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

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

the annual meetings and serve on editorial boards and committees. 
ANNUAL DUES AND SUBSCRIPTIONS: Annual membership dues for the year 2003 in the Society for the Study of Amphibians and 
Reptiles are as follows: REGULAR membership US$60 (Student $30)—includes Journal of Herpetology and Herpetologi-
cal Review; PLENARY membership US$80 (Student $45)—includes JH, HR, and annual subscription to the Catalogue of 
American Amphibians and Reptiles; INSTITUTIONAL SUBSCRIPTION $115—includes JH and HR. Additional fee for 
airmail postage outside USA $35 for one year. Additional membership categories available on the SSAR webpage: http:// 
www.ukans.edu/-ssar/membership.html.  
All members and institutions receive the Society's primary technical publication, the Journal of Herpetology, and its news-
journal, Herpetological Review; both are published four times per year. Members also receive pre-publication discounts on 
other Society publications, which are advertised in Herpetological Review. 

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

Future Annual Meetings 

2003 — Hotel Tropical, Manaus, Brazil, 26 June-1 July (with ASIH, HL) 
2004 — University of Oklahoma, Norman, Oklahoma (with ASIH, HL) 
2005 — University of South Florida, Tampa, Florida (with ASIH, HL) 
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SSAR BUSINESS 

SSAR Announces the Dean E. Metter 
Memorial Award 

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

Doc was a co-founder of the Bobby Witcher Society, the legacy 
of which is a scholarship fund. For many years, the interest earned 
served to reward outstanding herpetology students who intended 
to continue their education and seek a career in vertebrate biol- 

ogy. That fund now serves a similar purpose by honoring Doc's 
memory while helping to fund the SSAR-administered Dean E. 
Metter Memorial Award. 

The purpose of the Award is: (1) to honor the memory of Dean 
E. Metter; (2) to encourage students to pursue field research in 
herpetology; and (3) to facilitate field research in herpetology by 
providing funds for relevant expenses. Grants made from the award 
will be no less than US $300 and no more than US $1,000. Efforts 
will be made to fund as many eligible proposals as possible. Ap-
plicants must be currently enrolled as an undergraduate or gradu-
ate student in an accredited college or university and be conduct-
ing field-based research in herpetology. This research may occur 
anywhere in the world, but priority will be given to research con-
ducted in the state of Missouri. Expenses eligible for funding in-
clude: (1) travel expenses (e.g., mileage, airfare) associated with 
the field research project; and (2) equipment for field-based re-
search (e.g., materials for drift fences, traps, etc.). Funds may not 
be used for salaries or any other personnel expenses, travel to 

About Our Cover: Echis carinatus 

The genus Echis Menem, 1820—the 
saw-scaled vipers—includes, depending on 
authority, between 8 and 12 xeric-region 
species, widespread from Africa to southern 
Asia (Cherlin 1981. Proc. Zool. Inst. Acad. 
Sci. U.S.S.R. 1981:92-95; 1990. Proc. 
Zool. Inst. Leningrad 207:193-223; Cherlin 
and Borkin 1990. Proc. Zool. Inst. 
Leningrad 207:175-193 [all in Russian, 
with English abstracts]; David and Ineich 
1999. Les serpents venimeux du monde: 
systematique et repartition. Dumerilia 3:3-
499; McDiarmid et al. 1999. Snake Species 
of the World. A Taxonomic and Geographic 
Reference. Volume I. The Herpetologists' League, Washington, D.C. xi + 511 
pp.). These small snakes arguably take the greatest toll of human lives among 
all venomous snakes because of their extremely toxic venom, and are thus of 
great medical importance. In India, a densely populated country with a large 
rural population, annual snake-bite mortality was estimated to be as high as 
20,000-40,000 a year (Swaroop and Grab 1954. Bull. World Health Org. 10:35-
76), with a high proportion attributed to the saw-scaled viper. 

When threatened, these snakes produce a characteristic sizzling sound, likened 
to "water sprayed on hot coals" (Leviton et al. 1992. Handbook to Middle East 
Amphibians and Reptiles. SSAR Contrib. Herpetol. 8, Oxford, Ohio. vi + 252 
pp; 33 pl.) that is produced by rubbing the parallel body coils against each other, 
causing the obliquely aligned keel of the third through ninth dorsal scale rows 
to come in contact (see Kimmich and Blaney 1973. HISS News-J. 1(3):85). The 
sound thus produced is a stridulation, replacing hissing in many other members 
of the family, and is presumably an adaptation for living in xeric regions (hissing 
or expiration results in some moisture loss). 

The eastern representative of the genus is the widespread Echis carinatus, 
known from Pakistan, peninsular India, and Sri Lanka, its distribution extending 
to the Middle East. Several subspecies names have been applied, under the 
Biological Species/Typological Species Concepts, to the Subcontinent's 
populations (see for instance, Auffenberg and Rehman 1991. Bull. Florida Mus. 
Nat. Hist., Biol. Sci. 35[5]:263-314), including the nominate carinatus 
(Schneider, 1801) from the Indian Peninsula, astolae Mertens, 1970 from Astola 
Island, off the Balochistan coast of Pakistan, multisquamatus Cherlin, 1981 from 
the mountains of northern Pakistan, Afghanistan, Iran, Central Asia and the 

Middle East, sinhaleyus Deraniyagala, 1951 from northern and eastern Sri Lanka, 
and sochureki Stemmler, 1969 from Afghanistan, the lowlands of Pakistan, 
northern India, and seemingly also Bangladesh. Phylogenetic relationships of 
these populations remain unstudied. 

The cover photograph depicts an adult Echis carinatus on the sand dunes of 
Thar Desert, Rajasthan State, western India, at sunrise. The population is allocated 
to the subspecies sochureki, named for the Austrian herpetologist, Erich Sochurek 
(1923-1987). On dunes, the typical mode of locomotion is sidewinding, and 
such tracks are commonly seen over undisturbed sandy stretches of the Thar. 
This easily-roused species is nocturnal, feeding on small mammals such as 
rodents, as well as birds and perhaps also lizards, and up to 20-25 live young are 
produced at a time (Whitaker 1978. Common Indian Snakes: A Field Guide. 
Macmillan India Limited, New Delhi. xiv + 154 pp; Khan 2002. The Snakes of 
Pakistan. Edition Chimaira, Frankfurt am Main. 265 pp). 

Indraneil Das, who photographed the 
snake on 27 October 2002, used a handheld 
Nikon F5, with a 24-50 mm 1:3.3-4.5 D 
AF Nikkor lens to record the image on 
Fujichrome Velvia (50 ASA) film. 
Illumination was provided by a F-28 
Speedlight flash unit, with an additional 
SB-27 Speedlight flash unit set on a tripod 
as a slave. 

Das is Associate Professor with the 
Institute of Biodiversity and Environmental 
Conservation, Universiti Malaysia 
Sarawak, and has worked on the 
herpetofauna of tropical Asia for about 20 
years. He received his doctorate from the 
University of Oxford, and was a Fulbright 
Fellow at the Museum of Comparative 
Zoology, Harvard University, and Scientific 
Officer at the Centre for Herpetology, 
Madras Crocodile Bank Trust. Among his publications are works on ethnobiology, 
biogeography, systematics, nomenclature, and field guides to Asian amphibians 
and reptiles, including a new guide to Indian reptiles, "A Photographic Guide 
to the Snakes and other Reptiles of India" (New Holland Publishers [UK] 
Ltd, 2002). He is also the Editor of the herpetological journal Hamadryad, now 
in its 27th  volume. 
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Islands and the Sea 
Essays on Herpetological Exploration in the West Indies 

Edited by Robert W. Henderson and Robert Powell 
CI INCE THE 18TH CENTURY, THE WEST INDIES HAVE ATTRACTED NATURALISTS AND TODAY 

1.3 represent arguably the most important natural laboratory for field studies of evolution, 
ecology, and behavior. Herpetologists have been among the leaders in these kinds of research. 
This volume comprises a series of personal essays by several generations of herpetologists—
from graduate students to our most senior scientists—about their experiences in the field. 
This group includes United States- and European-based biologists as well as experts who were 
born and raised in the West Indies. These recollections of the trials, tribulations, successes, 
and joys of field research are sure to inspire new generations of herpetologists, here and in 
other parts of the world. The volume is profusely illustrated with 316 photographs of amphib-
ians and reptiles, their habitats, and herpetologists working in the field. Numerous maps of 
collection localities, expedition routes, and island topography are included. 

AUTHORS INCLUDE: Allison C. Alberts, Michel Breuil, Ellen J. Censky, Brian I. Crother, C. 
Kenneth Dodd, Jr., Alberto R. Estrada, Henry S. Fitch, Ansel Fong G., Richard Franz, 
Orlando H. Garrido, Richard E. Glor, George C. Gorman, S. Blair Hedges, Robert W. 
Henderson, Kirsten N. Hines, Karim V. D. Hodge, Sixto J. Inchaustegui, John B. Iverson, 
Rafael L. Joglar, Hinrich Kaiser, Charles R. Knapp, James Lazell, Walter E. Meshaka, Jr., 
Robert Powell, A. Stanley Rand, Lourdes Rodriguez Schettino, Richard A. Sajdak, Margaret 
M. Stewart, Jennifer M. Valiulis, and Byron Wilson. 

A New Book from the Society for the Study of Amphibians and Reptiles 

SPECIFICATIONS: 312 pages, 7 x 10 inches, 316 photographs, 14 maps, clothbound with dust jacket. ISBN 0-916984-61-1. To be 
published August 2003. 

PRICES: Prepublication price to SSAR members US$38; Institutions and non-members $48. SHIPPING: USA address, add $4; 
Canada and Mexico, add $7; for all other countries, add $9. 

SEND ORDERS To: Breck Bartholomew, P. 0. Box 58517, Salt Lake City, Utah 84158-0517, USA (telephone and fax: area code 
(801) 453-0489; e-mail: ssar  @herplit.com ). Please make checks payable to "SSAR." Overseas orders must be paid in USA funds 
using a draft drawn on American banks or by International Money Order. Orders may also be charged to MasterCard, Discover, 
American Express, and VISA (please provide the account number and card expiration date). SSAR membership information and a 
complete list of all Society publications can be obtained from http://www.herpsoc.org/ or from Mr. Bartholomew. 
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meetings, equipment or supplies for laboratory-based research 
(even if applicable to the project), or overhead or indirect costs. 

Application details and selection criteria are available on the 
SSAR webpage (www.ssarherps.org ). Please note that the appli-
cation deadline is 15 July 2003. 

2002 Annual Meeting: Kansas City, Missouri 

The 45th annual meeting of SSAR took place from 3 to 8 July 
2002 in Kansas City, Missouri. The Society met jointly with the 
American Elasmobranch Society (AES), the American Society of 
Ichthyologists and Herpetologists (ASIH), and The Herpetologists' 
League (HL). This event was hosted by Ed Wiley and the Univer-
sity of Kansas at the Westin Crown Center Hotel. More than 1100 
registrants packed the Westin's facilities during the Independence 
Day weekend. Approximately 725 oral and poster presentations 
on herpetological and ichthyological research activities provided 
the focus for scientific discussion over the 5 days of the event. 

Social Programs 

A series of social events provided lively diversion from the daily 
scientific presentations. Wednesday evening saw the presentation 
of the SSAR President's Travelogue. Slide presentations featured  

stories and images of the herpetofauna of Africa. SSAR President 
David Green's presentation entitled "Travels in Kenya: Pondscape 
with Frog," highlighted anurans from a variety of ecological set-
tings. David was quick to point out the occasional squamate as 
well. Wolfgang Bohme (Zoologisches Forschungsinstitut and 
Museum Alexander Koenig, Bonn, Germany) kept an apprecia-
tive crowd entertained with his presentation entitled "Between 
Rainforest and Desert: Herpetofaunal Travels in West and Central 
Africa," which featured crocodiles living in extreme environments. 
Evening activities were augmented by a cash-bar social at the Bras-
serie Lounge, in the lobby area of the Westin Crown Center Hotel. 
This venue served as a focal point for many social gatherings. On 
the morning of 4 July, the Opening Plenary Session began with a 
series of introductory comments by Bob Cashner, who gave way 
to presentations by Brooks Burr (ASIH), and Merry Camhi (AES). 
George Zug gave the Distinguished Herpetologist Lecture. In honor 
of The Herpetologists' League 50th Anniversary Presentation, Whit 
Gibbons had the audience wondering why he did not take up a 
career as a stand-up comic. Following the opening session, hordes 
of attendees gathered on the roof of the hotel lobby to pose, in the 
mid-summer heat and humidity, for the obligatory meeting photo-
graph. Thursday evening, 4 July, provided meeting participants 
with the opportunity to view the latest versions of the David Den-
nis and Eric Juterbock slide presentations of regionally distinct 
herpetofauna, coupled with a historically oriented slide show by 
Dennis, Juterbock, and Kraig Adler. A patriotic explosion of her-
petological sights and sounds were a treat for the crowd that packed 
the Liberty Room of the conference facilities. 

SSAR sponsored the Eighth Annual Student Awards Frameable 
Art Silent Auction to raise funds to offset student travel expenses. 
Glen Lubcke and John Campbell organized this successful activ-
ity that saw active bidding on numerous items of herpetological 
art, literature, and culture on Thursday through Saturday of the 
meeting. Kirsten Nicholson organized the SSAR Graduate Stu-
dent Reprint and Book Grab to provide young herpetologists with 
the opportunity to gain access to scientific literature. Thanks are 
extended to the many contributors to these special events. 

On Friday (5 July), the annual meeting auction was again co-
sponsored by SSAR and The Herpetologists' League with pro- 

During the Plenary Session, SSAR honored the two Society founders Kraig Adler and David Dennis (left and right, above), with plaques of 
appreciation presented by SSAR President David Green. Adler and Dennis, who founded The Ohio Herpetological Society in 1958, together with a 
small group of mostly teenaged amateur herpetologists developed the OHS into an organization with national and even international activities. The 
society changed its name to SSAR in 1967. Jim Murphy was instrumental in the production of the plaques and in the conspiracy of secrecy leading up 
to their presentation. 
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Whit Gibbons (left) 
confers with Herpetolo-
gists' League President 
Ken Dodd following 
Whit's humorous retro-
spective of meetings and 
personalities over the 
first 50 years' of HL his-
tory. 

ceeds from the event being split between the two societies. David 
Moraflca and John Moriarty conducted the auction while a variety 
of students helped with displaying items for members of the audi-
ence. Key SSAR Board members generously passed out drink tick-
ets, adding to active bidding on a variety of herpetological items, 
thus carrying activities well into the evening and providing sig-
nificant financial support for this year's meeting. Some truly out-
standing items saw exceptional bidding, but all auction material 
was well received and greatly appreciated. The evening of Satur-
day, 6 July, saw meeting participants congregated in the confines 
of the historic Union Station Sprint Festival Plaza for the Annual 
Barbecue. Attendants dined on famous Kansas City barbeque and 
a variety of side dishes. Many herpetologists and ichthyologists 
found the locally produced ales and lagers to be quite pleasing, 
and kept the taps flowing into the evening. Live music filled the 
spacious venue while participants ate, drank, and engaged in stimu-
lating conversation. 

Business Meeting and Board Meeting Summary 

The Annual SSAR Business Meeting was called to order by 
Society President David Green at 1605 h on 6 July 2002 at the 
Westin Crown Center Hotel in Kansas City, MO. In addition to 
board members, journal editors, and committee coordinators, the 
business meeting was sparsely attended by approximately two 
dozen Society members. 

President Green summarized reports made by the SSAR Board 
of Directors by outlining key points from that meeting earlier in 
the week: President Green announced several new appointments 
made during 2002. New appointments included Maureen Kearney 
(Elector for 2002 elections), Julian Lee (Chair of Nominations 
Committee), and Al Savitzky (SSAR representative to AIBS). Ad-
ditionally, President Green appointed several individuals to serve 
on several committees for the Society: Brian Crother (Chair), Beth 
Dawson, Malcolm McCallum, and Laurie Vitt (representatives to 
the joint SSAR/HL Task Force on electronic publishing), and Breck 
Bartholomew, Lee Fitzgerald (Chair), John Matter, and George 
Pisani (as an ad hoc Task Force to make recommendations on 
SSAR's new website). All outgoing editors and officers were 
thanked for their thoughtful and diligent service to the Society. 

Outgoing Society Treasurer Robert Aldridge, in conjunction with 
his successor, Theodora Pinou, reported that SSAR remains fi-
nancially viable with total assets of $481,038 ($241,432 being rep-
resented by restricted funds). Bob reported that Society budget 
items for FY 2002 came to $252,296, while SSAR realized in-
come totaling $303,351 from the preceding year. Looking to the  

future, Dora Pinou stated that various Society entities could be 
viewed as small businesses and need to set individual goals for 
financial stability. Aldridge and new Publications Secretary Breck 
Bartholomew reported that the sale of SSAR publications totaled 
$110,807. Of this amount, significant revenues were realized from 
the sale of Bill Duellman's revised edition of "Hylid Frogs of 
Middle America" and David Dennis' original watercolors from 
the 1970 edition of that volume. Both Aldridge and Bartholomew 
noted that the Society sees significant expenses in housing and 
transporting the current volume of published material. President 
Green requested that Bartholomew identify ways to decrease the 
current inventory and recommend adjustments to future publica-
tion runs. Bob Aldridge reported that SSAR membership remained 
relatively stable, at 2255 for FY 2002. Domestic regular and stu-
dent members represent the largest of the various Society mem-
bership categories, while declines in foreign memberships are 
viewed as the most significant losses. Discussions by the Board 
considered the formation of a working group to collaborate with 
ASIH on how to deal with endowment funds. President Green 
appointed Dora Pinou, Gabriela Parra, and Robert Aldridge to make 
recommendations with respect to managing funds for the Bailey, 
Metter, Gordon, and Minton endowments. 

Journal of Herpetology Editor, Brian K. Sullivan (in absentia), 
submitted a report outlining significant happenings with the JH 
for 2001-02. A number of personnel changes were reported. David 
Sever resigned as Associate Editor, while Maureen Donnelly, Mike 
Harvey, and Howard Whiteman accepted positions to the Edito-
rial Board. Brian reported that submissions to the Journal con-
tinue to grow, being 284 in 2001, up from 262 manuscripts during 
2000. Of these submissions, 81 were accepted, representing a 34% 
acceptance rate. Submissions as of June 2001 were running 20% 
higher than a comparable date in recent years, and could reach 
record levels. Sullivan reported that publication lag times of 9-12 
months could be expected for accepted manuscripts, noting that 
decreasing that time could incur significant costs for the Society. 
Sullivan endorsed several recommendations made by the Publica-
tions Task Force that had been chaired by William Cooper: 1) 
Changing the Journal of Herpetology to a glossy paper stock (a 
change that Sullivan reports has been implemented and well re-
ceived). 2) Increasing the font size of the Journal from its current 
9 pt (for Article text) and 8 pt (for citations and Shorter Communi-
cations) to 10/9 pt (for text and citations in Articles) and 9 pt (for 
Short Communications). Sullivan estimated that increasing font 

Meeting attendees crowded into the Union Station Sprint Festival Plaza 
for the annual barbecue. From left to right, Wolfgang &Mime, Karl-Heinz 
Jungfer, and Edgar Lehr offered diplomatic assessments of American beer. 
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size represents a potential increase in page numbers that would 
result in added publication costs. 3) Implementing the addition of 
abstracts to Shorter Communications (a change that is anticipated 
for 2003). The Board approved the idea of adding abstracts to 
Shorter Communications. However, it felt more information was 
needed before deciding on the issue of increased font size for the 
Journal of Herpetology. Sullivan reported that budgetary costs of 
JH for FY 2001 were $87,996—$6,486 over that approved with 
significant increases in mailing costs being responsible for the 
overrun. Brian's budget request of $101,000 for FY 2003 is de-
signed to increase pages published in the Journal of Herpetology 
and decrease the lag in publication time. 

Herpetological Review Editor, Robert Hansen, reported numer-
ous personnel changes in the Herp Review editorial staff. Joseph 
Collins stepped down as Section Editor (Geographic Distribution) 
following 12 years of distinguished service in that post. Alan Rich-
mond has been appointed to fill the position vacated by Collins. 
Outgoing Associate Editors for 2002 include Adam Summers and 
Sharyn Marks. Robert Espinoza was appointed to replace Sum-
mers, and other candidates are being considered for the remaining 
position. Other personnel changes at Herp Review include the de-
partures of Brian Hauge (Section Editor, Natural History Notes), 
Winston Card (Section Editor, Herpetological Husbandry, replaced 
by Ruston Hartdegen), Jennifer Pramuk (Copy Editor, replaced 
by Hugo Alamillo), and Brian Butterfield (Section Editor, Natural 
History Notes). Additional new appointments include Marc Hayes 
(Section Editor, Natural History Notes—lizards, crocodilians) and 
Jim Harding (Section Editor, Natural History Notes—turtles). Jim 
Murphy serves as Section Editor for the "Zoo View" feature that 
made its debut in 2002. Hansen reported that Volume 32 of Herp 
Review consisted of 292 pages (an increase of 20 pages from the 
preceding volume) and projected that Volume 33 would run 320 
pages Hansen noted that Herp Review seems to be able to main-
tain its current, expanded production size (80 pages per issue) and 
hopes to decrease publication lag time. Hansen reported that pro-
duction of Herp Review has evolved to an increasingly digital pro-
cess, noting that Volume 32 was sent to the printer on CD, and that 
this has allowed for increased page numbers at a constant cost to 
the Society. 

Robert Powell, Editor of the Catalogue of American Amphib-
ians and Reptiles (CAAR), reported on the status of this publica-
tion effort. Bob noted that the 2001 contributions to CAAR con-
sisted of 20 accounts (Nos. 721-740; 1 caecilian, 1 salamander, 1 
frog, 2 turtle, 4 lizard, and 11 snake accounts) for a total of 108 
printed pages. Color plates were included in 17 of the accounts. 
Bob anticipated the completion of 20 accounts for 2002 (with 19 
of these having color plates) and has plans for another 20 accounts 
for 2003. Powell is concerned that there are insufficient numbers 
of individuals submitting species accounts (particularly on Cen-
tral and South American taxa) to maintain the annual production 
rate of 20 CAAR accounts. Bob's requested budget ($12,000) would 
allow for much-needed technology upgrades in addition to the usual 
production and mailing charges. Powell expressed a desire to con-
vert CAAR accounts from hardcopy material to CD ROM format 
to keep production costs down. 

Kraig Adler (Editor) reported on the publication activities of 
Contributions to Herpetology. Recent publications in this series 
include the two-volume, revised edition of "Hylid Frogs of Middle 

The annual banquet made for a lively ending to the meetings. From left 
to right: Jose Rosado, Greg Watkins-Colwell, Chuck Crumley, Al Rich-
mond, Eric Hilton, and Nate Kley salute the high quality of scientific 
presentations they witnessed throughout the course of the meetings. 

America," by William E. Duellman (with new artistic renderings 
by David Dennis; released at the annual meeting in Indianapolis, 
July 2001) and "Amphibians of Honduras," by James McCranie 
and Larry David Wilson (February 2002). Adler reported on pub-
lication projects due in 2003. These projects include the long-an-
ticipated "Field Guide to Amphibians and Reptiles of the West 
Indies," by S. Blair Hedges (the first color-illustrated guide to the 
herpetofauna of the entire West Indies) and "Biology of the Rep-
tilia, Volume 20 (Morphology)," edited by Carl Gans and Abbot 
Gaunt. Ernie Liner's comprehensive index to "Biology of the Rep-
tilia," is anticipated shortly after the publication of Volume 20, 
and would represent Volume 21 of this long-running series. "Liz-
ards of Southern Africa," to be edited by William Branch and Aaron 
Bauer, is expected in the foreseeable future and will have contri-
butions from authorities on this specific geographic location. 

Editor of the Facsimile Reprints in Herpetology, Aaron Bauer, 
reported on the successful completion of a project through this 
Society series as well as anticipated contributions expected in the 
future. The reprint edition of "Anatomy of the Salamander," by 
Eric Francis, including a new introduction by James Hanken and 
editorial ministrations by Kraig Adler, was published in March 
2002. Originally issued in 1919, "Herpetology of Cuba," by Tho-
mas Barbour and C.T. Ramsden, will receive an updated taxo-
nomic treatment (including cross listing of nomenclature used in 
the original with their currently recognized names), and is expected 
by May of 2003. Rodolfo Ruibal is providing a new introduction 
to this reprinted monograph. Herpetological bibliophiles will also 
relish the reprinting of 65 papers from the late 1880s through 1917 
by Italian Mario Giacinto Peracca. Due to be published late in 
2003, "The Herpetological Contributions of Mario Giancinto 
Peracca," will be edited by Franco Andreone and Elena Gavetti 
and have an English translation of the introduction. Bauer out-
lined future projects that include "Les Tortues de l'Indochine," by 
Rene Bourret and "The Herpetological Contributions of John Ed-
ward Gray." The work on Indochinese turtles will include a biog-
raphy of Bourret and current taxonomy and systematics for turtles 
of this region. The other project will combine many of the shorter 
herpetological works by Gray that have not been included in ear-
lier SSAR reprints by this classical author. 

Herpetological Circulars Editor, John Moriarty, reported that 
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completion of HC No. 31, "Conservation Guide to the Eastern 
Diamondback Rattlesnake," by Walt Timmerman and Marty Mar-
tin, has been delayed. The Guide is expected to be completed and 
available in 2003. "Herpetological Collecting and Collections Man-
agement, revised edition," (HC No. 32) by John Simmons was 
published in September 2002, and represents a fully revised and 
expanded version of Herp Circular No. 16. 

Stephen Corn, departing Editor of Herpetological Conserva-
tion reported that Volume 2 in this series, "Ecotoxicology of Am-
phibians and Reptiles," has been terminated. Corn noted that there 
was insufficient material in the submitted manuscripts to warrant 
publication of a book, and that authors of those chapters had been 
referred to Applied Herpetology as a viable outlet for this mate-
rial. Volume 3, "Conservation and Status of Reptiles in Canada," 
edited by Carolyn Sebum and Christine Bishop, with additional 
editorial support by Patrick Gregory, has been reassigned as Vol-
ume 2 in the Herp Conservation series. In addition to publication 
support by SSAR, financial backing by The Canadian Amphibian 
and Reptile Conservation Network ensures the completion of this 
work during 2003. Members of the SSAR Board discussed the 
future of this series, which is in need of an editor and seems to (in 
Corn's opinion) lack sufficient manuscript submissions to exist as 
a regular publication. The Board felt that Herpetological Conser-
vation is a worthy series; an ad hoc committee of Board members 
was formed to suggest names of potential editors to the President. 

A proposal was made to the Board to change the election sched-
ule from annual elections to biennial elections. Discussion fol-
lowed and another recommendation was to increase the size of the 
Board from 6 members to 8 members. The membership at the 
Business meeting voted in favor of these recommendations. In-
creasing the size of the Board and changing the length of Term of 
Office requires a change in the SSAR bylaws and will be voted on 
in the 2003 election. 

The Board received reports from Committee Chairs for Grants-
in-Herpetology (Erik Wild), Kennedy Student Award (Robert 
Gatten), and Seibert Awards (Marion Preest). Details have been 
published in HR (33:161-162 and 33:242). 

Related to issues of student support and funding, Robert Powell 
announced a new award that will be implemented by SSAR. The 
Dean E. Metter Memorial Award is designed to make funds avail-
able for student projects related to field research in herpetology. 
Funds for this award were made available by the Bobby Witcher 
Society and are in recognition of the late Dean E. Metter, a long-
time member of the faculty at the University of Missouri at Co-
lumbia and SSAR member. The Metter Awards will generally be 
in the amount of $300 to $1000. 

Mike Plummer, Chair of the Conservation Committee, reported 
that the committee continues to build on a strong web-based edu-
cation effort. To date, 35 of 50 U.S. states have been linked to 
material on the SSAR Conservation Website. Members of the com-
mittee include Kurt Buhlmann, Ken Dodd, Mike Dorcas, Lee 
Fitzgerald, John Jensen, Andy Price, Steve Sheffield, and Mike 
Sredl. Other efforts for the year consisted of writing and sending a 
position letter to the U.S. Fish and Wildlife Service (USFWS) 
endorsing the listing of Clemmys guttata, all North American 
Apalone spp., Crotalus adamanteus, Crotalus horridus, and 
Lampropeltis zonata to Appendix II of CITES. 

Richard Wassersug presented a proposal to the Board to set up a 

service in which SSAR members would do preliminary editing of 
manuscripts written in English by our colleagues who do not have 
English as a first language. A list of SSAR members willing to be 
involved in this project will be available on the SSAR website 
(http://www.ssarherps.org/pages/presub.html) . Persons who have 
manuscripts ready for submission (to any journal) can peruse this 
list of SSAR members and select an appropriate person with whom 
to correspond. Members of the SSAR community may offer to 
read and edit up to three English language manuscripts per year 
within their specific area of herpetological expertise. This service 
would be provided free to herpetologists whose first language is 
not English, but who are striving to publish their findings in peer-
reviewed English language journals. The Board unanimously ap-
proved this project. 

Henry Mushinsky presented information on plans for future 
meetings. The SSAR Board approved and accepted meeting invi-
tations for the next several years. These meetings will be joint 
events with the American Society of Ichthyologists and Herpe-
tologists (ASIH) and The Herpetologists' League (HL). In 1999, 
SSAR entered into a Joint Meeting Planning Committee relation-
ship with members of ASIH, HL, and the American Elasmobranch 
Society (AES). Mushinsky provided details for future dates: 2003, 
Manaus, Brazil (June); 2004, Norman, Oklahoma (27 May-2 June); 
2005, Tampa, Florida; 2006, New Orleans, Louisiana; and 2007, 
Ithaca, New York. The 2003 meeting will take place at the Hotel 
Tropical, which is situated along the banks of the Rio Negro in 
Manaus. Local committee member Richard Vogt provided video-
taped scenes of celebrations in Manaus and details about the meet-
ing location and early registration and travel information. Vogt 
stated that the Hotel Tropical is a top-rated resort with many ameni-
ties and comfortable accommodations. He personally guaranteed 
that meeting delegates would have a memorable experience. 

Dawn Wilson, Chair of the SSAR Travel Awards Committee, 
noted that money from the silent auction this year will be used to 
provide travel awards for the 2003 meeting in Manaus. 2003 travel 
awards will be $400 instead of the usual $200 because of the dis-
tant locale of the meeting. 

Ron Heyer requested that SSAR donate $5000 toward the next 
World Congress of Herpetology. After considerable discussion, 
the Board indicated its willingness in principle to support WCH; 
however, it was felt that more information on the venue and tim-
ing of the next congress would be necessary before funds could be 
committed. 

Logistical concerns related to growth of the Annual Meeting 
have led to increased involvement between the societies with her-
petological interests. A number of policy changes have been con-
sidered by the SSAR Board in association with mandates set down 
by the Meeting Planning Committee (MPLN). Henry Mushinsky 
serves as SSAR representative to the MPLN, and he provided in-
formation on Joint Meeting policy changes. The most notable of 
these policies deals with number of presentations, no shows/can-
cellations, and symposia proposals for the Annual Meeting. Mem-
bers of all societies agreed to the policies, which will be published 
separately. 

Issues related to the SSAR webpage and online publishing were 
reported on by the Website Task Force (Lee Fitzgerald [Chair], 
Breck Bartholomew, John Matter, and George Pisani), which had 
been established in January by President Green to consider a vari- 
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ety of potential functions for the SSAR website. Current webmaster, 
George Pisani, was acknowledged for his dedicated service to the 
Society, but indicated his desire to be relieved of this position. To 
that end, the Society implemented a search for a new web coordi-
nator. 

The Society did not receive a report from the Joint SSAR/HL 
Task Force on Electronic Publishing (Brian Crother [Chair], Beth 
Dawson, Malcolm McCallum, and Laurie Vitt) in time to con-
sider the issue at the meeting. The issue was discussed, however, 
with the most notable concern being the potential loss of revenue 
to the Society. This issue remained unresolved at the meeting, but 
the Board realized the necessity of coming to a decision as soon as 
possible. 

Reluctantly, the Board noted the necessity of increasing dues 
for the coming year. Most membership categories are subject to a 
$10 increase, while maintaining the present cost of student mem-
berships. Several new contributing member levels were outlined, 
to be reflected in the next dues notice, and it was hoped that the 
Society will see significant financial stability from this dues re-
structuring. 

In one of his fmal public actions as SSAR President, David Green 
passed the engraved Presidential gavel, that treasured totem-of-
office, to President-Elect Janalee Caldwell. Jan commented on the 
aesthetics of the item before closing the meeting at 1800 h. 

—Respectfully submitted by John M. Matter, SSAR Secretary 

New Policies for Presentations at Annual Meetings 
Approved by the Society, July 2002 

Number of Presentations at Annual Meetings 

Background.—Participation at the Joint Meetings of ASIH, AES, 
HL, SSAR, and Early Life History Section of AFS has increased 
over the past several years. As participation has increased the con-
sequences of scheduling become more critical to the attendees at 
the Annual Meeting. Many members of the Societies have raised 
concerns over the length and timing of the meeting. The Meeting 
Planning Committee (MPLN) has struggled with constraining the 
length of the meeting, number of concurrent sessions, and ensur-
ing that we do not schedule the same individual at the same time 
in different sessions. The MPLN has developed a policy that was 
approved at the 2002 Annual Business Meeting. The policy will 
be implemented beginning in 2003. 

Policy.—Beginning at the 2003 Annual Meeting and continu-
ing from then on, participants may submit only one abstract as a 
senior authored oral presentation for either an Invited Symposium 
or Oral Paper presentation. Participants may submit only one se-
nior-authored poster presentation. In total, individuals shall only 
present one oral and possibly one poster presentation at Annual 
Meetings. Co-authorship via junior authorship is not limited. No-
tification of this policy will appear in the Call for Papers and on 
the ASIH, AES, HL, and SSAR web sites. 

No Shows and Cancellations at Annual Meetings 
Background.—Over the past several years the number of no-

shows has begun to obstruct the flow of the meeting, disrupt ses-
sions, and become a burden to the Societies. ASIH Governor Clark 
Hubbs raised this concern during the ASIH Business Meeting at  

the 2001 Annual Meeting at Pennsylvania State University. ASIH 
President Burr charged the MPLN to develop a policy to address 
this problem. This policy was approved at the SSAR Business 
Meeting and will be implemented beginning in 2003. 

Policy.—If it is necessary to cancel a presentation (invited, oral, 
or poster) you must notify the designated member of the MPLN 
one month prior to the scheduled date of the Annual Meeting. For 
emergency circumstances, presentations must be cancelled 24 
hours prior to the beginning of the first scheduled day of the An-
nual Meeting. Failure to do so shall result in a suspension of pre-
sentation privileges for 1 year. 

Symposium Proposal Process 

Symposia are important components of the Annual Meeting. 
These components provide useful information to the membership 
of participating Societies and contribute to a compelling and in-
teresting experience. To provide a clear process the MPLN has 
developed the following set of guidelines. 

Submission for consideration.—Proposals (3-page maximum) 
for consideration by MPLN should contain the following: 
1.Symposium Title (or Topic) 
2. Name of the Symposium Chair (phone number and e-mail ad-

dress) 
a. Names of Associated Co-organizers 

3. Information on topic and background 
4. What benefit is the topic to the Society? 
5. List of potential speakers and topics 
6. Length of symposium (1/2 day, 1 day, etc.)—keep in mind the 

preference is for a one-day symposium with a likely maximum 
(in rare situations) of 2 days. 

7. Sources of funding other than SSAR 
8. SSAR funding requested and rationale (maximum per request 

= $1,500) 

PROPOSALS DUE TO MPLN CHAIR by 1 March of the YEAR 
PRIOR to the meeting (i.e., 2004 Symposium Proposals are due 1 
March 2003). 

Responsibilities of the Symposium Chair(s): 
1.Work with the participants to obtain titles and abstracts. 

a. Abstracts MUST be submitted to the SSAR meeting commit-
tee by the Annual Meeting abstract deadline using announced 
SSAR abstract submission procedures. 

2. Develop and submit schedule for the symposium to the MPLN 
Chair by 1 March (year of the meeting). This includes the order, 
length (15 or 30 minutes), and scheduled times for all talks. 
Symposium Chair must provide the names of the moderators 
for the symposium at the same time. 

MPLN Committee Review Process: 
1.Proposals received by MPLN Chair and distributed to the MPLN 

for review by 5 March. 
2. MPLN Chair collects comments and ranking of proposals by 

30 March. 
3. Consensus ranking redistributed to MPLN for review and com-

ment. 
4. MPLN selects two proposals for each Annual Meeting by 30 

April. 
5. All Symposia Chairs notified of acceptance or rejection by 30 

April. 
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Journal of Herpetology: Notice of Mailing Error 

 

Henry and now, in memorial to Virginia, an open-sided covered 
shelter is planned to accommodate visiting classes of public and 
University students. This structure is to be built on the Reserva-
tion to facilitate public education involving nature, natural his-
tory, and ecology. This seems particularly appropriate consider-
ing Virginia's role not only as a contributor to many diverse re-
search projects, but to the great hospitality she always provided to 
visitors to the Reservation. 

Tax deductible (for U.S. residents) contributions may be made 
to the Virginia R. Fitch Memorial Fund in care of the Center for 
North American Herpetology (www.cnah.org ), 1502 Medinah 
Circle, Lawrence, Kansas 66044, USA. Make checks payable to 
"CNAH Fitch Memorial." 

The mailing labels for issue No. 1 of the Journal of Herpetol-
ogy (mailed in April 2003) inadvertently had the subscriber's name 
omitted. This error occurred only for the U.S. subscribers. If you 
did not receive your journal, please contact your local mail sorter 
to see if your journal can be located. If it cannot be located, please 
contact the SSAR Publications Secretary (e-mail: ssar@herplit.com  
or phone 801-453-0489), and a replacement will be sent to you. The 
Society apologizes for this inconvenience. 

  

NEWSNOTES 

New Director of Sam Nobel Oklahoma Museum of 
Natural History 

Ellen J. Censky, director of the Connecticut State Museum of 
Natural History at the University of Connecticut and long-time 
SSAR member (and current SSAR Board Member), has been 
named the new director of the Sam 
Noble Oklahoma Museum of Natural 
History at the University of Oklahoma. 
Censky will assume her new post May 
1. Censky has served as director of the 
Connecticut State Museum of Natural 
History since 1998. The Sam Noble 
Oklahoma Museum of Natural History, 
one of the two largest natural history 
museums in the world associated with 
a university, opened the doors of its 
198,000-square-foot, $44.5 million fa-
cility in May 2000. Prior to joining the 
Connecticut State Museum of Natural History, Censky served as 
chairman of the division of life sciences at the Carnegie Museum 
of Natural History in Pittsburgh from 1996 to 1998. She also served 
that museum as head of the amphibians and reptiles section as 
well as the section's assistant curator and collection manager. A 
1979 graduate of the University of Wisconsin-Milwaukee, Censky 
earned her doctoral degree in biological sciences from the Uni-
versity of Pittsburgh in 1994. 

Virginia R. Fitch Memorial Fund 

Virginia R. Fitch passed away at home on 2 December 2002, at 
the Fitch Natural History Reservation near Lawrence, Kansas. The 
Fitch family and the University of Kansas Field Station and Eco-
logical Reserves announce the establishment of the Virginia R. 
Fitch Memorial Fund for the purpose of honoring the memory of 
Virginia and her contribution to over 50 years of research and teach-
ing at the Reservation. She contributed in many important ways to 
the field research that was conducted by her husband, Dr. Henry 
S. Fitch, many colleagues, and students. The Reservation is named 
in honor of the entire Fitch Family: Henry, Virginia, John, Alice, 
and Chester. The Fitch Nature Trail is named to specifically honor 

Wanted: Photographs of Native North American 
Snakes 

The North America Brown Tree Snake Control Team needs your 
help! We are a newly-formed organization whose mission is to 
keep brown tree snakes (Boiga irregularis) from establishing in 
North America. We desire to place photos of brown tree snakes 
and native North American snakes on our web site 
(www.NABTSCT.orgwww.NABTSCT.org ) to aid the general 
public in brown tree snake identification. We need good quality 
photos (200– 600 dpi) of native North American snakes that can 
be used on our web site. Photographs, slides, CD's, or e-mail 
attachments (Jpeg files) can be sent. All photos, slides, and CD's 
will be returned. Please provide the name of the photographer for 
each photograph so that proper acknowledgment can be given. 
Send photos to: Scott E. Henke, MSC 218, Caesar Kleberg Wildlife 
Research Institute, Texas A&M University-Kingsville, Kingsville, 
Texas 78363, USA or as e-mail attachments to: 
scott.henke@tamuk.edu . 

California Academy of Sciences Grants 

CHARLES STEARNS GRANT-IN-AID FOR HERPETOLOGICAL 

RESEARCH 

The Department of Herpetology is pleased to provide limited 
financial aid - mostly to cover round trip transportation and lim-
ited per diem expenses - to graduate students who wish to visit our 
collections to support research in systematics. Proposals should 
include a short—no more than one page—description of the re-
search project, a budget, and a letter of support from the student's 
faculty advisor. Proposals are due on 15 October 2003, with noti-
fication by 1 December 2003. Grantees are expected to complete 
their Academy visit by 15 September 2004. Please call 415-750- 
7037 for further information. Send proposals to: Herpetology Re-
search Grants, Department of Herpetology, California Academy 
of Sciences, Golden Gate Park, San Francisco, California 94118-
4599, USA. 

The CAS holdings are included in the Department of Herpetol-
ogy database: 

http://research.calacademy.org/herpetology/catalog/  

96 	 Herpetological Review 34(2), 2003 



BREIT STEARNS AWARD FOR CHELONIAN RESEARCH 

The Department of Herpetology is pleased to provide limited 
financial aid—mostly to cover round-trip transportation and lim-
ited per diem expenses—to researchers who wish to visit our col-
lections to support their work in chelonian biology. Preference 
will be given to graduate students. Proposals should include a short, 
one page description of the research project and a budget. In the 
case of graduate students, a letter of support from the student's 
faculty advisor is required. Proposals are due on 15 October 2003; 
notification will be made by 1 December 2003. Awardees are ex-
pected to complete their Academy visit by 15 September 2004. 
Please call (415) 750-7039 for further information. 

Proposals should be sent to: Herpetology Research Grants, De-
partment of Herpetology, California Academy of Sciences, Golden 
Gate Park, San Francisco, CA 94118-4599, USA. 

The CAS chelonian holdings are included in the Department of 
Herpetology database: http://research.calacademy.org/herpetology/  
catalog/. 

Gopher Tortoise Council Research Awards 

Annually, the Gopher Tortoise Council awards the J. Larry 
Landers Student Research Award to the best student proposal 
submitted to the Council. Proposals can address undergraduate 
or graduate research concerning the biology of gopher tortoises 
(Gopherus polyphemus) or any other relevant aspect of 
southeastern U.S. upland habitat conservation. The amount of the 
award is variable, but has averaged US $1000.00 over the last 
few years. 

The proposal should be limited to four pages and should include 
a description of the project, a concise budget, and a brief resume 
of the student applicant. Proposals should be submitted to Bob 
Herrington, Chair of Research Advisory Committee, Georgia 
Southwestern State University, Department of Biology, Americus, 
Georgia 31709, USA by 31 August 2003. Additional information 
can be found at <http://gophertortoisecouncil.org/>. 

For SSAR Members in Indiana and Illinois 

The Field Museum is conducting a survey of academic 
institutions, government agencies, and private organizations 
throughout Indiana and Illinois to determine how many teaching 
or research collections of fishes, amphibians, and reptiles exist in 
each state (preserved specimens only, not live animals). We believe 
that significant contributions can be made to the natural history of 
both Indiana and Illinois by reporting on the existence and status 
of small collections that are not well known by the scientific 
community. If your organization or institution maintains such a 
collection, please contact Jamie Ladonski (e-mail: 
jladonski@fieldmuseum.org)  for more information on how your 
collection can be counted. Even if your department or office does 
not have such a collection, that information is valuable to our survey 
and we ask that you please contact us simply to note that fact. Please 
consider that collections might be at other locations if your 
institution has satellite campuses, field stations, or a similar network 
of offices. 

MEETINGS 

Meetings Calendar 

12-16 August 2003-12th Ordinary General Meeting of Societas 
Europaea Herpetologica, St. Petersburg, Russia. Information: 
Natalia Ananjeva (e-mail: agama@NA4755.spb.edu).  

3-6 September 2003—International Herpetological Symposium, 
27th Annual Meeting, Houston, Texas, USA. Information: http:// 
www.kingsnake.com/ihs/index.html.  

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

CURRENT RESEARCH 

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

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

Systematics of Gymnophthalmid Lizards 

Phylogenetic relationships among members of the family 
Gymnophthalmidae are poorly known. The author performed a 
phylogenetic analysis of species of three genera (Cercosaura, 
Pantodactylus, and Prionodactylus) currently included in the tribe 
Cercosaurini, subfamily Cercosaurinae. The analysis was based 
on 61 external morphological characters; maximum parsimony 
criterion was used. Polymorphic characters were analyzed with 
the generalized frequency method. The author proposed a 
classification consistent both with the recovered history and a 
previously published hypothesis based on molecular data. 
Pantodactylus and Prionodactylus were considered junior 
synonyms of Cercosaura, and the latter genus was redefined to 
include 11 species. 

DOAN, T. M. 2003. A new phylogenetic classification for the 
gymnophthalmid genera Cercosaura, Pantodactylus, and 
Prionodactylus (Reptilia: Squamata). Zoological Journal of the 
Linnean Society 137:101-115. 

Correspondence to: Tiffany M. Doan, Biology Department, Vassar 
College, Box 555, 124 Raymond Avenue, Poughkeepsie, New York 
12604-0555, USA; e-mail: tiffperu@yahoo.com.  
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Phenotypic Variation and Fitness of Hatchling 
Lizards 

Variation in phenotype reflects variation in fitness; therefore, it 
is important to study the sources of phenotypic variation in order 
to understand the processes of natural selection. Phenotypes of 
hatchling reptiles are influenced by environmental factors, quantity 
or quality of yolk, and genetic contribution of the parents. The 
authors used eastern fence lizards (Sceloporus undulatus) to explore 
the effects of incubation moisture, maternal yolk investment, and 
clutch affiliation on phenotypes of hatchlings in the laboratory. 
Eggs from 28 clutches were distributed among wet and dry 
treatments, as well as a treatment in which yolk was removed. 
Hatchling performance traits were measured in the laboratory. 
Growth and survival under natural conditions were assessed by 
release and recapture of hatchlings in the field. The authors found 
that hatchlings from the wet treatment were bigger than those from 
the dry and yolk-removed treatments. However, only clutch 
affected hatchling performance and survival. These results suggest 
that variation in reptile phenotypes is strongly associated with 
clutch of origin. 

WARNER, D. A., AND R. M. ANDREWS. 2002. Laboratory and field 
experiments identify sources of variation in phenotypes and 
survival of hatchling lizards. Biological Journal of the Linnean 
Society 76:105-124. 

Correspondence to: Daniel A. Warner, Florida Fish and Wildlife 
Conservation Commission, Florida Marine Research Institute, 100 
Eighth Avenue S.E., St. Petersburg, Florida 33701, USA; e-mail: 
warner  @ fwc.state.fl.us . 

Trematodes and Limb Deformities in Rana 

Limb abnormalities in natural populations of amphibians might 
be caused by chemical pollution, UV-B radiation, predation, and 
parasites including trematodes. Disruption of spatial organization 
of cells in the limb bud is one of the mechanisms leading to 
outgrowth of limb deformities. These cells produce signaling 
molecules that set up the primary limb axes. The authors 
investigated how trematode cyst infection caused limb deformities 
in Rana sylvatica and R. pipiens. Infected and uninfected tadpoles 
were raised to metamorphosis and then examined for limb 
abnormalities. Deformities by surgical limb bud rotations also were 
performed for comparison. Trematode cercariae actively targeted 
hind limb bud regions and histological analysis showed that cysts 
induced abnormal tissue growth at early stages. Abnormalities 
resulting from trematode cyst-infestation closely resembled those 
induced by limb bud rotation, as well as those found in natural 
populations. These results suggest that cysts induce limb 
deformities in frogs by perturbing spatial organization of cells in 
limb buds. Because there is no direct evidence that chemical 
teratogens or UV-B radiation induce limb deformities in 
amphibians, trematode cysts might play a major role in causing 
limb abnormalities. 

STOPPER, G. F., L. HECKER, R. A. FRANSSEN, AND S. K. SESSIONS. 
2002. How trematodes cause limb deformities in amphibians. 
Journal of Experimental Zoology 294:252-263. 

Correspondence to: Stanley K. Sessions, Department of Biology, 
Hartwick College, Oneonta, New York 13820, USA; e-mail: 
sessionss@hartwick.edu.  

Dispersal of Viviparity in Fire Salamanders 

Retention of ancestral states or lineage sorting in diverging 
populations are usual explanations for discordance between nuclear 
and mitochondrial DNA gene trees. However, this discordance may 
also result from gene introgression during reticulation events. 
Females of fire salamanders Salamandra salamandra either give 
birth to individuals that bypass the aquatic larval stage entirely 
(viviparity), or give birth to small aquatic larvae (ovoviviparity). 
Based on mtDNA sequences from 45 populations of fire 
salamanders in the Iberian Peninsula and data on nuclear markers 
from the literature, the authors performed a phylogeographic 
analysis to elucidate evolutionary processes acting on the 
populations and their influence on the evolution of viviparity. Two 
major discordances were found by plotting the geographic ranges 
defined by mtDNA and nuclear genes. Given that nuclear markers 
show high concordance in geographic distribution with life history, 
anatomy, and color pattern markers, the authors hypothesize that 
mtDNA markers reflect relatively deep history that has been 
obscured by geographic range expansion of the viviparous 
populations. This implies that nuclear genes have crossed contact 
zones fast and spread through the populations in contact producing 
admixture, whereas mtDNA has remained stationary resulting in 
a process of mtDNA capture. The authors suggested that 
demographic replacement via range shifts is the mechanism 
responsible for admixture of differentiated populations. Finally, 
they conclude that viviparity within fire salamanders arose only 
once. 

GARCIA-PARIS, M., M. ALCOBENDAS, D. BUCKLEY, AND D. B. WAKE. 2003. 
Dispersal of viviparity across contact zones in Iberian populations of 
fire salamanders (Salamandra) inferred from discordance of genetic 
and morphological traits. Evolution 57:129-143. 

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

Similarities Between Ovarian and Bidderian 
Oocytes 

In vertebrate embryos, the gonadal primordium is colonized by 
the primordial germ cells and differentiates into either testis or 
ovary. Nonetheless, the anterior portion of the gonadal primordium 
fails to develop into testis in male bufonids resulting in an 
undeveloped ovary known as Bidder's organ. Bidderian oocytes 
grow and undergo vitellogenesis if testes are removed. The authors 
compared oogenesis between Bidder's organ and ovary in Bufo 
marinus by analyzing morphology and differentiated expression 
of the lamina-associated polypeptide 2 (LAP2). Isoforms of LAP2 
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are specific markers of frog germ and somatic cell differentiation. 
Bidderian oocyte growth was studied in male Bufo marinus for 
three months. Oocytes from Bidder's organ and ovary were 
examined with sodium dodecylsulfate polacrylamide gel 
electrophoresis and immunoblotting. Based on the Xenopus laevis 
staging of oogenesis, the authors classified B. marinus oogenesis 
into six stages. After orchidectomy, Bidder's organ became larger 
and more vascularized, and oocytes advanced to stages 2-3 of 
oogenesis. In addition, molecular similarities between ovarian and 
Bidderian oocytes were found. LAP2w, one of the isoforms of 
LAP2, was similarly upregulated in ovary and Bidder's organ. 
Moreover, large oocytes of both organs expressed LAP2w as the 
major isoform. 

BROWN, F., E. M. DEL PINO, AND G. KROHNE. 2002. Bidder's organ in the 
toad Bufo marinus: effects of orchidectomy on the morphology and 
expression of lamina-associated polypeptide 2. Development, Growth, 
and Differentiation 44:527-535. 

Correspondence to: Eugenia del Pino, Departamento de Ciencias 
Biologicas, Pontificia Universidad Catolica del Ecuador, Avenida 12 de 
Octubre y Patria, Apartado 17-01-2184, Quito, Ecuador; e-mail: 
edelpino@puce.edu.ec.  

Evolution of Viviparity in Montane Reptiles 

Transition from oviparity to viviparity in squamate reptiles offers 
an ideal model system to explore adaptationist hypotheses. The 
primary stimulus for the evolution of viviparity seems to be the 
invasion of cold climates. The strong correlation between viviparity 
and cold climates suggests that the selective force for viviparity 
involves incubation temperature. In an attempt to test the "cold-
climate" hypothesis for the evolution of reptilian viviparity, the 
author performed laboratory and field experiments with the 
oviparous Australian three-lined skink Bassiana duperreyi. The 
effects of low-temperature incubation and brief retention at higher 
temperatures (to stimulate uterine retention) were investigated. 
Eggs incubated at higher temperatures completed development 
sooner, and "uterine retention" accelerated hatching to a greater 
degree in eggs that were then transferred to lower rather than higher 
incubation temperatures. The same pattern was observed for 
survival rate, running speed, and snout-vent length at one week; 
the latter was the only trait not affected by "uterine retention." In 
addition, incubation periods were longer in higher-elevation nests 
and in eggs that were not kept initially at uterine temperatures. 
These results support several predictions of the "cold-climate" 
hypothesis; however, other putative selective forces involved in 
the transition from oviparity to viviparity in reptiles need to be 
tested. 

SHINE, R. 2002. Reconstructing an adaptationist scenario: what selective 
forces favor the evolution of viviparity in montane reptiles? American 
Naturalist 160:582-593. 

Correspondence to: Richard Shine, School of Biological Sciences, 
Building A08, University of Sydney, Sydney, New South Wales 2006, 
Australia; e-mail: rics@bio.usyd.edu.au.  

Assessing the Conservation Status of Amphibian 
Assemblages 

Amphibian global decline should be analyzed with quantitative 
data gathered through long time scales. Unfortunately, these data 
are usually scarce, which makes long-term population analyses 
difficult. The authors compared present and past densities and 
distribution ranges to evaluate the conservation status of amphibian 
populations from the Pefialara Natural Park in Spain. The study 
area is located between 1800-2430 m and contains an amphibian 
community of nine breeding species including Salamandra 
salamandra, Bufo calamita, and Alytes obstetricans. Larval density 
and distribution data of all species were obtained from 73 ponds 
during two time periods, 1982-1986 and 1999. A chi-square 
analysis was used to compare the observed ratio of extinctions to 
colonizations to an expected ratio of 1:1. Presence of a species in 
a pond was recorded only if there was evidence of reproduction of 
that species. The authors found no variation in species composition 
of the amphibian community in the park; however, a significant 
decrease in species per pond was observed. Larval densities of A. 
obstetricans and B. calamita decreased significantly; chytrid 
infection was detected in both species. In contrast, tadpole density 
of Rana perezi increased. Larval density also increased in ponds 
at high elevations, and decreased more in temporal than in 
permanent ponds. These results suggest that a decrease in number 
of species does not necessarily indicate a regional decline, and the 
actual general trend of a community might be obscured by 
expansions and declines occurring simultaneously. This is one of 
the few studies that report quantitative data on amphibian 
population decline at the community level. 

MARTINEZ-SOLANO, I., J. BOSCH, AND M. GARCIA-PARIS. 2003. Demographic 
trends and community stability in a montane amphibian assemblage. 
Conservation Biology 17:238-244. 

Correspondence to: Ifiigo Martinez-Solano, Museo Nacional de Ciencias 
Naturales, Consejo Superior de Investigaciones Cientificas Jose Gutierrez 
Abascal 2,28006 Madrid, Spain; e-mail: mcnim548@mncn.csic.es.  

Skeletal Development of the Spiny Softshell Turtle 

Turtles have skeletal features that are very different from other 
tetrapods. Nonetheless, ontogenetic studies of their osteology are 
rare. Upon examination of 48 specimens, the author described in 
detail the osteology and skeletal development of the spiny softshell 
turtle Apalone spinifera and compared his results with published 
data of other turtles, as well as other reptilian taxa. Embryos were 
collected as eggs from a commercial turtle farm and incubated in 
the laboratory. Eggs were sampled at 3-4 day intervals, and 
developmental stages of embryos were determined with external 
morphological criteria. Data were obtained from skeletons and 
cleared and stained specimens. The author compared the 
chondrocranium of the spiny softshell turtle with chondrocrania 
of Emys orbicularis and Caretta caretta. In addition, differences 
and similarities in sequence and patterns of ossification between 
A. spinifera and Chelydra serpentina were described. For example, 
patterns of chondrification in the fore- and hindlimb of A. spinifera 
are similar to those of C. serpentina, but patterns of ossification in 
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both appendages are different. Finally, the author compared the 
ossification pattern in both species of turtles with those of Lacerta 
and Alligator. For instance, the first elements of the 
dermatocranium that ossify in Apalone and Chelydra are 
components of the skull table, whereas in Lacerta and Alligator 
palatal elements ossify first. These data have potential to provide 
phylogenetically informative characters. 

SHELL, C. A. 2003. Osteology and skeletal development of Apalone 
spinifera (Reptilia: Testudines: Trionychidae). Journal of Morphology 
256:42-78. 

Correspondence to: Christopher A. Sheil, Division of Herpetology, Natural 
History Museum & Biodiversity Research Center, 1345 Jayhawk Blvd., 
Dyche Hall, The University of Kansas, Lawrence, Kansas 66045-7561, 
USA; e-mail: csheil@ku.edu.  

Aggregation Behavior of Tadpoles of 
Phrynomantis microps 

Severe climatic conditions, clumped food sources, mating 
advantages, and predation risk can lead to aggregation behaviors 
in many animal species. The author studied aggregation of tadpoles 
of Phrynomantis microps in the Comod National Park, Ivory Coast. 
Water clarity and depth were estimated for each pond; tadpole 
size and age were also recorded. In addition, the standardized 
Morisita index was used to analyze dispersion of larvae with data 
from photographs. The author found that tadpoles form swarms 
during the day and are randomly distributed at night. Group size 
was significantly correlated with water clarity, water level, and 
age and size of tadpoles. However, water clarity explained most 
of the variability in aggregation size, which supports the idea that 
the selective force inducing aggregation behavior in P microps 
larvae stems from visually hunting predators. 

SPIELER, M. 2003. Risk of predation affects aggregation size: a study with 
tadpoles of Phrynomantis microps (Anura: Microhylidae). Animal 
Behaviour 65:179-184. 

Correspondence to: Marko Spieler, Museum of Natural History, Humboldt-
University, Invalidenstr. 43, 10115 Berlin, Germany; e-mail: 
marko.spieler@museum.hu-berlin.de.  

Estimating Maturity in Fossil Squamates 

Accurate estimates of relative maturity in fossil vertebrates is 
critical for determining whether a series of specimens represents 
an ontogenetic series of one species or individuals of different 
species. Although body size is a potential indicator of maturity, it 
is not necessarily accurate and has sometimes led to mistaken 
observations. Terminal fusions between skeletal elements can be 
used as a size-independent criterion to estimate specimen maturity. 
The author examined the relationship between terminal fusions 
and sexual and skeletal maturity upon study of postnatal skeletal 
development of 21 extant species of lizards. Fusions were 
considered to be correlated with sexual maturity if their completion 
fell within 10% of average size at sexual maturity. Percentage of 
maximum size at which terminal fusions occurred was used to 
denote the relationship between fusions and skeletal maturity. The  

author found that terminal fusions were not reliable indicators of 
sexual maturity in all species examined. However, some fusions 
were good indicators in particular crown squamate clades. For 
example, the onset of fusion of the prootic and otoccipital ventrally 
correlated with sexual maturity in teiioids. More studies of the 
timing of terminal fusions in extant taxa are needed before we can 
use fusions as indicators of maturity in fossil squamates. 

MAISANO, J. A. 2002. Terminal fusions of skeletal elements as indicators 
of maturity in squamates. Journal of Vertebrate Paleontology 22:268-
275. 

Correspondence to: Jessica A. Maisano, Department of Geological 
Sciences, The University of Texas, Austin, Texas 78712, USA; e-mail: 
maisano@mail.utexas.edu.  

Effects of Climatic Change on Speciation of 
Palearctic Brown Frogs 

Climatic changes since the Pliocene have allowed repeated 
events of allopatric speciation that resulted in present day species 
communities of the Northern hemisphere. With 20 species, Rana 
(water frogs and brown frogs) is the most specious genus among 
Western Palearctic amphibians and represents an ideal taxon for 
testing vicariance hypotheses. In this study, the authors tested the 
hypothesis that recent climatic oscillations were responsible for 
radiation of Western Palearctic brown frogs. They performed 
phylogenetic analyses of all species of brown frogs using 
mitochondrial and nuclear DNA sequence data. Neighbor joining, 
maximum parsimony, maximum likelihood, and Bayesian analysis 
were used as methods of phylogenetic inference. A molecular clock 
was calibrated and used to date speciation events. All phylogenetic 
analyses resulted in the same topology consisting in a basal 
radiation into five lineages. The authors found that the basic 
radiation among brown frogs can be dated to the post-Messinian 
(ca. 4 mya). The Rana temporaria species group split into five 
lineages 3.0 mya, the Anatolian lineage radiated around 2.4 mya, 
and R. temporaria split into two lineages about 1.0 mya. These 
estimates of major speciation times are congruent with post-
Messinian climatic fluctuations, which suggests that radiation of 
Western Palearctic brown frogs was triggered by the onset of 
glaciers with cycles of repeated cold and warm periods. 

VEITH, M., J. KOSUCH, AND M. VENCES. 2003. Climatic oscillations triggered 
post-Messinian speciation of Western Palearctic brown frogs 
(Amphibia, Ranidae). Molecular Phylogenetics and Evolution 26:310-
327. 

Correspondence to: M. Veith, Institut fUr Zoologie, Universitat Mainz, 
Saarstrasse 2 Mainz D-55099, Germany; e-mail: 
michael@oekologie.biologie.uni-mainz.de.  
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ZOO VIEW 

Sadly, two zoo herpetologists have died prematurely after long struggles 
with medical problems: Sean McKeown and John McLain. Both were 
visionaries, thoroughly committed to conservation and the captive man-
agement of threatened amphibians and reptiles. They will be missed by 
their friends in the zoo community. 

For two decades beginning in 1975, Sean McKeown was the herpeto-
logical curator at the Honolulu Zoo and later at the Chaffee Zoo in Fresno, 
California. McKeown published many papers on geckos, especially day 
geckos of the genus Phelsuma. His 1993 book "The General Care and 
Maintenance of Day Geckos" is the standard guide covering this diverse 
group. 

His first book, published in 1978, was on Hawaii herpetofauna: "Ha-
waiian Reptiles and Amphibians." His second, written 18 years later and 
entitled "Field Guide to the Reptiles and Amphibians in the Hawaiian 
Islands," documented the establishment of alien species: red-eared slid-
ers, Jackson's chameleon, and Madagascar day geckos. Sean was con-
cerned about the possibility of accidental releases of the brown tree snake 
from Guam into Hawaii and was a member of the "Brown Tree Snake 
Control Group," an active assemblage of conservationists who imple-
mented detection and removal plans. 

Sean was a fervent supporter of the ecosystem approach for managing 
and displaying reptiles and amphibians in zoos. He always felt that herps 
should be exhibited in naturalistic settings. In 1989, he documented the 
first captive breeding of the Madagascar ground boa in North America 
from long-term captive adults. 

Sean loved tortoises and wrote papers on managing and breeding them 
in captivity, such as those on the reproductive biology of the Asian brown 
and Angonoka tortoises at the Honolulu Zoo in 1982. The next year, the 
Zoo received the AZA's Edward H. Bean Award, given annually for the 
most prestigious accomplishment in the captive management and breed-
ing of zoo animals, for Sean's efforts in reproducing the Angonoka tor-
toise. He was a consultant for the Republic of the Seychelles Conserva-
tion Department to assist in developing a captive tortoise colony. Sean 
died on 11 July 2002 after a heart transplant roughly two years earlier and 
is survived by his wife Wendy and two daughters. See Breese (2002. 
Bull. Chicago Herpetol. Soc. 37:152) for an expanded description of his 
importance to zoo herpetology. An obituary also appeared in HR earlier 
this year (see Chun and Beaman 2003. Herpetol. Rev. 34:9-11). 

John McLain had been battling liver cancer for over a year and suc-
cumbed on 7 December 2002. He was past chair of the Snake Advisory 
Group of the American Association of Zoos and Aquariums (AZA) and 
former Curator of Herpetology at the San Antonio Zoo in Texas. John 
began his zoo career as a keeper, and later assistant supervisor at the 
Houston Zoo in the 1980's under curator Hugh Quinn and director John 
Werler. His interest in snakes, especially boas and pythons, was well known 
in the zoo community and he cared for one of the finest collections of 
these ophidians in the world (see McLain. 1982. Notes on boid reproduc-
tion at the Houston Zoological Park, pp. 248-264. Proc. 6th Int. Herpetol. 
Symp. Captive Propagation Husbandry). The Houston Zoo had a mag-
nificent collection of boas and pythons: all three Madagascan boas, 
Angolan dwarf python, Calabar boa, white-lipped python, black-headed 
python, ringed python, Panamanian woodsnake, all of the Pacific boas, 
Argentinian boa, black python, and many insular Caribbean forms. As 
Species Survival Plan (SSP) coordinator for Dumeril's ground boa 
(Acrantophis dumerili), he started one of the first reptile SSPs for the 
AZA. 

John was among the astounding number of zoo herpetologists who 
worked in Houston over the years (the late Joe Laszlo, Tim Jones, John 
Banks, Ardell Mitchell, Bern Tryon, R. Andrew Odum and Karl Peterson), 
and later held curatorial posts. No other zoo can duplicate this placement 
of so many former employees on this administrative level. 

John had a sardonic wit and it was always fun to listen to him assess 
the state of the world with his unique brand of humor. He is survived by 
his wife Judy and daughter Kelsea. 

Don Nichols is a pathologist in the Department of Pathology at the 
National Zoological Park in Washington, DC. He has done research on a 
number of herps: use of methohexital sodium as an anesthetic in two 
species of colubrid snakes, radiation therapy of a malignant 
chromatophoroma in a yellow rat snake, perivertebral mineralization in a 
giant tree frog (Phyllomedusa bicolor), gout in giant day geckoes, infec-
tious diseases of amphibians, neoplasia in snakes, isolation and experi-
mental transmission of a reovirus pathogenic in ratsnakes, and paramyx-
ovirus infection in caiman lizards (Dracaena guianensis). He has assessed 
the health status of cricket frogs (Acris crepitans) and environmental qual-
ity in areas of abundant and reduced populations as well as forms and 
prevalence of intersexuality and effects of environmental contaminants 
on sexuality in this taxon. 

Don has also focused on brown tree snakes (Boiga irregularis) in an 
attempt to develop a biological control on Guam with studies on refer-
ence hematologic and plasma chemistry values, fatal mycotic dermatitis, 
and pathology of experimental ophidian paramyxovirus infection. 

Several years ago, Don described his experiences to me as he tracked 
down the elusive chytrid organism responsible for amphibian mortality 
in wild and captive populations. It is an intriguing herpetological detec-
tive story which would be of interest to any sleuth so I asked him to 
document his experiences in the following article. 

—James B. Murphy, Section Editor 

Herpetological Review, 2003, 34(2), 101-104. 
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Tracking Down the Killer Chytrid of Amphibians 

DONALD K. NICHOLS, DVM DACVP 
Department of Pathology, National Zoological Park 

3001 Connecticut Avenue, NW Washington, DC 20008, USA 
e-mail: nicholsd@nzp.si.edu  

Most species of fungi in the Phylum Chytridiomycota (chytrids) 
are saprophytic decomposers of organic matter. Some are known 
to be parasites of other fungi, plants, or invertebrate animals. Un-
til recently, no chytrids had ever been recognized as pathogens in 
vertebrate animals. However, one chytrid species, 
Batrachochytrium dendrobatidis, has now been shown to cause 
fatal skin disease in frogs and toads. This disease has had devas-
tating impacts on captive collections of amphibians and is believed 
to be a significant factor in the declines of many wild anuran popu-
lations. The following is an account of the role I played in the 
discovery of this novel amphibian pathogen. 

After completing a residency in veterinary pathology at the 
National Zoological Park (NZP) in 1987, I accepted a position as 
a staff pathologist at the National Institutes of Health (NIH) in 
Bethesda, Maryland. My work at NIH mostly involved rodents 
and other standard laboratory animals. However, my primary pro-
fessional interests continued to be the diseases of exotic animals 
and wildlife, especially reptiles and amphibians. Therefore, while 
employed at NIH, I also had a part-time consulting pathology ser-
vice for several zoos and other institutions that housed non-do-
mestic animals. 

It was as a consulting pathologist that I received three dead for-
malin-fixed California Arroyo Toads (Bufo microscaphus 
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l A (top). Photomicrograph of normal skin from a California Ar-
royo Toad (Bufo microscaphus californicus). The epidermis (between 
arrows) is three to four cell layers thick and only the outermost layer is 
keratinized. A circular mucous gland (m) is located in the dennis just 
beneath the epidermis. Magnification is 200x. 1B (bottom). Photomicro-
graph of skin from an affected California Arroyo Toad. The epidermis is 
diffusely thickened, especially the keratinized layers (between arrow-
heads). Within the keratinized layers are numerous variably-sized round 
nucleated organisms. Two mucous glands (m) and one serous gland (S) 
are located beneath the epidermis. Magnification is 120x. 

californicus)  in early November 1991. These animals had been 
part of a captive colony consisting of approximately 120 animals 
kept at the University of California-Santa Barbara. A disease out-
break of unknown cause had already led to the deaths of approxi-
mately 60% of the toads in this colony during the two months 
before the carcasses were sent to me. On histologic examination 
of all major organs from these toads, I discovered that all three 
had a skin disease characterized by moderate to marked thicken-
ing of the epidermis, especially the outer keratinized layers (Figs. 
I A—B). Within these lesions (primarily in the keratinized layers) 
were numerous microscopic single-cell eukaryotic organisms un-
like anything I had ever seen before (Figs. 1 B, 2). Other organs 
from the toads did not contain any significant lesions. Therefore, I 
concluded that the skin disease was responsible for the deaths of 
the toads by interfering with normal skin function, which in am-
phibians includes maintenance of hydration and electrolyte bal- 

ance, thermoregulation, and even respiration to varying extents. I 
also concluded that the microscopic organisms were most likely 
the cause of the skin lesions. 

I then began a quest to determine exactly what those microor-
ganisms were; it would eventually take more than five years to 
satisfy my curiosity. As the first step in this process, I performed a 
thorough search of the published literature and I did not find any 
reports of similar organisms affecting the skin of amphibians or 
any other animal. 

My initial impression from examining standard histology slides 
of the toad skins was that the organisms most closely resembled 
sporozoan-type protozoa. Therefore, I next showed the slides to 
an expert on protozoal parasites, Dr. Chris Gardiner, who was sta-
tioned at the Armed Forces Institute of Pathology (AFIP) located 
in the Walter Reed Army Medical Complex in Washington, DC. 
Following his suggestions, I had additional histology slides pre-
pared and stained with several different "special stains" (e.g., Gram, 
acid-fast, and periodic acid-Schiff). We also examined the organ-
isms using transmission electron microscopy (TEM). After exam-
ining all this material, Dr. Gardiner concluded that the organisms 
definitely were not protozoa; he suggested that they were prob-
ably algae or fungi. 

I then showed the histology slides and photographs from the 
TEM examinations to Dr. Maria Faust. She is an expert on algae 
at the Smithsonian's National Museum of Natural History. Her 
conclusion was that the organisms definitely were not algae, but 
were probably fungi or protozoa. 

At this point, I concluded that the organisms must be some type 
of fungi. However, their morphology and staining characteristics 
in the special stains were unlike any fungal pathogens commonly 
encountered in human or veterinary medicine. To try to determine 
what kind of fungi they were, I next traveled to the National Li-
brary of Medicine located on the NIH campus to consult textbooks 
on the morphology of fungi by TEM. Unfortunately, the samples 
that I had from the arroyo toads had undergone some post-mortem 
decomposition and had been fixed in formalin, which is not an 
ideal fixative solution for TEM. Thus, these samples had many 
artifacts in them that interfered with interpretation. Also unfortu-
nate was the fact that entire arroyo toad colony had died by this 
time, making it impossible to collect fresh samples and fix them 
in a proper TEM fixative. 

The TEM examinations did clearly demonstrate that at one stage 
of development, the organisms consisted of cystic structures con-
taining flagellated spore-like forms (Fig. 3). However, no types of 
fungi had flagellated spores in the TEM textbooks that I consulted; 
much later I realized that the fact that all of these books were 
written in the mid-to-late 1980's was very important (see footnote 
below). 

At this point, I still had no idea what the organisms were; I could 
only say what they were not: fungi, algae, protozoa, animals, plants, 
or bacteria. Because I could not obtain further samples for study, I 
decided to give up trying to identify them for a while. 

In the fall of 1991, I accepted a staff position as Associate Pa-
thologist and returned to NZP. Shortly thereafter, I performed a 
retrospective search of the pathology files at NZP to see if any 
similar organisms had been seen in amphibians from the zoo's 
collection. My search revealed three cases of skin disease in frogs 
associated with organisms that closely resembled those in the ar- 
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FIG. 2. Higher magnification of Fig. 1B demonstrating three forms of 
the organisms in the epidermis at the junction between the non-kerati-
nized and keratinized layers. One form has multiple nuclei separated by 
lacey cytoplasm (solid arrow). Multiple spore-like forms are present in a 
cystic structure; this cyst has a flat papilla (arrowhead) through which the 
spores are released. A clump of discharged spores (open arrow) is also 
present. Magnification is 480x. 

royo toads: a White's Tree Frog (Litoria caerulea) that died in 
1988, an Ornate Horned Frog (Ceratophrys ornata) that died in 
January 1990, and another L. caerulea that died in September 1990. 
I then retrieved archived tissue samples from these cases and had 
the same special stains done on them as were done before; results 
were the same as with the arroyo toad samples. The results of 
TEM were also similar to before, including the artifacts that pre-
vented definitive identification of the organisms. 

Because this disease had occurred in NZP collection animals on 
at least three separate occasions, I reasoned that it might occur 
again. Over the next several years, whenever an amphibian was 
presented for necropsy, I instructed the pathology residents to col-
lect numerous samples of skin for histologic examination. If I was 
asked why, my reply was "Because I am looking for something 
and I don't really know what it is." 

By the spring of 1996, I had just about given up on finding the 
organisms again. Therefore, I decided that I would present the 
information that I had on this new amphibian disease at the annual 
conference of the American Association of Zoo Veterinarians 
(AAZV) that year. While preparing my abstract for the meeting, I 
stumbled across a textbook titled Handbook of Protoctista 
(Margulis et al. 1990). This 900+ page book contains detailed de-
scriptions (including photographs of morphology by TEM) for each 
group of organisms in the Kingdom Protoctista (aka Kingdom 
Protista). 

In this book were several phyla of aquatic organisms that pro-
duce flagellated spores and were originally classified as fungi; 
these so-called "zoosporic fungi" consisted of the Phyla 
Chytridiomycota, Hyphochytridiomycota, Oomycota, 
Labyrinthulomycota, and Plasmodiophoromycota. The morphol-
ogy of the amphibian pathogens resembled those of these 
"zoosporic fungi" closely enough that I felt confident in calling 
them "aquatic fungal-like protists" in the paper that I presented at 
the 1996 AAZV meeting (Nichols et al. 1996). However, the arti- 

facts in the TEM material from the organisms still prevented de-
termination of which "zoosporic fungi" they were. 

The event that finally allowed me to determine exactly what 
these organisms are came in the Fall of 1996. In September that 
year, an outbreak of the skin disease began in the NZP collection 
animals. Over the next several months, this outbreak resulted in 
the deaths of 24 juvenile Blue Poison Dart Frogs (Dendrobates 
azureus), 4 Green-and-Black Poison Dart Frogs (D. auratus), 3 
White's Tree Frogs, and 1 Ornate Horned Frog. Once we realized 
that there was an ongoing outbreak, we were able to collect skin 
samples from freshly dead frogs and place them in a proper fixa-
tive solution for TEM. Morphology of these organisms by TEM 
closely resembled those in the Phylum Chytridiomycota. 

Dr. Allan Pessier, our pathology resident at the time, then ran an 
Internet search and found the webpage of one of the few chytrid 
experts in the world, Dr. Joyce Longcore at the University of Maine. 
We sent her photographs of our TEM findings and she confirmed 
that the morphology of the organisms was consistent with a chytrid 
species (Pessier et al. 1999). We then sent her fresh skin samples 
from an affected Dendrobates azureus and she was able to isolate 
the organisms into culture. She also isolated the identical organ-
ism from an infected D. auratus, and later from a Litoria caerulea. 
Subsequent studies of the organisms by Longcore confirmed that 
not only was this a new chytrid species but it represented a novel 
genus as well. We eventually named this organism 
Batrachochytrium dendrobatidis, which has its roots in Greek and 
translates roughly as "frog chytrid of dendrobatids" (Longcore et 
al. 1999). 

While Allan, Joyce, and I were characterizing this organism and 
the disease it causes, I received word in 1997 that other groups 
had seen something very similar associated with marked declines 
in wild populations of anurans in Australia and Central America. 
Drs. Rick Speare, Alex Hyatt, and Lee Berger headed the group in 
Australia and the group working on the disease in Central America 
consisted of Drs. Karen Lips, Peter Daszak, Andrew Cunningham, 

FIG. 3. Transmission electron photomicrograph of the epidermis from 
an affected California Arroyo Toad. Within one epidermal cell, there is a 
thick-walled cyst-like structure with an undulating interior border. Three 
round spores are present within the cyst (the cell membranes of two of 
these spores overlap). Flagella (arrows) are present, indicating that the 
spore stages of the organisms are aquatic. Magnification is 27,308x. 
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and David E. Green. My correspondence with these groups re-
vealed that they were indeed seeing an identical disease and this 
was associated with organisms that appeared to be very similar to 
the chytrids we were studying. Although these groups had not been 
able to culture the organisms, they had concluded that the organ-
isms were chytrids through the use of TEM and molecular genet-
ics (Berger et al. 1998). Suddenly the interesting disease that I had 
been seeing in captive amphibians had taken on much more im-
portance! 

Cutaneous chytridiomycosis appears to be an emergent fatal 
disease of both captive and wild amphibians. Many now consider 
it to be one of the leading causes for the global declines of wild 
amphibian populations (Berger et al. 1998; Bosch et al. 2001; 
Daszak et al. 1999; Lips 1999; Ron and Merino 2000). Within the 
last six years, this disease has been recognized as the cause of 
death of captive and/or wild amphibians in Australia, New Zealand, 
North America, Central America, South America, Africa, and Eu-
rope (Speare and Berger 2002). The reasons for the apparent sud-
den appearance of this disease in so many areas of the world re-
main subjects for conjecture and ongoing research. 

Joyce Longcore has more than 70 isolates of chytrids from vari-
ous outbreaks of amphibian chytridiomycosis and from multiple 
amphibian species. So far, all of these have been Batrachochytrium 
dendrobatidis, indicating that this single chytrid species is respon-
sible for causing the disease worldwide. Molecular studies are 
underway to determine how much genetic drift has occurred among 
the different isolates in an effort to establish when the organisms 
might have been dispersed and their geographical origin. Other 
researchers are looking at preserved amphibian specimens in mu-
seum archives to determine when chytrids first appeared in vari-
ous amphibian populations. Efforts to develop sensitive tests for 
detecting chytrid infections in amphibians are also underway. 

Early reports that cutaneous chytrid infections were fatal to 
amphibians and were a cause for declines in wild populations were 
met with some skepticism. In response to this, we conducted sev-
eral experiments in our lab at NZP to prove the pathogenicity of 
the chytrids. We have consistently been able to infect recently 
metamorphosed dendrobatid frogs of three different species and 
these infections have resulted in 100% mortality (Nichols et al. 
2001; Nichols and Lamirande, unpubl. data). 

In other studies, we have shown that dendrobatid tadpoles can 
be infected and remain asymptomatic for as long as 87 days, but 
then 100% of them die at the last stages of metamorphosis or shortly 
thereafter (Lamirande and Nichols 2002). We have also devel-
oped treatment protocols that can be used to cure chytrid infec-
tions in captive frogs (Nichols and Lamirande 2000) and tadpoles 
(Nichols and Lamirande, unpubl. data). 

Much remains to be discovered about Batrachochytrium 
dendrobatidis and the factors that influence the development of 
chytridiomycosis in amphibians. Other chytrid-related research that 
I hope to be able to conduct someday includes looking at the ef-
fects of temperature on the disease, determining how long the 
chytrids can survive in environments without the presence of am-
phibian hosts, and determining exactly what causes chytrid-in-
fected amphibians to die. 

Footnote.—Organisms in the Phylum Chytridiomycota were originally 
classified as unique types of fungi. In the early 1980s, taxonomists agreed 
that these organisms, along with the other phyla of "zoosporic fungi"  

should be removed from the Kingdom Fungi and placed in the Kingdom 
Protista. Molecular DNA studies conducted in the late 1980s and early 
1990s resulted in the Phylum Chytridiomycota being placed once again 
in with the fungi. The other phyla of "zoosporic fungi" remain classified 
as organisms other than fungi. 

In 1991-92, when I was looking for information on fungal morphol-
ogy by TEM, I consulted textbooks published in the mid-to-late 1980s. 
Chytrids were not included because they were not considered to be fungi 
at the time the books were written. Ironically, if I had used older "out-of-
date" texts on fungi, chytrids would have been included, and thus I might 
have saved myself five years of frustration in trying to identify the organ-
isms. 
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The name Cnemidophorus lemniscatus nigricolor had been ap-
plied to the black race runner of numerous Caribbean islands (Burt 
1931) for nearly 60 years when Sites et al. (1990) and Vyas et al. 
(1990), without explanation, used the original combination C. 
nigricolor Peters, 1873 for this taxon in their genetic study of the 
hybrid origin of two parthenogenetic members of the C. 
lemniscatus complex. Subsequently, Wright (1993) and Paulissen 
and Walker (1994) also used the name C. nigricolor for lizards 
from islands included in the range of this form by Burt (1931); 
however, they did not specifically discuss issues relating to the 
status of the taxon. 

Our major objective is to recommend formally that the name C. 
nigricolor, based on four cotypes from "Insel Gruppe Los Rocques, 
im Norden von La Guayra, Venezuela" (from Peters 1873, in Burt 
1931), be applied to a species comprising all insular populations 
subsequently found to be diagnosed by the characters summarized 
herein. To facilitate the evaluation of other insular populations for 
possible allocation to C. nigricolor, we present a modern diagno-
sis, description, and analysis of variation based on a large sample 
of this species from Grand Roque, the largest island in Los Rogues 
Archipelago. We also supplement Paulissen and Walker's (1994) 
observations on the natural history of the species. 

Los Rogues Archipelago National Park comprises over 50 is-
lands and 200 keys situated above coral reefs around a central 
lagoon located between 11°42'-12°04'N and 66°30'-67°00'W in 
the Caribbean Sea (ca. 166 km north of La Guaira on the central 
coast of Venezuela). Annual climatic means for the archipelago 
are 28.9°C temperature, 84% humidity, and 271 mm of precipita-
tion. Selected characteristics of islands and keys in the archipelago 
from which we report C. nigricolor are included in Table 1. 

The dorsal pattern in C. nigricolor consists of linear series of 
spots apparently derived from the four pairs of primary stripes (= 
ventrolaterals, laterals, dorsolaterals, and paravertebrals) and 2-3 
secondary stripes (= middorsals) between the paravertebrals char-
acteristic of certain mainland South American populations of C. 
lemniscatus. Color pattern descriptions were facilitated by five 
color photographs of C. nigricolor in situ taken by one of us (DDR) 
in Los Rogues Archipelago. 

We used counts of 11 meristic characters and one ratio for 45 
specimens of C. nigricolor from Grand Roque Island and 71 speci-
mens of C. lemniscatus from two sites in Suriname. All lizards 
examined bear University of Colorado Museum (UCM) numbers. 
Characters examined, including some used in studies of 
Cnemidophorus by Duellman and Wellman (1960), Duellman and 
Zweifel (1962), Walker (1981), and those considered for the first 
time in this study, are granules (scales) around midbody (GAB), 
granules from occiput to rump (OR), ratio x 100 of the granules 
around midbody to the granules from occiput to rump (GAB/OR), 
femoral pores combined (FP), subdigital lamellae of longest toe 
of left pes (SDL), right and left supraocular scales combined (SO), 
circumorbital scales combined (COS), lateral supraocular gran-
ules combined (LSG), parietal scales (PS), mesoptychial scales 
(posterior most transverse row of enlarged scales of the 
mesoptychium) (MS), scale rows anterior to the edge of the poste-
rior gular fold (Burt 1931) (SAG), and scales bordering the outer 
edges of the parietal scales between the circumorbital series on 
each side (SBP). 

Individuals of C. lemniscatus and C. nigricolor were measured 
to the nearest mm in snout—vent length (SVL). Clutch size for 
each gravid female of C. nigricolor was based on counts of either 
vitellogenic follicles >3 nun in diameter or oviductal eggs. Means, 
standard errors, and Duncan's Multiple Range Tests for statistical 
significance (P = 0.05) were processed using SAS software ad-
ministered by the University of Arkansas Computing Services. 

Diagnostically, C. nigricolor differs from C. lemniscatus as char-
acterized by Cole and Dessauer (1993) in having gray dorsal and 
ventral surfaces and longitudinally arranged gray-white dorsal spots 
in hatchlings and juveniles, mostly black dorsal and ventral sur-
faces in adults, granular postantebrachial scales on the posterior 
surface of each forearm, small scales at the edge of the gular fold, 
circumorbital scale series usually ending posterior to the midpoints 
of the third supraocular scales, eight rows of ventral scales, a 
pointed scale (= anal spur) on each side of the cloaca in males, 
five parietal scales, moderately high mean numbers of granules 
around midbody (103.0 ± 0.69) and granules from occiput to rump 
(221.7 ± 1.29), unusually high mean number of femoral pores (54.1 
± 0.40), and maximum body length of 101 mm. 

TABLE 1. Selected characteristics of the parts of Los Rogues Archipelago, Venezuela, known to be inhabited by Cnemidophorus nigricolor. 

Island or Key Area of Island Part of Archipelago Permanent Settlements? 

Grand Roque 4.0 x 0.8 km NE of Lagoon Yes - Villages 
Francisqui Tiny by comparison NE of Lagoon No (only visitors) 
Crasqui Tiny by comparison NE of Lagoon No (only visitors) 
Noronquises Cluster of tiny keys NE of Lagoon No (only visitors) 
Cayo Sal Sand spit ± 30 m wide S of Lagoon No (only visitors) 

Source 

T. Maslin; Burt (1931); this study 
this study 
this study 
this study 
this study 

Herpetological Review 34(2), 2003 	 105 



A B 

Flo. 1. Color pattern variation in females (A, UCM 45324, SVL 47 mm; B, UCM 45331, SVL 55 mm; C, UCM 45304, SVL 57 mm) and males (D, 
H, UCM 45300, SVL 91 mm; E, UCM 45315 SVL 84 mm; F, UCM 45294, SVL 101 mm; G, UCM 45336, SVL 86 mm; I, UCM 45314 SVL 90 mm) 
of Cnemidophorus nigricolor from Grand Roque Island, Venezuela. 

Descriptively, in C. nigricolor small mesoptychial scales pre-
cede the most posterior row of enlarged scales on the gular fold 
(2-5 rows in 19 females and 2-6 rows in 26 males); the supraocular 
scales seldom vary from 4-4 (44 of 45 specimens), there are usu-
ally five parietal scales on the dorsal surface of the head (13 of 19 
females and 23 of 26 males), and the circumorbital scale series 
medial to the supraocular scales are short (to middle of fourth 
supraoculars in 10 of 19 females and 21 of 26 males). Compared  

with C. lemniscatus and its derivatives (Cole and Dessauer 1993; 
Markezich et al. 1997) the species has equivalent, somewhat higher, 
or somewhat lower means and ranges of variation for the meristic 
variables GAB, OR, FP, SDL, SO, COS, LSG, PS, MS, SAG, and 
SBP and the GAB/OR ratio (Table 2). 

Hatchlings and juveniles of C. nigricolor have medium (Fig. 
1A) to dark gray or pewter (Fig. 1B, C) dorsal and ventral sur-
faces, numerous small white spots on the hind limbs (Fig. 1A—C), 
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TABLE 2. Data reductions for a sample of Cnemidophorus nigricolor from Grand Roque Island, Venezuela, and two 
samples of C. lemniscatus from Suriname. Numbers are means ± SE, followed by ranges, with sample size in parenthe-
ses (abbreviations for characters are given in the text). 

Character nigricolor Grand Roque lemniscatus Baboensanti lemniscatus Bigi Poika 

GAB 103.0 ± 0.69 117.8± 1.29 108.4 ± 0.79 
92-111 (45) 106-129(30) 100-120(31) 

OR 221.7± 1.29 245.5 ± 1.88 234.3 ± 1.30 
202-246 (45) 225-273 (30) 218-248 (30) 

GAB/OR 46.5 ± 0.35 48.0 ± 0.58 46.1 ± 0.40 
41.8-52.6 (45) 42.8-53.1 (30) 43.0-50.2 (30) 

FP 54.1 ± 0.40 45.7 ± 0.40 46.0 ± 0.37 
47-61 (45) 41-50 (30) 42-49 (31) 

SDL 35.2 ± 0.23 33.5 ± 0.28 33.3 ± 0.25 
32-39 (45) 30-37 (29) 30-35 (30) 

COS 7.7 ± 0.21 12.3 ± 0.23 12.1 ± 0.33 
6-13 (45) 10-15 (30) 8-15 (30) 

LSG 17.9 ± 0.36 25.3 ± 1.07 22.9 ± 0.74 
14-25 (45) 16-37 (30) 16-31(30) 

SO 8.0 ± 0.02 8.3 ± 0.13 10.1 ± 0.30 
8-9 (45) 8-11 (30) 7-14 (31) 

PS 5.3 ± 0.09 5.1 ± 0.06 4.9 ± 0.05 
5-8 (45) 5-6 (30) 4-5 (20) 

MS 17.2 ± 0.23 14.8 ± 0.35 14.6 ± 0.20 
14-20 (45) 11-19 (35) 13-17 (36) 

SAG 3.8 ± 0.13 4.1 ± 0.24 4.2 ± 0.20 
2-6 (45) 2-7 (34) 2-6 (34) 

SBP 15.0 ± 0.21 15.3 ± 1.03 16.5± 1.09 
12-18 (45) 7-22 (33) 8-26 (32) 

and longitudinal series of white spots and/or middorsal stripes or 
their fragments (Fig. 1A-C). Both sexes develop melanistic dor-
sal and ventral colorations except for the dark gray to brown areas 
of the middorsal region, dorsal surface of tail, and scales around 
the femoral pores (Fig. 1F, G, I). Black to dark brown pigment 
initially develops on the sides of the body (in a "peppered" distri-
bution in females; Fig. 1 D, E) and ventral surfaces (Fig. 1 H). Faint 
evidence of the middorsal stripes might persist even in the largest 
adult males. 

Among 19 females of C. nigricolor (SVL 47-77 mm) from 
Grand Roque Island are 11 individuals of SVL 47-76 mm that 
retain either a pattern similar to that of juveniles or have only slight 
evidence of ontogenesis. Also present are eight females of SVL 
67-77 mm that show 60-75% completion of pattern development 
(based on the final pattern attained by males). Pattern ontogenesis 
is initiated in most females at SVL 67-69 mm; however, there 
were too few large adult females in the UCM sample to determine 
whether they develop the same color pattern as large males (Fig. 
1F, G, I). 

Among 26 males of C. nigricolor (SVL 38-101 mm) from Grand 
Roque are eight individuals between SVL 38-67 mm that had ei-
ther retained their juvenile pattern or undergone very little pattern 
ontogenesis. The largest male with delayed pattern development 
and a gray rather than black dorsal coloration is UCM 45300 (SVL 
91 mm; Fig. 1D); two additional adult males of SVLs 76 mm (UCM 
45322) and 84 mm (UCM 45315; Fig. 1E) are similarly patterned. 
The other 14 males in the sample between SVLs 76-101 mm ex- 

hibit complete to nearly complete color pattern ontogenesis. 
Nine gravid females in the UCM sample of C. nigricolor from 

Grand Roque Island collected on 3 July 1971 have a mean SVL of 
70.6 ± 2.07 mm, mean clutch size of 1.3 ± 0.16 eggs, and clutches 
of one egg in females of SVL 57, 68, 69, 69, 74, and 77 mm and 
two eggs in females of SVL 69, 76, and 76 mm. The presumed 
missing age class of large females of C. nigricolor that would 
have been included in the SVL 80-101 mm range of 46% of the 
males in the UCM sample most likely reflects collecting bias. The 
size of the smallest gravid female with one egg of >10 mm in 
diameter (UCM 45304; SVL 57 mm) indicates that C. nigricolor 
is similar to the recently described derivative of C. lemniscatus, 
namely C. arenivagus of the Peninsula de Paraguana, Venezuela 
(Markezich et al. 1997), that is early-maturing and likely mul-
tiple-brooded in its tropical habitat. Most rainfall in Los Rogues 
Archipelago occurs between September and January; however, the 
presence of gravid females in the UCM July sample of C. nigricolor 
indicates that reproduction is not limited to the wet season. 

Cnemidophorus nigricolor is an ubiquitous species in sandy 
beach strands frequented by tourists on Grand Roque Island and 
the much smaller land masses Francisqui, Crasqui, Noronquises, 
and Cayo Sal (Table 1). On Francisqui, Noronquises, and Cayo 
Sal this species responded to the presence of humans by emerging 
from nearby sea purslane or red mangrove vegetation to vie for 
handouts. Lizards would often approach to within a few inches 
from a person to eat bits of apple and lettuce; however, C. nigricolor 
showed an aversion to tomato and bread (this study). Literature 
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for tourists published in Venezuela, using the names "black liz-
ard" and C. lemniscatus, indicated that C. nigricolor feeds on booby 
eggs (not confirmed in this study) and cactus flowers and fruits. 
These anecdotes and the observations of DDR supplement 
Paulissen and Walker's (1994) report that C. nigricolor eats some 
plant material, as do certain mainland populations of C. lemniscatus 
studied by Vitt et al. (1997). 

Except for Grand Roque, all island populations of C. nigricolor 
in Los Rogues Archipelago are herein reported for the first time 
(Table 1). This species should be expected through much of the 
archipelago on islands with suitable habitat. Insular populations 
also currently allocated to C. nigricolor are found on the Venezu-
elan islands Las Ayes (Burt 1931), Orchila (Peters and Donoso-
Barros 1970), and Blanquilla (Burt 1931; Sites et al. 1990). 
Margarita Island, 288 km east of Grand Roque, was listed in the 
range of the species by Burt (1931); however, this population was 
allocated to C. lemniscatus by Peters and Donoso-Barros (1970). 
With our formal taxonomic recommendation for C. nigricolor, since 
1987 C. lemniscatus has been partitioned into two parthenoge-
netic (Cole and Dessauer 1993) and four gonochoristic species 
(McCrystal and Dixon 1987; Markezich et al. 1997; Sites et al. 
1990; this study). Cnemidophorus nigricolor, as known from Los 
Rocques Archipelago, is the most divergent of the sexual forms 
related to C. lemniscatus in color pattern, though not in body size, 
reproductive characteristics, and scutellation. The transition from 
the striped pattern of C. lemniscatus to the melanistic coloration 
of C. nigricolor might represent an adaptation for island life. There 
are also numerous melanistic insular populations of 
Cnemidophorus in the tigris species group in the Gulf of Califor-
nia (Walker and Maslin 1969, 1981; Walker 1983); however, none 
of those forms undergo such marked changes from gray juvenile 
to black adult as C. nigricolor. Substrate matching might explain 
the basis of the gray coloration in juveniles of C. nigricolor that 
prefer open sandy areas along beach strands. Cryptic coloration 
might account for the advantage conferred by black coloration in 
adults. Photographs of melanistic individuals of C. nigricolor tak-
ing refuge in the dark shadows cast by low-growing vegetation 
suggest crypsis. 

Additional data are needed to assess the relationship of C. 
nigricolor to other insular taxa (e.g., C. arubensis and C. murinus) 
in the Caribbean Sea (Sites et al. 1990). Also, whether all insular 
populations presently allocated to C. nigricolor outside of Los 
Rogues Archipelago are conspecific is open to question given their 
geographic positions and the tendency of islands and banks in the 
Caribbean Sea to support endemic species of lizards (Williams 
1969). Burt (1931) found considerable inter-island variation in 
color pattern among the specimens he examined from populations 
allocated to this species. Moreover, the specific status of the 
Margarita Island Cnemidophorus population is in immediate need 
of study because of its wide separation from Los Rogues Archi-
pelago and controversial taxonomic status (Peters and Donoso-
Barros 1970). 
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APPENDIX I 
Specimens Examined 

Cnemidophorus nigricolor. Grand Roque Island (females, N = 19; UCM 
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45295, 45301, 45303, 45304, 45311, 45312, 45317, 45319, 45321, 45323, 
45324, 45326-45328, 45330-45332, 45335, 45337; males, N = 26; UCM 
45293, 45294, 45296-45300, 45302, 45305-45310, 45313-45316, 45318, 
45320, 45322, 45325, 45329, 45333, 45334, 45336). 

Cnemidophorus lemniscatus: Suriname: Baboensanti (females, N = 15; 
UCM 53491-53494, 53496, 53497, 53499, 53500, 53525, 53527, 53530, 
53566, 53568, 53571, 53573; males, N = 20; UCM 53487-53490, 53508-
53512, 53524, 53528, 53529, 53557-53563, 53578) and Bigi Poika (fe-
males, N = 15; UCM 52836, 54020, 54034, 54036-54038, 54040-54043, 
54051- 54054, 54056; males, N = 21; UCM 54021, 54023-54032, 54044, 
54046, 54048-54050, 54055, 54057, 54068, 54069, 54073). 

APPENDIX II 
Comparison of meristic data for males and females of 

Cnemidophorus nigricolor 

Meristic data [mean ± SE (range)] for 19 females followed by data for 
26 males are: GAB, 101.7 ± 1.11 (92-111) and 104.0 ± 0.85 (93-111); 
OR, 225.4 ± 2.15 (202-246) and 219.0 ± 1.40 (207-235); GAB/OR x 
100, 45.1 ± 0.38 (42.2-47.9) and 47.5 ± 0.45 (41.8-52.6); FP, 54.1 ± 0.70 
(49-61) and 54.1 ± 0.46 (47-58); SDL, 35.3 ± 0.39 (32-39) and 35.2 ± 
0.28 (32-38); COS, 8.2 ± 0.38 (6-13) and 7.3 ± 0.21 (6-9); LSG, 18.0 ± 
0.60 (14-25) and 17.9 ± 0.46 (14-24); SO, 8.1 ± 0.05 (8-9) and 8.0 ± 
0.00 (8); PS; 5.3 ± 0.11 (5-6) and 5.2 ± 0.14 (5-8); MS, 16.9 ± 0.30 (14-
19) and 17.3 ± 0.33 (15-20); SAG, 3.8 ± 0.16 (2-5) and 3.7 ± 0.20 (2-6); 
and SBP, 15.3 ± 0.28 (13-18) and 14.8 ± 0.30 (12-17). 
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Distinguishing between male and female individuals of a spe-
cies is very important for field studies of reptiles because sex-
related differences in ecology, life history and general natural his-
tory might exist. Therefore, it is essential that the sex of every 
individual be determined accurately. Several methods exist for dif-
ferentiating between live males and females of species of reptiles. 
Firstly, the presence or absence of hemipenes can be determined 
by either inserting a probe into the cloaca or pressing on the tail of 
an animal to force the hemipenes to evert (Fitch 1960; Gregory 
1983); however, everting the hemipenes might be difficult for some 
species. Secondly, sex might be determined by the presence of 
enlarged follicles in pregnant females or sperm in the cloaca of 
adult males and recently mated females (Fitch 1960). This method 
is obviously restricted to sexing adult, reproductive animals. 
Thirdly, secondary sexual characters can be used, but again this 
technique is limited to adult animals. Fourthly, external, postanal 
scale characters might be used. For instance, male phrynosomatids, 
and at least some other species of lizards formerly considered 
iguanids (sensu lato), possess a pair of enlarged postanal scales 
that can be used to identify easily the sex of a live individual in the  

field (see Smith 1946; Stebbins 1985). The advantage of this scale 
character is that it can be used to identify accurately the sex of any 
individual, regardless of age or reproductive status. 

Pietruszka (1981) suggested that a postanal scale character, the 
presence or absence of a postanal plate, might be used to identify 
the sex of individuals of Cnemidophorus (see Fig. 1 of Pietruszka 
(1981) for a photograph of the postanal plate). Pietruszka (1981) 
examined specimens of 10 Cnemidophorus species (5 bisexual, 5 
unisexual) and found that the postanal plate allowed accurate sex-
ing of 613/614 specimens. Interestingly, this character seems to 
have been known for some time. While reorganizing files of cor-
respondences housed at the University of Colorado Museum of 
the late T. Paul Maslin, I found a letter from T. Rodgers dated 28 
November 1941 with the title "Method of sexing Cnemidophorus 
tesselatus." Rodgers writes: 

"In the males the last row of fine granules is distinctly larger than 
the rest, and the first two or three transverse rows of ventral tail 
scales are very little if any, smaller than the two or three rows poste-
rior to them. Also, in males, the most anterior scale in the second 
longitudinal rows out from the mid-ventral line is conspicuously 
exposed or larger than the second and third scales." 

Despite the description of the postanal plate by Rodgers in the 

TABLE 1. Species and numbers of specimens examined to determine 
the taxonomic breadth of the postanal plate for discrimination between 
males and females. * = data reported by Pietruszka (1981). 

Number Examined 
Taxon Male Female 

Bisexual 
Ameiva festiva 12 11 
Ameiva undulata 6 II 

Cnemidophorus angusticeps 10 II 
C. burti 10 10 
C. communis 9 11 
C. costatus 10 10 
C. deppii 10 10 
C. gularis* 21 6 
C. guttatus 10 10 
C. hyperythrus 10 10 
C. inornatus* 13 12 
C. labialis 11 10 
C. lineatissimus 10 10 
C. maximus 12 9 
C. motaguae 10 12 
C. parvisocius 12 13 
C. sacki 12 10 
C. scalaris* 9 5 
C. sexlineatus* 18 7 
C. tigris* 238 160 

Unisexual 
C. cozumela 20 
C. exsanguis* 25 
C. lemniscatus 20 
C. neomexicanus* 25 
C. sonorae 20 
C. tesselatus* 25 
C. uniparens* 25 
C. velox* 25 
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1941 letter, and formally by Pietruszka (1981), this character is 
not well known in the literature and, further, it is unclear whether 
it is useful for all Cnemidophorus, and possibly teiids in general. 

The objective of this study was to discern further the taxonomic 
breath, particularly among species of Cnemidophorus, of this scale 
character, the postanal plate in males, for sex identification. The 
genus Cnemidophorus consists of approximately 50 species, a third 
of which are unisexual (Maslin and Secoy 1986; Wright 1993, 
1994). Cnemidophorus lizards are a prominent member of the fauna 
of North and South America in terms of both abundance and di-
versity. Accordingly, many studies of their ecology, life history, 
and natural history have been performed (see Wright and Vitt 1993). 
However, such studies have typically only differentiated between 
the characteristics of adult males and females, while lumping the 
data for all juveniles (e.g., Echternacht 1967; Pianka 1970; Vitt 
and Ohmart 1977; but see Fitch 1958). Presumably the sex of live 
juveniles was not determined because the researchers were un-
able to use secondary sexual characters or reproductive traits to 
differentiate between males and females. In this paper I show that 
the scale character described by Pietruszka (1981) accurately iden-
tifies the sex of Cnemidophorus in general and also can be used 
for at least one other genus (Ameiva) of teiids as well. 

I examined preserved males and females of 13 bisexual and three 
unisexual species of Cnemidophorus (Table 1). The species were 
chosen to supplement, but not repeat, the species examined by 
Pietruszka (1981). I also examined museum specimens of two 
species of Ameiva to test whether the postanal plate could be used 
for sex discrimination in another genus within the family Teiidae 
(Table 1). For each museum specimen I first assessed whether the 
postanal plate (see Fig. 1 of Pietruszka 1981) was present or ab-
sent. Next I determined the sex of the individual by making a ven-
tral incision in the abdomen and noting whether follicles or testes 
were present. For some individuals, the presence or absence of 
hemipenes was used to determine sex because either the hemipenes 
were everted or they were already exposed by a prior incision in 
the ventral aspect of the tail. 

The presence or absence of the postanal plate allowed 100% 
discrimination between males and females of the thirteen bisexual 
species of Cnemidophorus included in this study (Table 1). All 
males possessed postanal plates and all females lacked postanal 
plates. Further, individuals of all three unisexual species (Table 1) 
did not have a postanal plate, as expected because the unisexual 
species consist solely of females. Both species of Ameiva (Table 
1) showed the enlarged postanal plate in all the males and none of 
the females examined. 

Pietruszka (1981) found that the postanal plate accurately de-
termined whether an individual Cnemidophorus was male or fe-
male for 613 out of 614 specimens that he examined, representing 
five bisexual and five unisexual species (Table 1). I found that this 
postanal scale character was useful in distinguishing between males 
and females for 332 individuals representing 13 bisexual and three 
unisexual species of Cnemidophorus, and for 40 individuals of 
two species of Ameiva (Table 1). Therefore, the postanal plate has 
been shown to accurately reflect the sex of an individual in roughly 
half of the species of Cnemidophorus, including members of all 
six species groups (Wright 1993). Accordingly, this character pro-
vides a simple method to differentiate between the sexes of live 
Cnemidophorus of all ages. Whether the postanal plate occurs in  

males of all species of Teiidae awaits further study. 
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APPENDIX 

Material examined (museum acronyms follow Leviton et al. 1985)-
Ameiva festiva UCM 22291, 22292, 22294-22311, 22313, 22315, 22316. 
A. undulata UCM 28354-28358, 28360, 28361, 28363, 28364, 30259-
30261, 30263-30265, 30267, 54171. Cnemidophorus angusticeps UCM 
17609, 17614, 17616, 17617, 17620, 17621, 17625, 28461-65, 28467, 
28468, 28471-28473, 28475, 47452, 50768, 50769. C. burti UCM 35403, 
35408, 35411, 35418, 35423, 35425-35427, 35429-35432, 42045, 42049, 
42053-42058. C. communis UCM 22481, 22483, 22485, 22487, 22490. 
22494, 22495, 22499, 22500, 22506-22510, 22512-22514, 22519, 22521, 
22522. C. cozumelus UCM 15400, 15402, 15403, 15408, 15421, 15427, 
15431, 15439, 15449, 15465, 15467, 15474, 15476, 15479, 15481, 15491, 
15493, 15494, 15496, 15499. C. costatus UCM 8580, 8583, 8626-8629, 
8632, 8634-8637, 8640-8644, 8646, 8652, 8657, 8658. C. deppei UCM 
19020, 22558, 22559, 22562, 22563, 22565, 22566, 22570, 22572, 22573, 
22576, 22578-22580, 22582, 22589, 22591, 22592, 22594, 22667. C. 
guttatus UCM 22623, 22628, 22631, 22632, 22637, 22643, 22646-22648, 
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22651-22659, 22662, 22663. C. hyperythrus UCM 26114, 26115, 26121- 
26124, 26126, 26180-26183, 29282, 29294, 29296, 31315, 40809, 40810, 
40812, 40814, 51321. C. labialis UCM 29299, 29301, 29302, 29306, 
29311, 29316-29318, 29322, 29325, 29329, 29340-29343, 29345, 29359, 
29362, 29365, 29371, 29373. C. lemniscatus UCM 52839-52843, 52927, 
53168-53170, 53181-53184, 53192-53196, 53246, 53654, 53688. C. 
lineatissimus UCM 27163, 27165, 27167, 27168, 27170, 27172-27174, 
27177, 27180, 27181, 27187, 27190-27192, 27196, 27198, 49804, 49806, 
49813. C. maximus UCM 26256, 26258-26260, 26262-26265, 26269-
26271, 45922-45929, 45939, 51206. C. montaguae UCM 34854, 34855, 
34857-34863, 34865-34867, 34869, 34873-34879, 34881, 34884. C. 
parvisocius UCM 38448, 38453, 38464, 38465, 38468-38470, 38472, 
38473, 38476-38481, 38483, 38485-38487, 38493, 38501, 38511, 38512, 
38518, 38536. C. sackiUCM 38881-38887, 38889, 38890, 38893-38896, 
38908-38910, 38922, 38940, 38943-38945, 38996. C. sonorae UCM 
8665, 15176, 22599, 22601, 22602, 22607, 22608, 35560, 35561, 35563, 
42086-42089, 42092-42097. 
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Pitvipers are useful organisms for the study of relationships be-
tween social structure and mating system (Duvall et al. 1992; 
Duvall et al. 1993). Courtship and copulatory behaviors have been 
described for a variety of free-ranging taxa (Brown 1991; Klauber 
1972; MacCartney and Gregory 1988). These observations have 
been complemented by quantitative laboratory studies (Armstrong 
and Murphy 1979; Chiszar et al. 1976; Gillingham et al. 1983; 
Hayes 1986; Schuett and Gillingham 1988). However, behaviors 
exhibited in the lab might not be identical to those displayed by 
free-ranging individuals (Hayes et al. 1992), and additional field 
observations are required to establish baseline criteria for ontog-
eny and duration of courtship behavior within and between spe-
cies. 

In this paper, I report detailed observations of an incident of 
courtship and copulatory behavior of free-ranging Grand Canyon 
rattlesnakes (Crotalus viridis abyssus). These snakes are limited 
to the Grand Canyon of the Colorado River and its side canyons. 
Individuals approach one meter in length and have a red, salmon, 
or pink ground color, with slightly darker oval-shaped body 
blotches that fade with age (Ernst 1992; Stebbins 1985). My ob-
servations were made during a radiotelemetric study of the ecol-
ogy of C. v. abyssus in the Little Colorado River Canyon (Coconino 
Co., Arizona). Although the observations reported herein are based 
on only two courtships and one copulation, they provide valuable 
data on reproductive behavior of a poorly known rattlesnake, and 
greatly extend the known duration of courtship in vipers as a group. 

On 12 July 1993, a male C. v. abyssus (male #1993-13, 395 g,  

765 mm SVL) was observed coiled around a radiotelemetered 
conspecific female (female #1992-2, 198 g, 655 mm SVL). Both 
snakes were coiled on packed sand under an overhanging boulder 
less than 3 m from the Little Colorado River. The recently shed 
skin of the female was found 2 m away. The pair was observed 
continuously from 1800 to 2300 h, at which time the male initi-
ated forward-jerking (with simultaneous chin-rubbing) and tail-
search copulatory attempts (TSCA, Gillingham 1977). The male 
jerked his head (averaging 2 jerks/sec) along the dorsum of the 
coiled female, continuously maintaining contact via the chin. Chin-
rubbing was accompanied by rapid tongue-flicking. Chin-rubbing 
sequences (including the brief TSCA which ended each sequence) 
were followed by pauses (chin-rubbing sequence duration mean ± 
standard deviation = 29.9 ± 9.7 sec; pause duration = 67.4 ± 110.9 
sec, N = 52 sequences observed). The pause length was cyclical, 
with longer pauses of 7-10 min. every 12 ± 2 min. Chin-rubbing 
sequences were more uniform in length, and each was immedi-
ately followed by TSCA, effecting cloacal apposition. During each 
TSCA, the male visibly strained against the cloaca of the female, 
often lifting the entire posterior third of her body from the sub-
strate. Tail whipping by the female (Hayes 1986; Hayes et al. 1992; 
Schuett and Gillingham 1988) was observed periodically, and re-
sulted in a pause in male courtship activity. Cloacal gaping by the 
female (Gillingham et al. 1983) was not observed. 

Observations were stopped at 0055 h (13 July) and resumed at 
0400 h, at which time both snakes had resumed resting coils. The 
snakes were monitored hourly until 2300 h when courtship re-
sumed; courtship continued until 0315 h (14 July). After this, the 
pair was monitored every other hour. Courtship again resumed at 
2110 h (14 July); however, at this time the female repeatedly with-
drew her tail from the male, resulting in long and erratic tail 
searches by the male, as well as repeated lingual examination of 
the female's tail and cloaca. Activity ceased at 0030 h (15 July), 
then resumed from 2130 to 2300 h. Courtship did not re-com-
mence until 1900 h the following evening (16 July). 

Copulation was observed at 1950 h on 16 July. During copula-
tion, the male actively searched the area around the pair with the 
anterior third of his body and tongue-flicked rapidly (1.04 ± 0.2 
tongue flicks per sec over one typical five min. period). The male 
periodically thrusted with the hemipenis (7.6 thrusts per min. over 
5 min.). Every fifth or sixth thrust was of greater magnitude and 
resulted in complete cloacal apposition. The pair was checked 
hourly, and copulation terminated at 0400 h. Following copula-
tion, the male repeatedly pushed his cloaca onto the substrate, 
apparently forcing the hemipenis to revert into the tail. The male's 
rattle was coated with dried blood and a 25 cm 2  area under the 
pair was stained pink. Blood appeared to be a major component of 
this dilute fluid. At this time the male was captured. The hemipenis 
was fully inverted and no further fluid loss occurred. 

Two days later (18 July), a different telemetered male (male 
#1992-4, 374 g, 834 mm SVL) moved 91 m from his previous 
position and was observed with the same female (#1992-2) at her 
original location. Courtship behaviors similar to those described 
above were initiated that evening and were observed for two nights. 
I terminated the field trip on 20 July, and had not observed copu-
lation by this time. 

Courtship behavior of many viperid and colubrid snakes fol-
lows a triphasic scheme of tactile-chase, tactile-alignment, and 
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intromission (Gillingham 1977; Schuett and Gillingham 1988). I 
did not observe the tactile-chase phase, which is usually of minor 
consequence in viperid snakes. Rather, I found both males accom-
panying the motionless female, and observed chin-rubbing and 
TSCA events shortly thereafter. The duration of courtship activi-
ties by male #1993-13 was striking in its duration (at least 92 h, 
including periods of quiescence between first observed TSCA and 
actual intromission). In contrast, free-ranging prairie rattlesnakes 
(C. v. viridis) court on average only 20 min. before successful 
intromission (Duvall et al. 1985), while among western diamond-
back rattlesnakes courtship averages nine minutes between the first 
TSCA and intromission (Gillingham et al. 1983). The length of 
this courtship raises the question of whether female Grand Can-
yon rattlesnakes choose mates based on relative courtship stamina. 
Duration of copulation (ca. 8 hours) was intermediate between 70 
min. in C. v. viridis (Duvall et al. 1985) and 20-28 h in C. atrox 
(Gillingham et al. 1983). Additional copulations may have occurred 
either before observations were begun on 12 July or during times 
when snakes were not observed, although the latter seems unlikely 
considering that I made observations at two hour intervals. The 
sequential, non-simultaneous courtships of a single female pro-
vides circumstantial evidence for the occurrence of multiple mat-
ing in C. v. abyssus, as has been observed in conspecific C. v. viridis 
(Duvall and Schuett 1997) and some other viperids (Duvall and 
Beaupre 1998; Madsen and Shine 1994; Schuett and Gillingham 
1988). 

Courtship mechanics were similar to those described by Hayes 
(1986) for captive C. v. oreganus. However, I am unaware of any 
published account documenting the cyclical nature of pause-length 
in snake courtship. I speculate that longer pauses between periods 
of intense courtship might facilitate aerobic recovery and reduce 
anaerobic energy expenditure by males during female persuasion. 
Lastly, diurnal ambient temperatures over 40°C are common in 
the Grand Canyon in July. Nocturnal reproductive activity may 
thus reflect the infeasibility of maintaining energy-intensive be-
haviors at high body temperatures. 
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Sesamoid bones may be a true ossification of hyaline cartilage, 
or may be a thickening or nodule of cartilage without ossification 
(Pearson and Davin 1921 a). They have been found in all classes 
of vertebrates, but not always at the same position. Pearson and 
Davin (1921 a, b) described sesamoid bones in all vertebrate classes, 
introducing a new nomenclature for some of them. Haines (1942, 
1969) described these elements for lizards, and Nussbaum (1982) 
for frog families. 

Alexander and Dimery (1985) studied sesamoid bones of mam-
mals and their relationship with the mechanics of joints. Maybe 
the best work about heterotopic bones in frogs was done by 
Nussbaum (1982). He discovered that these elements have an im-
portant role for resolving phylogenetic hypotheses about relation- 
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ships of families and subfamilies in frogs, even so he asserted that 
"There are few and scattered reports of sesamoid elements in frogs" 
(p. 312). He identified three tarsal sesamoids (which he called 
heterotopic skeletal elements): cartilago plantaris, cartilago 
sesamoides, and os sesamoides tarsale—from Ranidae, Pipidae, 
and Sooglossidae. The first one is found on the plantar surface of 
the foot between the fibulare and the fourth metatarsal; the second 
one slides over the proximal head of the tibiale, and the last one is 
continuous with the proximal and distal portions of the aponeuro-
sis plantaris near the distal end of the tibiale, and being always 
bigger than the cartilago sesamoides. 

In the same way, Olson (2000) studied heterotopic elements 
(which she called "extraskeletal bones") but only in one species 
(Hymenochirus boettgeri). However, she provided a detailed de-
scription of some of the elements previously described by Parsons 
and Davin (1921a, b) and by Nussbaum (1982), and incorporated 
new descriptions and names to heterotopic elements. 

I examined some sesamoid bones of the hands and feet, which 
have not been studied in a systematic way, and are often neglected 
in species descriptions and anatomical studies. It is important to 
consider that we should pay more attention to these elements for 
resolving frog relationships (e.g., Laurent 1940, 1961). In ranoid 
species, some reports as those by Laurent (1942, 1961) have shown 
the existence of subarticular sesamoids found below the carpus in 
Arthroleptinae (Arthroleptis wahlbergi, Ranidae); however, 
Laurent (1961) stated that this bone may be present in the other 
Arthroleptinae although fused with the second, fourth, and fifth 
carpals. Thus, he found in Hyperoliidae a sesamoid bone behind 
the tibio-tarsal articulation, and subarticular sesamoids in 
Dendrobates trivitatus and in Atelopus varius. In this paper I re-
port heterotopic elements not previously mentioned in the litera-
ture for these species of ranids; likewise, I report hand and foot 
sesamoid bones that have not been mentioned in the majority of 
papers in some ranoid (sensu Dubois 1992) and leptodactylid spe-
cies, and instances of the sesamoids mentioned by Nussbaum 
(1982) in species not reported by him. 

I examined one to ten specimens in each of 53 species of the 
family Ranidae (sensu Dubois 1992); two specimens and one spe-
cies of the family Mantellidae (sensu Dubois 1992); two speci-
mens and one species of the family Phrynobatrachidae (sensu 
Dubois 1992); four specimens and two species of the family 
Arthroleptidae; five specimens and three species of the family 
Microhylidae; two specimens and one species of the family 
Hyperoliidae, and two specimens and one species of the family 
Leptodactylidae (see Appendix 1). All specimens were cleared and 
stained following Dingerkus and Uhler's (1977) clearing and 
double-staining method. 

The cartilago sesamoides (Fig. 1) occurs in the following taxa 
that lack the os sesamoides tarsale: Arthroleptidae: Arthroleptis 
poecilonotus, Astylosternus occidentalis; Hyperoliidae: Leptopelis 
christyi; Microhylidae: Breviceps mossambicus; Leptodactylidae: 
Eleutherodactylus martinicensis; Ranidae: Amolops monticola, 
Conraua crassipes, Conraua alleni, Euphlyctis cyanophlyctis, 
Hoplobatrachus occipitalis, Hoplobatrachus rugulosus, Ingerana 
tenasserimensis, Limnonectes blythii, Limnonectes kuhlii, 
Limnonectes pileatus, Mantella madagascariensis, Nanorana 
parkeri, Occidozyga lima, Paa blanfordii, Paa vicina, 
Phrynobatrachus accraensis, Phrynoglossus laevis, Phrynoglossus 

TF 

Prh. 

FIG. 1. Ventral aspect of the foot in Occidozyga lima CAS 195994. 
Cart. ses. = Cartilago sesamoides; Prh. = prehallux; TF = Tibiofibula. 
Scale = 1 mm 

magnapustulosus, Phrynoglossus martensii, Ptychadena 
superciliaris, Rana albolabris, Rana chapaensis, Rana clamitans, 
Rana erythraea, Rana esculenta, Rana lessonae, Rana perezi, Rana 
taipehensis, Rhacophorus leucomystax, Rhacophorus 
nigropalmatus, Taylorana hascheana, and Tomopterna breviceps. 

Two of the three heterotopic elements described by Nussbaum 
(1982), the os sesamoides tarsale and the cartilago sesamoides, 
occur only in some species of the family Ranidae examined (Fig. 
2): Limnonectes limnocharis, Ptychadena tourneri, Rana arvalis, 
Rana dalmatina, Rana graeca, Rana galamensis, Rana iberica, 
Rana nigrovittata, and Rana temporaria. Olson (2000), stated that 
the cartilago sesamoides is unique (an autopomorphy) to 
Hymenochirus; this is an odd observation, because Nussbaum 
(1982) found this element in many species that he examined. 

I found sesamoid bones at the forelimb and hind limb in 
Phrynoglossus martensii (Fig. 3a): in the hind limb at the distal 
end of the metacarpals, and between the distal end of the first 
phalange and the proximal one of the second phalanx. In the same 

IF 

FIG. 2. Medial aspect of the left foot proximal elements in Rana 
nigrovittata. MNHN 1997. 4045. Cart. ses. = Cartilago sesamoides; Ses. 
tars. = Os sesamoides tarsale; TF = tibiofibula. Scale = 1 mm. 
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manner, in this same species, I found some sesamoid elements at 
the distal end of the radioulna, and at proximal one of the first 
metacarpal (presumably the "radial sesamoids" of Olson [2000]): 
Hoplobatrachus occipitalis (phalanges), Ptychadena tourneri (pha-
langes and metacarpal zone), Ptychadena pujoli (phalanges and 
metacarpal region), Limnonectes limnocharis (dorsal and ventral 
level of phalanges; distal level of the humerus), Ingerana 
tenasserimensis (phalanges and the distal end of the radio-ulna), 
and Rana arvalis (between tha radiale and ulnare). 

Subarticular elements at the level of feet phalanges (Fig. 3b) 
exist in Phrynoglossus martensii, Ptychadena tourneri, 
Limnonectes limnocharis (double sesamoids in phalanges), 
Astylosternus occidentalis (at the distal end of the ventral region 
of tarsals, but this does not correspond to the cartilago plantares), 
Ingerana tenasserimensis, and Mantella madagascariensis. These 
sesamoid elements were not noted by Nussbaum (1982) or Olson 
(2000). 

Pearson and Davin (1921b) reported a sesamoid bone ("mesial 
posterior lunula") in Leptodactylus pentadactylus and 
Docidophryne gigantea. This is located ventrally at the popliteal 
(back of the knee) region (medial region between the femur and 
the tibiofibula). Because only two species were included in the 
Pearson and Davin (1921b) study and the "mesial posterior lunula" 
was not figured, I am unable to determine if this is the same struc-
ture I describe in this paper (Fig. 4), referring specifically to the 
sesamoid in the popliteal region. 

Therefore, I believe that the sesamoid in the popliteal region is 
a mesial fabella, in the same manner that Hoyos (1999) and Olson 
(2000) claimed; this element is present in the following taxa ex- 

amined: Anodonthyla boulengeri, Arthroleptis poecilonotus, 
Aubria subsigillata, Boophis brachychir, Chiromantis rufescens, 
Conraua alleni, Kaloula poulchra, Leptopelis christyi, Nanorana 
parkeri, Occidozyga lima, Paa blanfordii, Platymantis vitiensis, 
Ptychadena floweri, Ptychadena mascareniensis, Ptychadena 
pujoli, Ptychadena superciliaris, Pyxicephalus adspersus, Rana 
angolensis, Rana clamitans, Rana nigrovittata, Rana lessonae, 
Rana perezi, Rana pipiens, Rana temporaria, Rhacophorus 
leucomystax, Tomopterna breviceps, and Tomopterna marmorata. 
Owing to its occurrence in many taxa, it is now clear that this 
element is not an autapomorphy for Hymenochirus as proposed 
by Olson (2000). 

Using the nomenclature applied by Pearson and Davin (1921a, 
b), I believe that this last sesamoid bone is a mesial fabella be-
cause it is found in the tendons of the musculus gastrocnemius. 
This element is present also in mammals (Budras et al. 1989; 
Pearson and Davin 1921a), but as lateral and mesial fabellae. The 
mesial fabella might be confused with a mesial cyamella, a term 
introduced also by Pearson and Davin (1921a) for the sesamoid 
that is found in the tendon of the M. popliteus, a muscle placed 
near from the M. gastrocnemius, not present in frogs. Because this 
bone was not reported by Nussbaum (1982), his discussion about 
morphology and phylogeny of frogs was based upon the cartilago 
sesamoides and the os sesamoides tarsale. He noted the fact that 
the cartilago sesamoides occurs in many species of frogs that lack 
the os sesamoides tarsale, such as I found in a number of species, 
emphasizing the widespread occurrence of the cartilago sesamoides 
among frogs. At the same time, Nussbaum's hypothesis that the 
os sesamoides tarsale is of much more limited occurrence in frogs 

FIG. 3. a. Dorsal aspect of the right hand in Phrynoglossus martensi. 
MNHN 1987.5376. Ses. = ossa sesamoidea; Prp. = prepollex b. Ventral 
aspect of he right hand in Phrynoglossus magnapustulosus .MNHN 
1997.5376. Ses. = Os sesamoides. Scale = 1 nun. 

FIG. 4. Ventral aspect of the right hindlimb in Rhacophorus 
nigmpalmatus showing the mesial fabella between the femur and ti-
biofibula. MNHN 1997.4094. TF = tibiofibula. Fe = femur. Scale = 1 
mm. 
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was verified by my results. It is also important to emphasize that 
the os sesamoides tarsale never appeared without the presence of 
the cartilago sesamoides, whereas the later was often found with-
out the former. 

Nussbaum (1982) reported the os sesamoides tarsale from only 
three groups of frogs-Pipa, Sooglossidae, and 
Phrynobatrachinae-but I found this element in additional spe-
cies not examined by Nussbaum. Therefore, the hypotheses of 
phylogenetic relationships proposed by Nussbaum should be ex-
amined carefully in light of this additional information. If the os 
sesamoides tarsale is present in fewer taxa than compared with 
the cartilago sesamoides, the former could be more useful in frog 
systematics, but the contrary, that the cartilago sesamoides is 
present in fewer taxa than the os sesamoides tarsale, is also true. 
In following Nussbaum's rationale, we could say that the pres-
ence of the os sesamoides tarsale is derived and its absence is 
primitive. But I think we will need an actual cladistic analysis in 
using outgroups to corroborate this assessment. 

As I did not find the os tibialis anticus, we could support the 
proposal by Olson (2000) that considers this element as an 
autapomorphy for Hymenochirus. Likewise, I did not find the pos-
terior lunula examined by Olson (2000), therefore I think we need 
to consider that this character is an autapomorphy for 
Hymenochirus, as this was stated by Olson (2000). It is important 
to stand out that although papers by Laurent et al. (1989-1990), 
Fabrezi (1992, 1996, 2001), Fabrezzi et al. (1996), and Fabrezzi 
et al. (2001) mention phalanx and carpal elements, they did not 
treat sesamoid elements in an explicit way. 

It is clear that, opposed to Olson (2000), heterotopic elements 
are common in amphibians, bearing in mind that anurans com-
prise majority of amphibians. However, we need to investigate 
more about these sesamoid bones, namely the os sesamoides tar-
sale and the mesial fabella, to discover their taxonomic and phy-
logenetic importance in frog systematics. 
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APPENDIX 1 

Material examined. CAS: California Academy of Sciences, San Fran-
cisco; MNHN: Museum National d'Histoire Naturelle, Paris. 

Ranidae: Amolops monticola (MNHN 1987.2077, 9533); Aubria 
subsigillata (MNHN 1989.2051; 1993.1470.); Boophis brachychir 
(MNHN 2495); Boophis goudoti (MNHN 1975.2732); Chiromantis 
rufescens (MNHN 1993.5702; MNHN 1995.4032); Conraua alleni 
(MNHN 1979.7007); Conraua crassipes (MNHN 1979.6145); Euphlyctis 
cyanophlyctis (MNHN 1977.1364, 1977.1368, 1979.1379, 1979.1392); 
Hoplobatrachus occipitalis (MNHN 1979.764, 1979.766); 
Hoplobatrachus rugulosus (MNHN 1997.4900); Indirana gundia (MNHN 
1985.626); Ingerana tenasserimensis (MNHN 724); Limnonectes blythii 
(MNHN 1988.2468), Limnonectes kuhlii (MNHN 1987.3334. Phu 
Kradung, Thailand; 1997.4100); Limnonectes (Fejervaria) limnocharis 
(MNHN 1987. 2371; 1997.5329); Limnonectes (Bourretia) pileatus 
(MNHN 1987 3139); Nanorana (Altirana) parkeri (MNHN 1982.1082); 
Occidozyga lima (MNHN 3366; CAS 195994); Paa blanfordii (MNHN 
1994.6783); Paa vicina (MNHN 1985.1105), Phrynoglossus laevis (CAS 
137092); Phrynoglossus magnapustulosus (MNHN 1997.5375, 
1997.5376); Phrynoglossus martensii (MNHN 1987.2885; 1987.2919; 
1987); Platymantis vitiensis (MNHN 1992.5264); Ptychadena floweri 
(MNHN 1996.6147), Ptychadena mascareniensis (MNHN 1995.1952, 
1995.1962, 1995.1965, 1995.1979, 1995.2066, 1995.2067, 1995.2085, 
1995.2091, 1995.2092, 1995.3069); Ptychadena pujoli (MNHN 
1995.1446. Nimba, research station, Liberia); Ptychadena tourneri 
(MNHN 1970.949, 1970.963);); Ptychadena arnei (MNHN 1996.8909, 
1996.8948); Pyxicephalus adspersus (MNHN 1994.5528. Africa); Rana 
(Amnirana) albolabris (MNHN 1989.764, 1989.793. Africa; 1989.4148, 
1985.4197); Rana (Afrana) angolensis (MNHN 1989.49, 1989.108); Rana 
(Rana) arvalis (MNHN 1982.2156, 1982.2201, 1982.2213); Rana 
(Nididrana) chapaensis (MNHN 1938.64); Rana (Aquarana) clamitans 
(MNHN 1997.4903-4904); Rana (Rana) dalmatina (MNHN 1988.7106); 
Rana (Hylarana) erythraea (MNHN 1988.4330, 1988.7467); Rana 
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(Pelophylax) kl. esculenta (1856T); Rana (Hydrophylax) galamensis 
(MNHN 1979.7143); Rana (Rana) graeca (MNHN 1985.2431, 
1985.2460); Rana (Rana) iberica (MNHN 1970.1074; 1970.1078); Rana 
( Pe lophylax) lessonae (MNHN 1991.167, 1995.9770, 1995.9770); Rana 
(Sylvirana) nigrovittata (MNHN 1997.4043, 1997.4044, 1997.4045, 
1997.4046); Rana (Pelophylax) perezi (MNHN 1981.536, 1981.543; 
1980.1013); Rana (Pantherana) pipiens (MNHN 1997.4901-4902. North 
America); Rana taipehensis (MNHN 1987.3404, 1987.3416); Rana (Rana) 
temporaria (MNHN 1988.7883, 1988.7888 1985.5727); Rhacophorus 
leucomystax (MNHN 1987.3554, 1987.3574); Rhacophorus 
nigropalmatus (MNHN 1997.4904); Taylorana hascheana (MNHN 
1997.5264) Tomopterna breviceps (MNHN 1989.2117); Tomopterna 
marmorata (MNHN 1995.2138). 

Mantellidae: Mantella madagascariensis (MNHN 1931.14, 1991.1807). 
Arthroleptidae: Astylosternus occidentalis (MNHN 1995.3208, 

1995.3211); Arthroleptis poecilonotus (MNHN 1979.1818, 1979.1829). 
Phrynobatrachidae: Phrynobatrachus accraensis (MNHN 1970.119, 

1970.134). 
Microhylidae: Breviceps mossambicus (MNHN 1995.9910); Kaloula 

pulchra (MNHN 1986.2771, 1988.4362); Anodonthyla boulengeri 
(MNHN 1973.611, 1973.692). 

Hyperoliidae: Leptopelis christyi (MNHN 1989.2455, 1989.2457). 
Leptodactylidae: Eleutherodactylus martinicensis (MNHN 755, MNHN 

1997.4917). 
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The benefits of pest control attributed to amphibians are usually 
based on anecdotes rather than on experimental field tests 
(Matheson and Hinman 1929; Minton 1972). One study testing 
the effect of adult European frogs on mosquito density established 
that the frogs ate mosquitoes, but had no regulatory effect (Blum 
et al. 1997). In a North American study on adult eastern newts 
(Notophthalmus viridescens) the authors (Matheson and Hinman 
1929) concluded that newts are efficient at reducing mosquito 
populations. However, the conclusions were based on qualitative 
observations at just three wetlands and upon the predatory behav-
ior of three newts in a small glass jar. The hypothesis that amphib-
ians can reduce mosquito population density has not been tested 
quantitatively on aquatic salamanders in a natural setting or with 
adequate replication. 

Pond-breeding salamander larvae of the genus Ambystoma are 
opportunistic carnivores that often occur at high densities in tem-
porary ponds (Brodman 1995; Peterson et al. 1992;Van Buskirk 
and Smith 1991). Because larval mosquitoes are confined to the 
aquatic habitat, opportunities to escape predation are more lim- 

ited compared to flying adults. These factors suggest that the lar-
vae of pond-breeding salamanders might be better candidates than 
adults for reducing larval mosquito density. The diet of the larvae 
of North American pond-breeding salamanders generally consists 
of zooplankton, aquatic insects, benthic crustaceans, and occa-
sionally amphibian larvae (Freda 1983; Gehlbach 1965; Holomuzki 
1989; Morin 1981; Nyman 1991; Sever and Dineen 1978; Smith 
and Petranka 1987). Pest dipteran species including mosquito lar-
vae are often components of the diet (Hutcherson et al. 1989; Sever 
and Dineen 1978; Smith and Petranka 1987). Several studies have 
had mixed results, indicating that some but not all invertebrate 
prey taxa are reduced in population density or biomass because of 
predation by certain species of salamander larvae (Harris 1995; 
Holomuzki 1989; Holomuzki et al. 1994; Petranka 1989). Whereas 
marbled salamander larvae (A. opacum) do not affect zooplank-
ton biomass, tiger salamander larvae (A. tigrinum) can reduce zoop-
lankton biomass and densities of microcrustaceans and dipterans 
(Holomuzki 1989; Holomuzki et al. 1994). Spotted salamander 
(A. maculatum) larvae reduce densities of benthic crustaceans but 
not microcrustaceans (Harris 1995). There have been no studies 
on the effect of coexisting salamander species representing two 
size classes of larvae on aquatic invertebrates nor on the effect of 
salamander larvae on mosquito populations. 

The purpose of this paper is to couple natural observations, us-
ing a set of wetlands that either have or lack salamander popula-
tions, with an experiment using mesocosms to test the hypotheses 
that: 1) presence or absence of salamander larvae influences the 
aquatic invertebrate community; 2) two species of coexisting sala-
mander larvae of differing size classes have an interactive effect 
on the aquatic invertebrate community; and 3) salamander larvae 
can reduce mosquito populations. 

For the natural observations we surveyed 100 wetlands in Jas-
per, Pulaski, and White counties in northwest Indiana for the pres-
ence and relative abundance of amphibians from 1994 to 1998. 
The primary methods employed in this survey were assessment of 
frog calling intensity and directed sampling, which included 
searches under cover objects adjacent to wetlands and sampling 
wetlands with aquatic seine, dipnet and minnow traps. Relative 
abundance of each species was determined by the number caught 
in directed sampling per person hour of effort and by applying a 
breeding index scale from 0 to 5 (see Karns 1986). Voucher speci-
mens were taken for new site and county records and deposited in 
the Saint Joseph's College repository (Brodman 1999). 

To correlate amphibian abundance with habitat characteristics, 
physical parameters of each wetland were determined on site and 
with the aid of National Wetland Inventory maps and aerial pho-
tographs (Smallwood and Osterholz 1990). Parameters recorded 
include the area of the wetland, estimated percentage of wetland 
covered by emergent vegetation during spring, and the presence 
of wood stands (> 1 ha) within 200 m of wetland. We log io-trans-
formed wetland size before statistical analysis. Hydroperiod was 
determined by using National Wetland Inventory maps, and modi-
fied based on five years of observation. Each wetland was given 
values reflecting hydroperiod as follows: saturated (value = 0.1), 
temporary (value = 0.3), seasonally flooded (value = 0.5), semi-
permanently flooded (value = 0.7), intermittently exposed (value 
= 0.9), and permanently flooded (value = 1.0). These values ap-
proximate the probability of the wetland holding water through- 
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TABLE 2. Comparison of mean aquatic invertebrate densities (number per L of 
water) in wetlands with and without salamander larvae. Aquatic invertebrate taxa 
categories are Ostracods (Ostr), Cladocerans (Clad), Mosquitoes (Mosq), Copep-
ods (Cope), all other taxa (Other) and Total. P-values are from exploratory one-
way ANOVA. 

Ostr 	Clad 	Mosq 	Cope 	Other Total 

56.2 28.8 13.7 6.1 176.2 
50.2 0.7 11.8 5.6 107.5 
0.27 0.003 0.36 0.43 0.05 

Without salamanders 	71.4 
With salamanders 	14.4 
p-values 	 0.01 

out the summer. 
Water samples were collected 

from three random locations in each 
wetland by lowering a 1 L container 
from surface to bottom such that the 
water sample would represent the 
entire water column. Water samples 
were analyzed for chemical compo-
sition using LaMotte water testing 
kits (Renn 1970). Dissolved oxygen, 
carbon dioxide and pH were deter-
mined on site. Water samples were 
brought to the lab to test for concen-
trations of phosphate, silica, ammo-
nia, nitrate, sulfate, hardness, and 
turbidity. 

From our pool of 100 wetlands, 
we selected 12 sites that had sala-
mander larvae present and matched 
them with 12 sites that lacked sala-
manders. Each set of 12 sites in-
cluded four temporary or seasonally 
flooded wetlands that hold water 

TABLE 1. Comparison of mean (± standard error) wetland characteristics between wetlands with and 
without salamanders. P-values are from one-tailed Mann-Whitney U tests. 

Wetland Characteristic With Salamanders Without Salamanders p 

Anuran species richness 3.0 ± 0.6 3.7 ± 0.7 0.24 

Abundance (calling intensity) 7.3 ± 1.8 10.2 ± 2.0 0.15 

Wetland area (log m 2 ) 7.3 ± 0.9 7.5 ± 0.4 0.43 

Percent emergent vegetation cover 43.2 ±10.0 48.3 ± 7.5 0.34 

Percent with woods within 200 m 66± 14 83± 11 0.18 

Hydroperiod 0.42 ± 0.15 0.33 ± 0.14 0.34 

pH 6.9 ± 0.2 6.9 ± 0.2 0.82 

Dissolved Oxygen ppm 10.2± 1.4 8.8 ± 0.9 0.20 

Carbon dioxide ppm 41.3 ± 10.5 50.8 ± 7.8 0.24 
Phosphate ppm 0.74 ±0.39 0.34 ± 0.08 0.17 
Silica ppm 5.0 ± 1.2 6.5 ± 0.9 0.17 
Ammonia ppm 0.30 ± 0.07 0.20 ± 0.06 0.11 
Nitrate ppm 125 ± 26 92± 16 0.15 
Sulfate ppm 31 ± 5 30 ± 4 0.41 
Hardness ppm 125 ± 33 111 ± 16 0.36 
Turbidity jtu 46 ± 12 64 ± 9 0.12 

from late winter through spring, four 
semi-permanently flooded wetlands 
that held water from late winter through three of the five sum-
mers, and four intermittently exposed or permanent wetlands that 
held water throughout all five years. Six pairs of sites were lo-
cated at state nature preserves, two pairs of sites were located on 
Saint Joseph's College property, and the remaining four pairs of 
sites were wetlands located on rural private properties. The sala-
mander sites included four sites with tiger salamanders, two sites 
with blue-spotted salamanders (A. laterale), and six sites with two 
or three species that included combinations of tiger salamanders, 
blue-spotted salamanders, small-mouth salamanders (A. texanum), 
eastern newts, and lesser sirens (Siren intermedia). Salamander 
and salamander-free sites were matched based on having similar 
locations, frog faunas, physical parameters and water chemistry. 
All 24 sites were fish-free. We used the non-parametric one-tailed 
Mann-Whitney U test of the null hypothesis that there are no dif-
ferences among the wetland characteristics between sites with and 
without salamander larvae. The chosen wetland sites with sala-
mander larvae present did not significantly differ from our sala-
mander-free sites (Table 1). 

We sampled each of these 24 wetlands for aquatic invertebrates 
on four dates (early April, late April, early May, and late May). 
Three 1 L water samples were collected on each date from 
each wetland by lowering a 1 L container (with a 6 cm 
diam circular opening) from surface to bottom such that 
the water sample would represent the entire water col-
umn. Water samples were brought back to the lab and 
aquatic invertebrates were identified and counted under 
dissecting microscopes. The site-specific mean density 
for each taxon was determined for all four collecting dates. 
ANOVA was used as an exploratory analysis to test for 
differences in invertebrate densities between sites with 
and without salamander larvae. 

Mesocosms were established in a common garden ex- 

periment to test for the effect of tiger salamander (Ambystoma 
tigrinum) and blue-spotted salamander (A. laterale) larvae on the 
aquatic invertebrate community. Tiger salamanders and blue-spot-
ted salamanders were chosen because they are the two most abun-
dant salamander species in the study area (Brodman and Kilmurry 
1998) and represent two size-classes of wetland predator. The SVL 
of 30 d old tiger salamander larvae are on average 33% longer 
than coexisting blue-spotted salamander larvae (Jaskula and 
Brodman 2000). 

Uniform mesocosms were created in 85 L (0.15 m 2) plastic tubs 
with 70 L of pond water (depth 47 cm) and 10 cm leaf litter cover-
ing the tub bottom. Colonies of algae, zooplankton, benthic crus-
taceans, and aquatic insects were established in each mesocosm 
Mesocosms were placed outdoors within an oak forest and left 
open to the air to allow colonization of breeding insects. Forty 
northern leopard frog (Rana pipiens) eggs were added to each 
mesocosm to serve as an alternate prey for the salamander larvae. 
Salamander eggs were collected from breeding sites and hatched 
in the lab. Each mesocosm was supplemented with 400 ml of pond 
water containing zooplankton 30 d and 60 d after the experiment 
began. 
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In a 2 x 2 factorial design, the con-
trol and treatments were randomly as-
signed to mesocosms within six 
blocks. Each block had a control 
mesocosm with no salamander larvae, 
a treatment with four tiger salamander 
hatchlings added, a treatment with six 
blue-spotted salamander hatchlings 
added and a treatment with two tiger 
salamander and three blue-spotted 
salamander hatchlings added. The ini-
tial densities of 27-40 salamander lar-
vae/m2  in each mesocosm are within 
the range of natural densities for Am-

bystoma hatchlings (Brodman 1995; 

TABLE 3. Results from common garden experiment: Leopard frog tadpoles (number surviving) and 
aquatic invertebrate densities (number per L of water) in the presence and absence of tiger salamander 
and blue-spotted salamander. P-values are from 2 X 2 factorial ANOVA testing for the effect of sala-
mander presence and interaction effect of the two species on aquatic community. 

Tadpoles Zooplankton Mosquitoes Other diptera 

Control 29.4 45.2 9.0 2.0 

Blue-spotted 4.3 4.8 0.8 0.3 

Tiger 0.2 0.8 0.8 0.0 
Tiger+blue-spotted 
p-values (vs. control) 

0.5 1.0 0.5 0.0 

Salamanders present < 0.0001 < 0.00001 < 0.0002 < 0.01 

Interaction < 0.04 < 0.0003 1.0 0.36 

Cortwright 1988; Stangel 1988; Van 
Buskirk and Smith 1991). The asymmetry in the number of each 
species of salamander used reflects the size difference between 
the large tiger salamander larvae and the small blue-spotted sala-
mander larvae. 

Water samples were collected from each mesocosm after 90 d 
when some of the salamander larvae were beginning to metamor-
phose. One-L samples were brought to the lab where aquatic in-
vertebrates were identified and counted under dissecting micro-
scopes. Surviving leopard frog tadpoles were also counted in each 
mesocosm. A 2 x 2 factorial ANOVA was used to test the effect of 
salamander presence on leopard frog tadpole and aquatic inverte-
brate densities. 

After the completion of the common garden experiment, a small 
aquarium dipnet was used to transfer mosquito larvae and zoop-
lankton from control to treatment mesocosms. Predatory acts by 
salamander larvae were observed for several days. 

Cladocerans, ostracods, mosquito larvae, and copepods were 
the four most abundant taxa of aquatic invertebrates, making up 
94-97% of the invertebrates. Wetlands with salamander larvae had 
significantly lower densities of mosquito larvae, ostracods, and 
the total number of aquatic invertebrates than salamander-free wet-
lands (Table 2). Mosquito larvae densities were 98% lower in 
wetlands with salamander larvae compared to salamander-free 
wetlands. There were no significant differences in the densities of 
cladocerans, copepods, and all of the rarer taxa. 

Mesocosms with tiger salamander or blue-spotted salamander 
larvae had significantly lower densities of leopard frog tadpoles, 
zooplankton (cladocerans, ostracods, and copepods), mosquito, 
and other dipteran larvae after 90 d than salamander- free 
mesocosms (Table 3). Densities of mosquito larvae in mesocosms 
with salamander larvae were 91-94% lower than controls. Treat-
ments with tiger salamanders had significantly lower densities of 
leopard frog tadpoles and zooplankton than treatments with blue-
spotted salamanders, but there was no difference in dipteran den-
sities with respect to salamander species (Table 3). There were 
significant interactive effects of the salamander species on tad-
pole and zooplankton densities, but not on dipteran densities. 

After completion of the common garden experiment, salamander 
larvae were observed to prey upon mosquito larvae and zooplank-
ton that had been transferred from the control mesocosm. Both 
tiger salamander and blue-spotted salamander larvae ate most of 
the mosquito larvae within a few days. 

The field results were consistent with experimental results from 
mesocosms. Wetlands and mesocosms with salamander larvae had 
lower densities of aquatic invertebrates, including an order of 
magnitude reduction of mosquito densities compared to sala-
mander-free wetlands and mesocosms. These are the first data that 
demonstrate that amphibian populations can greatly reduce larval 
mosquito densities. 

Predation by aquatic salamanders has a large and often key-
stone effect on wetland community structure (Fauth and Resetarits 
1991; Morin 1981). Studies have indicated that aquatic salamanders 
can reduce densities of invertebrates (Harris 1995; Holomuzki 
1989; Holomuzki et al. 1994) and tadpoles (Morin 1981; Van 
Buskirk and Smith 1991). We provide evidence that tiger and blue-
spotted salamander larvae can reduce aquatic invertebrate and leop-
ard frog tadpole densities. 

We suggest that the larvae of pond-breeding salamanders have 
the potential for pest control of mosquitoes and other biting flies 
that use temporary wetlands. Because insecticides have been im-
plicated as a possible cause of amphibian malformations (Fort et 
al. 1999; La Clair et al. 1998; Madden 1993; Ouellet et al. 1997) 
as well as other sub-lethal and lethal effects (Boone and Bridges 
1999; Boone and Semlitsch 2001; Zaga et al. 1998), an undesir-
able side-effect of insecticide use might be the decline of a natural 
predator capable of controlling mosquito populations. 
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Many marking techniques are available for identifying amphib-
ians in ecological studies, including toe clipping, tattooing, freeze 
branding, staining, transponder implants, and injected fluorescents 
(reviewed in Donnelly et al. 1994; Brown 1997). The main con-
cerns associated with any marking technique are retention of marks 
over time (e.g., Davis and Ovaska 2001), direct effects on mortal-
ity or morbidity (Clarke 1972; Daugherty 1976; Jehle and WWI 
1998), and more indirect effects on predation risk or growth (Travis 
1981; Turner 1960). Subcutaneous injection of fluorescent gels is 
gaining wide use because, in comparison to other techniques, it is 
relatively inexpensive, long lasting, and noninvasive (Nishikawa 
and Service 1988; Seale and Boraas 1974; Wolley 1973). I con-
ducted laboratory experiments to evaluate two injection-based al-
ternatives for marking aquatic salamander larvae: organic dye 
(Seale and Borass 1974) and Visual Implant Elastomer (VIE; 
Anholt et al. 1998). 

These experiments were motivated by two specific concerns. 
Firstly, Anholt et al. (1998) reported successful use of VIE for 
marking ranid tadpoles, but that use of organic dyes was not suc-
cessful. I was interested in determining whether this was also the 
case for another taxon, namely aquatic salamander larvae. Sec-
ondly, there are concerns that fluorescent gel marking might af-
fect predation risk, either by increasing visibility of marked indi-
viduals or the viscosity of marks near tail musculature hampering 
escape responses (Anholt et al. 1998; Davis and Ovaska 2001; 
Wolley 1973). In cannibalistic species, high interaction rates among 
predators and prey might exacerbate such effects. Aggressive en-
counters among Arizona tiger salamander (Ambystoma tigrinum 
nebulosum) larvae are frequent and often result in loss of extremi-
ties or cannibalism (Brunkow and Collins 1998; Collins and Cheek 
1983). Marked individuals might then effectively be carrying fluo- 

Herpetological Review 34(2), 2003 	 119 



rescent bulls-eyes on their backs that draw the attention of 
cannibalistic larvae hunting for conspecifics, especially in 
turbid habitats. The relatively high risk of predation and in-
jury in these largely visual predators makes A. t. nebulosum 
ideal for evaluating fluorescent marking in cannibalistic sala-
manders, and comparing results to previous studies conducted 
with anurans. 

Experimental A. t. nebulosum larvae came from a single Marked 
lab-bred clutch. Embryos hatched in shallow pans, were Not marked 
placed in a 180-liter aquarium, and fed brine shrimp (Artemia Sum 
sp.) nauplii until 5 July 2000 when mean snout-vent length   
(SVL) was approximately 20 mm. Ten larvae each were then 
randomly assigned to 24 35-liter aquaria, and aquaria were ran-
domly assigned one of three treatments in a randomized block 
design: 1) larvae marked with VIE (N = 6 aquaria); 2) larvae 
marked with organic dye-based gel (N = 6 aquaria); and 3) un-
marked control larvae (N = 12 aquaria). The larger number of con-
trol replicates was required to accommodate the second experi-
ment described below. Experimental larvae were marked using a 
25 G needle to inject a stripe of gel ca. 2 mm long into the dorsal 
fin above the tail musculature. The organic dye was mixed to match 
the color of red VIE such that they were visually indistinguish-
able. Each tank was given daily aliquots of brine shrimp nauplii 
(the amount hatching from 1.5 g of cysts), and partial water changes 
were performed weekly. After 30 days, the numbers of larvae that 
survived and retained marks were recorded, and larvae were ex-
amined for signs of injury that may have concealed marks (i.e., 
damage to the tail fin at the marking site). 

A second experiment was performed to determine whether 
marked larvae were more likely to be cannibalized than unmarked 
larvae. Individuals from the previous experiment were used be-
cause marked larvae had retained marks for one month, reducing 
the likelihood that lost marks would confound results. Cannibal-
ism in A. t. nebulosum also only occurs when there is an approxi-
mately 2:1 size ratio between predator and prey (Ziemba et al. 
2000). On 10 August 2000, when larvae ranged in size from about 
25 to 50 mm SVL, the remaining 48 marked larvae from the or-
ganic dye replicates were placed in a 180-liter aquarium with 48 
haphazardly selected unmarked control larvae. Likewise, 48 hap-
hazardly selected marked larvae from the VIE replicates were 
placed in a separate 180-liter aquarium with 48 control larvae. 
Both tanks received equal daily aliquots of brine shrimp nauplii. 
After 60 days, surviving marked and unmarked larvae were counted 
and inspected for damage. 

Survivorship in the first experiment was uniformly high (9 or 
10 larvae survived in all replicates), and not different among treat-
ment levels (Kruskal-Wallis H = 1.42, p = 0.492). Retention of 
marks was higher in the VIE treatment (mean ± SEM = 100% ± 
0%) than the organic dye treatment (84.3% ± 2.27%). All surviv-
ing larvae marked with VIE retained their marks, while at least 
one larva in each organic dye replicate lost its mark (Mann-Whitney 
U = 0.0, p = 0.002). Marked larvae in the second experiment were 
not more likely to be cannibalized than unmarked larvae for either 
the VIE or organic dye treatment (Table 1; Mantel-Haenszel c 2  = 
0.0219, p = 0.882). Although some larvae died for reasons other 
than cannibalism (presumably from complications associated with 
attempted cannibalism; N = 12 of 118 deaths across both treat-
ments), outright cannibalism was the main source of mortality (N 

TABLE 1. Results of cannibalism experiment where equal numbers of marked 
and unmarked larvae were placed together to assess the effect of marking on the 
incidence of deaths from intraspecific predation and aggression. 

V.I.E. 	 Organic Dye 

Lived 	Died 	Sum 	Lived 	Died 	Sum 

22 26 48 15 33 48 
19 29 48 18 30 48 

41 55 96 33 63 96 

= 106 of 118 deaths). Because there were relatively few non-can-
nibalistic deaths and these were likely a consequence of cannibal-
ism attempts, all deaths were included in the analysis. All larvae 
incurred at least some damage to limbs, gills, or tail tips from 
intraspecific encounters, but injuries occurred well away from the 
marking site such that identifying marked versus unmarked indi-
viduals was unambiguous. 

Neither gel-based marking technique reduced survivorship of 
larvae relative to unmarked larvae. Similarly, neither marking tech-
nique affected cannibalism rate. However, the cannibalism experi-
ment was conducted in a well-lit laboratory in clear water, and 
colored marks may increase visibility of larvae to potential preda-
tors in turbid waters of natural habitats. Salamander larvae retained 
VIE marks better than organic dye, but two additional consider-
ations might offset this advantage. Firstly, VIE is more expensive 
than the organic dye gel. A 15 cc kit of VIE (enough to mark about 
1500 larvae) costs US $190 versus approximately US $19 for a 
comparable amount of organic dye gel. Secondly, VIE must be 
prepared immediately prior to use. Although keeping VIE refrig-
erated will slow the hardening process, it must be used within a 
few days of mixing ingredients (Northwest Marine Technology, 
Inc. 1999). Organic dye gel seems to last indefinitely (pers. obs.), 
allowing one to mix large batches that can be used for years. If 
maximum retention of marks is a priority, however, the extra cost 
and effort associated with the VIE system might be worthwhile. 
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Crocodile research and management often requires information 
on the timing of various aspects of reproduction (Magnusson and 
Taylor 1980). The ability to determine accurately embryo age al-
lows estimation of oviposition dates, monitoring embryo mortal-
ity within nests, and prediction of hatching peaks (Hall 1985; 
Magnusson and Taylor 1980; Webb et al. 1983a, b). Crocodilian 
embryos have been aged on the basis of ontogenetic stages 
(Ferguson 1987; Magnusson and Taylor 1980) and the extent of 
opaque egg banding (Ferguson and Joanen 1983; Webb et al. 1983a, 
b), but these methods are time consuming, highly subjective, and 
difficult for non-embryologists to apply in the field (Deeming and 
Ferguson 1990; Hall 1985). Instead, Webb et al. (1983a, b) and 
Hall (1985) recommend the development of species-specific 
growth models that relate selected morphometric measurements 
to embryo age. Such models are available for Crocodylus johnstoni 
(Webb et al. 1983a), C. novaeguineae (Hall 1985), C. palustris  

(Hall 1985), and C. porosus (Hall 1985; Webb et al. 1983b), and 
in this paper we provide a model for Morelet's crocodile (C. 
moreletii), a little-studied species inhabiting the Caribbean and 
Atlantic lowlands from northern Mexico south to Guatemala and 
southern Belize (Groombridge 1987; Platt et al. 1999). 

This study was conducted from June through September 1996 
at Gold Button Lagoon (17°50' N; 88°45' W), a 142-ha man-made 
impoundment in Orange Walk District, Belize inhabited by an es-
timated 175 non-hatchling crocodiles (Platt 1996). At the onset of 
the nesting season (mid- to late June), we inspected potential nest 
sites every two days and determined the oviposition date of each 
clutch to within 48 h. Beginning two to three weeks post-laying, a 
single viable egg was randomly collected from every nest each 
week. Linear measurements of eggs and embryos were obtained 
with dial calipers (± 0.1 mm). Egg length (EL) was measured and 
the embryo extracted after euthanization by chilling at approxi-
mately 10°C for one hour (Platt et al. 2000). Previous studies 
(Deeming and Ferguson 1990; Hall 1985) have identified dorsal 
cranial length (DCL: measured from the anterior tip of the snout 
to the median posterior edge of the supraoccipital) as the best mor-
phological attribute for predicting embryonic age in crocodilians. 
Unlike other attributes, DCL exhibits isometric growth with re-
spect to embryo age and can be easily measured (Hall 1985). On 
young embryos lacking cranial ossification, DCL was measured 
from the anterior tip of the snout to the flexion of the cranial re-
gion (see Fig. 1 of Hall 1985), and care was taken to ensure cali-
pers did not indent soft tissue. Embryos were preserved in forma-
lin and later deposited in the Campbell Museum, Clemson Uni-
versity, Clemson, South Carolina, USA. Weekly egg collection 
continued until clutches were lost to predation or flooding, or 
hatched. In most cases, the date of hatching was unknown and 
thus incubation period could not be precisely determined. 

Thirty-two embryos ranging from 17 to 73 days old were col-
lected from seven C. moreletii nests between 6 July and 14 Sep-
tember. There was a significant positive relationship between 
embryo age and DCL, and DCL explained most of the variation in 
embryo age (r2  = 0.91; P < 0.001; Fig. 1). The average difference 
between predicted embryo age and actual age was 4.0 days (range 

Dorsal cranial length (mm) 

FIG. 1. Relationship between dorsal cranial length and age of Morelet's 
crocodile embryos (N = 32). 
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= 0.4-13.6 days), with the greatest deviation occurring in embryos 
older than 50 days. Some authors have speculated that egg size 
might affect the relationship between DCL and age (Hall 1985; 
Webb et al. 1983a, b), and Webb et al. (1983a) recommended scal-
ing morphometric measurements to egg length when calculating 
linear regression models. We found a significant linear relation-
ship between DCL/EL and embryo age in C. moreletii (r2  = 0.88; 
P < 0.001; Fig. 2). Embryo age predicted by this model differed 
from actual age by an average of 4.5 days (range = 0.25-14 days), 
with the greatest deviation noted in embryos older than 35 days. 
However, while the relationship between DCL/EL and embryo 
age was significant, scaling did not improve the fit of this model. 
Likewise, Deeming and Ferguson (1990) found EL only affected 
embryo size during the final stages of incubation and concluded 
that scaling is unnecessary for developing predictive models. DCL 
measurements alone thus provide a simple, rapid method for esti-
mating the age of C. moreletii embryos. 

Although our method is lethal, the sacrifice of a small number 
of eggs for aging purposes is unlikely to prove detrimental to the 
fitness of wild crocodile populations. Crocodylus moreletii pro-
duce large clutches (mean = 25.0 ± 7.6 eggs; range = 9-42; N = 
73) and natural losses to predators and flooding are generally high, 
approaching 100% in some years (Platt 1996). Moreover, eggs 
and hatchlings are demographically expendable and large num-
bers are harvested to stock commercial ranches with little effect 
on natural populations (Rice et al. 1999). Indeed, Alligator 
mississippiensis populations at several lakes in Florida, USA in-
creased over an 11-year period even when 50% of the eggs and 
hatchlings were annually removed (Rice et al. 1999). 

In contrast to previous studies where eggs were collected shortly 
after oviposition and incubated under constant temperatures in the 
laboratory (Hall 1985; Webb et al. 1983a, b), our model was de-
rived from embryos developing in situ. Incubation temperatures 
under natural conditions vary both within and among nests, and 
consequently incubation periods are often highly variable (Deem-
ing and Ferguson 1989; Lang et al. 1989). For example, in an ear-
lier study of C. moreletii nesting in Belize, significant differences 
were found in incubation temperatures between nests, and incu-
bation periods ranged from 61 to 86 days (Platt 1996). Because 

Dorsal cranial length (mm) / egg length (mm) 

FIG. 2. Relationship between dorsal cranial length/egg length and age 
of Morelet's crocodile embryos (N = 32).  

embryonic development is highly dependant on incubation tem-
perature, incubating eggs under constant temperatures in the labo-
ratory minimizes variation in embryonic development rates and 
yields predictive equations that are less applicable to field studies 
(Deeming and Ferguson 1989). Conversely, models derived from 
embryos collected from wild nests better account for variation in 
developmental rates, and are likely to more accurately predict em-
bryo age. Therefore, we recommend that future studies develop 
predictive growth models from embryos developing under natural 
rather than laboratory conditions. 
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When radiotracking amphibians, reptiles, and other small ver-
tebrates, determining the location of an animal to within less than 
a meter is frequently desirable. This is often difficult because most 
antennas are optimized for locating signals that are several meters 
to several kilometers away, and because of the complex habitat 
structure where many small vertebrates are found. For example, 
one might want to determine the location of a turtle in a large 
logjam, the position of a snake in a rock fissure, or the site of a 
frog sitting in a thicket. Being able to locate a transmitter to within 
centimeters can add valuable information to a tracking study as 
well as greatly facilitate the recovery of lost transmitters. 

When trying to locate a nearby transmitter in locations where a 
normal multi-element antenna is ineffective, biologists often re-
move the antenna from the end of the coaxial cable and use the 
cable as a weak, omnidirectional antenna. Careful sweeps in a 
grid pattern can sometimes help locate the transmitter in grass-
lands and similar habitats, but this technique is not practical in 
many settings. To solve this problem, we have modified and greatly 
simplified a technique originally used by FWS biologists to re-
cover lost duck transmitters from ponds (anonymous, unpublished 
FWS report). 

Firstly, we modify a coaxial cable by removing the connector at 
the antenna end of the cable and stripping back the insulation and 
ground wire sheath about 2 cm. By separating the two wires in the 
cable, a small omnidirectional antenna is created. We then cut a 
75-150 cm length of 1.4 cm (1/2") schedule 80 PVC pipe and seal 
one end with a PVC cap. The antenna cable is fed into the PVC 
pipe and the other end is connected to the radio receiver. The modi-
fication to the end of the cable creates a small antenna that is much 
more efficient compared with a plain cable that many biologists 
use. Although an unmodified cable does detect some radio sig-
nals, it does not allow one to localize the signal nearly as well. 
The use of a PVC pipe allows researchers to probe more easily 
into crevices and underwater, compared with a loose cable. 

We have used this system to locate the exact position of red-
legged frogs (Rana aurora) during an ongoing study of habitat 
use. Red-legged frogs often sit in dense vegetation (e.g., cattails, 
poison oak, blackberry, nettles) or in logjams along creeks. With-
out the antenna pole, we would only have a general idea of where 
the frogs were located. 

Recovering lost transmitters, or recapturing animals with expir-
ing transmitters, is often a time-consuming part of telemetry stud-
ies. The antenna pole is extremely useful for these tasks. Gluing a  

magnet to the antenna pole with epoxy can facilitate the recovery 
of transmitters no longer attached to animals. The best magnets 
for this purpose are rare earth magnets, as they have far more pull 
(for their size) than ceramic magnets. We currently use a grade 30 
neodymium disc magnet (2.5 cm diameter x 1.0 cm high, Catalog 
number NE150, US $18.00 from Dowling Magnets, 1-800-624-
6381, www.dowlingmagnets.com/index  1 .html), although a wide 
range of sizes and strengths are available. Note that rare earth 
magnets are more brittle than standard ceramic magnets, so a thick 
magnet is preferable. The magnet can be attached to the capped 
end of the antenna pole so that one can locate and retrieve a trans-
mitter simultaneously. Because we often use our antenna pole for 
locating animals that we do not want to disturb or capture, we use 
a separate wooden pole for the magnet. 

We bolted a small angle bracket to the end of a broom handle 
and expoxied the rare earth magnet to the end. The bracket pro-
vides a secure attachment to the pole and a good surface for glu-
ing the magnet. A rare earth magnet such as the one we use will 
pick up (and firmly hold) a small radiotransmitter from ca. 3-4 
cm away. 

When trying to locate a lost transmitter, we typically use the 
antenna pole to locate the transmitter as closely as possible. If we 
happen to bump the transmitter or touch the transmitter antenna, 
the signal often changes to a slightly higher or lower pitch. We 
then either reach down and simply pick up the transmitter, or switch 
to the magnet pole. When using the magnet pole, it is best to moni-
tor the signal; the magnet can cause a notable change in signal 
(distortion or change of pitch) at close range, or can turn off the 
transmitter if the transmitter has an internal reed switch. In either 
case, changes in the signal are a clear indication that the transmit-
ter is within 6-8 cm of the magnet. Of course, the distance over 
which a change might occur depends on intervening objects (e.g., 
mud, water, rocks, sticks) and the performance of the transmitter. 

We have used the above technique for the last five years and 
have found lost transmitters in root masses, on the bottom of ponds, 
in dense cattails, and other difficult situations. Without the an-
tenna pole, we would have spent far more time locating 
transmittered frogs and we would have frequently obtained only a 
general location. Additionally, because used transmitters can be 
refurbished with a new battery for about half the cost of a new 
transmitter, we have saved thousands of dollars by recovering 
nearly all our transmitters. 
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Investigations into worldwide population declines in amphib-
ians are under way. A wide range of causes have been identified, 
e.g., habitat destruction (Ferraro and Burgin 1993a, b) and the in-
troduction of non-native fish (Knapp and Matthews 2000). How-
ever, a newly discovered chytrid fungus has been consistently found 
in mass mortality events in wild populations of frogs in Australia, 
Panama (Berger et al. 1998), and Spain (Bosch et al. 2001). This 
is the first known instance of a keratinophilic fungus pathogenic 
to amphibians. The chytrid fungi present in all of these events 
were morphologically and ultrastructurally identical and given the 
name Batrachochytrium dendrobatidis gen. et  sp. nov. Longcore. 
To date, there seems to be only the one species but molecular tech-
niques will be needed to confirm this (Berger et al. 1999). The 
disease caused by B. dendrobatidis was called chytridiomycosis 
(Berger et al. 1998; Longcore et al. 1999). 

The fungus has been found inside the keratinized cells of the 
epidermis of adult or newly metamorphosed animals (particularly 
the ventral body, limbs, and feet areas); it has also been observed 
to invade the keratinous teeth of tadpoles (Berger et al. 2000). 
Histological sections made from frog toe clippings have revealed 
the fungus to occur within the inner layers of the epidermis, within 
thickening or erosions of the epidermis, and occasionally within 
ulcers (Berger et al. 1999). The fungus is predominantly unicellu-
lar, spherical or subspherical in shape averaging 15 gm in diam-
eter, with one to several discharge tubes that are usually 2 gm in 
diameter and range from several microns to 2-4 mm in length. A 
small percentage of the fungal thalli become colonial following 
the formation of internal walls (Berger et al. 2000). Fine, thread-
like structures (rhizoids) grow out from the base of the fungus 
through, and out of, the invaded epidermal cells (Pessier et al. 
1999). 

Skin scrapings, histological sections from toe clippings and else-
where, transmission and scanning electron microscopy, and im-
munocytochemistry are all methods that have been used to detect 
the presence of chytrid fungus in frog skin. All of these have asso-
ciated problems. Unstained wet mounts (Berger et al. 1999) and 
Diff-Quick-stained smears of skin scrapings (Pessier et al. 1999) 
have been used as a first step in determining the presence of the 
chytrid in host tissue. With this approach the mature zoosporangium 
could be recognized because of size, shape, and the refractive na-
ture of the fungal wall, but other stages posed problems in differ-
entiation from host cells (Berger and Speare 1998; Pessier et al. 
1999). Histological sections stained with haematoxylin and eosin  

(H & E) are commonly used to confirm the presence of the fungus 
in the infected animal. Preparation of these sections requires great 
skill and is a time consuming process. While the H & E dyes used 
clearly identify the mature zoosporangia, the immature stages can 
still be confused with nuclei (Berger et al. 2000) or other unicellu-
lar organisms, for example protists that are the same size and shape 
and have the same staining response as the fungus (Pessier et al. 
1999). Furthermore, not all sectioned zoosporangia will display 
the discharge tube(s) and empty zoosporangia can be confused 
with the various types of ducts from the frog's dermal glands 
(Berger et al. 2000). The fungal walls in histological sections can 
also be stained using the periodic-acid-Schiff's reaction (PAS) 
(Berger et al. 2000), but this staining procedure stains all carbohy-
drates with 1:2 glycol groups (Pearce 1968) and consequently is 
not specific for chitin, the principal wall component in chytrid 
cell walls (Bartnicki-Garcia 1968). Immunocytochemical tests 
involving polyclonal antibodies have recently been developed to 
detect B. dendrobatidis in lightly infected animals (Berger et al. 
2002). While this test reveals rhizoids, walls, internal septa, and 
zoospores within the frog tissue, it was not specific for B. 
dendrobatidis; other chytrid fungi also gave positive reactions 
(Berger et al. 2002). However, once again this method is a time 
consuming and expensive process, because it is used on paraffin-
embedded sections involving numerous steps with expensive re-
agents and requires a reasonably high skill level. All immunocy-
tochemical procedures have inherent problems and require testing 
of reagent concentrations, pH, temperature of incubation, etc., to 
determine the correct procedure to avoid non-specific staining 
(Briggs and Ashford 2001). 

To address the above problems we sought to develop a rapid, 
cost-effective method suitable for non-mycologists to distinguish 
clearly the chytrid fungus in frogs suspected of being infected with 
chytridiomycosis. Because the cationic dye Congo red stains cel-
lulose and chitin, and has been used to reveal fungal hyphae in 
histological sections of human tissue (Slifkin and Cumbie 1988), 
we investigated the feasibility of this dye to reveal the chytrid 
fungus in frog skin scrapings and intact skin. 

MATERIALS AND METHODS 

We developed and tested our methods on three Litoria peronii 
adults with symptoms of chytridiomycosis that had been frozen 
following death, 12 Limnodynastes tasmaniensis adults that had 
been preserved in 10% neutral buffered formalin (six of these ani-
mals had the chytrid fungus) and 11 Limnodynastes tasmaniensis 
adults that were collected in pitfall traps. 

A 0.01% solution of Congo red dye was prepared by dissolving 
Congo Red Indicator [3,3'4[Bipheny1]-4,4'-diyIbis(azo)]-bis[4- 
amino- 1-naphthalrnesulfonic acid] disodium salt CI 22120] (Merck 
Art. 1340, CI 22120/360) in phosphate buffered saline (PBS) pH 
7.4. The dye was stored in a dark bottle at room temperature and 
replaced when precipitate appeared. To prepare PBS we dissolved 
0.154g of NaH2PO4.2H20, 0.7126g of Na2HPO4, and 4.01g NaCI 
in 500 ml of sterile water. 

Each formalin-preserved frog was briefly rinsed with distilled 
water, and frozen animals were allowed to thaw slightly. A sterile 
scalpel blade was gently but firmly scraped across the pelvic patch 
or right inner thigh of each animal. The scraping was smeared 
onto a microscope slide within a 14 x 12 mm hydrophobic barrier 
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FIG. 1. Skin scraping from a leg of an adult thawed Litoria peronii. The 
emergent discharge tubes (dt) stain brick red after 20 minutes staining. 
The refractive walls of the mature zoosporangia (mz) are unstained but 
can be seen against the background. An immature zoosporangium (im) 
with refractive bodies is also present in the focal plane. Scale bar = 10 
gm. 

created by using a Liquid blocker super Pap Pen (Daido Sangyo 
Co Ltd. Tokyo Japan). These samples were air dried for 5 min-
utes, covered with 60 gl of Congo red solution, stained for 10, 20, 
30, or 60 minutes, then covered with a 22 x 40 mm coverglass. If 
the stain dries out, crystalization of the salts will occur. 

Small (4 x 6 mm) pieces of unpigmented skin were cut from the 
ventral surface of the inner left thigh of each preserved animal; 
these were scraped, rinsed with distilled water, and placed onto a 
clean glass microscope slide. The pieces of skin were covered with 
the Congo red solution, stained for 10, 20, 30, or 60 minutes, rinsed 
with distilled water and examined. 

Scrapings taken from live animals in the field were obtained 
with a small sterile plastic spoon (attached to the lid from a 76 x 
20 mm feces tube from Sarstedt 80.734.301). This spoon was 
scraped over the inner thigh and the underside of the feet. The 
spoon and scraping was put into the vial containing 200 gl of PBS, 
transported back to the laboratory in plastic bags surrounded by 
ice. The entire scraping solution was deposited inside a 14 mm x 

FIG. 2. Skin scraping from a preserved Limnodynastes tasmaniensis 
adult 60 minutes after staining with Congo red. The walls of the imma-
ture zoosporangia (im), colonial forms (cf), mature zoosporangia (mz), 
and discharge tubes (dt) are well stained. The frog nuclei are lightly stained. 
Scale bar = 10 gm.  

25 mm hydrophobic rectangle created on a clean microscope slide. 
After most of the solution had been evaporated, the scraping was 
covered with 80 gl of the dye, stained for 60 minutes, covered, 
and examined. 

RESULTS AND DISCUSSION 

The keratinized epidermal cells could not be confused with the 
chytrid fungus. In both Limnodynastes tasmaniensis and Litoria 
peronii the epidermal cells were flat, 4-6 sided polygons with a 
single round or oval nucleus (4.5-7 x 7.5 gm) and no refractive 
bodies (Figs. 1, 2). There was no alteration in shape or size fol-
lowing preservation in formalin or freezing. The cell membrane 
did not stain with Congo red, although the nucleus stained in dam-
aged cells. 

The skin scrapings from infected and non-infected animals re-
sulted in sheets of keratinized epidermal cells, clusters of subepi- 

Flo. 3. Skin scraping from a preserved Limnodynastes tasmaniensis 
adult 60 minutes after staining with Congo red. The mature zoospores 
(zp) can be seen through the stained wall of the zoosporangia. Scale bar = 
10 gm. 

dermal cells, isolated cells, and nuclei; fungal spores and hyphae 
were occasionally present. When smears from uninfected forma-
lin-preserved animals were stained for between 10 and 60 min-
utes, the nuclei of the subepidermal cells were stained orange, but 
nuclei in the epidermal cells were only stained orange when the 
cell's plasmalemma had been breached. The stained nuclei in the 
epidermal cells were still readily distinguishable from the fungus. 
When smears from infected animals were stained for 10 minutes, 
there was no staining of the fungus. After 20-30 minutes, the walls 
of all empty zoosporangia and the exposed discharge tubes of 
mature zoosporangia were stained a distinctive brick-red color but 
the dye did not penetrate the intact plasmalemma to stain the im-
mature stages or the host nuclei (Fig. 1). However, the immature 
stages could still be recognized inside intact epidermal cells (Fig. 
1) and distinguished from the host nucleus by the presence of many, 
small to medium-sized refractive bodies, the clear zone surround-
ing them, and a thin wall. Often more than one zoosporangium 
was in the same cell. After a longer staining period (i.e., 45-60 
minutes), the walls of the majority of immature, mature, colonial, 
and empty zoosporangia were stained a brick-red color and the 
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host nuclei were stained a paler orange (Figs. 2 and 3). It is not 
possible to say whether the staining in these circumstances was 
because of an initial breach in the cell plasmalemma or a breach 
resulting from the prolonged staining in the dye. However, trials 
in which the dye had been dissolved in distilled water or phos-
phate buffer were not as successful. The staining time required 
was at least two to three times longer, the walls of the immature 
stages did not stain, and the intensity of the color was less. 

Skin scrapings from the live animals contained small sheets of 
epidermal cells, soil debris, unicellular and colonial green algae, 
fungal hyphae and spores. Although the algal cells were similar in 
size and shape to the chytrid fungus, they did not have the numer-
ous refractive bodies found in the immature zoosporangia nor the 
discharge tubes found in the mature zoosporangia: they were also 
green in color. The colonial algae were easily distinguished from 
the colonial chytrid fungus, again by the green color as well as by 
the lack of binding of the dye. The mucilage surrounding living 
algal cells prevents the penetration of Congo red to the wall be-
neath and the mucilage does not stain. The fungal spores present 
were not similar in size or shape to the chytrid fungus and many 
were naturally pigmented brown (not shown). 

In all of the skin scrapings, the hydrophobic barrier was suc-
cessful in retaining the scraped off cells on the slide. When sheets 
of cells became trapped on top of the hydrophobic barrier after the 
lowering of the coverslip, the chytrid zoosporangia were still eas-
ily seen because they had already been stained with Congo red. 

These simple procedures were very cost effective in time (ca. 1 
h for preserved/frozen animals) and materials relative to other pro-
cedures such as histological sections, TEM, immunocytochemis-
try. Although the dye will be absorbed by the host nuclei and other 
structures such as muscle fibers, the color is less intense and quite 
different to the color produced when it binds to the wall of the 
chytrid fungus. Congo red might thus be considered a useful dye 
to detect the fungus within the host tissue as well as distinguish it 
from other unicellular organisms. While the extent of the chytrid 
infections of an animal is better achieved through examination of 
the whole skin mounts, the scraping technique successfully col-
lects infected cells. It might be applicable to all living amphib-
ians, especially those where toe-clipping is not feasible, and could 
be successfully incorporated into monitoring or ecological studies 
to check for the spread of the chytrid fungus in frog populations. 
The scraping of preserved museum animals would allow collec-
tions to be quickly checked without apparent damage to the speci-
mens. 
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Cylindrical, collapsible, baited hoop nets have been used to catch 
freshwater turtle for decades (Legler 1960; Plummer 1979). The 
basic design has been modified because of the availability of new 
materials (Feuer 1980), and hoop traps have been combined with 
a separate holding section to reduce turtle escapes (Kennett 1992). 
Iverson (1979) described a cheaper, baited, aquatic trap with the 
shape of a rectangular box made of chicken wire that was also 
combined with drift fences to catch turtles during terrestrial move-
ments (Iverson 1991). 

A common feature of traditional hoop traps is that they either 
require placement in shallow water to allow captured turtles to 
breath at sections of the trap that protrude into the air, or, if set in 
deep water, they must be checked frequently to prevent turtles 
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from drowning. This limits the trap's usefulness in catching large, 
highly aquatic turtles (for example Elseya dentata and 
Erymnochelys madagascariensis) that prefer deep water. To some 
degree this problem can be overcome by constructing tall chicken 
wire traps, but those traps cannot be easily collapsed and require a 
lot of space during transport. 

Here I describe a collapsible trap with a rectangular frame and 
netting. Approximately 2.8 m of 1 m wide stretched netting with 
knotted or knotless 30 mm (stretched) mesh is required per trap. A 
rectangular 10 mm aluminum rod or tube frame of 80 x 60 cm 
forms the base. Two half-rectangle aluminum bars are hinged to 
the middle of the long sides of the base frame. These bars give 
stability to the two entry funnels when the trap is set (Fig. 1) and 
lie neatly on the frame when the trap is collapsed. Two strong 
cords are tightened to and stretch between the sides of each half-
rectangle bar to form the entry slit of the funnel. The netting is 
stitched to the bottom frame and the funnel sections. Along the slit 
of the funnel the net is threaded to the cords that stretch between 
the sides of each bar. The two entries of the trap are thus formed 
by narrow, elastic slits of 60 cm length (Fig. 1). Netting is stitched 
from the base of the frame and the bars to form a cylindric section 
that extends upwards. The vertical cylindrical net section is tied 
shut on top with cord to close the trap and is untied when neces-
sary to allow removal of turtles (Fig. 2). The material and con-
struction cost per trap is US$ 40-50, which is higher than the cost 
of hoop nets or chicken wire traps because more netting and some 
welding is necessary. 

Traps are transported in the collapsed state, and typically five to 
ten traps are strapped together or carried in a canvas bag. Traps 
are set and held open by stretching a cord along the mid-line be-
tween the two movable bars which holds the bars and the two 
entry funnels in place. If bait is used it is enclosed in wire mesh 
and/or fly-screen mesh and knotted to the centre of the stretch-
cord (Fig. 1). The bait is suspended in the middle between the 
entry throats and touches neither the bottom nor the side netting. 
Because of the weight of the aluminum frame, traps sink under-
water. Traps are set so that they rest on the bottom or touch slopes 
or tree trunks. The upper end of the vertical cylindrical net section 
is tied with a cord to a tree branch or a stake above the water 
surface to allow trapped turtles access to air for breathing. Plastic 
floats can be placed inside the net to ensure that its top always 

FIG. 1. Close up of frame section of erected turtle trap with bait. 

FIG. 2. Hanging turtle trap ready for positioning in deep water. 

remains above the water surface. Because the upward reaching 
cylinder stretches when the trap is suspended (Fig. 2), traps can be 
set at a water depth of about 2 m and trapped turtles will still have 
access to air. 

About 60 of these traps have been used in freshwater turtle field 
studies in Western Australia since 1994 and in Madagascar since 
1996. Several thousand turtles of the genera Chelodina, Elseya, 
Emydura, Erymnochelys, Pelomedusa, Pelusios, and 
Pseudemydura have been caught. If traps hang in deep water, it is 
important to use stakes or submerged tree trunks to stabilize them. 
Once ten large turtles had entered one trap that was checked every 
12 hours. The trap was quite congested with turtles, and their move-
ments caused the vertical net to rotate and twist. Three of the ten 
turtles were trapped in the lower part of the net under the twisted 
section and were unable to reach the air. Although all turtles re-
covered and survived, the accident demonstrates the importance 
of securing the traps so that they cannot rotate and the vertical net 
compartment cannot be twisted. Small crocodiles (Crocodylus 
niloticus, C. johnsoni, < 1.2 m total length) sometimes entered the 
traps and in two instances a C. johnsoni entangled its long snout 
and teeth in the net and could not reach air. The crocodiles seemed 
at first drowned, but both recovered some minutes after removal 
from the traps. 

Long-necked turtles of the genus Chelodina show high escape 
rates from conventional baited hoop nets without a separate hold-
ing section (Kennett 1992). When trapping medium-sized turtles 
such as Chelodina, I constrict the funnel slits in the middle with a 
piece of wire or string to tighten the entries further by creating 
two slits of 30 cm length rather than one of 60 cm. Theoretically, 
a holding compartment (Kennett 1992) could also be added to the 
trap described here. 
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The critically endangered Western Swamp turtle (Pseudemydura 
umbrina) in southwestern Australia does not enter baited traps 
(Burbidge 1981; pers. obs.). Terrestrial drift fences with pitfall 
traps around swamps were used to catch P. umbrina during the 
1960s and 1970s (Burbidge 1981), but because of predation of 
trapped turtles in the pits by introduced foxes (Vulpes vulpes), drift 
fence trapping was discontinued in the early 1980s. Less than 50 
wild individuals of R umbrina survived into the 1990s, a situation 
requiring capture techniques that minimize risk to individuals. 
Since 1994 I combined the traps described here with drift fences 
(10 mm black plastic mesh) to catch P. umbrina in seasonal 
swamps. I use drift fences only in water, with traps joined to the 
drift fence by threading a metal stake through netting as well as 
fence mesh. With this set up, turtles entering traps remain in the 
water and are not subjected to desiccation, direct solar radiation, 
or predation. Because of the height of the net, the risk of drowning 
turtles when water levels suddenly rise due to flooding is elimi-
nated. The traps worked best when the water was deep enough to 
cover the throat of the trap. Because the traps lie flush with the 
substrate and the bars can be positioned lower if necessary, the 
traps can be set in shallower water than most conventional traps. 
Vogt (1980) described the use of unbaited fyke nets with long leads 
as underwater "drift fences" to catch turtles. Fyke nets obviously 
are suitable to catch turtles in rivers, lakes, and ponds, but in shal-
low swamps with fluctuating water levels drift fences with the 
traps described here are more suitable. They are currently the only 
acceptable and successful trapping method for P umbrina. 

There are many advantages of the new trap design: When col-
lapsed the traps are flat rectangles that can easily be stacked and 
bundled together. In contrast to hoop nets, stretchers or stiffeners 
in the form of wooden dowels or stakes with hooks are not neces-
sary. The traps are easy to transport, even in small boats or when 
hiking over difficult terrain. Traps can be used with bait and posi-
tioned underwater shallowly or relatively deeply (about 2 m). They 
are particularly useful for trapping large, aquatic swimming and 
bottom-walking species that may be reluctant to enter shallow 
water. The narrow entry slit of the funnels is a less likely escape 
route for turtles than the round or elliptical openings of hoop traps. 
The traps are useful to trap hatchlings as well as large turtles. Fi-
nally, unbaited traps can be combined with drift fences in shallow 
water and under changing water levels. 
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In recent years, increased awareness of amphibian declines has 
resulted in widespread efforts to inventory and monitor amphib-
ian populations, thus initiating the development of standardized 
and quantitative sampling techniques. Accepted sampling meth-
ods for aquatic adult and larval amphibians include dipnetting, 
seining, and funnel trapping (Heyer et al. 1994). Numerous types 
of funnel traps have been employed and include simple wire min-
now or eel traps (Fronzuto and Verrell 1999), expensive, species-
specific traps (Mushet et al. 1997), and traps made from plastic 
jugs or soda bottles (Calef et al. 1973; Griffiths 1985; Richter 1995; 
Smith and Rettig 1996). While funnel trapping has proven to be a 
valuable technique for amphibian sampling in many lentic habi-
tats, it has seldom been applied to lotic ecosystems. 

The most widely accepted method for sampling lotic habitats 
for amphibians is timed dipnetting (Shaffer et al. 1994). Dipnetting, 
while effective for sampling some amphibian species, is some-
times difficult to standardize because of variation in effort among 
investigators. Partly because of a lack of standardized sampling 
techniques, stream-dwelling amphibian populations have not been 
monitored as closely as those in other habitats (Heyer et al. 1994). 
Here, we describe an inexpensive and quantitative method for sam-
pling stream-dwelling salamanders using funnel traps constructed 
from plastic soda bottles. This technique, employed in small 
streams in the western Piedmont of North Carolina, yielded a 
greater diversity of salamander species and life-stages than did 
dipnetting. 

Funnel traps were constructed from 3.0 L, 2.0 L, 1.0 L, and 0.6 
L plastic soda bottles as described by Griffiths (1985). A range of 
bottle sizes were used to trap various microhabitats within streams. 
Larger (3.0 L and 2.0 L) bottles were used in stream pools and 
other deep-water areas while smaller bottles allowed trapping in 
shallow water along stream edges and were especially effective in 
trapping undercut banks, along submerged logs, and other areas 
frequented by adult salamanders. To create each trap, the top of 
the bottle was cut off and inverted. Holes were punched, using a 
metal single-hole punch, through the top and bottom of the trap 
mouth and a bamboo garden stake was passed through the holes 
to hold the inverted bottle top in place. The trap was anchored 
horizontally to the streambed by pushing the stake into the sub-
strate. Traps were set in water slightly shallower than the diameter 
of each bottle, resulting in a layer of air inside of each bottle. 

To test the efficacy of funnel trapping in small streams, we 
trapped a total of eight streams located within 11 km of Davidson, 
North Carolina. Each stream was trapped for two, one-week ses-
sions, once in mid-February and again in mid-April 2001. During 
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each trapping session, 12 traps were set approximately 1 m apart 
along the stream edge and in slow-current areas where leaves and 
debris had collected. Traps usually were set facing into the current 
and were not baited. Each set of 12 traps contained one 3.0 L, four 
2.0 L, three 1.0 L, and four 0.6 L bottles to allow for trapping in a 
variety of depth and current velocity locations. Traps were checked 
every other day during each week-long trapping session, at which 
time all animals found in the traps were removed. No in-trap mor-
tality was observed. After checking, traps were moved a short dis-
tance (< 1 m) to ensure thorough trapping of all microhabitats 
within the stream. All salamanders captured in traps were taken to 
the laboratory for the remainder of the one-week trapping session 
to avoid recaptures and were subsequently released. 

We compared the effectiveness of funnel trapping to timed 
dipnetting, the method recommended by Shaffer et al. (1994) for 
sampling amphibian larvae in streams. Dipnetting was conducted 
for two 2-day periods during the trapping period (late February 
and mid-April). During these periods, each of the eight streams 
was netted for a period of 30 minutes per stream. Netting concen-
trated on areas of submerged leaves, rocks, logs, and other cover 
objects and was confined to underwater microhabitats (Shaffer et 
al. 1994). 

Funnel trapping and timed dipnetting both yielded high num-
bers of salamanders; however, trapping yielded a greater diversity 
of species and life-stages than dipnetting (Fig. 1). Dipnetting pro-
duced high numbers of Desmognathus fuscus and Eurycea 
cirrigera but the vast majority (97%) were larvae. Funnel trap-
ping also yielded high numbers of D. fuscus and E. cirrigera, but 
with a much larger percentage (27%) of adult salamanders (Fig. 
1). In addition, we captured three Pseudotriton ruber larvae and 
five adult anurans, of three different species (Rana clamitans, R. 
catesbeiana, and Pseudacris triseriata), in funnel traps. Of these 
species, only R. catesbeiana also was detected by dipnetting. 

We estimated the time required to construct, set, and check the 
funnel traps used in this study and compared it to the time re- 

FIG. 1. Species and life-stage composition of salamanders captured by 
funnel trapping and by dipnetting. Note that while dipnetting yielded a 
greater total number of salamanders, funnel trapping captured many more 
adult salamanders. In addition, Pseudotriton ruber was detected only by 
funnel trapping. 

Larvae 
	

Adults 

FIG. 2. Average time invested per salamander captured for funnel trap-
ping and dipnetting. Note that while dipnetting captured more salamander 
larvae per unit of time, funnel trapping was much more efficient for cap-
turing adult salamanders. 

quired for dipnetting. Although time invested per salamander larva 
was lower for dipnetting, funnel trapping was much more effi-
cient in capturing adult salamanders (Fig. 2). In addition, over the 
two-month study period, dipnetting only sampled each stream at 
two time points, while funnel trapping sampled each stream con-
tinuously over two week-long periods. This is important, consid-
ering that many amphibian species are only active at night or un-
der specific climatic conditions (Peterson and Dorcas 1992). Fi-
nally, the cost of these funnel traps is negligible when compared 
to standard wire funnel traps, which generally sell for about US 
$10 each. 

We demonstrate that utilizing funnel trapping in small streams 
in the western Piedmont of North Carolina yielded a greater di-
versity of amphibian species and much higher numbers of adult 
salamanders than dipnetting. Thus, this technique offers an inex-
pensive complement to traditional lotic sampling techniques in 
the surveying and monitoring of amphibian populations. 
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Recent developments in small electronic temperature recorders 
designed for use in the food industry have the potential to revolu-
tionize the collection of thermal data in small animals. Collecting 
temperature data in small reptiles is most often restricted to labo-
ratory studies in thermal gradients (Greenberg 1976; Licht et al. 
1966; Sievert and Hutchison 1991), by the use of physical models 
placed in the field (Hertz 1992; Porter et al. 1973), or by inserting 
a cloacal thermocouple/thermometer soon after capture in field 
studies (Avery 1982; Schwarzkopf and Shine 1991). Thermal gra-
dients measure selected thermal preferences in an artificial envi- 

ronment, models estimate operative temperatures in the field, and 
cloacal thermocouple/thermometer measurements in field studies 
can only measure active individuals or those that take refuge in 
accessible areas. Each of the above techniques alone does not pro-
vide a true representation of the animal's "natural" or "field" ther-
mal biology, particularly in periods of inactivity, hibernation or 
within inaccessible refugia. 

With modification, the DS1921 Thermochron iButtons manu-
factured by Dallas Semiconductor (Texas, USA) 
(www.ibutton.com/ibuttons/thermochron.html),  a small light-
weight real time and temperature recording device, can be attached 
externally or implanted internally into small animals. The unmodi-
fied DS 1921 Thermochron iButton weighs approximately 3.0 g, 
is 17 mm in diameter and 6 mm in thickness. By disassembling 
units and then reconstructing without the external stainless steel 
housing, the weight can be halved to approximately 1.5 g or less 
and the dimensions reduce to the size of the circuit board which is 
14 mm in diameter and the thickness depends upon the new bat-
tery size. 

The DS 1921 Thermochron iButton integrates a thermometer, 
real time clock and memory for storing temperature readings. It 
accurately measures temperatures ± 1°C from as low as —20°C to 
+85°C in 0.5°C increments. Temperature readings are available in 
two formats which run concurrently 1) time vs. temperature mode 
that records temperature and date-stamps when it occurred, 2) his-
togram mode that measures the frequency of temperature in 2°C 
increments rather than specific times of occurrence. The DS1921 
Thermochron iButton can log up to 2048 consecutive temperature 
readings in read-only memory, after which readings can be either 
stopped or enabled to roll over. The histogram mode has 63 bins 
of memory set at 2°C intervals, and each bin can store 65,000 
readings (Greaves 1999). The DS 1921 Thermocron iButton's can 
be launched and downloaded with the use of a reader (Blue Dot 
Receptor') connected to an existing PC computer with free soft-
ware downloaded from Dallas Semiconductor (available at 
www.iButton.com ). Recordings are made at user defined time and 
rates, with a maximum start delay of 45 days and recording rate 
ranging from 1 every minute to one every 255 minutes. The life 
expectancy of the DS 1921 Thermochron iButton is more than 10 
years or greater than 1 million samples, whichever occurs first 
(Greaves 1999). To date, our reconstruction of the DS1921 

Flo. 1. Construction of the DS 1921 Thermochron iButton, (A) Battery (B) Complete unit (C) Circuit board. 
See text for explanation of components. 
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FIG. 2. Reconstructing the DS 1921 Thermochron iButton without housing (A) Circuit board 
soldered to battery with rigid exposed wires attached (B) Insulated battery soldered to circuit 
board viewed from above (C) Modified unit complete and coated in red Plastidip®. 

FIG. 3. Reader (Blue Dot Receptor®) showing wires coiled around contact points that then attach to 
exposed leads on the modified units via alligator clips. 

Thermochron iButton has not altered the per-
formance or the life expectancy and not a single 
unit has failed. 

Construction of the DS1921 Thermochron 
iButton.—The DS 1921 Thermochron iButton 
is constructed (Fig. 1) of two stainless steel 
cups that make up the housing separated by a 
plastic grommet. The plastic grommet isolates 
the I0 (data) and GND (ground) sections of 
the circuit board externally and the VBAT 
(power) and GND connections internally. 
Springs are welded to the positive and negative 
terminals of the battery. It is important that the 
positive and negative terminals do not touch 
or the battery will short out causing rapid 
battery drain. The battery "snaps" into the plas-
tic grommet. The circuit board is positioned 
in the bottom of the inner housing with the 
crystal facing up. The semicircle trace on the 
front side of the circuit board is VBAT. The 
other large trace is GND, corresponding to the 
springs on the battery. The back of the circuit 
board is one large 10 trace, which makes contact with the bottom 
of the inner housing. The grommet and battery slides on top of the 
inner housing with the VBAT and GND terminals aligned. This 
combination then slides into the outer housing and the GND bat-
tery spring makes contact to the outer housing. The outer housing 
is crimped over the grommet and inner housing, holding the con-
struction together. 

De-housing of the DS1921 Thermochron iButton.—To reduce 
the size and weight of the DS 1921 Thermochron iButton for use 
on small animals the iButton can be opened to remove the internal 
components and reconstructed without the stainless steel housing 
that accounts for a large proportion of the weight. A vise should be 
used to hold the DS 1921 Thermochron iButton and a small tooth 
hacksaw (32 teeth/inch) can be used to 
make vertical cuts through the outer 
housing in 3 or 4 evenly spaced cuts 
around the housing. By using a pair of 
needle nosed pliers, the outer housing can 
be pulled away from the inner, not unlike 
pealing a banana. 

Reconstruction of the DS1921 iButton 
without the housing.—Outside of the 
housing the circuit board should be 
soldered to the battery (Fig. 2). To avoid 
damage to the battery it is best to use new 
batteries with solder tabs attached which 
are available upon request from most 
major battery suppliers. The DS 1921 uses 
a 3 Volt lithium BR1225 battery; a 
smaller battery such as BR1216 or 
CR1025, can be substituted, but they 
have a shorter lifetime. The bottom tab 
is VBAT and the tab that comes over the 
top of the battery is GND. If the battery 
is not insulated, a piece of plastic tape 
should be used to prevent the GND tab 

touching the side of the battery which would cause the battery to 
short. It is important to line the tabs up with the traces on the 
circuit board and solder them. 

To attach the unit to the reader (Blue Dot Receptor') a rigid wire 
needs to be soldered to the I0 trace and another to the GND trace 
on the reconstructed unit (Fig. 2). One wire should be thicker in 
diameter or color coded for easy identification when attaching to 
the reader. These two wires provide exposed leads for attachment 
to the reader (Fig. 3). The wire attached to the 10 trace connects to 
the inner contact on the reader and the wire attached to the GND 
trace connects to the outer contact on the reader. To connect the 
unit to the reader, one end of a wire needs to be coiled around the 
inner contact of the reader and the other end with a small alligator 
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FIG. 4. A female Eulamprus tympanum fitted with a modified 
Thermochron iButton. 

Days 

FIG. 5. Thermal profile of a captive female Eulamprus tympanum over 
one-week at a 5-minute sample rate. 

clip can then be attached to the exposed I0 wire on the unit. An-
other wire should be coiled around the outer contact of the reader 
with the opposite end attached to the exposed GND wire on the 
unit also with a small alligator clip (Fig. 3). After testing the sol-
dered unit, it should be sealed to ensure it is watertight with 
Plastidip-  (Minnesota, USA) (www.PLASTIDIP.com  ) with the 
exposed ends of the JO and GND wires emerging from the 
Plastidip" (Fig. 2). 

We tested the modified unit on six gravid female Eulamprus 

tympanum over several weeks in laboratory enclosures. Lizards 
were housed individually in 620 x 400 nun enclosures with 20-30 
mm depth of soil, flat rocks and leaf litter for shelter. Lizards were 
provided with heat from 100 W incandescent bulbs at one end of 
their enclosure to allow them to thermoregulate. Enclosures pro-
vided a thermal gradient of 20 to 40 ± 1°C during daylight hours 
and 20 ± 1°C during the night. The modified units where attached 
to the backs of lizards with Super Glue (cyanoacrylic glue) be-
hind the head, between the shoulder blades (Fig. 4) and gave con-
tinuous measurements of temperature at 5-minute. intervals (Fig. 
5). Measurements can be downloaded and units can be re-launched 
while the unit remains attached to the animal. The unit will detach 
from reptiles upon shedding or acetone can be applied to the site  

of attachment to remove the unit prior to shedding. 
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NATURAL HISTORY NOTES 

Instructions for contributors to Natural History Notes appear in Volume 
34, Number 1 (March 2003). 

CAUDATA 

AMBYSTOMA TIGRINUM (Tiger Salamander). PREDATION. 
Although a wide variety of birds have been documented or impli-
cated as predators of Ambystoma tigrinum (Lannoo and Phillips, 
in press. In M. J. Lannoo [ed.], Status and Conservation of U.S. 
Amphibians. Univ. California Press, Berkeley), most of the spe-
cies target aquatic larval forms. On 19 June 2001 in Taylor County, 
Georgia, USA, I encountered a cache of numerous animals im-
paled on a barbed-wire fence by loggerhead shrikes (Lanius 
ludovicianus). Herpetofauna found among the cache included sev-
eral adult Hyla squirella and H. cinerea, and one post-metamor-
phic A. tigrinum. Although amphibians have been reported in the 
diet of loggerhead shrikes (Yosef and Grubb 1993. Condor 95:127-
131), I believe this is the first reported observation of loggerhead 
shrikes predating a salamander. 
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