between 2000 h and 2400 h, cor- 

Flo. 1. Map of study sites in southern Belize. Detail of the Bladen Nature 
Reserve ecosystems was adapted from the Belize Ecosystems Map 
(Meerman and Sabido 2001). 

responding to the time period of greatest frog vocalization, and 
survey duration was a minimum of ten minutes. I estimated the 
number of calling males of each species and noted it as an index 
of 1 to 4, standard in the Maya Forest Amphibian Monitoring 
Project (MayaMon) (Meyer 1999). A score of 1 indicates that 1-5 
individuals were calling; 2 indicates 6-20 individuals; 3 indicates 
21-50 individuals; and 4 indicates over 50 individuals. Surveys 
were conducted during a period of 2-5 days each month and a 
subset of sites were visited each night. The order in which sites 
were visited was varied on consecutive nights each month so that 
each was visited during different time periods. 

Vegetation Structure.—I estimated percent canopy cover pre-
(June–September 2001) and post- (June–August 2002) hurricane 
at each study site except Tl. One plot (20 x 10 m) was established 
at the center of the pool in each site and divided into quadrats at 2 
m intervals. Canopy cover was estimated using a sight tube di-
vided into four equal parts with a string. At each 2 x 2 m quadrat 
intersection, I viewed through the tube upward and estimated the 
percent of canopy cover. A value of 0 to 3 was given, correspond-
ing to 0-25, 26-50, 51-75, and >75% canopy cover. 

Data Analysis.—I computed the total species richness in each 
site by pooling vocalization surveys from June to August each 
year. To represent the abundance of each species I used the high-
est value the calling index reached each year. Therefore, this value 
is an estimate of the largest size attained by the male breeding 
population of each species during the survey dates each year (Scott 
and Woodward 1994). I plotted species accumulation curves in 
each site during each year to examine how species richness changed 
with survey effort. When gamma diversity is low and species ac-
cumulation curves reach an asymptote, the curves are a satisfac-
tory way to standardize effort among sites (Willott 2001). The 
curves reached asymptotes in two to six surveys; therefore, effort 
above six surveys did not reveal new species in any study site. If a 
minimum of six surveys is used to standardize effort among sites 
and years, then effort during 2001 was too low to offer a reliable 
comparison. However, years 2000 and 2002 can be compared to 
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examine how species richness, composition, and abundance var-
ied pre- and post-hurricane. Throughout the remainder of the pa-
per pre-hurricane will represent year 2000 and post-hurricane will 
represent year 2002 unless mentioned otherwise. I tested for a 
difference in species richness among sites pre- and post-hurricane 
using a Wilcoxon signed-ranks test for related samples, with sites 
as replicates. Then I tested for a difference in the number of sites 
each species occurred in pre- and post-hurricane with a Wilcoxon 
signed-ranks test for related samples, using species as replicates. 
Because of the possibility of a lack of independence among sites 
Fl,  F2, and F3 due to small inter-site distances, F2 was removed 
from statistical analyses. 

Summary statistics were calculated for canopy cover in each 
site. I used a paired samples t-test to determine whether canopy 
cover differed pre- versus post-hurricane in each site. 

RESULTS 

Frog Assemblages—Fourteen frog species of six families were 
observed during the study period (Table 1). Species richness in-
creased at every site post-hurricane in comparison to pre-hurri-
cane (Wilcoxon, Z = -2.070, P = 0.038). This trend remains even 
if additional survey effort is considered by pooling years 2000 
and 2001 (Table 1). Furthermore, seven of 12 species were en-
countered in more sites post-hurricane; however, this difference 
was not significant (Wilcoxon, Z = -1.552, P = 0.121; Fig. 2). Of 
the seven species that increased in occurrence, four (Hyla picta, 
Scinax staufferi, Smilisca baudinii, and Rana berlandieri) were 
found in an additional two or three sites. In contrast, Agalychnis 
callidryas and Leptodactylus melanonotus were each encountered 
in one fewer site post-hurricane. The remaining species showed 
little (± 1 site) or no change in the number of sites they were de-
tected in between time periods (Fig. 2). 

The data suggest that the hurricane had neither an overall posi-
tive nor negative effect on the abundance of species (Table 1). In 
addition, no single species showed a consistent large increase or 

Flo. 2. The number of sites each species was detected in pre- and post-
hurricane. Species abbreviations are the first letters of the genus and spe-
cies names; see Table 1 for full names. The diagonal line represents no 
change in number of sites a species was detected in before versus after 
the hurricane. 

FIG. 3. Canopy cover (mean ± SE) pre- and post-hurricane at five 
study sites; each comparison between years was significant (P < 
0.05) with paired samples t-tests. 

decrease in abundance across multiple sites. However, fewer vo-
calizing Agalychnis callidryas were detected post-hurricane in sev-
eral forest sites (Table 1). Scinax staufferi and Hyla picta were 
detected vocalizing post-hurricane in forest sites for the first time 
during the study period. In addition, the first observations of vo-
calizing Smilisca baudinii and Rana berlandieri at several sites 
occurred post-hurricane. 

Vegetation Structure.—Canopy cover significantly decreased by 
approximately 30% (T-tests, P < 0.001) at all forest sites post-
hurricane (Fig. 3). In contrast, there was a significant, albeit small, 
increase in canopy cover in the savanna site (S1) between time 
periods. 

DISCUSSION 

The alteration of vegetation structure resulting from Hurricane 
Iris was typical of that found after other hurricanes of similar mag-
nitude. Winds in excess of 224 km/h (Meerman 2001) caused up-
rooting of trees, limb breakage, and loss of canopy cover in the 
forest. Pine forest and savanna habitats are thought to have been 
the least affected by the hurricane (Meerman 2001). The results of 
this study support this idea, showing little change in canopy cover 
in the savanna site. However, alteration in the lowland forest struc-
ture resulted in a significant accumulation of debris on the forest 
floor (pers. obs.) and large openings in the canopy. These struc-
tural changes prompted the rapid growth of understory vegetation 
in several sites. Greater canopy openness has been positively cor-
related with increased light penetration, increased temperatures, 
and decreased ambient humidity on the forest floor (Hubbell and 
Foster 1986). Therefore, canopy cover can be viewed as a surro-
gate for these abiotic variables, which have a large influence on 
frog activity and distributions (Duellman and Trueb 1986; Pearman 
1997). I propose that alterations in vegetation structure occasioned 
by Hurricane Iris caused some of the changes observed in frog 
occurrence and abundance during the study period. However, these 
structural changes were not so drastic as to cause significant popu-
lation variation or the loss of anuran species in the study area dur-
ing the study period. 
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TABLE 1. Species richness and abundance detected during vocalization surveys at each site from June to August in 2000 (00) and 2001 (01; Pre-
hurricane) and 2002 (02; Post-hurricane). Numbers represent the maximum calling index reported in surveys during the time period at each site (1 = 
1-5, 2 = 6-20, 3 = 21-50, and 4 = 50+ vocalizing individuals) and N = number of surveys during June to August each year at each site. 

Pre 
00-01 

Fl 	 F2 
Post 	Pre 
02 	00-01 

Post 
02 

Pre 
00-01 

F3 	 F4 	 T1 
Post 	Pre 	Post 	Pre 
02 	00-01 	02 	00-01 

Post 
02 

SI 
Pre 

00-01 
Post 
02 

Bufo valliceps 1 1— 2 

Agalychnis callidryas 2-2 1 2-2 1 2— 3-3 3 2-2 3 

Hyla ebraccata —1 1 1-2 2 
Hyla loquax 2-2 1 2-2 2 2-2 2 
Hyla microcephala 2-2 2 4-3 3 2— 1 4-4 4 4-4 3 2-1 1 
Hyla picta 1 1 1-1 1 I 
Scinax staufferi 1 3 2-2 4 4-3 3 
Smilisca baudinii 3-2 2 2-4 1 1 I 
Rana berlandieri 1 1-1 1 2 1— I 

Rana vaillanti 1 

Leptodactylus fragilis 4— 
Leptodactylus melanonotus 2— 2-1 2 
Gastrophryne elegans —1 
Rhinophrynus dorsalis —1 
Total Species Richness 4-4 6 6 	6 10 2-0 3 5-5 6 6-6 8 4-2 6 
N 6-5 8 7-6 10 9-2 8 6-4 10 6-4 10 9-3 9 

The most prominent changes in the frog assemblages after Hur-
ricane Iris were increases in species richness and consequent 
changes in frog composition within those sites. However, no con-
sistent trends across all species or all sites were found; frogs re-
sponded to the structural changes caused by the hurricane in spe-
cies-specific manners. The increase in frog species richness at sev-
eral sites was in part caused by an increase in the occurrence of 
Scinax staufferi and Hyla picta in forest sites after the hurricane. 
It is unlikely that these observations were an artifact of my sam-
pling regime because they also were not observed in forest sites 
during surveys from June to August 2001. In contrast, post-hurri-
cane, S. staufferi and H. picta were encountered in forest sites on 
several survey occasions. Both species were characterized as sa-
vanna habitat specialists within the study area prior to the hurri-
cane by Hawley (2002). Typically, both breed in temporary pools 
in open areas, perching on emergent grasses and shrubs (Campbell 
1998; Lee 1996). Post-hurricane, sites in the forest more closely 
resembled the vegetation structure of the savanna, with large open-
ings in the canopy and greater understory vegetation growth. These 
structural changes may be responsible for the increased occurrence 
and abundance of S. staufferi and H. picta in forest sites post-
hurricane. Increased understory vegetation cover in and around 
breeding ponds would provide additional perching sites for S. 
staufferi and H. picta. 

Contrary to my expectations, most specialists of forest habitat 
did not undergo large changes in occurrence or abundance. 
Agalychnis callidryas showed small declines in abundance in sev-
eral sites during the study period. A. callidryas is a canopy-dwell-
ing species and is not found in sites without trees (Lee 1996); 
therefore, the reduction in its abundance in this study may be di-
rectly related to the loss of canopy cover in forest sites. Further- 

more, increased temperatures and decreased relative humidity as 
a result of reduced canopy cover may cause physiological stress 
for A. callidryas, resulting in individuals moving to locations with 
more appropriate microhabitat conditions. 

As expected, most species characterized as habitat generalists 
did not undergo large changes in occurrence or abundance. How-
ever, Smilisca baudinii and Rana berlandieri were detected in three 
additional sites post-hurricane. Unlike S. staufferi and H. picta, 
these observations do not suggest actual changes in the occurrence 
or abundance of these species because they were observed with 
regularity in many of the sites in surveys during months outside of 
the study period examined here (Hawley 2002). In addition, S. 
baudinii breeds explosively after heavy rains and therefore its pres-
ence at a site can be extremely variable. Three other species 
(Gastrophryne elegans, Rhinophrynus dorsalis, and Bufo valliceps) 
can be considered explosive breeders and consequently variation 
in the detection of these species among years can be attributed to 
this habit. 

Although abiotic changes related to the hurricane were not di-
rectly measured in this study, the reduction of canopy cover sug-
gests that changes in abiotic variables did occur as a result of the 
hurricane. Since it is well-known that anurans are sensitive to as-
pects of their physical environment (Duellman and Trueb 1986), 
it can be inferred that abiotic changes are at least partly respon-
sible for the alterations in the composition of frog assemblages 
and the abundance of certain species observed here. Natural dis-
turbance plays a large role in structuring temporal and spatial varia-
tion in communities (Sousa 1984). Some species disperse from 
habitats that are no longer suitable, while others specialize in colo-
nizing newly disturbed habitats. Some of the patterns observed 
here are similar to those found in responses of birds to hurricane 
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disturbance. Waide (1991) reported that bird species that used a 
variety of habitats were pre-adapted to the environment of the post-
hurricane forest in Puerto Rico. Moreover, an edge species, Tiaris 
bicolor (Black-faced Grassquit), colonized gaps in the forest post-
hurricane (Waide 1991). Although frogs disperse on a much smaller 
scale than birds, movements of 500-700 m are within reason for 
frogs of a size similar to Hyla picta and Scinax staufferi (e.g., 
Hyla regilla; Reimchen 1991). The locations of the study sites 
along a natural gradient in canopy cover from savanna to forest 
may have facilitated the observation of small-scale changes in the 
local distribution of these species. These data suggest that natural 
disturbance events such as hurricanes may encourage species to 
temporarily occupy areas outside their usual habitat. Similar 
changes in the composition of frog assemblages may not have 
occurred in forested ponds more distant from the savanna-forest 
edge. 

The findings here differ greatly from the large increase in abun-
dance of Eleutherodactylus coqui observed one-year following 
Hurricane Hugo in Puerto Rico. However, E. coqui has direct de-
velopment and inhabits leaf litter, making its life history much 
different from the species in this study. Overall, the results shown 
here demonstrate the resistance of pond-breeding frog assemblages 
to major changes in species composition and abundance as a re-
sult of hurricane disturbance. Habitat generalists and forest spe-
cialists underwent few changes in occurrence and abundance in 
the study sites. In contrast, two savanna specialists were encoun-
tered in forest sites subsequent to the hurricane. When examined 
with consideration of the natural history of each species, these 
changes in species composition and abundance appear to be re-
lated to alterations in vegetation structure caused by the hurri-
cane. Every opportunity to study hurricane effects should be taken 
advantage of to gain a clearer understanding of the processes by 
which hurricane mediated changes in vegetation structure affect 
the species composition and dynamics of frog assemblages. 
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Geckos of the genus Gonatodes are small lizards measuring less 
than 130 mm total length. This genus contains 19 known species, 
all of which are Neotropical (Cole and Kok 2006; Kluge 2001; 
Powell and Henderson 2005), except G. albogularis, which was 
introduced to southern Florida, USA (Carr 1939). Eleven species 
of Gonatodes have been reported in Venezuela, and at least six 
more are being described (Barrio-Amoros and Brewer-Carias 2006; 
W. Schargel and G. Rivas, unpubl. data; C. Rivero-Blanco, pers. 
comm.). Most Gonatodes are arboreal; however, some could be 
accurately categorized as semi-arboreal or even terrestrial (e.g., 
G. antillensis and G. albogularis bodinii are mostly ground dwell-
ing; Rivero-Blanco 1964). Other distinctive characteristics of these 
geckos are the round pupils and diurnal habits of most species 
(the exception being G. antillensis, the only species with oval pu-
pils and mostly crepuscular or nocturnal habits). Aside from this 
information, the systematics, distribution, and biogeography of 
most species are poorly understood and merit comprehensive stud-
ies. Likewise, the natural history has only been studied in a few 
taxa (Duellman 1978; Murphy 1997; Quesnel et al. 2002; Rivas 
and Molina 2004; Seifan et al. 2002; Vitt et al. 1997, 2000). All 
taxa exhibit sexual dichromatism. In most cases, color-pattern dif-
ferences between males and females are quite obvious. Yet, the 
coloration and pattern variation exhibited by males of many spe-
cies is greater than previously reported and has been incompletely 
or poorly described. 

Gonatodes ceciliae is endemic to the Peninsula de Paria in ex-
treme northeastern Venezuela and to the island of Trinidad (Rivero-
Blanco 1979). It inhabits forested areas but little is known about 
its natural history. Limited data on its behavior and habitat were 
presented in the original description by Donoso-Barros (1966), 
and Murphy (1997) briefly described the natural history of popu-
lations in Trinidad. Rivero-Blanco (1979) described the Trinidadian 
population as a different subspecies; however, McBee et al. (1987) 
reported that G. ceciliae from the same locality (Simla, Arima 
Valley, Trinidad) had two different karyotypes, suggesting that there 
are two or more sympatric species. 

Gonatodes vittatus is a common species known to occur in north-
ern Colombia, northern Venezuela, and on the islands of Trinidad  

and Tobago, as well as many islands off the Venezuelan coast (e.g., 
Aruba, Curacao, Los Rogues, La Tortuga, Los Frailes, Isla de 
Margarita, Isla de Coche, Cubagua, and Los Testigos; Rivero-
Blanco 1979). Although G. vittatus is a common species, little 
information has been reported about its natural history (e.g., 
Demeter and Marcelini 1981; Murphy 1997; Quesnel 1957; Roze 
1964). Marcuzzi (1950) examined specimens from several locali-
ties in Venezuela and reported on their ecology and morphologi-
cal and color variation. Although Marcuzzi (1950) provided an 
exhaustive description of the patterns of several specimens, most 
(if not all) of that information was based on preserved material. 
Moreover, Marcuzzi (1950) did not examine geckos from western 
Venezuela, thus the full spectrum of chromatic variation was in-
completely documented. Later Rivero-Blanco (1979) provided a 
description of the species and additional information on its natu-
ral history. 

Here we provide additional data on the natural history (distribu-
tion, habitat, behavior, reproduction, and predation) of these two 
species of Gonatodes, and describe color pattern variations in male 
G. vittatus. 

All observations were made in the field. Illustrations were based 
on photographs taken of live geckos in the field. Illustrations were 
prepared using watercolor, ink, and color pencil. Collected geck-
oes were fixed in 10% formalin, transferred for preservation in 
70% ethanol, and deposited in the herpetological collection of the 
Museo de Historia Natural La Salle (MHNLS), Caracas, and Museo 
de Biologfa, La Universidad del Zulia (MBLUZ), Maracaibo (Ap-
pendix). 

Data for Gonatodes ceciliae were collected in deciduous, 
semideciduous, or cloud forest from four localities on the Peninsula 
de Paria, Sucre: Locality 1) path between Puesto de Guarda Parques 
Las Melenas and Cerro Humo, southern versant of Peninsula de 
Paria (10°39'N; 62°34'W; 700-800 m elev.), 1-2 June 2002; Lo-
cality 2) Guiria-Macuro road (10°39'N; 62°09'W; 15 m elev.), 3 
June 2002; Locality 3) path between Macuro and Cerro Azul 
(10°40'N; 61 °55'W; 400-600 m elev.), December 2003; Locality 
4) Ensenada de Uquire, northern versant of Peninsula de Paria 
(10°42'N; 61°58'W; 0 m elev.), August 1998. 

Donoso-Barros (1966) noted that Gonatodes ceciliae is found 
beneath tree bark or in holes near the protruding buttresses of trees, 
and tends to inhabit houses. At Locality 1, eight individuals (seven 
males, one female) were found under rocks at 0900 h. When first 
discovered, these geckos remained motionless. Another female was 
found in the stump of a cut tree in the middle of a cleared patch of 
forest at midday. Nearby, a few geckos were found active on the 
forest floor at 2000 h during a full moon. In a neighboring forest 
patch, approximately 10 eggs were found at ground level under 
small stone slabs, in leaf-litter, and close to the base of a rocky 
wall. Donoso-Barros (1966) mentioned that G. ceciliae laid eggs 
in June in tree cavities and wall crevices. Here also we collected 
two species of snakes, Liophis reginae zweifeli and Taeniophallus 
nebularis, which are potential predators of G. ceciliae. 

At Locality 2, G. ceciliae were found less than 0.5 m 
aboveground under fallen trees or logs or at the base of trees or 
palms. In one case a pair was found on the same trunk. This area 
had a strong marine influence, exemplified by the presence of ter-
restrial crabs (Cardisoma sp.), which are potential predators of G. 
ceciliae in that area. Three other species of geckoes inhabit the 
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FIG. 1. Illustrations of adult male Gonatodes from Venezuela. (A) G. ceciliae Las Melenas, Peninsula de Paria, estado Sucre; (B—H) G. vitattus: (B) 
Macuro, Peninsula de Paria, estado Sucre; (C, D) Ocumare de la Costa, estado Aragua; (E) Sierra de Pet*, estado Zulia; (F) Hacienda El Mirador, 
cerca de Casigua-El Cubo, estado Zulia; (G) La Azulita, estado Merida; and (H) San Felipe, carretera entre Merida y Hacienda La Victoria, Sur del 
lago de Maracaibo, estado Merida. 
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area: the tiny Sphaerodactylus molei, which was found in a bro-
meliad on a tree trunk at this site (about 1.8 m above ground), 
Thecadactylus rapicauda, and G. vittatus. 

Along a transect from near Macuro (40 m elev.) to midway to 
Cerro Azul at Locality 3, we observed G. ceciliae in a variety of 
microhabitats, but primarily in structures like water pipes and walls, 
as well as on an abandoned wooden cabin at 600 m elev., where 
the geckos were found on walls and beneath rocks. At a lower 
elevation (10 m elev.) near Macuro, we found G. vittatus in sym-
patry with G. ceciliae (always in association with human habita-
tion and tree trunks in gardens) and the geckos Hemidactylus 
palaichthus and T rapicauda (in association with an enclosed pool 
of water). At about 600 m, in a small cave in the rainforest, we 
found a communal nest site of G. ceciliae with the remains of 
hundreds of hatched eggs in an area of approximately 1 m 2. Com-
munal nests are known for many other species of Gonatodes (Oda 
2004; Quesnel 1957; Rivero-Blanco 1964), but this high density 
of eggs indicates the continued use of this nest for an extended 
period. 

At Uquire (Locality 4), G. ceciliae was found at or near ground 
level in both abandoned and inhabited buildings (cabins, old 
houses). This species appears to show less of a preference for trees 
than other species of Gonatodes, although a single adult male was 
found about 1.5 m above ground. Gonatodes vittatus were ob-
served at this locality as well. 

Field data for Gonatodes vittatus were collected in the follow-
ing localities: Turiamo and Ocumare de La Costa (Aragua); 
Guarenas, Urbanizacion El Placer, Prados Del Este (Miranda); 
Playa Guacuco, Isla de Margarita (Nueva Esparta). These locali-
ties varied from somewhat disturbed to residential or suburban 
and ranged in elevation from about 0-1000 m. 

Males from several localities in the Distrito Capital and the states 
of Miranda, northern Aragua, northern Anzoategui, and Sucre 
(Peninsula de Paria) exhibited the following coloration: Head and 
paravertebral areas of dorsum bright to dull orange, red-orange, 
or yellow-orange, with slightly lighter coloration on the sides of 
the head than on the body. Also, the orange in these areas some-
times varied in intensity, being somewhat darker or even brown-
ish-orange in some specimens. Most variation among males in 
this region occurred in the color and pattern on the lips, chin, and 
throat. Some males had either uniformly yellow-orange or yel-
low-orange lips and throat with slightly darker but inconspicuous 
longitudinal stripes that converged midventrally. Others had bright 
white or pale gray lips, chin, and throat with distinct black stripes 
that started obliquely on the posterior supralabials (and/or below 
the eye) and extended to the throat where they formed a complex 
pattern that converged midventrally. However, the intensity, and 
especially the shape of these black stripes varied greatly. In a few 
individuals, the throat appeared black with oblique white stripes. 
In most individuals the stripes converged midventrally, but others 
had a more conspicuous vermiculate pattern, and still others had 
almost parallel stripes. A few males had uniformly gray lips and 
chin (clearly contrasting with the rest of the head), whereas the 
throat was whitish-gray with some longitudinally elongate black 
spots that converged midventrally. Dorsally, the orange colora-
tion faded at different points along the body. In some specimens, 
this coloration reached the base of the tail but, more commonly, 
the orange faded immediately anterior to the insertion of the hind  

legs. All males examined had a distinct white vertebral stripe run-
ning longitudinally along their back, which extended from the tip 
of the snout to the tip of the tail. This stripe was usually well de-
fined on the head and on the anterior portion of dorsum, but faded 
and became slightly darker posteriorly. This stripe occasionally 
had irregular margins and was usually narrower on the tail. A nar-
rower black stripe paralleled the white stripe and was more dis-
tinct on the head and anterior part of the body before fading or, 
more frequently, fragmenting into irregular spots posteriorly. Black 
margins were usually not present on the tail or, when present, ap-
peared as inconspicuous, short narrow lines. The rest of the dor-
sum, flanks, limbs, and tail were light gray or bluish-gray with no 
distinct markings, or were speckled with inconspicuous minute 
dark and light dots. In a male from Ocumare de La Costa, Aragua 
(Fig. 1C), the gray lateral color interrupted the orange area on the 
neck and touched the black stripes. A faint orange tint was present 
on the dorsal thighs of a few specimens. Digits had inconspicuous 
dark rings. The abdomen was generally as gray as the flanks; how-
ever, many individuals had a large black or blue-black area later-
ally extending from just anterior to the cloaca to the axilla along 
the flanks. In another male (Fig. 1D) from Aragua, the black color 
also extended onto parts of the chest, but most males lack these 
black areas. 

A distinctive pattern was observed in males from Onia Ranch, 
near Vigia, Merida State, South Maracaibo Lake Basin (SMLBa; 
Fig. 1H) and one from La Azulita, Merida (SMLBb; Fig. 1G). 
This pattern may be restricted to individuals from these areas. At 
these localities the white vertebral stripe with black margins was 
distinct on the head and neck (also wider on this area). In the indi-
vidual from Merida and in one of the males from SMLBa (Fig. 
1 H), the vertebral stripe was less distinct on the back beyond the 
level of the arms, but remained more or less distinct to the tip of 
the tail. The specimen from SMLBb had an indistinct stripe that 
disappeared completely on the dorsal aspect of the last third of the 
tail (although this may be attributable to a regenerated tail). The 
black margins disappeared completely or faded on the back (be-
yond the level of the forelimbs) in all specimens but on the male 
from SMLBb, there were pairs of black, irregular, and inconspicu-
ous spots along the vertebral stripe (pair on sacrum most distinct). 
The vertebral stripe was bordered instead by very narrow, irregu-
lar, and orange areas that disappeared midway along the back in 
the male from La Azulita, Merida. The lips, chin, and throat of 
these individuals were uniformly white (or gray with darker stripes 
in one male from SMLBa; MBLUZ 828). A male photographed 
from the same general area had orange-yellow lips and chin. A 
black-bordered, oblique, white band was present just before the 
insertion of the arms and extended to the scapular area. The black 
margins of the humeral stripe in the specimen from SMLBa merged 
with the black margin of the vertebral stripe. The rest of the dor-
sum, tail, and limbs were slate-gray or brownish-gray with no dis-
tinct markings except for some inconspicuous orange smudges on 
the limbs and on the dorsum in the male from La Azulita. The 
other two individuals (SMLBa and SMLBb) had small, round, 
white spots or ocelli on the sides of the neck, flanks, and on the 
tail. The white ocelli near the axilla on the specimen from SMLBa 
had narrow and inconspicuous black margins. Digits had dark rings 
on a pale background in all specimens. 

Two males from Aragua (Fig. 1C, D) matched in color and pat- 
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tern with the specimens from the Cordillera de la Costa Central 
and Peninsula de Paria, but had an oblique, white and black-bor-
dered stripe anterior to the insertion of the limbs that resembled 
the markings of males from SMLBa and La Azulita. Marcuzzi 
(1950) reported that this humeral stripe was observed in many 
males from Santa Ana, Peninsula de Paraguana (Falcon), one male 
from La Cabrera, Lago de Valencia (Carabobo), and one male in 
Caracas (Distrito Capital). The white humeral stripe has not been 
observed in specimens east of Miranda state. 

Gonatodes vittatus was observed in a wide variety of disturbed 
environments in or near human habitation, as has been reported 
other Gonatodes species including G. albogularis, G. humeralis, 
G. siegliei, and G. taniae (Oda 2004; Rivero-Blanco 1968, 1979), 
and G. ceciliae (this study). Most individuals were observed 
perched vertically on walls head down, and never far (s 1.5 m) 
from hiding places such as vegetation, or holes and cracks in rock, 
brick, or cement. Other individuals were observed on rocks or in 
piles of trash. On the back porch of a house in Ocumare de la 
Costa (Aragua state), one male and two females were seen on logs 
lying on a cement floor and two other individuals were nearby. In 
less disturbed areas, G. vittatus was observed on shrubs, on the 
bases of tree trunks, or occasionally on the ground. When on tree 
trunks, geckos took refuge under loose bark or descended to shel-
ter beneath vegetation or rocks at the base of the tree. 

As is the case with other Gonatodes (Rivas and Molina 2004) 
we commonly observed this species in pairs or small groups, which 
were usually composed of a single male and one or two females. 
Juveniles were also occasionally found in the territories of adults, 
which is usually a wall or one or two trees (Roze 1964). We have 
observed adults (both sexes) with territories as small as 1-2 m 2 . 
On a single stonewall ca. 4.5 x 2.5 m in Urbanizacion El Placer, 
Miranda, 26 individuals were counted in one afternoon. 

Based on our observations, both males and females appear to be 
territorial, and we frequently observed individuals of both sexes 
chasing each other on walls. Territorial displays in males consisted 
of raising the head slightly and raising and waving the tail from 
side to side, movements also reported in other species of Gonatodes 
(Demeter and Marcelini 1981). Murphy (1997) noted that G. 
vittatus curls its tail in a "scorpion-like fashion," and reported a 
female displaying such posture toward a male right before the lat-
ter displaced the female from her station. We observed the 'tail-
waving' display during presumably stressful situations or territo-
rial interactions (see also Demeter and Marcelini 1981). Usually 
this display was followed by one individual chasing the other. No 
biting or other physical contact was observed. 

Hemidactylus mabouia and Thecadactylus rapicauda, larger and 
more aggressive geckos, occur sympatrically with G. vittatus at 
numerous localities. No cases of predation by any of these geckos 
were observed, but Rivas et al. (2005) noted that populations of 
G. vittatus have decreased in number while populations of intro-
duced H. mabouia have expanded in urban areas. 

On the rocky slopes next to a small but heavily traveled road in 
Prados del Este, Caracas, a young Brown Vinesnake (Oxybelis 
aeneus, 580 mm total length) was observed preying on an adult 
male G. vittatus at 1130 h. The snake was perched on a small 
shrub overhanging the rock on which the gecko was moving. The 
gecko appeared not to notice when the snake slowly approached 
from above, suspending the anterior part of its body right above  

the lizard's body. After a short period during which the snake re-
mained motionless, it struck suddenly at the middle of the lizard's 
body. The snake released its prey when handled and the gecko 
fled, showing no signs of physical damage or envenomation. 
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APPENDIX 

Specimens Examined (all from Venezuela) 

Gonatodes ceciliae.— SUCRE: MHNLS 15541,15727-15729,17087. Las 
Melenas, Peninsula de Paria, 700 m; MHNLS 16695,15725-15726. Carretera 
Giiiria-Macuro, Peninsula de Paria, 20 m; MHNLS 18047-18049. Balneario 
Rio Guayana, carretera Carupano-Giiiria (10°35' N-62°56'W; 50 m). 

Gonatodes vittatus.— CARABOBO: MHNLS 4991-4996. Punta Cabito, 
Lago de Valencia; FALCON: MHNLS 11877. Urbanizacion Ramon Luis 
Polanco, Punto Fijo; MERIDA: MBLUZ 828 (two specimens). Hacienda 
Onia, Sur del lago de Maracaibo, cerca del Vigia; SUCRE: MHNLS 9582-
9588. Playa Colorada, 3 km de San Juan de las Galdonas, Peninsula de Paria; 
ZULIA: MBLUZ 825. Hacienda El Mirador, municipio Jesus Maria Sempnlm, 
cerca de Casigua-El Cubo. 
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All 12 species of map turtles show sexual size and trophic di-
morphism. Females are much larger than males and have wider 
heads, even as juveniles that overlap adult males in body size (Gib-
bons and Lovich 1990; Lindeman 2000a). The sexes occupy dif-
ferent feeding niches (Lindeman 2000a). Head width evolution is 
correlated with evolution of alveolar width in females, presum-
ably because of dietary preferences for mollusks in many species 
(Lindeman and Sharkey 2001). For males, however, changes in 
head width and alveolar width are unrelated, probably because 
males are more insectivorous (Lindeman and Sharkey 2001). The 
12 species of Graptemys are classified as megacephalic, meso- 

cephalic, or microcephalic based on female head width relative to 
body size, which is related to the degree to which females rely 
exclusively on mollusks (Lindeman 2000a). 

Body size influences the size of molluscan prey consumed by 
map turtles. Adult male and juvenile female Graptemys ernsti con-
sumed mainly arthropods, whereas adult females consumed mainly 
mollusks (Shealy 1976). Large females ate Asian clams (Corbicula 
sp.) almost exclusively and maximum clam size increased with 
female body size (Shealy 1976). Lahanas (1982) found a strong 
positive correlation between carapace length of Graptemys 
nigrinoda and length of their mytilid mussel prey Modiolus. 

The sister taxon to Graptemys is the Diamondback Terrapin 
(Malaclemys terrapin; Stephens and Wiens 2003). Female M. ter-
rapin had wider heads and larger body sizes and consumed pro-
portionally more large Periwinkle Snails (Littorina irrorata) than 
males (Tucker et al. 1995). 

Many eastern North American rivers within the range of spe-
cies of Graptemys began to be invaded by Asian clams (Corbicula 
spp.) in the 1950s (McMahon 1982) and Corbicula has become a 
prominent component in the diets of several map turtle species 
(Lindeman 2000b, 2006; Moll 1980; Shealy 1976; Shively and 
Vidrine 1984). The Texas Map Turtle (Graptemys versa Stejneger 
1925) is endemic to the Colorado River drainage of central Texas. 
The diet of adult female G. versa, once varied with only a moder-
ately heavy reliance on native sphaeriid clams, now consists al-
most exclusively of Asian clams (Lindeman 2006). 

We tested the hypothesis that body size and trophic morphol-
ogy of female G. versa determine the size of molluscan prey they 
consume. We also examined the correlation of variation in prey 
size with female body size to test the hypothesis that prey size is 
more variable in larger females because their trophic morphology 
enables them to consume larger prey. Finally, we tested the hy-
pothesis that residual head width and residual alveolar width (af-
ter removal of the effect of body size) influence prey length. These 
last analyses have not been part of previous examinations of mol-
luscan prey size in Graptemys spp. or Malaclemys terrapin 
(Lahanas 1982; Shealy 1976; Tucker et al. 1995) and further re-
fine our understanding of morphological adaptations related to 
feeding in these turtles. 

Samples of feces and stomach contents containing a 1.0 ml of 
Corbicula shells that had been collected in 1998 and 1999 from 
G. versa from the South Llano River in south-central Texas were 
pooled by individual turtle for analysis. All samples came from 
female turtles, as males are considerably smaller than females on 
average, have narrower heads and alveolar surfaces, and consumed 
few Corbicula (Lindeman 2006). Complete dietary data are pre-
sented elsewhere (Lindeman 2006); here we focus on the size of 
Corbicula. Plastron length (PL), head width (HW), and alveolar 
width (AW) of the upper jaw of each turtle were recorded follow-
ing Lindeman (2000a; measurements taken by PVL). Length of 
Corbicula was measured to the nearest 0.1 mm along the long 
axis of the shell with dial calipers (measurements taken by DC). 
Shell lengths of fragmented shells were estimated by extrapola-
tion to missing parts of the shell when possible. Data were tested 
for normality using the Kolmogorov-Smirnov test and correlation 
analysis was used to analyze the relationships of overall mean, 
upper quartile mean, and maximum shell length with PL, HW, 
and AW. Upper quartile mean and maximum size were included 
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because the constraints of head and alveolar width on prey size 
may be important only for the largest prey taken. Data were log-
transformed prior to analysis to assess allometry of prey size. 

The coefficient of variation (CV) for shell length was deter-
mined for each sample and the correlation of arcsin-square root 
transformed CV with log(PL) was examined to determine whether 
larger females consumed shells of more variable sizes. Residuals 
analyses were conducted on log-transformed data to test whether 
overall mean, upper quartile mean, and maximum shell length were 
related to HW and AW after adjusting for female PL. These analy-
ses tested the hypothesis that females of a given body size with 
wider-than-expected head or alveolar surfaces would consume 
larger clams than their body size alone would predict. 

Fourteen samples, from female turtles ranging in size from 74- 

149 mm PL, contained 1.0 ml or more of Corbicula shells Sample 
size of clam shells was log-transformed to achieve normality. Log-
transformed data on clam shell size and turtle morphology were 
also found to be normally distributed in Kolmogorov-Smirnov tests 
(all P > 0.50). Samples contained 12-93 (mean = 35.9) clam shells 
for which length could be measured directly or estimated, with no 

log(Plastron length, mm) 

FIG. 2. Nonsignificant correlation of the arcsin-transformed coefficient 
of variation (CV) in clam shell length with female plastron length (P = 
0.53, with the latter variable log-transformed for analysis). 

Head width (mm) 
	

Res. Head width 

Res. Alveolar width 

FIG. 1. Correlation of Corbicula shell length with measurements of (a) 
plastron length, (b) head width, and (c) alveolar width in female Graptemys 
versa. From top to bottom in each panel, lines represent back-transformed 
regressions of log-transformed maximum (triangles), upper quartile mean 
(diamonds), and overall mean (squares) shell length of Corbicula on log-
transformed turtle body-size variables. All relationships were significant 
at P < 0.001. 

FIG. 3. Results of residual analyses testing (a) whether maximum shell 
length was related to head width (HW) after correction for both vari-
ables' log-log correlation with plastron length (r = 0.335, P = 0.24) and 
(b) whether maximum shell length was related to alveolar width (AW) 
after correction for both variables' log-log correlation with plastron length 
(r = 0.575, P = 0.032). 
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correlation found between plas-
tron length and log-transformed 
sample size of clam shells (r = 
0.013, P = 0.97). Log-trans-
formed overall mean, upper 
quartile mean, and maximum 
shell length were all found to be 
strongly positively correlated with 
log-transformed turtle PL, HW, 
and AW (all P < 0.001; Table 1, 
Fig. 1). The relationships of clam 
shell length to turtle morphomet-
ric variables were not signifi-
cantly different from isometry 
based on 95% confidence inter-
vals on log-log slopes, as these all 
included the value of 1.00 that 
would be expected under isometry 
(Table 1). 

TABLE 1. Results of correlation analyses relating length (mm) of Corbicula shells to morphometric data for 
14 female G. versa. All data were log-transformed prior to analysis. 

Independent 
variable 

(mm) 
Dependent 

variable r2  Intercept 

Slope 
(95% confidence 

interval) 

Plastron length Maximum 0.75 -1.22 1.09 (0.69-1.49) 
Upper quartile mean 0.72 -1.21 1.06 (0.64-1.48) 

Overall mean 0.77 -1.28 1.04 (0.68-1.40) 

Head width Maximum 0.67 -0.19 0.91 	(0.51-1.31) 
Upper quartile mean 0.64 -0.21 0.89 (0.47-1.30) 

Overall mean 0.71 -0.32 0.88 (0.53-1.23) 

Alveolar width Maximum 0.80 0.34 0.98 (0.67-1.29) 
Upper quartile mean 0.76 0.31 0.94 (0.61-1.28) 

Overall mean 0.73 0.24 0.88 (0.54-1.22) 

Coefficient of variation (arc- 
sine-square root transformed) of clam shell length was not signifi-
cantly correlated with log(PL) (P = 0.53; Fig. 2). Residuals analy-
ses tested whether overall mean, upper quartile mean, or maxi-
mum clam shell lengths were related to residual HW after correc-
tion for both variables' correlation with plastron length; all had 
negative nonsignificant slopes (all P a 0.20; Fig. 3a). Residuals 
analyses testing the same relationships using residual AW all had 
positive correlation coefficients that were not significant for over-
all mean length (P = 0.23) and upper quartile mean length (P = 
0.101), but significant for maximum shell length (P = 0.032; Fig. 
3b). 

Female G. versa have relatively wide heads and alveolar sur-
faces and their diet consists mainly of Asian clams (Lindeman 
2000a, 2006). Plastron length, head width, and width of the alveo-
lar surfaces of the upper jaw were all positively correlated with 
the size of Asian clams consumed. The lack of correlation be-
tween the coefficient of variation and plastron length may indi-
cate that the larger female turtles preferentially take larger clams, 
which would provide more nutrition than smaller clams. Shealy 
(1976) found that the greatest ranges in Corbicula shell sizes in-
gested by G. ernsti were associated with large females but did not 
examine variance in shell sizes consumed. 

The present study demonstrates that both body size and trophic 
morphology of map turtles influence the size of molluscan prey 
consumed and confirms the importance of trophic morphology in 
adapting these turtles to select molluscan prey (Lindeman 2000a; 
Lindeman and Sharkey 2001). The isometric relationship of prey 
size to turtle dimensions suggests a simple biomechanical rela-
tionship: enlarged body size, head width, and alveolar surface 
width allow larger prey to be consumed. In residuals analyses, 
female turtles with narrow alveolar surfaces relative to body size 
had relatively small maximum prey size and females with wide 
alveolar surfaces relative to body size had relatively large maxi-
mum prey size. Similar results were not obtained for upper quartile 
and mean shell sizes or for any residuals analyses using head width. 
Relative alveolar width may thus be more important than relative 
head width in determining the size of prey that can be ingested, 
with the constraint being greatest for maximum prey size. 
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