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About Our Cover: Lyriocephalus scutatus 

This Lyre-headed Dragon 
(Lyriocephalus scutatus) is living 
in a protected stand of rainforest 
near Kandy in the uplands of Sri 
Lanka. The slow-moving agamid 
is one of a small core of Sri 
Lankan reptiles that are some-
times referred to as relict endemic 
taxa. 

Sri Lanka (formerly Ceylon) is 
hailed as having greater 
biodiversity per unit area than any 
other Asian country, and most of 
this lies in the moist southwest and 
central highlands. Given its close 
proximity to India, it is hardly sur-
prising that the two countries have 
much in common. Linked many 
times since the Miocene (Das 
1995. Lyriocephalus 1(1-2):17-
20), they share the majority of Sri 
Lanka's reptile genera and a good 
many species. Despite this, Sri 
Lanka is well-endowed with endemics. It seems the moist southwestern regions were 
subject to the longest periods of isolation, by intervening dry terrain as well as by 
fluctuating sea levels. More than 80 reptile species, well over half the terrestrial fauna, 
are endemic to Sri Lanka (de Silva 2001. The Herpetofauna of Sri Lanka. An Historical 
Overview, Current Status with Checklists. ARROS, Sri Lanka) and most of these are 
restricted to those high rainfall areas. 

The relict endemics include a monophyletic cluster of three agamid genera: 
Ceratophora with five species, and Cophotis and Lyriocephalus with one species each 
(Pethiyagoda and Manamendra-Arachchi 1998. J. South Asian Nat. Hist. 3(1):1-50). 
The group, considered by some as a distinct subfamily, the Lyriocephalinae, features 
some of the world's most striking lizards. They are characterized by modified rostrums 
or rostral scales. In some species these form impressive horns, ranging from simple 
curved structures to large serrated appendages. All are restricted to the southwest or 
central uplands. 

Lyriocephalus scutatus boasts an impressive bulbous hump on the snout and acute 
bony flanges above the eyes. This 300 mm lizard is usually green, but can change 
rapidly to brown. Males are largest, with deeper gular sacs and the most protrusive 
humps. They occur in closed, lowland to sub-montane rainforests, from about 25-1600 
m elevation. but have demonstrated a limited degree of tolerance to habitat modifica-
tion by utilizing well-vegetated home gardens when these abut suitable habitat 
(Bambaradeniya et al. 1997. Lyriocephalus 3[1]:25-28). 

Within their isolated domains the endemic relict agamids have evolved to occupy 
narrow ecological niches. They now rely on ever diminishing rainforests, threatened by 
the usual culprits of habitat degradation, deforestation and encroachment by fires, with 
the resulting fragmentation of populations. They share an island with nearly 20 million 
people, or around 290 per km'. Yet Lyriocephalus scutatus is one of the lucky ones 
because it has a reasonably broad distribution through the central uplands and south-
west, and its status is currently listed as 'merely' Vulnerable. Many of its horned rela-
tives are restricted to single threatened localities and virtually all are considered to be 
Endangered to Critically Endangered. 

Our cover subject was photographed by Australian herpetologist Steve Wilson in a 
small stand of forest on the out-
skirts of Gampola. Steve's visit 
to Sri Lanka is part of an on-go-
ing interest in the herpetofauna 
of tropical islands. His most re-
cent books, A Complete Guide to 
Reptiles of Australia, co-
authored with Gerry Swan (New 
Holland, 2003), and A Field 
Guide to Reptiles of Queensland 
(New Holland, 2005), are iden-
tification guides. His next 
project, a reptile book for chil-
dren, aims to instil a sense of 
wonder into the next generation. 
This is due for publication in 
2006. 

Steve used Provia 100 ASA 
slide film and an Olympus 
OM2n camera with a 24 mm 
wide-angle lens. Natural day-
light was augmented with a 
small manual fill flash. 
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SSAR BUSINESS 

Student Travel Awards Silent Auction 

The SSAR Student Travel Awards Committee announces the 
Eleventh Annual Frameable Art Silent Auction to be held at the 
2006 SSAR meeting in New Orleans, Louisiana from 12-17 July. 
Preferred donations include herp-related photos, line drawings, 
prints, paintings, plates, engravings, or anything frameable, if not 
already framed. If you are interested in donating an item (tax de-
ductible for U.S. residents), please contact Thomas Eimermacher 
(e-mail: Thomas.Eimermacher@selu.edu).  

SSAR Student Travel Awards 
Call for Applications 

Ten awards of US $200 each are available. An applicant for a 
travel award must be a student and a member of SSAR, must not 
have previously received a travel award from SSAR, and must be 
the first author of a paper or poster to be presented. Application 
package must include: 1) letter signed by his/her major advisor or 
department chair that states: he/she is not completely funded for 
travel from another source; 2) an official copy of the poster or 
paper abstract to be presented; 3) a self-addressed, stamped enve-
lope. If the research is co-authored, the applicant must also in-
clude a letter from his/her advisor stating that the work was pri-
marily the product of the applicant. Qualified applicants are pooled 
and winners are drawn at random. Students from local meeting 
site and current members of the SSAR Travel Awards Committee 
are excluded from applying for a travel award. Applications must 
be postmarked by 15 April 2006. Award checks will be disbursed 
at the meeting. Send application package to Dawn S. Wilson, 
Southwestern Research Station, P.O. Box, 16550, Portal, Arizona 
85632, USA or for further information e-mail: dwilson@amnh.org.  

SSAR Sustaining Members 

SSAR wishes to acknowledge the following Sustaining Mem-
bers. If you are interested in supporting the Society at this levels 
(or as a Contributing Member), please contact Breck Bartholomew 
at the Membership Office (breck@herplit.com ). 

Ralph Axtell, Lloyd and Mathilde Barr, Bill Barthen, Richard 
D. Bartlett, Christopher J. Bell, Catherine R. Bevier, Richard W. 
Blob, Alvin R. Breisch, Sheila E. Tuttle and William S. Brown, 
Janalee Caldwell, Ulisses Caramaschi, Farley Connelly, Amanda 
Crnkovic, James Dixon, Howard Evans, John P. Feeney, Stephen 
Goldberg, James A. Holm, Joseph Hummer, Akihiro Koshikawa, 
Richard H. Legere, Teresa J. Mayfield, Walter E. Meshaka, Jr., 
Russell Mittermeier, Paul Moler, John C. Murphy, James Organ, 
Gretchen E. Padgett-Flohr, William S. Parker, Robert Prescott, Jr., 
Jack Sites, Jr., Glen Stewart, Laurie Vitt, David Wales, Harlan D. 
Walley, Hartwell Walsh, Jr. 
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Journal of Herpetology Changes 

On 1 January 2006, the Journal of Herpetology will begin to 
accept submissions via AllenTrack, the web-based manuscript sub-
mission and tracking system of Allen Press. AllenTrack will fa-
cilitate and expedite editorial manuscript handling, and will make 
the behind-the-scenes production of the journal more efficient than 
our current system. Instructions for accessing AllenTrack and sub-
mitting manuscripts will be available on the SSAR website (http:/ 
/www.ssarherps.org ). Questions regarding submission of manu-
scripts via AllenTrack should be directed to Geoff Smith (see be-
low). 

Accompanying the implementation of AllenTrack, Geoff Smith 
will take over as Editor of the Journal of Herpetology from Brian 
Sullivan on 1 January 2006. Brian has served as Editor since 2000. 
Under Brian's editorship, the journal has seen changes in its for-
mat and a drastic reduction in the delay from acceptance to publi-
cation of manuscripts (from > 12 months to = 4 months on aver-
age). SSAR extends its thanks to Brian for his valued service to 
the journal and the society. 

Geoff has served as an Associate Editor for the Journal of Her-

petology since 1998. He can be reached at smithg@denison.edu . 

2005 Annual Meeting, Tampa, Florida 

The 48th  annual meeting of SSAR took place from 6-11 July, 
2005 at the Marriott Waterside Hotel and Marina in Tampa, Florida. 
SSAR members once again met with members of the American 
Elasmobranch Society (AES), the American Society of Ichthy-
ologists and Herpetologists (ASIH), and The Herpetologists' 
League (HL). The meeting was hosted by the University of South 
Florida with local organizers Henry Mushinsky, Phillip Motta, and 
Earl McCoy 

A total of 1228 herpetologists and ichthyologists from many 
countries including Australia, Chile, China, Costa Rica, France, 
Ireland, New Zealand, and Switzerland attended the meeting. Over 
half of those present were students! Approximately 690 papers 
and 310 posters were presented. Six symposia, including one spon-
sored by SSAR (The Biology of Boas, Pythons, and Related Taxa 
organized by Bob Henderson, Bob Powell, and Gordon Schuett) 
were included in the meeting schedule. 

A huge thanks are due to Henry Mushinsky and Phil Motta (Co-
Chairs) and other members of the Local Committee (especially 
the graduate students) for all of their hard work. We are grateful to 
Sharon Brookshire, Jan Hudzicki, and their staff from the Kansas 
State University Division of Continuing Education for another very 
smoothly-run meeting 

Social Programs and Resolutions 

On the evening of 6 July, President Robin Andrews introduced 
Past-President Janalee Caldwell and Dr. Laurie Vitt (Sam Noble 
Oklahoma Museum of Natural History, University of Oklahoma) 
who jointly gave this year's SSAR President's Travelogue "From 
the Amazon to the Cerrado: Reptiles and Amphibians of Brazil." 
Between the two of them, they have over 50 years of experience 
in the neotropics and, as anyone who saw Jan and Laurie's photo- 

graphic exhibition in the Sam Noble Museum at the 2004 JMIH 
could have predicted, we were treated to an amazing slide show of 
parts of Brazil of which most of us only dream. 

Henry Mushinsky and Phil Motta opened the Plenary Session 
on 7 July and welcomed us to Tampa. In addition to providing 
general information about the meeting and meeting venue, both 
Henry and Phil warned us of sharks, lightning, and Ybor City. Dr. 
Renu Khator (Provost and Vice President of Academic Affairs, 
University of South Florida) also welcomed us to Tampa (and 
warned us yet again about Ybor City), invited us to visit the Uni-
versity, and then spoke about many of the challenges she saw fac-
ing higher education. 

These welcomes were followed by well-received presentations 
from Patrick Gregory (Past-President, ASIH), Roy McDiarmid 
(Distinguished Herpetologist, HI, and President-Elect, SSAR), and 
Sonja Fordham (The Ocean Conservancy). As usual, the Annual 
Group Photograph followed the morning Plenary Session and pa-
per sessions began after lunch. The General Reception was held 
that evening at the Florida Aquarium, a short walk up the road 
from the meeting venue. 

In a repeat of last year, where tornado warnings drove the An-
nual Picnic indoors, weather once again, this time in the form of 
Hurricane Dennis, resulted in this year's picnic being an indoor 
event. It lacked some of the anticipated ambience of the planned 
venue (the Lowry Park Zoo), however a good time was had by all. 

Over $5,300 was raised at the Annual SSAR/HL Live Auction 
held on Sunday evening. SSAR uses these funds to support Stu-
dent Travel Awards Thanks to David Green for his auctioneering 
skills, to Ron Javitch for his very generous bidding, and to Stan 
Trauth who donated a Hellbender t-shirt on behalf of the 
Cryptobranchid Interest Group. The t-shirt was signed by the speak-
ers at a recent Hellbender conference and was auctioned for $100. 

The Annual Banquet was held in the Marriott Hotel on 11 July 
with Larry Page (prior Past-President, ASHI) serving as the Mas-
ter of Ceremonies. Past-Presidents of ASIH, SSAR, HL, and AES 
in attendance at the banquet were acknowledged. There was one 
Past-President over age 80 and several over age 70. In a remark 
that now appears prescient (and at the time provoked much laugh-
ter), Henry Mushinsky issued Bob Cashner (Chair, Local Orga-
nizing Committee for the 2006 JMIH in New Orleans) with a chal-
lenge to beat the tornados that threatened the 2004 JMIH and Hur-
ricane Dennis that threatened the 2005 JMIH. 

A number of awards were presented including both the Robert 
K. Johnson and Henry S. Fitch Awards to Dr. Margaret Stewart. 
The Johnson Award is to honor members of ASIH who have pro-
vided outstanding service to the society and the Fitch Award hon-
ors an individual for long-term excellence in the study of amphib-
ian and/or reptile biology. Dr. Stewart received her Ph.D. from 
Cornell University and joined the Department of Biological Sci-
ences at the State University of New York, Albany in 1956. She is 
widely-known for her work on population, behavior, and commu-
nity ecology of amphibians especially Eleutherodactylus coqui in 
Puerto Rico. Meg is author or coauthor of over 65 scientific pa-
pers and reviews. She has supervised 16 Ph.D. or Master's stu-
dents and over 40 undergraduate theses as well serving as an im-
portant mentor to many in the herpetological community. 

Meg has served both SSAR and ASIH. She was President of 
SSAR in 1979, has served on and chaired the Nominating Corn- 
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SSAR President Robin Andrews congratulating Dr. Meg Stewart, the 
2005 recipient of the Robert K. Johnson and Henry S. Fitch Awards. (M. 
Preest) 

mittee, chaired the Kennedy Student Award Committee, served 
on the editorial board of Journal of Herpetology, and has been part 
of the Long Range Planning Committee. For ASIH, Meg was Presi-
dent in 1996 and Historian for a number of years. She has also 
been active with the World Congress of Herpetology. These awards 
to Meg were greeted with loud applause from the Banquet attend-
ees. Meg looked pleasantly stunned to receive the first award and 
then doubly stunned to receive the second. SSAR congratulates 
Meg for this well-deserved recognition. 

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

Resolution on Outgoing SSAR Officers, Editors, and Others: 
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 Amphib-
ians and Reptiles offers its gratitude and sincere thanks for jobs 
well done to the following individuals: Joe Mendelson, Board of 
Directors; Gabriela Parra Olea, Board of Directors; Robert Powell, 
Editor, CAAR; Steve Corn, Editor, Herpetological Conservation; 
Brad Hollingsworth, Associate Editor, Herpetological Review; 
Daryl Karns, Associate Editor, Herpetological Review; Brian 
Bowen, Associate Editor, Herpetological Review; Ruston 
Hartdegen, Herpetological Husbandry Section Editor, Herpeto-
logical Review; Eli Greenbaum, Current Research Section Editor, 
Herpetological Review; Linda Ford, Resolutions Committee Chair; 
Dennis Desmond, SSAR Webmaster; Zack Walker, SSAR 
Webmaster; Ruston Hartdegen, Coordinator, Relationships with 
Herpetologists at Zoological Parks Committee; James Murphy, 
member, Relationships with Herpetologists at Zoological Parks 
Committee. 

Resolution on 5th World Congress of Herpetology: 
Whereas, the organizers of the 5th World Congress of Herpetology 

(Stellenbosch, South Africa) put on a stellar conference in terms 
of both its scientific content and stimulating, pleasant atmosphere, 
and, 
Whereas, this contribution to herpetology was appreciated by visi-
tors from all around the world, 
Therefore be it resolved that the SSAR congratulates the World 
Congress for such a successful meeting and looks forward to similar 
successful World Congresses in the future. 

The following joint society resolutions were read by Adam Sum-
mers (Chair, ASIH Resolutions Committee): 

Joint Resolution Thanking the Local Committee: 
Whereas the Tampa meeting was a great success, and 
Whereas the local color was interesting, tasty, and, in Ybor city 
even titillating, 
Therefore be it resolved that the society heartily and sincerely 
thanks Phil Motta and Henry Mushinsky for their hard work as 
local committee chairs. 

Whereas 20 years ago Henry Mushinsky, then a callow assistant 
professor hosted a meeting of SSAR and HL in Tampa, and 
Whereas the information packet for that meeting contained a list, 
complete with extensive reviews, of the local topless bars, 
Therefore be it resolved that the society recognizes Henry for hav-
ing matured and mellowed into a politically correct, tactful, and 
tasteful full professor. 

Whereas the society recognizes that a substantial portion ... some 
would say all, of the work associated with the meeting was ac-
complished by the many students associated with the Motta, 
McCoy and Mushinsky labs, 
Therefore be it resolved that the society recognizes and thanks 
them for their efforts. 

Joint Resolution Concerning Storms and Floridians: 
Whereas, the timing of the Joint Meetings of Ichthyologists and 
Herpetologists coincides with the tropical hurricane season, and 
Whereas, Hurricane Dennis caused some anxious moments for 
participants at this year's meeting, altering plans for yet another 
outdoor picnic, preventing most participants from venturing from 
the meeting hotel for two full days, overwhelming hotel's restau-
rants and bars at the hotel, and stranding those brave enough to 
dine elsewhere, but causing no harm to anyone, and 
Whereas, Floridians have had to deal with far too many Hurri-
canes in the past few years, with many people losing their life and 
homes or were otherwise massively inconvenienced, and 
Whereas, the Florida Keys and Panhandle had to endure the wrath 
of Hurricane Dennis, 
Therefore be it resolved that participants at the Joint Meetings of 
Ichthyologists and Herpetologists send well wishes to Floridians 
affected by Hurricane Dennis and previous hurricanes, and hope 
that the state will be spared from future hurricanes. 

Joint Resolution Thanking Student Attendees: 
Whereas these meetings are greatly enhanced, and even defined 
by the contributions of our student members, and 
Whereas student members made up 60% of our total attendance, 
and 
Whereas students rather than professors brought the vast majority 
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of the captured herps to the hotel bar, 
Therefore be it resolved that the society thanks the students for 
their presence and reminds them to attend business meeting and 
volunteer their service to the society. 

The Banquet closed with thanks from Larry Page to the Local 
Committee and Conference Organizers and a warm invitation from 
Bob Cashner to attend to 2006 Joint Meeting in New Orleans, 
Louisiana (12-17 July). 

Board Meeting and Business Meeting Summaries 

Society President Robin Andrews called the Annual SSAR Board 
Meeting to order at 0805 h on 6 July 2005 in the Marriot Water-
side Hotel and Marina, Tampa, Florida. In attendance were 11 
members of the Board of Directors and 13 Editors, Committee 
Chairs, or members of the Society. Minutes of the 2004 Board of 
Directors Meeting (Norman, Oklahoma) were approved. 

In her first 6 months in office, President Andrews, with the unani-
mous support of the Board, signed an agreement that made SSAR 
a participant in JSTOR. The Society will receive several thousand 
dollars in royalties annually. President Andrews appointed Clay 
Garrett as chair of the Relations with Herpetologists at Zoological 
Parks Committee and Alan Savitzky as chair of the Committee 
that will organize SSAR's 50th Anniversary celebration in 2007 
(Robert Aldridge, Breck Bartholomew, Janalee Caldwell, Jonathan 
Losos, Henry Mushinsky, and Kirsten Nicholson, members). She 
recommended that the President's Challenge Fund be used to sup-
port the activities of this Committee. She wrote letters of con-
gratulation to the 2005 recipient of the Dean E. Metter Award 
(Matthew Chatfield), to the winner and runner-up of the 2005 
Kennedy Student Award (Cameron Stevens and Caren Goldberg  

respectively), and to Janalee Caldwell, Ellen Censky, and William 
Matthews for hosting the 2004 JMIH in Norman. Janalee Caldwell 
and Laurie Vitt were invited to present the President's Travelogue 
at the 2005 JMIH. 

Past-President Caldwell appointed Zachary Walker to replace 
Dennis Desmond as SSAR webmaster and worked closely with 
Zack and Dennis during the transition. She also appointed Anne 
Maglia to chair the new Web Oversight Committee (Gad Perry 
and Lisa Beldon, members) and Catherine Bevier to chair the 
Herpetological Education Committee (HEC, a joint SSAR/HL 
committee; Taylor Edwards, Steve Mullin, Greg Watkins-Colwell, 
Ruston Hartdegen, Dave Hardy members). Additional informa-
tion about this committee is available on the SSAR website. SSAR 
has many important documents currently in the possession of past 
founders, officers, and members. George Pisani has agreed to serve 
as the society archivist and will work with Kraig Adler and Presi-
dent Andrews. 

During the 2004 JMIH, Janalee Caldwell (along with various 
officers and editors of the three herpetological societies) attended 
a meeting with Allen Press to discuss aspects of BioOne and the 
future of the Society's journals. 

Following the Business Meeting in Norman, President Caldwell 
turned over the SSAR gavel to Robin Andrews. 

Treasurer, Theodora Pinou reported that the Society made a profit 
of $34,377 for calendar year 2004; $5,563 in operating income, 
$2,974 in donations, and $16,196 of realized investment income. 
Dora reported that the society is currently in a sound financial 
position and recommended implementing a plan to ensure long-
term financial security. The Long-Range Planning Committee will 
be consulted regarding engaging the services of a professional 
portfolio manager to offer investment advice to the Society. Dora 

Participants in the SSAR-sponsored symposium "The Biology of Boas, Pythons, and Related Taxa." Photograph by M. Preest. 
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and President Andrews will discuss the funding of the Henri Seibert 
and Kennedy Awards and contact the Planning Committee with 
suggestions. 

The move of the Publications Library from St Louis University, 
Missouri to Salt Lake City, Utah was completed by late 2004 at a 
cost of $14,220. 

The decline in membership numbers noted in recent annual re-
ports continues this year. There was ongoing discussion of the 
benefits of SSAR membership in the face of increased reliance on 
BioOne for access to society journals. A penalty fee of $10 for late 
membership renewal was recently imposed. Although this pen-
alty has not been enforced, $1,170 has been raised voluntarily. 
This will be used to cover the extra costs of postage. 

Dora provided an accounting of various Book Initiate Funds 
(e.g. Bailey Endowment Fund, Gordon Fund, etc.) and Student 
Award Funds (e.g. Dean Metter Memorial Award, Minton Endow-
ment Fund, etc.). The Board has not allocated funds for the Inter-
national Cooperation Project Fund since it was established a num-
ber of years ago. President Andrews recommended that the HEC 
use this fund to update the list of research grants published on the 
Society website (this list was generated by Janalee Caldwell and 
Rafael de SA). Dues forms will continue to include a box where 
members can indicate whether they wish to make a contribution 
to the International Cooperation Project and contributors will be 
acknowledged on the website. 

There was discussion of a proposal to initiate a Middle School 
Special Award in Herpetology (provide $50 per state science fair). 
The Board felt that support of our graduate student members should 
take precedence over support of younger students. It was suggested 
that a certificate of acknowledgement or an SSAR publication 
might be suitable for Middle School students. The logistics of such 
an undertaking will be substantial. The HEC will consider this 
suggestion. 

Currently, $1000/yr is budgeted to cover Society website ex-
penses. The cost of hosting the website is expected remain at ap-
proximately $180/yr. Additional funds could be used to update 
the site, add images, provide sample PDF files of chapters from 
SSAR publications, etc. 

Among her duties in the past year, Secretary Marion Preest re-
ported that she wrote a summary of the 2004 Annual Meeting, 
compiled the 2005 Annual Report, and prepared agendas for the 
Board and Business Meetings at the 2005 Annual Meeting. She 
also worked closely with Kirsten Nicholson (Chair, Nominations 
Committee) prior to the election held in 2004. Marion communi-
cated with the nominees and reported the results of the election in 
Herpetological Review. 

Breck Bartholomew (Publication's Secretary) reported that in-
come from sales of the Society's publications totaled $37,248. He 
distributed a list of recent Society publications to those in atten-
dance at the Board meeting. Material is still being counted and 
organized following the move of the Publications Library to Salt 
Lake City. Breck advertised the recent facsimile Les Tortues de 
l'Indochine using a postcard mailing. The net income generated 
suggested that this may be a profitable way of advertising Society 
publications. Dealing with returned journals involves a consider-
able expense for the Publications Office. The Web Oversight Com-
mittee will investigate the possibility of including a change of 
address function on the website. There was discussion of the ini- 

Lunch break for Julian Lee, Bobby Espinoza, Linda Ford, and Jose 
Rosado. (M. Preest) 

tiation of a "junior membership category" for high schools and 
middle schools. The school might be charged an individual rate 
rather than an institution rate. The HEC will consider this. 

Robert Powell, Editor of Catalogue of American Amphibians 
and Reptiles (CAAR), reported on the status of this publication 
effort. Bob has stepped down as editor (although he continues to 
help in an advisory capacity) and Andy Price has assumed the role 
of editor. Gregory Watkins-Colwell has become an Associate Edi-
tor and Twan Leenders was appointed as section editor for Anura. 
Bob noted that the 2004 contributions to CAAR consisted of 20 
accounts (Nos. 781-800; 3 salamander, 3 frog, 1 turtle, 10 lizard, 
and 3 snake accounts plus an index to accounts 601-800) for a 
total of 76 printed pages. Color plates were included in 19 of the 
accounts. Andy Price reports that the 2005 subscription is tenta-
tively scheduled for publication on June 30 (20 accounts), and he 
has plans for another 20 accounts for 2006. Andy indicated that he 
may consider other printers to see if savings can be made. The 
CAAR index on the website needs updating. Breck Bartholomew 
will send a copy of CAAR to all members along with a catalogue 
of SSAR publications. Bob reported that he faces a continual 
struggle to receive an adequate number of accounts and that the 
accounts he has received recently have not been geographically 
balanced (there is a paucity of accounts on Central and South 
American taxa). 

Kraig Adler (Editor) reported on the publication activities of 
Contributions to Herpetology. No books were published in 2004. 
"Biology of the Reptilia, Volume 20 (Morphology)," edited by 
Carl Gans and Abbot Gaunt is anticipated for December 2005. 
Formatting will begin shortly on "Tasks and Problems Studying 
the Life of Reptiles in Zoos," by Hans-Giinter Petzold and, al-
though the final manuscript has not yet been submitted, much pre-
liminary work has been done on the color plates of "Field Guide 
to Amphibians and Reptiles of the West Indies," by S. Blair Hedges. 
Future publications will include "Herpetological Time Travel 
Through the Zoo and Aquarium World," by James B. Murphy, and 
"Lizards of Southern Africa," edited by William R. Branch and 
Aaron Bauer. 

Editor of Facsimile Reprints in Herpetology, Aaron Bauer, re-
ported that two new facsimiles were published in 2005; "Les 
Tortues de l'Indochine" by Rene Bourret and "The Herpetologi- 
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Brian Crother and Henry Mushinsky at the SSAR/HL live auction. (M. 
Preest) 

cal Contributions of Sir Andrew Smith" with a biography, concor-
dance of names and annotated bibliography by William R. Branch 
and Aaron M. Bauer. This last publication was included in the 
meeting bags of delegates at the recent World Congress of Herpe-
tology in South Africa as a commemoration of the meeting and an 
SSAR promotion. Planned for publication in early 2006 is "The 
Herpetological Contributions of Mario Giancinto Peracca," ed-
ited by Franco Andreone and Elena Gavetti (with an English trans-
lation of the introduction) and possible for early 2007 is "The 
Herpetological Contributions of John Edward Gray." Other titles 
that are under consideration for future facsimiles include the col-
lected works of Lonnberg and Andersson, "Zur 
Entwicklungsgeschichte and Anatomie der Ceylonesischen 
Blindwuehle Ichthyophis glutinosus" by Sarasin and Sarasin, and 
"The Fossil Turtles of North America" by O.P. Hay. Herpetologi-
cal Circulars Editor, John Moriarty, reported that HC 33, "Johann 
von Fischer and His Chameleons: The History of the Common 
Chameleon" will be published in late 2005. It will be 96 pages 
with a full color cover. A grant from the Atherton Seidell Endow-
ment Fund of the Smithsonian Institution has been requested to 
cover printing costs. "A Review of Marking Techniques for Am-
phibians and Reptiles" is anticipated in early 2006 and "Synopsis 
of Helminths Endoparasitic in Snakes of the United States and 
Canada" is planned for late 2006. 

Former Editor, Steve Corn reported that Volume 2 in Herpeto-
logical Conservation, "Ecology, Conservation, and Status of Rep-
tiles in Canada," is expected in late 2005. Robin Jung and Joe 
Mitchell, current Co-Editors of Herpetological Conservation re-
ported that they have received 28 of the 55 proposed manuscripts 
for Volume 3 "Urban Herpetology: Ecology, Conservation and 
Management of Amphibians and Reptiles in Urban and Suburban 
Environments." They expect reviews of all manuscripts to be com-
pleted by August 2005. Joe indicated that there has been much 
interest in this publication and that outside funding is being sought. 

Herpetological Review Editor, Robert Hansen reported a 6% 
increase in the number of pages in Herpetological Review Volume 
35 compared with Volume 34 and a 69% increase since 1999. He 
expects Volume 36 to be approximately the same size as Volume 
35. The time lag for publication ranges from 3-15 months. Most 
manuscripts are submitted and handled electronically. Greater scru-
tiny of submitted manuscripts by editorial staff has resulted in an 
increase in the rejection rate. The SSAR author assistance pro-
gram continues to be used. Brad Hollingsworth (Associate Edi-
tor), Daryl Karns (Associate Editor), Ruston Hartdegen (Section 
Editor), and Eli Greenbaum (Section Editor) have resigned. New 
appointments include Steve Johnson as Associate Editor, Michael 
Burger and Michele Johnson as Section Editors, and Barbara 
Banbury and Michael Jorgenson as Copy Editors. 

Journal of Herpetology Editor, Brian Sullivan submitted a re-
port indicating that the number of submissions in 2004 was simi-
lar to that in the last several years. The rejection rate in 2004 was 
comparable with that in recent years (50-60%). In the first 3 months 
of 2005, 76 manuscripts were received. Use of AllenTrack will 
begin in 2006 and is expected to reduce the time involved in re-
view and publication of manuscripts. Peter Ducey and Andrew 
Price have joined the staff as Associate Editors. In 2006 Geoff 
Smith will assume the position of Editor and Brian will step down. 
A replacement for Bill Parker (Managing Editor) is being sought. 

The Board received reports from all standing committees. 
Stephen Richter (Chair) reported that the Conservation Commit-
tee has updated its material on the SSAR website. They have dis-
cussed updating the state conservation links on the website, de-
veloping associations with other conservation organizations, and 
developing education-oriented goals, potentially in collaboration 
with the Herpetological Education Committee. 

The screening committee for the Dean Metter Memorial Award 
(Joseph Beatty [Chair], Anne Maglia, and Brian Miller) received 
eight proposals for the third Dean E. Metter Award. An award was 
made to Matthew W.H. Chatfield for his proposal "Hybrid Zone 
Dynamics Between Two Species of Salamanders in the Genus 
Plethodon." 

Erik Wild, Chair of the Grants in Herpetology Committee re-
ceived fifty-seven proposals in 2005 and the committee made 
awards of $500 in each of seven categories (Conservation, Field 
Research, Laboratory Research, Herpetological Education, Travel, 
International, Bibliographic Research). Erik expressed satisfac-
tion in changes implemented last year in the application process. 

Marion Preest (Chair, Henri Seibert Awards Committee) reported 
that five awards were made at the 2004 Norman meeting. In 2005, 
the Systematics category, which has recently attracted few par-
ticipants, was combined with the Evolution category. 

The recently-formed Herpetological Education Committee (a 
joint SSAR/HL committee, Catherine Bevier, Chair) has taken on 
the task of setting up a "herp hotline" (on the SSAR and HL 
websites) to facilitate addressing questions regarding herps from 
the academic and hobbyist communities. In the future, this com-
mittee will update the "Careers and Jobs in Herpetology" webpage. 

Chair of the Kennedy Student Award Committee, Bob Gatten 
reported that the winner of the 2005 Kennedy Student Award is 
Cameron Stevens for his paper: 

Stevens, C. E., and C. A. Paszkowski. 2004. Using chorus-size 
ranks from call surveys to estimate reproductive activity of the 
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wood frog (Rana sylvatica). Journal of Herpetology 38:404-410. 
This year this committee also chose Caren Goldberg as a runner 

up: 
Goldberg, C. and C. Schwalbe. 2004. Habitat use and spatial 

structure of a barking frog (Eleutherodactylus augusti) popula-
tion in southeastern Arizona. Journal of Herpetology 38:305-312. 

Henry Mushinsky (SSAR Rep, Meeting Planning Committee) 
reported on the development of plans for upcoming JMIH meet-
ing (anticipated sites - 2006, New Orleans; 2007, Saint Louis; 2008 
Montreal; 2009 Long Beach). Financial concerns necessitated 
changing the venue of the 2007 meeting from Ithaca to Saint Louis. 
The 2008 meeting was originally proposed as a joint meeting with 
the World Congress of Herpetology (WCH) but the WCH will be 
moved to another, as yet undetermined, venue. The committee is 
trying to alternate meeting venues across the United States and 
states that it is open to meeting in other countries. 

There was discussion of the following proposals from the Meet-
ing Planning Committee: 

1. Limit the total number of oral presentations to 700 
2. Set new deadlines and change procedures for the approval 

of symposia 
3. Limit the total number of symposia to eight 
4. Establish a procedure for workshops 
5. Establish a plan to share costs/benefits of JMIH 
The Board approved proposals 1 and 2 at the meeting and the 

remaining proposals were approved electronically by the majority 
of the Board following the meeting. The first 700 abstracts re-
ceived for oral presentations at meetings will be accepted and the 
remainder will be accepted as posters. Currently there is no plan 
to limit the number of posters. The Board was informed that the 
new limit of 700 would not apply if there is a joint meeting of 
JMIH and WCH. The deadline for approval of symposia propos-
als by the respective societies will now become 31 March of the 
preceding year (i.e. approximately 16 mo prior to the symposia 
being held). This will allow the Meeting Planning Committee to 
better coordinate the symposia when they meet in April. Societies 
will submit a ranked list of symposia to the Meeting Planning 
Committee. An attempt will be made to balance symposia between 
societies and in terms of topics, taxa, etc. 

Strong support for planning a joint meeting with WCH was 
voiced by virtually all attendees at the Board meeting. There was 
discussion of whether SSAR should always participate in a World 
Congress regardless of where the meeting is held or whether SSAR 
should always participate in a World Congress when the meeting 
is held in the Americas. No decisions were made. In reference to 
the proposal above regarding a plan to share the costs and benefits 
of JMIH, the Treasurer requested that she be provided with a break-
down of costs of recent joint meetings. 

In 2005, the Nominations Committee (Kirsten Nicholson, Chair) 
presented a slate of eight nominees for four Directors positions 
(three regular, one non-US) and two nominees for the position of 
President-Elect. Dora Pinou (current Treasurer) and Marion Preest 
(current Secretary) agreed to serve additional terms. No election 
will be held in 2005. A new procedure will be implemented in 
2006 to allow the Elector to track voters and to ensure confidenti-
ality of votes. 

Resolutions were read at the 2003 meeting in Norman (Linda 
Ford, Chair, Resolutions Committee) thanking retiring members  

of SSAR for their service and acknowledging Rafe Brown for his 
presentation of the SSAR President's Travelogue and the SSAR 
Conservation Committee for bringing recognition to the society 
(see Herp. Review 35(4): 306-308). Richard Wassersug has re-
placed Linda Ford as chair of this committee. 

Brian Crother (Chair, Standard English and Scientific Names 
Committee) reported that an update of the names list was pub-
lished in Herp. Review 34:196-203. Although successful in stan-
dardizing usage of most names, the list has also generated some 
controversy. The committee had anticipated beginning work on 
the next volume in 2004, but this was decided to be too soon. 
Brian commended the members of the committee for their ser-
vice. 

Twenty-seven applications were received for the Student Travel 
Award and ten awards ($200 each) were presented by Dawn Wil-
son at the Business Meeting in Norman. 

Anne Maglia (Chair, Web Oversight Committee) reported that 
Dennis Desmond resigned as webmaster and was replaced by 
Zachary Walker. New features of the site include the ability to pay 
membership dues online, html alternatives for pdf document down-
loads, and access to pages of herpetological FAQ's. Formatting 
has been standardized and, in consultation with the Secretary and 
appropriate committee chairs, listings of committee memberships 
have been updated. The web domain name "ssarherps.org " has 
been renewed. 

Elector, Maureen Kearney reported the results of an election 
held in Fall 2004: President-Elect (Roy McDiarmid) and four Board 
members, class of 2008 (Rafe Brown, Meredith Mahoney, Jim 
McGuire — Regular Members; Rick Shine — non-US Member). 
Theodora Pinou and Marion Preest were reelected as Treasurer 
and Secretary respectively. 

In his report, Clay Garrett (Chair) presented the mission state-
ment, general goals, and recent activity of the Relations with Her-
petologists at Zoological Parks Committee. Clay presented a pa-
per (Herpetological Research in Zoos: A Contemporary Assess-
ment; In press, Herpetological Review) at the annual AZA Taxon 
Advisory Group Meetings in New Orleans, LA, stressing the im-
portance of collaboration among zoo curators and between zoo 
and academic colleagues. He also gave an overview of the up-
coming SSAR Relations with Herpetologists at Zoological Parks 
Committee web page and forum. The committee will attempt to 
recruit international herpetologists to add to its membership. Spe-
cific goals for 2005 include development of a database of papers 
resulting from zoo/academic collaboration, discussion of a sym-
posium on zoo/academic research at future JMIH, and completion 
of a Committee web page with an interactive component to facili-
tate dialogue and the exchange of ideas between the zoo and aca-
demic communities. The web forum will require a one-time fee to 
be covered by the Ft. Worth Zoo. Entry to the forum will be re-
stricted and users will require a username and password. 

Clay presented some statistics regarding use of the SSAR 
website; the site appears high on a Google search, approximately 
90% of the visitors to the site are from the United States, approxi-
mately 80% of the visitors remain on the site for less than 30 sec-
onds, and 85% remain for less than 2 minutes. There was some 
discussion of what could be done to increase the number of visi-
tors and the amount of time visitors spend on the site. It was sug-
gested that adding search terms in languages other than English 
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might have an effect. 
Al Savitzky (SSAR Representative to the American Institute of 

Biological Sciences, AIBS) submitted a report detailing his ac-
tivities. He attended the 2005 AIBS annual meeting in Washing-
ton, DC. An informational brochure on the organization was pub-
lished this year and is available at www.aibs.org/about-aibs/re-
sources/AIBS_brochure.pdf . The major strength of AIBS, from 
the perspective of our Society, is its involvement in educational 
issues and science policy, including especially federal research 
funding and conservation policy. Al noted that the AIBS Outstand-
ing Service Award was presented to Jay Savage for his contribu-
tions to organismal biology and ecology and his work with the 
Organization for Tropical Studies. 

AIBS sponsored a series of presentations on "Evolution and the 
Environment" at the Fall, 2004 meeting of the National Associa-
tion of Biology Teachers. The Education Office has been heavily 
involved with two issues, workforce diversity and the teaching of 
evolution. AIBS also sponsors an education specialist through a 
subcontract with the National Evolutionary Synthesis Center 
(NESCENT), an NSF-funded inter-institutional project headquar-
tered in Durham, NC. In addition to the educational aspects of the 
program, SSAR members may be interested in the varied research 
opportunities available through NESCENT (www.nescent.org/) . 
AIBS also manages the website ActionBioscience.org  
(www.actionbioscience.org/),  which was founded by a private 
philanthropist and later transferred to AIBS. The site contains writ-
ings on a wide range of biological topics, in both English and 
Spanish. A new category of membership for academic units (such 
as biology departments) has been announced. Efforts to establish 
NEON (National Ecological Observatory Network, 
www.neoninc.org/)  continue with a $6M grant from NSF. AIBS 
plans to request funding from Congress to begin building the net-
work in 2007. 

Following the AIBS meeting, a session was devoted to discus-
sion of BioOne and Open Access publishing. BioOne has shifted 
its business model from one of providing supplemental income to 
one of providing replacement income to make up for anticipated 
future losses of library subscriptions for print journals. BioOne 
continues to enjoy the support of the academic library community 
and subscriptions to BioOne are increasing, especially overseas, 
where the collection has been marketed actively. BioOne entered 
into an agreement with JSTOR whereby "legacy content" (back 
issues) of journals published by BioOne publishers will, with the 
permission of the publisher, be carried by JSTOR. Furthermore, 
BioOne will establish a "moving wall" by which the most recent 
several years of each publication will be carried by BioOne and 
the oldest BioOne volume will be transferred to JSTOR for 
archiving. 

Open Access (OA) publishing involves immediate free access 
to published content, posting in an open archive, and no copyright 
restrictions on re-use of materials. This raises obvious concerns 
for both nonprofit (such as SSAR) and for-profit publishers. The 
concept of OA publishing received a major boost when the Direc-
tor of NIH, Elias Zerhouni, proposed that all NIH-funded research 
be made open access. That policy was adopted by Congress this 
Spring. Technically, the policy only "recommends" that the re-
search be made available through OA, but the biomedical com-
munity views it as a de facto requirement. Despite many flaws  

and strong resistance from the scientific community, the NIH ar-
gument that publicly funded work should be available free to all 
users is popular with the public and politicians, and there is con-
cern that the NIH lead may be followed by other agencies. Re-
portedly, NSF is not interested in promoting OA, but it still could 
be mandated to do so. Steep increases in the costs of journal sub-
scriptions, together with the perceived need of the public to have 
access to medical research results, has fueled the NIH policy on 
OA. Rather than subscribers or readers paying, the most common 
model for OA is "author-pays," with an estimated cost to authors 
of several thousand dollars per submission. In the NIH model, the 
presumption is that the funding agency will absorb these costs 
through their inclusion in grants, but in organismal biology and 
ecology an author-pays model could be catastrophic. Unfunded, 
modestly funded, and overseas researchers would be greatly dis-
advantaged by such a system. Interested members of SSAR are 
directed to materials from the recent AIBS meeting on OA, which 
are to be posted on the AIBS website (www.aibs.org ) by the end 
of May. 

Al summarized a presentation on the economics of publishing 
science, technology, and medicine journals 
(octavia.zoology.washington.edu/publishing/) . In ecology, the price 
per page for library subscriptions to nonprofit journals averaged 
$0.19, versus $1.19 for for-profit publishers. More surprisingly, 
the oft-heard argument that the higher priced commercial journals 
are "better" — i.e., have higher impact factors, etc. — is in fact 
untrue for the general classes of nonprofit and for-profit journals. 
Based on ISI impact factors, five of the top six journals in ecology 
are published by nonprofit publishers. 

Dick Durtsche (Symposium Coordinator) received a proposal 
from Peter Paton and David Scott for SSAR to sponsor a half-day 
symposium, "Amphibian and Reptile Use of Golf Courses" at the 
2006 Annual Meeting in New Orleans. The proposal was sent to 
two reviewers, both of whom returned positive recommendations. 
Sponsorship is being provided by the USGA/NFWF Wildlife Links 
program. A motion to accept this proposal was made and approved 
by Board members. 

The SSAR 2006 budget was approved. There being no further 
business, the meeting was adjourned at 1455 h. 

The Annual SSAR Business Meeting was called to order by 
President Andrews at 1705 h on 9 July. Approximately 38 SSAR 
members were in attendance. President Andrews summarized busi-
ness dealt with at the Board Meeting on 6 July. Winners of the 
2005 Kennedy Award, Seibert Student Awards, Grants in Herpe-
tology Awards and Student Travel Awards were announced. Al 
Savitzky lead a brief discussion of some issues related to BioOne 
and Open Access publishing. The meeting was adjourned at 1800 
hrs. 

—Respectfully submitted by 
Marion Preest, SSAR Secretary 
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NEWSNOTES 

Slowinski Award Announced for 2005 

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 2005 is Zoltan Nagy, of the 
Institute of Pharmacy and Molecular Biotechnology, University 
of Heidelberg, Germany. 

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 (committee 
chair, Southeastern Louisiana University, Hammond), and Robin 
Lawson (California Academy of Sciences, San Francisco), have 
deemed the paper entitled "Molecular Systematics of Racers, 
Whipsnakes and Relatives (Reptilia: Colubridae) Using 
Mitochondrial and Nuclear Markers" (2004. Journal of Zoological 
Systematics and Evolutionary Research), as the most distinguished 
paper on snake systematics to appear worldwide during 2004. The 
paper was co-authored by Robin Lawson, Ulrich Joger, and 
Michael Wink. 

As senior author of the paper, Zoltan Nagy becomes the third 
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. 

Adler Completes Term as Vice Provost at Cornell 
University 

Kraig Adler, Professor of Biology at Cornell University, ended 
his seven-year term as Cornell's Vice Provost for Life Sciences in 
June. In this newly created post, he had responsibility for the 
university's $650-million New Life Sciences Initiative, which in-
volves more than 500 professorial faculty. The objective of this 
initiative is to integrate the life sciences with the physical, engi-
neering, and computational sciences without compromise to 
Cornell's traditional strengths in organismal biology. 

During Adler's tenure as vice provost, 55 new life science fac-
ulty were appointed in six colleges and $350 million in life sci-
ence building projects begun. He also oversaw the Ithaca-campus 
portions of the Tri-Institutional Research Program, a $160-mil-
lion cooperative project with Weill Cornell Medical College, 
Rockefeller University, and Memorial Sloan-Kettering Cancer 
Center in New York City. 

Adler now returns full-time to this faculty position in the De-
partment of Neurobiology and Behavior when he will teach and 
complete several books in progress. He joined the Cornell faculty 
in 1972 and has served as chair of his department on two occa-
sions. Previously he had been on the faculty of the University of 
Notre Dame after completing his doctorate at The University of 
Michigan in 1968. 

Call for Symposium Proposals for the 2007 
Herpetologists' League Meeting 

The Herpetologists' League sponsors thematic symposia for its 
annual meetings. Any League member may submit a proposal for 
a symposium for the upcoming meeting by sending a proposal 
application to the chair of the Symposium Committee. Official 
sponsorship by the HL allows for the scheduling and announce-
ment of the symposium in the meeting program and registration 
materials. In addition, a small amount of financial support (a maxi-
mum of $ 2000) is available to support sponsored symposia. Spon-
sorship by the HL does not guarantee financial support and sym-
posia may be sponsored in name only or funded at a level lower 
than requested by the applicants. 

Interested persons should contact Rafael de Sd, Chair HL Sym-
posium Committee (e-mail: rdesa@richmond.edu)  for details. 
Submission deadline for 2007 proposals is 15 March 2006. 

Kansas Herpetological Society Annual Meeting 

The Kansas Herpetological Society held its 32nd Annual Meet-
ing at Pittsburg State University in Pittsburg, Kansas, on Novem-
ber 4-6,2005. Over 125 participants attended scientific paper ses-
sions presented by scientists and students from across the nation. 
Featured speaker was Stanley Trauth, professor at the Arkansas 
State University. Dr. Trauth spoke about Arkansas herpetofauna. 

Lynett Bontrager, graduate student at Emporia State University, 
received the 2005 Howard K. Gloyd/Edward H. Taylor Scholar-
ship, honoring the memory of two great biologists with strong ties 
to Kansas. The 2005 Alan H. Kamb Grant for Research on Kansas 
Snakes was made to George R. Pisani, Kansas Biological Survey. 
Larry L. Miller, Northern Hills Junior High School, Topeka, was 
chosen as the eighth recipient of "The Suzanne L. & Joseph T. 
Collins Award for Excellence in Kansas Herpetology." 

In 2006, the Society will meet at the Sternberg Museum of Natu-
ral History, Fort Hays State University in Hays, Kansas. 

Timber Rattlesnake Symposium 

A symposium on Timber Rattlesnake (Crotalus horridus) Biol-
ogy and Conservation in the Upper Mississippi River Valley was 
held on 24 September 2005, at Saint Mary's University in Winona, 
Minnesota. Sponsors included the Minnesota Department of Natu-
ral Resources, the Wisconsin Department of Natural Resources, 
and the Minnesota Herpetological Society. Nearly 100 participants 
from at least eleven states heard twelve presentations on timber 
rattlesnakes in Minnesota, Wisconsin, Iowa, and Illinois. The au- 
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dience included researchers, students, wardens, private landown-
ers participating in habitat management programs, government 
agency personnel, and snake enthusiasts. Twenty-eight page, spi-
ral bound program books, which include extended abstracts and 
seven pages of color photographs, are available for US $12.95 
postpaid from Zoo Book Sales, Lanesboro, Minnesota (e-mail: 
zoobooks@acegroup.cc).  

MEETINGS 

Meetings Calendar 

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

25-26 March 2006-29th Annual All Florida Herpetology 
Conference, Gainesville, Florida, USA. Information available at: 
www.fl mnh.ufl.edu/herpetology/herpsconference/afhc.htm.  

31 March-2 April 2006—Symposium—Conservation and 
Herpetology: The Middle American Connection. Miami-Dade 
College, Miami, Florida, USA. Information available from Larry 
David Wilson, organizer, by e-mail: Iwilson@mdc.edu.  

13-15 April 2006-53rd Annual Meeting of the Southwestern 
Association of Naturalists (SWAN), Universidad de Colima, 
Colima, Mexico. Information available at: http:// 
www.biosurvey.ou.edu/swan/  or from Dr. Stanley Fox, SWAN 
President-elect (e-mail: foxstan@okstate.edu).  

17-19 July 2006-49th Annual Meeting, Society for the Study of 
Amphibians and Reptiles, together with The Herpetologists' League 
and the American Society of Ichthyologists and Herpetologists. 
New Orleans, Louisiana, USA. Information: http://www.dce.ksu/ 
jointmeeting/. 

24-27 November 2006—Herpetological Association of Africa 8th 
Conference. Potchefstroom campus of the North-West University, 
South Africa. Information available from conference organizers 
Louis du Preez (drklhdp @puk.ac.za ) and Che Weldon 
(drkcw@puk.ac.za ). 

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 
Castafteda 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.  

Senescence and Chemical Protection in Fishes, 
Reptiles, and Amphibians 

Evolutionary theories of aging predict that species that 
experience low rates of extrinsic mortality, such as weather, pre-
dation, or disease, will have slower senescence and longer maxi-
mum life spans than their relatives with high extrinsic mortality 
rates. This relationship is expected because few individuals of high 
extrinsic mortality species will live long enough for systems that 
retard senescence to be selected. The authors tested this hypoth-
esis by comparing 1193 chemically-protected (i.e., poisonous or 
venomous) species, which presumably are less vulnerable to mor-
tality by predation, and their non-protected relatives in fishes, 
snakes, frogs, and salamanders. Data on maximum longevity, body 
size, and chemical defenses were collected from primary litera-
ture, zoo and laboratory records, and field guides and analyzed at 
both species and genus levels. Results for each phylogenetic group 
showed that maximum longevity was positively correlated with 
body size and that for a given body size, chemically-protected 
species have longer maximum life spans than their non-protected 
relatives. Somewhat surprisingly, results also suggested that smaller 
species are more likely to have chemical defenses than larger spe-
cies. These results are consistent with evolutionary theories of se-
nescence and support the importance of extrinsic mortality in the 
evolution of aging. 

BLANCO, M. A. AND P. W. SHERMAN. 2005. Maximum longevities of chemi-
cally protected and non-protected fishes, reptiles, and amphibians sup-
port evolutionary hypotheses of aging. Mechanisms of Ageing and 
Development 126:794-803. 

Correspondence to: Paul W. Sherman, Department of Neurobiology and 
Behavior, W307 Mudd Hall, Cornell University, Ithaca, New York 14853, 
USA; email: pws6@cornell.edu.  

Convergence of Chemical Defense in Poison Frogs 

Aposematically colored poison frogs are recognized in four anu-
ran families and occur in Central and South America, Australia, 
and Madagascar. Poison frogs store defensive alkaloids in granu-
lar glands and generally are incapable of producing these com-
pounds. Instead, it appears they sequester alkaloids from their ar-
thropod prey, including beetles, ants, and millipedes. In this study, 
the authors conducted a survey of Mantella frogs from Madagas-
car (a genus that shares many traits with neotropical poison frogs), 
and their potential dietary arthropods at Ranomafana National Park. 
After collecting and preserving frog and arthropod specimens, gas 
chromatography-mass spectrometry (GC-MS) analyses detected 
11 known poison frog alkaloids in the arthropod samples, 7 of 
which were also identified in the mantillid extracts. This study 
also reported the discovery of a number of alkaloids, including 
nicotine, previously unknown from mantillids These results sug-
gested that the evolution of passive chemical defenses in unre-
lated Malagasy and Neotropical poison frogs is an example of 
two types of convergence: first, the convergent evolution of 
arthropods containing toxic alkaloids, and second, the indepen-
dent evolution of alkaloid uptake and sequestration mechanisms 
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in these frogs. 

CLARK, V. C., C. J. RAXWORTHY, V. RAKOTOMALALA, P. SIERWALD, AND B. L. 
FISHER. 2005. Convergent evolution of chemical defense in poison frogs 
and arthropod prey between Madagascar and the Neotropics. Proceed- 
ings of the National Academy of Science 102:11617-11622. 

Correspondence to: Valerie C. Clark, Department of Chemistry and Chemi-
cal Biology, Cornell University, Ithaca, New York 14853, USA; e-mail: 
vcc4@cornell.edu.  

Habitat Fragmentation Causes Reduced 
Reproductive Investment in Lizards 

The results of habitat fragmentation (e.g., reduced species rich-
ness in patches) are better known than their underlying processes, 
particularly as there may be species-specific responses to frag-
mentation. If fragmentation results in fewer resources or increased 
predation, females may adjust resource allocation between off-
spring size and offspring number. In this study, gravid female 
lacertid lizards (Psammodromus algirus) were captured in forests 

200ha) and forest fragments 10ha) in northern Spain and 
brought into the laboratory for egg-laying. Juveniles that hatched 
were then released in the wild and monitored for survival. Results 
showed that while females from the two habitats did not differ in 
body condition, females from the fragments laid fewer eggs than 
females of similar body size from the forests, but these eggs were 
not larger, as would be predicted by the hypothesis of resource 
allocation trade-offs. Among juveniles, larger eggs produced larger 
offspring, and larger offspring had higher survivorship. These re-
sults showed that the reduction of reproductive output in frag-
mented habitats can be added to the list of negative effects of frag-
mentation on natural populations. 

DIAZ, J. A., J. PEREZ-TRIS, J. L. TELLERIA, R. CARBONELL, AND T. SANTOS. 

2005. Reproductive investment of a lacertid lizard in fragmented habi-
tat. Conservation Biology 19:1578-1585. 

Correspondence to: Jose A. Diaz, Departamento de Zoologia y 
Antropologia Fisica, Facultad de Biologia, Universidad Complutense, E-
28040 Madrid, Spain; e-mail: jadiaz@bio.ucm.es.  

Landscape Effects on Spotted Frog Population 
Structure 

While many models of speciation invoke landscape features such 
as rivers or mountains as the cause of genetic divergence, little is 
known regarding the effects of such features on genetic variation. 
Landscape features may particularly affect amphibians and other 
groups with poor dispersal abilities. To determine whether ridges 
and elevation gradients act as barriers to gene flow in Columbia 
spotted frogs (Rana luteiventris), and whether a pond represents a 
`randomly mating population' (or deme), the authors examined 
genetic variation at six microsatellite loci in 790 adult frogs from 
28 sites in western Montana and Idaho. Results showed that 1) 
mountain ridges generally restricted gene flow, suggesting that 
mountains may facilitate allopatric speciation in amphibians, and 
2) there was limited gene flow between high and low elevation 
ponds, although dispersal may not be restricted between these el- 

evations. The molecular data also demonstrated that, except for 
geographically isolated ponds, breeding populations often encom-
pass more than one pond. The authors concluded from these re-
sults that the overall population structure of the spotted frog is a 
"valley-mountain" structure in which low elevation populations 
have large historical effective sizes and high gene flow, high el-
evation populations have opposite characteristics, and gene flow 
between high and low elevations is limited but not absent. The 
authors also discussed potential conservation implications of these 
findings. 

FUNK, W. C., M. S. BLOUIN, P. S. CORN, B. A. MAXELL, D S PILLIOD, S. 

AMISH, AND F. W. ALLENDORF. 2005. Population structure of Columbia 
spotted frogs (Rana luteiventris) is strongly affected by the landscape. 
Molecular Ecology 14:483-496. 

Correspondence to: W. Chris Funk, Integrative Biology, University of 
Texas, 1 University Station C0930, Austin, Texas 78712, USA; e-mail: 
wcfunk@mail.utexas.edu.  

Increase in Species Discoveries: Not a Case of 
Taxonomic Inflation in Amphibians 

While amphibian species are declining worldwide, researchers 
continue to discover new species; in the last 11 years, the number 
of recognized amphibian species increased over 25 percent. Some 
attribute this increase in species numbers to taxonomic inflation, 
where known subspecies are raised to species status or formerly 
synonymous species are subdivided. The authors, however, argued 
that for amphibians, this increment is due to the increase in the 
use of bioacoustic and molecular genetic techniques, as well as an 
intensified effort to explore poorly studied tropical areas. Using 
endemic Malagasy frogs of the family Mantellidae as a represen-
tative example, the authors showed that the genetic divergence 
(the Kimura two-parameter distance) between recently described 
species and their closest previously known relatives is no greater 
than for species described in earlier periods. Additionally, using 
herpetological catalogs and museum records, they determined that 
most of the species described since 1992 were not the result of 
subdividing other species, showing that the new species are dis-
crete evolutionary units. This finding might have significant con-
servation implications, as far more species might be at risk of de-
cline or extinction than are currently recognized. 

KOHLER, J., D. R. VIEITES, R. M. BoNErr, E H. GARCIA, F. GLAW, D. STEINKE, 

AND M. VENCES. 2005. New amphibians and global conservation: a boost 
in species discoveries in a highly endangered vertebrate group. Bio-
science 55:693-696. 

Correspondence to: Miguel Vences, Zoological Museum of Amsterdam 
and the Institute of Biodiversity and Ecosystem Dynamics, University of 
Amsterdam, 1092 Amsterdam, The Netherlands; e-mail: 
vences  @ science.uva.nl . 

Molecular Phylogeny of Turtles 

Morphological characters have long been used to resolve phy-
logenetic relationships among turtles, and their more recent com-
bination with molecular data has increased statistical support of 
the phylogeny; however, several key nodes in this group remain 
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unresolved. The authors used existing mtDNA, as well as new 
nuDNA sequence data from the RAG-1 gene, to determine whether 
polytomies in the tree are an accurate representation of turtle evo-
lution or if the additional data can clarify the relationships among 
the major cryptodiran groups. Using 24 species representing all 
major families of turtles, the authors performed maximum parsi-
mony, maximum likelihood, and Bayesian analyses on almost the 
entire (-3kb) RAG-1 gene. These analyses supported most results 
of previous phylogenetic analyses, in some cases with higher sta-
tistical support. The RAG-1 gene also suggestd that two groups 
often considered sister taxa, Platysternidae and Chelydridae, are 
not closely related, although their precise placement on the tree 
remains unclear. However, the different analyses differ on the po-
sitions of the earliest branches of the turtle phylogeny. Maximum 
parsimony suggested three basal branches (Carettochelyidae, 
Trionychidae, and all other extant species), while maximum like-
lihood and Bayesian analyses grouped Carettochelyidae and 
Trionychidae as sister to all other hidden-necked turtles 
(Cryptodirans). The authors further discussed the utility and limi-
tations of molecular and morphological data. 

KRENZ, J. G., G. J. P. NAYLOR, H. B. SHAFFER, AND E J. JANZEN. 2005. 
Molecular phylogenetics and evolution of turtles. Molecular 
Phylogenetics and Evolution 37:178-191. 

Correspondence to: Fredric J. Janzen, Department of Ecology, Evolu-
tion, and Organismal Biology, Iowa State University, Ames, Iowa 50011-
1020, USA; e-mail: fjanzen@iastate.edu.  

Bite Performance Best Predicts Reproductive 
Potential in Collared Lizards 

The evolution of weapons in sexually dimorphic species is of-
ten attributed to male combat, and individual variation in these 
weapons is expected to play an important role in determining fit-
ness. While laboratory experiments have shown correlations among 
head size, bite force, and social dominance in lizards, bite force 
has not yet been shown to predict fitness in natural populations. 
The authors studied Crotaphytus collaris, the collared lizard, to 
test the hypothesis that weapon (i.e., bite) performance was re-
lated to reproductive fitness. Collared lizard males establish terri-
tories that encompass several female territories and defend them 
from intruding males, with agonistic interactions between males 
often escalating to violent biting. The authors captured lizards to 
measure morphology (body size and head dimensions) and bite 
force and subsequently determined territory boundaries of these 
males. To measure potential fitness, they counted female territo-
ries overlapping with each male's territory, observed courtship 
encounters, and calculated potential output of the males by sum-
ming the potential reproductive output of all the overlapped fe-
males. Results showed that bite force was significantly correlated 
with territory size, number of female territories overlapped, esti-
mated number of females inseminated, and potential reproductive 
output. Also, in several multiple regression models, bite force was 
the only significant predictor of fitness (i.e., morphological mea-
sures were not significant predictors). These results indicated that 
studies in which measures of morphology are considered to be a 
proxy for fitness potential should have a known underlying mor- 

phology-performance relationship. 

LAPPIN, A. K., AND J. F. HUSAK. 2005. Weapon performance, not size, de-
termines mating success and potential reproductive output in the col-
lared lizard (Crotaphytus collaris). American Naturalist 166:426-436. 

Correspondance to: A. Kristopher Lappin, Department of Biological Sci-
ences, Northern Arizona University, Flagstaff, Arizona 86011, USA; email: 
kristopher.lappin@nau.edu.  

Robotic Lizard Experiments Show Display 
Content is Context-Dependent 

Animal displays often contain variable, and sometimes redun-
dant, signals. These displays may evolve under sexual selection 
(via female choice) or from opposing selective pressures from mul-
tiple contexts (e.g., territory defense and courtship). In this study, 
the authors used playback experiments with a robotic lizard model 
to partition the complex headbob displays and body postures of 
the lizard Sceloporus graciosus into meaningful units and to de-
termine if these units have different functions for different receiv-
ers. After determining that S. graciosus responded both to the ro-
bot and a live lizard with similar behaviors, they exposed lizards 
to combinations of natural or artificial, and single or double dis-
plays. Results showed that male lizards responded to specific body 
postures of the signaling robot, while female lizards responded to 
the number of headbob displays. These results suggested that the 
evolution of displays in S. graciosus is the result of different se-
lective pressures in different social contexts. Interestingly, the play-
back experiments also showed that lizards can both respond to 
and imitate novel display behaviors. 

MARTINS, E. P., T. J. ORD, AND S. W. DAVENPORT. 2005. Combining mo-
tions into complex displays: playbacks with a robotic lizard. Behav-
ioral Ecology and Sociobiology 58:351-360. 

Correspondance to: Emilia P. Martins, Department of Biology and the 
Center for the Integrative Study of Animal Behavior, Indiana University, 
1001 East 3rd St., Bloomington, Indiana 47405-3700, USA; email: 
emartins@indiana.edu.  

Convergence and Divergence in Predator-Induced 
Plasticity in Newt Larvae 

When multiple species are exposed to similar environments, evo-
lutionary theory predicts that convergent phenotypes will result. 
Therefore, when an environment is defined by its predator com-
position, prey species may evolve similar anti-predator traits. The 
authors performed a comparative analysis of six sympatric spe-
cies of newts representing both major clades of the genus Triturus 
to determine whether inducible morphological and behavioral re-
sponses to predation were convergent. Two sets of experiments 
were performed; in the first, larvae of each newt species were ex-
posed to dragonfly larvae to induce phenotypic plasticity. Results 
showed that morphological plasticity varied among all species, 
while behavioral plasticity differed between the two clades but 
not within them. The second experiment tested whether predation 
risk was dependent on body size; results suggested that similar 
predators may affect the two differently-sized clades in different 
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ways. The authors offered several suggestions for why these spe-
cies that occupy extremely similar environments would evolve 
divergent phenotypes. The species may have important unrecog-
nized unique features, such as differences in microhabitat use. 
Alternatively, they may represent distinct adaptive peaks in the 
same environment, or they may be constrained by historical dif-
ferences in habitat use. 

SCHMIDT, B. R., AND J. VAN BUSKIRK. 2005. A comparative analysis of 
predator-induced plasticity in larval Triturus newts. Journal of Evolu-
tionary Biology 18:415-425. 

Correspondence to: Benedikt R. Schmidt, Zoologisches Institut, 
Universitat Zurich, Winterthurerstrasse 190, 8057 Ziirich, Switzerland; 
e-mail: bsclunidt  @zool.unizh.ch . 

The Mid-Domain Effect Model Applied to Green 
Turtle Nest Distribution 

The mid-domain effect (MDE) model states that within a shared 
geographical domain, the greatest species richness will occur at 
its center after ranges of several species are randomly placed in 
the domain. While this model has been applied to multiple inter-
specific systems, the authors performed the first analysis of the 
MDE in an intraspecific context. In particular, they assessed the 
spatial and temporal nest distributions of a population of green 
turtles (Chelonia mydas) in Costa Rica that was surveyed con-
tinuously between 1972 and 2000. Results indicated that both spa-
tial and temporal nest distributions have remained stable during 
this time period. Spatial nest distribution along the 18-mile beach 
showed a strong central tendency and closely fit predictions made 
using MDE model simulations. The temporal distribution, how-
ever, showed a stronger central tendency within the nesting pe-
riod than the MDE model predicted. The authors discussed envi-
ronmental factors that may cause observed deviations from the 
model. 

TIWARI, M., K. A. BIORNDAL, A. B. BOLTEN, AND B. M. BOLKER. 2005. In- 
traspecific application of the mid-domain effect model: spatial and tem-
poral nest distributions of green turtles, Cheldonia mydas, at Tortuguero, 
Costa Rica. Ecology Letters 8:918-924. 

Correspondence to: Karen A. Bjorndal, Archie Carr Center for Sea Turtle 
Research and Department of Zoology, University of Florida, PO Box 
118525, Gainesville, Florida 32611, USA; e-mail kab@zoology.ufl.edu . 
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Grace Olive Wiley: Zoo Curator with Safety 
Issues 

JAMES B. MURPHY 
National Zoological Park, Smithsonian Institution 

Washington, DC 20008, USA 
e-mail: jbmurphy2@juno.com  

and 
DAVID E. JACQUES 

206 Lula, Longview, Texas 75605, USA 
e-mail: awav117@aol.com  

"WHEN FIRST TAKEN CAPTIVE MOST WILD CREATURES ARE QUITE TERRIFIED AND 

PANICKY—THIS WAS TRUE OF THE RATTLESNAKE THAT BIT ME AND YET ON MY 

RETURN FROM THE HOSPITAL THIS SAME NERVOUS FELLOW WAS TAMED WITHOUT 

ANY TROUBLE—IT WAS DONE IN TWO WEEKS, WITH ONLY ONE HAND!" 

—GRACE OLIVE WILEY IN 1930 

Grace Olive Wiley (1883-1948), a librarian at the Minneapolis 
Public Library, wrote a letter to John J. McCutcheon, president of 
the Brookfield Zoo's Zoological Society on 29 January 1927, ap-
plying for the curatorial job of reptiles. In a later letter to director 
Edward Bean on 29 May 1933, she offered to donate her enor-
mous private collection (115 species and 330 individuals) and a 
number of cages to the Zoo if the position were offered to her. 
During that time, it was highly unusual for women to hold curato-
rial positions in zoos but apparently her résumé and offer were 
convincing for she was hired that year (Fig. 1). 

Wiley held the curatorial position for two years and her time at 
the Zoo was filled with controversy. She believed that venomous 
reptiles could be tamed and handled with bare hands, a practice 
that did not endear her to her superiors (Fig. 2). Although she was 
told to stop handling them, she refused to do so. Later in fact, 
Wiley wrote an article in Natural History Magazine in 1937, out-
lining her techniques for taming king cobras, Egyptian cobras, 

FIG. 1. Undated picture (likely in 1933) of reptile house at Chicago 
Zoological Park (Brookfield Zoo) from Minneapolis Sunday Tribune ar-
ticle announcing opening and installation of Grace Olive Wiley as cura-
tor. This building still functions as an amphibian and reptile exhibit. Credit: 
provided by George Rabb, Chicago Zoological Society. 
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Flo. 2. Although there is no information attached to this photograph of 
Grace Olive Wiley and her friend, it appears to have been taken in the 
service area of the reptile building at Brookfield Zoo. Episodes such as 
this led to her dismissal as reptile curator in 1935. 

puff adders, Australian black snakes, Australian tiger snakes, green 
mambas, sea snakes, coral snakes, fer-de-lance, moccasins, cop-
perheads, thirteen species of rattlesnakes, and Gaboon vipers, 
which could not only be handled without any danger but enjoyed 
being stroked. In the article, Wiley offered this observation: "Some-
how they know very, very soon that I am friendly and like them. 
They appear to listen intently when I stand quietly at their open 
door and talk to them in a low, soothing voice. In some unknown 
manner my idea of sympathy is conveyed to them." After a series 
of 19 snake escapes, some of which included three Egyptian co-
bras, one bandy-bandy, and several venomous sand snakes, her 
boss Acting Director Robert Bean lost patience and fired her in 
September 1935. One reason was monetary: because of her, the 
upcoming liability insurance payment for the Zoo was increased 
to the point it exceeded her annual salary. 

Wiley complained to a Time magazine reporter on 30 Septem-
ber: "I hate to say it and I know some persons who don't like 
snakes are very nice persons but Mr. Bean was frightened and 
frightened persons will exaggerate. I do not feel I was guilty of 
carelessness. I just forgot, simply forgot, to close the door to the 
cobra's cage after I cleaned it. I couldn't do everything at once. 
All the other snakes that got away were harmless except Bandy- 

Bandy and I'm sure he went down the drain pipe. "The cobra,' 
she added, 'just found the coziest place it could in the whole rep-
tile house. If most persons were half as nice as snakes, this world 
would be a better place." When a keeper put his hand into a bag of 
dried leaves which he planned to use for cage decorations, he found 
"Bandy-Bandy." 

The news media followed these incidents and her career with 
interest. A few newspaper headlines: "Woman's Kindness Wins 
Deadly Snakes at Brookfield Zoo;" "19 Snakes Got Away, Grace 
Wiley Fired as Snakes Escape;" "Bandy-Bandy Found Alive;" 
"Mrs. Grace Wiley Packs Her Reptile Friends;" "Snakes Depart. 
Long Beach Herpetologist Taking Collection to Hollywood." 

After leaving the Zoo, she had started a private roadside reptile 
exhibit called "Grace Wiley—Reptiles" in Cypress, California 
where she allowed venomous snakes, including king cobras, tiger 
snakes, gaboon vipers, kraits, copperheads, and rattlesnakes, to be 
handled by children and crawl through crowds of visitors for a 
small fee. Although undated with provenance unknown, the pho-
tographs in this article (Figs. 3-4) were probably taken in Long 
Beach, California. They were found in the collection of Wesley 
Dickinson, her close friend who died from a king cobra bite. 

Wiley died from an Indian cobra bite. She had only one vial of 
anti-snakebite serum on hand because it was expensive and she 
needed so many types for her collection. Unfortunately, this single 

FIG. 3. A delighted Grace Olive Wiley with Gila monster and rattle-
snake. 

366 	 Herpetological Review 36(4), 2005 



FIG. 4. In this undated photo, Wiley's mother is shown with a king 
cobra. 

glass vial of Haffkine serum was not used as it was accidentally 
broken shortly after the bite. She was rushed to Long Beach Hos-
pital in an ambulance but died ninety minutes after being bitten. 

Acknowledgments.—George Rabb and Ray Pawley provided materials 
from the Brookfield Zoo archives. 
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Lizard Foraging Modes: Global Need for Data, 
Methods for Data Collection and Call for Data 

WILLIAM E. COOPER, JR. 
Department of Biology, Indiana University-Purdue University at Fort Wayne 

Fort Wayne, Indiana 46805, USA 
e-mail: cooperw@  ipfwedu 

A large majority of lizard species hunt for prey using one of two 
foraging modes, ambush foraging and active foraging, described 
informally by Evans (1961) and defined and explored theoreti-
cally by Pianka (1966) and Huey and Pianka (1981). Ambush for-
agers adopt posts affording unobstructed views, remain immobile 
while waiting for prey, and then attack prey that usually are de-
tected visually. Active foragers search for prey by moving through 
the habitat and locate prey using both visual cues and chemical 
cues sampled by tongue-flicking (Evans 1961). 

Study of foraging activity has led to important advances in our 
understanding of the evolution of lizard taxonomic and ecological 
diversity (Cooper 1997; Schwenk 1993; Vitt et al. 2003). Most 
species can be categorized as ambush or active foragers, but cer-
tain species do not fit the two-mode paradigm well (Butler in press; 
Perry 1999, in press). My goals here are to indicate lizard groups 
for which data are needed, present information needed to collect 
data, and encourage herpetologists to contribute to our collective 
data base on lizard foraging activity. 

Data available and data needed.—The major variables in stud-
ies of lizard foraging are number of movements per minute (MPM) 
and percent time spent moving (PTM). PTM is a better index than 
MPM, but that both variables are important components of forag-
ing activity (Cooper et al. 2001; Butler, in press). MPM or PTM 
data are available for over 150 species, but for many species data 
are minimal or only include one variable. If only those species for 
which there are data on 10 individuals for a total observation 
time of 100 minutes are considered, data are available for 82 
species. 

Data are needed for several taxonomic groups (Table 1). In 
Iguania, data on both variables are unavailable for any single spe-
cies in Tropiduridae and Hoplocercidae and few data are available 
for Chamaeleonidae or for some major subtaxa in Agamidae, es-
pecially Australian groups. Data for surprisingly few 
phrynosomatid species are available given their diversity and wide 
distribution. Direct observations of horned lizards (Phrynosoma) 
are desirable because indirect observations suggest that they may 
forage more actively than other phrynosomatids (Shaffer and 
Whitford 1981). In Scleroglossa, data are lacking for anguids, 
gerrhosaurids, gymnophthalmids, xantusiids, xenosaurids, and 
varanids. Among gekkotans, we need data for several terrestrial 
species, especially arenicolous ones, and pygopodids. Additional 
data for lacertids and skinks are highly desirable due to greater 
variability of foraging activity than in other families. The only 
datum for any anguimorphan is a PTM value for Heloderma 
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suspectum (Jones 1983). Special efforts to collect data on anguids 
and varanids are warranted due to their importance in understand-
ing the evolution of foraging. 

Data collection.—Foraging data are simple and inexpensive to 
collect. Perhaps the greatest difficulty is determining motivation 
(Anderson 1993, in press). Conducting observations at inappro-
priate times may yield inaccurate estimates of foraging movements. 
Estimates based on data collected when lizards are basking or at 
rest digesting would lead to misleadingly low estimates of move-
ment. Inclusion of data on movements for purposes other than 
foraging (territorial patrolling, courtship, aggressive behavior, and 
shuttling between sun and shade to thermoregulate) would inflate 
estimates of foraging movement. Movements unrelated to forag-
ing should be excluded and observations should be restricted to 
times and conditions that favor foraging, e.g., warm and at least 
partially sunny weather for heliotherms. Data should not be col-
lected during thermoregulatory basking or when lizards have 
stopped foraging for the day. Further discussion of data collection 
can be found in Anderson (1993) and Perry (in press). 

Upon sighting a lizard, the researcher stops moving and pre-
pares to record data. Observing from a blind would be helpful for 
wary species, and observing from behind trees, rocks, or other 
objects can be helpful with many species. If a lizard appears to be 
disturbed, no data should be collected. Staying still is crucial to 
reducing disturbance. By remaining immobile for at least two 
minutes or a shorter period if the lizard resumes normal activity, 
the researcher can maximize the likelihood of observing normal 
behavior. Active foragers start moving again if they have stopped, 
and often walk directly toward observers. Ambush foragers often 
make displays, postural adjustments, or head movements show-
ing that normal behavior is occurring. 

The greater the distance between researcher and lizard during 
observations the better for many species, but many active forag-
ers continue normal foraging activity when followed from a dis-
tance of about 5 m. Varanids are difficult to observe because they 
flee upon detecting a human being at much greater distances. Some 
anguids and horned lizards remain motionless for extended peri-
ods after detecting an observer. Telescopes or blinds may be needed. 

Data can be recorded on microcassette tapes and transcribed 
onto data sheets from which foraging variables can be derived. 
Species, date, and time are recorded, plus whether the lizard is 
moving or motionless. During continuous (focal) observation the 
researcher records all activities, using a stopwatch to indicate the 
time to the nearest second since the start of the focal observation 
when each change from moving to immobility occurs. Attacks on 
prey and their success or failure should be recorded, as well as 
whether prey were discovered through active search or ambush. 
Times spent on irrelevant activities such as social behavior should 
be recorded, but excluded. If an individual's irrelevant activities 
are extensive, its data should be excluded. It may be useful to 
record whether the lizard is in open sun, filtered sun (partially 
shaded), or in shade during intervals of motionlessness and move-
ment because stops in the shade for thermoregulation are impor-
tant at high temperatures. Distance moved during each movement 
bout should be estimated. Estimating distances requires some prac-
tice and is imprecise, but estimates should be adequate to distin-
guish among taxa. Brief postural adjustments of head and body or 
changes in body orientation involving minimal forward movement 

TABLE 1. Numbers of species for which data meeting criteria for mini-
mal samples and observation times are available in major lizard taxa. 

Taxa MPM PTM Both 

Iguania 
Agamidae 3 3 3 

Chamaeleonidae 1 1 1 
Corytophanidae 1 1 1 
Crotaphytidae 2 2 2 
Hoplocercidae 0 0 0 
Iguanidae 2 2 2 
Opluridae 1 1 1 
Phrynosomatidae 9 11 9 
Polychrotidae 24 16 16 
Tropiduridae 1 1 0 

Scleroglossa 
Gekkota 

Eublepharidae 2 2 2 
Gekkonidae 13 13 13 

Autarchoglossa 

Scincomorpha 
Lacertoidea 

Xantusiidae 0 0 0 
Lacertidae 9 10 9 
Teiidae 9 12 8 

Gymnophthalmidae 0 0 0 

Scincoidea 
Scincidae 9 10 9 

Cordylidae 6 6 6 

Gerrhosauridae 0 0 0 

Anguimorpha 
Anguidae 0 0 0 

Xenosauridae 0 0 0 

Helodermatidae 0 1 0 

Varanidae 0 0 0 

are not considered foraging movements. Lizards often pause very 
briefly while moving, but stops of less than one second are ig-
nored and considered to be momentary pauses during continuous 
activity. 

Active foragers often move slowly during area-concentrated 
search, and may stop locomotion while poking under leaves or 
around stems of plants, often tongue-flicking. Because such ac-
tivities reflect active search, they should be recorded as part of 
time spent moving (or more accurately, searching). This possible 
source of differences in estimates of MPM and PTM among in-
vestigators has not been discussed previously. 

Most researchers have attempted to view each lizard continu-
ously for 10-30 minutes. Perry (in press) found that observation 
intervals of less than five minutes were unreliable. When a lizard 
moves out of sight behind an object, it is necessary for the inves-
tigator to move (slowly and as little as possible) to a new vantage 
point. If the lizard is lost before the full observation period has 
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been completed, truncated observations can be useful. Ideally, all 
observations would be for the full planned interval, but if data are 
difficult to obtain, the criterion for duration can be shortened. At 
the end of the focal observation, the investigator should record 
shaded air temperature at 1 m and optionally substrate tempera-
ture where the lizard was sighted. 

With a little practice the data are very easy to collect. From the 
record of number of intervals and duration of movement and total 
time for each focal observation, it is simple to calculate MPM and 
PTM. It may help to transcribe the data onto a data sheet that shows 
durations of movement and immobility continuously throughout 
the observation interval. A sample data sheet can be obtained from 
the author. The total number of movements divided by total min-
utes of observation gives MPM and total time spent moving di-
vided by total time of observation give PTM. Time spent subdu-
ing prey and eating is excluded because the focus is on search, not 
consumption. Average duration per movement can be calculated 
from the relationship AD = 0.6PTM/MPM, which follows from 
the definitions PTM = 100(N x AD)/T and MPM = 60N/T, where 
T = total time observed in s, N = number of movements per s, and 
AD = average duration per movement bout in s. Average speeds 
during the entire interval and while moving can be calculated and 
later adjusted for differences in body length between species or 
individuals. 

For the entire data set, means and standard errors of MPM, PTM, 
and average speeds can be calculated. If attack data were recorded, 
the proportion of total attacks by all individuals on prey discov-
ered while moving (PAM) can be calculated. This variable is avail-
able for only a few species (e.g., Cooper and Whiting 1999; Coo-
per et al. 2001), but has great potential for indicating the relative 
importance of ambush and active foraging within and among spe-
cies. 

How many data should be collected? Perry (in press) found 
that the sample size needed for reliable estimates varies consider-
ably among taxa, with N > 15 being adequate except for gekkonid 
lizards, for which sample sizes of 50 may be needed in some cases. 
Because data on effect of sample size exist for only three species, 
more information is needed. I have adopted a goal of obtaining 
data for at least 10 specimens and a duration of at least 100 min-
utes for each species and, when possible, collecting more data. 
However, smaller data sets can be useful because data collected 
by different investigators can be pooled, which is important for 
rare and inaccessible species. 

Call for data.—Interested readers can contribute to the size and 
taxonomic and ecological diversity represented in our data base 
by collecting data on additional species, especially from the groups 
highlighted above as in need of study. Latin American, African, 
Australian, and Asian herpetologists are in exceptionally good lo-
cations to contribute data for unstudied major taxa. In addition to 
being added to the growing data base, new data could be the basis 
for natural history notes on single species or for articles on several 
species. I encourage individuals to contact me about needs for 
data from their localities and about possible collaborations. 
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The primary functions of zoological nomenclature are to pro-
vide stability and universality for zoological names to insure maxi-
mum communication of information. This is especially important 
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when dealing with deadly venomous organisms where accurate 
identification and consistent use of scientific names are funda-
mental to medical interventions. A recent scientific study of the 
rattlesnakes, genus Crotalus, that proposes new applications of 
long-established names and/or resurrection of previously unused 
ones (Campbell and Lamar 2004) might be thought to undermine 
this important process, but instead represent advances in knowl-
edge. 

Since Klauber's classic works (Klauber 1952, 1956), the spe-
cies-group names of Neotropical rattlesnakes have enjoyed stabil-
ity and universality of application. However, recent research indi-
cates that several recognized taxa comprise a complex of distinct 
species requiring several name changes. This proposal aims to 
support specific names that maintain prevailing usage as much as 
possible, while recognizing advances in knowledge by the desig-
nation of neotypes. 

Linnaeus (1758) described three species of rattlesnakes, Crota-
lus horridus, C. dryinas, and C. durissus. The type specimens of 
all three have been lost. Much confusion surrounded the applica-
tion of these and several post-Linnean names for rattlesnakes dur-
ing the 19th and early 20th centuries (see Vanzolini and Calleffo 
2002, for a recent review). By the 1920s, C. horridus generally 
was used for a North American rattlesnake and C. terrificus, based 
on Caudisona terrifica Laurenti, 1768 (no known type specimen), 
was applied to a Neotropical one (e.g., Werner 1922). From 1926 
onward Amaral utilized the name Crotalus terrificus, for the then 
single recognized Neotropical species, and in 1929 he placed 
durissus as a subspecies of C. terrificus even though durissus had 
priority. 

Klauber (1941) conducted a detailed analysis of Linnaeus' brief 
rattlesnake descriptions, primary references (all pre-Linnean origi-
nal descriptions), and secondary references (also pre-Linnean). He 
concluded that all three Linnean names were likely based on the 
Neotropical rattlesnake called C. durissus by Klauber and by most 
subsequent workers (see McDiarmid et al. 1999). However, in order 
to maintain stability he followed the then current usage of C. 
horridus for the North American timber rattlesnake, the type spe-
cies of the genus Crotalus. Klauber also pointed out that Caudisona 
terrifica Laurenti, 1768, while usually treated as a new scientific 
name, appears to have been based on Linnaeus' description of C. 
horridus with some additions. Despite these conclusions, Klauber 
applied the name Crotalus durissus durissus to Mexico—Central 
American populations and C. d. terrificus to the South American 
subspecies. Unfortunately, Klauber did not take that opportunity 
or subsequent ones (Klauber 1952, 1956) to designate neotypes 
for the names in question. 

Since Klauber's 1941 paper, usage has followed his arrange-
ment, but by 1989 (Campbell and Lamar 1989), 12 additional sub-
species of C. durissus were recognized. In the course of resurrect-
ing or describing 10 of these, Hoge (1966) designated a neotype 
for Caudisona terrifica from "Julio de Castilho, Municipio 
Taquari" (actually Julio [sic] de Castilhos, Municipio Julio [sic] 
de Castilhos according to Vanzolini and Calleffo 2002), State of 
Rio Grande do Sul, Brazil. This action was not fortunate as it is 
extremely unlikely that any snakes forming the basis of Linnaeus' 
or Laurenti's descriptions of rattlesnakes came from southern Brazil 
(Vanzolini and Calleffo 2002). 

Most recently Campbell and Lamar (2004) concluded that sev- 

eral populations within a polytypic Crotalus durissus merited sepa-
rate species status. As the lost holotype of C. durissus was from 
the Claudius Grill Collection, also called the Surinam Collection, 
they proposed that the name properly belongs to the South Ameri-
can species. Klauber (1941) was aware that the type came from 
the Surinam Collection and concluded that the type of C. durissus 
most probably came from South America. It thus seems a reason-
able inference that it came from Suriname. The restriction of the 
type locality by Campbell and Lamar (2004) to Paramaribo, 
Suriname, does not, however, of itself unequivocally establish the 
usage of the name Crotalus durissus durissus for a Suriname popu-
lation. These authors did clarify the nomenclatural complexities 
as first revisers (Art. 24, International Code of Zoological No-
menclature 1999) by explicitly selecting Crotalus durissus 
Linnaeus, 1758 over C. dryinas Linnaeus, 1758 because of the 
universal prevailing usage of C. durissus. 

Campbell and Lamar (2004) also recognized as distinct species 
two taxa considered as subspecies of C. durissus by all workers 
subsequent to Klauber (1952, 1956). The first is Crotalus totonacus 
Gloyd and Kaufield, 1940, from northeastern Mexico. The sec-
ond includes Klauber's (1952, 1956) C. d. durissus, C. d. 
culminatus Klauber, 1952, and C. d. tzabcan Klauber, 1952. Be-
cause the name C. durissus was applied by Campbell and Lamar 
(2004) to the South American rattlesnake they exhumed the name 
Crotalus simus Latreille, 1801, a name not used as valid for over 
150 years, for the other Mexico—Central American populations. 
The name C. simus is based on the very same specimen, formerly 
in the Museum d'Histoire Naturelle (Paris), that was the model 
(Daudin 1803:321) for the illustration in Seba (1735, pl. 45, fig. 
2) as referred to by Latreille in the original description. Klauber 
(1941) earlier had pointed out that Seba's plate clearly is of the 
Mesoamerican species. Unfortunately, the holotype of C. simus 
could have come from any one of the four recognized taxa of rattle-
snakes from Mexico—Central America so correct application of 
the name is in doubt. 

In order to clarify the situation and establish names for the in-
volved species of Neotropical rattlesnakes we take the following 
actions: 

1. Designate Nationaal Naturhistorisch Museum, Leiden 
(RMNH) 12857, an adult male, from near 2.5 km east of Tibiti, 
Saramacca District, Suriname (ca. 5°33'N, 55°54'W), as the neo-
type of Crotalus durissus Linnaeus, 1758, as defined and diag-
nosed in Campbell and Lamar (2004:539-547). The original type 
specimen has long been lost (Klauber 1952) but was probably South 
American in origin and most likely came from Suriname. 

2. Designate University of Texas, Arlington (UTA-R 52032), an 
adult male from vicinity of El Arenal, San Vicente, Departamento 
de Zacapa, Guatemala, 360 m elevation (14.880176°N, 
89.861817°W) as the neotype of Crotalus simus Latreille, 1801 as 
defined and diagnosed in Campbell and Lamar (2004:583-586). 
A search by Thireau (1991:4) of the collections in the Museum 
National d'Histoire Naturelle, Paris failed to locate the holotype, 
which was labeled as being from "Ceylon" and it is presumed 
lost. However, the specimen must have come from Mesoamerica 
based on the distinctive neck pattern of paravertebral dark stripes 
in combination with the dorsal color pattern of mostly non-over-
lapping, light-centered diamonds that are characteristic of C. simus. 
There are, of course, no known rattlesnakes from Asia. 
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With these actions we insure that the name Crotalus durissus 
will continue to be used for the majority of populations referred to 
by that name since 1941 and that Crotalus simus will be associ-
ated unambiguously with a Mexico-Central American species of 
Neotropical rattlesnake. 
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The thermal ecology of freshwater turtles is based largely on 
studies of a relatively few species in which, typically, body tem-
peratures are highly variable, average approximately 24-28 °C, and 
commonly track water temperatures. Basking is a common, but 
not universal (e.g., Chelydra, Brown et al. 1990; Pseudemydura, 
King et al. 1998) behavior associated with elevating body tem-
perature. However, even for the many species that do in fact bask, 
whether heat gained from basking uncouples body temperatures 
from water temperatures long enough to be biologically signifi-
cant in thermoregulation has long been debated and likely varies 
with species and locality (e.g., Auth 1975; Boyer 1965; Crawford 
et al. 1983; Di Tranni and Zuffi 1997; Manning and Grigg 1997; 
Moll and Legler 1971; Schwarzkopf and Brooks 1985; Spotila et 
al. 1990). 

Compared to the various semi-aquatic turtles for which thermal 
biology has been studied (mostly emydids), it would seem that 
certain features of the highly aquatic trionychid turtles might im-
pact their thermal ecology. For example, highly aquatic turtles, 
such as trionychids, (1) have a lower critical thermal maximum 
(CTM) than semi-aquatic species, such as emydids (Hutchison et 
al. 1966, 1979); (2) the flat shell of softshells enhances the rate of 
radiant heat exchange (Boyer 1965); (3) the cutaneous surface area 
of softshells is the highest known among turtle species (Stone and 
Iverson 1999); and (4) softshells have the highest rate of evapora-
tive water loss of any known reptile, 3-4 times that of the emydid 
Trachemys (Robertson and Smith 1982). High evaporative water 
loss causes trionychids, unlike emydids, to cool faster than they 
heat in air (Smith et al. 1981) and can depress surface and core 
body temperatures, at least in the laboratory (Khosatzky 1981; 
Robertson and Smith 1982). 

Although the physiology related to various thermal characteris-
tics of trionychid turtles has been studied in the laboratory (Boyer 
1965; Hutchison et al. 1966, 1979; Khosatzky 1981; Nebeker and 
Bury 2001; Robertson and Smith 1982; Smith et al. 1981), field 
thermal data are extremely sparse. The only available thermal data 
for free-living trionychid turtles include a few ambient water tem-
peratures measured opportunistically for A. mutica and A. spinifera 
(Graham and Graham 1991; Plummer 1977; Williams and 
Christiansen 1981) and body and ambient water temperatures of 
hibernating A. spinifera measured with temperature-sensitive 
radiotransmitters (Plummer and Burnley 1997). Body tempera- 
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tures have not been reported for any free-living trionychid species 
during their active season. The purpose of this paper is to provide 
basic field information on softshell thermal ecology by describing 
body temperatures of free-living A. spinifera in a small stream. 

MATERIALS AND METHODS 

We have studied a population of Apalone spinifera by mark-
recapture in Gin Creek, a first-order tributary (average width = 4-
5 m, depth = —35 cm) of the Little Red River in White County, 
Arkansas since 1994 (unpubl. data). A detailed description of the 
study area is given by Plummer et al. (1997). Softshells were cap-
tured by hand or in funnel traps. Of the approximate 300 marked 
turtles (50 adults) in the population, only adult females were used 
in the present study because, compared to males, their larger body 
size facilitated implantation of transmitters and data loggers. Simi-
lar body sizes of the selected females (200-240 mm plastron 
lengths) reduced possible size-related differences in heating and 
cooling rates. For each softshell, plastron length (PL) and body 
weight were measured, a unique mark was provided, and a trans-
mitter (Model SM-1, AVM Instrument Co., Livermore, Califor-
nia) was attached to the posterior part of the carapace prior to its 
release at its site of capture. Beyond these common methods, data 
were collected differently in 1995 and 2000. 

In addition to the attached transmitter, in 1995 a second tem-
perature-sensitive transmitter (Model CHP-2P, Telonics, Inc., 
Mesa, Arizona) was surgically implanted in each of four adult fe-
males. Implanted transmitters (6 x 12 x 30 mm, 6-7 g) were in-
serted into the body cavity through a small incision made in the 
body wall anterior to the hind legs near the bridge. The incision 
was closed with nylon sutures. Combined mass of the attached 
and implanted transmitters was <1% of turtle mass. 

In 1995, each softshell was located each day during their activ-
ity season (15 Mar-29 Oct). At each location, the pulse rate of the 
temperature-sensitive transmitter, water temperature, and air tem-
perature were recorded. We also attempted to determine the turtle's 
behavior (active, inactive, buried, basking). Transmitter pulse rates 
were later converted to temperatures from calibration curves con-
structed previously for each transmitter. At the end of the study 
period, turtles were recaptured and taken to the lab where implanted 
transmitters were removed and the incision closed. Turtles were 
then released at the site of their last capture. 

In 2000, a TidBit®  temperature data logger (Onset Computer 
Corp., Pocasset, Massachusetts) was surgically implanted in the 
body cavities of two adult females using the surgical procedures 
outlined above. The combined mass of TidBits (17 x 21 mm, 21 g) 
and attached transmitters was <3% of turtle mass. TidBits were 
programmed to record temperatures at 5 min. intervals. After im-
plantation, turtles were released into the field. From 11 May to 17 
August 2000, we infrequently and irregularly located turtles and 
attempted to determine their behavior (active, inactive, buried, 
basking). At the end of the study period, turtles were recaptured 
and taken to the lab where implanted data loggers were removed 
for downloading and the incision was closed. Turtles were then 
released into the field at the site of their last capture. 

Basking events were indirectly identified in 2000 by comparing 
body temperature traces with concurrent water temperatures. Sharp 
increases (at least 4°C within 60 min.) in sequential body tern- 

peratures relative to water temperatures were assumed to repre-
sent aerial basking events (Fig. 1). This technique was highly con-
servative as basking events not resulting in sharp increases in body 
temperatures could not be identified. For example, brief basking 
events and basking events occurring in the shade, late in the sea-
son when water temperatures were warm, or early in the morning 
on overcast days may not have been detected on the temperature 
traces. 

To obtain concurrent minimum environmental temperatures 
available to softshells in 2000, a TidBit data logger was suspended 
in a pool at a shaded 25 cm depth about 30 m upstream of a low 
water dam. The pool maintained an approximate constant water 
level during the course of data collection. To obtain concurrent 
maximum environmental temperatures available to aerially bask-
ing softshells, we constructed a metal softshell model painted 
medium flat gray and containing a TidBit data logger. At non-
lethal temperatures (<35°C) produced in the laboratory with radi-
ant heat, equilibrium temperatures of a tethered softshell and the 
model were similar. In the field, the model was placed near a known 
softshell basking site on the stream bank that was exposed to full 
sunlight throughout the day. 

Statistical analyses were conducted with SYSTAT (SYSTAT, 
2002). For data that were normally distributed and had homoge-
neous variances, paired-samples t-tests with Bonferroni probabili-
ties were used to compare body temperatures between buried/bask-
ing and early/late season for individual turtles. A nonparametric 
Wilcoxon test was used to compare body temperatures between 
active/inactive individual turtles because the data did not meet 
parametric assumptions. Coefficients of determination (r 2) were 
used to describe the relative amount of variation in body tempera-
ture that was explained by water and air temperatures. Unless oth-
erwise stated, means are accompanied by one standard error. 

6/2 
	

6/3 
	

6/4 	6/5 
	

6/6 
	

6/7 

Date 

FIG. 1. Water temperatures (dotted line), model temperatures (gray line), 
and body temperatures (solid line) of an Apalone spinifera on representa-
tive days in 2000. Model temperatures were relatively high on 2, 5, and 6 
June, but basking occurred only on 5 and 6 June. Arrows indicate spikes 
in body temperature that were assumed to result from aerial basking on 5 
and 6 June. On 3 and 4 June, model temperatures were relatively low; 
apparently no basking occurred as body temperatures tracked water tem-
peratures with little variance throughout the day. 
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TABLE 1. Times monitored and body temperatures ( °C) of active (moving), inactive (nonmoving), buried in 
stream substrate, and aerially basking Apalone spinifera in 1995. Shown are mean, standard error, and sample 
size (in parentheses).  

Category 4 16 

Turtle Number 

63 80 

time 15 Mar-27 Sep 15 Mar-24 Oct 21 Jul-24 Oct 21 Jun-24 Oct 

active 25.5 ± 0.42 (76) 25.5 ± 0.42 (95) 27.0 ± 0.65 (39) 27.6 ± 0.6 (39) 

inactive 24.0 ± 0.60 (95) 23.0 ± 0.65 (85) 24.3 	0.66 (51) 25.7 ± 0.56 (60) 

buried 19.9 ± 1.26 (3) 29.3 ± 1.25 (11) 28.5 (1) 28.4 ± 0.98 (15) 

basking 25.4 ± 1.78 (9) 28.9 ± 0.82 (12) (0) 26.3 ± 1.59 (4) 

between turtles (Fig. 2A). Water 
temperature explained 65-67% 
of the variation in body tempera-
ture in two turtles. At night 
(2200-0600 h), water tempera-
ture explained 78-84% of the 
variation in body temperatures 
compared to 60-63% in the day 
(0600-2200 h). Body tempera-
tures in late season averaged 2-
4° C higher than in early season 
(t = 115.31, P < 0.001; Table 2; 
Fig. 2B). Higher seasonal body 
temperatures were associated 

RESULTS 

For 1995, a total of 677 body temperatures were measured on 
four A. spinifera throughout their activity season. Categories of 
body temperatures that could be associated with concurrent turtle 
behavior were generally similar among the four turtles (Table 1). 
Body temperatures, pooled from all four turtles, averaged 25.2 ± 
0.20°C (range 12.8-34.0 °C). Pooled body temperatures of active 
turtles averaged 26.1 ± 0.25°C (15.2-33.2°C, N = 249) and those 
of inactive turtles averaged 24.1 ± 0.32 °C (21.8-33.4 °C, N = 291). 
Variation in water temperature explained more variation in body 
temperature among the four turtles (73-89%; mean 81%) than did 
air temperature (60-63%; mean 62%). Water temperature explained 
more variation in body temperatures of inactive turtles (78-97%; 
mean 89%) than active turtles (62-87%; mean 74%). Body tem-
peratures were statistically higher when turtles were active than 
when inactive for three of the four turtles (Table 1; Wilcoxon, no. 
4, Z = -6.05, P < 0.001; no. 16, Z = -5.14, P < 0.001; no. 63,Z=-
2.21, P < 0.05; no. 80, Z = 1.02, P > 0.30). For inactive turtles, 
body temperatures when buried (27.9 ± 0.82°C, 18.0-34.0°C, N = 
30) did not differ from basking turtles (27.2 ± 0.84°C, 17.0- 32.9°C, 
N = 25; Table 1; no. 4, t = -6.50, P > 0.30; no. 16, t = 0.65, P > 
0.60; no. 80, t = 1.03, P > 0.50). This lack of significance could 
have resulted from the small sample size or because softshells 
often buried in very warm water. On several occasions in 1995, 
we captured softshells buried in substrates that exceeded 33°C. 

For 2000, a total of 40,287 body temperature measurements were 
recorded. Overall body temperature averaged 25.0 ± 0.05°C (17.9 
-37.9°C) and the distributions of body temperatures were similar 

TABLE 2. Body temperatures (°C) of two Apalone spinifera in 2000. 
Shown are mean, standard error, and minimum-maximum (in parenthe-
ses). 

Turtle 	Entire Season 	Early Season 	Late Season 
No. 	(May-August) 
	

(May-June) 	(July-August) 

15 25.7 ± 0.02 24.2 ± 0.02 27.6 ± 0.02 

(17.9-37.9) (17.9-35.5) (21.9-37.9) 

189 25.1 ± 0.02 24.5 ± 0.02 28.5 ± 0.04 

(18.8-35.9) (18.8-35.9) (25.0-32.8) 

with an average 3.5 ° C higher water temperature and 4.5 °C higher 
model temperature in July and August in 2000. 

Opportunities for aerial basking to raise body temperature were 
rarely constrained by low environmental temperatures as maxi- 
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Fin. 2. A. Histogram of body temperatures for two Apalone spinifera 
during the same time period in 2000 (20 May - 6 July; N = 13,680 each 
turtle). During this period, mean body temperature for turtle no. 15 (dark 
bars) was 25.1 ± 0.023°C and that for no. 189 (gray bars) was 25.0 ± 
0.023°C. B. Histogram of body temperatures for Apalone spinifera no. 15 
in early season (May-June; gray bars) and late season (July-August; dark 
bars) in 2000. Mean early season body temperature was 24.2 ± 0.02°C (N 
= 14,678) and that for late season was 27.6 ± 0.02°C (N = 11,631). 
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TABLE 3. Statistics of basking in two Apalone spinifera as determined from a comparison of body temperature and water temperature tracings in 
2000. Shown are turtle number, number of days monitored, number and percent of days that included a basking event, total number of basking events, 
average number of basking events per day, average number of basking events per day for days that included a basking event, and length in minutes of 
basking events (mean, SD, min.—max.). 

No. 	 No. 	 No. 	 No. 	 Length 
Turtle 	No. 	Basking 	Basking 	Events/ 

	
Events/ 	 of Basking 

No. 	Days 	Days (%) 
	

Events 	Day 	Basking Day 	 Event (min) 

189 49 25 (51.0) 42 0.86 1.7 104 ± 95 (10-415) 
15 96 45 (46.8) 80 0.83 1.8 122 ± 91 (16-560) 

mum model temperature exceeded 35°C on 90 of 94 days during 
the study period. Results from our highly conservative method of 
identifying aerial basking suggested that each turtle basked about 
1.5-2 times per day on at least half of the days it was monitored 
(Table 3). Basking events averaged 1.5-2 h in length and were 
highly variable (CVs —75-90%). We visually observed a total of 
seven aerial basking events in the field, six of which were later 
independently identified from the downloaded body temperature 
data. 

DISCUSSION 

The few temperature data available for softshells include pre-
ferred ambient temperatures for T sinensis in the laboratory (20-
25°C; Khosatzky 1981), ambient water temperatures for free-liv-
ing A. mutica early and late in the activity season (13.5-25.5°C; 
Plummer 1977), preferences of juvenile A. mutica in a laboratory 
thermal gradient (-27 ° C; Nebeker and Bury 2001), body tempera-
tures of basking A. ferox in the laboratory (26.5-35.2°C, mean = 
32.7°C; Boyer 1965), and for A. spinifera, ambient water tem-
peratures of buried turtles (Graham and Graham 1991) and a 
telemetered free-living individual (-30°C; Williams and 
Christiansen 1981), and the preferred (32.7°C), voluntary maxi-
mum (35.7°C), and CTM (41 °C) determined from individuals in 
the laboratory (Hutchison et al. 1966). Our estimates of average 
field body temperatures for A. spinifera are toward the low end of 
the range of body temperatures reported for trionychids in the lit-
erature, and were remarkably similar using different methods in 
two different years (25.2°C in 1995 and 25.0°C in 2000). Highly 
aquatic turtles, such as softshells, often have lower CTMs than 
semi-aquatic or terrestrial turtles (Hutchison et al. 1966) and a 
lower CTM often indicates lower optimum body temperatures 
during activity for some reptiles (Huey 1982). Nebeker and Bury 
(2001) found a lower thermal preference for hatchlings of the highly 
aquatic A. mutica compared to the semi-aquatic emydid Pseudemys 
nelsoni. 

Softshells appear to function as thermoconformers much of the 
time, with body temperature tracking water temperature. The higher 
r2  values for body and water temperatures for nighttime periods 
and for inactive turtles reflect basic softshell natural history, i.e., 
diurnal turtles that spend large amounts of time burrowed in the 
substrate under water (Ernst et al. 1994). The difference also sug-
gests that daytime-active softshells thermoregulate to some de-
gree. Comparison of early-season and late-season data from both 
1995 (Table 1) and 2000 (Table 2; Fig. 2) further emphasizes the 
large effect that water temperature has on body temperature. Peri- 

ods of elevated body temperatures resulting from aerial basking 
occur commonly, but generally are of brief duration and do not 
result in a "plateau" of regulated body temperature over an ex-
tended period as often occurs in terrestrial reptiles and in some 
semi-aquatic turtles that shuttle between land and water (e.g., 
Emydoidea, Sajwaj and Lang 2000). Our observations suggest that, 
despite fundamental differences in behavior (highly aquatic), body 
shape (flattened), and physiology (high cutaneous surface area and 
evaporative water loss), field body temperatures of trionychids 
are similar to that of other freshwater turtles in levels of prefer-
ence and variation and that softshells appear to most often func-
tion as thermoconformers as do many other freshwater turtle spe-
cies. 

The assumption that body temperature spikes indicated aerial 
basking events was supported by the fact that six of seven basking 
events directly observed in the field were independently identi-
fied on the temperature traces. Aerial basking is a common occur-
rence for A. spinifera in Gin Creek (-50% of days; —.2/d/turtle) 
and can result in elevated body temperatures. These results com-
pare favorably with Auth's (1975) direct observations of basking 
in Pseudemys scripta (44% of days; 2-3/d/turtle, up to 5/d in fa-
vorable weather) especially given that our highly conservative in-
direct method likely failed to detect every basking event. In addi-
tion to aerial basking, we observed A. spinifera practicing partial 
aerial basking (i.e., body partially submerged; N = 5 observations), 
as did Graham and Graham (1997) and Plummer and Burnley 
(1997). 

Basking may have several functions in turtles (summarized in 
Boyer 1965; Moll and Legler 1971). For some species, thermoregu-
latory heat gain is primary (e.g., Crawford et al. 1983; Spotila et 
al. 1990) whereas other turtles commonly bask without raising 
body temperature (e g , Manning and Grigg 1997). Aerial basking 
coupled with terrestrial behavior may be important in the daily 
and seasonal thermal strategy of semi-aquatic turtles such as 
Emydoidea (Sajwaj and Lang 2000) and Clemmys (Litzgus and 
Brooks 2000), but Apalone species are highly aquatic and typi-
cally leave water only briefly to nest and bask (Ernst et al. 1994; 
MVP pers. obs. 1975, 2003). We do not deny the importance of 
basking in Apalone spp. as it apparently is a widespread, com-
monly occurring behavior the specifics of which differ among 
sympatric Apalone species (Lindeman 2001) and possibly between 
the sexes (Plummer 1977). Nevertheless, considering the behav-
ior of softshells and a morphology/physiology that promotes rapid 
environmental heat exchange, we doubt whether body tempera-
tures of basking Apalone are uncoupled from water temperatures 
long enough to be of thermoregulatory significance in their over- 
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all thermal strategy (Congdon 1989). 
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At present, 160 species of amphibians (composed exclusively 
of Anura and Gymnophiona) are known from Borneo (Das 2005; 
Das and Haas 2005; Inger and Stuebing 2005). The last summary 
of knowledge on their larval forms, compiled by Inger (1985), 
revealed that 45-60% of the fauna then described (63 larval forms), 
had known larval stages. An additional 14 larval forms could not 
be assigned to the parent species at the time. Some progress has 
been made in the two decades that has now elapsed, through the 
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discovery and allocation of additional tadpoles to their parent spe-
cies within Borneo and extralimitally. 

This review provides an annotated list of Bornean species of 
amphibians, along with details of larval forms in the literature, 
and was prepared as a precursor to a project, supported by a grant 
from Volkswagen Stiftung, to match amphibian larvae to their 
parent species from Borneo, using DNA sequence data. 

The quality of description of Bornean amphibian larvae as found 
existing in the literature varies significantly, as noted by Inger 
(1985), and is also true for other faunas (see for instance, Leong 
[2002], for a similar account of the status of the tadpoles of the 
Malay Peninsula). In this treatment, we scored larval descriptions 
from 0-7, where 0 = unknown; 1 = abbreviated description; no 
figure; 2 = abbreviated description; with figure; 3 = extended de-
scription; no figure; 4 = extended description; with figure; 5 = 
scanning electronic micrography (SEM); 6 = no description, non-
SEM image; and 7 = measurements; no description or images. 
Additionally, X = those with direct development (Philautus spp.). 

The respective references cited are in chronological order. Men-
tion is made if descriptions are based on extralimital samples, and 
indicated with '13', if drawn from Borneo. Where not specified, 
these are from unspecified localities. 

In total, 89 species of amphibians known from Borneo now have 
known tadpoles. This represents 55.6% of the known Bornean 
amphibian fauna. Additionally, the larvae of several species (in-
cluding Bufo quadriporcatus, Kaloula baleata, K. pulchra, 
Microhyla berdmorei, Fejervarya cancrivora, Rana erythraea, 
Rhacophorus cyanopunctatus, R. reinwardtii, and Theloderma 
horridum) have been described exclusively from extralimital ar-
eas (including China, India, Sri Lanka, Thailand, the Malay Pen-
insula, Java and the Philippines Archipelago). Given the system-
atic uncertainties with several lineages, it is unclear at least in 
some cases (e.g., Kaloula baleata and Fejervarya cancrivora) 
whether the allocation would be relevant to Bornean populations 
of the respective species. 

Groups with unknown larval stages include the sole Bornean 
representative of the Bombinatoridae (comprising Barbourula 
kalimantanensis, a poorly-known endemic of Kalimantan, Indo-
nesia); 13 species of Bufonidae; 13 species of Microhylidae; 10 
species of Megophryidae; 13 species of Ranidae; 20 species of 
Rhacophoridae; and five species of Ichthyophiidae. Ecological 
correlates are also evident. For instance, a large number of species 
from relatively inaccessible peat swamp habitats have unknown 
larval forms (including Pseudobufo subasper, Limnonectes 
kenepaiensis, L. paramacrodon, Rana baramica, and R. 
laterimaculata). Six of eight endotrophic tadpoles of the bufonid 
genus Pelophryne too remain unknown, in addition to all but one 
Philautus, a rhacophorid genus with 17 Bornean species, contain-
ing species showing direct development. 

When larval descriptions are available, these may be in an ab-
breviated form, or no vouchers are listed, making identities uncer-
tain. Examples include descriptions of larval Leptobrachium 
montanum and of Rana signata: both these names are now known 
to contain more than a single species (see Brown and Guttman 
2002; Malkmus et al. 2002). In other cases, larval descriptions are 
so general that species identification below generic level is hardly 
possible. 
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TABLE 1. Checklist of amphibians of Borneo, annotated with status information on larval descriptions and their sources. Status of descriptions: 0 = 
unknown; 1 = abbreviated description; no figure; 2 = abbreviated description; with figure; 3 = extended description; no figure; 4 = extended descrip-
tion; with figure; 5 = scanning electronic micrography (SEM); 6 = no description, non-SEM image; 7 = measurements; no description or images; and 
X = direct development. 

Status of description 

Bombinatoridae 
Barbourula kalimantanensis 

Bufonidae 
Ansonia albomaculata 
Ansonia anotis 
Ansonia fuliginea 
Ansonia guibei 
Ansonia hanitschi 
Ansonia latidisca 
Ansonia leptopus 
Ansonia longidigita 
Ansonia minuta 
Ansonia platysoma 
Ansonia spinulifer 
Ansonia torrentis 
Bufo asper 

Bufo divergens 
Bufo juxtasper 
Bufo melanostictus 

Bufo quadriporcatus 
Leptophryne borbonica 

Pedostibes everetti 
Pedostibes hosii 
Pedostibes maculatus 
Pedostibes rugosus 
Pelophryne api 
Pelophryne brevipes 
Pelophryne exigua 
Pelophryne guentheri 
Pelophryne macrotis 
Pelophryne misera 
Pelophryne rhopophilus 
Pelophryne signata 

Pseudobufo subasper 

Microhylidae 
Calluella brooksi 
Calluella /lava 
Calluella smithi 
Chaperina fusca 

Gastrophrynoides borneensis 
Kalophrynus baluensis 
Kalophrynus eok 
Kalophrynus heterochirus 
Kalophynus intermedius 
Kalophrynus nubicola 

0 

3 (Inger, 1985: B) 
1 (Inger et al., 2001: B) 
0 
2 (Malkmus et al., 2002: B); 4, 5 (Malkmus and Kosuch, 2000: B) 
1 (Malkmus et al., 2002: B) 
0 
4 (Inger, 1992a: B) 
1 (Malkmus et al., 2002: B), 2 (Manthey and Grossmann, 1997: B), 4, 5 (Inger, 1985: B) 
1 (Inger, 1966: B); 3 (Inger, 1985: B) 
0 
2 (Malkmus et al., 2002: B) 
0 
1 (Bourret, 1942a: Indo-China; Manthey and Grossmann, 1997; Smith, 1930); 2 (Iskandar, 1998: Java and 
Bali, Indonesia; van Kampen, 1910; Nieden, 1923; Bourret, 1942b); 3 (Inger, 1985: B); 4 (Berry, 1972: 
Peninsular Malaysia) 
1 (Inger, 1966: B; Malkmus et al., 2002: B) 
1 (Manthey and Grossmann, 1997); 2 (Malkmus et al., 2002); 4, 5 (Inger, 1985: B) 
1 (Boulenger, 1912; Bourret, 1942a: Indo-China; Inger, 1966); 2 (Pope, 1931: Hainan, China; Bourret, 1942b: 
Indo-China; Kirtisinghe, 1957: Sri Lanka; Manthey and Grossmann, 1997); 3 (Leong and Chou, 1999: 
Singapore); 4 (Chou and Lin, 1997: Taiwan, Republic of China); 6 (Iskandar, 1998: Java and Bali, Indonesia; 
Fei and Ye, 2001: China; Yang, 1998: Taiwan, Republic of China; Nutaphand, 2001: Thailand). 
4 (Leong and Chou, 1999: Singapore) 
1 (Iskandar, 1998: Java and Bali, Indonesia); 2 (Berry, 1972; Malkmus et al., 2002; Manthey and Grossmann, 
1997); 3 (Inger, 1985: B); 4 (Berry, 1972: Peninsular Malaysia) 
0 
2 (Manthey and Grossmann, 1997: B); 4 (Inger, 1966: B); 4, 5 (Inger, 1985: B) 
0 
0 
0 
4 (Alcala and Brown, 1982: Mindanao, Philippines) 
0 
0 
0 
2 (Malkmus et al., 2002: B); 6 (Malkmus, 2002: B) 
0 
2 (Manthey and Grossmann, 1997: B, as Pelophryne brevipes; description a composite of P brevipes and P 
signata); 3 (Inger, 1985: B, as Pelophryne brevipes) 
0 

0 
0 
0 
1 (Parker, 1934; Bourret, 1942b; Inger, 1956: B, developmental notes; Inger, 1966: B);); 2 (Manthey and 
Grossmann, 1997; Malkmus et al., 2002); 4, 5 (Inger, 1985: B) 
0 
0 
0 
0 
0 
0 
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TABLE 1. Continued. 

Status of description 

Kalophrynus pleurostigma 1 (Parker, 1934; Bourret, 1942b; Inger, 1956: developmental notes; Inger, 1966: B; Malkmus et al., 2002: B); 
2 (Lim and Ng, 1991: Singapore; Manthey and Grossmann, 1997; Leong and Chou, 1999: Singapore); 3 
(Inger, 1985: B); 4 (Berry, 1972: Peninsular Malaysia); 6 (Lim and Lim, 1992: Singapore; Iskandar, 1998: 
Java and Bali, Indonesia) 
0 
0 
1 (van Kampen, 1910: Java, Indonesia); 6 (Iskandar, 1998: Java and Bali, Indonesia) 
1 (Smith, 1930; Parker, 1934: Thailand; Inger, 1966: Thailand); 2 (Smith, 1916: Thailand; Annandale, 1917: 
Singapore; Bourret, 1942b: Thailand; Manthey and Grossmann, 1997; Leong and Chou, 1999: Singapore; 
Malkmus et al., 2002); 6 (Nutaphand, 2001: Thailand; Chan-Ard, 2003: Thailand) 
0 
1 (Parker, 1934: Annam,Vietnam; Inger, 1966: Annam, Vietnam); 2 (Smith, 1924: Indo-China; Bourret, 1942b); 
4 (Leong, 2004: Peninsular Malaysia) 
1 (Parker, 1934; Inger, 1966: B; Malkmus et al., 2002); 2 (Leong and Chou, 1999: Singapore); 4, 5 (Inger, 
1985: B) 
0 
3 (Inger, 1985: B); 4 (Inger and Frogner, 1979: B) 
1 (Malkmus et al., 2002: B); 4 (Inger and Frogner, 1979: B); 4, 5 (Inger, 1985: B) 

0 
0 
3 (Inger, 1985: B); 4 (Dring, 1983b: B); 4, 5 (Inger, 1983: B) 
0 
0 
0 
2 (Malkmus et al., 2002: B); 4, 5 (Inger, 1985: B, a composite of Leptobrachium abbotti and L montanum) 

2 (Malkmus et al., 2002: B) 
1 (Inger, 1983: B; 1985: B); 2 (Manthey and Grossmann, 1997) 
2 (Manthey and Grossmann, 1997: B; Malkmus et al., 2002: B); 3 (Inger, 1983: B: probably a composite of 
Leptobrachium montanum and L abbotti); 4, 5 (Inger, 1983: B, probably a composite of L montanum, L. 

abbotti, and possibly also L gunungense; Inger, 1985: B, a composite of Leptobrachium abbotti and L 

montanum); 6 (Malkmus, 1999) 
1 (Inger, 1966: B, allocation to parent species tentative); 2 (Matsui, 1979: B, questionably assigned to 
Leptobrachium nigrops; Manthey and Grossmann, 1997; Leong and Chou, 1999: Singapore); 3 (Inger, 1985: 
B); 4 (Berry, 1972: Peninsular Malaysia); 4, 5 (Inger, 1983: B) 
2 (Malkmus et al., 2002: B); 6 (Malkmus, 1999) 
0 
2 (Matsui, 1979: B); 3 (Inger, 1985: B); 4, 5 (Inger, 1983: B). Grandison's (1982) description of larvae from 
Peninsular Malaysia is incertae sedis, as this species is not known from Peninsular Malaysia) 
0 
0 
0 
2 (Matsui, 1979: B; Malkmus et al., 2002: B) 
0 
2 (Malkmus et al., 2002: B); 6 (Malkmus, 1999) 
1 (Inger, 1966: B); 2 (Manthey and Grossmann, 1997; Leong and Chou, 1999: Singapore; Malkmus et al., 
2002: B); 4, 5 (Inger, 1985: B) 

1 (Schijfsma, 1932: Java, Indonesia; Bourret, 1942a: Indo-China; Alcala, 1962: Philippines; Inger, 1966: B); 
2 (Bourret, 1942b); 4 (Alcala, 1962: Negros, Philippines; Leong and Chou, 1999: Singapore) 
1 (van Kampen, 1910: Java, Indonesia; Smith, 1916: Thailand; Schijfsma, 1932: Java, Indonesia; Bourret, 
1942a: Indo-China; Inger, 1966; Malkmus et al., 2002); 2 (Annandale, 1917: India; Pope, 1931: Hainan, 
China; Bourret, 1942b; Liu, 1950: China; Kirtisinghe, 1957: Sri Lanka; Manthey and Grossmann, 1997: 
Peninsular Malaysia; Leong and Chou, 1999: Singapore; Ziegler, 2002: Vietnam); 4 (Chou and Lin, 1997; 
Taiwan, Republic of China); 6 (Yang, 1998: Taiwan, Republic of China; Chan-Ard, 2003: Thailand) 

Kalophrynus punctatus 
Kalophrynus subterrestris 
Kaloula baleata 
Kaloula pulchra 

Metaphrynella sundana 
Microhyla berdmorei 

Microhyla borneensis 

Microhyla maculifera 
Microhyla perparva 
Microhyla petrigena 

Megophryidae 
Leptobrachella baluensis 
Leptobrachella brevicrus 
Leptobrachella mjobergi 
Leptobrachella parva 
Leptobrachella palmata 
Leptobrachella serasanae 
Leptobrachium abbotti 

Leptobrachium gunungense 
Leptobrachium hendricksoni 
Leptobrachium montanum 

Leptobrachium nigrops 

Leptolalax arayai 
Leptolalax dringi 
Leptolalax gracilis 

Leptolalax hamidi 
Leptolalax maurus 
Leptolalax pictus 
Megophrys baluensis 
Megophrys edwardinae 
Megophrus kobayashii 
Megophrys nasuta 

Ranidae 
Fejervarya cancrivora 

Fejervarya limnocharis 
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TABLE 1. Continued. 

Status of description 

2 (Bourret, 1942a: Indo-China); 4 (Chou and Lin, 1997: Taiwan, Republic of China); 6 (Yang, 1998: Taiwan, 
Republic of China; Chan-Ard, 2003: Thailand) 
1 (Yang, 1991: B; Malkmus et al., 2002: B); 2 (Inger, 1966: B; Matsui, 1979: B); 3 (Inger, 1985: B); 6 
(Boulenger, 1893: B) 
0 
0 
I (Malkmus et al., 2002: B); 3 (Inger, 1985: B) 
2 (Inger, 1966: B); 4, 5 (Inger, 1985: B) 
4, 5 (Inger, 1985: B) 
0 
I (Schijfsma, 1932: Java, Indonesia; Dring, 1979: Peninsular Malaysia; Bourret, 1942a; Indo-China; Matsui, 
1979; Leong and Chou, 1999: Singapore); 2 (Smith, 1917; Pope, 1931: Hainan, China; Bourret, 1942b; Inger, 
1966: B; Manthey and Grossmann, 1997: B; Malkmus et al., 2002: B); 4, 5 (Inger, 1985: B); 6 (Yang, 1998: 
Taiwan, Republic of China) 
1 (Inger, 1985: B, association with parent species weak); 4 (Leong, 2004: Peninsular Malaysia) 
1 (Malkmus et al., 2002: B); 2 (Inger, 1966: B, as Rana blythi); 4, 5 (Inger, 1985: B, as Rana blythi) 
1 (Inger, 1985: B); 2 (Manthey and Grossmann, 1997); 4 (Leong and Chou, 1999: Singapore) 
1 (Inger, 1956: B, as Rana microdisca palavanensis; Inger, 1985: B; Malkmus et al., 2002: B) 
0 
0 
1 (Malkmus et al., 2002: B); 3 (Yang, 1991: B) 
0 (illustrations of Staurois jerboa in van Kampen, 1910, reproduced by Bourret, 1942b, based on specimens 
that are incertae sedis) 
2 (Malkmus et al., 2002: B); 3 (Inger, 1985: B; Yang, 1991: B) 
0 
1 (Malkmus et al., 2002: B); 3 (Yang, 1991: B) 
3 (Yang, 1991: B); 4, 5 (Inger, 1985: B) 
3 (Inger, 1985: B; Yang, 1991: B) 
1 (Malkmus et al., 2002: B); 3 (Yang, 1991: B); 6 (Boulenger, 1893: B) 
1 (Malkmus et al., 2002: B); 3 (Inger, 1985: B) 
1 (Malkmus et al., 2002); 2 (Alcala, 1962: Negros, Philippines; Smith, 1916: Thailand; Bourret, 1942b: 
Thailand); 3 (Inger, 1985: B); 4 (Alcala, 1962: Negros, Philippines; Leong and Chou, 1999: Singapore) 

0 
1 (van Kampen, 1910: Java, Indonesia; Smith, 1930; Bourret, 1942a: Indo-China; Bourret, 1942b; Inger, 
1966: B; Malkmus et al., 2002); 2 (Leong and Chou, 1999: Singapore); 6 (Lim and Lim, 1992: Singapore); 7 
(Manthey and Grossmann, 1997) 
0 (The description of the larval stages in Berry [1972] from Peninsular Malaysia, which has been reproduced 
by Inger [1985) and Manthey and Grossmann [1997] refers to Rana banjarana Leong and Lim [2003]) 
1 (Bourret, 1942b; Inger, 1966: B); 2 (Manthey and Grossmann, 1997: Peninsular Malaysia; Malkmus et al., 
2002) 
0 (description in preparation by T.-M. Leong, pers. comm.) 
1 (Boulenger, 1912; Bourret, 1942a: Indo-China; Dring, 1979: Peninsular Malaysia; Inger, 1985: B; Malkmus 
et al., 2002); 2 (Bourret, 1942b: Thailand and Peninsular Malaysia; Inger, 1966; Manthey and Grossmann, 
1997: Thailand and Peninsular Malaysia) 
1 (van Kampen, 1923:226: Java, Indonesia; allocation to parent species tentative; Smith, 1930; Bourret, 1942a: 
Indo-China; Bourret, 1 942b; Inger, 1956; Iskandar, 1998: Java and Bali, Indonesia; Malkmus et al., 2002); 2 
(Schijfsma, 1932: Java, Indonesia) 
0 (may be confused with Rana signata in the literature) 
1 (Boulenger, 1912: as Rana labialis; Bourret, 1942a: Indo-China• as Rana chalconota; Malkmus et al., 
2002); 2 (Flower, 1896: Singapore: as Rana chalconota; Bourret, 1942b: Singapore: as Rana chalconota; 
Inger, 1966: B: as Rana chalconota; Manthey and Grossmann, 1997: Peninsular Malaysia: as Rana chalconota; 
Leong and Chou, 1999: Singapore); 4, 5 (Inger, 1985: as Rana chalconota) 
2 (Inger, 1966: B; Manthey and Grossmann, 1997: B: figures may be a composite of Rana signata and R. 
picturata); 4, 5 (Inger, 1985: B, comments as for preceding entry) 
1 (Malkmus et al., 2002: B); 4 (Inger and Wassersug, 1990: B: species not identified, and referred to 
"centronelid—like anuran larva;" identified by Inger and Tan (1990) as Staurois natator. Inger's (1966) 
description of the larvae from Mindanao is based on the tadpoles of a non-conspecific species) 

Hoplobatrachus sinensis 

Huia cavitympanum 

ingerana baluensis 
Limnonectes asperata 
Limnonectes finchi 
Limnonectes ibanorum 
Limnonectes ingeri 
Limnonectes kenepaiensis 
Limnonectes kuhlii 

Limnonectes laticeps 
Limnonectes leporinus 
Limnonectes malesianus 
Limnonectes palavanensis 
Limnnectes paramacrodon 
Limnonectes rhacodus 
Meristogenys amoropalamus 
Meristogenys jerboa 

Meristogenys kinabaluensis 
Meristogenys macrophthalmus 
Meristogenys orphocnemis 
Meristgenys phaeomerus 
Meristogenys poecilus 
Meristogenys whiteheadi 
Occidozyga baluensis 
Occidozyga laevis 

Rana baramica 
Rana ervthraea 

Rana glandulosa 

Rana hosii 

Rana laterimaculata 
Rana luctuosa 

Rana nicobariensis 

Rana picturata 
Rana raniceps 

Rana signata 

Staurois guttatus 
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TABLE 1. Continued. 

Status of description 

0 (description purported to be of this species in Boulenger, 1893 is incertae sedis; that in Inger, 1966, possibly 
a larva of Rhacophorus sp., R. F. Inger, pers. comm.) 
0 (possibly confused with Staurois guttatus) 
1 (Malkmus et al., 2002: B); 4, 5 (Malkmus et al., 1999: B); 6 (Malkmus, 1999) 

1 (Inger, 1966: B); 2 (Manthey and Grossmann, 1997; Malkmus et al., 2002); 3 (Inger, 1985: B); 4 (Leong and 
Chou, 1999: Singapore) 
X 
X 
X 
X 
X 
X 
X 
1 (Inger, 1966: B) 
X 
X 
X 
X 
X 
X 
6 (Malkmus et al., 2002: B) 
X 
X 
X 
1 (Inger, 1966: B); 3 (Inger, 1985: B) 
1 (van Kampen, 1907: Sumatra, Indonesia; Boulenger, 1912; Villadolid and Rosario, 1920: Luzon, Philippines; 
Bourret, 1942a: Indo-China; Alcala and Brown, 1956: Philippines; Inger, 1956: B: as Rhacophorus leucomystax 
linki); 2 (Flower, 1899: Peninsular Malaysia and Singapore; Pope, 1931: Hainan, China; Bourret, 1942b; Liu, 
1950: China; Matsui, 1979; Manthey and Grossmann, 1997: Pulau Bintan, off Sumatra, Indonesia; Iskandar, 
1998: Java and Bali, Indonesia Malkmus et al., 2002: Pulau Bintan, Indonesia); 4 (Ahl, 1931; Ting, 1970: 
Singapore; Alcala, 1962: Negros, Philippines; Leong and Chou, 1999: Singapore; Ziegler, 2002: Vietnam); 6 
(Nutaphand, 2001: Thailand) 
1 (Malkmus et al., 2002: B); 2 (Inger, 1966: B); 4, 5 (Inger, 1985: B) 
I (Inger, 1956: B; Malkmus et al., 2002: B); 2 (Boulenger, 1893: B; Inger, 1966: B; Manthey and Grossmann, 
1997: B); 4, 5 (Inger, 1985: B) 
2 (Malkmus et al., 2002: B); 3 (Inger, 1985: B: as Rhacophorus sp. KB; Inger and Tan, 1990: B); 7 (Manthey 
and Grossmann, 1997: B) 
1 (Inger, 1966: B; Malkmus et al., 2002: B); 3 (Alcala and Brown, 1962: Negros, Philippines: questionably 
allocated to this species; Inger, 1985: B); 4 (Leong, 2004: Peninsular Malaysia) 
1 (Malkmus et al., 2002: B); 3 (Inger and Tan, 1990: B) 
4 (Leong, 2004: Peninsular Malaysia) 
1 (Inger, 1966: B; Malkmus et al., 2002: B); 3 (Inger, 1985: B) 
0 
0 
0 
3 (Inger, 1992b: B; Inger, 1985: B: as Rhacophorus bimaculatus; identity of Inger's R. gauni on pp. 82-83 
remains unknown) 
2 (Malkmus et al., 2002: B); 4, 5 (Inger, 1985: B) 
1 (Inger, 1985: B: identity of this species uncertain); 2 (Dring, 1983a: B) 
1 (Inger, 1966: B; Malkmus et al., 2002: B); 3 (Inger, 1985: B); 4 (Berry, 1972: Peninsular Malaysia) 
1 (Inger, 1966: B; Manthey and Grossmann, 1997: B; Malkmus et al., 2002: B); 3 (Inger and Tan, 1990: 
earlier, Inger, 1985 referred the material to Rhacophorus bimaculatus); 4 (Inger, 1956: B; Alcala, 1962: Negros. 
Philippines; uncertain whether conspecific with Bomean population); 4, 5 (Inger, 1985: B) 
1 (Manthey and Grossmann, 1997; Iskandar, 1998: Java and Bali, Indonesia); 2 (Boulenger, 1882:89-90: 
probably refers to species of Amolops, Huia, or Meristogenys); 6 (Siedlecki, 1909: Java, Indonesia) 

Staurois latopalmatus 

Staurois parvus 
Staurois tuberilinguis 

Rhacophoridae 
Nyctixalus pictus 

Philautus acutus 
Philautus amoeanus 
Philautus aurantium 
Philautus bunitus 
Philautus disgregus 
Philautus erythropthalmus 
Philautus gunungensis 
Philautus hosii 
Philautus ingeri 
Philautus kerangae 
Philautus longicrus 
Philautus mjobergi 
Philautus petersi 
Philautus refugii 
Philautus saueri 
Philautus tectus 
Philautus umbra 
Polypedates chlorophthalmus 
Polypedates colletti 
Polypedates leucomystax 

Polypedates macrotis 
Polypedates otilophus 

Rhacophorus angulirostris 

Rhacophorus appendiculatus 

Rhacophorus baluensis 
Rhacophorus cyanopunctatus 
Rhacophorus dulitensis 
Rhacophorus everetti 
Rhacophorus fasciatus 
Rhacophorus gadingensis 
Rhacophorus gauni 

Rhacophorus harrissoni 
Rhacophorus kajau 
Rhacophorus nigropalmatus 
Rhacophorus pardalis 

Rhacophorus reinwardtii 
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TABLE 1. Continued. 

Status of description 

Rhacophorus rufipes 
Theloderma horridum 

Ichthyophiidae 
Caudacaecilia asplenia 
Caudacaecilia nigroflava 
Ichthyophis atricollaris 
Ichthyophis biangularis 
Ichthyophis dulitensis 
Ichthyophis monochrous 

0 
1 (Bourret, 1942a: Indo-China); 2 (Boulenger, 1903: Peninsular Malaysia; Manthey and Grossmann, 1997) 

0 
0 
0 
0 
0 
1 (Inger, 1966: B; Malkmus et al., 2002) 
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In Painted Turtles (Chrysemys picta), variation in the degree of 
carnivory, water temperature, or growing season length are usu-
ally invoked as explanations for variation in life-history traits, such 
as individual growth rate and body size, within and between popu-
lations (Iverson and Smith 1993; Frazer et al. 1993; St. Clair et al. 
1994). Painted Turtles are opportunistic predators and omnivo-
rous as adults (Ernst et al. 1994). In creek, marsh, small pond, or 
lake habitats, painted turtles may ingest large quantities of plants 
and aquatic insect larvae and other aquatic arthropods (MacCulloch 
and Secoy 1983; Lindeman 1996; Rowe and Parsons 2000). In 
contrast, populations residing in relatively large riverine habitats 
may consume mainly invertebrates (Gibbons 1967; MacCulloch 
and Secoy 1983). A high protein, carnivorous diet may be respon-
sible for relatively rapid growth rates and larger adult body size in 
some populations (Gibbons 1967; MacCulloch and Secoy 1983) 
and may be, in part, responsible for a positive correlation between 
latitude and body size (MacCulloch and Secoy 1983). Therefore, 
studies of dietary habits at both local and broad geographic scales 
may lend insights into geographic variation in life-history traits of 
Painted Turtles. 

Midland Painted Turtles (Chrysemys picta marginata) of the 
Beaver Island Archipelago, in northern Lake Michigan, reside in 
inland lakes and wetlands, and in shallow Lake Michigan bays. 
We studied the dietary habits of Painted Turtles at Garden Island 

Harbor during two periods in 2001: 5-26 June (the early sampling 
period) and 3-12 August (late sampling period). Garden Island 
Harbor (GIH) is a shallow Lake Michigan bay in Charlevoix 
County, Michigan (45°47.90N, 85°30.39'W) that is ca. 2 km N of 
Beaver Island. Garden Island is an uninhabited island in north-
eastern Lake Michigan and our study area is associated with an 
extensive lakeside marsh system located on the southwest portion 
of the island. Garden Island Harbor is about 1,300 x 700 m and, 
with its fringe wetlands, has a total surface area of about 100 ha. 
Maximum depth of GIH is about 5 m. 

We found turtles in two aquatic habitats in the harbor: 1) rela-
tively deep (1-2 m) and cool water (mean ± SD, range, water tem-
perature at 2 m depth = 18.0 ± 3.10°C, 9.9-25.7°C, N = 1632 hourly 
samples recorded between 6 June and 12 August 2001 using Op-
tic Stowaway data loggers, Onset Computer Corporation) where 
turtles were observed actively foraging, and 2) in relatively shal-
low (10-50 cm) and warm water (mean hourly water temperature 
at 50 cm depth = 21.6 ± 3.33°C, 13.4-30.1°C) while they were 
nestled, motionless, at the bases of bulrushes. We collected turtles 
by hand (75%) while wading or snorkeling or in fykenets (25%) 
placed at depths of 1.5-2 m. Of those turtles captured by hand, 
about 60% were collected in open water and the other 40% were 
collected among the bulrushes in the shallows. Upon capture, we 
determined the gender of the turtle, uniquely marked marginal 
scutes, measured mass to the nearest 10 g using a spring scale, and 
measured maximum straight-line carapace length (CL) to the near-
est 1 mm using calipers. 

Data on diet were obtained via stomach flushing. We restrained 
animals in a device modified from Fields et al. (2000) and anes-
thetized individuals using a dosage of 25 mg ketamine / kg body 
mass (Fields et al. 2000). After opening the turtle's mouth, we 
forced it to bite down on a rubber stopper and inserted a pediatric 
feeding tube (3 mm diameter) into the stomach. The tube was con-
nected to a weed spray can that was modified to deliver water. 
Stomach contents were collected in a wire mesh strainer and sub-
sequently preserved in 10% formalin. We later sorted each sample 
into taxonomic groups, dried each taxon individually in alumi-
num foil to a constant mass at 80°C, and then measured dry mass 
to the nearest 0.001 g. We attempted to count individual prey items 
from each stomach although partial digestion of items made this 
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impossible for some samples. 
We calculated the frequency of occurrence of taxa (frequency 

of stomachs that contained a particular taxon) in the early and late 
sampling periods separately, and in males and females separately. 
Chi-square contingency analyses were used to make comparisons 
in frequencies of prey items between early and late sampling peri-
ods while accounting for differences in sample sizes between pe-
riods. Only one male was captured during the early period making 
comparisons of males and females possible only within the late 
period. We used the most frequently consumed prey items in sta-
tistical analyses such that the expected Chi-square values for a 
category were not less than five (i.e. caddisfly larvae, crayfish, 
snails, and plants) in order to maintain statistical validity of a Chi-
square Goodness of Fit test (Zar 1996). Total mass percent was 
the total dry mass of a prey item type expressed as a proportion of 
the total dry mass of the sample. Because prey item densities are 
likely to exhibit temporal variation due to variation in life cycles 
of aquatic insects, we assessed temporal variation in diet that would 
affect an overall view of diet (Lindeman 1996). Since painted turtles 
are sexually dimorphic in size (females are larger than males), 
potential gender differences in diet were also evaluated because 
females may eat larger prey items than males (Cagle 1952; Shealy 
1976). To assess potential differences in the mass of food con-
sumed by male and female turtles, which could bias our results, 
we conducted an ANCOVA with CL as a covariate. 

We obtained food items from 57 of 64 (89.1%) individuals that 
were stomach-flushed. During the June sampling period, 25 fe-
male turtles and one male turtle were collected. During August, 
food samples were obtained from 16 female and 15 male turtles. 
For individuals from which we obtained food samples, CL aver-
aged 151.3 ± 12.91 mm and body wet mass averaged 433.9 ± 
113.91 g. 

Of the stomachs that contained food, plant matter was found in 
25 of 57 (43.9%) stomachs while animal matter was found in 55 
of 57 (96.5%) stomachs (Table 1). Of the stomachs that contained 
plant matter, fragments of Wild Celery (Vallisneria americana) 
were found in 38.5% with small fragments of unidentified plant 
fragments comprising the remaining fraction. The most frequently 
ingested animal items were crayfish (Decapoda), snails 
(Pulmonata), and caddisfly (Trichoptera) larvae. Counts per stom-
ach of dragonfly (Anisoptera) and damselfly (Zygoptera) larvae 
were as high as 40. Counts per stomach of snail (Pulmonata) ranged 
from 40-100. Johnny Darters (Etheostoma nigrum) and Spot-tail 
Shiners (Notropis hudsonius) were the main vertebrate items. Nei-
ther seasonal (early vs. late period) or gender effects were signifi-
cant (P > 0.05 in both Chi-square contingency analyses). 

On a dry mass basis, animal matter comprised 97.2% of the 
total dry mass while plant matter represented only 2.8% (Table 1). 
Crayfish were the dominant prey items followed by snails, fish, 
and dragonfly larvae. There was no significant difference in the 
amount of dry mass consumed by males or females (P > 0.05 in an 
ANCOVA with gender as a main effect and CL included as a 
covariate). 

Midland Painted Turtles at GIH were nearly carnivorous con-
suming mainly crayfish, snails, and caddisfly larvae. While other 
investigators have observed an animal matter bias in the diets of 
painted turtles (Hart 1982; MacCulloch and Secoy 1983; Lindeman 
1996), such extreme proportions of dietary animal matter, such as 

TABLE 1. Dietary composition of 57 Painted Turtle (Chrysemys picta) 
stomachs from Garden Island Harbor, Michigan. 

Item Frequency of occurrence 
(% of stomachs that 
contained an item) 

Total mass % 

Crustacea 
Decapoda (A) 39 (68.5) 42.840 
Amphipoda (A) 4 (7.0) 0.120 

Insecta 
Coleoptera 
Gyrinidae (A) 2 (3.5) 0.029 
Hydrophilidae (A) 7 (12.3) 0.154 
UID beetle (L) 1 (1.8) 0.004 
UID beetle (A) 2 (3.5) 0.008 

Diptera (L) 3 (5.3) 0.880 
Ephemeroptera (A) 2 (3.5) 0.058 
Ephemeroptera (L) 4 (7.0) 0.382) 
Hemiptera (A) 1 (1.8) 0.025 
Odonata 
Anisoptera (L) 2 (3.5) 5.170 
Zygoptera (A) 2 (3.5) 0.012 
Plecoptera (L) 3 (5.3) 0.129 
Tricoptera (A) 1 (1.8) 0.025 
Tricoptera (L) 16 (28.1) 3.767 
UID insect 2 (3.5) 0.075 

Annelida 
Hirundinea 1 (1.8) 0.050 

Molluska 
Pulmonata 28 (49.1) 31.165 

Vertebrata 
Osteichthyes 12 (21.0) 9.390 

UID animal 8 (14.0) 2.884 
Plant 25 (43.9) 2.839 

* A = adult, L = larva, UID = unidentified 

that observed in our study, has not been reported previously. In 
other populations where turtles consumed mainly animal prey, 
arthropods (crayfish, insect larvae, or scuds) were common di-
etary items (MacCulloch and Secoy 1983, Lindeman 1996). Other 
studies have reported almost herbivorous diets (Gibbons 1967) or 
nearly equal volumes of plant and animal material (Lagler 1943; 
Ernst and McDonald 1989; Rowe and Parsons 2000). Differences 
in diet among Painted Turtle populations are likely to be in part 
because of differences in prey availability. For instance, Painted 
Turtles that were sampled throughout the summer months over a 
two-year period at Miller's Marsh on neighboring Beaver Island 
(Rowe and Parsons 2000) were found to consume large quantities 
of Yellow Lily (Nuphar variegatum) fruit, which does not occur 
at GIH. Conversely, Spot-tail Shiners and Wild Celery, which were 
fairly common in the diets of Painted Turtles at GIH, do not occur 
at Miller's Marsh. 
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Understanding species-habitat associations are imperative for 
wildlife management (Cross and Petersen 2001). Although sev-
eral causes of global amphibian declines are suggested, habitat 
modification is implicated in many cases (Daniels 1991; Fisher 
and Shaffer 1996; Lips 1998, 1999; Richards et al. 1993). Be-
cause amphibians show site fidelity and have limited dispersal 
capabilities, forest fragmentation and modification could effec-
tively disrupt their population structures (Marsh and Pearman 1997; 
Osawa and Katsuno 2001) and cause local extinctions of species 
(Blaustein et al. 1994). For example, frogs belonging to the genus 
Leptodactylus have been reported to be more abundant in larger 
patches of forest than in smaller patches (Marsh and Pearman 
1997). In particular, amphibian populations relying on forest mi-
crohabitat features might undergo rapid decline because of distur-
bances. 

Because of the rapid conversion of Indian forests to plantations, 
the status of Indian forest amphibians is of concern (Daniels 2003; 
Reddy et al. 2002). In south India, forest practices have modified 
the once contiguous forests of the Western Ghats into fragments 
resulting in isolation of habitats, disrupted microhabitat and al-
tered vegetation structure. However, information on Indian am-
phibians is sparse (Oommen et al. 2000). Among Indian frogs, 
Bull Frog (Hoplobatrachus tigerinus) populations appear to have 
declined from paddy fields (pers. obs.). This might be due in part 
to the export of frog legs (now banned) and the application of 
insecticides and pesticides used in rice cultivation (Mohanthy-
Hejmadi and Dutta 1981). Reports have indicated a threat by habitat 
fragmentation to torrent frogs of the genera Nyctibatrachus and 
Melanobatrachus (Gupta 1998). Surveys in modified habitats have 
recorded complete absence of several species of the genus 
Micrixalus, although they are present in the adjoining forest habi-
tats (Daniels 2003; Krishna et al. 2005). The disturbed sites of 
Kudremukh National Park in the central Western Ghats have shown 
a 50% reduction in amphibian species richness when compared to 
undisturbed forest sites (Krishnamurthy and Hussain 2004). 

We examined forest habitat associations of the Bicolor Frog, 
Clinotarsus curtipes (Ranidae, Hyloraninae) in three habitat types: 
native forest, coffee and cardamom plantations. This frog breeds 
in streams and ponds with tadpoles occupying aquatic habitats for 
over a year, after which frogs inhabit the litter and rock crevices in 
forest floors of the Western Ghats, South India (Daniel 2002). Our 
results provide insights to the potential effects of native forest con-
version to plantation on this species. 
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