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SOCIETY FOR THE STUDY OF AMPHIBIANS AND REPTILES 
www.ukans.edu/-ssar  

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 AIYD SUBSCRIPTIONS: Annual membership dues for the year 2002 in the Society for the Study of Amphibians and 
Reptiles are as follows: Individual membership US$50; Student membership $30; Family membership $60. Institutional 
subscription $95. $16 of the amount of a membership pays for a subscription to Herpetological Review for one year. $21 of the 
amount of a membership pays for a subscription to Journal of Herpetology for one year. Remaining funds help support 
Society activities. Additional fee for air mail postage outside USA $35 for one year. Institutional subscriptions for Herpeto-
logical Review are $70 and individual subscriptions may be purchased for $30. All members and institutions receive the 
Society's primary technical publication, the Journal of Herpetology, and its news-journal, Herpetological Review; both are 
published four times per year. Members also receive pre-publication discounts on other Society publications, which are 
advertised in Herpetological Review. Subscription to the Catalogue of American Amphibians and Reptiles: Individuals $20; 
Institutions $25. 
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, De-
partment of Ecology & Evolutionary Biology, Osborn Memorial Labs, Yale University, 165 Prospect Street, New Haven, 
Connecticut 06520-8106, USA. Fax: (203) 432-5176; e-mail: theodora.pinou@yale.edu  

Future Annual Meetings 
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SOCIETY FOR THE STUDY OF AMPHIBIANS AND REPTILES 

2002 ANNUAL MEETING 

together with 

THE HERPETOLOGISTS' LEAGUE 

and 

AMERICAN SOCIETY OF ICHTHYOLOGISTS AND HERPETOLOGISTS 

3 — 8 July 2002 
The Westin Crown Center Hotel 

Kansas City, Missouri, USA 

Keynote Address: "IN AND ACROSS THE DEEP BLUE SEA: AGES OF SEATURTLES AND DISPERSAL OF OCEANIA LIZARDS," by George Zug 
(Smithsonian Institution), The Herpetologists' League Distinguished Herpetologist for 2002. 

SSAR Presidential Travelogues: "BETWEEN RAIN FOREST AND DESERT: HERPETOFAUNAL TRAVELS IN WEST AND CENTRAL AFRICA," 

by Prof. Dr. Wolfgang &Mime (Zoologisches Forschungsinstitut and Museum Alexander Koenig, Bonn, Germany); "TRAVELS IN 

KENYA: PONDSCAPE wall FROG," Prof. Dr. David M. Green (Redpath Museum, McGill University, Montreal, Quebec, Canada). 

Symposium: "CONTEMPORARY HERPETOLOGICAL RESEARCH: A TRIBUTE TO ROBERT JAEGER AS 20-YEAR EDITOR OF HERPETOLOGICA:' 

Organizers: Susan C. Walls, U.S. Geological Survey (susan_walls@usgs.gov ) and Sharon E. Wise, Stephens College 
(swise@wc.stephens.edu ). 

Symposium: "ECOLOGY AND EVOLUTION OF PHYTOTELMIC ANURANS." Organizer: Richard Lehtinen, University of Michigan 
(rmlehtin@umich.edu). 

Symposium: "MIXING FAUNAS: AN OVERVIEW OF INTRODUCED NON-INDIGENOUS FISHES, AMPHIBIANS, AND REPTILES." Organizer: 
Walter Courtenay, Florida Atlantic University (courtenw@fau.edu ). 

Special Presentation to Commemorate The Herpetologists' League 50th Anniversary: "PHYLOGENETIC RELATIONSHIPS, BE- 
HAVIORAL ODDITIES, AND PAEDOMORPHIC TENDENCIES AMONG THE FIRST HALF CENTURY OF HL HERPETOLOGISTS," by Whit Gibbons, 
Savannah River Ecology Laboratory (gibbons@ srel.edu ). 

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

SSAR Student Travel Awards: Awards of US $200 each are available. An applicant must be a student and a member of SSAR. 
Refer to page 210 of the December 2001 issue of HR for details. 

Student Paper Awards: Henri Seibert prizes (US $200 each) will be awarded in four categories: Systematics, Ecology/Evolu-
tion, Conservation, and Physiology/Morphology. Refer to the official Meeting Announcement for details and to HR 28(4):175 
for recommendations to students entering the Seibert competition. 

Social Activities: General Reception in the Century Ballroom, SSAR Herp Silent Auction, Graduate Student Reception, Satur-
day night Barbecue Dinner at historic Union Station Plaza, Graduate Student Reprint & Book Scavenge, SSAR/HL Auction, 
Joint Meeting Banquet. 

HL Graduate Student Workshop: "PUBLISHING IN SCIENTIFIC JOURNALS: PROCESS, Do's AND DON'TS" (Tom Jenssen and Ken 
Dodd). 

Multimedia Presentations: "AMPHIBIANS OF THE APPALACHIANS," and "HERPETOLOGY OF THE WEST," by David Dennis and Eric 
Juterbock. 

Costs: Preregistration US $285 regular, US $175 student, US $110 accompanying person. After May 3, 2002, costs are US 
$325, US $225 student. Online registration available at: <www.dce.ksu.edu/dce/cl/2002jointmeeting/ > 

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

Further Details: The Meeting Announcement/Call for Papers was mailed to all members of SSAR, HL, and ASIH in January. 
It is also available as a PDF file at <www.dce.ksu.edu/dce/cl/2002jointmeeting/ >. Anyone unable to download the PDF file may 
contact Henry Mushinsky, Department of Biology, University of South Florida, Tampa, Florida 33620-5150, USA; Tel. 813/ 
974-5218, fax 813/974-3263; e-mail: Mushinsk@chumal.cas.usf.edu.  
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About Our Cover: Atelopus zeteki 

The endangered Panamanian 
Golden Frog (Atelopus zeteki) is 
restricted to streams along 
montane slopes of the Central 
Cordilleran cloud forests of 
western-central Panama 
(Lindquist & Hetherington 1998. 
Herpetologica 54:370-376). 
"Project Golden Frog" is the 
featured subject of a new 
section—"Zoo View"—making 
its debut in this issue of HR (see 
pages 10-12). Aside from its 
considerable conservation 
interest, A. zeteki plays an 
important cultural role in the 
lives of Panamanian people. Pre-
Columbian indigenous people 
revered Golden Frogs and 
crafted gold and clay talismans in a variety of forms (frogs, people, jaguars) 
known to contemporary Panamanians as huacas/huacos. These ancient 
objects are sought by amateur archaeologists ("huaqueros"), and in turn 
are often sold to collectors for very high prices. Replicas are commonly 
found in jewelry stores in Panama. Local legend holds that chieftains of 
the Guaymi tribe would ascend the Pacific slope to the mountains of Gaital, 
Pajita, and Caracoral (in El Valle de Anton) annually as a sacred rite. This 
legend and others evolved into the myth that the Golden Frog would 
transform into gold huacas upon death. Hence, anyone seeing or 
possessing the frog alive would have good fortune visited upon them. 
Despite its status as a national symbol in modem Panama, few Panama-
nians have ever seen these frogs. Golden Frogs grace everything from t-
shirts to lottery tickets. The above information is taken from the Project 
Golden Frog web site (http:/ /ranadorada.org ). 

The genus Atelopus contains about 67 species, collectively known as 
"harlequin frogs." Although A. zeteki was originally described by Dunn 
(1933. Occas. Pap. Boston Soc. Nat. Hist. 8:65-79) as a subspecies of the 
highly variable A. varius, later study of skin toxins (Brown et al. 1977. 
Toxicon 15:115-128) and male vocalizations (Cocroft et al. 1990. Copeia 
1990:631-643) supported recognition as a distinct species. 

Lindquist and Hetherington (op. cit.) have provided evidence to support 
the hypothesis that coloration and behavior of juveniles is correlated with 
the absence of toxic skin compounds. Metamorphs and juveniles are 
cryptically colored, their dark green and dark brown to black dorsal 
markings closely matching their mossy boulder habitat. Adults are brightly 
marked—either uniformly yellow, or yellow with black bands or spots 
(as in the frog on our cover). This ontogenetic change in coloration—from 
cryptically-colored juveniles to gaudy, aposematic adults—is apparently 
accompanied by acquisition of highly toxic skin compounds, presumably 
the product of either dietary or symbiotic bacterial uptake (Daly et al. 
1997. Toxicon 35:705-709). Further, non-toxic juveniles are secretive, while 
the conspicuously marked adults are diurnal, commonly observed in the 
open (Cocroft et al., op. cit.). 

Our cover image 
was taken by Guido 
Sterkendries, one of 
Belgium's 	finest 
wildlife 	photog- 
raphers. The adult 
frog was observed at 
one of the Project 
Golden Frog study 
sites east of El Valle de 
Anton, Panama. 
Sterkendries captured 
this image under 
natural light, using a 
Nikon F5 with a 17- 
35nun Nikor lens and Fuji Provia film (100 ASA). Because he wanted to 
show the frog in its native habitat, he used an aperture setting of f.8, which 
allowed the frog to be the main subject. Additional images of frogs and 
other subjects may be viewed at <www.sterkendries.com >. Separation 
and imaging of Sterkendries' photograph is the work of Jim Bridges of 
Herpeto, Inc., Hollywood, Florida. 

SSAR BUSINESS 

SSAR Election Results 

Results of the recent SSAR election are as follows: 

Secretary 	  John Matter (unopposed). 
Treasurer 	 Theodora Pinou (unopposed). 
Board of Directors (Class of 2004) 	  
	 Joseph R. Mendelson and Gabriela Parra Olea. 

HR Staff Changes 

Recent changes to the editorial staff of Herpetological Review 
include the "retirements" of Joseph T. Collins (Section Editor, Geo-
graphic Distribution), Brian Hauge (Section Editor, Natural His-
tory Notes), Adam Summers (Associate Editor), Jennifer Pramuk 
(Copy Editor), Winston Card (Section Editor, Herpetological Hus-
bandry), Jennifer Garrison (Section Editor, Current Research), and 
Travis Ryan (Section Editor, Legislation & Conservation). Collins' 
twelve-year tenure as Section Editor is especially noteworthy; in 
addition to this most recent tour of duty, Joe previously served as 
HR Editor and in various other capacities for SSAR. On behalf of 
the SSAR Board, the editors thank these folks for outstanding ser-
vice to their colleagues and wish them well in future endeavors. 

Joining the editorial team during 2001-2002 are Omar Torres-
Carvajal (Current Research), Marc Hayes (Section Editor, Natu-
ral History Notes), Alan Richmond (Geographic Distribution), 
Robert Espinoza (Associate Editor), Ruston Hartdegen (Herpeto-
logical Husbandry), and Hugo Alamillo (Copy Editor). 

NEWSNOTES 

Carr Medal Awarded to Jay Savage 

In late October 2001, the Florida 
Museum of Natural History presented 
the Archie F. Can Medal to Jay M. 
Savage. The Carr Medal recognizes 
outstanding national and international 
contributions to the knowledge, under-
standing, and appreciation of our natu-
ral heritage. The award was named in 
honor of the late Archie Carr, Univer-
sity of Florida zoology professor and 
world authority on sea turtles. Recipi-
ents are chosen by a seven-member 
jury appointed by the director of the 
Museum. In conjunction with the award, Savage gave a public 
lecture, entitled "Le Sacre Du Printemps or Why Archie Always  
Liked Frogs." 

As noted in the press release associated with this award, Savage 
is one of the world's leading herpetologists, field biologists, and 
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A new book covering the herpetofauna of Sri 
Lanka, authored by Conference Director Anslem 
de Silva, was issued to coincide with the meeting. 
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tropical conservationists. His 50-year career has added enormously 
to our knowledge of the classification and biogeography of am-
phibians and reptiles. His contributions are reflected in many ways, 
including a long list of important publications, and no fewer than 
15 species of vertebrates named "savagei" in his honor by other 
biologists. A respected teacher and administrator, he has played a 
key role in building and supporting many of the most important 
organizations of present-day evolutionary biology, such as the 
Organization for Tropical Studies and the Society of Systematic 
Biologists. Past Carr Medal recipients include Edward 0. Wilson, 
Thomas Eisner, Peter Raven, Jared Diamond, Thomas Lovejoy, 
and Michael Soule. 

SSAR and the herpetological community congratulate Jay Sav-
age for this high honor. 

pi tological Review. 2002. 33(1). 3-5. 
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Fourth World Congress of Herpetology: 
3-9 December 2001, Bentota, Sri Lanka 

C. KENNETH DODD, JR. 
Florida Caribbean Science Center, U.S. Geological Survey, 7920 N.W. 71' 

Street, Gainesville, Florida 32653, USA 
e-mail: ken_dodd@usgs.gov  

and 
BRECK BARTHOLOMEW 

P.O. Box 58355, Salt Lake City, Utah 84158, USA 
e-mail: breck@herplit.com  

The World Congress of Herpetology held its fourth meeting in 
December 2001 at the five-star Taj Exotica Hotel Resort at Bentota 
on the southwestern coast of Sri Lanka. Despite almost insurmount-
able national and international events that affected scheduling and 
disrupted travel plans (the Tamil Tiger terrorist attack on Sri 
Lanka's international airport last summer, the events of Septem-
ber 11 in the United States, and the dissolution of Sri Lanka's 
parliament and scheduling of national elections on December 5), 
the Congress convened on schedule in an idyllic tropical beach 
setting. Approximately 208 delegates from 34 countries (Table 1) 
attended six days of meetings, followed by a day of field trips to 
the nearby wetland preserves of Muthurajawela or Madhuganga. 

First day cover of four endemic amphibian stamps issued (3 December 
2001) to commemorate the Fourth World Congress of Herpetology. Fea- 
tured are Philautus femoralis, Rana gracilis, Theloderma schmarda, and 
Polypedates longinasus. 

After the Congress, 
delegates departed 
for cultural sites 
and national parks 
and preserves 
around the country. 
Attendees probably 
wished for more 
time to see Sri 
Lanka's biotic di-
versity and to enjoy 
the friendliness of 
its people. 

The purpose of 
the World Congress 
of Herpetology 
(WCH) is to bring 
together scientists 
and others, from all 
parts of the world, 
interested in the bi-
ology of amphib-
ians and reptiles so 
that ideas and tech-
niques may be ex-
changed and collaboration fostered. Previous Congresses were held 
in Canterbury (United Kingdom) in 1989, Adelaide (Australia) in 
1993/4, and Prague (Czech Republic) in 1997. As highlights of 
the Congresses, internationally recognized scientists present ple-
nary lectures featuring state-of-the-art knowledge, both as a retro-
spective of a distinguished career and as a stimulus for further 
thought and research. Past Congresses have emphasized plenary 
speakers and specially organized sessions, with contributed talks 
and posters given by other researchers as time and space permit-
ted. At the Fourth World Congress, a similar protocol was fol-
lowed but, due to last-minute changes in travel plans, several ses-
sions and a number of talks had to be canceled. Most papers fell 
into the contributed category, but only after approval by the WCH 
Scientific Programme Committee. No more than two concurrent 
sessions were ongoing during any part of the Congress. Fortu-
nately, the plenary lectures were excellent, and the reduced num-
ber of delegates allowed for much discussion and inter-personal 
interaction. 

The Congress opened on the morning of 3 December with a 
procession featuring Sri Lankan dancers in traditional costumes 
playing drums, brass rams' horns, and finger cymbals. The pro-
cession was followed by the lighting of a ceremonial oil lamp by 
Congress organizers, visiting dignitaries (including Mrs. Shiranee 
Yasaratne, IUCN Country Representative for Sri Lanka), and rep-
resentatives of the Executive Committee (EC). A special 4WCH 
first day cover and a set of postage stamps featuring four endemic 
Sri Lanka amphibians were issued, and a presentation was made 
of a special book on the herpetofauna of Sri Lanka from its author, 
Anslem de Silva, to Michael Tyler, Secretary General of the WCH. 
After brief introductions by members of the local committee and 
Michael Tyler, the Congress began with its first plenary lecture. 

There were five plenary lectures: Anita Malhotra (Evolution of 
Asian vipers); Yehuda Werner (Foraging behavior in 
gekkonomorph lizards); Wolfgang Wtister (Pit vipers and South 
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American biogeogra-
phy); David Warrell 
(Current trends in 
toxinology); Walter 
Hod! (Visual communi-
cation in anurans). Spe-
cial sessions were held 
on the frog fauna of 
south Asia, habitat frag-
mentation and the con-
servation of 
herpetofauna, behav-
ioral and morphologi-
cal asymmetries, social 
aggregation in lizards, 
molecular ecology and 
evolution in lizards, and 
applied herpetology. Of 
special note is the 

Conference director Anslem de Silva launching of a new 
chatting with Frankie Bossuyt. 

journal, Applied Herpe- 
tology, which will focus on applied or practical research involving 
amphibians and reptiles, such as methods to reduce the impacts of 
habitat fragmentation and mitigate threats to herpetofauna, veteri-
nary or medical applications of herpetology, forensic herpetology, 
and new research and sampling techniques. Interested contribu-
tors or subscribers should contact Michael Lambert at the Natural 
Resources Unit of the University of Greenwich 
(m.r.k.Lambert@gre.ac.uk ). 

As might be expected from a Congress held in south Asia, many 
talks focused on the herpetofaunal diversity of southeast Asia, 
southern India (especially the eastern and western Ghats), and Sri 
Lanka. Many New World herpetologists are aware of Neotropical 
anuran diversity, especially within the genus Eleutherodactylus, 
but few may have been as aware of the high diversity of anurans 
in south India and Sri Lanka (see Dubois 1999). For example, 100 
or more species within the family Rhacophoridae are estimated to 
be present on Sri Lanka alone, especially in the genus Philautus 
(or Pseudophilautus) (e.g., Bossuyt and Dubois 2001). Indeed, 
Sri Lanka may eventually be found to be inhabited by as many as 
250 amphibian species (Das 2001). Other than a regional focus, 
no one discipline seemed more represented than others. Conser-
vation themes were quite evident, although fortunately the am-
phibian faunas of south and southeast Asia do not appear to be 
undergoing the serious population declines that have affected am-
phibians in Australia, Central America, and elsewhere. 

The business meeting of the Fourth World Congress was held 
on 5 December, but it was much more casual, even disorganized 
(disheveled?), than previous WCH business meetings. The finan-
cial arrangements in support of the Sri Lanka local committee 
(loans; travel by EC members) seem to have seriously challenged 
the WCH bank account, although organizers hope that the repay-
ment of loans and proceeds from the Congress will eventually 
balance the books. Nominations for the International Herpetologi-
cal and Executive committees were read but, because so few Ex-
ecutive Committee members were present, voting on the new can-
didates will take place at a later time. No venue or date was agreed 
upon for the Fifth World Congress of Herpetology, although Bra- 

zil, Singapore, and Japan were mentioned. The outgoing Secre-
tary General, whose term ends in March 2002, stated that North 
Americans seemed not to have a serious interest in hosting a fu-
ture Congress because of the number and size of existing herpeto-
logical meetings there; he would be delighted if a Central or South 
American organization made a formal proposal for the next Con-
gress. The next WCH should take place in 2005 or sooner. There 
were no resolutions, and no new business was undertaken. 

Social activities were more limited than at previous Congresses, 
due in part perhaps to the general curfew in effect during the elec-
tions. Even the sale of alcohol was banned during the elections, of 
perhaps modest concern to many herpetologists (known, as they 
are, for their consumption of grains and grapes during meeting 
socials). Evening films by Mark O'Shea and Rom Whitaker were 
shown, but most evenings were free for discussion, moonlit walks 
on the beach, or hunting frogs around a small pond on the hotel 
grounds. Day excursions were made by many delegates to Galapata 
Vihara, a 12'h Century Buddhist temple, local sea turtle hatcher-
ies, the spice gardens in a nearby village, and various diving and 
snorkeling locations. On 8 December, a buffet banquet was held 
on the lawn overlooking the Indian Ocean; a group of Sri Lankan 
traditional dancers entertained participants by performing acro-
batic and story-telling dances accompanied by Sri Lankan music. 
A long auction followed. 

TABLE 1. The number of delegates, by country, attending the Fourth 
World Congress of Herpetology, Bentota, Sri Lanka, 3-9 December 2001. 

Austria 4 
Australia 20 
Belgium 1 
Brazil 3 
Canada 3 
Czech Republic 2 
Egypt 2 
Finland 1 
France 6 
Germany 8 
Hungary 4 
India 13 
Iran 2 
Israel 7 
Italy 2 
Japan 16 
Lebanon 2 
Malawi 1 
Malaysia 2 
Netherlands 6 
New Zealand 3 
Poland 1 
China (incl. Taiwan) 3 
Russia 3 
Singapore 2 
South Africa 4 
Spain 2 
Sri Lanka 24 
Sweden 7 
Switzerland 1 
U.A.E. 2 
U.K. 29 
U.S.A. 21 
Venezuela 1 
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Six publications were issued just prior to or in conjunction with 
the Fourth World Congress, in addition to a hard cover 143 page 
book featuring 182 abstracts: 

BAMBARADEIVIYA, C. N. B., AND Y. N. SAMARASEKARA (EDS.). 2001. An Over-
view of the Threatened Herpetofauna of South Asia. IUCN Sri Lanka 
and Asia Regional Biodiversity Programme. Colombo, Sri Lanka. vi + 
118 pp. 

DE SILVA, A. 2001. The Herpetofauna of Sri Lanka. An historical over- 
view, current status with checklists. Amphibia and Reptile Research 
Organization of Sri Lanka (ARROS). Peradeniya, Sri Lanka. 91 pp. 
	. (ED.). 2001. The Amphibia of Sri Lanka: Recent Research. 

Lyriocephalus (Special Issue) 4(1-2):1-173. 
FERGUSON, W. 1877 (2001). Reptile Fauna of Ceylon. Facsimile Reprint. 

Society for the Study of Amphibians and Reptiles. Ithaca, New York. v 
+ 42 pp. 

RATHNAYAKE, N. D. 2001. An account of monitor lizards in Sri Lanka: 
status and distribution. Occasional Papers of the Amphibia and Reptile 
Research Organization of Sri Lanka. (1):1-10. 

SOMAWEERA, R., K. UKUWELA, AND S. KARUNARATNE. 2001. Menikdena: a 
local herpetofauna hotspot. Occasional Papers of the Amphibia and 
Reptile Research Organization of Sri Lanka. (2):1-8. 

In addition, three full color posters (Amphibians, Snakes, Rep-
tiles) of Sri Lankan herpetofauna were available. 

Despite incredible distractions which occurred at the most in-
opportune times, the local committee of the Fourth World Con-
gress of Herpetology deserves high praise for organizing and car-
rying on with an enjoyable and instructive scientific program. I 
doubt most of us would have been able to rearrange the venue 
(from Colombo to Bentota) and program so completely, at a 
moment's notice, as did Anslem de Silva and his associates. One 
can only hope that the next World Congress will face fewer diffi-
culties and be better attended. Herpetologists who did not come to 
Sri Lanka missed a memorable meeting, and a beautiful country 
and people. 

LITERATURE CITED 

BOSSUYT, E, AND A. DuBois. 2001. A review of the frog genus Philautus 
Gistel, 1848 (Amphibia, Anura, Ranidae, Rhacophorinae). Zeylanica 
6:1-112. 

DAS, I.2001. Amphibian diversity and the status of research in Sri Lanka. 
Lyriocephalus 4(1-2):6-7. 

DuBois, A. 1999. South Asian amphibia – a new frontier for taxonomists. 
Journal of South Asian Natural History 4:1-11. 

Kansas Herpetological Society Annual Meeting 

The KHS held its 28th Annual Meeting at Topeka Collegiate 
School in Topeka, Kansas, on 3-4 November 2001. Over 100 
participants attended scientific paper sessions to listen to 28 talks 
on amphibians and reptiles by scientists and students from across 
the nation. 

Megan Kearney, graduate student at Emporia State University, 
received the Howard K. Gloyd/Edward H. Taylor Scholarship, 
honoring the memory of two great biologists with strong ties to 
Kansas. The first Alan H. Kamb Grant for Research on Kansas 
Snakes to Curtis Schmidt, graduate student at Fort Hays State Uni-
versity, received the first Alan H. Kamb Grant for Research on 
Kansas Snakes. Daniel D. Fogell, University of Nebraska, Omaha, 
received the "The Suzanne L. & Joseph T. Collins Award for Ex- 

cellence in Kansas Herpetology?' "The Big Croaker Awards," spon-
sored by the Kansas Department of Wildlife and Parks, are given 
in recognition of diligent monitoring of amphibian populations in 
conjunction with the Kansas Amphibian Monitoring Program. This 
year's recipients were Mark and Kathy Sexson and Stanley D. 
Roth. 

In 2002, the Society will meet in Lawrence, Kansas. 

MEETINGS 

Meetings Calendar 

5-7 April 2002—Current Research on Herpetofauna of the 
Sonoran Desert II, Tucson, Arizona, USA. http:// 
tucsonherpsociety.org . 

18-20 April 2002-3rd International Symposium on Emys or-
bicularis, Kosice, Slovak Republic. Hosted by Vychodoslovenske 
Muzeum Kosice in association with Museum fur Tierkunde 
Dresden and DGHT Rheinbach. Information: Peter Havas, e-mail: 
havasp@vakke.slposta.sk  or www.cassovia.sk/emys.  

3-8 July 2002-45th Annual Meeting, Society for the Study of 
Amphibians and Reptiles, together with HL and ASIH. Crown Cen-
ter Hotel, Kansas City, Missouri, USA. Refer to page 1 of this 
issue of HR for details. 

18-21 July 2002-26th Annual Meeting of the International Her-
petological Symposium, Sheraton Westport Hotel Plaza, St. Louis, 
Missouri, USA. Information: www.kingsnake.com/ihs/  
26meeting.html. 

SSAR Seeks New Webmaster 

After serving the Society since 1993 in this capacity, George Pisani 
has decided to pursue other interests more like his research and 
recreation! Specific qualities of the webmaster we hope to find to replace 
him are: 
• experience and demonstrated capability in designing sites which 

emphasize high-quality content; and, ease of delivery of that content 
to a broad constituency worldwide, who frequently lack the latest 
hardware, software and net-backbone structure. 

• demonstrated ability in tasteful design, which is as important as cod-
ing ability. 

• able to complete site update work on a continual timely basis, while 
home or travelling. 

• ability to work as part of a group, and to provide good IT counsel to 
the Board. 

• familiarity with structuring and maintaining searchable online data-
bases. 

• familiarity with establishing and maintaining secure-transaction "shop-
ping cart" web interfaces. 
Some examples of the things the Society hopes to accomplish are: 

searchable database of Herp Review natural history notes archives, 
searchable database of Herp Review geographic distribution, society 
directory, online subscription service, online book orders, online dues 
renewal, tables of contents of our publications, and more. 

There is funding to assist in the accomplishment of certain of these 
things, which may be used by the webmaster to secure outside help if 
needed. 

Interested parties should e-mail [in RTF format, please] a CV and 
letter of interest to both: Breck Bartholomew <breck@herplit.com > and 
to George Pisani <gpisani@falcon.cc.ku.edu >. Be certain to include URLs 
of your current sites. 
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Edwin H. Colbert 
1905-2001 

MARK A. NORELL 
Division of Paleontology, American Museum of Natural History 

Central Park West at 79th Street, New York, New York 10024-5192, USA 
e-mail: norell@amnh.org  

Dr. Edwin "Ned" 
Colbert passed away 
during the night of 15 
November 2001 at the 
age of 96. Although 
not ill, his frailty and 
age made his death 
not unexpected. Ned 
Colbert had a lifelong 
fascination with dino-
saurs and prehistoric 
life in a career that 
spanned over 75 
years. He was active 
right up to the end, recently informing members of the staff of the 
Museum of Northern Arizona (where he has worked since his 
retirement at the AMNH) with what he hoped to accomplish over 
the next ten years. A report in an Arizona paper has him sitting up 
in bed and delivering his last lecture on paleontology minutes 
before his death. 

I first met Ned when I was an undergraduate in the late 1970's 
on my way home from a fossil collecting trip to Colorado. While 
travelling through Flagstaff we stopped in at the Museum of North-
ern Arizona. Ned greeted us with enthusiasm, showed us his col-
lections from Antarctica, Coelophysis from Ghost Ranch and the 
recently discovered Scutellosaurus. He was generous with his re-
prints—most of which I still have. It wasn't until years later, after 
I assumed his old position of dinosaur curator at the American 
Museum of Natural History that our paths crossed again. 

One of my first activities at the museum was involvement in the 
dismantling and reorganization of the dinosaur halls. Colbert had 
overseen the renovation of the existing galleries. Colbert orga-
nized the old halls along temporal lines with a Hall of Jurassic or 
early dinosaurs followed by a Hall of Late Dinosaurs. The old 
halls were dimly lit with lumbering sauropods and a Godzilla-like 
Tyrannosaurus. Colbert's wife Margaret (daughter of William Diller 
Matthew) had drawn the chalk murals on the walls of the Early 
Dinosaur Hall. The old halls were Ned's—and they were New 
York icons. 

The renovation of the 90's was a source of discord between the 
contemporary AMNH curatorial staff and Ned. The old halls were 
completely demolished, and replaced by brightly lit ones. The new 
halls were arranged cladistically—a methodology which Colbert 
never ascribed to. Yet, it is notable that shortly before his death, 
and in one of his last publications (a paper on drepanosaurs based  

on specimens from New Jersey) a cladogram appears. 
After this rocky beginning our common interest in fossil speci-

mens, fieldwork, questions about the past, and our fondness for 
the American Museum allowed our relationship to progress. I spoke 
to him about some of his reminiscences of the fabled AMNH fos-
sil hunter Barnum Brown, about the direction of the department 
of which he had served as chair, and of several other matters only 
shortly before his passing. 

During his career Colbert's published over 400 scientific pa-
pers on a broad range of themes. Although Colbert is thought of 
mostly as a dinosaur paleontologist (specializing in the early his-
tory of these reptiles), some of his greatest achievements were in 
other areas. In 1969, soon before retirement, Colbert led a NSF-
sponsored team to Antarctica in search of fossil remains. There he 
collected remains of several Triassic animals including the rep-
tile-like mammal Lystosaurus. As Lystrosaurus specimens were 
also known from South Africa and South America, this discovery 
provided powerful corroboration for the emergent theory of conti-
nental drift. This work was highlighted in his 1973 book "Wan-
dering Lands and Animals." 

Colbert was something of an innovator in the field of 
paleobiology as well. In the 1960's he became interested in em-
pirically addressing the question of the weights of dinosaurs. Clev-
erly he constructed models of these animals and measured their 
displacement volume, scaled them up and multiplied them by a 
density calculated from living animals to arrive at a value for mass. 
He also examined the question of heterothermy in large animals 
by doing experiments on captive alligators. 

Colbert will be most remembered to those outside the micro-
cosm of dinosaur science as a great popularizer of paleontology. 
He wrote several books on the topic, keeping busy well into his 
80's. Colbert's first book was "The Dinosaur Book: the Ruling 
Reptiles and their Relatives" in 1945. This was followed by sev-
eral more on dinosaurs and fossil reptiles (notably "The Age of 
Reptiles" in 1965), on the history of paleontology and dinosaur 
collections (the biography of William Diller Matthew in 1992 and 
"The Great Dinosaur Hunters" in 1968) and the autobiographical 
"A Fossil Hunter's Notebook" (1980) and "Digging into the Past" 
(1989). Colbert also wrote the widely used textbook "Evolution 
of the Vertebrates" in 1991. Many of Colbert's writings are still in 
print. 

Colbert started at the American Museum in 1929, shortly after 
receiving his Ph.D. at Columbia University in 1928 under the su-
pervision of William King Gregory. The American Museum of 
that era was an exciting place—with paleontologists like Granger, 
Simpson, Matthew, and Brown recovering specimens from across 
the globe. Roy Chapman Andrews was finishing in Central Asia 
and coming back to take on an administrative role in the museum. 
Ned Colbert was one of the last tangible links to that era. His ten-
ure at the museum started as a protege of Henry Fairfield Osborn, 
founder of the Department of Vertebrate Paleontology. Osborn was 
an iconic (but in Colbert's own words "difficult") figure who new 
Marsh, Cope, worked with Huxley and met Darwin. Colbert's early 
work was almost totally restricted to fossil mammals, and he as-
sisted Osborn ("did the donkey work") on Osborn's well-known 
"Proboscidea" monograph and other projects. 

It was not until the 1940's that Colbert began his work in the 
Mesozoic. Some of his early trips were to East Texas accompany- 
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ing Al Romer. His most notable dinosaur was the excavation of 
the Ghost Ranch Coelophysis quarries in the 1950's. At these quar-
ries Colbert's team excavated a tremendous sample of the primi-
tive theropod dinosaur Coelophysis. This work was documented 
in the popular book "The Little Dinosaurs of Ghost Ranch" in 
1995. 

Dr. Colbert was a member of the National Academy of Sciences. 
His students are many and include John Ostrom of Yale, Eugene 
Gaffney of the American Museum of Natural History, and Dale 
Russell. He is survived by his wife Margaret and several grand-
and great-grandchildren. 

Herpetological Review,2002,33(I),7. 
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Ned Colbert 

RICHARD G. ZWEIFEL 
P.O. Box 16354 

Portal, Arizona 85632, USA 

Ned Colbert's career spanned 40 productive years at the Ameri-
can Museum of Natural History and following his retirement, an-
other 20 years in association with the Museum of Northern Ari-
zona, Flagstaff. Although best known for his work with fossil rep-
tiles, Ned's administrative and research paths crossed those of 
Recent herpetology. 

In 1943, Albert Parr, newly appointed Director of the Museum, 
abolished the existing departmental arrangement and instituted a 
vertical organization in which curators dealing with fossil and 
Recent organisms of a given sort were to be integrated into a single 
department. The curatorial staff expressed considerable disagree-
ment with this new order but to no avail. Thus, Ned became Chair-
man of the Department of Amphibians and Reptiles with Charles 
M. Bogert the only other Curator in residence (James Oliver was 
in the Navy). Fortunately, Colbert and Bogert got along well and 
the departmental reorganization was rescinded not long after its 
implementation. 

Ned got in his herpetological field time with a genus that tran-
scended the fossil boundary, Alligator, when he joined Bogert and 
Raymond B. Cowles in a study of the beast's temperature toler-
ances (Colbert et al. 1946; see also Myers and Zweifel 1993, fig. 
3). In another contribution (Colbert 1967), Ned studied the mor-
phology of Draco in order to illuminate the analogous gliding 
mechanism of a Triassic reptile (Colbert 1966). 

Ned's was a life well spent, and I am proud to have been within 
his broad circle of friends and colleagues. 

LITERATURE CITED 

COLBERT, E. H. 1966. A gliding reptile from the Triassic of New Jersey. 
Amer. Mus. Novitates 2246:1-23. 
	. 1967. Adaptation for gliding in the lizard Draco. Amer. Mus. 

Novitates 2283:1-20. 
	, R. B. COWLES, AND C. M. BOGERT. 1946. Temperature tolerances 

in the American alligator and their bearing on the habits, evolution, 
and extinction of the dinosaurs. Bull. Amer. Mus. Nat. Hist. 86(7):327-
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Marvin Max Hensley 
(1922-2000) 

DEAN PREMO 
White Water Associates, Inc., 429 River Lane, P.O. Box 27 

Amasa, Michigan 49903, USA 
e-mail: dbpremo@up.net  

Some biologists never get 
the knack of catching a 
snake. The slightest hesita-
tion results in a missed op-
portunity. Even in his later 
years, however, Max 
Hensley would drop to both 
knees with surprising 
quickness and come up with 
his scaly target gently 
cradled for companions to 
appreciate and photograph. 
It is a curious irony that 
today's scientific commu- 
nity values biodiversity 
more and more, yet produces fewer and fewer biologists with the 
ability to identify organisms and understand their ecology. Dr. 
Marvin M. Hensley (Max) was such a biologist and he shared his 
knowledge and enthusiasm with many students and friends. 

Max Hensley was born 4 April 1922 in Keyesport, Illinois. Af-
ter a rural growing-up, he received his AB degree at Greenville 
College in the natural sciences in 1946. He went on for a MS at 
University of Illinois (1948), and a Ph.D. at Cornell (1951). Max" 
zoological education was interrupted by a stint in the Navy, serv-
ing from 1943 to 1946. Max achieved the rank of Lieutenant Jun-
ior Grade and he was quietly proud of his service during World 
War II. 

Dr. Hensley began his teaching career as an Assistant Professor 
of Biology at Gettysburg College in 1951. He had been an Associ-
ate Professor for about a year at Gettysburg when Michigan State 
University hired him as an Assistant Professor in Zoology in 1956. 
At MSU, he was an Associate Professor from 1959 through 1961 
and Professor from 1962 until his retirement in 1986. During the 
early years of his career, he interacted a great deal with Sherman 
Minton of Indiana University and Phillip Smith of the Illinois 
Natural History Survey. Once, the three men made a collecting 
trip to Mexico. In fact, Max made several collecting trips to this 
part of the world and, in later years, traveled to Africa and the 
Galapagos Islands. His 35mm slides and stories of those travels 
greatly benefitted his students in zoology and biogeography. 

Dr. Hensley authored or coauthored 24 scientific papers, but 
always viewed teaching as his most important job. He was loved 
by his herp undergraduate and graduate students and was not only 
a good teacher to them, but advisor and friend. His honest advice 
and careful criticism were valued. His lectures were full of infor-
mation and his examinations were challenging. Max felt it was 
important to know historical figures in science and often his ex-
ams required descriptions of scientific contributions of several 
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people. Humor was there too, and sometimes in unexpected places 
(Max stumped me by one name in a list of "scientists" during my 
written comprehensive exams—Adolph Coors). As a tribute to 
his dedication to teaching, the College of Natural Science Alumni 
Association awarded Dr. Hensley the Distinguished Faculty Award 
in 1985. 

Max was a longtime member of the American Society of Ich-
thyologists and Herpetologists, The Herpetologists' League, So-
ciety for the Study of Amphibians and Reptiles, American Orni-
thological Union, and American Society of Mammalogists. At herp 
meetings, Max was especially gregarious and a favorite person 
with whom to visit. At scientific meetings and in the classroom, 
Max was careful not to intimidate students with his knowledge 
and was always encouraging and friendly. 

Max was an excellent field herpetologist. His colleague for many 
years at Michigan State University, J. Alan Holman, remembers 
trips to Michigan's Upper Peninsula with Max. Max would ferret 
out good collecting places in this northern land and quickly find 
ring-necked snakes, red-bellied snakes, eastern fox snakes, four-
toed salamanders, and more. Dr. Hensley's herp class field trips 
were legendary for their organization and success. All captured 
animals were photographed and carefully returned to the proper 
habitat. Max had no use for herpetologists that over-collected and 
was always very good to the environment where he was collect-
ing. He replaced every log and bunch of leaves to the proper place 
and taught his students to do the same. When Max kept live herps, 
they were exceedingly well cared for and lived long healthy lives. 
Perhaps his most famous pet was a Mexican beaded lizard (Helo-
derma horridum) that impressed thousands of students over the 
years and lived exclusively on a diet of raw eggs that it rather 
indelicately licked from a bowl. 

Max loved music of all kinds, but none more than an old- time 
music jam session (with guitars, fiddles, mandolins, and so on). 
Whenever such impromptu concerts happened at his house, he 
would produce a homemade contraption composed of a washboard, 
cowbell, squeeze horn, wood blocks, and other soundmakers. Max 
played this "swamp fiddle" with all the flair and moves of a great 
bassist. 

Dr. Hensley was generous of more than his time. In 1995 he 
established the "Dr. Marvin Hensley Endowed Scholarship in 
Zoology." In 1995 he also established, "The Dr. Marvin Hensley 
Endowed Fellowships in Science" with selections made by the 
College of Natural Science at MSU. Max also created the "Dr. 
Marvin Hensley Endowment for Vertebrate Collections in the 
Museum," a generous fund dedicated to the care of the vertebrate 
collections at MSU Museum. Over the years, Max contributed 
many valuable herp specimens to the Museum, not only from 
Michigan but from Mexico, Appalachia, and Arizona. Max was 
also a dedicated fan of college wrestling and created an endow-
ment to the Ralph Young Fund at MSU for that purpose. 

Max Hensley died 19 February 2000 from a heart attack and 
complications associated with diabetes. He was living in Sarasota, 
Florida. He is sorely missed by his friends and fellow zoologists, 
but his memory always invokes smiles and pleasant thoughts of 
time spent with this humble and generous person. 

CURRENT RESEARCH 

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

Cnemidophorus laredoensis is a diploid parthenogenetic lizard 
that arose from a hybrid between the gonochoristic species C. 
gularis and C. sexlineatus. The authors used skin grafting to 
measure the extent of homogeneity in C. laredoensis, and to assess 
whether this taxon represents a single species or a complex of 
species derived from two or more parthenogenetic hybrids. The 
authors collected 20 live lizards from six sites in Texas, maintained 
them in a laboratory, transplanted skin grafts between selected taxa, 
and monitored the animals until they died. Thirteen of the 20 
individuals were tested for ploidy level. Individuals of C. 
laredoensis rejected grafts from C. gularis and C. sexlineatus 
after 1 8-95 days; both of the latter species rejected grafts from C. 
laredoensis. Several hybrid individuals were tested as well, with 
differing results. Reciprocal grafts among 17 individuals of C. 
laredoensis from several localities were accepted; three individuals 
rejected some or all of their grafts. The results suggest that C. 
laredoensis is derived from a single hybrid ancestor (C. gularis x 
C. sexlineatus), and postformational mutations may explain the 
unidirectional rejections. The authors contend that the name C. 
laredoensis should be restricted to populations in Texas and Mexico 
that are "diagnostically distinct" with the parthenogenetic species 
described in 1973. 

ABUHTEBA, R. M., J. M. WALKER, AND J. E. CORDES. 2000. Genetic homo- 
geneity based on skin histocompatibility and the evolution and sys-
tematics of parthenogenetic Cnemidophorus laredoensis (Sarnia: 
Teiidae). Canadian Journal of Zoology 78:895-904. 

Correspondence to: James M. Walker, Department of Biological Sciences, 
University of Arkansas, Fayetteville, Arkansas 72701, USA; e-mail: 
jmwalker@comp.uark.edu.  

The Smallest Amniote is a Gecko 

The West Indies are considered to be a "hotspot" of biodiversity 
because of the large number of endemic species and rapid rate of 
deforestation. The authors describe a new gecko of the genus 
Sphaerodactylus from the province of Pedernales in the Dominican 
Republic. The new species (S. ariasae) is most closely related to 
S. streptophorus. The gecko was collected in leaf litter of xeric 
woods over limestone substratum. The new species and S. 
parthenopion are tied for the distinction of world's smallest 
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amniote—the dwarf chameleon Brookesia tuberculata is a close 
second. The small body size of these species creates problems 
with water loss. These animals have circumvented the physiological 
constraint by living in humid microhabitats. 

HEDGES, S. B., AND R. THOMAS. 2001. At the lower size limit in amniote 
vertebrates: a new diminutive lizard from the West Indies. Caribbean 
Journal of Science 37:168-173. 

Correspondence to: S. Blair Hedges, Department of Biology, 208 Mueller 
Lab, The Pennsylvania State University, University Park, Pennsylvania 
16802-5301, USA; e-mail: sbhl@psu.edu.  

An Internet Database of Crotaline Venoms 

Many snake venoms contain disintegrins, metalloproteinases, 
and fibrinolytic enzymes—these proteins may have important 
applications to the treatment of cancer, cardiovascular problems, 
and cerebromuscular disorders. North American crotaline venom 
studies have been limited to a handful of taxa because some species 
are rare or endangered, and difficult to obtain. The authors created 
a database with information about snakes in their serpentarium, 
including: (1) locality, weight, length, and sex; (2) feeding; (3) 
history of weight and length; (4) venom storage; (5) biochemical 
properties of venom samples, including electrophoretic filtration, 
anion and cation exchange chromatography, hemorrhagic assay, 
antihemorrhagic assay, fibrinolytic activity, antifibrinolytic activity, 
hide powder azure assay, gelatinase assay, and monoclonal 
antibody production. Detailed instructions are given for database 
queries, and biochemical venom properties are given for eighteen 
taxa. The Natural Toxins Research Center Database (http:// 
ntri.tamuk.edu/snake_database/snake.lookup.html)  has 
information about 250 snakes, which represent 11 species and 20 
subspecies. 

PEREZ, J. C., M. R. MCKELLER, J. C. PEREZ, E. E. SANCHEZ, AND M. S. 

RAMIREZ. 2001. An internet database of crotaline venom found in the 
United States. Toxicon 39:621-632. 

Correspondence to: J. C. Perez, Department of Biology, Texas A & M 
University-Kingsville, MSC 158, Kingsville, Texas 78363-8202, USA; 
e-mail: kfjcp00@tamuk.edu.  

Edge Effects on Costa Rican Anoles and Frogs 

Habitat destruction and fragmentation are two of the leading 
causes of herpetofaunal declines worldwide. The authors' 
objectives were to see how edge effects: (1) change the abundance 
of Eleutherodactylus frogs and Norops lizards; (2) affect parasite 
infestations of Norops; and (3) change the temporal (daily and 
seasonal) distribution of all encountered amphibians and reptiles. 
The authors placed 44 pairs of 10 x 10 m plots in small, medium, 
and large forest fragments; plots were located close to forest edges 
or in the center of forest fragments. Data on numerous habitat 
variables were collected from each plot. Overall, 784 individuals 
of reptiles and amphibians (18 species) were collected during the 
study. Two species of Norops were abundant in edge plots during 
the dry season, but switched their preference to interior plots during 
the wet season. More ectoparasites were present on lizards 
examined from interior plots. Two species of Eleutherodactylus 
(E. podiciferus and E. cruentus) were significantly less abundant  

in edge plots than in interior plots. Three other species of this genus 
(E. ridens, E. stejnegerianus, and E. vocator) were more evenly 
distributed, but became more abundant in interior plots during the 
rainy season. There are numerous hypotheses to explain the 
observed seasonal shifts. 

SCHLAEPFER, M. A., AND T. A. GAVIN. 2001. Edge effects on lizards and 
frogs in tropical forest fragments. Conservation Biology 15:1079-1090. 

Correspondence to: Martin A. Schlaepfer, Section of Ecology and 
Evolutionary Biology, Corson Hall, Cornell University, Ithaca, New York 
14853-2701, USA; e-mail: mas50@comell.edu.  

Antipredator Behavior of an Australian Gecko 

Previous studies have documented variation in the way 
populations of a given species cope with differences in predation. 
In many cases, local adaptation to predation pressure is possible, 
but can be constrained by gene flow among populations. The 
authors examined antisnake responses of populations of velvet 
geckos (Oedura lesueurii) to the broad-headed snake 
(Hoplocephalus bungaroides), a species that feeds primarily on 
geckos. The phylogenetic relationships of 15 populations of velvet 
geckos from coastal New South Wales, Australia were examined 
with 35 allozymes to identify genetic groups. Wild-caught (predator 
experienced) and captive-born (predator naive) geckos were tested 
for their reactions to unscented rocks, rocks scented with cologne, 
and rocks scented with integumentary chemicals from broad-
headed snakes. Behavioral data was analyzed with ANOVA and 
log-linear models. Geckos exhibited a higher rate of tongue flicking 
and spent significantly more time crawling and stationary while 
pressed against the surface of snake-scented rocks if they were 
from populations that were sympatric with populations of broad-
headed snakes. Other antipredatory behaviors did not vary across 
populations of geckos. Phylogenetically independent contrasts 
suggested snake distribution might have driven the evolution of 
antisnake behavior in velvet geckos. These results suggest local 
adaptation to predation pressure, which is not constrained by gene 
flow in the studied populations of velvet geckos. 

DOWNES, S. J., AND M. ADAMS. 2001. Geographic variation in antisnake 
tactics: the evolution of scent-mediated behavior in a lizard. Evolution 
55:605-615. 

Correspondence to: Sharon J. Downes, Division of Botany and Zoology, 
Australian National University, Canberra, ACT 0200, Australia; e-mail: 
sharon.downes@anu.edu.au.  

Trophobiosis Between Geckos and Insects in 
Madagascar 

Behaviors performed by ants can serve as a stimulus for certain 
insects to secrete honeydew—this type of interaction is known as 
trophobiosis. The authors observed trophobiosis between 
planthoppers of the family Flatidae and three species of Phelsuma 
(P. madagascariensis kochi, P. mutabilis, P. abbotti), three 
unidentified species of Lygodactylus, and Homopholis sakalava. 
Geckos rhythmically bounced their heads on the back of a tree to 
produce vibrations; this stimulus caused cicadas to secrete 
honeydew from their abdomens, which was licked off by the 
geckos. It is likely that the geckos are exploiting a preexisting 
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trophobiosis interaction between ants and the cicadas. 

FOLLING, M., C. KNOGGE, AND W. BOHME. 2001. Geckos are milking 
honeydew-producing planthoppers in Madagascar. Journal of Natural 
History 35:279-284. 

Correspondence to: Markus Foiling, Department of Morphology and 
Systematic, University of Bielefeld, Morgenbreede 45, D-33615 Bielefeld, 
Germany. 

Dewlap and Dorsal Color Variation in an Anole 

Studies on guppies have demonstrated that differences in spectral 
sensitivity can undergo selection for color patterns that minimize 
predator detection while remaining conspicuous to conspecifics. 
The dewlap of Anolis conspersus reflects light near ultraviolet 
wavelengths, but its ancestor (A. grahami) has a long wavelength-
reflective dewlap. The author studied variation in dorsal coloration 
of adult male A. conspersus and its relationship to light conditions 
and background color. He also compared how dorsal and dewlap 
coloration affects crypsis, and how the colors may have evolved. 
The author collected data about dorsal and dewlap radiance with a 
spectrophotometer, and ambient habitat light with a hemispherical 
cosine receptor. Data were analyzed with PCA, DFA, ANOVA 
tests, and the color segment method. Three color morphs were 
identified (brown, green, blue), and each had relatively consistent 
patterns of dorsal and dewlap reflectance. However, the blue morph 
was found to overlap with the other two morphs in several 
characteristics. The evolution of the dewlap color may be a result 
of selection against evaporative water loss and not salience within 
low-light habitats. Although many body regions were 
inconspicuous against natural backgrounds, some areas (e.g., 
brightly colored heads) contrasted with background tree bark and 
leaves. 

MACEDONIA, J. M. 2001. Habitat light, colour variation, and ultraviolet 
reflectance in the Grand Cayman anole, Anolis conspersus. Biological 
Journal of the Linnean Society 73:299-320. 

Correspondence to: Joseph M. Macedonia, Department of Ecology and 
Evolutionary Biology, University of Tennessee, Knoxville, Tennessee 
37996, USA; e-mail: jmacedon@utk.edu.  

Causes of Frog Declines in California 

Declines of Rana aurora populations of western North America 
have been attributed to global warming, UV radiation, airborne 
contaminants, disease, and introduced species. The authors 
examined hypotheses of climate change, UV radiation, pesticides, 
and habitat destruction because each has specific predictions for 
spatial patterns of declines. Historical records of distribution were 
collected from museums, literature records, field surveys, and 
correspondence with local naturalists. Localities were mapped onto 
Arc View version 3.0 GIS software, and mean annual precipitation 
was derived from a Teale Data Center digital precipitation map of 
California. Data also were collected about wind direction, 
proximity to agricultural areas, and agricultural land use. Statistical 
analyses were performed with Mann-Whitney rank tests, x 2 , 
Pearson product-moment correlations, and multiple logistic 
regressions. A number of additional analyses were made to test 
the robustness of the results to possible data errors. Results  

indicated that frog populations show a clear elevational gradient, 
with fewer frogs at higher elevations—this observation is consistent 
with UV radiation as a causal factor for declines, but further 
research is needed. Wind-borne agrochemicals may be an important 
factor in frog declines as well. Efforts to test whether disease or 
introduced species are affecting frog populations are exacerbated 
by the dearth of available information. 

DAVIDSON, C., H. B. SHAI+ER, AND M. R. JENNINGS. 2001. Declines of the 
California red-legged frog: climate, UV-B, habitat, and pesticides 
hypotheses. Ecological Applications 11:464 479. 

Correspondence to: Carlos Davidson, Department of Environmental 
Studies, California State University, 6000 J Street, Sacramento, California 
95819, USA; e-mail: cdavidson@csus.edu.  

ZOO VIEW 

Editor's Note: With this issue, we introduce a new feature to our read-
ers—"Zoo View." The Section Editor is James B. Murphy. From 1966 to 
his retirement thirty years later, Murphy was in charge of the Department 
of Herpetology at the Dallas Zoo. Currently, he is a Smithsonian Re-
search Associate in the Department of Herpetology at the National Zoo-
logical Park in Washington, DC. He has published three books on captive 
management of herpetofauna and a number of papers, book chapters, and 
bulletins on topics such as the natural history of Mexican rattlesnakes, 
ethological and reproductive studies on a variety of amphibians and rep-
tiles, zoo history and philosophy, and husbandry. Murphy's long involve-
ment in the zoo world and with academic research make him uniquely 
qualified to oversee this new column. Below, he provides an introduc-
tion.—RWH. 

During the past few years, I have been working on a book, which will 
be published by SSAR, focusing on the history of zoo herpetology. As I 
searched the literature, it became clear that zoo and aquarium workers 
were involved in a number of interesting and important projects. It was 
also apparent that many of these initiatives were not well known to other 
herpetologists outside the zoo community. To remedy this situation, this 
column featuring zoo and aquarium programs and issues relevant to zoo 
personnel will be a regular section in Herpetological Review. 

My plan is to invite colleagues worldwide to highlight those areas which 
are important to them and share their experiences and insights with our 
entire community. I foresee future columns addressing conservation, edu-
cation, captive and medical management, history, philosophy, book re-
views, announcements of upcoming events, and biographical sketches of 
important zoo and aquarium workers. Some columns may include tours 
of amphibian and reptile facilities. Periodically, academic colleagues will 
be asked to provide guidance to improve zoo programs, such as begin-
ning a research investigation which will lead to publishable results and 
that can be accomplished in a zoo setting. My hope is that publicizing 
these elements broadly will lead to improved communication among all 
subsets within our discipline, resulting in meaningful collaborations. 

Before attending the HL/SSAR meeting last year, I traveled to the De-
troit Zoological Institute to see the recently opened National Amphibian 
Conservation Center. This edifice is superb and I encourage all herpe 
tologists to visit—an entire building has been dedicated to amphibians 
and their biology for the first time. Excited zoo goers pack the public 
area. Clearly, amphibians are exceedingly popular and the zoo adminis -

trators at the Institute, especially Director Ron Kagan, deserve credit for 
taking a risk to show something other than a charismatic mega-verte-
brate. Curator Dr. Kevin Zippel is justifiably proud of the many accom-
plishments already achieved and, as he explained the work with the Pana-
manian golden frog, I am convinced that this undertaking is a worthy 
introduction for this column. 

10 	 Herpetological Review 33(1), 2002 



I invite all colleagues to submit materials to me for future columns. 
My e-mail and postal addresses are listed on the inside cover of this issue. 

 

—James B. Murphy, Section Editor 
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Proyecto Rana Dorada (a.k.a., Project Golden Frog) is a proac-
tive conservation initiative with the primary goal of preventing 
the extinction of one of the world's most recognizable, culturally 
significant, and endangered amphibians, the Panamanian golden 
frog (Atelopus zeteki). Wild populations are currently threatened 
with habitat loss and fragmentation, illegal collection for national 
and international pet trades, and a fungal epizootic 
(chytridiomycosis) that is extirpating mid- and high-elevation 
amphibian populations in Central America and throughout the 
world. Extrapolation of current trends suggests this species might 
be extinct within the next five years; all Atelopus in neighboring 
Costa Rica are apparently already gone from these same threats. 

Our conservation efforts fall into three main areas: field studies, 
captive propagation, and education. 

1. We have established three study sites within the protected 
boundaries of a national park to investigate various aspects of the 
species' biology, such as habitat requirements, seasonal activity 
patterns, territoriality, reproductive behavior, and dispersal. A 
four-wheel-drive vehicle was recently purchased to allow our Pana-
manian field researchers to collect data at each of these sites weekly. 
In addition, data loggers continuously monitor humidity and air 
and water temperatures. This information helps us understand how 
the frogs use their environment and provides vital data for the 
captive husbandry program. Our field team has collected invalu-
able photo-and video-documentation of golden frog behaviors, 
habitats, human impacts, and project progress. From our personal 

In addition to the threat of encroaching disease, the golden frog is also 
being threatened by overcollection for illegal national and international 
pet trades, and by habitat degradation/fragmentation in what little habitat 
remains. 

observations and personal communications with Karen Lips, we 
believe that chytridiomycosis has not yet arrived in golden frog 
habitat, but that it is currently threatening the last stronghold of 
the next western congener (Atelopus varius) with extinction. Ide-
ally, a conservation program for this species should be initiated as 
well, as it is in imminent danger of disappearing from Panama and 
from the planet. 

2.As a precautionary measure against extinction of golden frogs, 
small assurance populations are being maintained and bred in cap-
tivity. We have already produced hundreds of offspring, which are 
being distributed to AZA-accredited zoos participating in the breed-
ing program. Our intent is to utilize captive-bred specimens for 
reintroduction programs, in the event that (and only if) wild popu-
lations become extinct. To alleviate pressure on wild populations, 
we would also like to develop a breeding program in Panama where 
we can extend our captive expertise to Panamanian biologists. 
Together we will work toward the establishment of a breeding and 
educational facility, potentially at the El Nispero Zoo in El Valle. 

3.Project educators are working to disseminate information from 
the field studies and captive program to raise awareness among 

The golden frog inhabits cool, clear, cascading streams or `quebradas' 	Project members scout potential golden frog habitat from atop a cleared 
in low- to mid-elevation primary rainforest. 	 hilltop. 
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Project members prepare to 'dust' a frog in fluorescent powder for track-
ing studies. 

the Panamanian public regarding the plight of this culturally im-
portant animal. Informative fliers describing the golden frog's 
natural history and conservation status are being designed for dis-
tribution to Panamanian zoos and schools, and a bilingual Project 
website <www.ranadorada.org> disseminates information and 
progress internationally. A fundamental aim of this project is to 
provide opportunities for Panamanian and U.S. students to be 
trained and actively involved in population monitoring and public 
education. Students work closely with professional biologists 
within Panama's national parks to establish a continuous amphib-
ian population-monitoring program. We are also raising funds to 
host a workshop for school teachers in Panama to provide them 
with detailed curricula to teach their students about the cultural 
history and conservation plight of their golden frog. 

PGF recently received a US $25,100 grant from Disney's Ani-
mal Kingdom. Thanks to their generosity, we will be able to sup-
port another year of continued field studies and initiate our 
in-country education program. PGF would like to thank Disney 
and the other institutions and individuals that have generously given 
funds and/or institutional support to the Project: American Zoo 
and Aquarium Association, Autoridad Nacional del Ambiente de 
Panama, Baltimore Zoo, Bay Foundation, Cincinnati Zoo, Cfrculo 
Herpetologico de Panama, Cleveland Metroparks Zoo, Columbus 
Zoo, Detroit Zoo, Indiana University, Jennifer Nolan, John Ball 
Zoo, Lee University, Miami Metrozoo, Oklahoma City Zoo, 
Potawatomi Zoo, Riverbanks Zoo, Roger Williams Park Zoo, 
Smithsonian Tropical Research Institute, St. Louis Zoo, Wildlife 
Conservation Society, and the Woodland Park Zoo. For further 
information on PGF, please contact Project Coordinator Kevin 
Zippel (e-mail: kzippel  @detroitzoo.org ). Wildlife photographer 
Guido Sterkendries, whose photographs accompany this article, 
has been documenting the project. Check out his website at 
<www.sterkendries.com> for some spectacular images of herps. 

In addition to coordinating this important effort for the golden 
frog, the Detroit Zoological Institute financially supports publica-
tion of Froglog, newsletter of the Declining Amphibian Popula-
tions Task Force. I am proud to say that zoo and aquarium work-
ers have been the major contributors sustaining Task Force opera-
tions since the beginning. 

POINTS OF VIEW 
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The morphology of the snake hemipenis has been found to be 
an excellent indicator of snake relationships at many taxonomic 
levels. Utilized mainly at the level of genera and higher categories 
(e.g., Bogert 1940; Cope 1895; Dunn 1928), it has also proven to 
be a valuable guide at the level of species and subspecies. It was 
with this background that I stated (Dowling 1967) that hemipenes 
"may give better information on the genetic relationships [of 
snakes] than some habit- or habitat-correlated characteristics." 
Recent molecular studies have tended to confirm this statement 
(e.g., Vidal et al. 2000). 

Thus, I was surprised to find that Zaher and Prudente (1999), 
after quoting the above observation, stated that "Such a belief is 
here viewed with caution." They stated that interspecific variation 
is common, and that intraspecific variation is well known. These, 
of course, are not new findings. As noted above, minor interspe-
cific hemipenial variation is often used as one of the characters 
for the recognition of the individual species in a genus (e.g., 
Duellman 1958). Also, although intraspecific variation is usually 
found in minor characters (size of spines, numbers of calyces; e.g., 
Keiser 1969) and has not often been studied in detail, it has been 
recognized for many years and it occasionally has been used as a 
taxonomic feature for the recognition of subspecies (e.g., the de-
scription of Coluber constrictor priapus Dunn and Wood 1939). 
[The degree of intraspecific variation reported for the hemipenis 
(and female cloaca) in Calamaria lumbricoidea (Inger and Marx 
1962) has not been found in any other taxon, and may be unique.] 
I wondered, therefore, what had led Zaher and Prudente to ques-
tion the inherent stability of hemipenial characters. 

The basis of their comment was to be found in their descrip-
tions of hemipenial variation in two genera of Neotropical 
xenodontid snakes, Siphlophis and Tripanurgos, and I here offer 
an explanation for their observations of major "interspecific and 
intraspecific variations" in these two genera. 

From their examination of 27 specimens, Zaher and Prudente 
(1999) described two apparent morphological states in the everted 
hemipenes of five species of Siphlophis and in the monotypic ge-
nus Tripanurgos. They labeled these the "Y-shaped condition" and 
the "T-shaped condition." If, indeed, hemipenes of individual spe-
cies varied so widely as their illustrations suggest, hemipenes would 
lose much of their value as taxonomic characters. Fortunately, this 
is not the case. 

Although "[They] reject the possibility that these different types 
are due to a preservation artifact ...," in fact, this is what the "T- 
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Flo. 1. "Y-shaped" (A) and "T-shaped" (B) hemipenes of "Tripanurgos" 
1= Siphlophis I compressus. UPPER: as presented in Fig. 2 of Zaher and 
Prudente (1999). LOWER: Redrawn from this figure (with basal ends 
added to show the presence of the restricting ties) to show trends of re-
tractor muscles. Note especially the much shorter and wrinkled hemipenial 
body and the irregular sulcus spermaticus in the "T-shaped" organ, both 
of which are caused by the restricted retractor muscles. 

shaped condition" is: an artifact of technique. The "Y-shaped con-
dition" reflects the morphology of a better-prepared hemipenis. 

Although hemipenis morphology is a valuable taxonomic fea-
ture of snakes, the proper preparation of everted hemipenes is a 
difficult process that requires some experience and skill. Most field- 

Flo 2. Zaher (1999: 15) noted that the drawing of the hemipenis of 
Trimeresurus stejnegeri presented by Mao et al. (1984) (A) differed from 
that of vipers in general by having much shorter apical lobes. As shown 
by the disappearance of the forks of the sulcus into the apparent middle 
of the lobes (arrow), they are incompletely everted. A drawing of the 
hemipenis of Crotalus horridus (HGD-HISS 897; AMNH [Amer. Mus. 
Nat. Hist] 97641) is provided for comparison (B).  

everted hemipenes are incompletely everted. The preparation k 
best done on freshly killed specimens, although, with consider-
able effort, it is possible to evert the hemipenes to some degree 
from museum material (Pesantes 1994). 

The critical element of preparation pertinent to the present dis-
cussion is that the skin of the tail must be slit on the ventral mid-
line for a short distance (-2-3 subcaudals) from the cloaca to the 
point(s) of attachment of the retractor muscle (m. retractor penis 
magnus) to the inverted hemipenis. For proper eversion of the 
hemipenis, the retractor muscles must then be cut in two. The at-
tachment of the muscle to the tip of the hemipenis is single in 
those taxa with cylindrical or slightly bibbed organs (e.g., Coluber, 
Elaphe), but in those with extensive bilobation (e.g., viperoids, 
most xenodontids) the retractor muscle is divided at some point to 
attach to the end of each of the two lobes. In these snakes the 
retractor muscle must be cut between the end of the hemipenial 
lobe and the point of division of the muscle. If this element of the 
procedure is neglected (cutting the retractor muscle too far poste-
riorly—or not cutting it at all) the divided retractor muscle will 
form a loop in the "lobular crotch" between the two lobes of the 
hemipenis. This will impede the complete eversion of the lobes, 
thus giving them a false appearance. 

But the "T-shaped" figures shown by Zaher and Prudente (up-
per drawings in their Figs. 1 and 2) also demonstrate the distor-
tions caused by an additional problem in executing proper 
hemipenial eversion. Not only does the internal loop of the retrac-
tor muscle restrict eversion of the lobes, but also when thread was 
tied at the base of the hemipenis to preserve the pressure of the 
fluid injected to inflate it, the retractor muscle was inadvertently 
tied in and bound to the base. The short and convoluted hemipenial 
body and the distortion of the sulcus spermaticus in the "T-shaped" 
figures are clear indications that the retractor muscle was included 
in and restricted by the tied base. Although the problems resulting 
from this may not be apparent during the process of preparation, 
they become visible later when the action of the preservative causes 
the retractors to shrink, thus distorting the lengths and shapes of 
the external hemipenial membranes (Fig. 1). No matter how much 
pressure is exerted on the injected preservative, the muscles resist 
and the entire organ gradually curves over toward the sulcate side. 

This was the case in the beautiful (but unidentifiable) drawing 
of the hemipenis used in the description of the xenodontid genus 
Psomophis Myers and Cadle (1994: Fig. 3). My reexamination of 
the specimen drawn (USNM 331437) showed the hemipenis to be 
far from "fully everted," and so badly distorted that the drawing 
showed an apical (rather than a sulcate-side) view of the partly-
everted lobes. The relationships of Psomophis cannot be deter-
mined from this drawing. 

This is not a new problem in hemipenis descriptions, or one 
unique to Zaher and Prudente or to Myers and Cadle. Among many 
errors in the literature, I will describe only two, one of which is 
mine. 

(1) The hemipenis of Trimeresurus stejnegeri was depicted by 
Mao et al. (1984: Fig. 6) as having the apical lobes much shorter 
than the hemipenial body. In contrast, the hemipenis of T. stejnegeri 
was described by Pope and Pope (1933) as "extending to 13-14th 
[sub-] caudal plate, forked opposite 7-8th," e.g., having long 
hemipenial lobes. The difference between the two descriptions is 
explained by the "disappearance" of the sulcus in the middle of 
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Flo 3. The hemipenis of Philodryas olfersi: (A) UMMZ (Univ. Michi-
gan Mus. Zool.) 108988 as shown in Dowling (1969); (B) as drawn in 
1971 (HGD-HISS; AMNH 88587). It is notable that A was noted to be 8 
SC (subcaudals) in length, whereas B was recorded as 12 SC. 

the lobes in the figure presented by Mao et al. This feature shows 
that the hemipenial lobes are incompletely everted, due to the re-
striction of the divided retractor muscle (Fig. 2). 

Zaher (1999: 15) had mentioned this figure as being in contrast 
to the general rule that viperids have hemipenial lobes "two or 
more times longer than the hemipenial body." Rather than T 
stejnegeri having a different hemipenial morphology, however, it 
is the drawing that is in error because of incomplete eversion of 
the organ. 

(2) My own major entry into errors of description is the "cor-
rection" of previous figures of the hemipenis of Phylodryas olfersi 
(Dowling 1969). As shown here (Fig. 3), the "correction," although 
in the right direction, is far from an accurate depiction of the fully-
everted hemipenis. 

I must admit that it took me many years to recognize these prob-
lems and to determine their solution. Thus, they are not mentioned 
in the early paper by Dowling and Savage (1960), and sadly, many 
of the "beautiful and detailed drawings" done for me in late 1960s 
and 70s I now recognize to be of incompletely everted organs (Fig. 
4). 

The above corrections and comments do not affect Zaher and 
Prudente's (1999) relegation of Tripanurgos compressus Fitzinger 
(1843:27) to the synonymy of Siphlophis Fitzinger (1843:27). They 
appear to be correct in this decision-and it has the additional 
benefit of deleting two more monotypic genera from the Neotro-
pical snake fauna. 

Acknowledgments.-I thank Janann Jenner for her sketches of the 
hemipenes and for her discussion of and critical comments on the manu-
script. 

LITERATURE CITED 

AUTH, D. L., J. MARIAUX, J. CLARY, F. VON BREUKELEN, AND H. M. SMITH. 
1998. The report of the snake genus Conophis in South America is 
erroneous. Bull. Maryland Herpetol. Soc. 34(4):107-112. 

BOGERT, C. M. 1940. Herpetological results of the Vernay Angola expedi-
tion, with notes on African reptiles in other collections. Part I. Snakes, 
including an arrangement of African Colubridae. Bull. Amer. Mus. Nat. 
Hist. 77 (Art. 1):1-107, 1 pl. 

COPE, E. D. 1895. The classification of the Ophidia. Trans. Amer. Phil. 
Soc. 18 [n.s.] (part 8, art. 3):186-219, pls. 14-33. 

DOWLING, H. G. 1967. Hemipenes and other characters in colubrid classi-
fication. Herpetologica 23(2):138-142. 
	. 1969. The hemipenis of Philodryas Gunther: A correction 

(Serpentes: Colubridae). Amer. Mus. Novitates (2375):1-6. 
 , AND J. M. SAVAGE. 1960. A guide to the snake hemipenis: A sur-

vey of basic structure and systematic characteristics. Zoologica (NY) 
45(2):17-28, pls. 1-3. 

DUELLMAN, W. E. 1958. A monographic study of the colubrid snake genus 
Leptodeira. Bull. Amer. Mus. Nat. Hist. 114 (Art. 1):1-152, pl. 1-31. 

DUNN, E. R. 1928. A tentative key and arrangement of the American gen- 
era of Colubridae. Bull. Antivenin Inst. Amer. 2(1):18-24. 
	, AND G. C. WOOD. 1939. Notes on eastern snakes of the genus 

Coluber. Notulae Naturae (5):1-4. 
INGER, R., AND H. MARX. 1962. Variation of hemipenis and cloaca in the 

colubrid snake Calamaria lumbricoidea. Syst. Zool. 11(1):32-38. 
KEISER, E. D., JR. 1969. An unusual specimen of the neotropical vine 

snake, Oxybelis aeneus (Wagler), from Zacatecas, Mexico. British J. 
Herpetol. 4(5):116-117. 

MAO, S. H., E Y. YIN, ANDY. W. Guo. 1984. The hemipenes of common 
Taiwanese venomous snakes. Herpetologica 40(4):406-410. 

MYERS, C. W., AND J. E. CADLE. 1994. A new genus for South American 
snakes related to Rhadinaea obtusa Cope (Colubridae) and resurrec-
tion of Taeniophallus Cope for the "Rhadinaea" brevirostris group. 
Amer. Mus. Novitates (3102):1-33. 

PESANTES, O. S. 1994. A method for preparing the hemipenes of preserved 
snakes. J. Herpetol. 28(1):93-95. 

POPE, C. H., AND S. H. POPE. 1933. A study of the green pit-vipers of 
southeastern Asia and Malaya, commonly identified as Trimeresurus 
gramineus (Shaw), with description of a new species from peninsular 
India. Amer. Mus. Novitates (620):1-12. 

VIDAL, N., S. G. KitstoL, A. WONG, AND S. B. HEDGES. 2000. Phylogenetic 
relationships of xenodontine snakes inferred from 12S and 16S riboso-
mal RNA sequences. Mol. Phylogen. Evol. 14(3):389-402. 

ZAHER, H. 1999. Hemipenial morphology of the South American 
xenodontine snakes, with a proposal for a monophyletic Xenodontinae 
and a reappraisal of colubrid hemipenes. Bull. Amer. Mus. Nat. Hist. 
(240):1-168. 
	, AND A. L. C. PRUDENTE. 1999. Intraspecific variation of the 

hemipenis in Siphlophis and Tripanurgos. J. Herpetol. 33(4):698-702. 

FIG 4. Incomplete and irregular hemipenis drawings from the Dowling 
(HISS) collection (1969-1973). A. Conophis vittatus AMNH 66337: 
Apical discs omitted (fide Auth et al. 1998). [Also true of Zaher 1999: 
Fig. 41, upper. Photo of same specimen.] B. Hydrops martii, AMNH 
36161: Distal lobes inverted (cf. Zaher 1999: Fig. 52, upper). C. 
Phyllorhynchus bn9wni, UMMZ 58386: Distal lobes inverted (personal 
observation). 
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Riddle et al. (2000) utilize mitochondrial DNA (mtDNA) se-
quence data from Bufo punctatus and five rodents to construct 
intraspecific gene phylogenies (phylographies) in order to test his-
torical biogeographical scenarios proposed for the herpetofauna 
of Baja California by Murphy (1983), Grismer (1994), and Upton 
and Murphy (1997). Riddle et al. (2000) test a late Pleistocene 
through Holocene dispersal model and a late Neogene vicariance 
model, noting that each should have a signature phylogeography: 
the dispersal model should show widely distributed species with 
little or no genetic differentiation among populations from differ-
ent regions whereas the vicariance model should show (given that 
enough time has emerged) reciprocally monophyletic phylogroups 
(groups of closely related individuals) on opposite sides of a pre-
sumptive barrier, either historical or contemporary. They present 
their results as a series of area phylograms which display intrigu-
ing patterns of organismal relationships, and note that all six spe-
cies exhibit multiple geographically separated phylogroups. How-
ever, their analyses are not fully explanatory, segments of their 
results allow for multiple interpretations, and alternate hypoth-
eses remain unaddressed. 

Riddle et al. (2000) note that there are separate northern and 
southern peninsular phylogroups in all five rodents with diver-
gences ranging from 1.8 to 4.1%. They attribute this to a mid-
Pleistocene transpeninsular seaway. For four of these species, a 
mid-peninsular vicariant model appears to be the most parsimoni-
ous hypothesis. 

In support of their hypotheses, Riddle et al. (2000) utilize pub-
lished data from additional reptiles which include Pituophis 
vertebralis (Rodriguez-Robles and de Jestis-Escobar 2000), 
Petrosaurus repens (Aguilar-S. et  al. 1988), Urosaurus nigricaudus 
(Aguirre-L. et  al. 1999), and Uta stansburiana (Upton and Murphy 
1997). It is here I believe alternate hypotheses exist. Riddle et al. 
(2000) state that genetic structuring in all these species is consis-
tent with a mid-peninsular vicariant event, even though their own 
criteria of reciprocal monophyly is met in only one of those spe-
cies, Uta stansburiana (Upton and Murphy 1997). Regarding 
Pituophis vertebralis, Grismer (2001) demonstrated that its 
phylogeographic relationships (Rodriguez-Robles and de Jesus-
Escobar 2000; Fig. 5b), were consistent with a dispersal-based 
model, and Rodriguez-Robles and de Jestis-Escobar (2000) stated 
that their data did not unequivocally support a mid-Pleistocene 
vicariant event. Three of the five allozyme character states listed 
on the tree of Urosaurus nigricaudus (Aguirre-L. et  al. 1999: Fig. 
2) were incorrectly mapped (compare their Fig. 2 with Table 3 for 
sAat-A, Pep-A 2, Pep-B2) and thus, do not support a mid-peninsu-
lar vicariant event. Additionally, one of the population samples of 
Urosaurus was the genus Uta (see Grismer 2000a) which further  

confounded the results. For Petrosaurus repens (Aguilar-S. et  al. 
1988), Augirre-L. et  al. (1999) indicate that these data are not con-
sistent with a mid-peninsular seaway. Additional molecular data 
sets (allozymes and/or mtDNA) from five other lizards having 
transpeninsular distributions (Sauromalus ater [Petren and Case 
1997]; Callisaurus draconoides [Adest 1987]; Sceloporus 
zosteromus [Grismer and McGuire 1996]; Cnemidophorus 
hyperythrus and C. tigris [Radtkey et al. 1997]), one other snake 
(Chilomeniscus cinctus [Wong et al., in prep.]), and one frog (Bufo 
punctatus [Riddle et al. 2000]) show no significant statistical sup-
port in their respective trees that are consistent with a mid-penin-
sular vicariant event. 

Riddle et al. (2000) provide support for the previously hypoth-
esized (Grismer 1994; Murphy 1983) northern Gulf and Cape 
Region vicariant events in three species with divergences of 7.5-
8%. They purport that these events occurred approximately three 
million years ago (mya) and following Upton and Murphy (1997), 
suggest that the mid-peninsular vicariant event occurred approxi-
mately 1 mya. At 1 mya, the geomorphology of the peninsula was 
essentially the same as it is today: all mountain ranges had reached 
their current altitude, the Gulf of California had receded to its cur-
rent position as a result of the uplift of mountains in southern Cali-
fornia, and fluvial deposits from the Sierra de la Giganta had cre-
ated a land positive connection with the Cape Region and the rest 
of the peninsula (Gastil et al. 1975, 1983; Stock and Hodges 1989). 
Sea levels, however, fluctuated greatly (Everenden and Everenden 
1970) which would be the only way by which a mid-peninsular 
seaway would have formed. However, for a seaway to cross any 
portion of central Baja California during that time period or later, 
it would have had to have risen at least 300 m in elevation above 
its current level. This would have re-inundated most of southeast-
ern California (portions of which are currently below sea level) 
and the Isthmus of La Paz, which reaches 10 m above sea level at 
its highest point. Geological evidence for mid-Pleistocene re-in-
undations of this magnitude do not exist. Furthermore, based on 
the current distribution of various phylogroups (Murphy 1983; 
Riddle et al. 2000; Upton and Murphy 1997), the location of this 
presumptive mid-peninsular seaway has ranged 360 km, from near 
Puertecitos to near Loreto. Riddle et al. (2000) had to infer the age 
of this proposed seaway from Upton and Murphy (1997) and from 
the percentage of sequence divergence in the taxa they examined 
because there is little geological evidence in support of this 
seaway's age, location, or existence. However, the data from other 
authors are not in wholesale agreement, placing the age of this 
alleged seaway at one million (Upton and Murphy 1997) to 13.2 
million years (Rodriguez-Robles and Jesils-Escobar 2000). 

Despite the various interpretations of age and location of this 
hypothesized seaway, Riddle et al. (2000) have made a valuable 
contribution to the biogeography of the terrestrial vertebrates of 
Baja California in supporting previously proposed hypotheses. 
Their interpretation of the mtDNA analyses highlights the impor-
tant concern that unrecognized vicariant events may be embedded 
within intraspecific phylographies of widely distributed species 
(Grismer 2000b). However, they overstate this by noting that "sole-
reliance on species level taxonomy...has obscured...biodiversity" 
even though Grismer (1994) utilized the intraspecific relationships 
of 15 species in hypothesizing some of the same scenarios that 
Riddle et al. (2000) discuss and support. As for the presence of a 
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mid-peninsular seaway, both the geological and biological data 
are still unclear as to when, where, or even if it occurred. 

An alternate hypothesis for the mtDNA patterns observed in a 
number of species from central Baja California may involve the 
abrupt change in habitat and weather patterns that occur in central 
Baja California. In the vicinity of San Ignacio, which is almost 
exactly one-half of the way down the peninsula, the Vizcaino Phy-
togeographic Region of the north changes into the Magdalena 
Phytogeographic Region of the south (Wiggins 1980). Geographi-
cally concordant with this transition is the transition of a granitic 
substrate in the north to a volcanic substrate in the south (Grismer 
1994). Lastly, this area is the general southern limit of northern 
winter storms and northern limit of southern summer storms 
(Turner and Brown 1982). These three major environmental fac-
tors all converging in central Baja California may have contrib-
uted to the genetic substructuring currently observed. However, 
the mechanisms by which such events would promote reciprocal 
monophyly in phylogroups are not obvious. Clearly, more genetic 
studies of transpeninsular taxa and geological studies of the tec-
tonic history of central Baja California are warranted before any 
sound hypothesis is to emerge. 
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The alarming pace with which the rainforests of the neotropics 
(among other places) are disappearing is well known (Laurance 
and Bierregaard 1997). The adaptation of populations to specific 
habitats, as well as historical and geographic contingencies, ensure 
that different patches of rainforest often support different species 
or subspecies (Terborgh 1992). This, in part, is responsible for the 
extremely high biodiversity associated with the neotropical 
rainforests, and the dramatic loss of diversity associated with 
deforestation. Certain representatives of the exquisite beauty and 
diversity of lifeforms in the neotropical rainforests have become 
symbols recognized worldwide, such as the toucan and the 
Heliconius butterfly. Poison frogs of the family Dendrobatidae 
have also become icons of the neotropical rainforests. One can 
hardly walk into a gift shop without seeing postcards and posters 
depicting these small but beautifully colored frogs. Plastic models, 
puzzles, and many other toys representing these frogs have flooded 
the U.S. and European markets. At the same time, there has been 
an explosion in interest on the part of hobbyists to keep these frogs 
in terraria. Their beautiful coloration, combined with complex 
behavioral repertoires that can be easily observed in captivity, make 
them very popular as pets. This popularity has unfortunately led 
to frequent illegal collection and trade of poison frogs on the pet 
market. 

In my research on a number of species of dendrobatids, I have 
worked in several localities where the abundance of these frogs 
appears to have been negatively affected by the activities of illegal 
collectors. In talking to local residents, it is not uncommon to hear 
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them say they have been employed by "gringos" (usually from 
the U.S. or Germany) to find frogs, which were then placed in 
small containers (such as film canisters), an obvious sign that the 
frogs were to be smuggled out of the country. In recognition of 
this problem, these frogs are included on CITES lists and their 
collection and sale is regulated. In spite of this, illegal collection 
and trade is alarmingly common. 

Recognition of this problem among hobbyists has led to 
admonitions to buy only captive-bred frogs. This response is 
admirable, but unfortunately it has not resolved the problem of 
illegal collecting and trading, and captive breeding brings its own 
problems as well. For example, captive breeding of poison frogs 
is a difficult enterprise for many species, and the occurrence of 
nutritional problems, such as spindle leg disease, and of pathogenic 
infections, is all too common in captive populations (Heselhaus 
1992). This problem is exacerbated by the small population sizes 
of captive breeding colonies, which may lead to a reduction in 
genetic diversity (Templeton et al. 1996) and an increase in 
problems associated with the lack of such diversity (Barrett and 
Charlesworth 1991; Gabriel et al. 1994). 

Recently, Rainer Schulte, a biologist living in San Martin 
Province in central Peru, has been attempting to simultaneously 
address the problem of tropical deforestation and that of illegal 
trade in poison frogs. San Martin is a mountainous province 
spanning the transition between the high Andes and the lowland 
Amazonian rainforest. The complex topography of the region has 
apparently produced a high diversity of poison frog species and 
subspecific variants, including some of the most beautiful and 
expensive species. Schulte has developed a plan to save these frogs 
from extinction. 

Schulte's idea is to engender the management and production 
of poison frogs in the very rainforests where they live. To do this, 
he is recruiting the people who live in the forest where the frogs 
occur. The main factor causing deforestation in the neotropics is 
not increasing urbanization, which is confined to restricted areas, 
but rather the colonization of large tracts of rainforest by 
impoverished subsistence farmers (Kahn and McDonald 1997). 
As new roads are cut into the forest, farmers move in and begin to 
convert the surrounding forest into fields for the production of 
crops such as plantain and manioc. Because rainforest soils rapidly 
become depleted once the original rainforest is removed, these 
farmers are forced to continually cut new swaths of land to grow 
new crops. 

Poison frog management holds out the possibility of making 
pristine rainforest an economic asset to the people who live in the 
forest. With individual frogs of some species (such as Dendrobates 
fantasticus) commanding prices of as much as US$ 100-150 in 
the U.S. and Europe, these frogs represent a substantial untapped 
economic asset for poor Peruvians living where the frogs live. But 
in order to utilize these frogs as a sustainable natural resource, it is 
necessary to manage them in an ecologically sound manner. This 
requires maintaining their primary rainforest habitats. Schulte's 
management method is simple and employs materials available to 
even the poorest people. Poison frogs (particularly those of the 
genus Dendrobates, which includes the most sought after species) 
have an unusual mode of reproduction. Eggs may be laid in the 
leaf litter or on a leaf, but once they reach the tadpole stage they 
are transported on the back of a "nurse frog" (the male in most  

species) to small pools of water that form in leaf axils of bromeliads 
and other forest plants. 

Reproduction and population density can be limited by the 
availability of pools (Donnelly 1989). Increasing the number of 
available pools leads to increased breeding activity, such that 
additional tadpoles are produced, at least in some species (Schulte 
1997). Schulte increases pool density using artificial pools 
constructed from discarded plastic soda bottles. These artificial 
pools are readily accepted by the frogs and used to deposit tadpoles. 
Hence, by installing such pools in a rainforest plot, local people 
can obtain a steady supply of young, healthy frogs from the 
rainforest. Naturally, the adult frogs must not be collected or 
disturbed, and a certain percentage of the young frogs must be 
allowed to remain in the forest to provide the next generation of 
adults. 

This management program allows the local people to earn a 
substantial income, while at the same time providing an economic 
incentive for them to preserve primary rainforest. Cooperative 
associations of local people can combine their rainforest plots and 
preserve substantial areas of rainforest in particular regions. The 
variation of each species from region to region makes it viable to 
carry out this program in many different localities. In Schulte's 
home region near Tarapoto, he has recently formed an association 
of some 25 local residents (ASPRAVEP), who together are 
managing an area of some 250 hectares of primary rainforest 
fragments. Schulte claims that ASPRAVEP can produce a 
sustainable yield of several hundred juvenile Dendrobates 
(particularly D. imitator, D. variablis, and D. fantasticus) each 
year, and higher numbers of juvenile Epipedobates (E. bassleri, 
E. trivittatus, E. pongoensis, and E. hanheli). Given the high prices 
commanded by these frogs in the U.S. and Europe, the income 
from their export and sale will substantially exceed the income 
these local residents can obtain by cutting the forest and farming 
the cleared land, thereby providing an incentive for them to preserve 
the tracts of primary rainforest under their care. 

Recently there has been considerable debate concerning methods 
for the preservation of tropical biodiversity (Mooney 2000). Some 
researchers argue that the best approach is to set aside large tracts 
of land as parks that are managed by professional caretakers 
equivalent to park rangers in the U.S. (Terborgh 1999). Others 
argue that the best way to ensure the long term preservation of 
biodiversity is to involve local residents in management, and to 
provide economic incentives by allowing sustainable forms of use 
(Janzen 1996). At this point, the debate concerning the creation of 
large parks is academic in much of South America, as many 
countries do not have the resources to create new parks or the 
ability to effectively manage those already in existence (Kahn and 
MacDonald 1997). Much of the rainforest in the neotropics has 
already been divided into forest fragments that exist in a mosaic 
with farmland and residential areas, and this is likely to become 
more common in the future (Laurance and Bierregaard 1997). 
Hence it is critical to discover ways to encourage local residents 
to preserve remaining fragments. 

Schulte's effort is similar to other projects that are attempting to 
return the economic benefits of preserving the rainforest to the 
people who actually live there. Another example is the creation of 
laboratory facilities in Panama for the analysis of plant samples to 
identify potentially important new chemicals for the pharmaceutical 
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industry. Todd Capson and Phyllis Coley, in collaboration with 
the Smithsonian Tropical Research Institute, are spearheading this 
project, in which Panamanians are trained to carry out important 
chemical assays (such as those for anti-cancer and anti-HIV 
properties). By identifying such properties before the plants (or 
plant extracts) are sold to the pharmaceutical companies, their 
economic value to the people of the country of origin is vastly 
increased. The recent development of an extremely potent 
painkiller from the toxins of a poison frog from Ecuador (Bradley 
1993) highlights the benefits that the identification of potentially 
useful compounds from the tropical forest could provide to people 
from the countries of origin, if they are able to participate in the 
process of discovery. 
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Dyscophus insularis is one of three species in the endemic Mala-
gasy genus Dyscophus, which together with the Asian genus 
Calluella forms the subfamily Dyscophinae (family Microhylidae). 
While D. antongili and D. guineti are exclusively known from 
humid eastern Madagascar, D. insularis is largely a species of the 
seasonal dry areas of western Madagascar. It was recorded from 
five western localities by Blommers-Schlosser and Blanc (1991): 
the type locality Antsohy near Trabouzy, Belo (type locality of the 
synonym beloensis), Tsimanampetsotsa and Soalala (localities of 
the type series of the synonym quinquelineatum; Soalala being 
the locality of the lectotype), and Ankarafantsika. Glaw and Vences 
(1994) added two additional records, Ambanja in the north-west 
(voucher specimen in Zoologisches Forschungsinstitut und Mu-
seum A. Koenig, Bonn: ZFMK 52757) and Kirindy in the west 
(based on personal communications; vouchers collected in 1995: 
ZFMK 59982-59984). Emanueli and Jesu (1995) recorded the 
species from the Tsingy de Bemaraha, Goodman et al. (1997) from 
the Vohibasia forest. One additional locality in Blommers-Schlosser 
and Blanc (1991) does not fit into this distributional pattern, namely 
Marojezy in the rainforest area of north-eastern Madagascar. This 
locality was based on specimens in the Museum National d'Histoire 
Naturelle, Paris (MNHN) already mentioned by Guibe (1978). 

In the MNHN collection, we located five specimens of D. 
insularis with the origin Marojezy (MNHN 1973.577-581). Alti-
tude of the collecting locality is given as 1300 m in the catalogue 
(not 300 m as reported by Guibe 1978) and collecting date as 2 
July 1972. In the catalogue, this series is immediately followed by 
nine specimens (MNHN 1973.582-590) from Ankarafantsika 
(Ampijoroa), collected on 5 February 1973. No information on 
the collector(s) is given. According to entry notes of J. Guibe avail-
able in the MNHN, the specimens belonged to a large series of 
microhylids from "Massif de Marojezy et autres lieux" which were 
collected by C. P. Blanc. The Dyscophus specimens had the provi-
sional numbers 2084-2092 and 2094-2098 and are marked in the 
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notes with the locality information "region Guest." In a second 
notebook containing a list of the provisional numbers, the whole 
series 2082-2092 and 2094-2118 (comprising also other species) 
are explicitly stated to originate from Ankarafantsika, collected 
on 5 February 1973. Apparently, the locality information Marojezy 
for D. insularis is thus an error that occurred when the specimens 
were catalogued. To evaluate further evidence on the locality of 
these specimens, we examined the respective vouchers in more 
detail. 

All specimens of both series are very similar regarding their 
(good) state of preservation, fixation, external morphology, and 
coloration. MNHN 1973.578 is an adult female (SVL 52.8 mm) 
containing 1100 mature blackish oocytes of 1-1.2 mm diameter, 
indicating that at least this specimen was captured during the re-
productive season. Examining stomach contents, we observed three 
conspicuous items present in specimens from both series: a) Re-
mains of a large ensiferan orthopteran in MNHN 1973.581 
(Marojezy) almost certainly corresponding to undetermined but 
better preserved prey items in MNHN 1973.585 and 586 
(Ankarafantsika); b) In MNHN 1973.578 (Marojezy) we found 
three abdomina of a tenebrionid coleopteran which were identical 
to a remain in MNHN 1973.590 and to a completely preserved 
specimen in MNHN 1973.587 (both Ankarafantsika); the beetle 
was determined as Parecatus machloides (Tenebrionidae: 
Asidinae), a conspicuous form which we did not see in any other 
stomach of about 200 Malagasy frogs examined from different 
localities; c) Stomach of MNHN 1973.579 (Marojezy) contained 
remains of the ant Aphenogaster swammerdami, a species that was 
also found in MNHN 1973.586 and 1973.588-589 
(Ankarafantsika). Stomachs of specimens of both series contained 
sand. 

Dyscophus insularis is a species breeding in lentic water and is 
known mainly from open areas of sandy soils. The ant 
Aphenogaster swammerdami is a species limited to open areas 
and is very common in the western dry forest habitats, although it 
also can be found in disturbed and secondary grassland habitats in 
the eastern high plateau (BLF, unpublished data). Marojezy is a 
mountain massif largely covered by primary rainforest; only above 
1800-2000 m altitude the forest is replaced by open ericoid 
heathlands (Raselimanana et al. 2000). The MNHN Dyscophus 
specimens from Marojezy are reported as originating from alti-
tudes of 1300 m (MNHN catalogue) or 300 m (Guibe 1978), which 
are covered by forest. It is very unlikely that this information is 
correct, considering the habitat preferences of D. insularis and its 
prey A. swammerdami. Furthermore, it also is not probable that an 
explosive breeder like D. insularis would reproduce in the cold 
and dry season (July) as suggested by the presumed collecting 
date and the oocytes found in MNHN 1973.578. The intensive 
surveys of Raselimanana et al. (2000) failed to record D. insularis 
from Marojezy, despite the use of pitfall trapping which is suited 
for the capture of terrestrial microhylids. Considering also the 
conspicuous agreement between stomach content composition, 
there is overwhelming evidence that the Marojezy entry in the 
MNHN catalogue is erroneous, and that the respective D. insularis 
specimens belong to the same series as MNHN 1973.582-590 and 
were thus collected at Ankarafantsika. 

This removes one anomalous biogeographic pattern in the dis-
tribution of Malagasy anurans. It also stresses the endemism of  

the amphibian fauna of western Madagascar, and bears relevance 
for conservation. If D. insularis is not present in the Marojezy 
reserve, it is currently known from only three officially protected 
areas, namely Ankarafantsika, Tsingy de Bemaraha, and 
Tsimanampetsotsa (although its occurrence within the boundaries 
of the latter reserve are still to be confirmed). 
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The Western Ghats region of India has been identified as one of 
the 18 biodiversity hot spots of the world (WCMC 1988), and 
harbors 205 species of amphibians (Daniels 1992). Kaloula pulchra 
is a medium-sized burrowing frog (mean male SVL = 67.3 mm, N 
= 10) distributed in parts of Western Ghats. Although K pulchra 
is a common microhylid of this region, we have limited knowl-
edge about this species from the Western Ghats. In particular, very 
little is known about its reproductive biology. We investigated the 
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breeding period and advertisement call of this species. 
Both field observations during the breeding season and charac-

terization of the male call parameters were conducted near Dharwad 
(15°27'N, 75°05'E). From 1989 to 1997, we recorded male calls 
with directional microphones (AKG, D- 707/190 C, D- 1000 I) 
and tape recorder (AKAI AJ 490 FS, 4.8 cm/s) at water tempera-
tures of 19-21°C and relative humidities between 90 and 93%. 
We used a LUTRON SL 4001 SPL meter (fitted with Bruel & 
Kjaer multi-function acoustic calibrator, 4226) to measure the 
sound pressure level (re 20 pPa, "fast" root-mean-square [RMS], 
C weighing) from a distance of 1 m. Calls of 20 males were ana-
lyzed by the acoustic analyzer computer program MOSIP ®  spectro 
analysis V6 8, 41/89, MEDAV GmbH, at Zoological Institute, 
University of Bonn, Germany; statistical analysis was carried out 
with Statgraphics (STSC, Statistical Graphic Corp., Knoxville, 
Tennessee, USA). 

Calling activity began after the first two to three heavy pre-
monsoon showers (April/May) during 1990, 1991, 1992 and 1996. 
When the pre-monsoon rains failed to occur during 1993, 1994, 
1995, and 1997, the calling began with the onset of monsoon rains 
(June/July) and continued until August. Observations over a pe-
riod of eight years indicated that the males emit the advertisement 
call from April to August. During the same period amplected pairs 
also were observed in the field. Hence, in the absence of reports 
on the gonadal cycles, we suggest that April to August may be the 
breeding period of K. pulchra. The calls were given while males 
floated on the water surface. Calling was in chorus, however adja-
cent calling males alternated their calls (N = 50). Advertisement 
calls were emitted in series with variable call intervals. Each call 
occurred in a single pulse group of 28-56 pulses (mean ± SE, 42 ± 
1; Fig. 1 A) and the number of pulses per second varied between 
54 and 114 (mean ± SE, 84.2 ± 6.1). The pulse interval was very 
short and could not be recorded. The amplitude varied slightly 
from call to call (Fig. 1B). The call began with a pulse of low 
amplitude and reached the maximum after the 6 ®  to 10th pulse 
(Fig. 1A). Subsequently it decreased gradually. The call duration, 
call interval, and the call period varied from 318 to 932 ms (mean 
± SE, 579 ± 14; N = 20), 207 to 1078 ms (mean ± SE, 541 ± 27; N 
= 20) and 797 to 1672 ms (mean ± SE, 1140 ± 31; N = 20), respec-
tively. The frequency spectra ranged between 50 and 1760 Hz with 
two bands (Fig. 1C). The dominant frequencies were between 400-
1220 Hz (mean ± SE, 704.8 ± 85.1; N = 10). The sound pressure 
level measured from a distance of 1 m from the frog varied be-
tween 54 and 60 dB. 

The advertisement calls of breeding male anurans have two main 
functions: a) intrasexual competitive interactions for calling sta-
tions, which in some species are also oviposition sites, and for 
active (acoustic) space; and b) intersexual attraction of mates 
(Littlejohn 1977). Additionally, calling sites and call parameters 
may reflect mechanisms for reproductive isolation among species. 
Acoustic communication studies in Western Ghat microhylids are 
limited to Microhyla ornata (Hiremath 1991), M. rubra (Kanamadi 
et al. 1994), Ramanella variegata (Kanamadi et al. 1993), and R. 
montana (Kadadevaru et al. 1998). 

Kaloula pulchra, R. variegata, M. ornata, and M. rubra are sym-
patric microhylid species at Dharwad. Calling sites of M. rubra 
are on land in open fields near water bodies (Kanamadi et al. 1994), 
whereas those of M. ornata are depressions in muddy areas, and 
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FIG. 1. (A) Oscillogram of a single advertisement call of Kaloula pulchra 
(66 mm SVL) showing amplitude modulation. Oscillogram (B) and 
sonagram (C) of two advertisement calls of K. pulchra (66 mm SVL) 
showing call interval and frequency spectra respectively. Recorded in 
Dharwad, India. Water temperature 20°C. 

also in spaces under the grass (Hiremath 1991). The advertise-
ment call of M. rubra consisted of 66-135 pulses/s (mean ± SE, 
108 ± 2.4; N = 39). The call duration varied from 138 to 228 ms 
(mean ± SE, 168 ± 3.2; N = 39) and the number of pulses ranged 
between 15 and 21 (mean ± SE, 18.0 ± 2.4; N = 40). In M. ornata, 
the advertisement call comprised 33-40 pulses/s (mean ± SE, 30.0 
± 0.3; N = 28). The call duration varied from 13 to 77 s (mean ± 
SE, 33.2 ± 5.3; N = 14) and the pulse number ranged between 10 
and 14 (mean ± SE, 12.8 ± 0.30; N = 28). Males of K. pulchra call 
from the surface of water bodies, similar to those of R. variegata 
(Kanamadi et al. 1993). It is likely that the different calling sites 
of M. rubra and M. ornata contribute to spatial separation of these 
sympatric species from K. pulchra and R. variegata. The adver-
tisement call of R. variegata consisted of 359-385 pulses/s (mean 
± SE, 369 ± 4.6; N = 5). The call duration varied from 187 to 234 
ms (mean ± SE, 214 ± 3.6; N = 10) and the pulse number ranged 
between 74 and 137 (mean ± SE, 96 ± 5.6; N = 11). Its frequency 
spectra ranged between 300 and 4300 Hz with harmonics and a 
distinct fundamental frequency (Kanamadi et al. 1993). In the 
present study of K. pulchra, the pulse number (28-56) and the 
frequency range (50-1760 Hz) are much lower. Although males 
of both species share common calling sites, the species-specific 
pulse number and the variation in the frequency range may help in 
attracting conspecific females. 

The call duration of K. pulchra from Thailand (Heyer 1971) 
ranged from 560 to 600 ms, consisted of 32-35 pulses/s with 18-
21 pulses/call, and the frequency spectra had a dominant band at 
250 Hz. Our study of the same species shows differences in the 
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call duration, pulses/s, pulses/call, and the frequency range. The 
differences in the call parameters may reflect geographic varia-
tion, as described in Rana ridibunda (Schneider 1973; Nevo and 
Schneider 1983; Kuhn and Schneider, 1984; Schneider and 
Sofianidou 1985), Bombina orientalis (Akef and Schneider 1985; 
Schneider et al. 1986), and M. ornata (Hiremath 1991). 
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Road surfaces, paved and nonpaved, are modern landscape fea-
tures that have been utilized by herpetologists for collecting for 
decades (Klauber 1939). In the case of snakes, both their positive 
thermoregulatory features and their negative dead-on-road (DOR) 
aspects are well appreciated, the latter having conservation impli-
cations (Rosen and Lowe 1994; Rudolph and Burgdorf 1997; 
Rudolph et al. 1999). Less is known about the effects of roads and 
their adjacent landscape features on lizard behavior and survival. 
For example, roadside features may influence harvester ant popu-
lations (DeMers 1993), which are an important food of Phrynosoma 
spp. (Pianka and Parker 1975). 

Fair and Henke (1997a) evaluated methods of collecting P. 
cornutum in southern Texas (including roads). Henke and 
Montemayor (1998) presented evidence of seasonal and diel use 
patterns of roads by this species in southern Texas. They did not 
comment on sex ratio. In their study area of sparse vegetation the 
sex ratio did not deviate from 1:1 female/male (Henke and 
Montemayor 1998; S. Henke, pers. comm.). Vegetative habitat 
characteristics can affect horned lizard abundance and foraging 
activity (Whiting et al. 1993; Fair and Henke 1997b). 

Here I present evidence that in Texas horned lizards (Phrynosoma 
cornutum), a threatened species in Texas (Price 1990; Donaldson 
et al. 1994), the sex ratio of lizards occurring on roads along the 
Arizona and New Mexico border is seasonally skewed. In inter-
preting these data, I hypothesize that seasonal use of roads as a 
landscape feature by Texas horned lizards is related to their mate-
seeking behavior, and because of vehicle-caused mortality this be-
havior may contribute to local and regional extirpation. 

The range of Texas horned lizards encompasses much of the 
Chihuahuan Desert, shortgrass prairies, and desert grasslands of 
western North America (Price 1990) where it may encounter dense 
desertshrub and grassland communities (Brown 1982). Between 
1983 and 2000 (18 years), 452 Texas horned lizards were col-
lected on paved road surfaces in southeastern Arizona (Cochise 
Co.) and southwestern New Mexico (Hidalgo Co., a few from Grant 
Co. and Luna Co.). Most lizards were collected during a morning 
drive (0800-1200 h), traveling at about 60 kph from Portal, Ari-
zona, east to New Mexico Highway 80, north to New Mexico High-
way 9, east to Animas and then to the Playas Valley, then south to 
the Playas Smelter (Phelps Dodge Corporation) and/or north on 
New Mexico Highway 113 to Interstate Highway 10, and then 
back to Portal (210 km). Road cruising conditions allowed easy 
identification of Texas horned lizards on the road well before they 
could flee, including possible juveniles (many additional captures 
were of the smaller species Phrynosoma modestum ). Capture rate 
of lizards seen on the roadway was very high, >95%, both those 
"freezing" on the road surface and those running off the road into 
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TABLE 1. Seasonal sex-ratios (F = female, M = male), by 15- and 16-day half-month periods, of road-collected adult Texas horned lizards 
(Phrynosoma cornutum) in Arizona and New Mexico, 1983-2000. Collection effort was not equal throughout the months. 

Month April May May June June July July Aug Aug Sept Sept Nov 
Days 16-30 1-15 16-31 1-15 15-30 1-15 16-31 1-15 16-31 1-15 16-30 1-15 

N = F/M 

ratio 

0/1 6/14 32/178 21/137 10/15 7/0 1/1 1/0 1/1 7/2 4/1 1/0 

F/M 1:2.33 1:5.56 1:6.52 1:1.5 1:1 1:1 1:0.29 1:0.25 

adjacent vegetation where they stop and "freeze." Seasonal abun-
dance of lizards on highways facilitated collecting for behavioral 
and other studies. Most lizards were later released at sites of cap-
ture or placed in Southwestern Research Station collections. 

Location, date of capture, sex, mass (g), and snout-vent length 
(SVL, mm) were recorded. The prime collecting time was late 
May (16-31) and early June (1-15), 81.4% of lizards collected 
(Table 1), when effort was maximal in terms of number of collect-
ing days and kilometers driven. For analysis, lizards were grouped 
into adults and juveniles, and into 15 or 16-day (half-month) cap-
ture periods throughout the collecting season (Table 1). Most ani-
mals were adults 68 mm SVL), N = 438, 96.9%; 14 juveniles 

67 mm SVL) comprised 3.1% (for size of adults see Ballinger 
1974 and Howard 1974). Snout-vent lengths of juveniles were 
(May 1-15) 36 mm, (May 16-31) 37, 39, 54, 66, 67 mm, (June 1-
15) 40, 47, 53, 57, 58 mm, (June 16-30) 56, 62 mm, (August 16-
31) 65 mm. All were above hatchling size of about 17-25 mm 
SVL (Blaney and Kimmich 1973; Burrow 2000; WCS, pers. 
observ.). Juveniles were not included in the sex-ratio analysis. 

For each 15- or 16-day collection period the number of females 
and males, and the female-to-male sex ratio are presented (Table 
1). During the one-month period (May 16-June 15) 368 adult liz-
ards were collected, 14.4% female and 85.6% male: males were 
85% of road-collected lizards in the May 16-31 period and 87% in 
the June 1-15 period. During this month the female/male sex ratio 
was close to 1:6. This period encompasses the peak of the mating 
season (Ballinger 1974; Howard 1974). Immediately before (May 
1-15; N = 20) and immediately after (June 16-30; N = 25) the 
male preponderance was much less, female/male 1:2.3 and 1:1.5 
respectively. In contrast to May 16-June 15, during the three-month 
post-mating-season of July 1-September 30, when 26 lizards were 
collected, the sex ratio became highly skewed in favor of females, 
1:0.24 (females 80.8% and males 19.2%). Egg laying occurs in 
July (Sherbrooke 2000; Sherbrooke, unpubl. data for 2000, three 
additional nestings). Females may increase movement activities 
while seasonally searching for appropriate nesting sites (Burrow 
2000; WCS, pers. observ.). 

The seasonal switch in sex ratio suggests that the skewed male 
preponderance in late May and early June is not because of a popu-
lation-based sex ratio that differs from 1: 1, in agreement with 
reports from other areas (Whiting et al. 1993; Henke, see above). 
One explanation for the May 16-June 15 skewed sex ratio is that 
males, possibly seeking mates by increasing movement, encoun-
ter roads more frequently than do more sedentary females. Addi-
tionally, or alternately, males once encountering road surfaces may 
linger on open roads for extended periods of time. The result in 
both behavioral scenarios would be a male-bias sex-ratio in samples  

of road-collected lizards. I discount the possibility that sex differ-
ences in emergence times from hibernation is the causal factor for 
the sex bias; males and females in this area seem to emerge simul-
taneously between 19 April 1998 and 3 May 1998 (Sherbrooke, 
unpubl. data; N = 8). The difference observed in seasonal sex-
ratios on roads between south Texas (1:1, see Henke above) and 
this study in Arizona-New Mexico (1:6) may be because of differ-
ences in populations of lizards, features of the landscape, or uni-
dentified factors. Whiting et al. (1993) and Burrow (2000) noted 
that partially, versus densely, vegetated habitat facilitates locomo-
tion, foraging, and thermoregulation in P. cornutum. 

In Oklahoma, Phrynosoma cornutum males have been shown 
to travel greater distances than do females during the mating sea-
son (Stark 2000; Stark and Fox 2000). This seasonal behavior by 
males may explain the male-bias sex-ratio during May 16-June 
15 in Arizona and New Mexico, but the second hypothesis that 
males remain on roads when encountered also could be valid. Al-
though roads prove to have negative survival value (DORs), they 
might be attractive to male lizards because of the expanse they 
provide for visually locating females. Roads, in this sense, mimic 
positive features of natural landscapes such as open wash beds 
and other disturbed sites that provide expansive visual openings 
that may aid in mate location in desertshrub and grassland com-
munities with dense vegetation where ground-level shrubs, grasses, 
and herbaceous plants inhibit visibility. 

The size dimorphism in horned lizards, males smaller than fe-
males, may have evolved because smaller, early-reproducing males 
are more successful in finding dispersed mates (Zamudio 1998). 
Male horned lizards may have larger home ranges than females 
(Lowe 1954; Baharav 1975; Turner and Medica 1982), although 
perhaps not always (Burrow 2000). Although the lack of territo-
rial defense and applicability of the term home range to the move-
ment activities of Texas horned lizards has been studied and de-
bated (Whitford and Whitford 1973; Munger 1984 a,b,c), it seems 
that males of this species may expand or abandon home ranges 
during the breeding season when they exhibit increased move-
ment activities (Fair and Henke 1999; Stark 2000; Stark and Fox 
2000). Munger (1984a) suggested that non-receptive females could 
modify movements so as to avoid contact with males seeking copu-
lations. The duration of receptivity by females is unknown, but 
from captive studies it may be brief (Montanucci and Baur 1982). 
Perhaps non-receptive females seasonally avoid visually open ar-
eas. 

If the male mate-seeking hypothesis to explain the seasonally-
skewed sex ratio was true, and open vistas enhance encounters 
with females, one would expect to encounter pairs of lizards on 
the road during the mating season. During this study four pairs of 
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copulating P. cornutum were encountered: female/male, (1) 22 May 
1984 (109/87 mm SVL); (2) 31 May 1992 (88/89 mm SVL); (3) 
30 May 1994 (94/79 mm SVL); 7 June 1994 (92/78 mm SVL). In 
addition, two pairs of two males were found socially interacting 
on the road, presumably visually attracted to one another: male/ 
male, (1) 23 May 1984 (85/84 mm SVL); (2) 28 May 2000 (90/87 
mm SVL). The seasonal presence of these pairs of P cornutum on 
roads is in agreement with the male mate-seeking hypothesis, but 
not conclusive. Also to be considered, once pairs find each other 
they may move off of road surfaces into adjacent vegetated land-
scapes during precopulatory-pursuit behaviors (Tollestrup 1981; 
Montanucci and Baur 1982; Sherbrooke 1988), thus reducing road 
encounters of pairs. Multiple mating of captive pairs of 
Phrynosoma ditmarsi (Montanucci 1989) and P douglassi (= P 
hernandesi) (Montanucci and Baur 1982) have been recorded. 
Nothing is known as to repeated copulations by pairs in the field, 
but an individual female P. cornutum mated following a first nest-
ing, presumable mating a second time (Burrow 2000). 

Henke and Montemayor (1998) noted an increase in breeding-
season occurrence of lizards on roads in South Texas. They sug-
gested this increase in activity was the result of mate-seeking be-
havior. Although the sex ratio in the road-encountered samples 
was not the same in Arizona-New Mexico and in South Texas, the 
conclusion as to the cause of increased activity is similar. The 
increased occurrence of lizards on roads is related to increased 
lizard movement through habitats because of mate-seeking be-
havior. In addition to this general seasonal factor, here I argue that 
during the mating season in areas where the sex ratio of highway-
encountered populations is skewed in favor of males, 1) it is the 
males that are moving more, and 2) the males may linger on road 
surfaces because of the increased possibility of mate encounter. 
Alternately, females could avoid roads. These hypotheses, and 
others for explaining the seasonally-skewed sex ratios encoun-
tered, may be testable using radiotelemetry or other tracking meth-
ods (Stark and Fox 2000) to study microhabitat movements of 
male and female Texas horned lizards during the breeding season. 

Fair (1995) documented vehicle-inflicted road deaths in areas 
of south Texas. Depending on road traffic conditions, the pres-
ence of Phrynosoma cornutum on roads during the breeding sea-
son (May 16-June 15 in this study) can lead to various levels of 
male-biased mortality. Although I have not specifically collected 
data on DORs, I estimate that observed DORs are equal to be-
tween 25% and 50% of the collected and reported live population 
on these sparsely traveled roads. These mortality estimates are 
potentially depressed by carcass removal from the highways by 
turkey vultures (Cathartes aura) and Chihuahuan ravens (Corvus 
cryptoleucus) (WCS, pers. observ.). Clearly there is a seasonally-
elevated mortality on roads that is male-sex biased in Arizona-
New Mexico. 

In certain regions this seasonally-increased mortality may 
threaten the existence of local populations of Phrynosoma 
cornutum . I have not noticed obvious population decline over the 
18 years. But in regions where landscapes are increasingly domi-
nated by human activities, with dense networks of roads and in-
tensive vehicular use, local road mortality may not be offset by 
immigration and resulting population declines then become one 
factor leading to local extinctions. Such a scenario of increasing 
human demographics may have contributed to the decline of Texas  

horned lizards in eastern and central Texas. Although other fac-
tors such as direct effects of introduced ants or the indirect effects 
of these exotic ants on native insect communities (Donaldson et 
al. 1994; Suarez et al. 2000), that are important to horned lizard 
feeding (Pianka and Parker 1975), may have played a role in the 
decline of Texas horned lizards. 
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The sleepy lizard, Tiliqua rugosa, is a large scincid from south-
ern Australia. Males have broader heads than females, a sexual 
dimorphism that may have resulted from selection favoring males 
with enhanced fighting ability (Bull and Pamula 1996). In spring, 
adults of this species usually form monogamous pairs that remain 
in close contact (males less than 1 m from females) with each 
other over eight weeks before mating (Bull et al. 1998). Although 
fights are infrequently observed, evidence has suggested that males 
fight over access to females. Bull (1990) observed nine cases of 
males fighting in over 11,000 random encounters with lizards over 
seven years. In six cases a female was observed nearby. Fights 
can last over fifteen minutes with each male biting the head and 
attempting to flip the other male over (Bull and Pamula 1996). 

From September to November 2000, we followed the daily ac-
tivity of 30 radio-tagged lizards (14 females and 16 males) in an 
area of chenopod shrubs and open grassland (34°06'S; 139°26'E), 
approximately 20 km north of Mt Mary in South Australia. The 
lizards were sexed based on morphometric differences (Bull and 
Pamula 1996) and the application of pressure behind the cloaca to 
evert the hemipenes in males. 

A gravel road runs from south to north through one part of the 
study area. The five adult lizards involved in the following obser-
vations had all been resident in the area for at least the three previ-
ous years. The centers of the home ranges of two male lizards, A 
and B, were on either side of the gravel road although both home 
ranges crossed the road and overlapped. Male A (625 g, SVL 305 
mm, head width 67 mm, jaw length 60 mm) to the west was slightly 
lighter than male B (670 g, SVL 305 mm, head width 66 mm, jaw 
length 60 mm) to the east. In early September we observed that 
male A had extensive new damage to scales across the head, lower 
jaws, and back. At that time adult female E (725 g, SVL 30.0 cm) 
was active within the home range of male A. 

Two weeks later, on 19 September, female E moved across to 
the eastern side of the road and into the home range of male B. On 
the next afternoon, males A and B were observed fighting on the 
eastern road verge. When first observed there were extensive scuffle 
marks in the gravel, indicating that fighting had been ongoing for 
some time. They stopped fighting when they were approached. 
However, male A had already sustained additional damage from 
this new fight, to scales across the top of its head, to both sides of 
its lower jaw, and along its back and tail. The damage was exten-
sive and bleeding was evident from all these areas. Lizard B had 
no external damage, but bruising and some bleeding were evident 
inside the mouth. Female E was found 73 m away 30 min after the 
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fight. 
During daily radio-locations, female E was found within 30 m 

of male B over the next six days, but was never observed to be 
paired with that male. Other paired lizards in the area were com-
monly found in body contact or within 1 m of each other. After six 
days female E moved away from male B and back to the western 
side of her home range. Over the week following the fight, male A 
had moved further west, up to 300 m outside its previous home 
range and nearly 400 m from where the fight took place. A week 
later male A briefly re-entered the home ranges of female E and 
male B. No further interactions were observed but further damage 
to the scales of male A was evident. Male A remained to the west 
and out of the home ranges of male B and female E for the re-
mainder of the season. 

On 3 October, female E had again moved to the eastern side of 
the road, back into the home range of male B. But in that area, 
over the next seven days, she was recorded as closely paired with 
male C (540 g, SVL 30.5 cm, head width 60 mm, jaw length 57 
mm). Male C was lighter than male B and had a smaller head. 
Male C was with female E on the morning of 10 October. In the 
afternoon of 10 October males B and C were observed in a very 
aggressive fight for about 15 min. This fight took place in a small 
depression (30 cm radius, 20 cm deep). Male B was found bask-
ing next to this depression at 0900 h that morning. When first 
observed the lizards were already fighting. Initially they were cir-
cling each other with the head of one lizard next to the tail of the 
other. After 5 min the fighting developed into a head-to-head con-
flict with each lizard biting the head, mouth, and body of the other. 
The larger male B inflicted extensive superficial damage and in-
juries to the scales on the head and body of male C. During this 
part of the fight it is probable that male C sustained a broken right 
mandible. This break was not detected until closer examination 
the next day so the exact timing is uncertain. The break, two-thirds 
of the way down the jaw line, resulted in a vertical displacement 
of 3 mm in the jaw line. After 12 min, the head-to-head fighting 
stopped and the lizards circled each other for about 2 min. Finally 
male B, in a short tussle, obtained a firm hold on the front left leg 
of male C. At this point male C broke off fighting and retreated 
into a small hole at the side of the depression. After a pause, male 
B pursued and strongly bit the tail of male C a number of times. 
Male B then moved off. Female E was located within 10 m of the 
site 3 min later. 

The injured male C moved to a 20 cm deep, 15 cm diameter 
sinkhole about 100 m away from the fight site, but still on the 
eastern side of the road. It was found within 5 m of this hole over 
the next nine days. The mandible of male C had not set three months 
later. The lizard was eating at this time. Male C remained out of 
the home ranges of male B and female E for the rest of the breed-
ing season. Male C was alive eight months later. After the fight, 
female E initially moved into the same area as C, but within four 
days (14 October) had moved over 400 m, returning to the west-
ern side of the road and to its original home range. Male B also 
moved across the road into this area, although the two lizards were 
not observed together at any time during this period. Six days later 
(20 October) male B had moved 200 m, back to the central home 
range area on the eastern side of the road. 

On 23 October female E was found paired with another small 
male D (530 g, SVL 29.0 cm, head width 62 mm, jaw length 57  

mm) on the western side of her home range. This pairing started 
late in the season at a time when some established pairs in the 
region had already mated and separated. At this time male D 
showed no evidence of scale damage. Female E was paired with 
male D over the next seven days, but on 26 October they had moved 
to the eastern side of the road. On 30 October at 1000 h, male D 
and female E were found paired on the eastern side, with male B 
30 m away. At 1700 h male D was found 360 m away, by itself, 
back on the western side of the road. Since the morning observation, 
it had sustained significant damage to scales on both sides of its 
body, on its head, lower jaw, back, rump, belly, and three legs. 
Bleeding was evident from a number of these areas. No fight was 
observed, but male B had fresh bruising in the back of its mouth 
and had some new scale damage predominantly along its left side. 
Male B again appears to have been the aggressor in this instance. 
Male D remained out of the home ranges of male B and female E 
for the remainder of the study period. 

Female E once again had moved back to the western side of her 
home range the next morning. Male B also moved over to the 
western side of the road. Again, no interaction or close contact 
was observed between these two lizards at this stage, and on 1 
November, female E moved nearly 300 m to the east, across the 
road. On 6 November, male B and female E were found paired on 
the western side of the road and they were then found together on 
four occasions over the next three days. At the study site the mean 
date for pairs to first form was 29 September. The mean date for 
pairs to be last recorded together was 4 November. Thus, pairing 
started at the time most lizards in the area were mating and 
separating. 

Most of the radio-tracked males formed monogamous partner-
ships with females over the period September—November, the usual 
pattern for this species (Bull 1988; Bull et al. 1998). Over the 
same period ten other males, among the 16 tracked, were found 
with freshly-damaged scales and bleeding from the head, indicat-
ing they also had been involved in recent fighting, although none 
as severe as those described above. There were also several other 
observations of two males circling each other, on one occasion 
watched by the female partner of one of them. Thus although fights 
were rarely observed, and apparently rarely reached intense lev-
els, they seemed to occur relatively frequently among males dur-
ing the time of pairing. A number of males in the study group have 
offset lower jaws. It is postulated that the cause of this may have 
been breakages sustained during fights. These observations sup-
port the suggestion that one function of monogamous pairing in 
the period before mating is for males to guard their female part-
ners (Bull 2000). Results from fights involving male B suggest 
that large size and perhaps associated large head size help males 
win fights, as suggested by previous observations of sexual di-
morphism in head size (Bull and Pamula 1996) and of smaller 
males being displaced from partnerships (Bull 1990). 

However, in the case of male B it was not clear if the fights 
were over access to a female or over access to home range area. 
Male B apparently initiated and won disputes with three other 
males, but did not gain immediate access to the female partner of 
those males. The observations lead to two conclusions. First, there 
are occasional males in the population that are much more aggres-
sive than other males. This is not necessarily a function of male 
size because other larger males were involved in fewer disputes. 
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Second, although defeated males in this study fled from the scene 
of the fight and from their female partner, females did not auto-
matically pair up with the victor. The female appears to make 
choices. In this case, female E associated with three other males 
before finally pairing with the victorious male B, when most other 
pairs had already mated and split up. 

It was unusual to observe aggressive interactions of other males. 
The low frequency of aggression in the population could be re-
lated to the long-term, stable pair bonds that are formed in this 
species. 
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Revised Checklist and Comments on the 
Terrestrial Herpetofauna of Pulau Tioman, 

Peninsular Malaysia 

1110 m in elevation, the island supports a lowland mixed diptero-
carp forest on its foothills and hill dipterocarp forest above 300 m, 
with its coastline and low-lying periphery dominated by mangrove 
and coastal vegetative communities (Latiff et al. 1999). Exposed 
granitic outcroppings in the form of large boulders define much of 
the island's rugged topography and its hillsides are cut by a num-
ber of boulder-strewn, fast-flowing streams. Because of its sig-
nificant topographical relief and concomitant environmental di-
versity, this small island supports a remarkably diverse 
herpetofauna with perhaps as many as 83 species: 1 caecilian, 20 
frogs, 1 turtle, 24 lizards, and 20 snakes are now confirmed, with 
an additional frog, 6 lizards, and 9 snakes represented by uncon-
firmed sightings (Table 1). 

Prior to the first comprehensive herpetofaunal reports for Pulau 
Tioman by Hendrickson (1966a, b), the only other treatments of 
this island's hereptofauna were Boulenger's (1912) record of 
Dogania subplana, Smith's (1930) listing of 12 species, and de 
Haas' (1949) record of Rhabdophis chrysargos. Subsequent to 
Hendrickson's (1966a, b) reports, an unpublished report by Day 
(1990) added 4 species of amphibians and 16 species of reptiles. 
The most recent comprehensive treatment was Lim and Lim (1999), 
who added two species of amphibians and two species of reptiles 
to Pulau Tioman, and Leong (2000) and Leong and Tan (2000), 
who added one amphibian and one snake, respectively. 

Three of us (LLG, RAS, and HK) visited Pulau Tioman from 2 
to 6 November 2000 to assess its potential to serve as a site for a 
summer course in field biology. It came as a surprise that we were 
able to observe and confirm an additional five species of lizards 
and three species of snakes (Table 1) based on such a short visit, 
especially in light of the amount of research done on this island 
throughout the last century (see Ng et al. 1999 for a review). We 
also report our observations of three additional species of lizards 
which we were unable to confirm with voucher photographs or 
specimens, and provide comment on the unconfirmed records of 
previous authors (Table 1). Indraneil Das identified all voucher 
photographs which have been deposited in the La Sierra Univer-
sity Photographic Collection (LSUPC). 

NEW RECORDS AND CONFIRMED SIGHTINGS OF PREVIOUS AUTHORS 
L. LEE GRISMER 

Department of Biology, La Sierra University 

Riverside, California 92515-8247, USA 

e-mail: lgrismer@lasierra.edu  

JIMMY A. McGUIRE 
Museum of Natural Science, Louisiana State University 

Baton Rouge, Louisiana 70803, USA 

ROLAND A. SOSA 
Department of Natural Sciences, Loma Linda University 

Loma Linda, California 92350, USA 

and 

HINRICH KAISER 
Department of Biology, La Sierra University 

Riverside, California 92515-8247, USA 

Pulau Tioman is the largest island of the Seribuat Archipelago 
and lies 48 km off the southeast coast of Peninsular Malaysia in 
the South China Sea. It is approximately 22 km in length and 
reaches 11 km in width at its widest point near its southern end. 
Characterized by steep-sided mountainous terrain reaching over 

Cyrtodactylus quadrivirgatus (Marbled Slender-toed Gecko). 
Manthey and Grossmann (1997) reported this species as occur-
ring on Pulau Tioman but referenced no specimen or voucher pho-
tograph. On 2 November at 1000 h, we observed a single speci-
men (LSUPC L3313-17) sitting on a leaf approximately 1.5 m 
above the ground along the cross-island trail from Kampung Tekek 
to Kampung Juara at an elevation of approximately 600 m in hill 
dipterocarp forest. 

Gekko monarchus (Spotted House Gecko). On 2 November at 
0800 h, we observed a single specimen (LSUPC L3073) sitting 
head down on the vertical surface of a large boulder approximately 
1 m above the ground along the cross-island trail at an elevation 
of approximately 100 m in lowland mixed dipterocarp forest. On 
4 November, we saw at least eight individuals on large boulders in 
lowland mixed dipterocarp forest on the beach 1 km south of 
Kampung Tekek. Two of the females observed were gravid. 

Cosymbotus platyurus (Flat-tailed Gecko). On 2 November at 
1200 h, we observed two adults and one juvenile 4-5 m above the 
ground on the trunk of a large tree (ca. 1.5 m diam) along the 
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Comments 

Unconfirmed listing (Berry 
1975) 

Species 

AMPHIBIANS 
Frogs 

Megophryidae 
Leptolalax gracilis 
Megophrys nasuta 

Bufonidae 
Ansonia tiomanica 
Bufo asper 
Bufo melanostictus 
Bufo parvus 
Pelophryne brevipes 

Microhylidae 
Chaperina fusca 
Kaloula baleata 
Kaloula pulchra 

Rhacophoridae 
Philautus aurifasciatus 
Philautus vermiculatus 

Polypedates leucomystax 
Ranidae 

Limnonectes blythii 
Limnonectes hascheanus 
Rana cancrivora 
Rana chalconota 
Rana doriae 
Rana erythraea 
Rana hosii 
Rana signata 
Rana sp. 

Apodans 
Ichthyophiidae 

Ichthyophis sp. 

REPTILES 
Turtles 

Trionychidae 
Dogania subplana 
Lizards 

Agamidae 
Acanthosaura armata 
Aphaniotis fusca 
Bronchocela cristatella 
Draco melanopogon 
Draco sumatranus 
Gonocephalus chamaeleontinus 
Gonocephalus grandis 

Uromastycidae 
Leiolepis belliana 

Gekkonidae 
Cnemaspis kendallii 
Cnemaspis sp. 

Cosymbotus craspedotus 

Cosymbotus platyurus 

TABLE 1. Continued. 

Cyrtodactylus quadrivirgatus 

Cyrtodactylus tiomanensis 
Gehyra mutilata 
Gekko monarchus 

Gekko smithii 
Hemidactylus frenatus 
Lepidodactylus lugubris 
Ptychozoon kuhli 

Scincidae 
Dasia olivacea 
Emoia atrocostata 

Lipinia surda 
Lipinia vittigera 

Lygosoma bowringi 

Mabuya longicaudata 

Mabuya multifasciata 
Sphenomorphus scotophilus 

Varanidae 
Varanus nebulosus 
Varanus salvator 

Dibamidae 
Dibamus cf. alfredi 

Snakes 
Typhlopidae 

Ramphotyphlops braminus 
Pythonidae 

Python reticulatus 
Colubridae 

Ahaetulla prasina 
Boiga cynodon 

Calamaria lumbricoidea 
Calamaria pavimentata 
Cerberus rhyncops 
Chrysopelea ornata 

Chrysopelea pelias 
Dendrelaphis caudolineatus 
Dendrelaphis formosus 
Dendrelaphis pictus 
Dryocalamus subannulatus 
Elaphe flavolineata 

Elaphe porphyracea 

Enhydris enhydris 
Enhydris plumbea 
Gonyosoma oxycephalum 

Leptumphis albofuscus  

Manthey and Grossman's 
(1997) unconfirmed record 
confirmed here 

Day's (1990) unconfirmed 
sighting confirmed in this 
report 

Confirmed new record 
Unconfirmed sighting; this 
report 

Unconfirmed sighting 
(Hendrickson 1966a) 

Unconfirmed sighting (Lim and 
Lim 1999) 
Unconfirmed sighting; this 
report 
Manthey and Grossman's 
(1997) listing confirmed in this 
report 

Possibly an undescribed 
species (Day 1990) 

Unconfirmed sighting (Day 
1990) 

Unconfirmed sighting (Day 
1990) see (Lim and Lim 1999) 

Unconfirmed sighting (Day 
1990) 
Unconfirmed sighting (Day 
1990) 

Unconfirmed sighting (Day 
1990) 

TABLE 1. Checklist of the terrestrial herpetofauna of Pulau Tioman, 
Peninsular Malaysia. 

Possibly undescribed species 
(Hendrickson 1966b) 

Unidentified larva (Lim and 
Lim 1999) 

Unconfirmed sighting (Day 
1990) 

Formerly C. nigridius (Denzer 
and Manthey 1991) 
Unconfirmed sighting; this 
report 
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TABLE 1. Continued. 

Liopeltis tricolor 
Lycodon effraenis 
	 Unconfirmed record (Manthey 

and Grossman 1997) 
Oligodon purpurascens 
Oligodon signatus 
	 Possibly and undescribed 

species (Day 1990) 
Psammodynastes pulverulentus 
Rhabdophis chrysargos 
Zaocys carinatus 

Elapidae 
Ophiophagus hannah 
	

Unconfirmed sighting 
(Hendrickson I 966a) 

Naja sumatrana 
	 Unconfirmed sighting 

(Hendrickson 1966a) 
Maticora intestinalis 

Viperidae 
Trimeresurus cf. popeiorum 

	See Lim and Lim (1999) for 
discussion 

cross-island trail at an elevation of ca. 650 m in hill dipterocarp 
forest. All escaped before being photographed. On 5 November at 
0130, one adult (LSUPC L5907-08) was observed on the wall of 
an outdoor restaurant in Kampung Tekek. 

Lepidodactylus lugubris (Maritime Gecko). On 4 November at 
1400 h, we observed a single specimen (LSUPC L5909-10) sit-
ting head-up on a small tree approximately 2.5 m above the ground 
outside a store in Kampung Tekek, at the turn-off to the cross-
island trail. At 1430 h we observed another individual approxi-
mately 3 m above the ground on a coconut tree in the coconut 
grove 1.5 km east of the cross-island trail turn-off. On 5 Novem-
ber at 1200 h, we observed an individual on the illuminated police 
station sign in Kampung Tekek. 

Mabuya longicaudata (Long-tailed Sun Skink). Manthey and 
Grossmann (1997) reported this species as occurring on Pulau 
Tioman but referenced no specimen or voucher photograph. On 5 
November at 1300 h and again at 1630 h, we observed several 
specimens (LSUPC L4004-07) sunning themselves on rocks and 
logs in a cleared grassy area along the banks of Sungai Air Besar 
in Kampung Tekek. All observations occurred at sea level. 

Dendrelaphis pictus (Common Bronzeback Snake). On 2 No-
vember at 1530 h, we observed a single specimen (LSUPC S2781-
82) on the ground along the cross-island trail at an elevation of 
approximately 250 m in lowland mixed dipterocarp forest. 

Dryocalamus subannulatus (Malayan Bridle Snake). On 4 No-
vember at 2100 h, we observed one individual (LSUPC S2756-
65) crawling horizontally on the vertical face of a large granitic 
boulder approximately 1.5 m above the ground. The boulder was 
part of a large outcropping situated below the canopy of lowland 
mixed dipterocarp forest on the beach 1 km south of Kampung 
Tekek. 

Zaocys carinatus (Keeled Rat Snake). On 3 November at 1400 
h, we observed one adult (LSUPC S2774-80) crawling on the for-
est floor along the cross-island trail at an elevation of ca. 500 m in 
hill dipterocarp forest. 

In addition to our confirmed sightings, we add the sight records 
of Cosymbotus craspedotus (Frilly Gecko), Ptychozoon kuhli 
(Kuhl's Gliding Gecko), and Lygosoma bowringi (Bowring's 
Supple Skink) as unconfirmed reports. On 5 November at 1200 h,  

we observed a single C. craspedotus approximately 5 m above the 
ground on a coconut tree in the coconut grove at the base of the 
cross-island trail, 1.5 km east of Kampung Tekek. The specimen 
was approximately 60 mm SVL, and had a grayish ground color 
with three pairs of obscure dark paravertebral blotches. A fringe 
along the side of the body and a large fringe coming off the poste-
rior margin of each hind limb were visible. The hands and feet 
were webbed and the anterior half of the tail was as wide as the 
body and the fringes were not crenulated. 

At 1500 h at an elevation of approximately 600 m along the 
cross-island trail in hill dipterocarp forest, we observed (through 
binoculars) a single P. kuhli sunning itself head down on the trunk 
of a large tree (ca. 1 m diameter), ca. 7-8 m above the ground. The 
specimen was ca. 100 mm SVL. It had a grayish ground color 
with a pattern of darker transverse sinuous bands and a distinctive 
dark postorbital stripe. The hands and feet were distinctly webbed 
and a large fringe coming off the posterior margins of the hind 
limbs was visible. The caudal fringes were deeply crenulated. We 
consider this individual to be P. kuhli rather than P lionatum based 
on its color pattern. The latter usually lacks distinct body bands 
and a dark postorbital stripe (Manthey and Grossman 1997). 

At 1600 h along the same trail, but in lowland mixed diptero-
carp forest at 200 m in elevation, we saw a single L. bowringi 
foraging on the forest floor. The specimen was ca. 40 mm SVL, 
had an elongate body and tail with relatively short limbs, and a 
shiny brownish body with a dark dorsolateral stripe bordered be-
low by reddish coloration on the flanks. 

COMMENTS ON OTHER SPECIES 

Berry (1975) listed Philautus vermiculatus (Vermiculated Bush 
Frog) as occurring on Pulau Tioman. Lim and Lim (1999) specu-
late that Berry's listing may have stemmed from Hendrickson's 
(1966b) indecisive identification of an adult male from Pulau 
Tioman as P aurifasciatus and that Berry (1975) may not have 
had access to specimens to confirm Hendrickson's (1966b) listing 
of this species. Therefore, Lim and Lim (1999) did not include P 
vermiculatus as part of the island's herpetofauna. However, Berry 
(1975) also listed P aurifasciatus from Pulau Tioman. Both are 
montane species and we (JAM and LLG) have observed them in 
sympatry at Bukit Larut in Perak, Peninsular Malaysia. Thus, the 
potential for both species to occur on the island exists. We list 
both species as present, with P vermiculatus as unconfirmed be-
cause Berry (1975) cited no material, and P aurifasciatus as con-
firmed based on Hendrickson's (1966b) specimen. Clearly, a se-
ries of Philautus needs to be collected from the montane regions 
of this island to resolve the issue. 

Cnemaspis cf. nigridia (Dark Round-eyed Gecko) was first re-
ported from Pulau Tioman as Cnemaspis sp. by Hendrickson 
(1966a), but was later referred to C. nigridia (Denzer and Manthey 
1991; Manthey and Grossman 1997; Lim and Lim 1999). 
Hendrickson (1966a), however, noted that this population is dis-
tinguished from C. nigridia by "important differences in scalation" 
as well as in lacking femoral pores. This population is currently 
being described by Indraneil Das of the Institute of Biodiversity 
and Environmental Conservation, Universiti Malaysia, Sarawak 
and LLG as a new species. Cnemaspis nigridia occurs in Sarawak 
and the Natuna Islands but is not known from Peninsular Malay-
sia (Das and Bauer 1998). 
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DISCUSSION 

The new records reported here together with the recent works 
by Day (1990) and Lim and Lim (1999) indicate that the 
herpetofauna of Pulau Tioman almost certainly remains incom-
pletely known. The steep, mountainous interior and rocky coast-
line of this island are relatively inaccessible and large tracts of 
forest remain unexplored. Thus, it is probable that a number of 
forest-dwelling species, especially small secretive taxa, remain to 
be discovered. Equally important is the fact that many of the re-
ported species are known from only one or two specimens, and 
some of these, as well as others known from larger series, show 
morphological differences from their mainland counterparts (Day 
1990; Hendrickson 1966a,b; Lim and Lim 1999). Thus, it is im-
portant that series of specimens of each species be obtained and 
that appropriate morphological and molecular comparisons be 
made to their Malayan and Bornean counterparts to assess the ac-
tual levels of diversity and endemism. As previously noted, po-
tentially undescribed species include Rana sp. (Hendrickson 
1966b), Cnemaspis sp. (Das and Grismer, in prep.), Dibamus cf. 
alfredi, Oligodon signatus (Day 1990), and Trimeresurus 
popeiorum (see Lim and Lim 1999). Known endemics include 
Ansonia tiomanica (Hendrickson 1966b) and Cyrtodactylus 
tiomanensis (Das and Jim 2000). 
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Mark-recapture studies are often used to provide valuable life 
history information for animal populations. However, long-term 
marking of larval amphibians has been problematic because of 
their small size, delicate skin, and ability to regenerate tissues (Cecil 
and Just 1978; Donnelly et al. 1994; Seale and Boraas 1974). Pro-
cedures that have been used to mark larvae include fin-clipping 
(Turner 1960), whole-body staining with neutral red (Guttman and 
Creasey 1973; Herreid and Kinney 1966), injection of mineral oil 
and petroleum jelly mixtures (Seale and Boraas 1974), applica-
tion of fluorescent pigments with gas pressure (Ireland 1989; Tay-
lor and Deegan 1982) or heat brands (Ireland 1973), and applica-
tion of a Congo red and dimethyl sulfoxide paste (Ireland 1989). 
However, these methods are cumbersome, inhibit growth (Travis 
1981), do not produce unique marks, or are only useful for short-
term studies. Passive integrated transponder (PIT) tags have been 
used to mark newts and spadefood toads (Fasola et al. 1993; Jehle 
and Hodl 1998) as well as metamorphic ambystomid salamanders 
(Ott and Scott 1999). However, these tags are too large for many 
larval amphibians. Toe-clipping has been the traditional method 
for marking amphibians (Ferner 1979), but some larvae may re-
generate toes too quickly (<1 mo.) for use in long-term studies. In 
addition, larvae sometimes suffer toe injuries that make identifi-
cation difficult (Ott and Scott 1999). As a result of these prob-
lems, field experiments that require the individual identification 
of amphibian larvae have been limited. 
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Subcutaneous injection of acrylic polymers is a method that has 
been successful for long-term marking of fish (Kelly 1967; Lotrich 
and Meredith 1974), adult salamanders (Ireland 1989; Wooley 
1973), and tadpoles (Anholt et al. 1998; Cecil and Just 1978). These 
polymers are non-toxic and the marks can remain visible for a 
year or more. Each individual can also be given a unique mark by 
using several different colors and multiple mark locations. This 
method is efficient and cost-effective. However, it has yet to be 
tested on larval salamanders. 

Larval salamanders are an important component of first order 
high-gradient streams because they are often the top predators in 
these fishless systems. The Blue Ridge two-lined salamander, 
Eurycea wilderae Dunn, is the most abundant larval salamander 
in the headwaters of the study region (Bruce 1985) and is the fo-
cus of our study. In these streams, hatchlings of E. wilderae ap-
pear in April or May, and the larval stage lasts one or two years 
(Bruce 1982, 1985, 1988; Voss 1993). The specific objectives of 
our study were to evaluate the polymer injection method in field 
trials and to use mark-recapture data to determine individual growth 
rates of larval E. wilderae. 

This study was conducted in a first order stream that drains catch-
ment 53 at the Coweeta Hydrologic Laboratory, Macon County, 
North Carolina. Vegetation consists of mixed hardwoods with a 
dense riparian understory of rhododendron (Rhododendron maxi-
mum). This stream was treated with the insecticide methoxychlor 
in 1980 to examine the role of invertebrates in processing organic 
matter (Cuffney et al. 1984; Wallace et al. 1982; Wallace et al. 
1986). However, following treatment, the stream quickly recov-
ered to reference conditions ( Lugthart and Wallace 1992; Wallace 
et al. 1982; Wallace et al. 1997). Detailed descriptions of the 
Coweeta basin are provided by Swank and Crossley (1988). In 
addition to E. wilderae, four other salamander species are com-
mon in the headwaters at Coweeta: Desmognathus 
quadramaculatus, D. monticola, D. ocoee, and Gyrinophilus 
porphyriticus. 

The entire wetted area of a 100-m reach was sampled for E. 
wilderae larvae approximately every month from November 1997 
through June 1999. The stream was sampled at night with a head 
lamp and aquarium dip net (15.5 x 12 cm). Only loose cover ob-
jects (e.g., cobble, wood, leaves) were turned over when search-
ing for larvae to minimize disturbance to the stream. Captured 
larvae were placed in individual 20 mL plastic vials filled with 
stream water. Vials were then placed on ice in a cooler. 

In an on-site laboratory, each larva was anesthetized in Petri 
dishes containing 0.1% tricaine methylsulfonate (MS-222) (Beachy 
1994). Snout-vent length (SVL) was measured to the posterior 
margin of the vent to the nearest 0.5 mm using a dissecting scope 
and vernier calipers. The anesthetized larvae were then placed on 
a damp paper towel under a dissecting scope. A Liquitex ®  acrylic 
polymer emulsion (available at most art supply stores) was in-
jected into the tail using a 3 cc syringe with a 26 gauge 16 mm 
needle as described by Cecil and Just (1978). Initially, six differ-
ent colors were used: blue, green, red, white, purple, and yellow. 
However, yellow was abandoned because it was difficult to see. 
Marks were inserted just under the skin of the tail immediately 
behind the hind legs. This insertion point left a mark that was vis-
ible if the tail was subsequently lost. Two discrete marks could be 
placed on either side of the tail, a feature that allowed the same 

1 cm 

FIG. 1. A marked Eurycea wilderae larva demonstrating the location of 
color bands. 

color to be used twice on one side (Fig. 1). Marking newly hatched 
larvae (<14 mm SVL) was more difficult but still possible. After 
some practice, each larva could be measured and marked within 
five min. The five colors and four mark locations allowed for ca. 
3,000 unique combinations. Following placement of a mark, lar-
vae were revived in stream water, returned to their plastic vials, 
refrigerated overnight, and released at the point of capture the fol-
lowing morning or evening. 

To determine growth, SVL was first converted to ash-free dry 
mass (AFDM) using a length-weight regression derived for E. 
wilderae in the study stream: 

M = 0.0023L3 °° (r2 = 0.96, p<0.001, N = 22) 

where M is larval mass (mg AFDM) and L is SVL (mm) (Lugthart 
1991). Ash-free dry mass is a more accurate measure of growth 
than SVL or wet weight because it accounts for inorganic matter 
in guts. Individual daily growth rate (g) was then calculated as: 

g = ln(M2/M 1 )/t 

where M 1  = initial larval mass, M2 = final larval mass, and t = 
time interval in days (Romanovsky and Polishchuk 1982). Expo-
nential growth was assumed. Average growth was also determined 
by plotting the mean biomass by sample date beginning after the 
hatchlings appeared in May 1998. In addition, we tested for dif-
ferences in mean SVL of marked and unmarked larvae for each 
sample date throughout the study period using t-tests. We used a 
Mann-Whitney U-test when data failed to meet the assumption of 
normality. 

To assess mark duration, 20 larvae were collected from an adja-
cent headwater stream and returned to the laboratory. These lar-
vae were marked following the procedure described above and 
maintained in an aerated 37.9 L aquarium in a laboratory cold 
room at 5°C. Though this temperature is lower than the average 
annual temperature in the stream, these temperatures are encoun-
tered in winter and the larvae remain active. Moss-covered stones 
were collected from the stream and added to the aquarium for ref-
uge. Water was changed weekly and larvae were fed freeze-dried 
Daphnia sp. However, Daphnia sp. consumption was not directly 
witnessed during laboratory study period. Larvae were checked 
regularly for any fading of marks or mortality. After one year, sur-
viving larvae were returned to the stream where captured. 

A total of 428 E. wilderae larvae were captured, marked, and 
released during this study. Ninety-eight individuals were recap-
tured and used for growth determination (-23% of the total 
marked). Of the 98 recaptured larvae, 32 were recaptured on more 
than one sample date. Though growth slowed slightly in the win-
ter, growth was nearly linear over the year (Fig. 2). The average 
individual daily growth rate for E. wilderae larvae was 0.0024 d. ' 
(± 0.0002 S.E). 
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FIG. 2. Average biomass (mg) for all marked and unmarked (± 95% 
C.I.) Eurycea wilderae larvae by collection date beginning when hatchlings 
first appeared in spring. Stream temperature is plotted as the average be-
tween sample events. 

Given their delicate appearance, the larvae were surprisingly 
durable during marking. They typically recovered from the anes-
thetic within ten minutes of returning to vials of stream water. A 
poorly placed mark resulted in the death of one larva, but all oth-
ers were alive at the time of release with no apparent change in 
behavior from pre-marking. Larvae were recaptured up to eight 
months after marking (Fig. 3). The average biomass and SVL of 
marked larvae was not significantly different from unmarked lar-
vae on all but one date (p>0.05)(Fig. 2) when recapture sample 
size was low (N = 1). This indicates that marking had little, if any, 
effect on growth. In the laboratory aquarium, all 20 marked larvae 
survived at least six months and 17 survived for a full year. Fad-
ing of marks was sometimes evident in both the field and labora-
tory but individual identification was always possible. 

Amphibian larvae typically show reduced growth during win-
ter (Beachy 1997), but our results show that E. wilderae growth 
was nearly linear throughout the year. Beachy (1997) found a simi-
lar linear growth pattern for larval E. wilderae in cage experi-
ments. Our daily individual growth rate of 0.0024 d - ' agrees closely 
with a previous study that determined E. wilderae larval growth 
using chambers in a nearby headwater stream. In that study, the 
average individual growth rate from three different field trials was 
0.003 d- ' (Lugthart 1991). However, results from chamber experi-
ments must be interpreted with caution because larval densities 
and prey availability can influence growth rate (Petranka and Sih 
1986; Scott 1990; Smith 1990). 

By using acrylic marks, we were able to determine growth rates 
for individual, free-ranging larvae. Travis (1981) found that whole 
body staining with neutral red reduced growth of tadpoles and 
warned that any marking method might adversely affect growth. 
However, the acrylic polymers are non-toxic and there were no 
discernable differences in SVL or biomass between marked and 
unmarked larvae by sample date. There is therefore no evidence 
to indicate that marks affected growth. 

The high survival rates of marked larvae both in the field (up to 

eight months after marking) and laboratory (up to one year) also 
indicated the marks had a negligible effect on survivorship. Our 
laboratory aquarium survival rate (85% after 1 yr) was much higher 
than those reported for Eurycea spp. in artificial streams over 
shorter time periods (27% over — 4 mos. in Resetarits 1991; 39% 
over —2 mos. in Gustafson 1993; and 31% over —3 mos. in 
Gustafson 1994). However, our higher survival rate could be par-
tially attributed to reduced metabolic demand associated with lower 
laboratory temperature. The recapture time interval curve (Fig. 3) 
is indicative of the Type III survivorship curve (Deevey 1947) 
that has been previously documented for E. wilderae (Bruce 1988). 
The slope of this line may therefore be attributed to natural mor-
tality or emigration rather than mark effects. 

This study demonstrates the effectiveness of subcutaneous 
acrylic polymer injection for long-term monitoring of larval sala-
mander populations. This method provides a practical and cost-
efficient way to conduct field studies of the top predators in small, 
fishless streams. Because unique marks can be generated quickly, 
the method can easily be used not only to assess larval growth, but 
also population size and individual movements. Individual growth 
data can also be used to determine secondary production (Benke 
1984; Waters 1977). Mark-recapture studies offer several addi-
tional advantages over cage experiments. For example, growth 
can be determined under natural conditions with realistic prey lev-
els. In addition, natural movements can be measured and thus add 
to our understanding of species colonization and dispersal. 

According to Ferner (1979) an ideal mark or tag should: 1) not 
affect individual survivorship or behavior, 2) uniquely identify 
individuals, 3) remain over the individual's lifetime, 4) be easily 
discernable, and 5) be easily applied in both field and laboratory 
studies. In addition, the marking or tagging method should be cost-
effective and limit handling time of an individual (Ott and Scott 
1999). Acrylic polymer injection meets most of these criteria and 
is currently the only viable method for E. wilderae larvae. A po-
tential problem with this method is that the marks may increase 
larval visibility and thereby increase predation pressure from larger 
salamanders such as D. quadramaculatus, D. monticola, and G. 
porphyriticus. 

Choice of an appropriate marking or tagging method should 

Time Interval Between Initial and Final Capture (mos.) 

FIG. 3. Time interval between initial marking and final recapture for all 
E. wilderae collected from November 1997 to June 1999. 
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depend on the individual species, life history stage, and duration 
of the study period. Any one or a combination of polymer injec-
tion, PIT-tagging, and toe-clipping should be suitable for most 
amphibians. Polymer injection has proven an effective method for 
long-term marking of amphibian larvae and small-bodied adults, 
while PIT-tagging and toe-clipping remain effective in marking 
larger animals. The latter two methods have the added benefit of 
near invisible marks. In some cases, it may be desirable to use a 
combination of marking methods on the same individuals. For 
example, polymer injection could be used to mark individuals 
throughout the larval stage and, following metamorphosis, PIT-
tags or toe-clips could replace the polymer marks. Such a long-
term study design would provide valuable life history information 
and potentially aid amphibian conservation efforts. 
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Effective survey methods are needed for the marbled salamander 
(Ambystoma opacum) because of the species' rarity in the north-
eastern United States (DeGraaf and Rudis 1983) and increasing 
residential development that is affecting their upland habitats. Ter-
restrial surveys for adults are either impractical given the species' 
fossorial lifestyle (Petranka 1998) or costly (e.g., drift fences and 
pitfall traps; Dodd and Scott 1994). Larval surveys may be opti-
mal because larvae can remain in pools for up to 7-9 months in 
some years (pers. observ.; Stewart 1956), creating a long window 
of opportunity for surveys. Aquatic funnel traps have been used 
successfully to capture other larval amphibians (Adams et al 1997; 
Bury and Major 1997; Fronzuto and Verrell 2000; Richter 1995; 
Wilson and Pearman 2000) and nocturnal visual surveys are a stan-
dardized transect surveying method commonly used in amphibian 
studies (Crump and Scott 1994; Thoms et al. 1997). We evaluate 
these two techniques for larval marbled sala-
manders. Specifically, we: (1) compare the re-
sults of each technique for determining pres-
ence and an index of relative abundance of 
marbled salamander larvae; (2) quantify the ef-
fect of time of year and survey intensity on the 
results of nocturnal visual surveys; and (3) de-
scribe the costs and logistical constraints asso-
ciated with each technique. 

We selected a sample of vernal pools in west-
ern and central Massachusetts using a hierar-
chical approach. We used the Massachusetts 
Natural Heritage Program's database to iden-
tify known marbled salamander sites within the 
study region. From this distribution, we selected 
five initial sampling areas that were well-dis-
tributed throughout the study region. Each ini-
tial sampling area consisted of a 3 km radius 
circular area roughly centered on one or more 
known marbled salamander sites. Within this 3 
km circle, we mapped land cover and delineated 
all wetlands using aerial photographs (1991 
color infrared, 1:40,000). We classified all tem-
porary wetlands (e.g., vernal pools) as poten- 

tial marbled salamander breeding habitat. Within each 3 km circle, 
we positioned a 1 km radius circle around the highest density cluster 
of potential breeding habitat, regardless of whether it contained 
any known marbled salamander sites. These five 1 km radius ar-
eas represented our final sampling areas. 

We sampled a total of 97 pools distributed among the five sam-
pling areas (Table 1) using both surveying techniques during the 
winter and spring of 1998. Each pool represented a separate ob-
servation (i.e., experimental unit) in the analyses described be-
low. We sampled pools using bottle traps (Richter 1995) for 13 
days between February 1 and March 1, when larvae were approxi-
mately 5 to 6 months old. The number of bottle traps placed in 
each pool was proportional to the surface area of the pool. We 
placed two traps per 10 m 2  (range 1-5 traps/pool), which repre-
sent a more intensive survey than recommended by Adams et al. 
(1997). Traps were randomly located within the pools at water 
depths between 0.5 and 0.75 m. If necessary, trap location and 
height were adjusted in response to fluctuations in water levels 
during the trapping period. Traps were baited with shrimp-scented 
salmon eggs and checked approximately every other day. Amphib-
ian captures were recorded and released. 

We conducted nocturnal visual surveys between March 1 and 
May 1. Each pool was sampled once during this period and all 
pools within a sampling area were surveyed on the same night. 
Each survey began shortly after dark and continued until all pools 
within the sampling area were surveyed. Pools were surveyed us-
ing transects; two observers walked parallel to one another, roughly 
10 m apart, across the deepest section of the pool and then in op-
posite directions around the entire periphery of the pool approxi-
mately 2 m from the shore. Each observer utilized a high-powered 
flashlight to search and counted larvae within a 4 m wide swath. 

After the 1998 season, we chose one of the five sampling areas 
to conduct more intensive tests evaluating the effect of timing and 
frequency of nocturnal visual surveys. During 1999, nocturnal 
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FIG. 1. Success (% occupied pools with detections) of nocturnal visual surveys at detecting 
marbled salamander larvae in relation to survey date in South Hadley, Massachusetts, during 
spring and fall sampling seasons, 1999. The break in the horizontal axis represents the summer 
period when pools were dry. 
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TABLE I . Marbled salamander presence and total abundance in vernal pools distributed across 5 sites in 
Massachusetts during 1998 using two sampling techniques aquatic bottle traps and nocturnal visual sur-
veys. The numbers in 'presence' columns represent the number of pools with marbled salamanders present 
at a given site. The numbers in `abundance' columns represent the total abundance across pools at a given 
site.  

Presence Abundance 

Nocturnal Nocturnal 
Site No. Pools Bottle Trap Visual Survey Bottle Trap Visual Survey 

Charlton 15 0 0 0 0 
Holyoke 22 7 7 69 387 
Leverett 24 0 2 0 116 
South Hadley 19 6 6 22 448 
Sutton 17 0 0 0 0 

Totals 97 13 15 91 951 

tween techniques (x 2  = 82.08; df = 
1; P = < 0.005). Larvae were detected 
by both survey techniques at 13 of 
97 (13.4%) pools. At an additional 
two pools (3% of total, 13% of pools 
with salamanders), larvae were de-
tected by nocturnal visual surveys 
only. In addition, higher counts of 
marbled salamander larvae were re-
corded from nocturnal visual surveys 
(Table 1). Despite differences in ab-
solute relative abundance, the results 
from these two survey methods were 
highly correlated after removing one 
outlier (N = 14; R 2  = 68%; P = 0.005), 
indicating that both procedures can 
be used to derive a similar index of 
relative abundance. The outlier pool 

visual surveys (as described above) were conducted on a bi-weekly 
basis at 14 pools within the South Hadley sampling area, except 
during periods when the pools were iced over or dry. 

We quantified the effectiveness of each survey technique at de-
termining presence and an index of relative abundance of marbled 
salamander larvae. We conducted a Chi-square test of indepen-
dence using all pools with and without marbled salamanders, test-
ing the null hypothesis that there is independence between tech-
niques in determining presence/absence. Also, we computed a 
Pearson's product-moment correlation in larval abundance for the 
two survey methods using pools with marbled salamanders, as 
determined by either technique, as independent observations. To 
compare efficacy of the survey techniques, we described the lo-
gistical constraints associated with each technique and compared 
the mortality rates between techniques. 

To evaluate the effectiveness of nocturnal visual surveys in re-
lation to the time of year and sampling intensity (i.e., number of 
surveys), we plotted survey success against time of year and sam-
pling frequency for the 14 pools intensively sampled in the South 
Hadley sampling area. To construct the latter plot, a sampling in-
tensity of one represented a single survey; success for a single 
survey was computed as the number of pools in which larvae were 
detected on that survey divided by the total number of pools with 
known marbled salamander populations. The mean survey suc-
cess for a sampling intensity of one was computed as the average 
success rate for all the surveys (N = 12). A sampling intensity of 
two represented every possible combination of two consecutive 
surveys; success for each two consecutive surveys was computed 
as the number of pools in which larvae were detected by either 
survey divided by the total number of pools with known marbled 
salamander populations. The mean survey success for a sampling 
intensity of two was computed as the average success rate for all 
the 2-survey combinations (N = 11). This procedure was repeated 
for each sampling intensity between 1 and 12. Note that this pro-
cedure results in decreasing sample sizes as sampling intensity 
increases. 

Nocturnal visual surveys were slightly more effective than bottle 
traps at determining the presence of marbled salamanders (Table 
1), although the detection of presence was not independent be- 

was excluded from analysis because 
thick vegetation throughout the pool prevented us from effectively 
conducting nocturnal visual surveys. 

There were logistic constraints with both methods. Bottle traps 
caused higher direct mortality (5 adult Ambystoma maculatum, 2 
adult Rana sylvatica, and 8 adult Notopthalmus v. viridescens) by 
exposing individuals to predation and freezing temperatures dur-
ing cold nights. No mortality was observed with nocturnal visual 
surveys. Unobserved mortality may have been caused by walking 
through pools (both methods). Based on the number of days re-
quired to conduct each survey method, the effort required to bottle 
trap one pool was approximately three times greater than that re-
quired for visual surveys. 

The effectiveness of nocturnal visual surveys varied with time 
of year. Spring surveys were more successful than autumn sur-
veys (Fig. 1). The highest success occurred immediately prior to 
metamorphosis into terrestrial juveniles (June 1, Fig. 1), although 
previous studies found marbled salamanders at intermediate sizes 
to be more active then older larvae (Anderson and Graham 1967; 
Hassinger et al. 1970). There are a couple possible explanations 
for the relatively low effectiveness of autumn surveys. Immedi-
ately after hatching in the autumn, larvae have been observed 
spending proportionately more time in the pond bottom at night 
where they would be undetectable with nocturnal visual surveys 
(Anderson and Graham 1967; Hassinger et al. 1970). In addition, 
early autumn rains associated with Hurricane Floyd caused the 
pools to completely fill before all adults had migrated to the pools. 
Consequently, it is possible that reproductive success was partially 
or totally affected, leading to lower detection rates. Given that 
detection rates change with time, our earlier results comparing 
nocturnal visual surveys and bottle traps may be biased because 
of differences in the timing of surveys (bottle traps February—
March, and nocturnal visual surveys March—May). 

The effectiveness of nocturnal visual surveys also varied in re-
lation to sampling intensity. Specifically, the success rate increased 
non-linearly with increasing sampling frequency (Fig. 2). Eight 
surveys were needed to detect salamanders in 91.6% of the pools 
where they were known to occur. These trends may reflect the fact 
that three pools had the presence of larvae detected during only 
one or two surveys. When these pools were removed the relation- 
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FIG. 2. Success (% occupied pools with detections) of nocturnal visual 
surveys at detecting marbled salamander larvae in relation to survey in-
tensity (i.e., number of surveys; see text for details) in South Hadley, 
Massachusetts, during 1999. The diamonds represent the combined spring 
and fall surveys (N = 12); the squares and triangles represent the spring 
(N = 6) and fall (N = 6) surveys, respectively. 

ship became more linear. Sampling intensity required to achieve 
the same level of success was much lower in spring than autumn 
(Fig. 2). 

Given the increasing impacts of anthropogenic disturbance (e.g., 
urban development) on marbled salamander breeding habitat, there 
is growing interest in methods to identify and protect critical habi-
tat. Determining marbled salamander presence is prerequisite to 
developing a better understanding of the species' habitat needs 
and in providing justification for protecting vernal pools from 
human impacts. Our findings suggest that nocturnal visual sur-
veys were the least intrusive and expensive, and are slightly more 
accurate at detecting presence. Both methods provide an index of 
relative abundance, although nocturnal visual surveys may give 
counts that are closer to the true population abundance. We also 
show that the timing and intensity of surveys are important con-
siderations; multiple site visits in late spring may be optimal. 
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Coverboards have been a standard sampling tool for herpetolo-
gists for over a decade. Although wooden or tin coverboards are 
useful in augmenting time-constrained sampling (Grant et al. 1992), 
they also can be cumbersome and awkward to carry to sampling 
sites, thus restricting their use in field sites that are not easily road-
accessible. An alternative material that has proven effective and 
cost-efficient is heavy-grade rolled roofing material. Confirma-
tion that this material is environmentally safe for sampling could 
ease concerns regarding its use for capturing reptiles and amphib-
ians. 

Roofing material is a less costly and more convenient alterna-
tive to wood or tin coverboards (Table 1). Weighing approximately 
2.7 kg per 90 cm2  sheet, roofing coverboards are considerably 
lighter and easier to transport than particle board, which weighs 
7.1 kg per coverboard, and are approximately equal in weight to 
plywood. Although tin is lighter, weighing 1.8 kg per coverboard, 
it, like wood, is difficult to carry because of its rigidity. One roll of 
roofing material weighs 34.7 kg and yields twelve 90 cm 2  pieces. 
Depending on a person's strength, a whole or half roll can be hoisted 
over a shoulder, carried into the field, and cut into sections on site 
using a carpet knife. 

Roofing coverboards also seem to be comparable to wood and 
tin in sampling effectiveness. Fourteen roofing coverboards were 
monitored at Ellenton Bay and Bulldog Bay on the Savannah River 
Site (SRS, Gibbons and Semlitsch 1991), near Aiken, South Caro-
lina for approximately two weeks in May 1999 and June 1999, 
respectively. Positioned at the water's edge, they yielded encoun-
ters with individuals of nine species, including snakes (Farancia 
abacura, F erytrogramma, Agkistrodon piscivorus, Nerodia 
fasciata), frogs (Acris gryllus, Rana utricularia, Gastrophryne 
carolinensis), salamanders (Ambystoma talpoideum, primarily  

metamorphs), and hatchling turtles (Kinosternon subrubrum). 
However, because roofing material is synthesized from petro-

leum products, the environmental safety of its use in wetland ar-
eas may be a source of concern. An oily sheen was often present 
on the water's surface in wetlands on the SRS where roofing 
coverboards were in use for herpetological monitoring studies. 
Therefore, whether roofing decomposes in the field and leaches 
harmful petroleum substances into surrounding waters needs to 
be addressed to ensure that the method is not detrimental to the 
environment and organisms being studied. 

Certain concentrations of petroleum can be detrimental to am-
phibian development. Mahaney (1994) evaluated hatching rate, 
larval growth, and success of metamorphosis of Hyla cinerea ex-
posed to used crankcase oil. Low level (10 mg/L, 55 mg/L) expo-
sure to used crankcase oil had no effect on these parameters, but 
tadpoles raised in higher concentrations (100 mg/L; equivalent to 
levels produced by runoff from service stations) had a significantly 
reduced growth rate and never proceeded to metamorphosis. 
Lefcort et al. (1997) compared the effects of motor oil and silt on 
fitness parameters in the salamander Ambystoma t. tigrinum. They 
found that larvae raised in large outdoor tubs with concentrations 
of 7.6 ml oil/L water exhibited significantly lower body size, 
weight, length, and head width. In their laboratory studies, how-
ever, where larvae were fed fresh algae, there was no develop-
mental variation between larvae reared in oil-contaminated and 
control tubs. This difference was attributed to the diminished lev-
els of algal growth in the contaminated outdoor tubs, which re-
duced food availability. 

The toxicity of some petroleum products to wildlife has been 
shown to intensify with exposure to sunlight. Oris and Giesy (1985, 
1987) found that 6 of 12 polycyclic aromatic hydrocarbons (PAHs) 
were found to be acutely toxic to fathead minnows only when 
they were exposed to sunlight. Other studies have also shown that 
sunlight can magnify the toxicity of petroleum products. For ex-
ample, Boese et al. (1997) recently demonstrated the photoinduced 
toxicity of fluoranthene to benthic crustaceans. And in an earlier 
study, Oris and Giesy (1985) found that anthracene, a linear 3-
ring PAH formerly thought to be nontoxic to aquatic organisms, is 
acutely toxic to juvenile sunfish when exposed to sunlight. 

Our study focuses on whether roofing material leaches detect-
able levels of petroleum products (particularly PAHs) in water when 
exposed to sunlight and May/June temperatures typical of South 
Carolina (mean minimum —16°C, mean maximum —31°C). Iri-
descent surface films (microlayers) were skimmed from the sur-
face of wetlands where roofing was in use and analyzed to deter-
mine the presence of contaminant hydrocarbons. We previously 

TABLE 1. Weights and costs of various coverboard materials. Costs are derived from prices 
at Lowe's Home Improvement Warehouse, Athens, Georgia (May 1999). Different coverboard 
materials are sold in different bulk quantities.  

Coverboard type Dimensions (cm) Weight (kg) Cost (US $)/Coverboard 

Roofing materials 90 x 90 2.7 $0.99 
Particle board 61 x 122 x 1.6 7.1 $1.23 
Plywood 61 x 122 x 1.0 2.2 $1.23 
Tin 66 x 122 1.6 $1.93 

sampled the surface microlayer in riparian pools 
located in Upper Three Runs Creek and in the 
Steel Creek Delta at the SRS. 

Roofing material, water leachates, and surface 
films were analyzed by using a modification of 
the EPA Method 8100 (USEPA 1998). Solvent 
extracts of the various samples (described below) 
were reduced in volume to 1 ml using rotary, 
vacuum evaporation. Silica gel liquid chroma-
tography separated the aliphatic fraction (f1) con-
taining n-alkanes from the polyaromatic (f2) frac-
tion. Hydrocarbon analyses of both the fl and f2 
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FIG. 1. Gas chromatograms with flame ionization detection of the aliphatic (A) and aromatic (B) 
hydrocarbon fractions isolated from roofing material, and a PAH standard (C). The x-axis represents 
increasing time. 
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fractions were performed on a Hewlett 
Packard (Atlanta, Georgia) 5890 Series 
II gas chromatograph equipped with a 
flame ionization detector (GC-FID), 
splitless injection, electronic pressure 
control (EPC), and autoinjector. Separa-
tions were achieved using a 30 m DB-5 
(0.25 mm I.D., 0.25 pm film thickness) 
capillary chromatographic column (J&W 
Scientific, Folsom, California). Diesel 
range organics and PAH standards were 
used as retention time markers for com-
pound identification. 

Roofing material used for this study 
was Globe®  Mineral Surfaced Roofing, 
which is coated on one side with white 
asphalt pebbles. Hydrocarbon analysis of 
the unweathered roofing material was 
completed by extraction and sonication 
(Tekmar®) of three replicates of a 5-gram 
sample in 100 ml of methylene 
chloride:acetone. 

The first leaching experiment was con-
ducted in borosilicate Erlenmeyer flasks 
(UV cutoff 290 mm, Zepp 1982) contain-
ing 100 ml of Milli-Q water. Three flasks 
containing 4-5 cm 2  (6-7 g) of submerged 
roofing were set in the sun for one week. 
Following the leaching period, the solu-
tions were filtered through a funnel with 
glass wool (solvent rinsed) to remove any 
particulate material and the filtrates ex-
tracted three times with methylene chlo-
ride in a separatory funnel. The solvent 
extracts were combined and reduced in 
volume using rotary-evaporation, then 
analyzed for aliphatic and polyaromatic 
hydrocarbons. A second leaching experi-
ment was conducted in Rubbermaid bins 
aligned along the edge of a Carolina bay 
(A Bay) at the SRS. Each bin contained 
15 L of bay water (15 cm depth) and con-
tained 30 cm x 45 cm of submerged roof-
ing material. Sample and control bins (two each) were sampled 
after 28 days and analyzed as described above. 

To assess whether the iridescent sheens observed in the field 
were associated with nearby roofing or were a result of natural 
factors, microlayer sheens were collected from the water's sur-
face in a Carolina bay where roofing coverboards had been adja-
cent to or partially submerged in water for three months. 
Microlayers were collected in solvent-cleaned glass jars and ana-
lyzed as previously described for the leachate experiment. 

The roofing material was composed primarily of high molecu-
lar weight aliphatic hydrocarbons ranging from C22 to C40 (Fig. 
la). Much of the material was part of the chromatographically 
unresolved complex mixture of components characteristic of pe-
troleum products. A small amount of material was observed in the 
aromatic fraction of the extract, mostly composed of unresolved  

components (Fig. lb). Resolved aromatic components were present 
in concentrations <0.10 pg L - ' and none of these components had 
retention times corresponding with the EPA priority pollutant PAHs 
(Fig. lc). 

Although the three flasks containing submerged roofing con-
tained aliphatic hydrocarbons, none contained detectable levels 
(>0.10 pg L- ') of any of the 18 EPA priority pollutant PAHs. Like-
wise, the water samples taken from the bin exposures after the 28-
day soaking period showed no evidence of PAH contamination. 

In common field use, these coverboards are not wholly sub-
merged; rather, they are placed at the water's edge or partially 
overlapping into the water. In such a setting, contact with soil mi-
crobes may play a role in further decomposition, but it seems un-
likely that roofing would contribute PAHs to the surrounding en-
vironment. Chemical analysis of the iridescent microlayers from 

Herpetological Review 33(1), 2002 	 37 



wetlands where roofing had been in use showed that they did not 
contain any petroleum products. 

Surface sheens are common in many wetlands where high in-
puts of detrital carbon generate surface-active compounds that 
accumulate as a thin film at the air-water interface. Humic sub-
stances, lipids, and proteins originating from higher plants and 
microorganisms have been shown to be components of the film 
(Mills et al. 1996). 

In conclusion, roofing material has several logistical advantages 
for use in field studies in which coverboards are suitable. The find-
ing that no chemical hazard is created for the animals that use 
roofing material for shelter or that are present in surrounding wa-
ters adds value to its use as a monitoring technique in some situa-
tions. 
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Amphibians, despite their vulnerable appearance, possess a veri-
table armamentarium of integumental defenses against both ver-
tebrate and invertebrate predators. Chief among these are skin se-
cretions, the major components of which have long intrigued bi-
ologists, chemists, and pharmacists alike. Researchers have em-
ployed a variety of methods to harvest skin secretions, some more 
invasive than others. Among the more invasive techniques are the 
injection of neurotransmitters (Barthalmus 1994; Bols et al. 1986) 
and whole skin extraction (Daly 1998; Das et al. 2000; Morikawa 
et al. 1992; Roseghini et al. 1976; Roseghini et al. 1986; Roseghini 
et al. 1988; Zasloff 1987). Whole-skin extraction (the removal and 
maceration of an entire amphibian skin) has two major disadvan-
tages: introduction of contaminants to the sample and fatal out-
come for the amphibian. Contaminants introduced by macerating 
whole skins can complicate sample cleanup, while the current 
worldwide decline in amphibian populations demands that they 
be treated as non-renewable resources. Fortunately, amphibian skin 
has an anatomy that permits simple harvest of its secretory prod-
ucts without injury to the animal itself. 

Amphibian skin contains both mucous and granular glands 
(Pough et al. 2001). Granular glands produce the defensive com-
pounds of interest. Each granular gland is encircled by a muscle 
responsive to electrical stimuli. Such stimulation results in ejec-
tion of the glandular contents onto the skin's surface, where they 
are readily collected. Researchers have used this technique to ad-
vantage and claim to have obtained results comparable to those of 
the whole-skin technique (Tyler et al. 1992). 

Although others have used this electro-stimulation technique, 
they have relied upon commercially available but expensive de-
vices (Tyler et al. 1992), or have not specified what equipment 
was used (Barteczko and Kuziemski 1970; Dockray and Hopkins 
1975; Flucher et al. 1986; Labler et al. 1968). We present here for 
the first time instructions for the assembly of a Transcutaneous 
Amphibian Stimulator (TAS), an affordable alternative to com-
mercially available acupuncture units. It is a small handheld unit 
that is easily adapted for an individual researcher's needs in the 
field or in the laboratory. Powered by two 9-volt batteries, the 
TAS is an excellent device for collecting amphibian epidermal 
granular gland products without causing harm to the amphibian. 

The TAS stimulation parameters were based upon those of the 
modified acupuncture unit used by Tyler et al. (1992). Pulsewidth 
of the stimulus is set at 2.5 or 5 msec, with a single-pole/double- 
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Fla 1. Circuit diagram for the Transcutaneous Amphibian Stimulator (TAS). 

throw switch, in conjunction with an ICM7555 timer in the 
monostable operation mode. A 15 kOhm potentiometer permits 
adjustment of the voltage from 0 to 18 volts. Frequency is ad-
justed within the range of 60 to 130 Hertz by use of a 100 kOhm 
potentiometer combined with an ICM7555 timer in the astable 
operation mode. The stimulus is harmlessly delivered by silver-
silver chloride disk-electrodes (4.0 trim or 8.0 nun diameter; Warner 
Instrument Corporation, Hamden, Connecticut, USA). This type 
of electrode is ideal because of its lack of toxicity and non-abra-
sive surface. A less expensive alternative is the bare silver wire 
electrode, but it entails the risk, if of too narrow gauge, of perfo-
rating the amphibian's skin. Standard binding posts connect either 
type of electrode to the circuit. The TAS circuit can be built for 
approximately US $100 with commercially available parts (Mouser 
Electronics, Inc., Ottawa, Canada) by following the circuit dia-
gram provided (Fig. 1). We housed our completed circuit in an 80 
mm x 160 mm x 60 mm ROLEC watertight polycarbonate trans-
parent Techno Case (Hammond Manufacturing, available through 
Mouser Electronics, Inc., Ottawa, Canada). Watertight cases with 
rubber 0-ring-sealed fittings are recommended for fieldwork, but 
cheaper, non-watertight cases may be substituted for laboratory 
purposes. 

Extraction of skin secretions is accomplished by first lightly 
moistening the animal with deionized water then gently massag-
ing its skin with the activated TAS electrodes for 10-20 seconds 
(Fig. 2A). For our research we adapted the technique for the ani-
mals at hand, massaging anurans (with the exception of Bufo 

americanus) laterally and dorsally from neck to thigh; Bufo 

americanus directly on parotoid glands (Fig. 2B, showing pro-
duction of the milky white secretion); and urodeles along base of 
tail. Coincident with stimulation, the animal is rinsed with deion-
ized water. The aqueous solution is collected in a vessel held be-
neath the animal. Preparation of the secretion at this point varies 
with the intended purpose of the extraction. 

The technique has any number of applications: the determina-
tion of evolutionary trends within different populations of a single 
species (Steinborner et al. 1996a; Steinborner et al. 1996b), dif- 

ferentiation of morphologically indistinguishable species (Daly 
1998), in biochemical taxonomy (Cei et al. 1967; Cei et al. 1968 ; 
Cei et al. 1972), in pharmacology (Roseghini et al. 1986), in medi- 

FIG. 2. A. The Transcutaneous Amphibian Stimulator (TAS) and a study 
subject (Bufo americanus). B. TAS-elicited defensive secretion (milky-
white spots) from the parotoid gland of B. americanus. Photos by Tom 
Eisner. 
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cine (Barteczko and Kuziemski 1970; Bradford et al. 1996; Zasloff 
1987), in chemistry and chemical ecology (Clarke 1997; Daly et 
al. 1987), and in behavioral studies including pheromonal (Wabnitz 
et al. 2000) and predator-prey interactions (Barthalmus and 
Zielinski 1988; Barthalmus 1994, Brodie 1983; Brodie and Gibson 
1969). The TAS has also been used in our lab to study the produc-
tion and chemical composition of amphibian-produced volatile 
compounds (unpublished data). 

In our current studies of amphibian chemical ecology, we have 
used the TAS to collect secretions from the following species: 
Ambystoma maculatum, A. tigrinum, A. jeffersonianum complex, 
B. americanus, Hyla chrysoscelis, H. gratiosa, Osteopilus 
septentrionalis, Plethodon cinereus, P. glutinosus, Rana 
catesbeiana, R. clamitans clamitans, R. c. melanota, R. pipiens, 
R. palustris, R. septentrionalis, R. sylvatica, and Scaphiopus 
holbrookii. We have found that smaller amphibians require <10 V, 
<75 Hz, and 2.5 msec pulsewidths for induction of glandular emis-
sion, while larger animals require >10 V, >60 Hz, and 5 msec 
pulsewidths. No species required the use of >15 V to elicit granu-
lar gland discharge. Despite their size, ambystomatids require 
minimal settings (<10 V, 60 Hz, 2.5 msec) to elicit appropriate 
granular gland response. Among the species under study in this 
lab, secretory yields ranged from 10 to 100 mg per animal with 
the exception of the ambystomatids, which produced copious 
amounts (in excess of 200 mg per animal). 

In conclusion, the TAS is a portable and inexpensive device for 
"milking" amphibians of their skin secretions. By being minimally 
harmful to the test organism, it is a distinct improvement over 
alternative techniques relying on whole-skin analysis or injection 
of epinephrine or acetylcholine. It is an ideal technique in chemi-
cal studies because the samples collected are relatively free of 
impurities and therefore in a condition requiring minimal prepa-
ration (filtration) prior to chromatographic and spectral analysis. 
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The artificial incubation of sea turtle eggs has become increas-
ingly common for research purposes. It usually involves the col-
lection of eggs, transport to a laboratory (potentially long distance), 
then incubation within a container and/or incubator on sand or an 
artificial substrate such as vermiculite. During incubation it may 
be necessary to inspect eggs to monitor development and mortal-
ity, and maintain moisture conditions. 

At all stages during these procedures, eggs are exposed to 
infectants which have the potential to kill a proportion, or all, of 
the eggs. To minimize egg mortality, precautions can be taken to 
reduce egg exposure to microbiota. 

Collection.—Collecting eggs directly from the ovipositor 
minimizes their exposure to fungal spores dispersed during the 
turtle's body-pitting and egg-chambering. Eggs may be caught by 
a gloved hand placed in the rear of the egg chamber (part of the 
chamber may need to be widened). Though some species are more 
tolerant than others, care must be taken not to disturb the turtle by 
use of excessive light, or by touching the ovipositor and hind 
flippers. If eggs cannot be collected during oviposition, they may 
be excavated after laying has concluded, but this method increases 
contact with soil microbiota. Some workers have attempted to place 
a collection bag in the egg chamber during oviposition. This often 
disturbs the turtle, resulting in nest abandonment, collapse of the 
egg chamber during bag insertion, and difficulty removing it when 
full. This method may be more successful with species that do not 
dig a deep body pit and/or on beaches with relatively moist sand, 
where the rear of the chamber may be excavated completely for 
easier insertion and retrieval. 

Eggs should be placed directly into sterile bags; autoclave dis-
posal bags (e.g., Sarstedt ®) are recommended because of their 
strength. Placing the bag inside a bucket helps support the weight  

of the eggs and prevents weakening and tearing of the bag under 
stress. The neck of the bag should be twisted and folded over be-
fore securing. Prior to transport or incubation, eggs can be washed 
in sterile distilled water or a solution such as Aricide® (Hibberd 
1996) to remove microbes from the egg exterior. However, wash-
ing removes the cloacal mucous and its potential anti-fungal prop-
erties (Phillott, unpubl.). After washing, the exterior of the egg 
should be patted dry using a clean disposable cloth to remove ex-
cess water and prevent ice-crystal formation and disruption of the 
shell structure during low-temperature transport. 

Transport.—Eggs may be transported long distances by 
following the procedures of Harry and Limpus (1989). Eggs 
depressed to 7-10°C (within 2 h of oviposition) may be held for 
48 h, allowing collection of multiple clutches over several nights 
and subsequent transport. It is recommended that eggs remain in 
the collection bags during this time to minimize exposure to 
microbes. The bags should be arranged so that they are stable, and 
air spaces filled with clean, expanded polystyrene pellets for 
support and insulation. 

Handling.—To minimize movement induced mortality, egg 
orientation should be maintained (Limpus et al. 1979; Parmenter 
1980). Single-use sterile gloves should be worn, and eggs handled 
in a room or area with minimal air flow or disturbance. If the area 
is to be used permanently for incubation purposes, a dual door 
system with an intermediate isolation area minimizes air 
disturbance during entry and exit. Workers must wait in the 
isolation area until the first door has completely closed before 
opening the second. 

Incubation.—Prior to egg collection, incubators should be 
cleaned with a 5% sodium hypochlorite bleach solution, then rinsed 
with a 5% solution of disinfectant. Incubation containers (which 
will hold the eggs) may be sterilized by autoclaving at 121°C for 
15 mins with the mouth covered in aluminium foil, or with a 5% 
bleach solution followed by a sterile water rinse. 

If incubating on sand, it should be collected from areas rela-
tively free of organic material. Sand can be sterilized by autoclav-
ing in small lots. Thermal sentinels (e.g., Thermalog ®  S strips) 
should be used to ensure effective heat sterilization at the core. 
These checks can be ceased when the performance of particular 
autoclaves, sand types, etc., is quantified. 

Labels on cardboard or other biodegradable material should not 
be placed in or on the substrate during incubation as they provide 
nutrient sources for mycobiota. Instead, the exterior of the con-
tainer should be labeled. The required moisture conditions are 
maintained by adding sterile water either from clean spray bottles, 
or by use of a sterile water, sub-surface trickle irrigator (as de-
scribed by Phillott and Parmenter 2001). If the plastic tubing from 
the latter is to be re-used, it should be first be cleaned with a com-
mercial algaecide (used in cleaning swimming pools) then rinsed 
with sterile water. 

When removing eggs (to weigh, measure, candle, etc.) wear ster-
ile, single-use gloves and ensure the equipment is clean and that 
air flow around the area is minimal. If eggs are to be weighed, 
sand can be removed using a soft brush that will not damage the 
eggshell. Using a cloth to remove sand has the potential to drag 
sand across the egg surface, disrupting structural integrity of the 
eggshell. Eggs that fail to develop a white spot, that show signs of 
yellowing, or have fungal growth on the exterior should be re- 



moved. Mass egg mortality often follows fungal contamination of 
a single moribund egg as hyphae spread to adjacent viable eggs 
(Phillott and Parmenter 2001). This potential spread can be mini-
mized by ensuring eggs are not in contact with each other, though 
this is not always practical. 

In the event of egg invasion, species of fungi can often suggest 
the source of the contamination. Fusarium oxysporum, F solani 
and Pseudallescheria boydii have been regularly isolated as soil-
borne pathogens on the exterior of failed eggs (Phillott et al. 2001). 
In contrast, Aspergillus spp. have been contracted by air-borne 
contamination (unpubl.). Identification of the fungi may lead to 
its point of source, allowing protocols to be modified so as to elimi-
nate contamination. 
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Dwarf sirens (Pseudobranchus) are aquatic salamanders endemic 
to the southeastern United States. There are two extant species, 
the southern dwarf siren (P axanthus) and the northern dwarf si-
ren (P striatus). The northern dwarf siren consists of three sub-
species (P s. striatus, P s. lustricolus and P. s. sphenisus) one of 
which, the broad-striped dwarf siren (P s. striatus), is indigenous 
to South Carolina (Moler and Kezer 1993; Petranka 1998). The  

broad-striped dwarf siren inhabits cypress swamps and ponds in 
acid pine flatwoods, flooded ditches, marshes and other perma-
nent and semi-permanent aquatic habitats from southeastern South 
Carolina to northern Florida (Conant and Collins 1991; Moler and 
Kezer 1993; Petranka 1998). Habitat loss and fragmentation as a 
result of development, agriculture, and silvaculture may be re-
sponsible for a decline of this salamander in South Carolina (S. 
Bennett, pers. comm.) Because of this, the South Carolina De-
partment of Natural Resources has listed P striatus as a state threat-
ened species. 

Most of the published life history data for Pseudobranchus spe-
cies concerns P axanthus. Although the life history of P striatus 
may be similar to that of P axanthus, for both species there is a 
general lack of data for growth rates, size and age at first repro-
duction, and many aspects of the juvenile and adult stages (Petranka 
1998). According to Petranka (1998) there is "an almost complete 
lack of information on the natural history of P striatus." 

In 1994, Riverbanks Zoo and Garden attempted to establish a 
self-sustaining captive population of P striatus. In July 1994, 0.0.6 
P. striatus were collected in Hampton County, South Carolina and 
donated to RZG by the South Carolina Department of Natural 
Resources. Although the age of the specimens at the time of col-
lection is unknown, it was latter determined that their small size 
corresponded with that of captive born young-of-the-year. 

Husbandry.—The salamanders were initially housed in various 
glass and plastic aquaria ranging in size from 31 x 18 x 21 cm 
(LxWxH) to 50.8 x 25.4 x 34.2 cm. De-chlorinated tap water with 
a pH of - 7.0 was added to a depth of -15.0 cm. Water tempera-
tures were maintained between 23°C and 27°C. There was no 
mechanical, chemical, or biological filtration on any of the aquaria; 
however, 50% water changes were made weekly. Aquatic plants 
including duck weed (Lemna sp.) and bladderwort (Urticularia 
sp.) were added to all of the aquaria. A layer of substrate 2-4 cm 
deep consisting of small gravel, sphagnum moss, or leaf litter was 
added to some aquaria while others contained no substrate. Artifi-
cial lighting consisting of a 15-watt full spectrum fluorescent bulb 
and a 40-watt incandescent bulb was used on a single aquarium 
while the others had no supplementary lighting. 

A variety of commercial, dry, flake fish food and live food was 
offered to the sirens ad lib. 3x/week. The preferred food item proved 
to be live blackworms (Lumbriculus variegatus) which were later 
fed exclusively. Live tubifex worms (Tubifex sp.) were not ac-
cepted as a food item. 

The six wild-caught sirens readily acclimated to a captive envi-
ronment and grew rapidly (Fig. 1). As far as could be determined, 
no one particular aquarium set-up proved to be more advantageous 
than another in terms of survival or growth rate. 

Reproduction.—In May 1995, all individuals were assumed to 
be near adult size and an attempt was made to stimulate reproduc-
tion. Pseudobranchus are not considered sexually dimorphic. 
However, Petranka (1998) reports that "female P striatus are on 
average slightly larger than males." Netting and Goin (1942) re-
ported that in P axanthus, the average total length (TL) of the five 
longest females they collected was 28% greater than that of the 
five longest males. The two longest animals at RZG (RZ 1260 and 
1265), presumed to be females, and the two shortest (RZ 1261 
and 1263), presumed to be males, were placed together in a 50.8 x 
25.4 x 34.2 cm glass aquarium. Ambient water temperatures were 
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FIG. 1. Growth rates of six Pseudobranchus s. striatus collected as juveniles. 

maintained between 25° and 27°C. The aquarium 
was located in a room with a glass skylight that 
provided natural photoperiods. Because 
Pseudobranchus are known to attach single eggs 
to underwater vegetation (Goin 1947; Netting and 
Goin 1942) live aquatic plants (Utricularia sp.) 
and plastic aquarium plants were maintained in 
the water column at all times. During the summer 
and fall of 1995, no breeding or courtship behav-
ior were observed, nor did we observe any eggs. 
Noble (1930) reported that captive 
Pseudobranchus will eat the eggs of conspecifics 
so it is possible that eggs were laid but consumed. 

In late October 1995, an attempt was made to 
ascertain if seasonal thermal and photoperiod cy-
cling would stimulate reproduction. The group was 
moved into a hibernaculum where the air and 
water temperature was gradually lowered to 12°C 
and the photoperiod was reduced to 8/16 (L/D) h 
per day. Individuals were maintained under these 
conditions until early March 1996 when the tem-
peratures were gradually raised to 27°C and the 
photoperiod increased to 14/10 (L/D) h per day. 
During the remainder of 1996, no reproduction 
or attempts at reproduction were observed. The same seasonal ther-
mal/photoperiod cycle was again duplicated between October 1996 
and March 1997. As in the previous year, no evidence of courtship 
or reproduction were observed during 1997. 

Beginning in October of 1998, the same group of four adult 
sirens was placed in a 107 x 74 x 30 cm plastic stock tank and 
moved outdoors. Unfiltered, untreated water from the lower Saluda 
River, which supplies the zoo's river water system, was added to 
the tank and fluctuated between 15 and 20 cm deep. A layer of 
dead leaves and other detritus was added to the bottom of the tank. 
Bladderwort (Utricularia sp.) thrived in the outdoor tank and soon 
created a dense mat of roots and stems. The water in the outdoor 
tank had a pH of - 5.7. The group was subjected to the natural 
fluctuations in temperature, rainfall, and photoperiod of Colum-
bia, South Carolina. They continued to be fed blackworms, ad lib. 
3x /week and we assume that they might have also fed on the 
many aquatic insects and other invertebrates that colonized the 
tank. 

The tank was checked infrequently over the winter and spring 
but no eggs or hatchlings were seen until 13 July 1998, when 19 
hatchlings and four single eggs were found in the tank with the 
adults. The single eggs were attached to both Utricularia and plastic 
plants and were removed from the tank for closer observation. 
One of the eggs ruptured while being removed. The other three 
hatched four days later. The three neonates measured 13, 14, and 
15 mm TL. Additional fertile eggs were observed scattered among 
the vegetation through August 1998. No new eggs were seen after 
that time. As of October 1998, there were 61 juvenile sirens in 
addition to the four adults, living in the tank. Roughly half of the 
juveniles were the same relative size as the three hatchlings mea-
sured on 17 July, and were assumed to be recently hatched. 

All of the 1998 F, juveniles were separated from the adults and 
established in a plastic stock tank under identical conditions as 
the adults. The tank of adult sirens was again checked infrequently  

for eggs. No new eggs were seen until 25 June 1999 when seven 
eggs and 10 hatchlings were observed. On 2 August 1999 there 
were a total of 38 hatchlings in the tank. No eggs were seen after 
that date even though the females had deposited eggs through 
August of the previous year. Daily daytime high temperatures for 
the last two weeks of July had exceeded 37°C, which may have 
had a negative effect on reproduction. The mean weights and 
lengths of the largest, and presumably oldest, 1999 juveniles were 
1.13 g (N = 6, range 1.01-1.31 g) and 73 mm TL (N = 6, range 
69-79 mm). 

The 1998 hatch F, sirens were near adult size in June 1999, 
however, no eggs or hatchlings were ever observed in the F, tank 
that year. The 1999 F, juveniles were separated from the adults 
and again maintained under identical conditions. On 18 May 2000 
the mean weight of the 1999 F,'s was 1.75 g (N = 10, range 0.9-
3.4 g) and total length was 91.3 mm (N = 10, range 60-123 mm). 

In Spring 2000, the 0.0.4 adult founders disappeared from their 
tank before reproduction had begun and it was assumed that they 
fell victim to predation by garter snakes (Thamnophis sp.). A total 
of 0.0.12 1998 F,'s in two, separate outdoor holding tanks and 
0.0.10 1999 F,'s in a single tank had been maintained outdoors 
since the fall of 1999. No evidence of reproduction was observed 
in any of these groups during 2000. 

In March 2001 three 1998 F,'s weighed 4.0, 4.0, and 3.5 g and 
had a TL of 140 mm, 145 mm, and 150 mm, respectively. The 
single remaining 1999 F, weighed 3.5 g and had a TL of 135 mm 

Discussion.—During two breeding seasons, no fewer than 99 
(61, 38) dwarf sirens were produced. Considerable mortality among 
the hatchlings was observed although the cause of death could not 
be determined. Considering the difficulty of locating the hatchlings 
among the dense vegetation and substrate, and how rapidly the 
deceased hatchlings could be consumed or decompose, the actual 
number of offspring produced may have been much higher. The 
sex ratio of the breeding group is unknown. If our initial assertion 
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that the group was composed of 2.2 adults is correct, then two 
females are capable of producing at least 61, and possibly more, 
offspring in a single breeding season 

Hatchlings are capable of attaining near adult size in less than a 
year (Fig. 1). Growth rates of the sirens maintained indoors at a 
relatively constant temperature of 25-27°C were greater than those 
maintained outdoors and subjected to seasonal fluctuations in tem-
perature. As far as we could determine, the density of hatchlings 
per enclosure had little effect on growth and mortality as long as 
there was adequate supplemental feeding. 

Wild-caught Pseudobranchus s. striatus collected as juveniles 
reproduced in their fourth year. Captive conditions in earlier years 
might not have provided appropriate stimulus for reproduction. 
Nevertheless, F, offspring kept under identical conditions to those 
under which the adults bred had not yet reproduced by their third 
year. Two of the six original, wild-caught sirens, presumed to be 
1.1, were continually housed indoors in a transparent plastic 
aquaria. To facilitate observation, the aquaria were maintained with 
clear water, few plants, and only a gravel substrate. Although this 
arrangement apparently did not compromise husbandry, no at-
tempts at reproduction were ever observed. The oviposistion pe-
riod for P. striatus was mid-June through August. The oviposition 
period for wild P axanthus is reported to last from early Novem-
ber through March (Petranka 1998). The maximum length attained 
by a captive-raised P. striatus is 230 mm TL, slightly exceeding 
the published maximum length of 220 mm (Petranka 1998). No 
published data regarding longevity of Pseudobranchus could be 
found. At RZG, two captive-raised P. s. striatus are seven years 
old at the time of writing and still alive. 

Unfortunately, conditions that stimulated reproduction in 
Pseudobranchus, e.g. turbid water, dense mats of vegetation and 
substrate, also prevented ready observation of some behaviors such 
as courtship and fertilization. Searching for eggs and offspring 
involved draining the tank, capturing the sirens and sorting through 
the vegetation and substrate. It was believed that this level of dis-
turbance might compromise animal health and inhibit reproduc-
tion, hence frequent and continuous observations were not made. 
Nevertheless, these might represent the only observations for size 
and age at first reproduction as well as growth, fecundity, oviposi-
tion, and longevity for this species. 
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CAUDATA 

AMBYSTOMA LATERALE (Blue-spotted Salamander) and 
AMBYSTOMA MACULATUM (Spotted Salamander). PREDA-
TION. Predation by wood frog (Rana sylvatica) tadpoles on A. 
maculatum egg masses has been described in detail (Petranka et 
al. 1995. Herpetologica 54:1-13). However, nothing has been 
written on R. sylvatica predation on A. laterale. In Maine, all three 
species commonly breed in the same temporary woodland pools, 
where R. sylvatica hatch first, then A. laterale, then A. maculatum. 
Ambystoma laterale masses have fewer eggs, and are encased in 
jelly that is less dense than that of A. maculatum (Petranka 1998. 
Salamanders of the United States and Canada. Smithsonian Inst. 
Press, Washington, D.C. 587 pp.). 

On several occasions during Spring 2001, in woodland ponds 
in northern and central Maine, we observed R. sylvatica behavior 
that suggested preferential predation on egg masses of A. laterale 
over those of A. maculatum. A single predation event witnessed in 
captivity confirmed that R. sylvatica does attack and ingest larval 
A. laterale. 
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