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The Society for the Study of Amphibians and Reptiles, the largest international herpetological society, is 
a not-for-profit organization established to advance research, conservation, and education concerning 
amphibians and reptiles. Founded in 1958, SSAR is widely recognized today as having the most diverse 
society-sponsored program of services and publications for herpetologists. Membership is open to any-
one with an interest in herpetology—professionals and serious amateurs alike—who wish to join with us 
to advance the goals of the Society. 
All members of the SSAR are entitled to vote by mail ballot for Society officers, which allows overseas 
members to participate in determining the Society's activities; also, many international members attend 

the annual meetings and serve on editorial boards and committees. 

ANNUAL. DUES AND SuBsctuvrioNs: Annual membership dues for the year 2001 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: Robert D. Aldridge, SSAR Treasurer, 
Department of Biology, Saint Louis University, St. Louis, Missouri 63103, USA. Fax: (314) 977-3658; e-mail: ssar@slu.edu.  

Future Annual Meetings 
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SSAR & HL OINT MEETINGS 

INDIANAPOLIS, INDIANA 2001 

SOCIETY FOR THE STUDY OF AMPHIBIANS AND REPTILES 

2001 ANNUAL MEETING 

together with 

THE HERPETOLOGISTS' LEAGUE 

27 - 31 July 2001 
University Place Conference Center and Hotel 

Indianapolis, Indiana, USA 

Keynote Address: "HERPS AND HOPES: AFRICA IN A NEW MILLENIUM," by Bill Branch, The Hepetologists' League Disntiguished 
Herpetologist for 2001 (Port Elizabeth Museum). 

Symposium: "AMPHIBIAN POPULATION DECLINES." Organizers: David M. Green, McGill University (czdg@musica.mcgill.ca ) 
and Karen Lips, St. Lawrence University (klip@music.stlawu.edu ). 

Symposium: "HERPETOLOGICAL RESEARCH IN ZOOS: THE ACADEMIC CONNECTION." Organizers: John D. Groves and Hugh R. Quinn, 
Cleveland Metroparks Zoo (hquinn @ix.netcom.com ). 

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

Student Travel Awards: Ten Sherman A. Minton student travel grants of US $200 each will be available for SSAR members. 
Refer to page 201 of the December 2000 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. 

Social Activities: General Reception in the University Place Ballroom, SSAR Herp Silent Auction, Graduate Student Recep-
tion, Sunday night Barbecue Dinner and Auction, Graduate Student Reprint & Book Scavenge, Herpetological Quiz. 

Multimedia Presentations: "AMPHIBIANS OF THE APPALACHIANS," and 
"HERPETOLOGY OF THE WEST," by David Dennis and Eric Juterbock. 
President's Travelogue slide presentations by Patricia Burrowes 
(Puerto Rico), Tim Halliday (South Africa), John Wilkinson, Ross 
Alford (Australia), Hinrich Kaiser (Southeast Asia), and Michael 
Lannoo (Antarctica). 

Live Animal Exhibit: Live amphibians and reptiles of Indiana will 
be on display and available for photography. 

Costs: Preregistration US $240 regular, US $175 student, US $120 
accompanying person. After June 1, 2001, costs are US $295, US 
$200 student, US $145 accompanying person. 

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

Further Details: Meeting Announcement and Call for Papers was 
mailed to all Canadian, U.S., and Mexican members of the 
participating societies. Overseas members wishing to receive this 
information may do so by contacting Henry R. Mushinsky, Local 
Chair, Department of Biology, University of South Florida, Tampa, 
Florida 33620, USA; e-mail: mushinsk@chuma  1 .cas.usf.edu or 
telephone 813/974-5218. Please visit the meeting web site at http:/ 
/www.ukans.edu/—ssar/ind.html for additional and updated 
information. 
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About Our Cover: Agalychnis annae 

Hylid frogs of the 
genus Agalychnis are 
among the most colorful 
animals of neotropical 
rainforests. One species, 
A. callidryas—said to be 
the most-photographed 
amphibian—is some-
thing of a "poster frog" 
for rainforest conserva-
tion. Other species in the 
genus remain less well 
known, however. 
Among these, A. annae is 
known from a few sites 
on the Atlantic slopes of 
Isthmian Central 
America in moist and 
wet tropical forest types, 
up to about 1600 meters 
elevation (Duellman 
1970. The Hylid Frogs of 
Middle America. Univ. Kansas Mus. Nat. Hist., Monogr. No. 1, xi + 753 
pp., 72 plates). At higher elevations, A. annae is most commonly en-
countered along forested streams, and it still occurs in some parts of 
the city of San Jose, Costa Rica. 

There are eight species in the genus Agalychnis, collectively known 
as "leaf frogs." Agalychnis, along with five other genera, comprise the 
subfamily Phyllomedusinae of the treefrog family Hylidae. 
Phyllomedusines range from Mexico through Central- and tropical 
South America. 

Leaf frogs live in the canopy and are subject to dessication. To com-
bat this, they secrete a waxy substance which is wiped over the dorsal 
surfaces before daybreak. When at rest, the limbs are adpressed to the 
body, reducing the area exposed to drying. These frogs are colored and 
patterned to resemble the green leaves on which they sleep, thereby 
reducing the risk of detection by tree-dwelling predators such as mon-
keys. When perching on leaves, they reflect near-red light in the infra-
red spectrum, just as do the leaves (Schwalm et al. 1977. Science 
196:1225-1227). 

Phyllomedusine frogs come down from the canopy to breed. Most 
species congregate around small forest pools of quiet water, although 
some breed only in flooded stumps and similar situations. The male 
advertisement call is typically a somewhat muted "tok" although a 
large chorus of some species can often be heard at some distance in the 
forest at night. 

Females are larger than males and often are the objects of much 
attention during breeding aggregations. Males will wrestle with one 
another in their attempts to mate with an available female. An arbo-
real nest is constructed by rolling a leaf and depositing an adherent 
egg mass within. Upon hatching, the larvae ooze from the gelatin and 
fall into the water, where they develop as tadpoles. 

The eggs of leaf frogs are preyed upon by cat-eyed snakes of the 
genus Leptodeira. These arboreal colubrids are always present during 
phyllomedusine breeding aggregations and are adept at locating and 
engulfing the egg clutches. Calling males are subject to predation by 
bats in the genus Trachops, which locate their prey by sound. 

The specimen on our cover was collected by Louis Porras in Au-
gust 1977 from his home town of San Ramon, Costa Rica. It was photo-
graphed on a tabletop in Miami, Florida that same month by Jim 
Bridges (Herpeto, Inc., Hollywood, Florida), using a Canon Fl with a 
FL 50mm f3.5 macro lens and Kodachrome 25. The lighting was pro-
vided by a 400-watt second Norman studio strobe unit, with two flash 
heads. Each head was bounced off a silver umbrella to produce a soft 
rainy day-style lighting. As he does for all of HR's covers, Bridges 
handled the separation and imaging of this photograph as well. Jim is 
well known in the herpetological and herpetocultural publishing fields, 
but the majority of his photographic work has been published in books 
and non-herp magazines, for such organizations as the National Geo-
graphic Society, National Wildlife Federation, and Sierra Club. 

SSAR BUSINESS 

SSAR Election Results 

Results of the recent SSAR election are as follows: 

President-elect (becoming President in 2003) 	  
	  Janalee Caldwell. 

Secretary 	  John Matter (unopposed). 
Treasurer 	 Robert Aldridge (unopposed). 
Board of Directors (Class of 2003) 	  
	 Linda Ford and Lee Fitzgerald. 

Items Needed for SSAR/HL Auction at 
Indianapolis 

The SSAR/HL Auction will be conducted during the joint an-
nual meeting of the Society for the Study of Amphibians and Rep-
tiles and The Herpetologists' League, at the University Place Con-
ference Center and Hotel, Indianapolis, Indiana, July 2001. All 
proceeds from the auction will be shared equally between SSAR 
and HL, and will help to continue the production of the diverse 
publications and services for which the societies are known. Items 
of value, as well as those of a humorous nature, are welcome as 
we once again endeavor to separate auction participants from their 
money through the judicious use of beer and plastic. Auction items 
may be brought directly to the meeting or sent in advance to: Dr. 
Craig E. Nelson, Department of Biology, Jordan Hall 142, 1001 
E. 3rd St., Indiana University, Bloomington, Indiana 47405-3700, 
USA. 

Final Report on the Auction of 
Joseph R. Bailey's Herpetological Library 

SSAR is very pleased to report the final results of its auction of 
the late Joseph R. Bailey's herpetological library. The auction was 
announced in the September 1999 issue of Herpetological Review. 
The library was donated to the Society by Professor Bailey's 
widow. She did so in order to support projects of interest to her 
husband, in particular, his interest in student research activities 
and the production of new books. The Board of Directors has es-
tablished the Joseph R. Bailey Endowment, and interest income 
from this investment will be used to support these programs in 
perpetuity. 

A total of 374 lots (books and monographs) were auctioned by 
post. Eighty-four persons (72 in North America, 9 Europe, 2 in 
Australia, 1 in South America) submitted more than 1600 bids; 79 
of the 84 were successful for at least one lot. A detailed account of 
the auction was published in the December 2000 issue of Newslet-
ter and Bulletin of the International Society for the History and 
Bibliography of Herpetology (for subscription, contact Richard 
Wahlgren: Richard.Wahlgren@skanska.se ). In addition to the pub-
lic auction, Professor Bailey's collection of herpetological reprints 
was sold en bloc to a dealer. 
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Total income from the sale of Professor Bailey's herpetological 
library was $24,532 (books $18,400; reprint collection $6,132). 
The expenses (postage, printing of lists, telephone, etc.) were 
$1,287, or 5.2% of the gross income; thus $23,245 has been placed 
in the Bailey Endowment. 

The Society, on behalf of the herpetological community, is 
greatly indebted to Mrs. Bailey and her family for their generos-
ity. This is the first endowment in SSAR to be established in honor 
of a former member (Professor Bailey was a member of OHS-
SSAR from the earliest days) and it will be our pleasure to regu-
larly associate his name with various Society activities. We also 
acknowledge with appreciation the volunteer work of Steve Busack 
and Linda and Bob Aldridge in carrying out the mechanics of the 
auction. 

NEWSNOTES 

EMBL Reptile Database: Online Library, 
CD-ROM 

Starting in January 2001, the database now offers a selection of 
historical reptile papers as PDF files. As a pilot project, about 60 
papers from the Proceedings of the Academy of Natural Sciences 
of Philadelphia, published between 1841 and 1899, have been 
posted on our website. Another 60 will follow in the second quar-
ter of 2001, completing the set of 127 reptile papers that have 
been published during that time period in the Proceedings. Scan-
ning and conversion to PDF files of the reptile papers from the 
Annals and Magazine of Natural History (1838-1899) is currently 
under way and will be financed by the sale of CD-ROMs. The 
CD-ROM contains the Reptile Database as a user-friendly appli-
cation and all reptile papers from the Proceedings (March 2001) 
and is available for US$ 25 on Windows and Macintosh systems. 
The CD-ROM is free for contributors. For more details visit the 
web site at http://www.embl-heidelberg.de/—uetz/ 
Li vi ngReptiles.html. 

Kansas Herpetological Society Annual Meeting 

The Kansas Herpetological Society held its 27th Annual Meet-
ing at the Adam's Mark Hotel in Kansas City, Missouri, USA, on 
21-22 October 2000. The meeting was co-hosted by the Missouri 
Herpetological Association and the Kansas City Herpetological 
Society. Over 125 participants attended scientific paper sessions 
to listen to 34 talks on amphibians, turtles, and reptiles by scien-
tists and students from across the nation. 

During its business meeting, the KHS voted Suzanne L. Collins 
(The Center for North American Amphibians and Reptiles, 
Lawrence) as President-elect, Eric Kessler (Blue Valley North High 
School) as Treasurer, and Mary Kate Baldwin (Topeka Collegiate 
School) as Secretary. Mark Ellis (Topeka) took office as President 
on 1 January 2001. Robert Powell (Avila College) served as Presi-
dent during 2000, and hosted the meeting this year. 

Also during the Society business meeting, Powell awarded 
Kevin Aldrich, a graduate student at Emporia State University,  

the 2000 Howard K. Gloyd/Edward H. Taylor Scholarship. The 
scholarship honors the memory of two great biologists with strong 
ties to Kansas. Gloyd was born in Ottawa and attended both Kan-
sas State University and the University of Kansas, and Taylor 
graduated from Garnett High School and was a biology faculty 
member for many decades at the University of Kansas, Lawrence. 

The business meeting concluded after Kelly J. Irwin, former 
KHS president and currently the state herpetologist of Arkansas, 
presented Eric M. Rundquist, University of Kansas, with the 
Bronze Salamander Award, the highest recognition given by the 
Society for distinguished service. Rundquist served as KHS edi-
tor for the past decade, and was one of the founding members of 
the Society. 

Prior to the Saturday night KHS auction, Emily C. Moriarty, a 
graduate student at the University of Texas, Austin, was chosen as 
the third recipient of The Suzanne L. and Joseph T Collins Award 
for Excellence in Kansas Herpetology. Moriarty is a former 
Lawrence, Kansas, resident, and recently graduated with honors 
from St. Mary's College in Notre Dame, Indiana. At the KHS Sil-
ver Anniversary Meeting in 1998, she presented a lecture on the 
molecular systematics of Western Chorus Frogs in Kansas, and 
her presentation was judged by the society as the best research on 
the Kansas herpetofauna during the preceding two years (1998 
and 1999). For her work, Ms. Moriarty was given a plaque and a 
check for $1000.00 by Robert Powell and Travis W. Taggart, Fort 
Hays State University. The Collins Award is the largest biological 
award given annually in the state of Kansas, and the largest an-
nual presentation made nationally to further research on (even-
numbered years) or photography of (odd-numbered years) am-
phibians, turtles, and reptiles. 

Following the first Sunday morning scientific paper session, 
two other KHS meeting attendees were recognized as the second 
annual recipients of The Big Croaker Awards, sponsored by the 
Kansas Department of Wildlife and Parks and the Kansas Am-
phibian Monitoring Program. Established in 1999, the awards are 
given to those individuals who monitored choruses of frogs and 
toads with diligence and excellence during the spring of 2000. 
Margaret Stewart, of Manhattan, Kansas, and Keith Coleman, of 
the University of Kansas, Lawrence, were each given a commemo-
rative certificate and a check for $100.00 by Linda Weir, coordi-
nator of the North American Amphibian Monitoring Program, Lau-
rel, Maryland, and Ken Brunson, representing the Kansas Depart-
ment of Wildlife and Parks. Each spring, over 100 KAMP volun-
teers census choruses of amphibians on over eighty 15-mile routes 
across Kansas, establishing baseline information that will eventu-
ally be used to determine whether amphibian populations are de-
clining, increasing, or remaining stable. 

Featured speakers at the two-day event were Robert Wilkinson 
(Southwest Missouri State University, Springfield), Henry S. Fitch 
(University of Kansas, Lawrence), Walter Meshaka (State Mu-
seum of Pennsylvania, Harrisburg), Ronald Goellner (St. Louis 
Zoo), Robert W. Henderson (Milwaukee Public Museum), Dwight 
R. Platt (Bethel College, North Newton, Kansas), Lee Grismer 
(La Sierra University, Riverside, California), and Robert Aldridge 
(Saint Louis University). 

In 2001, the Society will meet in Topeka, Kansas. 
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A New Book from the Society for the Study of Amphibians and Reptiles 

THE HYLID FROGS OF MIDDLE AMERICA 
New and Expanded Edition 

by WILLIAM E. DUELLMAN 

illustrated by David M. Dennis 

This is a product that current and future researchers will cherish. . . . No one is as knowledgeable, as attentive to organization and 
detail, and as thorough. . . . Throughout the entire work, high emphasis is placed on quality—accurate data, excellent photography, 
wonderful artistry. . . . This book has much to tell us concerning the unique amphibian fauna of the region, and will long serve as the 
fundamental reference source for the hylids. — DAVID B. WAKE, from the Foreword to the New Edition. 

THE SOCIETY FOR THE STUDY OF AMPHIBIANS AND REPTILES IS 
proud to announce the publication of a new and expanded 

version of a book that has long enjoyed a classic status. Profes-
sor Duellman's Hylid Frogs was originally issued in 1970 by the 
Museum of Natural History of The University of Kansas. As 
Jay M. Savage wrote in Herpetological Review at the time, "In 
tropical American herpetology, it is likely to remain an unas-
sailable model." 

In 753 pages, 324 figures, and 72 plates, the original book sur-
veyed all 115 species of hylid frogs then known from Mexico to 
Panama, complemented by reproductions of David M. Dennis's 
highly detailed and life-like watercolors. Hobart M. Smith com-
mented in Copeia, "Hylid Frogs marks an apogee of achieve-
ment; it is the Hope Diamond of technical herpetological litera-
ture." The book was an instant success, but it soon went out of 
print and copies today fetch $300 or more on the secondhand 
market, when they can be found at all. 

During the intervening years until the present, the number of spe-
cies in this region has risen by 50 to 165, most of them new species 
from southern Mexico, Guatemala, and Honduras, and all of them 
from the highland regions. The expanded edition consists of 
1170 pages—a 55% enlargement of the original—and 20 new 
plates. The new edition includes a reprint of the original text plus 
a supplement in which each species account is revised and the new 
or resurrected species are treated in detail. Similarly, the numbers 
of figures, tables, and appendices are significantly increased. New 
spot distribution maps are provided for the new species and also 
for many others whose distributions have expanded since 1970. 

For reproduction of the color plates, the original watercolors 
have been laser scanned—not photographically repro-
duced as in 1970—using the latest technologies. This has 
produced images that are brighter, more accurate, and much 
closer to the original paintings. In addition, Mr. Dennis has pro-
duced 55 new watercolors (51 in color, 4 black-and-white). The 
resulting plates are of the highest standard. 
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FIG. 402. Distribution of four species in the Hyla bistincta group. 

The species accounts are arranged as in the 1970 edition: Syn-
onymy, Diagnosis, Description, Tadpoles, Mating Call, Natural 
History, Remarks, Etymology, and Distribution. There is a re-
view of the evolutionary history of Middle America including 
plate tectonics, the evolution and phylogenetic relationships of 
hylid frogs, a chapter on distribution and diversity, and 
biogeographic comparisons between hylids and frogs of the ge-
nus Eleutherodactylus and with bolitoglossine salamanders, the 
two other large taxonomic and geographic segments of the Mid-
dle American amphibian fauna. 

There is also a chapter on conservation, keys to adults, and a 
table of larval characteristics. Results of phylogenetic analyses 
are provided for most hypothesized lineages. As in the original 
edition, there are extensive tables showing the distribution of 
species within ecogeographic regions; altitudinal distribution, 
habitat, and reproductive sites; and an appendix listing all newly 
acquired museum specimens. 

c 

a 
C.) 

(I) 

0) 
0 
ao 
co 



WILLIAM E. DUELLMAN is Curator Emeritus in the Natural History Museum and Professor Emeritus in the Department of 
Ecology and Evolutionary Biology at The University of Kansas. He has conducted active field work in the neotropics continuously 
since 1951. Professor Duellman is the author of numerous papers and monographs on Middle American and South American am-
phibians and reptiles and the author of several books, most recently of Biology of Amphibians, co-authored with Linda Trueb in 
1985 (new printing in 1994) and Patterns of Distribution of Amphibians, edited by him in 1999. 

DAVID M. DENNIS was head of the Biological Illustration Unit of the College of Biological Sciences at The Ohio State University 
for 30 years but now resides in Sarasota, Florida. He is widely recognized as one of the foremost illustrators of amphibians and 
reptiles. His award-winning natural history paintings have been displayed in major galleries and exhibits. 

Some Newly Described Species of Frogs Illustrated in the Book 
Note: These reproductions were made from color slides, but those in the book have been 

laser-scanned directly from the original watercolors and, therefore, are of a higher quality. 

Specifications: 1170 pages, 443 figures including maps, 88 tables, 6 appendices, 92 plates (48 black-and-white, 44 in full color, color 
frontispiece). Format 81/2 by 11 inches (21.5 by 28 cm), clothbound in 2 volumes. ISBN 0-916984-56-7. To be published in July 2001. 

PRICES: Pre-publication to SSAR members us$95; Institutions, non-members us$125. SHIPPING: USA, add us$5; non-USA, us$10. 

SEND ORDERS TO: Dr. Robert D. Aldridge, SSAR Publications Secretary, Department of Biology, Saint Louis University, 3507 Laclede 
Avenue, Saint Louis, Missouri 63103-2010, USA (telephone: area code 314, 977-3916 or —1710; fax: 314, 977-3658; e-mail: ssar@slu.edu).  
Please make checks payable to "SSAR." Overseas orders must be paid in USA funds using a draft drawn on American banks or by 
International Money Order. Orders may also be charged to MasterCard or VISA (please provide the account number and card expiration 
date). Current SSAR membership information and a complete list of all Society publications can be obtained on request to Dr. Aldridge. 



MEETINGS 

Meetings Calendar 

21-22 April 2001-24th annual All Florida Herpetology Confer-
ence, Sheraton Hotel, Gainesville, Florida, USA. Sponsored by 
Florida Museum of Natural History and Gainesville Herpetologi-
cal Society. Details from: www.flmnh.ufl.edu/natsci/herpetology/  
afhc.htm. 

5-10 July 2001—American Society of Ichthyologists and Herpe-
tologists, 81st annual meeting, Pennsylvania State University, State 
College, Pennsylvania, USA. Details from: www.outreach.psu.edu/ 
c&i/ichher/. 

14-17 July 2001—International Herpetological Symposium 25th 
Annual Meeting, Detroit Zoological Institute in Detroit, Michi-
gan, USA. Refer to meeting announcement above for details. 

13-17 July 2001—Societas Europaea Herpetologica 1 1 th Gen-
eral Meeting, Slovenia. Details from: DPPVN/DAPTF Slovenia, 
Ptujska c. 91, SI-2327 Race, Slovenia; fax: +386 (0)2 788 30 51; 
e-mail: milan.vogrin@guest.arnes.si.  

27-31 July 2001-44th Annual Meeting, Society for the Study of 
Amphibians and Reptiles, together with The Herpetologists' 
League (http://www.inhs.uiuc.edu/cbd/HUHL.html) . Indiana Uni-
versity/Purdue University, Indianopolis, Indiana, USA. Details 
available on page 1 of this issue of HR and on the SSAR web site: 
www.ukans.edu/-ssar/an-mtng.html.  

19-23 September 2001—Association of Reptilian and Amphib-
ian Veterinarians, Eighth Annual Conference, Orlando, Florida, 
USA. Details from: Charles J. Innis, VMD, VCA Westboro Ani-
mal Hospital, 155 Turnpike Road, Westboro, Massachusetts 01581, 
USA; tel. 508-366-1444; fax 508-634-6997; e-mail: 
clemmys@aol.com.  

2-9 December 2001 (note change of dates)—Fourth World Con-
gress of Herpetology, Colombo, Sri Lanka. Details from: 4WCH 
Promotions Office, 95 Cotta Road, Colomba 8, Sri Lanka; e-mail: 
admin@4wch.com;  http://www.4wch.com . 

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, Jennifer 
Garrison or Eli Greenbaum; postal and email addresses may be found 
on the inside front cover. Comments and suggestions are also welcome. 

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

Evolution of Ranid Frogs in Madagascar and Asia 

The highly conserved body plan of anurans has hindered efforts 
to demonstrate convergence among ecologically specialized spe-
cies of frogs. Bossuyt and Milinkovitch sequenced mitochondrial 
and nuclear DNA sequences of all Madagascan and Asian sub-
families of Ranidae (with the exception of the African subfamily 
Ptychadeninae) to produce the first phylogenetic hypothesis for 
this group. Data were analyzed with PAUP*; both maximum par-
simony and maximum likelihood analyses were performed. A 
monophyletic origin for Madagascan ranids is supported by the 
data. However, monophyly of the genus Limnonectes and the sub-
families Rhacophorinae, Tomopterninae, and Ranixalinae is not 
supported by the data. The authors discuss convergence of larval 
and adult ecomorphs among Madagascan and Asian ranids and 
suggest that the relationships of these frogs can be understood 
within the context of plate tectonics. 

BOSSUYT, E, AND C. MILINKOV1TCH. 2000. Convergent adaptive radiations 
in Madagascan and Asian ranid frogs reveal covariation between lar-
val and adult traits. Proceedings of the National Academy of Sciences 
97:6585-6590. 

Correspondence to: Michel C. Milinkovitch, Unit of Evolutionary Ge-
netics, Free University of Brussels (ULB), cp 300, Institute of Molecular 
Biology and Medicine, rue Jeener and Brachet 12, B-6041 Gosselies, 
Belgium; e-mail: mcmilink@ulb.ac.be.  

Embryological Development of the Turtle, 
Carettochelys insculpta 

Standard series of embryological stages are essential for the 
comparison of embryos incubated under differing conditions and 
to facilitate comparisons between and among taxa. The authors 
staged embryos of the turtle Carettochelys insculpta and noted 
differences between the development of this species and that of 
Chelydra serpentina (Stages 12-26). Non-destructive characters 
useful for staging (e.g., development of the extra-embryonic vi-
telline circulation) were observed by candling and described within 
the framework of a 26 stage series. Opaque patch attributes were 
useful before stage 5, embryo attributes and measurements were 
used between stages 5-22, and proportion of yolk mass inside the 
egg was used to estimate stages 23-26. This study will allow fu-
ture workers to estimate the age of developing embryos without 
damaging the eggs of this highly threatened species. 

BEGGS, K., J. YOUNG, A. GEORGES, AND P. WEST. 2000. Ageing the eggs and 
embryos of the pig-nosed turtle, Carettochelys insculpta (Chelonia: 
Carettochelydidae), from northern Australia. Canadian Journal of Zo-
ology 78:373-392. 

Correspondence to: Arthur Georges, Applied Ecology Research Group 
and Co-operative Research Centre for Freshwater Ecology, University of 
Canberra, ACT 2601, Australia; e-mail: georges@aerg.canberra.edu.au.  
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Olfactory System Histochemistry in the Agamid, 
Physignathus lesuerii 

The olfactory system of most terrestrial vertebrates consists of 
two parts—the olfactory mucosa (receptor cells connect to the main 
olfactory bulb) and the vomeronasal organ (also known as 
Jacobson's organ; receptor cells connect to the accessory olfac-
tory bulb). Lectin binding histochemistry was used to elucidate 
the cell-surface glycoconjugates of both components of the olfac-
tory system in the Australian agamid, Physignathus lesueurii. 
Results of these experiments suggest that the receptor cells of the 
olfactory and vomeronasal organs contain D-acetylglucosamine 
and a-D-galactose terminal residues. These residues may be inte-
gral to olfaction and could be used to study specific odorant re-
ceptors. Previous workers have suggested that glycoconjugates 
may be important components in olfactory system development 
and regeneration. 

FRANCESCHINI, V., M. LAZZARI, AND F. CIANI. 2001. Lectin-binding patterns 
in the olfactory system of the lizard, Physignathus lesueurii. Journal of 
Morphology 247:34-38. 

Correspondence to: Valeria Franceschini, Department of Biology, Via 
Selmi, 3 – 40126 Bologna, Italy; e-mail: vfrance@alma.unibo.it.  

Anatomy of Venom Expulsion in Crotalus 

The intraglandular pressure hypothesis states that the m. 
pterygoides glandulae assists in venom expulsion. The authors 
tested this hypothesis and investigated functional subdivisions 
within the extrinsic musculature of the venom gland in rattlesnakes 
of the genus Crotalus. Venom glands and extrinsic musculature 
were examined in histological sections and via clearing and stain-
ing with Sudan Black B. Venom expulsion pressure was measured 
with a PT300 pressure transducer and a bipolar stimulating tube 
was used to stimulate muscles. Anatomy and spatial relationships 
of the m. pterygoides glandulae and m. compressor glandulae are 
discussed. Venom expulsion pressure (flow) was greatest when 
the m. compressor glandulae was stimulated on the medial side; 
stimulation of the muscle on the dorsolateral side yielded the least 
amount of venom. Stimulation of the m. pterygoides glandulae 
resulted in more venom flow than the m. compressor glandulae 
regardless of the side stimulated. The two muscles have different 
functional roles and produce force vectors that are nearly oppo-
site. The results suggest that the m. compressor glandulae may 
have several functionally independent muscle compartments, 
whereas the m. pterygoides glandulae does not. The authors sug-
gest other unidentified factors may contribute to regulation of 
venom flow. 

YOUNG, B. A., K. ZAHN, M. BLAIR, AND J. LALOR. 2000. Functional subdi- 
vision of the venom gland musculature and the regulation of venom 
expulsion in rattlesnakes. Journal of Morphology 246:249-259. 

Correspondence to: Bruce A. Young, Department of Biology, Lafayette 
College, Easton, Pennsylvania 18042, USA; e-mail: 
youngab@lafayette.edu.  

Aquatic Funnel Traps Estimate Population Size in 
Taricha granulosa 

Aquatic funnel traps may prove useful in estimating and moni-
toring population size of amphibians in lentic habitats. The au-
thors tested the ability of aquatic funnel traps to capture a constant 
proportion of a population of Taricha granulosa in different den-
sities and whether biases in sampling resulted from the presence 
of female newts in traps. Data indicated that the number of newts 
captured increased with population density, and the presence of 
females in traps increased the number of newts captured. Thus, 
future workers will need to consider this bias when using aquatic 
funnel traps in population studies. 

WILSON, C. R., AND P. B. PEARMAN. 2000. Sampling characteristics of 
aquatic funnel traps for monitoring populations of adult rough-skinned 
newts (Taricha granulosa) in lentic habitats. Northwestern Naturalist 
81:31-34. 

Correspondence to: Christopher R. Wilson, Department of Biology, Ap-
palachian State University, Boone, North Carolina 28608, USA. 

Molecular Phylogeny of North American 
Softshells 

Few molecular phylogenetic studies have examined widely dis-
tributed taxa in North America. The authors studied the genetic 
structure of three species of the trionychid genus Apalone, a widely-
distributed and relatively old taxon. Cytochrome B sequences were 
obtained from 49 turtles in 35 localities and aligned sequences 
were analyzed with phylogenetic parsimony and neighbor-join-
ing in PAUP*. Results indicated that A. ferox has a low amount of 
genetic variability and may represent an isolated population from 
the Pliocene. Genetic variability was high in A. mutica and A. 
spinifera; the authors suggest these species shared a vicariant event 
during the Pliocene or Pleistocene. Reduced genetic variation in 
northern populations suggests a recent migration into formerly 
glaciated areas. Although most North American turtles are noted 
for their slow rate of molecular evolution, the results of this study 
suggest that Apalone has a high rate for reasons that are not clear. 

WE!SROCK, D. W., AND F. J. JANZEN. 2000. Comparative molecular 
phylogeography of North American softshell turtles (Apalone): Impli-
cations for regional and wide-scale historical evolutionary forces. Mo-
lecular Phylogenetics and Evolution 14:152-164. 

Correspondence to: Fredric J. Janzen, Department of Zoology and Ge-
netics, Program in Ecology and Evolutionary Biology, Iowa State Uni-
versity, Ames, Iowa 50011-3223, USA; e-mail: fjanzen@iastate.edu.  

Residency, not Physical Attributes, Predicts 
Winner in Male-Male Skink Contests 

The authors studied Tasmanian snow skinks, Niveoscincus 
microlepidotus, in their natural habitat to determine what factors 
most influenced the outcome of agonistic interactions between 
males. This species is not strictly territorial, and some males wan- 
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der into the overlapping home ranges of other males while search-
ing for prey and mates, resulting in combat. Snow skinks are known 
to hibernate, and most combat occurs soon after the lizards emerge 
from hibernacula. Observations of a population were made over a 
five-year period on the island of Tasmania at 1270 m elevation. 
Thirty-two interactions were monitored, and all but one of the 49 
males were captured and measured for various morphological traits. 
No consistent difference in SVL or mass/length ratio was mea-
sured between "winners" and "losers." However, ownership, or 
residency, was strongly correlated with success (71.9% of win-
ners were residents). 

OLSSON, M., AND R. SHINE. 2000. Ownership influences the outcome of 
male-male contests in the scincid lizard, Niveoscincus microlepidotus. 
Behavioral Ecology 11:587-590. 

Correspondence to: Mats Olsson, University of Gothenburg, 
Medicinaregatan 18, SW 413 90 Gothenburg, Sweden; e-mail: 
matsolsson@zool.gu.se.  

Regulating Factors Affecting the Loss of External 
Gills in Red-eyed Tree Frogs 

Experiments were conducted using embryos and tadpoles of 
Agalychnis callidryas to determine the effect of oxygen availabil-
ity on the timing of gill regression. The effects of age at hatching 
on gill regression were also studied. This species oviposits arbo-
really, with tadpoles falling into water after hatching. The author 
found that there was a correlation between gill loss and age at 
hatching. Cessation of gill circulation was more rapidly accom-
plished in older embryos (7 days) than in younger embryos (5 
days). The amount of egg surface that was exposed to the air had 
an effect on both gill filament length and circulation. When more 
egg surface was exposed to air, circulation in external gills ceased 
by day 7, and gill length was significantly shorter than that ob-
served for "low-exposure" embryos. Those individuals in the low-
exposure treatment maintained full gill circulation through day 7. 
Finally, the author's results show that exposure to hypoxic versus 
normoxic water also influences gill length and perfusion. In gen-
eral, gill loss is rapid in Agalychnis callidryas—gills that are 60% 
of the body length and fully perfused at hatching can be bloodless 
within 5 minutes and completely adducted within 2 hours. 

WARKENTIN, K. 2000. Environmental and developmental effects on exter-
nal gill loss in the red-eyed tree frog, Agalychnis callidryas. Physi-
ological and Biochemical Zoology 73:557-565. 

Correspondence to: Karen M. Warkentin, School of Biological Sciences, 
University of Kentucky, Lexington, KY 40506-0225, USA; e-mail: 
lcmwark2@pop.uky.edu.  

Phylogeny and Unisexuality of Caucasian 
Rock Lizards 

The authors conducted a molecular study to determine the rela-
tionships among Caucasian rock lizards. Allozyme data were used 
to analyze parentage of 7 unisexual species, define species bound- 

aries, and reconstruct phylogeny. mtDNA sequence data were used 
to identify parentage and reconstruct the overall phylogeny (in-
cluding 15 bisexual species) of the genus Darevskia. All analyses 
were perfomed using PAUP* and the outgroups for DNA analysis 
were Algyroides fitzingeri, Lacerta media, L. monticola, and L. 
vivipara. Of the 2851 base pairs of mtDNA sequence data, 769 
were found to be potentially cladistically informative. Analysis 
resulted in a single most parsimonious tree with strong resolution 
and support. Investigation of 35 allozyme loci yielded 18 infor-
mative characters. Analysis of allozyme data resulted in 89 equally 
parsimonious trees. A consensus tree of both data sets and the hy-
pothesized parentage of the unisexual species is provided. Hy-
bridization leading to unisexuals was found between only two 
clades (never within clades), and was found to be directional, with 
certain clades providing only maternal and others only paternal 
parents. It is hypothesized that certain clades do not contribute to 
unisexual production because of phylogenetic, genetic, and possi-
bly ecological constraints. 

MURPHY, R., J. Fu, R. MACCULLOCH, I. DAREVSKY, AND L. KUPRIYANOVA. 

2000. A fine line between sex and unisexuality: the phylogenetic con-
straints on parthenogenesis in lacertid lizards. Zoological Journal of 
the Linnean Society 130:527-549. 

Correspondence to: Robert Murphy, Center for Biodiversity and Conser-
vation Biology, Royal Ontario Museum, 100 Queen's Park, Toronto, 
Ontario, M5S 2C6, Canada; e-mail: drbob@rom.on.ca.  

Review of Contaminant Effects on Lizard Species 

This paper represents an extensive review of available litera-
ture regarding organic and inorganic contaminants and their ef-
fects on lizard species. Lizard species, while an important part of 
many ecosystems (e.g. biomass and ecological roles), are often 
omitted from environmental impact studies. In an attempt to stress 
the importance of including this type of data when creating realis-
tic ecological models, and to encourage further studies, the au-
thors have summarized data regarding residue, bioaccumulation. 
and lethal effects of organic, inorganic and radionuclides/radia-
tion contamination on lizard species. Twenty-six families and over  
three dozen contaminants (organic/inorganic) are included in the 
extensive tables. Also included are the localities and time periods 
over which the summarized studies were produced. This study not 
only encapsulates what is known regarding contaminant effects 
on lizard species, it also points out where information gaps exist. 

CAMPBELL, K. AND T. CAMPBELL. 2000. Lizard contaminant data for eco-
logical risk assessment. Review of Environmental Contamination and 
Toxicology 165:39-116. 

Correspondence to: Kym Rouse Campbell, The Cadmus Group, Inc., 78A 
Mitchell Road, Oak Ridge, Tennessee 37830, USA; e-mail: 
kcampbell@cadmusgroup.com.  
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SSAR 2001 Graduate Student Reprint and 
Book Scavenge! 

There's no better way to advance graduate educa-
tion (and clean up your offices!) than contributing 
reprints and other publications to the grad student 
scavenge at Indianapolis. We are requesting con-
tributions of any and all publications you'd like to 
donate to this noble cause. The grad student social 
is greatly enhanced by the opportunity for students 
to acquire various herp lit- 
erature. Donated items 
can be brought directly to 
the meeting or sent to: V. 
H. Opell, 640 Terrace 
Drive, Zionsville, Indiana 
46077, USA. Questions? 
Please contact Kirsten E. 
Nicholson 	(e-mail: 
kirsten_nicholson@ 
yahoo.com). 

55AR Bz HL JOINT MEETINGS 

INDIANAPOLIS, INDIANA 2001 

Hubert Saint-Girons, 1964. 

   

Phenotypic Plasticity and Treefrogs: Testing 
Responses to Pond Drying 

 OBITUARIES 

   

It is often assumed that larval anurans that utilize temporary 
breeding ponds, once past a critical developmental stage, can re-
spond adaptively to drying habitat by increasing the rate of devel-
opment towards metamorphosis. The authors investigate this as-
sumption using a 6x6 experimental design and two treefrog spe-
cies. Adults of the species Hyla cinerea most often use permanent 
bodies of water for breeding, while H. gratiosa breed in tempo-
rary ponds. It was hypothesized that if a species that often used 
more ephemeral pools was subject to drying it would be capable 
of metamorphosing sooner than a conspecific exposed to constant 
water levels. In addition, permanent pond breeders were predicted 
to lack the phenotypic plasticity to respond in this way to drying 
because these species experience little selection pressure from dry-
ing. The results of this study show that higher levels of effective 
density produced longer larval periods and a smaller size at meta-
morphosis. However, neither species increased its rate of devel-
opment in response to drying of the pond (as compared with the 
constant-environment control animals). Several theories regard-
ing primary causative agents for these results are discussed. 

Len's, J., M. MCMANUS, AND J. TRAVIS. 2000. Response of treefrog larvae 
to drying ponds: comparing temporary and permanent pond breeders. 
Ecology 81:2997-3008. 

Correspondence to: Jeff Leips, Department of Genetics, North Carolina 
State University, Raleigh, North Carolina 27695-7614, USA. 
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Vale—Hubert Saint-Girons (1926-2000) 

DONALD BRADSHAW 
Department of Zoology, University of Western Australia 

Perth, Western Australia 6907, Australia 
e-mail: Don.Bradshaw@uwa.edu.au  

XAVIER BONNET 
CEBC — CNRS, P.O.Box 14 

79360 tillers en Bois, France 
e-mail: bonnet@cebc.cnrs.fr  

RICHARD SHINE 
Zoology A08, University of Sydney, School of Biological Sciences 

Sydney, NSW 2006, Australia 
e-mail: rics@bio.usyd.edu.au  

and 
PATRICK T. GREGORY 

Department of Biology, University of Victoria 
Victoria, British Columbia, V8W 2Y2, Canada 

e-mail: thamnoph@uvvm.uvic.ca  

Hubert Saint-Girons 
passed away after a short 
illness on 18 April 2000 in 
Nantes, not far from his 
home at Bohallard, close to 
the small town of Nozay in 
the west of France. A born 
naturalist, talented histolo-
gist, student of population 
dynamics, and France's 
most noted herpetologist, 
he made an enormous con-
tribution to French science 
over a period of more than 
fifty years, starting in 1946. 
He received his doctorate in 
1951, at the University of 
Paris—the subject being the reproductive biology and ecology of 
European vipers. This laid the groundwork for his life-long inter-
est in snakes, which he studied with such passion in the grounds 
of his small chateau at Bohallard. 

As Directeur de Recherche au CNRS he worked for many years 
at the Centre d'Ecologie at Brunoy, before moving to his base 
laboratory at the Universite Pierre et Marie Curie in the Laboratoire 
d'Evolution des Etres Organises in Boulevard Raspail in Paris. 
From there he carried out all his detailed histological studies dur-
ing six months of the year—the other six months being devoted to 
field work at Bohallard. 

One of the notable aspects of his distinguished career was his 
ability to change from one field to another, mastering each new 
discipline in its turn. His early studies were done in collaboration 
with Manfred Gabe—perhaps one of the world's finest histolo-
gists—and he inherited many of the exquisite skills that he em- 
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Bothriechis marchi. Illustration by 
Michael Burger. 

ployed in his morphological research directly from Gabe, who 
unfortunately passed them to no other. Hubert was also one of the 
first zoologists to attempt to correlate laboratory with field studies 
of animals in their natural environment and this led to his interest 
in, and contribution to, the new field of ecophysiology. His pio-
neering work on the sources of energy and materials stored by 
animals prior to reproduction, which he published in the 50s, pre-
dates by many years the now highly fashionable field of 'income' 
versus 'capital breeders.' He also made a major contribution to 
studies of hibernation in mammals, again combining field and his-
tological studies to unravel the nature of the basic mechanisms 
involved. 

Even a brief look at only a few of Hubert's papers quickly al-
lows one to see that he not only published in a range of disci-
plines, but he also varied the approach he took to his work. His 
studies of snakes are especially noteworthy for encompassing both 
field and laboratory and for pioneering the use of outdoor enclo-
sures as a useful adjunct. Large enclosures allowed Hubert to 
maintain and study snakes in relatively controlled, but semi-natu-
ral, conditions. Many of the observations that he made on snakes 
in enclosures have produced important conclusions, as well as 
hypotheses that now can be tested, using newer techniques, on 
free-ranging animals in the field. Hubert himself, however, was 
not a heavy user of "high-tech" methods such as radiotelemetry. 
Instead, he relied on his skills as a naturalist to locate marked 
animals in the field and draw his conclusions. This is evident even 
in his most recent field studies from the 1990s. 

Hubert's pioneering contributions spanned not only a diversity 
of taxa, concepts, and methods, but also involved a remarkably 
broad set of environments. Although his beloved vipers were the 
centerpiece of his work, he also conducted some of the first rigor-
ous studies of the ecology and reproductive biology of tropical 
reptiles. In a field that is still dominated by studies of northern 
temperate-zone species, his research on the snakes of Cambodia 
and New Caledonia deserve special mention. He worked exten-
sively in the High Atlas of Morocco, collecting and describing 
new species, among them Vipera latastei monticola (now V 
monticola). One might also cite the major monographs (published 
with Gabe) on the histology of the rare New Zealand tuatara (Sphe-
nodon punctatus) and the detailed cytology of the nasal cavity and 
Jacobson's Organ of many reptiles. 

He participated in many important field trips in far-flung parts 
of the world. One memorable trip to the desert of northwest Aus-
tralia in 1978 (with other herpetological luminaries such as Carl 
Gans and Hal Cogger) went well until a wheel on the laboratory-
caravan exploded some 200 km from the nearest town! Most of 
the team were left by the side of the road while the more mechani-
cally minded headed off with the salvaged pieces in search of an 
expert welder. It was very hot (45°C!) and dusty, and everyone 
except Hubert became progressively more dishevelled and dirty 
as time went by. Hubert remained impeccable. Not a speck of dust 
ever adhered to him! All he ever asked for was a glass of cold 
white wine at sunset which he drank whilst looking disparagingly 
at his rather grubby field companions. 

Unlike many scientists, Hubert was able to admit when subse-
quent research showed that he had been wrong in his earlier con-
clusions. In some early work he, along with many other histolo-
gists, misidentified the reptilian corticotroph as a pituitary cell se- 

creting luteinizing hormone instead of adrenocorticotrophic hor-
mone, but corrected this error in a paper published many years 
later. His work on the cellular structure and secretory capacity of 
the pituitary gland of reptiles laid the groundwork for later experi-
mental studies by other scientists. 

Hubert's work was meticulous and he had evolved a most ex-
traordinary tiny form of shorthand writing that was totally incom-
prehensible (and indeed, almost invisible!) to others. When cor-
recting the work of other scientists he was positive in his criti-
cisms, suggesting ways of resolving problems and detailing pos-
sible future avenues of research. He did not take on students per-
sonally but he was always generous with his time and his ideas. 
Hubert was instrumental in launching the career of many young 
herpetologists, and not only in France. He was one of the examin-
ers for Rick Shine's PhD thesis in Australia, and doubtless played 
the same role for others. 

He was also an extraordinary host. Legions of foreign scientists 
have spent some of their best days at Bohallard with Hubert and 
his gracious wife, Marie-Charlotte, where one became mesmer-
ized by the precision of their wonderful shared life. Marie-Char-
lotte was also a scientist in her own right (although she insisted 
that she was a geographer and not a zoologist!) and they shared a 
unique partnership, starting with their classic paper in Vie et Mi-
lieu in 1956 on reptilian thermoregulation and continuing with 
many other papers and translations of books into French over the 
years. Unfortunately, Marie-Charlotte died a few years before 
Hubert and his last years were never the same without her. 

It is impossible to do justice to Hubert's scientific oeuvre —he 
published more than 200 papers, and these are spread over a very 
wide range of fields. He was, without question, France's most dis-
tinguished herpetologist and one acknowledged throughout the 
world. His greatest regret was not being able to speak English 
fluently, although he read it with ease. He was, without doubt, a 
complex personality—witty, charming, and intelligent, an excel-
lent chess player, and a fascinating raconteur capable of dropping 
penetrating observations on the behavior of others into the con-
versation when the occasion dictated! We will remember him most 
for the generosity of his nature. In the English-speaking world, he 
was not as well recognized as he should have been because most 
of his papers were published in French and in generally less–well-
known journals. Nonetheless, he was almost certainly better ap-
preciated abroad than at home, but this is often the case with ex-
ceptional people who do not fit easily into one of the conventional 
categories. France has lost one of its leading scientists and, seeing 
the way in which studies in herpetology are discouraged today in 
that country, we doubt that there will ever be another to replace 
him. 
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In a recent Geographic Distribution note, Wallach (1999) re-
ported what he described as the first country record of 
Ramphotyphlops braminus for Egypt and Africa north of the Sa-
hara. This statement is inaccurate; two other workers had reported 
the presence of the species from the country beforehand: Baha El 
Din (1996) and Saleh (1997). It is understandable that these pub-
lications did not reach the attention of Wallach, given their rather 
restricted circulation and limited availability. However, what 
prompted me to write this letter are the location and circumstances 
under which the specimen Wallach reported was collected. MVZ 
230077 was found as a bicycle casualty in the Cairo suburb of 
Maadi. Amazingly, the specimen I reported as the first record for 
Egypt (SMB 212, in my personal collection) was found in the 
same suburb and it was a traffic casualty as well (Baha El Din 
1996). I could not ascertain what kind of vehicle might have killed 
it, but given the light damage inflicted on the specimen I would 
not be surprised if it was a bicycle too! Ramphotyphlops braminus 
appears to be well established in the greater Cairo region and prob-
ably large areas of the Nile Valley. The earliest specimen seems to 
have been collected in 1984 from Cairo, but only identified re-
cently (Saleh 1997). 
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The body temperature of a reptile can influence its ability to 
perform a variety of activities that affect individual survivorship, 
growth rate and reproductive success (e.g., sprinting, digestion, 
social interactions). Thus, temperature regulation may increase a 
reptile's fitness (Huey 1982). Although reptiles are ectothermic 
and have only limited physiological scope for controlling body 
temperature (Stevenson 1985), many reptiles are able to maintain 
their body temperature within certain limits by behaviorally ex-
ploiting spatial and temporal variation in their thermal environ-
ment (e.g., Cowles and Bogert 1944). 

Diurnal reptiles are well known for their ability to thermoregu-
late behaviorally, but comparatively little is known about this phe-
nomenon in nocturnal species (reviewed in Huey 1982). Because 
opportunities for behavioral temperature regulation are restricted 
at night due to the absence of solar radiation, many nocturnal rep-
tiles forage at low and variable body temperatures (Cowles and 
Bogert 1944; Pianka and Pianka 1976; Pianka and Huey 1978; 
Autumn et al. 1994). However, the thermal environments within 
the daytime retreat sites used by reptiles can offer a wide range of 
potential body temperatures (Huey et al. 1989a; Webb and Shine 
1998a) and there is evidence that some nocturnal reptiles do ther-
moregulate during the day while sequestered within retreat sites 
(Bustard 1967; Dial 1978; Kearney and Predavec 2000; Schlesinger 
and Shine 1994; Webb and Shine 1998b; Werner and Whitaker 
1978). For instance, in captivity the nocturnal rock-dwelling gecko 
Coleonyx brevis was observed to raise its body from a cool sub-
strate and into contact with a warm overlying rock to gain heat by 
conduction (Dial 1978). 

In this study, I investigated the thermoregulatory behavior of 
two species of nocturnal Australian lizards, the marbled gecko 
Christinus marmoratus and the thick-tailed gecko Nephrurus 
Field-active marbled geckos have been demonstrated to regulate 
their body temperature during the day by choosing a thermally 
suitable retreat site and then by adjusting their position, and possi-
bly also their posture, within the retreat site (Kearney and Predavec 
2000). The behavioral mechanisms by which marbled geckos ther-
moregulate, however, have not been directly observed. Herein, I 
report direct laboratory observation of postural thermoregulatory 
behavior in the marbled gecko and the thick-tailed gecko. 

Marbled geckos and thick-tailed geckos were collected from a 
granite outcrop in central Victoria, Australia (36°27'42"S, 
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143°45'10"E), where they occur in sympatry and shelter beneath 
rocks (see Kearney and Predavec 2000 for details of the study 
site). Marbled geckos are small (adult snout—vent length = 50 mm, 
adult body mass = 2.5 g), arboreal lizards whereas thick-tailed 
geckos are larger, terrestrial lizards (adult snout—vent length = 80 
mm, adult body mass = 10 g). Four marbled geckos (all adults) 
and four thick-tailed geckos (two adults and two juveniles) were 
collected in October 1998. Four additional thick-tailed geckos (two 
adults and two juveniles) were collected in January 1999. There 
were even numbers of each sex in adult groups and the sex of 
juvenile geckos was not determined. Geckos were immediately 
transported to holding facilities at Monash University and main-
tained under standard conditions (for more details on gecko hus-
bandry, see Kearney and Predavec 2000). 

I used an enclosure to observe thermoregulatory behaviors. It 
consisted of a glass aquarium (600 x 300 x 300 mm) containing an 
artificial crevice within which geckos could be readily observed 
through the aquarium wall. The crevice was composed of two slabs 
of quarried granite (each 295 x 130 x 15 mm) placed side-by-side 
and elevated above the floor of the aquarium by blocks of wood. 
A crevice width of 12 mm was used for marbled geckos and juve-
nile thick-tailed geckos, and a crevice width of 16 mm was used 
for adult thick-tailed geckos (these dimensions allowed sufficient 
room for the geckos to raise their bodies above the crevice sub-
strate and still reach the overlying rock). Temperatures within the 
crevice were monitored with type-T thermocouples that were taped 
to the undersides of the slabs and to the crevice substrate. A desk 
lamp, fitted with a dimmer and a clear 25-W globe, was directed 
onto one of the granite slabs and heated its underside to a maxi-
mum temperature of 32°C. The temperature of the underside of 
the other, adjacent granite slab did not rise above 17°C, thus pro-
viding two thermally distinct regions within the crevice. The 
aquarium was placed on top of an open, portable fridge which 
cooled the substrate of the crevice to a minimum temperature of 
10°C. The entire enclosure was placed in a constant temperature 
room set at 17°C with a L:D 14:10 photoperiod. The heat lamp 
was automatically turned on during the light phase of the 
photocycle. 

Between 19 December 1998 and 6 January 1999, geckos were 
introduced separately to the enclosure and given 24 hours to be- 

Flo. 1. Thermoregulatory postures assumed by the marbled gecko 
Christinus marmoratus when sequestered in a rocky crevice: (A) resting 
posture, (B) fully erect posture, (C) semi erect posture. Similar postures 
were also observed for the thick-tailed gecko Nephrurus 

come accustomed to the new surroundings. Their behavior was 
then monitored using a Sony TRV99E video camera from behind 
a black screen. After a gecko was observed in an erect posture 
(see below) for at least one hour, it was removed from the enclo-
sure and its rectal temperature was immediately recorded with a 
type-T thermocouple thermometer and probe. All geckos were re-
turned to the study site upon completion of the experiment. 

When placed in the enclosure, all geckos entered the crevice 
and assumed an erect posture whereby the body was elevated off 
the substrate until the dorsal surface contacted the underside of 
the rock slab (Fig. 1). This posture was very similar to that illus-
trated for Coleonyx brevis in Dial (1978) except that neither 
marbled geckos nor thick-tailed geckos raised their tails to con-
tact the rock slab. Each of the 12 geckos tested positioned itself 

TABLE 2. Mean body temperatures selected by the study species in laboratory thermal gradients and in the present 
study. 

Species Mean SD N Testing apparatus (range °C) Reference 

Christinus 27.6 0.42 3 Photothermal gradient (25-70) (Licht et al. 1966) 
marmoratus 27.1 0.81 3 Substrate gradient (25-70) (Licht et al. 1966) 

27.3 0.83 8 Substrate gradient (12-45) (Daniels 1984) 
27.7 1.33 5 Substrate gradient (5-45) (Angilletta and Werner 1998) 
24.3 2.11 30 Substrate gradient (11-45) Kearney, unpubl. 
25.9 0.56 4 Artificial crevice (10-32) This study 

Nephrurus milli 27.3 5 Photothermal gradient (25-70) (Licht et al. 1966) 
21.6 12 Substrate gradient (15-30) (Licht et al. 1966) 
24.2 2.96 4 Artificial crevice (10-32) This study (adults) 
26.3 1.34 4 Artificial crevice (10-32) This study (juveniles) 
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beneath the rock slab that was in direct contact with the heat source 
before assuming the erect posture. This is very unlikely to have 
occurred by chance (x 2  = 12, df = 1, P < 0.001) and further sug-
gests that this posture plays a thermoregulatory role. There is also 
indirect evidence that marbled geckos within retreat-sites in the 
field use such postural thermoregulatory adjustments during the 
day (Kearney and Predavec 2000). Occasionally, prior to assum-
ing the erect posture, marbled geckos were observed to repeatedly 
contact the underside of the rock slab with their snout. The den-
sity of skin sensory receptors in geckos is highest on the anterior 
part of the head (Matveyeva and Ananjeva 1995) and this tactile 
behavior may enable the geckos to choose a thermally suitable 
position before assuming the erect posture. Snout contact with the 
rock underside was not observed in thick-tailed geckos. 

In addition to raising and lowering the entire body when ther-
moregulating (cf. Coleonyx brevis [Dial 1978]), both species in 
this study may have used subtle adjustments of the amount of body 
surface in contact with the rock slab in order to regulate body 
temperature. Frequently, the geckos would lower their head out of 
contact with the rock and remain in an arched position for a num-
ber of minutes, and then raise their head back into contact with the 
rock (Fig. 1B & C). The erect posture was typically maintained 
for periods of at least an hour, with one thick-tailed gecko remain-
ing in this posture for over 5 hours. 

The body temperatures of geckos in the erect posture were much 
higher than the substrate temperature (circa 10°C) and were broadly 
similar to published values of body temperatures selected in labo-
ratory thermal gradients (Tables 1 and 2). Variation in the mean 
selected body temperature of the marbled gecko appears to be lower 
in this study than in other thermal gradient studies (Table 2) sug-
gesting that this may be a useful alternative method of measuring 
the preferred body temperature of lizards that exhibit distinct pos-
tural thermoregulatory behaviors. In contrast, variation in the mean 
elected body temperature of thick-tailed geckos was large rela-

tive to the marbled gecko (Table 2), although this may reflect a 
seasonal shift in preferred body temperature since all four geckos 
collected in summer selected higher body temperatures than those 
collected in spring (N = 8, t = -3.492, P = 0.031; Table 1). 

Temperature differentials between the substrate and the "ceil-
ing" of rocky retreat-sites in the field are commonly around 5 to 
10°C and can reach as much as 20°C (Webb and Shine 1998a; 
personal observation). Thus, the erect posture described in this 
report would be of great thermoregulatory utility to a rock-dwell-
ing gecko, and perhaps also to lizards using other types of retreat-
sites such as burrows. However, the same posture appears to be 
used by geckos in a variety of other situations. For instance, the 
thick-tailed gecko (personal observation), and at least 11 other 
species of gecko (Greene 1988) elevate their bodies in a similar 
manner when confronting potential predators. Similar postures may 
also be used by foraging geckos to extend their field of view 
(Werner and Broza 1969). Whether such behaviors were the evo-
lutionary precursors for the thermoregulatory behavior or were 
secondary applications is unknown. 

Although nocturnal lizards are capable of activity at relatively 
low temperatures, my observations add to the evidence that these 
lizards possess adaptations to behaviorally maintain high and con-
stant body temperatures during the daytime (Autumn et al. 1994; 
Bustard 1967; Dial 1978; Kearney and Predavec 2000; Schlesinger 

TABLE 1. Body temperatures (°C) of geckos in thermoregulatory pos-
tures. 

Christinus 
	

Nephrurus 
	

Nephrurus 
marmoratus 	 milii 

	
milii 

(adult) 
	

(adult) 
	

(juvenile) 

25.1 21.8 25.1 
26.3 21.5 25.2 
26.2 27.1 * 27.0* 
26.1 26.4* 27.8* 

*Collected in summer (all other individuals collected in spring). 

and Shine 1994; Werner and Whitaker 1978). Such behavior may 
be critical in enabling nocturnal lizards to successfully perform 
many physiological functions, in light of the similarity in thermal 
preferences, tolerances and sensitivity of performance between 
nocturnal and diurnal lizards (Autumn et al. 1994; Autumn and 
De Nardo 1995; Avery 1982; Huey et al. 1989b; Werner and 
Whitaker 1978). Studies of other nocturnal taxa may reveal addi-
tional diversity in the thermoregulatory behavior of reptiles. 
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In most studies of anuran food habits, the number of prey in-
gested, and less frequently the size in length of prey, have been 
taken as numerical traits. However, volume or weight of prey are 
more suitable parameters of prey size for analytical studies such 
as relative energetic contributions of each prey taxon. The regres-
sion formulas between body length and wet weight calculated for 
some arthropod taxa (Zug and Zug 1979), or for combined 
arthropods (Rogers et al. 1976, 1977) enabled us to estimate weight 
of food from its length. However, food items extracted from di-
gestive tracts are usually broken into fragments by digestion, and 
this makes it difficult to measure the original size of prey itmes, 

FIG. 1. Measured body parts (Y:body length; X I :width of body part; 
X2:forewing length; X3:femur length) of representative individuals of 
types of arthropods taken by frogs. Arrows indicate character dimensions; 
shaded parts usually remain undigested in frog stomachs. A: ants; B: 
wasps; C: snout beetles; D: pentatomid bugs; E: earwigs; F: grasshop-
pers; G: millipedes; H: spiders. 

which is necessary for estimating their volume or weight. In this 
paper, we present regression analysis of body parts that are often 
undigested or incompletely digested and original total body length 
for some arthropod prey taxa consumed by several Japanese anu-
ran species. 

Measurements were made of body parts of prey recovered from 
stomachs of Rana nigromaculata, R. porosa brevipoda, R. rug-
osa, and Hyla japonica and of those of comparable intact prey 
animals. Both stomach samples and intact prey animals were col-
lected in rice fields around Kyoto and Otsu, Central Japan. De-
tails about methods of sampling and measurments are given else-
where (Hirai and Matsui 1999, 2000). Pearson product-moment 
correlation coefficients (Zar 1999) were calculated between body 
parts (body width, thigh length, forewing length) and total body 
length of each prey taxon. 

Most of the prey animals extracted from the stomachs were di-
gested and broken into fragments. However, heads of ants and 
wasps, as well as the abdomens and elytra of beetles, remained 
intact and their width could be measured (Fig. IA—C). In the case 
of crane flies (Tipulidae), fruit flies, moths, pentatomid bugs, wa-
ter-striders, leafhoppers (deltocephalids), grasshoppers 
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TABLE 1. Relationships between size of body parts (X in mm) and total body length (Y) of arthropods. X is a correspond-
ing part of body actually measured. 

Prey taxa Formula X r2  

Ants Y=4.75X-0.62 Xl:Head width .844 705 
Wasps Y=3.92X+0.73 Xl:Head width .923 39 

Y=1.14X -0.05 X2:Forewing length .898 23 
Larval wasps Y=5.37X+1.64 Xl:Body segment width .561 52 
Ground beetles Y=2.45X+0.68 Xl:Abdomen width .823 86 
Rove beetles Y=4.57X+0.73 Xl:Abdomen width .810 23 
Scarab beetles Y=1.91X-0.50 Xl:Abdomen width .944 51 
Click beetles Y=3.18X+0.39 Xl:Abdomen width .853 49 
Leaf beetles Y=1.20X+1.96 Xl:Abdomen width .689 32 
Snout beetles Y=2.01 X+0.57 Xl:Abdomen width .914 149 
Fruit flies Y=3.57X-0.10 X1:Thorax width .781 64 

Y=1.08X+0.48 X2:Forewing length .876 26 
Crane flies Y=5.76X+0.82 Xl:Thorax width .823 160 

Y=0.92X+0.52 X2:Forewing length .910 52 
Moths Y=2.44X+3.62 Xl:Thorax width .679 44 
Caterpillers Y=4.66X+5.23 Xl:Body segment width .732 272 
Pentatomid bugs Y=1.94X-0.28 Xl:Thorax width .910 51 
Reduviid bugs Y=3.79X-0.17 Xl:Abdomen width .925 13 
Water striders Y=3.58X+2.08 Xl:Thorax width .474 36 
Leafhoppers Y=3.01 X+0.32 Xl:Thorax width .935 15 
Earwigs Y=3.66X+3.86 Xl:Abdomen width .814 24 
Grasshoppers Y=7.74X-4.74 Xl:Thorax width .924 28 

Y=1.75X+0.97 X3:Femur length .943 15 
Grouse locusts Y=3.21X-1.05 Xl:Thorax width .794 30 

Y=2.64X-5.14 X3:Femur length .856 8 
Crickets Y=3.25X+1.29 X1:Thorax width .859 11 

Y=1.35X+1.35 X3:Femur length .943 9 
Spiders Y=2.30X+1.21 Xl:Prosoma width .719 484 
Woodlice (Oniscidae) Y=2.00X+1.38 XI:Body segment width .870 176 
Woodlice (Armadilliidae) Y=2.06X+0.94 Xl:Body segment width .835 61 
Millipedes Y=9.62X-0.57 XI:Body segment width .852 64 
Centipedes Y=11.30X-0.86 XI:Body segment width .863 14 

(Locustidae), grouse locusts (Tetrigidae), and crickets (Gryllidae), 
thoraxes were usually intact (Fig. 1 D, F). Abdomens of reduviid 
bugs and earwigs, and prosoma of spiders were also intact (Fig. 
1E, H). We could measure body width of larval wasps, caterpil-
lars, and other arthropods because some body segments usually 
were partially intact even when other body parts were more di-
gested (Fig. 1 G). Forewings of wasps, crane flies, and fruit flies 
usually remained in the stomach even when the body was absent 
(Fig. 1B). Similarly, saltatorial legs of orthopterans tended to re-
main in the stomach, and we could measure their femur length 
(Fig. 1F). 

The regression formulas between body parts (body width, thigh 
length, forewing length) and total body length are summarized in 
Table 1. Correlation coefficients obtained were significant for all 
prey taxa examined, at the level of 0.01%. 

Results of this study suggest that we can estimate original body 
length of digested prey from the size of non- or poorly-digested 
body parts such as heads of ants, elytra of beetles, and thoraces 
and thighs of grasshoppers. Food volume can also be calculated 
from the body length using body width to make the estimate (e.g., 
Dunham 1983). We can use the estimated value for statistical com-
parisons of body size and frog gape size (Hirai and Matsui 1999, 
2000). The body length estimated in this way will further enable  

us to calculate food weight using the formulas presented by Zug 
and Zug (1979) or Rogers et al. (1976, 1977). Hence, these re-
gression formulas are useful to express diet compositions by vol-
ume or weight, or eventually to evaluate energetic contributions 
by each prey taxon. 

This study was based on data from diet studies of frogs inhabit-
ing rice fields, but anurans dwelling in different habitats consume 
different prey taxa. For example, carabid beetles are often taken 
by Bufo japonicus, cave crickets by Rana tagoi, and termites by 
Microhyla ornata (Maeda and Matsui 1999). These prey taxa, 
which we could not include in this study, should be investigated in 
the future. Furthermore, similar attempts should be made in other 
geographic regions so as to determine whether or not the present 
data are applicable to their anuran fauna. 
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Many vertebrates have ultraviolet (UV) vision (Jacobs 1992; 
Tovee 1995). Among lizards, the anoles (family Polychrotidae) 
are most well-studied in terms of visual communication involving 
UV light. In Anolis carolinensis, the visual pigments have been 
characterized and one (SWS 1 [Ac]), has been found to be most 
sensitive at 358 nm, in the UV region of 
the spectrum (Kawamura and Yokayama 
1998). Evidence for the behavioral use of 	too 
UV reflectance comes from a study of the 
dewlaps of five other Anolis species 
(Fleishman et al. 1993). Two species (A. 
krugi and A. cristellatus) had highly UV 
reflectant dewlaps (Absolute reflectance > 
35% at 365 nm), while another two species 
(A. evermanni and A. gundalachi) had low 	so 
UV reflectant dewlaps (< 22%). A further 
species (A. pulchellus) was intermediate in 
dewlap reflectance (25%). Importantly, the 
species with highly UV reflectant dewlaps 
live in microhabitats exposed to direct 
sunlight, while the two low reflectant 
species live in closed-canopy forest, 	o 
suggesting a strong link between UV visual 
communication and environmental light 
regimes. However, UV sensitivity of 
photoreceptors only broadly matched the 
spectral radiance of the habitats, suggesting 
only a modest amount of coevolution 

between the dewlap 'signal' and the photoreceptor 'receiver' 
(Fleishman et al. 1997). Also, the desert iguana (Dipsosaurus 
dorsalis) produces femoral gland secretions that are highly 
reflectant to UV, and behavioral experiments suggest that that 
species is visually sensitive to the near UV and can locate UV 
reflectant markers (Alberts 1989). To our knowledge, UV 
reflectance and communication has not been reported in any other 
group of lizards 

The small, leaf-litter dwelling Australian skink, Carlia 
pectoralis, is a member of a genus that exhibits considerable sexual 
dichromatism (Greer 1989). In this species, breeding males possess 
orange lateral stripes which attract females and are also used in 
aggressive contests with other males (Blomberg and Owens, 
unpubl.). Interestingly, however, breeding males also have a grey-
blue gular (throat) region. Because C. pectoralis lives in open 
sunlight and appears to rely heavily on color in social interactions, 
we hypothesized that the gular region, which is dull in the visual 
part of the spectrum, may be reflective in the UV. 

We measured the UV reflectance of the gular region, midlateral 
stripe, and brown dorsal region of a breeding male C. pectoralis 
using an S2000 optical spectrometer (Ocean Optics, Dunedin, 
Florida, USA), with a dual deuterium-tungsten lamp. The 
deuterium lamp is optimized for wavelengths between 200 and 
400 nm, while the tungsten lamp is optimized for wavelengths 
between 350 and 750 nm. A `labsphere' certified standard was 
used as the white standard. All measurements were taken in a 
darkened room in order to minimize interference from extraneous 
light sources. Measurements were taken at 45° to the skin, over an 
area of 3 mm in diameter. 

As predicted, the gular region of male C. pectoralis is highly 
reflectant in the ultraviolet region, with a peak at 338 nm, whereas 
other regions of the body show negligible UV reflectance (Fig. 1). 
Our results are important for two reasons. Firstly, UV reflectance 
may be much more prevalent than previously expected, and may 
not be limited to groups that are thought to rely primarily on vision 
(UV or visual spectrum) for communication, such as anoles. Our 

75 
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FIG. 1. Ultraviolet reflectance plot for body regions of the small skink, Carlia pectoralis. 
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results suggest that skinks, which are known for their use of 
chemoreception (e.g., Cooper and Vitt 1984; Cooper and Vitt 
1986a, b, c; Nicoletto 1985), can also be highly visually oriented, 
and may use UV reflectant regions of the body for communication. 
Secondly, our results suggest that communication in C. pectoralis 
is more complex than previously suspected. Previous studies have 
concentrated on the adaptive significance of coloration of the 
orange lateral stripes, which are not UV reflective (Fig. 1; Blomberg 
and Owens, unpubl.). The role of the gular region in C. pectoralis 
behavior is not known. Casual observation of skinks in the field 
suggests that it could be related to the "head-nodding" behavior, 
perhaps as an "amplifier" trait that allows the head nod to be seen 
over a wider area by flashing in the UV spectrum (Zahavi and 
Zahavi 1997). 
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The western chuckwalla, Sauromalus obesus, was originally 
named Euphryne obesus by Spencer E Baird in 1858, and later 
properly emended to Euphryne obesa (Baird 1859). The genus 
Euphryne was eventually synonymized with Sauromalus by Cope 
(1875). In a recent comprehensive study of the genus Sauromalus, 
Hollingsworth (1998) placed S. obesus in the synonymy of S. ater. 
As an aside, while I accept the conspecificity of these two nomi-
nal taxa, I argue elsewhere (Montanucci 2000) that the name S. 
obesus should be given precedence over S. ater. 

In Baird's original description (1858:253), the only collection 
information is the following: "Abundant in the canons of the Colo-
rado, of California, collected by Maj. Thomas, Mex. Boundary 
Survey, and Lt. Ives' Expedition. Type No. 4172." One might rea-
sonably conclude from Baird's brief statement that the type local-
ity is "canons of the Colorado, of California" and that Major Tho-
mas is the collector. Subsequently, Baird (1859:6) listed USNM 
4172 from Fort Yuma without explicitly stating it was the type 
specimen. He also listed A. Schott as the collector of this speci-
men, and Major Thomas as the collector of USNM 2774, also 
from Fort Yuma. Hence, Baird's two published works are incom-
plete and seemingly contradictory in regards to the type locality 
and collector of the type specimen (Fig. 1). 

Euphryne obelus, Baird.-Width of head nearly equal to distance from nose to 
ear. Tail shorter than the body. General color of the young, olive green, with 
five broad transverse bars above from bead to base of tail, and about as many 
on the tail ; these rings yellow, dotted with red. Beneath pea green dotted with 
black. With increasing age, the !Ands become obsolete and disappear, the 
general color becoming reddish olive. 

The largest and heaviest of American /guanidcs, sometimes exceeding a foot 
in length. Abundant in the canons of the Colorado, of California, collected by 
Maj. Thomas, Mex. Boundary Survey, and Lt. Ives' Expedition. Type No. 4112 

21. EIIPHRYNE OBESA, Baird  . 

PLATE XXVII. 

Euphryne okra, BAIRD, Pr. A. N. Sc. Dec. 1858. 

Sr. Ca-Width of head nearly equal to distance from nose to ear. Tail shorter than the body. General 
color of the young, olive green, with five broad transverse bars above from bead to base of tail, and 
about as many on the tail; these rings yellow, dotted with red. Beneath, pea green, dotted with black. 
With increasing age the bands become obsolete and disappear, the general color becoming reddish olive. 

2774 Fort Yuma. Major Thomas.-4172. Do. A. Schott. 

FIG. 1. Upper: Description of Euphryne obesus from Baird (1858). 
Lower: Description from Baird (1859). The dash serves to divide the two 
USNM specimens and their respective collectors. Do. is an abbreviation 
for "ditto" in reference to the locality. The absence of a period after 2774 
is an omission; other numbers on the page are followed by a period. USNM 
2774 was erroneously assigned to a chuckwalla specimen; see text for 
further explanation. Courtesy: David H. Lewis. 
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TABLE 1. List of specimens used by Baird (1858) in the description of Euphryne obesus. 

USNM number Collector Locality Sex SVL 

4172 (holotype) A. Schott* Fort Yuma, CA F 162 mm 

11810 (paratype) H. B. Mollhausen** Colorado River M 160 mm 

326109(paratype) H. B. Mollhausen** Colorado River M 95 mm 
(previously 11810) 

12264 (paratype) H. B. Mollhausen** Yampai Valley, AZ M 185 mm 

* United States and Mexican Boundary Survey (Gadsden Survey; 1854-1855). 
** Lieutenant J. C. Ives' Exploring Expedition of the Colorado River (1857-1858). 

In the original ledger at the National Mu-
seum of Natural History "Fort Yuma" is given 
as the locality for USNM 4172. The date of 
entry is 1858. The names of Major G. H. Tho-
mas and A. Schott appear next to this entry. 
The name "A. Schott" was penciled into the 
ledger as the collector after the specimen was 
catalogued, but when this was done is not ex-
actly known. Thomas is now listed in the com-
puter records as the donor of the specimen. 
The ledger information is consistent with 
Baird (1859:6) in indicating that Arthur Schott 
was the collector of the holotype. Unfortu-
nately, Schott's field journals were not avail-
able to me and apparently have been lost (Fontana 1983). 

In neither of Baird's publications is the term "type locality" ex-
plicitly used, perhaps because the standards of the time did not 
require it. In Baird (1858), the word 'habitat,' abbreviated as 
"Hab.," precedes locality or distribution statements for each spe-
cies, but it is omitted under the description of Euphryne obesus. 
Multiple localities are listed for some species, while only one is 
the source of the designated type specimen. Therefore, Baird's 
statements were apparently not intended as type localities in the 
modern, strict sense. 

Baird's brief, incomplete and contradictory reporting was not 
without consequences. For example, Stejneger (1891) listed Tho-
mas as the collector of USNM 4172, as did Smith and Taylor 
(1950), who appended a question mark after his name. Cochran 
(1961:113) listed both A. Schott and G. G. [sic] Thomas as the 
collectors of USNM 4172 which she designated as a "cotype". 
Cochran's cotype designation apparently stems from Baird's use 
of multiple specimens in the original description, although the type 
specimen is listed. No authors have followed Cochran. 

Baird's (1859) listing of USNM 2774 as a chuckwalla is erro-
neous. W. R. Heyer (pers. comm.) of the USNM informs me that 
this number is assigned to a specimen of Holbrookia. Other per-
mutations of this number were explored, including the most likely, 
a transposition of the 4 and 2, i.e. USNM 4772. But this museum 
number is assigned to a Coluber constrictor, and no other permu-
tations involve specimens of chuckwallas (R. Crombie, pers. 
comm.). Cope (1900:267) published a table of chuckwalla speci-
mens examined by Stejneger that includes USNM 4172 as well as 
others collected by H. B. Mollhausen. On page 268, Cope repeated 
these numbers, except he listed USNM 4772 as a specimen from 
Fort Yuma, but since USNM 4172 does not appear in Cope's list, 
he was probably referring to the type specimen, and 4772 is sim-
ply a misprint (it should be noted that, in the old style cursive 
script, ones and sevens were often very similar). The same mis-
print had been given earlier by Yarrow (1882), and no other speci-
men was listed from Fort Yuma (also see De Queiroz 1995:35). 
Cope may have simply perpetuated Yarrow's mistake. It is pos-
sible that a paratopotype collected by G. H. Thomas never ex-
isted, otherwise Yarrow (1882) and Stejneger (1891) would likely 
have listed it. In writing his manuscript on the Reptiles of the 
Boundary, Baird may have listed the Fort Yuma specimen twice: 
as 4772 collected by Thomas, and as 4172 collected by A. Schott. 
In preparing the manuscript for publication, the type setter may 
have then transposed the 2 and 4 in 4772, a possible error, espe- 

cially because the 2 and 4 flank two identical numbers (i.e. 77). 
Although speculative, this explanation of how USNM 2774 ap-
peared in Baird's work is supported by the following facts: 1) the 
names of Arthur Schott and G. H. Thomas are both associated 
with USNM 4172 in the original ledger, and Thomas' name is 
linked with 2774 in the 1859 publication; 2) USNM 4172 was 
misprinted as 4772 in two other papers; 3) the misprinted number 
4772 and 2774 have the same integers; and 4) both numbers are 
associated with the same locality (Fort Yuma). 

The chuckwalla specimens that I believe were used by Baird 
(1858) for the original description are listed in Table 1. These speci-
mens were extracted from the lists of Yarrow (1882), Stejneger 
(1891), and Cope (1900). No additional specimens catalogued prior 
to Baird's 1858 paper could be retrieved from the Smithsonian's 
electronic database, although I did not peruse the original ledger 
for additional records. 

Baird's (1858:253) mention of Major Thomas seemingly ties 
his name with the United States and Mexican Boundary Survey 
and also perhaps with Lieutenant Joseph C. Ives' expedition, but 
apparently this was not his intent. Baird was simply listing the 
several sources of the preserved material he used for the generic 
and species descriptions of Euphryne obesus. Unfortunately, as 
constructed, the statement was misconstrued by Yarrow (1875:559) 
who erroneously associated Thomas with the Boundary Survey. 
Hollingsworth (1998:40), also linked Thomas with the Boundary 
Survey, if not also with the exploration of the Colorado River, and 
credited him with collecting the series of specimens used by Baird. 
It is clear from historical records, however, that Thomas played 
no role in either of these expeditions. The career of General George 
Henry Thomas in the United States Army and his significant con-
tribution to the Union victory in the Civil War are well known 
(McKinney 1961; Thomas 1964). Drawing upon these two sources, 
the following relevant information is provided. 

In 1854, as a captain, Thomas was reassigned from his duties as 
an artillery instructor at the United States Military Academy at 
West Point to take charge of a battalion with the Third Artillery 
Regiment. He proceeded to Benicia Barracks, near San Francisco, 
before receiving orders to take command of Fort Yuma, a 333-km 
overland march from San Diego. Thomas arrived by ship in San 
Diego and led two companies across the Colorado Desert in the 
midsummer (July) of 1854, reaching the post with his command 
in near exhaustion. 

Thomas' stay at Fort Yuma was short, barely over a year. In 
accordance with War Department orders, he and his assistants made 
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Flo. 2. Fort Yuma (note arrow), Imperial Co., California, a view from the Ari-
zona side of the Colorado River showing the scarcity of suitable habitat for chuck-
wallas. Photo by Carelton Watkins, circa April, 1880. Courtesy: Arizona Histori-
cal Society, Tucson, Arizona. 

important zoological and botanical collections (McKinney 
1961). Thomas was credited as being the first to collect the 
leaf-nosed bat in U.S. territory, and in other ways adding 
substantially to the zoological knowledge of the region. 
While at Fort Yuma, Thomas presumably received the ho-
lotype along with other specimens from Schott, and had 
them shipped to Washington, D. C. Thomas was promoted 
to the rank of major on May 12, 1855, and ordered to duty 
with the Second Cavalry Regiment at Jefferson Barracks, 
Missouri. He left Fort Yuma on July 23, 1855. 

Lieutenant Joseph C. Ives led the exploration of the Colo-
rado River that began at the river's mouth on November 
28, 1857, more than two years after Thomas left his com-
mand at Fort Yuma. Mr. H. B. Mollhausen was a member 
of the Colorado River expedition and made the zoological 
collections (Ives 1861). During the exploration of the Colo-
rado River (1857-1858), Major Thomas was in Texas, en-
gaged in military campaigns against the Comanches 
(McKinney 1961). 

William H. Emory, major First Cavalry, was Chief As-
tronomer for the running of the boundary between United States 
and Mexico from 1848 to 1853. He was appointed both United 
States Commissioner and Chief Astronomer in 1854, with full 
powers, under the Gadsden Treaty, and officially completed the 
survey in 1857 (Thrapp 1990). 

Arthur Schott served as one of the Army surveyors for the Bound-
ary Commission; the following pertinent information is taken from 
Fox (1977) and Goetzmann (1979). Arthur Carl Victor Schott, born 
in Germany, emigrated to the United States in 1850, and subse-
quently befriended Princeton University botanist John Torrey. In 
1851, Torrey persuaded Emory to hire Schott as a surveyor and 
scientific collector. The new Commission to survey the Gadsden 
Boundary was divided into two parties: one under Emory that was 
to work its way west from the Rio Grande, and one under Lieuten-
ant Nathaniel Michler that was to proceed via San Diego to the 
Colorado River, and thence eastward to the 111 th  meridian. Michler 
completed the western half of the survey on 14 October 1855. 
Schott was attached to Michler's party as a surveyor and scientific 
collector. He collected plants, minerals, and fossils with botanist-
geologist Charles Parry, as well as insects and vertebrate speci-
mens, including amphibians and reptiles, that ultimately would be 
shipped back to the Smithsonian Institution. Schott was also a tal-
ented artist and prepared many color illustrations of the region's 
topography, vegetation, and indigenous peoples. Schott is hon-
ored in the botanical and herpetological literature, e.g., Yucca 
schottii, Lophocereus schottii, Masticophis schotti, and Urosaurus 
ornatus schotti. 

The actual location of Fort Yuma (neither indicated in the origi-
nal ledger nor specified by Baird [1859:6]) has also been a source 
of confusion for some herpetologists. Among subsequent workers 
who listed the type locality for S. obesus, Stejneger (1891), Schmidt 
(1922, 1953), Stejneger and Barbour (1923, 1933, 1939, 1943), 
Smith (1946), and Hollingsworth (1998:40) mistakenly stated that 
it is in Arizona, undoubtedly associating it with the town of Yuma. 
Van Denburgh (1922) correctly indicated its location in Califor-
nia, as did Shaw (1945). 

The town site on the Arizona shore of the river was surveyed in 
1854, and originally named Colorado City, and later, Arizona City. 
It was renamed Yuma in 1873 (Lamar 1977). On the other hand, 

Fort Yuma was established in 1852 on the California side of the 
river south of the Cargo Muchacho and Chocolate mountains, on 
a hill that originally was the site of a Spanish mission; the site 
intermittently became an island during floodwaters. Its purpose 
was to protect the ferry across the Colorado River, an important 
link in the livestock trails from New Mexico and Sonora to Cali-
fornia (McKinney 1961; Wharfield 1968). Today, the renovated 
fort lies within the Yuma (Quechan) Indian Reservation in Impe-
rial County. 

No chuckwallas, or their scat, were observed during a recent 
visit to Fort Yuma. The immediate vicinity has had a history of 
substantial habitat disturbance; the Southern Pacific railroad cuts 
along the southern slope of the hill and Interstate Highway 8 passes 
close by. Whether chuckwallas actually occurred at Fort Yuma 
may never be known. Early photographs of the site (Fig. 2) sug-
gest a paucity of suitable habitat, although these lizards occasion-
ally occupy earthen hills and banks of large washes, using holes 
and crevices for shelter (Feldner and Feldner 1991; Montanucci, 
pers. observ.). There is one additional chuckwalla recorded from 
Fort Yuma; the specimen (CAS 130) was collected by F. P. McLean 
(date unknown), but later lost in the San Francisco earthquake and 
fire of 1906 (Jens V. Vindum, pers. comm.). 

If one assumes that the type specimen was collected near Fort 
Yuma, the nearest suitable habitat exists at Pilot Knob. Therefore, 
an alternative explanation to be considered is that the chuckwallas 
procured by Arthur Schott and by F. P. McLean were actually col-
lected at Pilot Knob, but labeled "Fort Yuma" as a consequence of 
the early common practice of designating the shipping point as 
the collection locality. Fort Yuma is known to have been an im-
portant mail post (Wharfield 1968). Pilot Knob, which has sub-
stantial rocky habitat and supports a population of chuckwallas, 
lies about 11.4 km west of Fort Yuma, and only 1.4 km north of 
the survey route traveled by Arthur Schott. The holotype, which is 
a female, compares favorably with living specimens photographed 
at Pilot Knob, but this evidence is inconclusive because females 
from different areas generally lack diagnostic pattern features. 

The precise location of Fort Yuma may have added importance 
in the context of the subspecific taxonomy of these lizards. I have 
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noted differences in the color pattern of male chuckwallas from 
opposite sides of the Colorado River near Yuma. The head, neck, 
chest, forelimbs, hindlimbs and rump are jet black in males from 
both sides of the river. But in those from Pilot Knob, the Cargo 
Muchacho and Chocolate mountains (N = 10: 3 alcoholics, 7 
voucher photos) the dorsal mid-body is cream to pale tan with 
dense reticulations of red. Males from the Gila Mountains (Tele-
graph Pass, type locality of S. o. tumidus), and mountains further 
east (N = 28: 7 alcoholics, 21 voucher photos), have a uniform red 
dorsal mid-body, with or without black reticulations, black spots, 
and white spots. These color pattern differences are obvious in 
living specimens, but eventually disappear in preserved material. 
Hollingsworth (1998) did not recognize any subspecies in the com-
mon chuckwalla, but pending further study, subspecific designa-
tions may be warranted. 

In summary, Baird's (1858) description of Euphryne obesus is 
brief and incomplete; his statement "abundant in the canons of the 
Colorado, of California" should be interpreted as a habitat descrip-
tion, not as the type locality. Only by consulting both of Baird's 
works (1858 and 1859) can it be ascertained that Fort Yuma is the 
type locality and the collector of the holotype was Arthur Schott, 
not Major G. H. Thomas. A paratopotype listed in the 1859 work 
as USNM 2774 does not exist, and the museum number is errone-
ous. Historical records clearly show that G. H. Thomas had no 
involvement with the United States and Mexican Boundary Sur-
vey, or with Lt. Ives' exploration of the Colorado River. Fort Yuma 
is situated in California, not Arizona, and its precise location may 
have importance in the subspecific taxonomy of chuckwallas, as 
distinct populations occur on either side of the Colorado River 
near Yuma. The ambiguities in Baird's work have contributed to 
errors in the chuckwalla literature, including the most recent pa-
pers. 
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Temporary removal methods may be used in the investigation 
of terrestrial salamander population dynamics (Bruce 1995; 
Salvidio 1998), as well as amphibian long-term population changes 
(Hayek 1994). In these studies, all animals captured are physically 
removed from the population, kept in a holding area, and relocated 
when the study is completed. Removal experiments usually require 
short sampling intervals, reduced field personnel, and are less 
expensive than mark-recapture studies (Hayek 1994). When basic 
assumptions are met (e.g., population closure, equal sampling 
effort, equal catchability, and effective reduction of the population 
after each search), the statistics calculated from removal data seem 
reliable. There are relatively few ecological studies on amphibian 
populations that use this technique and there are no comparative 
analyses on the efficiency of removal experiments upon conspecific 
populations living in different habitat types. 

In this study, temporary removal data were analyzed from two 
populations of the European terrestrial plethodontid salamander 
Speleomantes strinatii (Aellen 1958) living in different environ-
mental conditions: a cave environment (i.e., an artificial tunnel 
excavated during World War II to serve as an air-raid shelter) and 
a subsurface habitat (i.e., a humid rock-face). These environments 
constitute ends of a continuum (Culver 1986; Juberthie et al. 1980) 
relative to their ecological conditions. Caves are relatively simple 
in structure because cave walls are lacking overgrowing vegeta-
tion and salamanders are active on a completely bare surface. Also, 
the artificial cave has relatively constant environmental conditions: 
mean annual temperature is 9°C (range 5-12°C), and air relative 
humidity is >90% (Salvidio et al. 1994). In contrast, the rock face 
is structurally more complex because creepers (e.g., the English 
ivy Hedera helix), litter accumulation, and rock debris are present, 
providing refugia for salamanders. The rock-face is exposed to 
circadian and seasonal variations in solar radiation, temperature, 
air humidity, and rainfall. In this area, the mean annual tempera-
ture is about 12°C, ranging from 5°C in January to 21°C in July. 
Annual rainfall averages 1600 mm, with monthly values ranging 
from 40 mm in July to 200 mm in November (Brancucci 1994). 
Climatic events (see Salvidio 1998), vegetation growth, litter ac-
cumulation, and rock-face erosion produce small year-to-year 
microhabitat changes that increase habitat variability. The two sites 
are predicted to differentially affect resident salamander activity 
patterns, and hence the effectiveness of temporary removal meth-
ods. 

The aim of this study was to examine the efficiency of temporary 
removal methods in these different environments. We predicted 
that removal methods would be more efficient in simple-structured 
and constant habitats (i.e., caves) in comparison to relatively 
complex and variable ones (i.e., rock faces). In particular, we 
hypothesized that 1) average capture probabilities would be higher 
in the cave environment; and 2) capture probabilities would be 
more variable in the rock face site. 

The two study sites are located in NW Italy near Genova and 
are separated by a linear distance of about 10 km. The rock face 
habitat is located along a small stream, surrounded by mixed de-
ciduous forest (Castanea sativa, Alnus glutinosa, Ostrya 
carpinifolia, Fraxinus ornus) that produces a thick vegetative cover. 
In both habitats, three temporary removal samples were taken each 
year from 1996 to 1999 by the same collector, usually every other 
day during the peak activity period of Speleomantes strinatii popu-
lations, which are in July—August and in October—November in 
cave and rock face habitat, respectively. The total sampled sur-
face area was 120 m 2  in the cave and 190 m' in the rock face envi-
ronment. Animals were located with the aid of a headlamp and 
collected by hand. All salamanders captured were removed, mea-
sured (snout—vent length, SVL) and housed in plastic boxes lined 
with wet paper towels at about 5°C. During this study, no direct 
mortality of the removed salamanders occurred, and at the end of 
the third removal sampling, all salamanders were released at their 
capture sites. 

The SVL measurements generated polymodal frequency distri-
bution histograms that were analyzed with the FAO-ICLARM 
Stock Assessment Tools (FiSAT) computer program (Gayanilo et 
al. 1996). This program enabled the decomposition of mixed 
length-frequency distributions into their Gaussian components by 
means of Bhattacharya's (1967) log-differences method. In all 
samples, three SVL groups were separated: the two smallest ones 
corresponding to immatures, and the largest comprising adults plus 
subadults (ranges of annual mean SVL in the rock face and cave 
populations, respectively, were: first group, 29.2-32.3 and 24.1-
26.0 mm; second group, 43.2-44.3 and 33.2-37.7 mm; largest 
group, 58.8-62.6 and 56.2-61.9 mm). 

Population abundance was estimated by means of the program 
CAPTURE routine Mbh (White et al. 1982). This routine gives the 
population estimate its standard error s, and, if at least three 
removal samplings are used, it allows a test for homogeneity of 
capture probabilities with a x2  goodness of fit test (White et al. 
1982). In this model, capture probability (CP) is the average prob-
ability of capture of an animal, and every individual has an equal 
and constant CP on all removal occasions (White et al. 1982). 
Salamander observability (CP in this case) could be related to habi-
tat differences and microclimatic variations in the two study sites 
(Conroy and Nichols 1996). Population size was estimated for the 
entire population (i.e., all individuals pooled) and for juvenile (i.e., 
the two smallest SVL cohorts) and adult components separated 
according to FiSAT analysis. This procedure was important, be-
cause the two salamander populations were sampled in different 
seasons and displayed different boundaries between adjacent SVL 
components. 

Individuals may have been recaptured among years because S. 
strinatii are long-lived (Salvidio 1993). For this reason, succes-
sive CP values were not independent. Thus, to compare CP within 
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TABLE I. Population estimates, calculated from removal data using CAPTURE routine Mbh, of two populations of 
Speleomantes strinatii living in different habitats. N, = number of salamanders estimated, sx  = standard error, and X2  = test 
for homogeneity of capture probabilities among the three successive removal samples. 

Habitat Sampling year Age class N, Sx  Capture 
probability 

x2  P 

Rock face 1996 juveniles 72.78 23.4 0.290 0.24 0.62 

adults 31.03 5.8 0.440 0.20 0.65 

all ages 105.38 22.3 0.323 0.18 0.67 

1997 juveniles 29.66 2.5 0.584 0.65 0.42 

adults 72.87 39.3 0.223 1.07 0.30 

all ages 89.81 15.8 0.363 0.53 0.40 

1998 juveniles 59.52 13.5 0.356 0.22 0.64 

adults 74.87 48.5 0.202 0.29 0.59 

all ages 133.15 37.4 0.267 0.05 0.82 

1999 juveniles 50.56 14.3 0.334 2.81 0.94 

adults 40.64 6.6 0.431 1.70 0.19 

all ages 93.55 15.9 0.365 3.54 0.06 

Artificial Cave 1996 juveniles 56.38 4.62 0.530 0.41 0.52 

adults 28.00 0.90 0.737 2.62 0.11 

all ages 84.40 4.02 0.589 1.45 0.23 

1997 juveniles 51.31 2.59 0.621 0.62 0.43 

adults 46.00 0.65 0.807 2.90 0.09 

all ages 97.04 2.11 0.703 2.52 0.11 

1998 juveniles 51.67 5.79 0.484 1.54 0.21 

adults 69.00 0.77 0.812 7.07 0.01 

all ages 117.47 2.76 0.677 7.89 0.01 

1999 juveniles 50.91 2.31 0.639 2.20 0.14 

adults 81.98 4.38 0.572 4.99 0.03 

all ages 133.94 5.11 0.587 0.92 0.34 

and between populations, the Friedman two-way analysis of vari-
ance by ranks was used. The null hypothesis of this test was that 
the k repeated measures or matched groups compared came from 
the same population or populations with the same median (Siegel 
and Castellan 1988). To compare the variability of CP between 
populations, the coefficient of variation (CV = standard devia-
tion/mean) was tested by a two-way ANOVA, using habitat and 
age class as factors. 

During this study, 704 salamanders were captured, measured, 
and released at the two study sites. In all samples, CP values were 
higher than 0.20 (Table 1), a value considered adequate for 
estimating population abundance in removal experiments (White 
et al. 1982). Moreover at the end of the third removal occasion, 
substantial proportions of S. strinatii populations were removed; 
about 90% and 60% in the cave and rock face habitats, respectively. 

Capture probabilities were not different from homogeneity in 
the rock face habitat (0.06 < P < 0.82, Table 1). In the cave, there 
were differences from homogeneity in three cases: in the adult  

subpopulations, both in 1998 and 1999 (P = 0.01, and P = 0.03), 
and in the 1998 total sample (P = 0.03). However, the analysis of 
capture data showed that adult salamanders were extremely 
catchable during the first sampling occasion, because more than 
80% of the entire population was removed after the first sampling. 
Thus, the linearity of CP should not be of concern (Lancia and 
Bishir 1996). For these reasons, it was assumed that sampling 
protocols were adequate in yielding repeatable statistics in both 
habitat types. Within each population, there were no differences 
between adult and juvenile CP (Friedman two-way analysis of 
variance by age blocked by year: cave, F r  = 1.00, DF = 1, P = 
0.317; and rock-face, F r  = 0.00, DF = 1, P = 1.000) allowing CP of 
the entire samples to be used when comparing different habitats. 
On average, cave population CP values were about twice those 
estimated in the rock face habitat (Table 2), and when the two 
populations were compared, CP values differed (F 1  = 4.00, DF = 
1, P = 0.046). In addition, salamanders living in the two habitats 
displayed different patterns of observability and thus of catchability. 
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TABLE 2. Mean capture probabilities of two Speleomantes strinatii populations living in different 
habitat types. CP = capture probability; CV = coefficient of variation; N = number of sampling years; 
SD = standard deviation of the mean. 

Age class N Mean CP SD Range of 
variation 

CV 

Rock face population 

Juveniles 4 0.393 0.130 0.290-0.584 0.331 

Adults 4 0.324 0.129 0.202-0.440 0.399 
All ages 4 0.330 0.046 0.267-0.365 0.139 

Cave population 

Juveniles 4 0.569 0.074 0.484-0.639 0.130 

Adults 4 0.732 0.112 0.572-0.812 0.153 

All ages 4 0.639 0.060 0.587-0.703 0.094 

In the cave habitat, 66% of the entire population estimated was 
captured during the first search, in comparison to only 32% of the 
rock-face population. The year-to-year CP variability, expressed 
as the coefficient of variation, was more than two times lower in 
the cave than in the rock-face habitat (Table 2). However, this 
difference was not statistically significant (two-way ANOVA F = 
109.17, DF = 3, P = 0.062). 

In this study, the efficiency of removal methods was tested on 
two conspecific populations of the European plethodontid sala-
mander Speleomantes strinatii living in different habitat types. The 
analysis of capture data showed that removal protocols were ad-
equate in both cases. The first hypothesis (i.e., higher CP values in 
the more constant habitat) was supported, while the second (i.e., 
lower variability of CP in the more constant habitat) was not, prob-
ably because of the relative small number of years (N = 4) in which 
CP were calculated. Indeed, removal efficiency, expressed as the 
probability of observing salamanders, was enhanced in the more 
constant and simple-structured habitat, where a higher proportion 
of the salamander population was active and exposed to capture. 

Temporary removal techniques have proved adequate in esti-
mating population abundance of terrestrial salamanders (Bruce 
1995; Salvidio 1998). However they are seldom, if at all, used in 
long-term monitoring studies, because count data that require less 
time and effort are usually preferred (North American Amphibian 
Monitoring Program 1996). Count programs appear relatively in-
expensive but produce data on the surface activity pattern of sala-
manders rather than on their population size or abundance. How-
ever, as this study has suggested, different percentages of sala-
mander populations may be active on the surface in different eco-
logical conditions, and thus caution should be used when compar-
i ng salamander populations living in different environments on 
the basis of simple count data. In these cases, the only way to deal 
with unknown sources of variation in observability is to estimate 
the observation probabilities (i.e., capture probabilities) for the 
samples being compared (Conroy and Nichols 1996). 

In the case of temporary removal monitoring, the field effort 
could be maintained similar to count programs in which successive 
searches are planned. The main difference probably would be a 
much shorter time period between successive removals to prevent 
immigration from adjacent plots. In addition, laboratory facilities  

and collecting and transport permits might be needed to displace 
salamanders and maintain them in captivity. In any case, population 
size estimates resulting from removal methods appear to be a fine 
method to document long-term trends and should be taken into 
serious consideration when planning studies monitoring amphibian 
population fluctuations over time, at least in temperate climates, 
as the efficiency of removal methods in extremely complex (i.e., 
tropical rainforests) and freshwater habitats remains to be tested. 
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In 1994 we were attempting to quantify the abundance of small 
lizards on Guam as a means of appraising the predatory impact of 
the brown treesnake (Boiga irregularis). Our mark-recapture ef-
fort had failed, due to an unknown combination of loss of marks 
and low recapture probability. We had identified several indices 
of lizard abundance (sightings per hour, trap captures per hour), 
but we were concerned that the ecological "signal" from these 
indices might be obscured by extraneous factors such as 
interobserver inconsistency, behavioral response of the lizards to 
detection or removal, etc. To test our indices, we elected to com-
pare them to high validity absolute population density estimates  

that we obtained by an unprecedented method that we call a total 
removal plot: we physically isolated small patches of forest and 
counted the lizards encountered while we disassembled the forest 
leaf by leaf. 

The technique worked much better than expected; we were able 
not only to obtain a complete count (a census) for a precisely de-
fined area, but we also discovered an unexpectedly large number 
of animals. From the twenty total removal plots we have sampled 
on the islands of Guam, Saipan (both Mariana Islands of western 
Pacific), and Guana (British Virgin Islands, West Indies) to date 
(1995-1999), we have obtained an average of 160.5 reptile indi-
viduals per 100 m 2  plot (range 16-711). Documenting such high 
absolute densities has not only greatly enriched our understand-
ing of reptile ecology, but it has also played a key role in interpret-
ing the abundances of reputedly rare lizards to regulatory authori-
ties hostile to scientific collecting. We are also able to quantify 
entire assemblages with total removal plots; previously we had to 
make the untenable assumption that our collecting technique 
worked equally well for all species of interest. The technique has 
also given us a tool for hard validation of myriad sampling meth-
ods. Most evaluations of sampling methods (Brown and Nichols 
1993; Campbell and Christman 1982; Fitch 1992; Grant et al. 1992) 
are "soft" in the sense that they compare the number of specimens 
obtained, or the cost of the sampling tools, but they do not mea-
sure either precision or bias of the population estimate. The out-
come of that omission is that one knows only the denominator 
(cost) of the technique's benefit-cost ratio, which promotes the 
use of low-cost methods that are erroneous to an unknown degree. 
Another soft validation approach has been to estimate the amount 
of bias and precision by contrasting two techniques, both of which 
are of unknown validity (e.g., Rotella and Ratti 1986), an approach 
that has drawn criticism but no practical solution (White 1992). In 
forthcoming papers we will report our measurements of the preci-
sion and bias of various techniques by comparing each technique 
to the complete census provided by total removal plots. In this 
work we describe our total removal method. 

METHODS 

The four major components of our method are: 1) plot selec-
tion, 2) plot characterization by non-destructive methods, 3) physi-
cal isolation of the plot, and 4) total disassembly and removal of 
all aboveground organic matter to census the inhabitants. Our 
method differs from traditional tropical forest litter plots (Inger 
1980; Lloyd et al. 1968; Scott 1976) in that we physically isolate 
the plots prior to sampling them, and we remove all aboveground 
vegetation. 

Selection of the plot site.—We sampled plots of 100 m2  (= 0.01 
ha). Larger plots are desirable from the standpoint of minimizing 
boundary effects, but they requiig substantially more work with-
out a concomitant increase in the geographic representation of the 
sample. All things being equal, numerous smaller plots spread 
throughout a study area are more likely to reflect average condi-
tions than are a few large ones, but small plot results may be grossly 
distorted by the habitat and human disturbance associated with 
boundary clearing. The tradeoff between minimizing boundary 
effects and maximizing geographic representation will have a dif-
ferent optimum in different habitats. Because the forest canopy 
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was relatively low (usually about 10 m high) in the areas in which 
we have worked, plots of 100 m 2  were judged to be of minimum 
size to permit the felling of canopy trees within the enclosed area. 
Larger plots would be desirable for taller canopy forest. Smaller 
plots might be optimal in shrubland. 

We selected sites, without knowledge of reptile density, on the 
basis of habitat type, vegetation structure, and substrate. Habitat 
type (e.g., Leucaena leucocephala forest) was chosen on the basis 
of our sampling objective. Plot location was selected qualitatively 
to represent the average vegetative structure of the target habitat. 
For example, if the target habitat typically had a canopy height of 
11 m and canopy coverage of about 75%, we selected a sample 
plot that would conform to those averages. Additionally, it was 
impractical to physically isolate plots that had a fissured or rocky 
substrate. Therefore, we positioned plots to have a sandy or earthen 
substrate, with minimal rock outcrops or at least rock outcrops 
that could be isolated. Our plots were usually 10 x 10 m, but the 
shape was occasionally modified to 8 x 12.5 m or a similar rect-
angle of 100 m2. The actual boundary line sometimes deviated 
slightly from a straight line to avoid troublesome substrate or large 
leaning trees. Any subtractions made by deviating to the inside of 
the nominal boundary were balanced elsewhere by equivalent ad-
ditions. 

Plot characterization.—Prior to isolating each plot we sampled 
the reptile populations with a variety of nondestructive relative 
and absolute population abundance measures, and we always quan-
tified the structure and composition of the plot's vegetation before 
disturbing it. At the time of vegetation removal, we weighed the 
fresh mass of all vegetation removed. The large quantity of wood 
made it impractical to obtain dry mass measurements. Careful 
analysis of tropical forest biomass by others (Art and Marks 1971; 
Lieberman and Lieberman 1994; Odum et al. 1970; Rodin and 
Basilevic 1968) indicates that dry forest biomass is about 50% of 
the fresh biomass. Fittkau and Klinge (1973) weighed each com-
ponent of an Amazonian forest separately and found that only 2.2% 
of the fresh mass was leaves (84% stems and trunks, 7.5% litter, 
and the remainder vines and lianas). Thus we presume that our 
biomass measurements reflect primarily the amount of wood in a 
study plot. 

Isolation of the forest plot—The first step was to remove enough 
low-lying vegetation to insure that animals could not use the veg-
etation as a bridge across the ground level barrier that we would 
later put in place. The ground-level barrier we used was constructed 
with 508 mm wide (sold as "20 inch wide") aluminum flashing 
buried 50-100 mm into the ground. In other localities the height 
of the fence may need to be adjusted for the scansorial skills of the 
target species. To effect an unequivocal separation, we cleared a 
swath about 1.5 m wide to a height of about 2 m along the course 
in which the flashing fence was later placed, and excavated a fur-
row into which the flashing was to be inserted. Furrow excavation 
always revealed root obstacles, which were severed to allow the 
later burial of the bottom of the flashing. In addition, if the soil 
was shallow we placed rebar supports at places where the flashing 
had to bend sharply, such as the corners of the enclosure, and at 
especially high and low places. Generally we used 3 or 4 supports 
per 10 m side. Additional rebar supports were later positioned 
where a roll of flashing ended or began. We used rebar for the 
supports, but any sharpened metal post would do. The preferred  

length of the bar depends on the hardness of the soil or substrate. 
We used rebar pieces about 0.9 m long pounded vertically into the 
ground at the bottom of the trench such that the top of a bar was 
level or below the height of the flashing whenever possible. In the 
sandy soils present in our British Virgin Island sites we did not 
find it necessary to use rebar supports. 

Five rules were followed to minimize the influence of this trench-
ing/clearing activity on herpetofauna: 1) activity occurred during 
the day to minimize disturbance of nocturnal geckos; 2) no motor-
ized tools were used (in our experience, chainsaws in particular 
induce flight in lizards); 3) brush removed at this stage was dis-
persed rather than being piled, so that animals would not be at-
tracted to potential brushpile refugia; 4) half of the removed veg-
etation was placed within the plot and the other half was placed 
outside, to limit any bias this vegetation might have on lizard 
movements; and 5) this activity was scheduled to occur 24 h prior 
to initiation of vegetation removal, so that any terrestrial species 
disturbed by the activity would have plenty of time to regain their 
normal home range prior to isolation. Because heliophilic lizards 
were attracted to the light gap created by vegetation removal, it 
was deemed desirable to otherwise minimize the interval during 
which heliophils might colonize the light gap. 

Canopy separation.—Canopy separation inevitably had an ad-
verse effect on arboreal species. Most arboreal species in the 
Mariana Islands are also nocturnal. Unless physically displaced, 
nocturnal species did not attempt to move away from an area of 
daytime disturbance until the following nightfall. However, the 
diurnal species disturbed by daytime canopy separation moved 
away immediately, but returned to their home ranges if given suf-
ficient daylight hours without a disturbance. Therefore, in areas 
where the arboreal species are mostly diurnal (Virgin Islands) we 
separated the canopy at night (at the same time we emplaced the 
ground-level barrier). In areas where the arboreal species are mostly 
nocturnal (Mariana Islands) we separated the canopy as early as 
possible in the day on which the barrier would be placed after 
nightfall. In this way, nocturnal species would have no opportu-
nity to vacate the plot if they were disturbed by canopy separa-
tion, and diurnal species would have at least half a day to return to 
their terrestrial haunts after we had left the area, before we re-
turned to construct the barrier. 

Canopy separation was straightforward in principle; a gap of at 
least 1.5 m was created between the aboveground vegetation in-
side the removal plot and the vegetation outside of the plot. The 
gap distance had to be maintained despite wind-induced tree move-
ments, and the distance criterion was chosen to accommodate the 
jumping ability of the reptile species to be isolated. Where pos-
sible, we created the gap in the foliage directly over the line on 
which the ground level barrier was later placed, and in forests 
composed of trees with vertical trunks this could be achieved. 
However, our sites often had trees that had partially fallen as a 
result of hurricanes. We attempted to minimize inclusion of lean-
ing trees when choosing a site, but could not always avoid them. 
The temptation was to cut all trunks, limbs, and branches that ex-
tended over the plot boundary. However, if all stems that crossed 
the perimeter line were cut, the total amount of aboveground veg-
etation formerly within the plot would have been reduced by the 
amount of leaning vegetation that entered the plot's "airspace" 
from trunks rooted outside of the plot. Furthermore, strict bound- 
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ary cutting creates excessively large light gaps (altering habitat 
for heliophilic species). The solution we chose was to generally 
leave intact all stems that arose from trees rooted within the plot, 
regardless of whether they passed to the outside of the barrier above 
ground level. This insured that the amount of aboveground veg-
etation sampled was the same as that which would have been found 
in the airspace of an average 10 x 10 m column of forest. We used 
extended pole clippers and arborist methods (Dial and Tobin 1994) 
to create the canopy separation. 

Installation of barrier.—We installed the aluminum flashing 
barriers in the first hours of darkness on the night immediately 
preceding vegetation removal. This insured that nocturnal species 
would be trapped within the sampled plot (because they are loath 
to crawl into the open while humans are disturbing the area). The 
diurnal species were also trapped because they had already clois-
tered themselves in their nighttime refugia by the time we began 
barrier installation. Because the trench to receive the barrier had 
already been prepared, it took only 1-2 h for a crew of four to 
install the fence. 

Barrier installation involved eight steps in the following order: 
1) flashing inserted in ground; 2) rebar supports emplaced; 3) earth 
tamped to hold bottom of flashing; 4) rebar tied to flashing; 5) all 
seams and rugosities taped; 6) lithium grease sprayed on com-
pleted fence; 7) soil at base of fence wetted and retamped for bet-
ter seal; and 8) protective glueboards placed. 

The aluminum flashing was rolled out by one or two persons 
while one or two more forced it into the trench and backfilled soil. 
We found that it was vastly preferable to have the fence follow a 
subtly sinuous path rather than run in a straight line. Sinuosity in 
the fence line enabled it to conform to the inevitable irregularities 
in the ground's height, without the necessity for seaming the flash-
ing or creating sharp curves that lizards could climb. Sinuousity 
also increased the barrier's vertical stability. 

Soil tamping was only partially effective if the soil was dry. We 
found that wetting the soil helped, but it was important to avoid 
wetting the soil on the first tamping, because it was very difficult 
to wet the soil right next to the flashing without getting the flash-
ing wet, and wet flashing could not be greased. Also, we found 
that tamping had more enduring benefits if completed only after 
the fence was in its final position. 

To tie the flashing to the rebar it was necessary to punch two 
small holes (about 2 cm apart, pushing from the inside to the out-
side of the enclosure), one on either side of the rebar. Holes punched 
from the outside to the inside of the enclosure tended to create a 
rough spot on the inside, potentially enabling a climbing lizard to 
gain purchase and escape; therefore, this was avoided. One pair of 
holes was punched 5-10 cm below the top of the rebar, the other 
at the base of the flashing. A 20 cm long piece of tie wire was 
doubled into a U-shape and pushed through the flashing from the 
inside. After twisting the two ends tightly together around the post, 
the excess was cut off, and the protruding remainder folded down 
flush against the rebar. 

After smoothing the tie wire against the inside, a 5 x 5 cm patch 
of aluminum tape (such as is sold at hardware stores for patching 
car bodies or mufflers) was placed over the inside ties. When care-
fully rubbed down, this tape presented an extremely smooth sur-
face. Aluminum tape was also used to close the seam at the ends 
of flashing pieces. However, aluminum tape is expensive and it  

does not accommodate irregular surfaces. Therefore, for the out-
side surfaces of the barrier we used duct tape, which covered the 
irregular ties, rebar, and ends of flashing rolls. 

We sprayed white lithium grease on all tape and rough surfaces, 
as well as the top 20 cm of the fence (both inside and out). 

To minimize immigration/emigration by jumping lizards, we 
stapled paper glueboards (Rodda et al. 1993) on all elevated sur-
faces near enough to the barrier (inside and out) to tempt a leaping 
animal. 

General removal strategy and inspection notes.— Live animals 
are extremely easy to detect; dead ones are easily lost in the de-
bris. Therefore, it was our first priority to keep all the animals in 
the plot alive. As the barrier was secure for the target species, 
there was little opportunity for an escape, and therefore, it was not 
necessary to catch each animal on first sighting. Instead, we in-
spected the vegetation systematically and captured the animals 
when it was made easy by their being "trapped" against the fence 
or out in the open. We found it most productive to focus our ef-
forts on minimizing the amount of vegetation that had been cut 
down but not yet inspected. Inspected vegetation was placed in 
trash cans greased on the outside to repel climbing lizards. We 
found it desirable to avoid using trash cans with wheels, as it was 
difficult to confirm that lizards were not clinging to the inside of 
wheels as the filled trashcan was being taken out of the plot for 
weighing. 

The general strategy was to work from the outside in, first by 
pivoting into the plot any trees that leaned out over the fence. 
Usually, such leaners were pulled to the inside by ropes as they 
were being dropped. Although lizards jumping from trees have 
been very rare in our experience, almost all jumping occurred at 
the moment when tree tops were felled. Therefore, for such mo-
ments we assigned one person to do nothing other than watch for 
possible escapes. Fewer than five such attempts were detected, 
and most of these lizards were captured on the ground. The others 
were visually identifiable, allowing inclusion in the population 
estimate. 

Lizards hid in remarkably small cavities. Gaps in wood grain as 
narrow as 3 mm concealed small geckos. Therefore, it was neces-
sary to inspect every surface with great care. All vegetation was 
cut into modest-sized pieces before being inspected. Solid woody 
items were generally reduced to pieces less than 1 m long; wood 
with crevices was chopped apart completely. Leafy branches were 
harder to inspect and often needed to be chopped into hand-sized 
pieces. We found that lizards were often concealed: within dead 
or live leaves that had curled, within holes in rocks (all porous 
surface rocks were broken apart), under rocks and roots (all were 
excavated to solid undisturbed soil), within tree cavities (all were 
split open), and under bark (all loose bark was removed). As we 
carried out our search, animals were eventually exposed, causing 
them to flee and become extremely conspicuous. In a few cases, 
however, small unseen lizards were unintentionally trod under foot. 
We believe that most of these were found, either by visual detec-
tion of the carcass, or by paying attention to aggregations of flies 
or ants, which generally indicated the presence of a dead animal. 
We found that the most effective tactic was to keep the ground 
clear, so that animals were not lost by being inadvertently killed 
while hidden under debris. We found that raking tended to bury 
frogs and lizards rather than reveal them, so we avoided raking. 
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We found that some animals reacted with extreme distress to 
the sound of a chain saw. Therefore, we attempted to cut all trees 
leaning to the outside of the barrier with a hand saw (to minimize 
jumpers), and we avoided using a chainsaw until all upright veg-
etation was well within the perimeter of the plot. In the Marianas, 
we also maintained glueboards against the fence, to capture flee-
ing lizards that might not otherwise have been seen. Glueboards 
were not used in the Virgin Islands, where there were saurophagous 
birds (Pearly-eyed Thrashers, Margarops fuscatus) that would dart 
in among the researchers to consume lizards trapped on glueboards. 
It was necessary to closely monitor any glueboards left in sunny 
places, as the solar-heated glue became excessively hot, and rap-
idly induced hyperthermia in immobilized lizards. 

We found that the sawdust created by the chainsaw could cover 
the grease on the flashing and make it possible for lizards to scale 
the flashing. Therefore, we faced towards the flashing when using 
the chainsaw, directing the resultant debris spray towards the cen-
ter of the enclosure. Care was exercised to keep the barrier free of 
scattered soil and plant debris. 

After the plot was cleaned down to mineral soil, we set a new 
array of glueboards within the plot and left the area. These traps 
were checked periodically until the following morning. Occasion-
ally, a lizard was buried during vegetation clearing and undetect-
able in the duff until we left the area or night fell and the lizard 
ventured forth, only to be snared by the traps. 

EVALUATION 

Validation of barrier adequacy.—We created three 3 x 3 m en-
closures on Guam, removed all resident lizards, stocked the en-
closures with at least five skinks and five geckos, left them for 24 
h to give them opportunities to escape, and then recaptured all 
lizards within the enclosure to assess its permeability to lizards. 
The lizards were not marked. Thus if a lizard of the same species 
and general size had intruded and replaced one that had escaped, 
such a turnover might have gone undetected, though such a sce-
nario was judged unlikely because the small size of the enclosures 
was expected to more highly motivate lizards to escape. The three 
enclosures were each coated with a different type of grease: spray 
automotive lithium grease, a spray cooking lubricant, and hand 
applied automotive grease. We found that the spray cooking lubri-
cant lost its grip on the aluminum when sunlight hit the metal, and 
the hand applied grease was more difficult to apply than was the 
spray lithium grease. Within both greased test enclosures we de-
tected no escapes, although we prefer to use the spray grease for 
its ease of application and more consistent coverage. 

Applicability.—As indicated above, the total removal technique 
is limited to sites with suitable substrate. Fissured rock and streams 
preclude barrier effectiveness. The technique would be difficult 
but not impossible to apply to tall canopy forest, for which larger 
plot sizes would be recommended. The technique is suitable for 
all terrestrial and non-volant arboreal species (both vertebrates and 
invertebrates, though we have not endeavored to sample the vast 
number of invertebrates trapped in an enclosure). The technique 
is of particular value to herpetologists because it provides a total 
count for most of the smaller species: small frogs, salamanders, 
lizards, turtles, small crocodilians, snakes, mammals, and all non-
volant non-fossorial invertebrates. The fence would need to be 
increased in height or durability to restrain large or arboreal snakes,  

crocodilians, mammals, or high-leaping frogs. It is probably not 
suitable for any gliding or flying species (e.g., Chrysopelea, 
Ptychozoon, Draco, birds, and bats). Surprisingly, brown 
treesnakes are caught in total removal enclosures about as often as 
one would expect from their density (estimated by mark-recap-
ture: Rodda and Fritts 1992), though this arboreal species is cer-
tainly capable of scaling the fence. 

We were surprised by the large number of individual lizards 
collected by this technique (range 16-709 per 100 m 2  plot). Indi-
vidual lizard species densities ranged from 1 to 676 per 100 m 2 

 plot (100-67,600/ha). Species that occur at densities less than about 
100/ha present special difficulties in sampling. On average, one 
individual of such species will be found per 100 m 2  total removal 
plot, requiring a very large number of plots for adequate sam-
pling. However, such species often defy enumeration by visual 
surveys, mark-recapture and many other collection techniques as 
well. It is notable that a single 100 m 2  removal plot in Amazonia 
revealed the presence of five individuals of one anuran that was 
not otherwise detected by an expedition that collected over 500 
specimens (Reynolds et al. 1997); thus total removal methodol-
ogy may indicate that apparently rare species are in actuality well 
above the low-density threshold of about 100/ha. 

We have not attempted to use the technique for censusing spe-
cialized fossorial species, such as the sand skink Neoseps reynoldsi. 
The problem of fossorial species burrowing under the barrier is 
apparently not as limiting as one might suppose, as Mushinsky et 
al. (1997; Mushinsky and McCoy 1999; Sutton et al. 1999) have 
efficiently used similar barriers with pitfalls to census Neoseps. 

Costs.— The materials cost for total removal sampling was 
minimal, as all materials except tape and grease were reused. Alu-
minum flashing was cleaned and patched (when necessary) with 
aluminum tape, but reused flashing eventually needed replace-
ment (1999 cost about US $2/m). The much greater cost was that 
of labor involved in clearing the vegetation. Discovering the many 
animals in a rich area is very enjoyable work, and we had consid-
erable success obtaining the services of volunteers. Our labor needs 
averaged 0.83 person-hours/m 2  (range 0.45-1.56). To provide a 
comparison with other collecting methods, we used an average of 
0.97 person-hours per specimen obtained (range 0.09-1.56). How-
ever, the labor costs were not dependent on the area cleared or the 
specimens obtained, but on the amount of vegetation to be checked. 
The relationship between fresh vegetation biomass and person-
hours required for complete inspection was fairly strong (r 2  = 0.70), 
yielding the equation: Predicted PersHrs = 34.85 + 0.018*(kg of 
fresh vegetation). In our plots, the median mass of fresh vegeta-
tion was 1529 kg, corresponding to 63 person hours of labor. 

There are innumerable opportunities for conducting total removal 
plot sampling in areas already destined for deforestation. These 
provide an excellent opportunity to extract valuable information 
from animals that are doomed along with their habitat. However, 
in some cases sampling objectives may dictate population enu-
meration in areas not otherwise due for clearing. Because the patch 
size is small in relation to regenerative processes in most areas, 
regrowth is rapid. However, development of weeds and light gap 
species was encouraged by the clearing created during total re-
moval sampling. 

Comparison to alternate sampling techniques.—The method 
described herein has greater face validity that almost all other tech- 
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TABLE 1. Primary differences between total removal plots and other techniques for quantifying population attributes of herpetofauna. 

Detection technique 
	Analytical tool 
	

Key advantages in comparison 
	 Key disadvantages in comparison 

to total removal 
	

to total removal 

CPUE 

general collecting 

general collecting 

road cruising 

pitfall/drift fence array 

trap or coverboard survey 

breeding pond or 
hibernaculum survey 

visual encounter survey 

visual encounter survey 

trapping webs 

trap or hand capture 

trap or hand capture 

traditional litter plots 

1 m2  sampling frames 
or other small transects 

efficient tool for obtaining species list; 
provides microhabitat data 

good geographic dispersion of samples 

less strenuous 

high specimen yield per man-h for 
arrays already in place 

easy to disperse traps for broad 
and representative geographic 
coverage 

many animals sampled quickly and 
easily 

usually easy to disperse transects 
for broad and representative geographic 
coverage 

usually easy to disperse transects for 
representative coverage 

quick and flexible in placement of web 

estimate obtained quickly (in some 
cases) with relatively minimal equipment 

may be more efficient for species at low 
density 

easier to obtain good ecological and 
geographic dispersion of sample points 

easy to obtain good ecological and 
geographic disperson of sample points 

can overlook cryptic species; may 
have strong detection biases 

irregular and poorly defined increments 
of effort; may have strong observer 
biases 

geographic coverage, selectivity, and 
abundance unknown; little control over 
placement of samples 

unknown detectability differences 
among species, among arrays, and 
among sample times 

must make untenable assumptions 
about equivalence or constancy of 
capture probabilities 

ecological density unknown and 
usually unknowable 

unknown detectability differences 
among species, transects, observers, 
and sample times 

requries difficult assumption that all 
animals detected, and detected before 
movement from centerline; observer 
bias likely in distance estimation 

requires difficult assumptions about 
uniformity of habitat and total capture 
success at center 

requires sensitive assumption about 
constancy of capture probability 

requires a reliable marking technique; 
limited sample may force assumptions 
about capture probability equivalence 

requires questionable assumptions about 
complete capture probability; not 
suitable for species that hide in trees 

cannot use on large species or species 
that flee from investigator, use uneven 
substrate (sampling frame), or refuge in 
trees 

species list 

species accumulation 
curve 

catch per unit effort 
(CPUE) 

CPUE 

count as index 

CPUE 

DISTANCE analysis 
(estimate distance from 
animal to transect 
centerline) 

DISTANCE analysis 
(traps placed in precise 
radial array) 

"removal methods" 
(extrapolation of capture 
rate decline under 
constant effort) 

mark-recapture 

count 

count 

niques, but it requires more effort. Therefore, any comparison 
among methods should specify greater validity and often greater 
cost when comparing total removal sampling to any other method. 
Those differences are constant from method to method and there-
fore have been omitted from Table 1. The greater cost of total 
removal sampling does not apply in all circumstances; in some 
soils, installation of a long drift fence with pitfalls would require 
more effort than that needed for a total removal plot. Other tech- 

niques (e.g., litter plots) are less work, but have so much lower 
success that the yield per unit effort is lower (in addition to being 
of poorer quality). 

The use of litter plots is the sampling technique most similar to 
total removal plots, and some discussion is warranted to justify 
the additional expense of bounding a plot and removing the trees. 
We initially chose to remove the trees because we were interested 
in the relative densities of arboreal species, which are not sampled 
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by traditional unbound litter plots. In the process of disassembling 
trees we have become sensitized to the variety of ways in which 
traditional unbound litter plots may be undercounts of terrestrial 
species. For example, in our experience a surprisingly large frac-
tion of the terrestrial individuals take refuge inside tree bases or 
tree cavities, or by ascending trees. These would be overlooked 
by traditional litter plot methods. An example of this was inad-
vertently provided by the clever series of litter plots conducted by 
Slowinski et al. (1987); they found much higher numbers of indi-
viduals of diurnal terrestrial species when they cleared the plots at 
night. They interpreted the difference between day and nighttime 
capture rates as reflecting diel arboreal movements of the target 
species, but another interpretation is that the sleeping animals were 
captured before they had an opportunity to flee into the trees (as 
they did during the day). We have not attempted to test this hy-
pothesis by ringing trees with adhesive traps; such an approach 
would presume the absence of cavities that would allow small 
lizards to bypass the glue barrier by passing inside tree hollows or 
under glueboards. In the forests in which we have worked, it would 
be very difficult to have that assurance. To determine if forest re-
moval was necessary, we attempted to collect all of the lizards 
from one plot using hundreds of glueboards for a week prior to 
disturbing the vegetation. One non-climbing skink, Carlia fusca, 
was adequately sampled by this approach, but the remaining ter-
restrial and arboreal species were undercounted. 

Traditional litter plots are also vulnerable to the stealthy or un-
detected escape of individuals through the litter. For example, in 
the Virgin Islands we found that Sphaerodactylus macrolepis gec-
kos are adept at responding to footsteps and fleeing through the 
litter ahead of an approaching searcher. In the absence of a barrier 
these diminutive lizards might exit the plot undetected. In this re-
gard it is notable that a pioneering series of litter plots by Heatwole 
and Sexton (1966; Sexton et al. 1964) used a partial barrier (cheese-
cloth) at the perimeter of their plots, and obtained notably higher 
counts than have been obtained by subsequent researchers in lower 
Central America using unbound litter plots (Fauth et al. 1989; 
Heinen 1992; Lieberman 1986; Scott 1976; Slowinski et al. 1987). 
The most direct evidence of the difference between bound and 
unbound litter plots was provided by a single comparison in 
Amazonia by Reynolds et al. (1997). They sampled one unbound 
100 m2  litter plot and obtained three anurans, a value comparable 
to other litter plot samples from the Amazon (Allmon 1991; Gascon 
1996; Rodriguez 1992,). However, in an equivalent-but-bound total 
removal plot nearby they obtained 29 anurans and one snake. Until 
this matter is clarified further, it seems prudent to conclude that 
traditional litter plot methods may be significantly undercounting 
stealthy species. 

Animal density estimation is the dual challenge of estimating 
the number of animals and determining the area that such a popu-
lation of animals is using. In the case of total removal plots, we 
obtain a census of animals from a sharply defined area. In com-
parison to all other methods (Table 1), total removal plots have 
higher face validity, though at a cost in labor and therefore geo-
graphic dispersion of samples. We think that the technique is most 
valuable not as an operational sampling technique for single spe-
cies, but as a means of measuring the bias and precision of less 
expensive alternate techniques. None of the alternative techniques 
provide a validated means of comparing the abundances of differ- 

ent species, however. For operationally quantifying herpetofaunal 
assemblages, a total removal methodology may be preferred. 
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Often, researchers need to track individual animals over the 
course of consecutive days to measure parameters such as terri-
tory size or home range size or to determine the status of a given 
individual (e.g., territory holder, floater). Because multiple ani-
mals may be present within the given study area, it is obviously 
important to assure that the same animal is followed from day to 
day. 

One way to keep track of individual animals is to mark them. 
Reptiles are commonly marked using techniques such as scale clips, 
toe clips, unique paint patterns and tail beads. These marking tech-
niques all require that the animal be initially captured in order to 
apply the unique mark. However, it is more difficult to capture 
animals after they have had the experience of being captured 
(Marcellini and Jenssen 1991), and often, capture is needed to 
complete the data collection for a study. Researchers may spend 
excessive time at the end of a study attempting to capture animals 
in order to take final measurements, blood samples, etc. If these 
animals cannot be captured, data will be lost. Thus a technique 
that allows animals to be marked without the need to capture them 
may save time and prevent frustration in the field by allowing 
animals to remain naive with respect to capture, and thus easier to 
catch at the end of the study than those otherwise caught at the 
beginning of the study simply for the purpose of marking them. 
Also, because of the reduced handling time, there is less opportu-
nity for damage (e.g., tail breaks) to occur to the animal. Finally, 
capturing an animal prior to data collection may result in the ani-
mal becoming wary of the observer and therefore exhibiting ab-
normal behavior during data collection due to observer presence. 
We have developed a technique for temporarily marking Anolis 
carolinensis without the need for initial capture that may be ap-
plicable to other lizard species. 

A rubber squeeze bulb (we used an ear bulb syringe) was placed 
into the widest diameter end of a fully extended (1.6 m) telescop-
ing fishing pole (with the terminal metal eyelet removed) so that 
the elongated tip of the squeeze bulb was completely inside the 
pole with only the bulb remaining on the outside. The junction 
between the bulb and the pole was sealed with duct tape (Fig. 1). 
Once the lizard of interest was in view and relatively close (within 
4 m) to the observer, a small amount of model airplane paint 
(Testors® gloss enamel) was drawn up into the tip of the pole 
opposite the squeeze bulb. Model airplane paint (with propanol as 
the solvent) has been shown to have no adverse affects on lizard 
survivorship (Jones and Ferguson 1980) as opposed to other types 
of paints such as those using xylene as a carrier (Boone and Lame 
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tip of pole through which 
paint is taken up and 
sprayed out \ 

A 

duct tape 

B 

— squeeze bulb with nozzle fully 
inserted into hollow pole 

FIG. 1. Paint spraying device for temporarily marking lizards. A. Tele-
scoping fishing pole in its fully extended (1.6 m) position. B. Enlarged 
view of both ends of paint spraying device. 

1999). Within 60 sec of taking paint up into the pole, the tip of the 
pole was placed within one meter of the lizard and the bulb was 
quickly squeezed to release a light mist of paint. This resulted in 
the dorsal surface lizard becoming patterned with a number of 
small (<1 mm diameter) paint dots. Usually, the paint dots were 
not visible on the lizard unless the lizard was viewed with binocu-
lars. The paint spray was not powerful enough to knock the lizard 
off of its perch, nor did the lizard move very far once sprayed 
(<0.5 m). Although we are not certain how long the paint took to 
fully dry on the lizard, we never found an animal to have smeared 
paint dots once it was captured at the end of the observation pe-
riod. 

Different animals in the same area were marked in either of two 
ways. In some cases, we used different paint colors for different 
animals. In other cases where we used the same paint color for 
animals in close proximity to each other, we noted the unique pat-
tern of dots produced by the sprayed paint and used that as a means 
of identification once the lizards were captured. 

Field studies investigating the effects of paint-marking on liz-
ard survivorship have shown that lizards with conspicuous (brightly 
colored to the human eye) marks do not appear to have a reduc-
tion in survival when compared to inconspicuously marked liz-
ards (as measured by recapture rates) (Jones and Ferguson 1980; 
Simon and Bissinger 1983). This lack of a survival difference has 
been attributed to a lack of detection by visually oriented preda- 

tors (Jones and Ferguson 1980). However, we also need to con-
sider the context in which marks will be perceived by conspecif-
ics. Colors are recognized as indicators of status and physiologi-
cal state in many animals (see Cooper and Greenberg 1992), so 
artificially adding color could interfere with a natural signaling 
system and thus affect the outcome of our studies (e.g., Burley et 
al. 1982). It is therefore beneficial that the marks produced by this 
technique are relatively inconspicuous and that multiple paints can 
be blended to achieve a full range of colors. 

Perhaps the only caution to using this marking technique is that 
within 2 to 3 min of spraying the tip of the pole must be cleaned to 
prevent clogging. (After 60 sec with the paint at the tip of the 
pole, the paint would dry just enough to prevent it from being 
sprayed out in a fine mist at the lizard). We cleaned the pole by 
repeatedly (4 to 5 times) taking up thinner and spraying it back 
into the jar. We were able to use each 7.5 ml jar of Testors® enamel 
thinner to clean the pole approximately ten times. 

Any marking technique that does not initially require capture of 
the study animals is likely to be an improvement over techniques 
requiring capture. Our technique is not toxic to the animal and 
relatively inconspicuous. It is also simple and quick to employ, 
requiring very little extra equipment to be carried in the field. 
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Eumeces laticeps (Broad-headed Skink). Illustration by Michael G. 
Frick. 
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