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

the annual meetings and serve on editorial boards and committees. 

ANNUAL DUES AND SUBSCRIPTIONS: Annual membership dues for the year 2002 in the Society for the Study of Amphibians and 
Reptiles are as follows: Individual membership US$50; Student membership $30; Family membership $60. Institutional 
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Society's primary technical publication, the Journal of Herpetology, and its news-journal, Herpetological Review; both are 
published four times per year. Members also receive pre-publication discounts on other Society publications, which are 
advertised in Herpetological Review. Subscription to the Catalogue of American Amphibians and Reptiles: Individuals $20; 
Institutions $25. 

Payment must be made in USA funds, payable to "SSAR," or by International Money Order, or with VISA or MasterCard 
(account number and expiration date must be provided). Payment should be sent to: Theodora Pinou, SSAR Treasurer, De-
partment of Ecology & Evolutionary Biology, Osborn Memorial Labs, Yale University, 165 Prospect Street, New Haven, 
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A half-dozen hylid frog species 
comprise one of the most distinctive, 
if not the weirdest, groups in the fam-
ily (Mendelson et al. 2000. Zool. J. 
Linnean Soc. 128:1-24). Called 
casque-heads owing to their large, 
box-like skulls, frogs in the genus 
Hemiphractus look like props from a 
Star Wars movie set. Bony processes 
ornament the head and fleshy protu-
berances adorn the eyelids and snout, 
and the over-sized mouth contains 
sharp, fang-like maxillary and pre-
maxillary teeth. Bulging eyes with 
horizontal pupils give these hylids a 
decidedly extraterrestrial appearance. 

Casque-heads are known only 
from lower Central America, and 
South America in the Choc6, the 
Andes Mountains, and the western Amazon Basin. The genus is considered to 
show an Amazonian distribution (Hemiphractus bubalus, H. helioi, H. 
proboscideus, and H. scutatus), with Hemiphractus fasciatus and H. johnsoni 
being Chocoan vicariants (Duellman 1999. In W. E. Duellman [ed.], Patterns of 
Distribution of Amphibians, pp. 255-328. Johns Hopkins University Press, Bal-
timore; Trueb 1974. Occasional Papers of the Museum of Natural History, Uni-
versity of Kansas 29:1-60). Hemiphractus is known to occur in Panama, Co-
lombia, Ecuador, Peru, and Bolivia. 

These frogs live in dense, tropical rainforest and cloud forest up to about 
2000 m above sea-level. They look for all the world like the leaf litter in which 
they hide during daytime. By night casque-heads can be found perched on low 
twigs and leaves or sitting in ambush (H. scutatus) on the forest floor. The diet 
consists of arthropods and small vertebrates, especially frogs. Prey is seized 
rapidly and subdued by a powerful bite. Vocalization is only spottily documented, 
and calling behavior is unknown for several species. The breeding biology of 
calque-heads also is an enigma, although females of some species have been 
found brooding eggs on their backs. 

After a hiatus of nearly three decades (Trueb 1974, op cit.), relationships 
among hemiphractines recently have been the subject of much investigation 
(Mendelson et al. 2000, op cit.; Sheil and Mendelson 2001. Herpetologica 57:189-
202; Sheil et al. 2001. Herpetologica 57:203-214). The discovery of a previ-
ously undescribed species, Hemiphractus helioi, that had been ascribed errone-
ously to H. johnsoni for nearly a century, has altered our concept of Hemiphractus. 
Two lineages are recognized currently, with H. johnsoni being the sister taxon to 
H. bubalus + H. proboscideus, and H. helioi being the sister taxon to H fasciatus 
+ H. scutatus (Sheil et al. 2001, op cit.). 

The cover photograph depicts a Hemiphractus helioi (Helio's Casque-head) 
feeding on an Eleutherodactylus carvalhoi, which it ingested over a period of 
several minutes. The photo was taken by William W. Lamar, who found and 
photographed the frogs in situ at night in leaf 
litter of low primary rainforest near a swamp 
in eastern Peru, adjacent to the Brazilian fron-
tier. Lamar used a Pentax LX camera, Vivitar 
Series 1 f/2.5 90mm macro lens, extension 
tubes, Vivitar Series 1 flash, and Fuji Velvia 
film. 

Lamar comments that he has observed H. 
helioi in adjacent western Brazil, and that the 
species is widespread across northeastern Peru 
in the Departamento de Loreto, where he has 
found it in sympatry with H. proboscideus and 
H. scutatus, always in primary rainforest, and 
always at night. 

Bill has spent half of his life in the 
Neotropics, and much of that time he has been 
carefully documenting the remarkably diverse 
herpetofauna of the western Amazon Basin in Colombia, Ecuador, and Peru for 
a book he is writing. Lamar believes the best way to become environmentally 
aware is by celebrating nature, and towards that end he leads specialists as well 
as the general public on tropical expeditions for GreenTracks, Inc. Jonathan A. 
Campbell of the University of Texas at Arlington and Bill have just completed a 
new book, "The Venomous Reptiles of the Western Hemisphere," to be pub-
lished next year by Cornell University Press. 

P
H

O
T

O
  B

Y
 P

E
K

K
A

 S
O

IN
I 

About Our Cover: Hemiphractus helioi SSAR BUSINESS 

North American Common Names Publication 
Now Available Online 

As a service to the herpetological community, SSAR has made 
the official list of names of amphibians and reptiles of North 
America free for download as a PDF file (ca. 1.6 MB). "Scientific 
and Standard English Names ofAmphibians and Reptiles of North 
America North of Mexico, with Comments Regarding Confidence 
in Our Understanding" by the Committee on Standard English 
and Scientific Names (Brian I. Crother, Chair) is now available at: 

http://www.herplit.com/SSAR/circulars/HC29/Crother.html  

A printed version of the book may be ordered from the SSAR 
Publications Secretary at: 

http://www.herplit.com/SSAR/index.html  

This names list has been adopted by all three North American her-
petological societies (ASIH, HL, SSAR) as the official list of ac-
cepted common names, and also serves as an important resource 
for current taxonomic arrangements for North American taxa. 

SSAR Grants-in-Herpetology Committee Annual 
Report (2002) 

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

Field Research.—Jerry Husak, Oklahoma State University. 
Project title: "Environmental constraints on the evolution of col-
lared lizard (genus Crotaphytus) display behavior and coloration." 

International.—Christopher Kelly, Oxford University. Project 
title: "Afromontane snakes: species boundaries, phylogenetics and 
phylogeography." 

Conservation.—Michael J. Rubbo, Pennsylvania State Univer-
sity. Project title: "Urbanization, ecosystems, and amphibians: Do 
changes in ecosystem functioning prescribe the composition of 
amphibian communities? 

Laboratory Research.—Carol L. Spencer, University of Texas 
at Arlington. Project title: "Phylogeography and comparative analy-
sis of a widespread pitviper, Crotalus atrox. 

Travel.—Julie E. Gonzilez, Iowa State University. Project title: 
"Inheritance of nest-site choice in the field in a turtle with tem-
perature-dependent sex determination." 

2002 Grants-in-Herpetology Committee.—Chair: Erik R. Wild. 
Reviewers: Jeffrey Parmelee, Karen Lips, Kirsten Nicholson, 
Rafael de Sd, and Chris Parkinson. 

SSAR congratulates the 2002 GIH recipients and thanks the com-
mittee members for their efforts. 

Seibert Award Winners for 2002 Announced 

The eleventh annual Seibert Awards were presented at the 45th 
Annual Meeting of the SSAR in Kansas City, 3-8 July 2002. These 
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SOCIETY FOR THE STUDY OF AMPHIBIANS AND REPTILES 

2003 ANNUAL MEETING 

together with 

THE HERPETOLOGISTS' LEAGUE 

and 

AMERICAN SOCIETY OF ICHTHYOLOGISTS AND HERPETOLOGISTS 

26 June —1 July 2003 
Tropical Hotel Conference Center 

(on the Rio Negro) 
Manaus, Amazonas, Brazil 

Richard C. Vogt and Ning Labbish Chao, Local Chairs 

First Announcement 
A more detailed meeting announcement will appear in the December 2002 issue of HR. 

The Meeting Announcement/Call for Papers will be mailed to all members of the sponsoring 
societies 1 November 2002. It is also available as a PDF file at <http:www.fua.br/jmih2003.html>. 

Travel: Varig Travel Vacations is offering a package airfare and hotel round trip from Miami to 
Manaus with 6 nights in Hotel Tropical with breakfast and buffet lunch US$ 1300 per person double 
occupancy. Add on prices from other cities can be arranged. <www.varigtravelvacations.ws > or 1-
877-687-1000. Attendees may also download the Varig Travel Package reservation form (PDF file) 
from the SSAR web site: <http://www.ku.edui-ssar/Manaus_Regform.pdf > 

awards are named in honor of Henri C. Seibert, an early and tire-
less supporter of SSAR (having served as an officer for over 20 
years). In recognition of outstanding student presentations at the 
annual meeting, a single award was given in each of the following 
categories: Systematics (4 eligible presentations), Physiology/ 
Morphology (8 eligible presentations), Ecology/Evolution (19 eli-
gible presentations), and Conservation (10 eligible presentations). 
All four awardees received a check for US $200 and a book from 
Academic Press. The winners: 

Systematics: Gregory Pauly, Section of Integrative Biology, Uni-
versity of Texas at Austin, "Phylogenetic Relationships of North 
American Bufonids." 

Physiology/Morphology: Gabriel Rivera, Department of Biologi-
cal Sciences, Old Dominion University, "Regional Variation in 
Mechanical Properties of the Integument of Thamnophis sirtalis 
(Serpentes)." 

Ecology/Evolution: Jason Kolbe, Department of Biology, Wash-
ington University, "A Comparative Study of Interspecific Interac-
tions among Three Antiguan Lizards." 

Conservation: John Roe, Department of Biology, Indiana-Purdue 
University, "Wetland Use Patterns and Spatial Ecology in Two 
Sympatric Water Snakes, Nerodia sipedon and the imperiled 

Nerodia erythogaster neglecta." 

The judges also acknowledged additional outstanding presenta-
tions as Honorable Mention recipients: 

Systematics: Ted Townsend, Department of Biology, Washing-
ton University, "Phylogeography and Species Status of Dwarf Cha-
meleons of the Bradypodion transvaalense Complex of South Af-
rica." 

Physiology/Morphology: Charles Smith, Department of Ecology 
and Evolutionary Biology, University of Connecticut, "Sexual Di-
morphism in the Forked Tongue of the Northern Copperhead 
Snake." 

Ecology/Evolution: Erin Casey, Department of Biological Sci-
ences, Eastern Illinois University, "Genetic Diversity, 
Phylogeography, and Conservation of the Seal Salamander, 
Desmognathus monticola." Patrick Owen, Department of Ecol-
ogy and Evolutionary Biology, University of Connecticut, "Graded 
Aggressive Response in the Green Frog Rana clamitans." Jessica 
Stapley, School of Botany and Zoology, Australian National Uni-
versity, "The Behavioral Responses of Lizards to Multiple Preda-
tors." 

Conservation: Tracy Green, Division of Biological Sciences, Uni- 
versity of Missouri, "Salamanders Alter Emigration Behavior at a 
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Forest-Grassland Edge: Variation among Metamorphs, Adults, and 
Translocated Adults." Deni Porej, Department of Evolutionary, 
Ecology and Organismal Biology, The Ohio State University, "Am-
phibian Aspect of Mitigation for Wetland Losses." 

The judges were Robin Andrews (Virginia Polytechnic and State 
University), Chris Austin (University of North Dakota), David 
Bickford (University of Miami), Steve Johnson (U.S. Geological 
Survey), Peter Nelson (Emory University), Kirsten Nicholson 
(Washington University), Chuck Peterson (Oklahoma State Uni-
versity), Marion Preest (Chair, The Claremont Colleges), and Lora 
Smith (Joseph W. Jones Ecological Research Center). 

Proposed Amendment to SSAR Bylaws 

Members of the Society for the Study of Amphibians and Rep-
tiles are hereby notified of a proposal approved by the SSAR Board 
of Directors to amend the following articles of the SSAR Bylaws 
to alter the terms of office for several officers to either two- or 
four-year terms (dependent upon position) and increase the num-
ber of Directors from six to eight. The purpose of the amendments 
is to increase the number of board members and enable the SSAR 
to benefit more fully from their expertise and acquired knowledge 
of the society. These changes will furthermore allow elections for 
officers be held only every other year, rather than annually, as also 
approved by the Board. 

Article II, Section la, currently reads: "The elected officers 
shall be President, President-elect, Secretary, Treasurer, six Di-
rectors and the immediate past President." 

If amended, it will read: "The elected officers shall be Presi-
dent, President-elect, Secretary, Treasurer, eight Directors and im-
mediate Past-President." 

Article II, Section 3, currently reads: "The terms of office for 
the President, President-elect and immediate Past-President shall 
be for two years; those for Secretary, Treasurer, Publications Sec-
retary and Directors shall be for three years (with election to pro-
vide staggered terms so that no more than two Directors shall be 
elected in any one year)." 

If amended, it will read: "The terms of office for the President, 
President-elect, Secretary, Treasurer, Publications Secretary, and 
immediate Past-President shall be for two years; those for Direc-
tors shall be for four years (with election to provide staggered 
terms so that no more than four Directors shall be elected in any 
one year)." 

Article III, Section 1, currently reads: "The Board of Directors 
shall consist of the President, President-elect, Secretary, Treasurer, 
six Directors, Publications Secretary and immediate Past-Presi-
dent. 

If amended, it will read: "The Board of Directors shall consist 
of the President, President-elect, Secretary, Treasurer, eight Di-
rectors, Publications Secretary and immediate Past-President." 

These proposed amendments will be on the agenda for discus-
sion at the 2003 annual business meeting in Manaus, Brazil (pre-
cise date and time to be determined). A ballot on the amendments 
will be submitted to the SSAR membership after the annual meet-
ing in Manaus. The new terms of office would take effect in 2005 
for those persons elected by mail ballot in 2004. 

NEWSNOTES 

International Society for the History and 
Bibliography of Herpetology 

The ISHBH is a not-for-
profit organization estab-
lished to bring together in-
dividuals for whom the his-
tory and bibliography of 
herpetology is appealing 
and to promote the knowl-
edge of related topics 
among members and the 
general public. Member-
ship is open to anyone who 
shares the aims of the so-
ciety. Members receive the 
biannual ISHBH Newslet-
ter and Bulletin. The soci-
ety also organizes semi-
nars, visits to libraries, mu-
seums, research stations, 
etc., in connection with in-
ternational herpetological meetings. Web address: 

<www. teorekol.lu.se/–rana/ISHBH> 

Formal application for membership (US $30/regular and $10/stu-
dent) should be directed to: Richard Wahlgren, Chairperson, 
ISHBH, Box 2123, SE-220 02, Lund, Sweden; e-mail: 
Richard.Wahlgren@skanska.se.  

Phyllomedusa, Journal of Neotropical Herpetology 

Phyllomedusa—Journal of 
Neotropical Herpetology, is a 
biannual journal dedicated to 
the study of all aspects of the 
biology of Neotropical am-
phibians and reptiles, and is 
published by Melopsittacus 
Publicactles Cientfficas. Vol-
ume 1, Number 1 made its ap-
pearance in 2002. Although 
English is the primary lan-
guage of the journal, manu-
scripts will be accepted in Por-
tuguese or Spanish, with En-
glish abstracts. The Editor is 
Jaime Bertoluci (e-mail: 
bertoluc  @icb.ufmg.br). Sub-
scriptions within Brazil: R $20.00; outside Brazil: US $20.00. 
Correspondence to: Caixa Postal 1474, Belo Horizonte - Minas 
Gerais, CEP 30.123-970, Brazil. 

Additional note: Attendees at the 2002 Kansas City meetings 
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who paid for subscriptions to Phyllomedusa need to send their e-
mail addresses to Dick Vogt (e-mail: vogt@inpa.gov.br).  

SHERBROOKE, W. C. 2002. Do vertebral-line patterns in two horned lizards 
(Phrynosoma spp.) mimic plant-stem shadows and stem litter? Journal 
of Arid Environments 50:109-120. 

Herpetological Collection Moved 

The research collection of amphibians and reptiles of the De-
partment of Biology, George Mason University, Fairfax, Virginia 
(GMU) has been deposited in the Division of Amphibians and 
Reptiles, National Museum of Natural History, Smithsonian Insti-
tution, PO Box 37012, NHB W203, mrc 162, Washington, DC 
20013-7012, USA. Please contact Ronald Crombie (e-mail: 
crombieson  @nmnh.si.edu) for information concerning specimens. 

MEETINGS 

Meetings Calendar 

25-28 November 2002—VII National Meeting, Sociedad 
Herpetologica Mexicana (SHM) (Mexican Herpetological Soci-
ety), Universidad de Guanajuato, Mexico. Information: 
www.iztacala.unam.mx/slun/.  

18-22 June 2003—Second International Congress on Chelonian 
Conservation in Senegal. Conference to be held in English w/ 
French translations. Further info: www.tortues.com ; e-mail: 
soptom@soptom.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, Eli 
Greenbaum or Omar Torres-Carvajal; postal and e-mail addresses may 
be found on the inside front cover. 

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

Cryptic Patterns in Horned Lizards 

Horned lizards of the genus Phrynosoma are relatively slow 
moving animals that utilize crypsis as their primary means of es-
caping detection. Sherbrooke discusses the vertebral line patterns 
of two species, which are black in P. mcalli and white in P. 
cornutum. The author argues that these lines mimic plant stem 
shadows and plant stems, respectively. Both species spend large 
amounts of their daily surface activity underneath clumps of grass, 
shrubs, and other vegetation. The blotched-spotted patterns of these 
lizards are consistent with an antipredatory strategy of cryptic de-
fense. Future studies can test this hypothesis in the context of ex-
perimental manipulation of vertebral-line patterns, behavioral se-
lection of backgrounds, and geographic variation of these taxa. 

Correspondence to: Wade C. Sherbrooke, Southwestern Research Sta-
tion, American Museum of Natural History, P.O. Box 16553, Portal, Ari-
zona 85632, USA; e-mail: wcs@amnh.org.  

Swimming Performance in the Frog 
Xenopus laevis 

Numerous studies have failed to demonstrate a trade-off between 
speed and endurance in locomotor performance of vertebrates. The 
authors propose two competing hypotheses to explain this phe-
nomenon: 1) the performance trade-off may not pertain to all ver-
tebrates; or 2) trade-off effects of whole muscle may be difficult 
to observe at the whole-organismal level. These hypotheses were 
addressed by examining the burst swimming performance and 
endurance of 55 post-metamorphic Xenopus laevis; eighteen of 
these individuals also were tested for isolated muscle performance 
with the work-loop technique. Statistical analyses were performed 
with Pearson's product moment correlation, the Bonferroni method, 
and student's t-test. Results of whole-animal performance experi-
ments indicated no trade-off between measurements of speed and 
endurance. Isolated whole-muscle performance experiments did 
not demonstrate any significant correlation between measures of 
whole-animal performance and in vitro muscle performance. How-
ever, peak instantaneous power output at six Hz was negatively 
correlated with the fatigue-resistance of force production at two 
Hz. It is possible that in vitro measures of muscle performance do 
not accurately reflect in vivo locomotor states. 

WILSON, R. S., R. S. JAMES, AND R. VAN DAMME. 2002. Trade-offs between 
speed and endurance in the frog Xenopus laevis: a multi-level approach. 
The Journal of Experimental Biology 205:1145-1152. 

Correspondence to: Robbie S. Wilson, Laboratory of Functional Mor-
phology, Department of Biology, University of Antwerp, Universiteitsplein 
1, Wilrjk B-2610, Belgium; e-mail: rwilson  @uia.ua.ac.be . 

Organophosphate and pH Levels of Frozen 
Rana sylvatica 

Thawing frogs may experience disruption of vital functions as a 
consequence of low ATP and creatine phosphate (CP) levels and/ 
or abnormal pH of the blood. The authors used NMR spectros-
copy to examine these factors (and inorganic phosphate, P) in 
wood frogs (Rana sylvatica) that were exposed to either slow or 
rapid freezing at -1.5°C for seven days. Statistical tests included 
repeated measures analysis of variance, Tukey tests, and unpaired 
t-tests. Most of the test subjects survived the slow-freeze treat-
ment (3 of 4), but no frogs survived the rapid-freeze treatment. 
Levels of Pi  increased in both slow and fast-freeze treatments, 
whereas CP levels declined in both treatments.. Levels of B-ATP 
were stable in the slow-freeze treatment, but declined in the fast-
freeze treatment. Intracellular pH was stable in the slow-freeze 
treatment, but declined in the rapid-freeze treatment. It is likely 
that the slow-freeze treatment allowed frogs to maintain sufficient 
pools of ATP and CP because effective glucose distribution per- 
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FOR SALE 

ORIGINAL WATERCOLORS BY 
DAVID M. DENNIS 

SSAR is pleased to announce the availability of the 
original watercolor paintings from which the color 
plates were reproduced in William Duellman's clas-
sic book "Hylid Frogs of Middle America." These are 
one-of-a-kind drawings, two to three times the size of 
the published versions, and each individually signed 
by the artist. Prices range from US$100 to $800. 

Mr. Dennis is widely recognized as one of the fore-
most illustrators of amphibians and reptiles. His 
award-winning natural history paintings have 
been displayed in major galleries and exhibits and 
are reproduced in numerous books. 

A complete pricelist of the paintings is avail-
able on request from the SSAR Publications Sec-
retary, Breck Bartholomew, address: SSAR Pub-
lications, P.O. Box 58517, Salt Lake City, UT 
84158-0517; e-mail: ssar@herplit.com.  Copies of 
the book in two clothbound volumes ($125) and 
printed sets of the 46 color plates ($45) are also 
available from Mr. Bartholomew. 

mined adequate energy metabolism. The likely cause of death in 
the rapid-freeze test subjects was acidosis. 

LAYNE, JR., J. R., AND S. D. KENNEDY. 2002. Cellular energetics of frozen 
wood frogs (Rana sylvatica) revealed via NMR spectroscopy. Journal 
of Thermal Biology 27:167-173. 

Correspondence to: Jack R. Layne Jr., Department of Biology, Slippery 
Rock University, Slippery Rock, Pennsylvania 16057, USA; e-mail: 
jrl@sruvm.sru.edu.  

Tongue Evolution in the Family Plethodontidae 

Many species of plethodontid salamanders have evolved ex-
tremely rapid and extendable tongues for the purpose of prey cap-
ture. The authors hypothesize that plethodontids with a larval stage 
of development have experienced a constraint on the evolution of 
their tongue protraction because of conflicting functions of the 
hyobranchial apparatus in their biphasic life history. The authors 
tested the behavioral prediction of this hypothesis—that adult 
plethodontids will possess poor suction-feeding abilities. This 
behavior was observed in seven taxa of the subfamily 
Desmognathinae; all examined species have a life history with an 
aquatic larva that reorganizes the hyobranchial apparatus during 
metamorphosis. A total of 275 prey-capture attempts was recorded 
with a high-speed video camera against a background grid of 5 
mm or 1 cm squares. High-quality, videotaped feedings were digi-
tized to facilitate kinematic analyses. Larvae of all examined taxa 
used suction feeding via hyobranchial depression to capture prey; 
no animals fed during metamorphosis. Terrestrial-feeding adults 
used tongue protraction in 32 of 34 feeding attempts, and jaw pre-
hension for the remaining attempts. Aquatic-feeding adults cap-
tured prey by lunging forward and grasping prey with the jaws or 
by tongue protraction—prey were manipulated less effectively in 
larvae. These results support the authors' contention that the loss 
of suction feeding in adult plethodontids is a consequence of the 
evolution of tongue protraction. The evolution of tongue protrac-
tion in plethodontids suggests a terrestrial or semi-terrestrial habit 
was present in ancestral members of this group. 

DEBAN, S. M., AND S. B. MARKS. 2002. Metamorphosis and evolution of 
feeding behaviour in salamanders of the family Plethodontidae. Zoo-
logical Journal of the Linnean Society 134:375-400. 

Correspondence to: Stephen M. Deban, Department of Biology, 201 South 
Biology, University of Utah, Salt Lake City, Utah 84112, USA; e-mail: 
sdeban@usa.net.  

Introduced Species of Snakes in Arazil 

Sao Paulo is one of the major commercial centers of southeast-
ern Brazil. The illegal trafficking of exotic gild native species of 
snakes is concentrated in this area. The aythors used Sander's 
Rarefaction Method and data from snakes sentto Institute Butantan 
to assess the pattern of new species arrivals m this area. Each spe-
cies was qualitatively classified for 24 bithigical categories (e.g., 
foraging mode) into a niche; niche similaritie.§ were estimated us-
ing multivariate methods. Twenty-six species.of native snakes and 
76 species of exotic snakes were included in the investigation. 
Three main groups (0.2 similarity level) were identified from a  

cluster analysis of interspecific similarities of biological attributes. 
The authors point out that some of these species present a poten-
tially lethal threat to humans, and the exotic trade prohibition in 
Brazil should continue. 

ETEROVIC, A., AND M. R. DuARTE. 2002. Exotic snakes in Sao Paulo City, 
southeastern Brazil: why xenophobia? Biodiversity and Conservation 
11:327-339. 

Correspondence to: Marcelo Ribeiro Duarte, Laboratorio de Ecologia 
Evolutiva, Departamento de Ecologia Geral, Instituto de Biociencias, 
Universidade de Sao Paulo, Rua do Matao 321, Brazil; e-mail: 
mrduarte@attglobal.net.  
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Behavioral Dominance in the Lizard 
Cnemidophorus laredoensis 

The Cnemidophorus laredoensis complex consists of two sym-
patric, diploid, all-female parthenogenetic species (LAR-A and 
LAR-B). Behavioral observations in the field suggest that in ag-
gressive interactions, LAR-B is behaviorally dominant to LAR-
A, and that both species defend their burrows from intruders. The 
author tested these hypotheses in a laboratory setting by placing 
one individual of each species (approximately the same size) in a 
91 x 45 x 54 cm glass aquarium with a cardboard partition that 
divided the terrarium into two equal sides. The lizards were given 
48 hours to adjust to their setting (and dig burrows), and were 
then filmed two minutes after the partition was removed for 60-
min trials. Specific types of behavior dictated whether an interac-
tion resulted in a "winning encounter" for an individual lizard—if 
an individual "won" more than 50% of the encounters, it was clas-
sified as the dominant individual for that trial. Statistical analyses 
were conducted with Binomial tests, Chi-square tests, Wilcoxon 
sign rank tests, and conventional t-tests. Individuals of the LAR-
B species won 13 of 16 trials with clear, overall winners, repro-
ductive state of the lizards did not have an effect on trial outcomes. 
Individuals of both species did not attempt to defend their bur-
rows from intruders. The discrepancy in burrow-defense behavior 
in field observations and this study may be an artifact of the ex-
perimental design. 

PAULISSEN, M. A. Interspecitic dominance and burrow use in the two spe-
cies of the parthenogenetic lizard complex Cnemidophorus laredoensis 
(Teiidae). Southwestern Naturalist 47:21-29. 

Correspondence to: Mark A. Paulissen, Department of Biological and 
Environmental Sciences, McNeese State University, Lake Charles, Loui-
siana 70609, USA; e-mail: mpauliss@mail.mcneese.edu.  

Habitat Selection of the Wood Turtle 
Clemmys insculpta 

Previous models of habitat selection in mobile species assume 
that an animal's entire home range is available to it between suc-
cessive observations. However, this assumption does not seem valid 
for wood turtles (Clemmys insculpta) because this species has low 
mobility and large home ranges. The authors present a model of 
habitat selection that utilizes samples from one or more random 
locations paired with each animal location, and a paired logistic 
regression to analyze the habitat selection. Thirty-seven turtles from 
western Maine were captured and radio tagged (Lotek MBFT-6 
transmitters); these turtles were located by radiotelemetry one to 
three times per week for several months in the summers of 1997 
and 1998, and these data were entered into a geographic informa-
tion system. Several types of habitat measurements and variables 
were recorded from activity areas of the turtles. Most of the turtle 
locations occurred in forest, scrub-forest, bog-fen, or "emergent 
cover" habitats; males were found in water twice as often as fe-
males. Coefficients of the best model from activity-area scales 
suggest that turtles selected nonforested, low canopy-cover areas 
that are close to water; overall the models did not demonstrate 
strong predictive power. A watershed-scale model suggested that  

turtles select activity areas near streams and rivers with moderate 
(10-50%) amounts of forest cover—this model had an overall 
correct classification rate of 84%. The incongruence of models 
for the different scales is a likely reflection of a trade-off between 
feeding and thermoregulation. 

COMPTON, B. W., J. M. RHYMER, AND J. McConoucti. 2002. Habitat selec-
tion by wood turtles (Clemmys insculpta): an application of paired lo-
gistic regression. Ecology 83:833-843. 

Correspondence to: Bradley W. Compton, Department of Natural Re-
sources Conservation, University of Massachusetts, Amherst, Massachu-
setts 01003, USA; e-mail: bcompton@forwild.umass.edu.  

Fang Formation in Elapid and Viperid Snakes 

Previous workers have proposed two conflicting hypotheses to 
describe snake fang formation. The infolding hypothesis states that 
embryonic fangs develop an anterior groove that deepens and 
comes together to form a closed canal. Proponents of the "brick 
chimney" hypothesis contend that mineralization of hollow fangs 
proceeds basally without any folding around the canal. Jackson 
examined a developmental series of fangs from Naja kaouthia and 
Bitis arietans with scanning electron microscopy; additional 
cleared-and-stained specimens of Crotalus horridus were exam-
ined with light microscopy. Replacement fangs of adult specimens 
were examined from Naja melanoleuca, Bothrops lansbergii, and 
Bitis arietans. Results supported the "brick chimney" hypothesis—
shortening of the discharge orifice in viperids may have confused 
proponents of the infolding hypothesis. Formation and morphol-
ogy of the first fang in embryonic snakes differed from that of 
adults and may represent a plesiomorphic condition retained from 
an opisthoglyphous ancestor. 

JACKSON, K. 2002. How tubular venom-conducting fangs are formed. Jour-
nal of Morphology 252:291-297. 

Correspondence to: Kate Jackson, Museum of Comparative Zoology, 
Harvard University, 26 Oxford Street, Cambridge, Massachusetts 02138, 
USA; e-mail: kjackson@oeb.harvard.edu.  

Effects of Temperature on Eggs of the Scincid 
Bassiana duperreyi 

Suboptimal incubation conditions serve as a stimulus for hatch-
ing in some species of squamate reptiles. Shine hypothesized that 
cool temperatures in the montane scincid Bassiana duperreyi might 
stimulate early hatching and produce different phenotypic traits. 
Eggs were collected from wild nests and transferred to incubators 
that simulated normal, relatively warm incubation conditions. At 
various times in the latter half of normal development (7-11 
weeks), some eggs were transferred to incubators with either 
gradual or sudden declines in incubation temperatures—both treat-
ments mimic conditions that have been recorded from wild nests. 
Locomotor speed of hatchlings was assessed on a one-meter race-
way. Hatching success was 73% and 80% for eggs shifted to the 
"sudden decline" treatment at seven and eight weeks, respectively. 
All other treatments had a hatching success rate of 93%. Incuba-
tion duration was longer for eggs transferred to cooler tempera-
tures at seven weeks, but later transfers had a smaller effect. Longer 
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incubation periods produced relatively heavy-bodied lizards; lo-
comotor performance was affected by time of egg transfer and the 
magnitude of temperature decline. Growth was affected in numer-
ous ways by the treatments. Data from other taxa are needed to 
assess whether these results represent adaptations to local condi-
tions. 

SHINE, R. 2002. Eggs in autumn: responses to declining incubation tem-
peratures by the eggs of montane lizards. Biological Journal of the 
Linnean Society 76:71-77. 

Correspondence to: Rick Shine, Biological Sciences A08, University of 
Sydney, NSW 2006, Australia; e-mail: rics@bio.usyd.edu.au.  

Variation of a Peruvian Herpetofauna 

Neotropical rain forests are not homogeneous throughout their 
distribution, and local and regional effects on the herpetofauna in 
these areas are poorly understood. To understand the effects of 
microgeographic variation on the herpetofauna of Tambopata Re-
gion in Peru, the authors intensively surveyed five localities for 
23 months in 1997 and 1998. Each site had four quadrat parcels 
(80 x 70 m; 56 quadrats each) and two visual encounter survey 
parcels (1 ha; 24 transects each). During each 18-day visit, 84 
quadrats were visited during the night and 24 during the day; each 
of the visual encounter transects was visited once during the day 
and once at night. Diversity and similarity between sites was ex-
amined with the Shannon-Wiener diversity index and the coeffi-
cient of biogeographic resemblance. Revised checklists resulting 
from this study have distinguished this region of Peru as the most 
diverse herpetofauna known in the world. Results indicated that 
many factors are responsible for the herpetofaunal composition in 
various types of forest, including local hydrography, topography, 
and soil types. 

Dom, T. M., AND W. A. ARRIAGA. 2002. Microgeographic variation in 
species composition of the herpetofaunal communities of Tambopata 
Region, Peru. Biotropica 34:101-117. 

Correspondence to: Tiffany M. Doan, Department of Biology, University 
of Texas at Arlington, Box 19498, Arlington, Texas 76019, USA; e-mail: 
tiffperu@yahoo.com.  

Clelia scytalina (juvenile, 480 mm SVLj (Mussurana). Costa Rica. 
Illustration by Julian C. Lee. 

ZOO VIEW 

Approximately fifty years ago, my tolerant parents took me for the 
first time to the Lincoln Park Zoo in Chicago. There I met Edward J. 
Maruska, then a keeper in the feline building. Gifted zoo people—bril-
liant, eccentric, dedicated, often aggressive and controversial, and pro-
ductive—have always fascinated me and Ed clearly fit this category. Even 
at this tender age, I recognized his encyclopedic knowledge of the animal 
kingdom. He was able to field every question I posed with ease and he 
spent many hours instructing me about animal diversity, captive animal 
management, and the vagaries of the zoo profession. 

Later, soon after I was miraculously accepted as an undergraduate stu-
dent at Xavier University in Cincinnati, Ed was offered the position of 
Assistant Director at the Cincinnati Zoo and Botanical Garden. When his 
boss left to become director at another zoo, Maruska was elevated to the 
top post. Ed embraced this challenge but was faced with a zoo in a de-
plorable state: outmoded and inadequate exhibits, many poorly trained 
keepers, organizational instability, substandard animal collection, politi-
cal pressure, low visitation, and public indifference. One example of 
shoddy keeper training will illustrate the lack of professional standards. 
Shortly after Ed arrived at the Zoo, he watched in amazement and horror 
as a keeper washed the concrete floor of a cage containing a huge adult 
male baboon. The primate grabbed the hose, pulled the keeper across the 
enclosure, bared his enormous canines and screamed in his face, then 
held the keeper's shoulders firmly and shook him violently for many min-
utes. During the whole episode, Ed yelled at the keeper to vacate the cage 
immediately. Shaken and concerned, Maruska asked the keeper upon ex-
iting if he had been traumatized or injured. The employee responded that 
he was just fine and Ed need not worry; this ritual had been a daily occur-
rence for years! Because Ed is an energetic fellow, he plowed his consid-
erable talents into improving the Zoo. Today, this institution is consid-
ered to be one of the world's finest. 

When the annual SSAR meeting was held in nearby Miami, Ohio many 
years ago, a tour of the Zoo was scheduled for the attendees. Prominent 
amphibian biologists from the museum and academic community had 
heard that Maruska had amassed a salamander collection but they were 
not prepared for the width and breadth of this caudate assemblage. Sala-
manders were housed in every nook and cranny throughout the Zoo. As 
they viewed olms, giant salamanders, rare cave salamanders, and other 
exotic forms infrequently seen alive, their collective impression was one 
of awe. Because Ed is a talented photographer, he had created dioramas 
using living ferns, mosses, lichens, mushrooms, and other plants to be 
used as a backdrop for photographing his specimens. In addition, there 
was an extensive preserved collection as Ed was fastidious about maxi-
mizing the use of this collection by recording locality data. Many col-
leagues told me that this was without doubt the most overwhelming liv-
ing salamander collection ever assembled! 

Maruska published a number of papers outlining his procedures for 
setting up and maintaining his salamander colony (see Maruska 1994. In 
J. B. Murphy, K. Adler, and J. T. Collins [eds.], Captive Management and 
Conservation of Amphibians and Reptiles, pp. 229-242. SSAR. Contri-
butions to Herpetology, volume 11 for an example.). Because the sala-
mander collection is so diverse and comprehensive, an impressive num-
ber of longevity records have been compiled and many husbandry and 
medical protocols developed. In the second edition of "Longevity of Rep-
tiles and Amphibians in North American Collections" (SSAR Herpetol. 
Circ. No. 21), 66 taxon-records derive from the Cincinnati Zoo collec-
tion. Salamanders of 32 species lived over 10 years and of these, five 
passed 20 years. This is a remarkable accomplishment. According to "In-
ternational Zoo Yearbook" (1998: Volume 28), composition of the collec-
tion was 97 taxa of reptiles with 365 specimens and 66 taxa of amphib-
ians numbering over 560 specimens. 

Because Ed is a collector par excellance, a visit to his zoo office was 
always an adventure. Piles of books, photographs, posters, zoo memora- 
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bilia, artifacts from his world travels such as weapons, statues, carvings, 
and a myriad of other objects, littered this room; in fact, he had to clear 
part of the accumulation off a chair so I could sit during my last visit. 
When I mentioned that his collecting impulse was beyond control, he 
said that his home was stuffed to the breaking point with many more of 
his treasures. 

I have a special warm feeling for him as he was my mentor, advisor, 
confidant, and friend throughout my career; although now retired, his 
influence in our profession was and is still likely to be profound. 

During the Third World Congress of Herpetology in Prague, Czech 
Republic in 1997, I first met Hans-Werner and Patricia A. Herrmann. 
Patricia, whose maiden name was Mahaney at that time, worked at the 
Arizona-Sonora Desert Museum. They discovered each other there as 
well and founded their relationship in this professional setting. 

Although we had not interacted earlier, Hans-Werner's reputation was 
widespread for he had established an enviable research and conservation 
program at the Cologne Zoo where he was curator. I had been impressed 
with his publications on viperid phylogeny and knew of his herpetofaunal 
surveys in Cameroon and Vietnam so the chance to ask him in person 
about his herpetological activities was welcome. 

Last year, they traveled to Washington, D.C. and came to my abode for 
a few glasses of wine and dinner. Hans-Werner pulled a sizeable pile of 
photographs from his briefcase and asked if I would like to see them. I 
assumed that these would be wedding or honeymoon photos but, alas, it 
should have been apparent that herpetologists more often have photos of 
amphibians and reptiles. In this case, the images were of his newly de-
scribed Vietnamese horned pitviper Triceratolepidophis sieversorum, as 
well as the rare Trimeresurus cornutus, photographed from every con-
ceivable angle. 

To pursue his love of field research, Hans-Werner left the Cologne Zoo 
earlier this year to embark on an exciting new adventure. He and Patricia 
will continue to study the biology of the endangered goliath frog in 
Cameroon, sponsored by the Center for the Reproduction of Endangered 
Species at the San Diego Zoo. I asked if they would share highlights of 
their earlier time in Cologne and their account follows. 

—James B. Murphy, Section Editor. 
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Herpetological Conservation at the Cologne Zoo 

HANS-WERNER HERRMANN 
and 

PATRICIA A. HERRMANN 
Center for Reproduction of Endangered Species (CRES) 

Zoological Society of San Diego, P.O. Box 120551 
San Diego, California 92112-0551, USA 

e-mail: hwhernnann@t-online.de  

The Cologne Zoo was founded in 1860; it is the third oldest zoo 
in Germany. The aquarium building was added over a century later 
in 1971. This building follows in the German zoo fashion of build-
ing so-called "exotariums" or "vivariums" in which amphibians 
and reptiles, but also fishes and invertebrates, are housed. Cologne's 
zoo, together with the aquarium, was voted the "Number 1" zoo 
in Germany by the prominent Stern news magazine in 2000. There 
are about 100 species of herpetofauna. Breeding is an integral part 
of the collection's husbandry policy. Examples of noteworthy 
breedings are Palaeosuchus palpebrosus, Cyclura cornuta, 
Chamaeleo spp., Chelodina oblonga, Holaspis leavis, and several 
dendrobatid species. 

In 1998 an important new direction was founded in the Cologne 
aquarium. In situ biodiversity conservation activities were com-
menced in Cameroon with corporate sponsorship by the German 
branch of the American Linen Supply Company (ALSCO), and 
the Zoo Cologne Nature Conservation project was started in Viet-
nam. The latter project presently is run as an in situ activity affili-
ated with the new rainforest house at the zoo. Nevertheless, the 
initiation of this project and a large portion of the actual in situ 
work has been carried out by aquarium staff. 

The ALSCO Biodiversity Conservation Initiative in Cameroon 
was started in 1998 at Mt. Nlonako, a mountain rainforest area in 
the vicinity of Nkongsamba, Southwest Cameroon (Herrmann et 
al. 1999). First herpetological surveys (see also Herrmann et al. 
2000; Kolter et al. 2001) have produced a total of more than one 
hundred species including such enigmatic representatives as the 
Goliath frog (Conraua goliath), the hairy frog (Trichobatrachus 
robustus), and the rare Pfeffer's chameleon (Chamaeleo pfefferi), 
known from the female type specimen only for about one hundred 
years. 

As a result of the teaching commitments of Cologne Aquarium 
staff at the Department of Biology, Philipps-University Marburg, 
graduate students are currently conducting amphibian ecology re-
search within the framework of the conservation activities. One 
goal of this work is to obtain baseline data on amphibian species 
ecology in tropical Africa to be used to analyze the African situa-
tion within the global perspective of declining amphibian popula-
tions. In the future the study of the ecology and conservation biol-
ogy of selected anuran species as well as their possible value as 
biological indicators will be additional focal points of the project. 

Conraua goliath as busiurfeat offer. 
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Triceratolepidophis sieversorum portrait showing supraocular horns. 

The ALSCO biodiversity conservation activities are also focused 
on the Tchabal Mbabo area, a particularly isolated mountain 
rainforest relict in the Adamaoua plateau region of Western 
Cameroon adjacent to the border of Nigeria. This area is one of 
the northernmost rainforests in Africa and shows a fair degree of 
endemism including the recently described caecilian 
Crotaphatrema tchabalmbaboensis (Lawson 2000). Due to the 
remoteness and inaccessibility of this region, only initial surveys 
have been conducted thus far. 

In 1999 Cologne Zoo began its involvement with the conserva-
tion of the Phong Nha Nature Reserve in Quang Binh province in 
Central Vietnam (Herrmann and Pagel 2000). This karst moun-
tain area is situated in the Annamite mountain range, which runs 
along the Vietnam-Laos border and is remarkable for a number of 
newly discovered and endemic large mammal species (i.e. 
Pseudoryx nghetinhensis, Megamuntiacus vuquangensis, 
Nesolagus timminsi). The area has revealed 96 different amphib-
ian and reptile species (Ziegler and Herrmann 2000). Recent in-
vestigations have uncovered additional species which increases 
the total number to well over one hundred species. The most spec-
tacular finding was a hitherto unknown genus and species of large 
crotalid, which was subsequently described as Triceratolepidophis 
sieversorum (Ziegler et al. 2000). Recently the Phong Nha area 
together with the adjacent Ke Bang area were elevated to the Phong 
Nha-Ke Bang National Park by the Vietnamese government. 

All the above-mentioned areas and their biodiversity are threat-
ened by habitat loss and fragmentation due to encroachment and 
logging. Poaching for the bushmeat market and traditional medi-
cine practices plays an important role in population declines. In 
these projects we are sensitive to the close relationship between 
sociological aspects and conservation; involvement of local com-
munities in all levels of fieldwork and education is vital. Close 
associations with the conservation authorities and local universi-
ties and researchers are maintained. 
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Project Golden Frog Clarification 

In the March 2002 issue of HR, the inaugural edition of the Zoo 
View column featured the Detroit Zoo's National Amphibian Con-
servation Center and its most high-profile program, Project Golden 
Frog. In attributing authorship of the project summary to NACC 
staff, the section editor inadvertently gave the impression that PGF 
is a Detroit Zoo initiative. On the contrary, PGF began in 1997 as 
a collaboration between the Columbus Zoo and then-Ohio State 
University doctoral candidate Erik Lindquist. Since that time, Dr. 
Lindquist has relocated to Lee University, and staff/research asso-
ciates at the Smithsonian Tropical Research Institute, Cfrculo 
Herpetologico de Panama, Baltimore Zoo, and Detroit Zoo have 
also taken on leadership roles and have greatly contributed to all 
aspects of the Project. Project Golden Frog is truly a multi-institu-
tional initiative whose success is entirely dependent on the di-
verse experience and insight of its co-PIs. We apologize for the 
inadvertent oversight in recognition. 
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Considering the significance of mass as a covariate of other 
morphological and ecological variables, it is remarkable how little 
information and analysis there is for this fundamental parameter 
in many species of squamates. For example, there are analyses 
that address the issue of the allometric relationship for mass on 
snout-vent length in only two of the some 1252 species of skinks: 
Eumeces laticeps (Vitt and Cooper 1985) and Mabuya heathi (Vitt 
1995). 

During the course of field work on the New Zealand tor-inhab-
iting skink Oligosoma grande in the Macraes Flat area of the South 
Island in the period January 1994 to April 1995, one of us (TW) 
gathered data on mass (to nearest 0.5 g with PesolaTm spring bal-
ance), snout-vent length (to nearest 1 mm by hanging the relaxed 
live skink against a metric ruler), and sex (where feasible by ever-
sion of tail base). No specimens were taken due to the fact that the 
species is one of New Zealand's most severely threatened species. 
The data were presented graphically in the resulting technical re-
port (Whitaker 1996:Fig. 2), but no further analysis was under-
taken. Here we analyze these data further, especially with regard 
to the relationship between mass and snout-vent length. Statisti-
cal anaylsis was carried out with Systat 9 software. 

There is a strong sexual dimorphism in this species, with fe-
males attaining much larger snout-vent lengths and greater masses, 
although part of the greater mass in females might be because of 
the virtual certainty of some being gravid. Snout-vent length in 
sexable males ranged from 66 to 101 mm (mean = 88.3 mm, SD = 
8.84, N = 40) and in sexable females from 81 to 109 mm (mean = 
98.1 nun, SD = 5.19, N = 41)(Mann-Whitney = 1383, P < 0.001). 
Mass in males ranged from 5.8 to 22 g (mean = 14.9 g, SD = 4.37, 
N = 40) and in females from 9.5 to 29.0 g (mean = 19.4 g, SD = 
3.90, N = 41)(Mann-Whitney = 1239, P < 0.001). 

The relationship between mass and snout-vent length in each 
sex was examined by regression analysis of the log transformed 
data (in order to make the relationship more nearly linear). The 
regression line for log mass on log snout-vent length for the sexable 
males has the equation: log mass = -4.76 + 3.04 log snout-vent 
length (P < 0.0001, r2  = 0.93, N = 40). The regression line for the 
sexable females has the equation: log mass = -5.16 + 3.23 log 
snout-vent length (P <0.001, r2  = 0.73, N = 41)(logs base 10)(Fig. 
1). The 95 percent confidence intervals for the slopes for the two 

FIG. 1. Regression for log mass on log snout-vent length for the sexable 
specimens of male (X) and female (0) Oligosoma grande. Regression equa-
tion for males: log mass = -4.76 + 3.04 log snout-vent length (P < 0.0001, 
r2  = 0.93, N = 40) and for females: log mass = -5.16 + 3.23 log snout-
vent length (P <0.001, r 2  = 0.73, N = 41). 

regressions are ± 0.28 and ± 0.62, respectively, both intervals con-
fidently include the slope indicative of isometry: 3.00. The reason 
that more of the variance in mass is explained by snout-vent length 
in males (0.93) than in females (0.73) and the confidence interval 
for the slope is smaller in males (± 0.28) than in females (± 0.62) 
is again, in part, because of the likelihood of some females being 
gravid. The regression for log mass on log snout-vent length for 
all specimens combined (sexed and unsexed) has the equation: 
log mass = -4.89 + 3.10 log snout-vent length (P < 0.0001, r2  = 
0.99, N = 184). The 95 percent confidence interval for the slope is 
± 0.05 suggesting a relationship of mild positive allometry. That 
this positive allometry is not just because of the probable inclu-
sion of gravid females is indicated by the positive allometry for 
all individuals exclusive of sexable females. The equation is: log 
mass = -4.96 + 3.14 log snout-vent length (P < 0.0001, r2  = 0.99, 
N = 0.99, N = 143). The 95 percent confidence interval for the 
slope is ± 0.06 suggesting, again, a relationship of mild positive 
allometry. Therefore, we take the regression for log mass on log 
snout-vent length for all specimens as indicative for the species 
(Fig. 2). 

The regression lines for the log mass on log snout-vent length 
for each sex were compared by analysis of covariance (ANCOVA) 
to find differences in the slopes of the two lines and if not, then for 
a difference in the intercepts (elevations) of the two lines. This 
analysis showed there was no significant difference between the 
sexes in the slopes (F = 0.34, df = 77, P = 0.56) and a barely non-
significant difference in the intercepts (F = 3.69, df = 78, P = 
0.058)(Fig. 1). This comparison of the two lines was permitted 
because the residual variances around the regressions were not 
significantly different (F = 1.40, df = 39,38, P > 0.05). If the dif-
ference in intercepts were to be taken as significant, males could 
be interpreted as being heavier for their length than females. 

In most skinks, females are larger than males in snout-vent length 
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FIG. 2. Regression for log mass on log snout-vent for both sexed and 
unsexed specimens of Oligosoma grande. Regression equation: log mass 
= -4.89 + 3.10 log snout-vent length (P < 0.0001, r 2  = 0.99, N = 184). 

(Fitch 1981; AG, pers. obs.), although in some species males are 
larger than females, e.g., Eumeces laticeps (Vitt and Cooper 1985). 
With females larger than males, Oligosoma grande is typical of 
most skinks. 

The relationship between mass and snout-vent length shows 
negative allometry in male Eumeces laticeps (Vitt and Cooper 
1985:Table 1 where the slope is 2.34 and the 95 percent confi-
dence interval is ± 0.46) and isometry in female E. laticeps (Vitt 
and Cooper 1985:Table 1 where the slope is 2.72 [not the mis-
printed 0.72, L. Vitt, pers. comm.] and the 95 percent confidence 
interval is ± 0.52) and in both sexes combined in Mabuya heathi 
(Vitt 1995:Appendix I where the slope for mass" 3 is 1.004 and the 
95 percent confidence interval is ± 0.03). Our finding of positive 
allometry for both sexes combined in Oligosoma grande thus adds 
another form of allometry for the mass on length relationship in 
skinks Why this species should "bulk up" disproportionately (al-
beit slightly) as it increases in size is unclear. Male combat might 
not be the answer because male Eumeces laticeps are one of the 
most combative groups of skinks (Vitt and Cooper 1985), and yet 
they become relatively less bulky with size (above). Clearly more 
data on mass and length relationships are needed before any phy-
logenetic or ecological trends emerge. 
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As a result of the rapid increase in tadpole research, the basic 
need for the proper identification/characterization of anuran lar-
vae could never be greater (Altig and McDiarmid 1999). For Pen-
insular Malaysia, the most concerted research effort with particu-
lar emphasis on tadpoles was by Berry (1972), who described eight 
species in careful detail. Despite demonstrating her competency 
in accurate tadpole descriptions, she did not incorporate larval 
characteristics in her reference book published later (Berry 1975). 
Moreover, a number of earlier larval descriptions had already been 
published for various Malaysian species. However, because of its 
proximity (past connections across the Sunda Shell) with neigh-
boring land masses (e.g., Sumatra, Java, Borneo), Peninsular Ma-
laysia shares many anuran species with these regions, and has a 
relatively low incidence of endemic species (Inger 1999). Thus, a 
compilation of larval descriptions (not strictly from the peninsula) 
of anuran species of Peninsular Malaysia would provide a clearer 
overall picture as to the status of their true identities, and also 
point out the direction in which heightened research efforts should 
be channeled. 

After a comprehensive literature search, an updated species 
checklist of the Peninsular Malaysian anurans was produced (Table 
1). Each species was numerically scored according to the certainty/ 
thoroughness of its larval assignment/description. The scores range 
from 0 to 2.0, where 0 - unknown; 0.5 - known, with uncertainty; 
1.0 - basic, minimal description/illustration; 1.5 - more detailed 
descriptions/illustrations; 2.0 - detailed descriptions/illustrations 
plus internal oral morphology; 0* - in the process of being de-
scribed; DD - Direct Development. Where applicable, respective 
references are included and arranged in chronological order. Since 
Berry (1975), new species have been described and name changes 
have occurred at the familial, generic, and species levels. The 
present nomenclature of the species in Table 1 is in accordance 
with Appendix 8:1 of Inger (1999). A total of 88 species are listed. 
The five families represented are Bufonidae (14 species), 
Megophryidae [previously Pelobatidae] (8 species), Microhylidae 
(18 species), Ranidae (30 species), and Rhacophoridae (18 spe-
cies). In his checklist, Kiew (1984c) published the names of four 
species (Rana cryptica, Rana paludicola, Kalophrynus 
leucovitellus, and Kalophrynus silus) seemingly occurring in Pen-
insular Malaysia. As there was virtually no detailed description of 
the species named, all four should be effectively regarded as 
nomena nuda, and considered invalid (R. Inger, pers. comm.)..  

Among the 88 species listed, 71% of the bufonids, 88% of the 
megophryids, 83% of the microhylids, 77% of the ranids, and 56% 
of the rhacophorids have their larval identities known with cer-
tainty (scores of 1.0, 1.5, or 2.0). Hence, by focusing on the spe-
cies with scores of 0 and 0.5, progressive efforts might be made to 
eventually elucidate their hidden identities. 
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TABLE 1. Peninsular Malaysia Tadpole Status Checklist (0- Unknown; 0.5 - Known, with uncertainty; 1.0 - Basic, minimal description/illustration; 
1.5 - More detailed descriptions/illustrations; 2.0 - Detailed descriptions/illustrations plus internal oral morphology; 0* - In the process of being 
described; DD - Direct Development). 

No. Species Status References 

F. BUFONIDAE 
1. Ansonia leptopus 1.5 Inger, 1992 
2. Ansonia malayana 0 
3. Ansonia penangensis 1.5 Flower, 1899 
4. Ansonia tiomanica 0 
5. Bufo asper 2.0 Smith, 1930; Berry, 1972; Inger, 1985; Iskandar, 1998 
6. Bufo divergens 2.0 Inger, 1966, 1985 
7. Bufo macrotis 0 
8. Bufo melanostictus 2.0 Flower, 1896; Inger, 1966; Chou & Lin, 1997; Leong & Chou, 1999 
9. Bufo parvus 1.5 Smith, 1916a; Annandale,1917 

10. Bufo quadriporcatus 1.5 Leong & Chou, 1999 
11. Leptophryne borbonica 2.0 Berry, 1972; Inger, 1985; Iskandar, 1998 
12. Pedostibes hosii 2.0 Inger, 1966, 1985 
13. Pelophryne brevipes 2.0 Inger, 1960, 1966, 1985 
14. Pseudobufo subasper 0 

F. MEGOPHRYIDAE 
15. Leptobrachium hendricksoni 2.0 Inger, 1966, 1983, 1985 
16. Leptobrachium nigrops 2.0 Berry, 1972; Inger, 1983, 1985; Leong & Chou, 1999 
17. Leptolalax gracilis 2.0 Inger, 1966, 1983, 1985; Grandison, 1972 
18. Leptolalax heteropus 0 
19. Leptolalax pelodytoides 1.5 Smith, 1917; Pope, 1931; Inger, 1983 
20. Megophrys aceras 1.0 Annandale, 1917; Smith, 1926 
21. Megophrys longipes 1.5 Leong & Chou, 1998 
22. Megophrys nasuta 2.0 Inger, 1966, 1985; Leong & Chou, 1999 

F. MICROHYLIDAE 
23. Calluella guttulara 1.5 Smith, 1917 
24. Chaperina fusca 2.0 Bourret, 1941; Inger, 1956, 1966, 1985; Manthey & Grossmann, 1997 
25. Kalophrynus palmatissimus 1.5 Kiew, 1984a 
26. Kalophrynus pleurostigma 2.0 Berry, 1972; Inger, 1956, 1985, Leong & Chou, 1999 
27. Kalophrynus robinsoni 0 
28. Kaloula baleata 1.0 Parker, 1934; Iskandar, 1998 
29. Kaloula pulchra 1.5 Smith, 1916a; Leong & Chou, 1999 
30. Metaphrynella pollicaris 1.0 Manthey & Grossmann, 1997 
31. Microhyla annectens 0* 
32. Microhyla berdmorei 1.0 Smith, 1924 
33. Microhyla borneensis 1.5 Inger, 1985; Leong & Chou, 1997 
34. Microhyla butleri 2.0 Flower, 1899; Chou & Lin, 1997; Leong & Chou, 1999 
35. Microhyla heymonsi 2.0 Smith, 1916a; Chou & Lin, 1997; Leong & Chou, 1999 
36. Microhyla ornata 2.0 Flower, 1899; Heyer, 1971; Chou & Lin, 1997 
37. Microhyla palmipes 1.0 Iskandar, 1998 
38. Microhyla superciliaris 0 
39. Micryletta inornata 1.5 Heyer, 1971 
40. Phrynella pulchra 1.5 Berry, 1972 

F. RANIDAE 
41. Amolops larutensis 1.5 Laidlaw, 1900 
42. Hoplobatrachus tigerinus 1.5 Flower, 1899; Pope, 1931 
43. Ingerana tenasserimensis 0 
44. Limnonectes blythii 2.0 Inger, 1966, 1985; Leong & Chou, 1999 
45. Limnonectes cancrivorus 1.5 Inger, 1966; Leong & Chou, 1999 
46. Limnonectes doriae 0 
47. Limnonectes hascheanus 1.0 Taylor, 1962 
48. Limnonectes kuhlii 2.0 Smith, 1917; Inger, 1966, 1985; Dring, 1979; Chou & Lin, 1997; Iskandar, 1998 
49. Limnonectes laticeps 0.5 Inger, 1985 
50. Limnonectes limnocharis 2.0 Chou & Lin, 1997; Leong & Chou, 1999 
51. Limnonectes malesianus 1.5 Kiew, 1984b; Leong & Chou, 1999 
52. Limnonectes nitidus 0 
53. Limnonectes paramacrodon 0 
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TABLE 1. Continued 

54. Limnonectes plicatellus 1.5 Leong & Chou, 1999 
55. Limnonectes tweediei 0* 
56. Occidozyga lima 1.5 Smith, 1916b; Pope, 1931; Iskandar, 1998 
57. Phrynoglossus laevis 2.0 Smith, 1916b; Inger, 1985; Leong & Chou, 1999 
58. Phrynoglossus martensii 1.0 Nutphund, 2001 
59. Rana alticola 1.5 Boulenger, 1882; Annandale, 1912; Smith, 1924; Taylor, 1962 
60. Rana baramica 0 
61. Rana chalconota 2.0 Flower, 1896; Inger, 1966, 1985; Leong & Chou, 1999 
62. Rana erythraea 1.5 Bourret, 1941; Leong & Chou, 1999 
63. Rana glandulosa 1.5 Berry, 1972 
64. Rana hosii 1.5 Inger, 1966; Manthey & Grossmann, 1997; Iskandar, 1998 
65. Rana luctuosa 2.0 Flower, 1896; Inger, 1966, 1985; Grandison, 1972; Dring, 1979 
66. Rana macrodaayla 1.5 Smith 1917 
67. Rana miopus 0 
68. Rana nicobariensis 1.5 Van Kampen, 1923; Inger, 1956, 1966; Iskandar, 1998 
69. Rana nigrovittata 1.5 Smith, 1916a; Manthey & Grossmann, 1997 
70. Rana signata 2.0 Inger, 1966, 1985 

F. RHACOPHORIDAE 
71. Nyctixalus pictus 2.0 Inger, 1966, 1985; Leong & Chou, 1999 
72. Philautus petersi DD, 1.5 Yong et al., 1988 
73. Philautus vermiculatus DD, 0 
74. Polypedates colletti 0.5 Inger, 1966, 1985 
75. Polypedates leucomystax 1.5 Inger, 1966; Leong & Chou, 1999 
76. Polypedates macrotis 2.0 Inger, 1966, 1985 
77. Rhacophorus appendiculatus 0.5 Inger, 1966, 1985 
78. Rhacophorus bimaculatus 0 
79. Rhacophorus bipunctatus 1.5 Bourret, 1941; Dring, 1979; Manthey & Grossmann, 1997; Inger et al. 1999 
80. Rhacophorus nigropalmatus 2.0 Berry, 1972; Inger, 1966, 1985 
81. Rhacophorus pardalis 2.0 Inger, 1956, 1966, 1985 
82. Rhacophorus prominanus 1.5 Berry, 1972; Grandison, 1972 
83. Rhacophorus reinwardti 1.0 Siedlecki, 1909; Iskandar, 1998 
84. Rhacophorus robinsoni 0 
85. Rhacophorus tunkui 0 
86. Theloderma asper 0 
87. Theloderma horridum 1.5 Boulenger, 1903 
88. Theloderma leprosa 0 
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The rainforest hognosed pitviper, Porthidium nasutum, is an 
inhabitant of the humid tropical lowlands of Middle America and 
northwestern South America, belonging to the Eastern 
Mesoamerican Complex of Savage (1966) and the Humid Tropi-
cal Assemblage of Duellman (1966). The range of P. nasutum in-
cludes most of the lowland rainforests of Middle America as well 
as Colombia and Ecuador (see Campbell and Lamar 1989, for 
detail). Throughout its range, this species occurs from near sea 
level to about 900 m in elevation, but is generally found below 
600 m (Porras et al. 1981). 

Despite its relatively high abundance in Costa Rica (pers. obs.), 
little has been reported on the behavior and ecology of this spe-
cies. According to Porras et al. (1981), Porthidium nasutum is ter-
restrial and nocturnal, although specimens can be found basking 
by day. Based on a review of previous work on the species, Porras 
et al. (1981) report specimens having been found inside cavities 
in the trunks of trees, underneath roots of trees or rocks, under 
logs, among loose rocks of archaeological ruins, or lying on the 
forest floor. Campbell (1998) stated that while this species is con-
sidered nocturnal, it is most often found in the early mornings 
crossing jungle paths or roads, or lying coiled in leaf litter in small 
patches of sunlight. He stated that encounters are most frequent in 
primary forest or in small patches of secondary forest surrounded 
by primary forest. In this study, microhabitat preferences and ac-
tivity patterns of P. nasutum were investigated by examining en-
vironmental features and behavior of this species in a wet tropical 
forest in northeastern Costa Rica. 

Methods.-Snakes were located through visual encounters along 
trails in the three major forest tracts of Estaci6n Biologica La Suerte 
(Limon Province, northeastern versant of Costa Rica) in July of 
1999. These tracts are a mosaic of primary and secondary tropical 
wet forest. The age class of each snake was recorded as adult (> 
30 cm) or sub-adult (< 30 cm) based on overall body length. Indi-
viduals (N = 6; 3 adults, 3 sub-adults) were uniquely identified 
based on color pattern. Observations were conducted during day-
light hours as well as at night (using a low luminosity red lamp). 

The area immediately surrounding each individual snake was 
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surveyed for characteristics possibly 
influencing microhabitat selection. 
The distance from the snake to the 
trunk of the nearest buttressed tree 
(> 0.5 m in diameter) was recorded 
to the nearest 0.5 m. The area within 
a 0.5 m radius of the snake was sur-
veyed for placement of woody struc-
ture of debris (> 5 cm in height). Leaf 
litter depth was recorded in close 
proximity to each individual by mea-
suring 5 randomly selected points 
within 0.5 m of each snake. The lo-
cation of each snake was plotted on 
maps of the forest and used to iden-
tify the closest stream to each occur-
rence. The estimated snake-to-stream   
distance was later ground-truthed to 
the nearest meter in the field. The data collected for leaf litter depth, 
snake-to-stream distance, and snake-to-buttressed tree distance 
were analyzed using a Mann-Whitney U test to determine signifi-
cant differences between age classes. The presence or absence of 
woody structure within a 0.5 meter radius was analyzed using a 
sign test. Results of the microhabitat measurements were summa-
rized as means with standard errors and are presented in Table 1. 

Results and Discussion.-The results of this study demonstrate 
the first quantitative microhabitat data reported for this species 
(Table 1), which includes previously unreported ontogenetic varia-
tion in microhabitat selection. While the first three tests were not 
significant, the data show a significant ontogenetic difference rela-
tive to distancing from streams (Table 1). On average, sub-adult 
snakes were found 15.6 m closer to streams than were adults. Simi-
lar ontogenetic shifts in snake to stream distance have been re-
ported in Bothrops atrox in Venezuela and are thought to be linked 
to the micro-geographic structuring of prey communities at vary-
ing distances from these streams (Reinert 1993, Sexton 1957). 

Several ontogenetic differences associated with the morphol-
ogy of this species give reason to suspect ontogenetic differences 
in microhabitat choice. Porras et al. (1981) reported that speci-
mens show ontogenetic shifts in color pattern, with juveniles be-
ing more distinct and brightly colored than adults, especially with 
regard to the mid-dorsal stripe which fades or disappears in adults 
(Porras et al. 1981). Increasing size also leads to the fragmenta-
tion of blotches that often gradually divide into two portions, lat-
erally displaced from the mid-dorsal line (Porras et al. 1981). Such 
apparent morphological differences might represent adaptive fea-
tures which facilitate ontogenetic microhabitat shifts reported in 
this study. 

To date, information on the diet of this species is available only 
as anecdotal accounts. Campbell (1998) stated that adults of this 
species in Guatemala feed mostly on frogs and lizards as well as 
small rodents, while juveniles are known to feed on invertebrate 
prey. Porras et al. (1981) reported the diet to include lizards and 
mice, in addition to juveniles eating earthworms in captivity. 
Greene (1997) reported that juveniles of this species commonly 
feed on frogs and lizards while adults consume mostly mammals 
and the occasional bird. Additionally, Porthidium yucatanicum and 
Cerrophidion godmani (members of the "Porthidium group" sensu 

Burger 1971), show a similar ontogenetic shift as juvenile diets 
focus on invertebrates, frogs and lizards, while adults of both spe-
cies shift to mammalian prey (Campbell and Solorzano 1992; 
McCoy and Censky 1992). The preliminary data on microhabitat 
partitioning in Porthidium nasutum presented here might be asso-
ciated with such ontogenetic shifts in diet. 
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TABLE 1. Summary of quantitative habitathnicrohabitat selection data for Porthidium nasutum. Micro-
habitat measurements for sub-adults, adults, and overall are reported as means ± standard error. (* Indicates 
statistically significant differences between adults and sub-adults). 

Distance from nearest 
butressed tree (m) 

Leaf litter + humus depth (cm) 

Percentage of snakes with 
woody structure present 
within 0.5 m radius 

Distance from nearest 
stream (m) 

Adult Sub-adult All Sub-adult vs. 
Adult P-value 

1.8 ± 0.88 7.3± 1. 76 4.3 0.513 

1.7 ± 0.53 1.3 ± 0.33 1.5 0.421 

33.3% 100.0% 66.6 0.480 

43.3 ± 3.33 22.7 ± 2.33 33 0.043* 
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Approximately 2500 species of snakes have been described, the 
majority (— 70%) of which belong to the family Colubridae, of 
which the systematics is largely unresolved (Pough et al. 2001). 
There is considerable variation in maxillary dentition among colu-
brids. Moreover, the variation in tooth size and extent of groove is 
nearly continuous among colubrids. Nevertheless, general distinc-
tions are made among colubrids with or without grooved rear teeth. 
Many species of colubrids possess solid teeth, without grooves 
(aglyphous) or connections to venom glands. Other species pos-
sess grooved rear teeth (opisthoglyphous) situated below a 
supralabial Duvernoy's gland, specialized to produce venom 
(Rodriguez-Robles 1994). Colubrids are generally considered non-
venomous; however, possibly half are capable of producing toxic 
secretions from their Duvernoy's gland (Gans 1978). Moreover, 
40 species have been recorded as capable of producing toxic ef-
fects in humans or other animals (Brown 1939; Gans 1978; 
McKinstry 1978), four of which have caused human fatalities. 
Opisthoglyphous snakes inject venom by masticating prey, allow-
ing the venom to be channeled down the grooves of the enlarged 
rear teeth. 

Trimorphodon biscutatus possess an opisthoglyphous dentition 
with associated Duvemoy's glands. Hill and Mackessy (1997, 
2000) tested the venom yields from 12 species of opisthoglyphous 
colubrids. Among those tested, Trimorphodon biscutatus possessed 
the fourth largest average venom yield (130 ml) with an average 
of 6.34 mg of dry venom yield per strike. Among the seven North 
American species tested, T biscutatus produced the largest venom 
yield. Understanding the effects of this species' venom on humans 
is therefore important. Scant information is available document-
ing envenomation effects. However, here I report the effects of an 
induced bite from a T biscutatus on a human. 

On 28 April 2000, an adult male Trimorphodon biscutatus (SVL 
550 mm) was collected from the Black Mountains in Mohave 

County, Arizona, USA, 7.2 km east of the Oatman Rd./US Route 
66 junction. The following evening the snake was induced to bite 
and the observations below recorded. The specimen was eventu-
ally preserved and deposited with the University of Texas at Ar-
lington collection of vertebrates (UTAR 50702). 

29 April 2000, 1849 h: the snake was induced to bite the second 
joint of the left outer finger. Once the snake grasped the finger it 
immediately began making chewing motions and copious amounts 
of a saliva-like substance were visibly oozing from its mouth. The 
snake was allowed to continue its chewing motion for approxi-
mately 30-45 seconds, after which the snake was forcefully re-
moved from the finger. A thick layer of a saliva-like substance 
completely covered the bite site, and a small amount of blood 
flowed from two distinct punctures (Fig. 1). 2 min: a stinging sen-
sation was noticeable within the bitten finger. 5 min: a whitish  

ring formed around the distal most fang puncture, and minor swell-
ing of the finger was apparent. 7 min: the entire finger had the 
sensation of being hot and began to itch. 8 min: swelling contin-
ued to progress within the entire finger. 11 min: the proximal fang 
puncture site showed noticeable swelling and was raised slightly 
above the surrounding tissue. 17 min: swelling of the bitten finger 
continued so that the finger felt tight and normal flexion was re-
duced. 22 min: swelling not spreading into hand; pain continues 
within finger with distinct throbbing sensation. However, the in-
jury is not extremely painful. The sensation is similar to that expe-
rienced by a wasp or scorpion sting. 47 min: throbbing sensation 
ceased and pain subsided; finger still very swollen, tight and in-
flexible. 1 h 10 min: swelling subsided, enough to allow finger to 
be fully flexed. 2 h 07 min: swelling reoccurred so that finger can 
now only be flexed about half of normal. 2 h 39 min: no change in 
amount of swelling; still only capable of bending finger about half 
of normal. 4 h 19 min: finger still with sensation of being tight and 
still noticeably swollen; can only be bent approximately 3/4 of 
normal. 30 April 2000, 12 h 40 min: finger slightly swollen at 
base; can now be bent fully. However, this action causes a very 
slight pain. 

Although experiments have shown that the venom of 
Trimorphodon biscutatus is capable of killing small lizards (Cowles 
and Bogert 1935), the effect on humans seems to be rather mini-
mal with regard to this case report. Localized pain and swelling 
can result from bites in which the snake is able to chew for an 
extended period of time, although this seems improbable during 
normal field encounters. It must be stressed that all protein-based 

Fio 1. Photographs showing (A) the envenomation and (B) the result-
ing puncture wounds. 
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venoms might carry the risk of anaphylaxis and other severe aller-
gic reactions. Therefore, it is best to use caution when handling 
any species of rear-fanged snake. 
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The prehensile-tailed skink, Corucia zebrata, is endemic to the 
Solomons archipelago in the southwestern Pacific, occurring on 
the Solomon Islands as well as on adjacent islands in the North 
Solomons province of Papua New Guinea (McCoy 2000; Parker 
1983). Corucia zebrata is a large, unique arboreal species of skink 
with an unusual caudal anatomy (Zippel et al. 1999). It is the only 
truly herbivorous member of the Scincidae (Iverson 1982). Much 
previous work on C. zebrata comes from captive animals, with 
limited information available from wild populations (Hediger 1937; 
Honegger 1975; McCoy 1980; Parker 1983). The species might 
exhibit communal torpidity (Kinghorn 1928), as observed in the  

related genus Egernia in Australia, but this behavior has yet to be 
confirmed in the field. Skinks from different islands in the 
Solomons archipelago differ significantly in coloration, morphol-
ogy, and diet (Kohler 1997; McCoy 2000; Schmidt 1991), and a 
new subspecies (C. z. alfredschmidti) was recently described from 
populations on Bougainville (Kohler 1997). I studied the natural 
history of wild Corucia zebrata from a little-known population in 
the Bugotu district of Santa Isabel, Solomon Islands. In this re-
port, I present additional data and anecdotal information on the 
morphological characteristics, life history, and reproduction of C. 
zebrata from this natural population that corroborate captive ob-
servations. Furthermore, I present data on communal living habits 
of these skinks in the wild, along with evidence of previously un-
reported sexual dichromatism in the Isabel skinks. This study adds 
to the limited knowledge of the natural history of wild C. zebrata, 
information that might be useful in conservation efforts for this 
potentially threatened species. 

The study area was primary rainforest bordering the Sir Dudley 
Tuti College school compound, located about 2 km inland from 
Kasera Bay in southeastern Santa Isabel (159°48'E, 8°28'S). Along 
with student field assistants, I located lizards by searching pri-
mary rainforest areas and identifying potentially suitable habitat-
large trees with extensive epiphytic growth (Parker 1983). Addi-
tionally, the distinctive smell of the feces of Corucia zebrata 
(Honegger 1985) was used to locate trees in which individual ani-
mals resided; this is the first documented use of olfactory cues to 
locate skinks in the wild. If a C. zebrata was present in the vicin-
ity, the smell of its feces was apparent, even at ground level, to an 
experienced observer. Several local students skilled in locating 
these animals by smell assisted me. Once a promising location 
was found, nearby trees were climbed and actively searched by 
student field assistants. 

Data collected on all captured skinks included mass, snout-vent 
length (SVL), total length, coloration, and characteristics of the 
capture site, including height of the hole above ground, type of 
tree, and presence or absence of surrounding vines. Sex was de-
termined by eversion of hemipenes. Captured skinks were marked 
with unique combinations of toe clips and released at the original 
site of capture. Sizes of each sex were compared using a t-test 
with separate variance, conducted using SYSTAT 7.0 for Wm-
dows (SPSS 1997). Additionally, two females were dissected to 
determine reproductive status and examine stomach contents. 

Twelve skinks were examined: five adult males, three adult fe-
males, two juveniles, and two adult lizards whose sex was uncer-
tain. No skinks were recaptured. Measurements of the adult skinks 
were similar to those reported in previous studies (N = 10; means 
± SD: mass = 716 ± 53 g, SVL = 29.3 ± 2.7 cm, total length = 64.9 
± 3.9 cm). The juvenile captured in late August 1999 (150 g, 17.9 
cm SVL, 37.3 cm total length) was slightly larger than the re-
ported sizes for newborn Corucia zebrata (Honegger 1975; Parker 
1983; Schmidt 1991), while the second, caught in early October 
1999, was larger (290 g, 23.8 cm SVL, 49.0 cm total length). The 
sex of these two juvenile skinks could not be determined. Adult 
females were significantly larger than males in mass (p = 0.006), 
nearly significantly larger in SVL (p = 0.053), and not signifi-
cantly different in total length (Table 1). This difference in mass is 
likely because of the fact that at least two of the three adult fe-
males were gravid when caught. 
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value from t-test with separate variance. 

Male 
Mean ± SD 

Male 
Range 

Female 
Mean ± SD 

Female 
Range 

p-value 

Mass (g) 680 ± 39 640-730 775 ± 25 750-800 0.006 

SVL (cm) 29.4 ± 1.6 27.1-31.4 31.4 ± 0.8 30.5-31.8 0.053 

Total Length (cm) 64.9 ± 3.4 59.5-68.5 67.9 ± 1.3 66.5-69.1 0.125 

TABLE 1. Sexual size dimorphism in Corucia zebrata on Santa Isabel, Solomon Islands. P- differences in iris color and head color as dis-
tinguishing characters between the 
Bougainville species (C. zebrata 
alfredschmidti) and the Solomons subspecies 
(C. zebrata zebrata). However, my examina-
tion of Isabel specimens in the field shows 
wide variation in both of these color patterns, 
with individuals from the same population 
exhibiting a range of body and eye colors rep-
resentative of both subspecies. Further char-
acterization of geographic variation in C. 

Habitat use and diet was similar to that reported for wild skinks 
from other islands in the archipelago (Honegger 1975; McCoy 
2000; Parker 1983). The skinks were found in large rainforest trees, 
with strangler figs (Ficus sp.) a preferred species (McCoy 2000). 
The trees always had extensive surrounding vines, especially 
Scinadapsus sp. and Piper sp. (Honegger 1975; Parker 1983). All 
skinks except one were found during the day inside holes in large 
trees in primary rainforest. The exception was a male found for-
aging in a tree among Scinadapsus vines on an overcast day. No 
individuals were found on the ground at any time, and lizards were 
frequently found high in the trees (4-9 m above ground). Stomach 
contents of a dissected female included a large amount of partially 
digested leaf matter, along with the red fruit of the Scinadapsus 
vine, previously identified as a preferred food of C. zebrata (Parker 
1983). The stomach also contained large numbers of small para-
sitic nematodes, as reported previously (Iverson 1982). No insect 
matter or skin fragments were seen in the digestive tract of either 
dissected lizard. 

Skinks observed for this study showed a range of coloration 
similar to that described previously (Kohler 1997; McCoy 2000; 
Schmidt 1991), but also possessed a unique sexual dichromatism. 
Three individuals had scattered entirely or partly black scales along 
the body, although the number of these markings varied greatly 
between individuals. Adults range in color from olive green to 
dark green, some with very distinct lighter stripes along the sides 
of the body and others with no apparent stripes. Both juveniles 
were olive green in color with distinct stripes. The skinks also 
showed variation in eye color, with the iris varying from yellow-
green to dark brown. The darkest eye color was observed in the 
three adult females. All five of the adult male skinks had a distinc-
tive yellow patch on the underside of their throat, a feature lack-
ing in adult females. Balsai (1995) stated that males can often be 
distinguished by wider jowls and large, broad heads. Sexual dichro-
matism, however, has not been described for other populations of 
Corucia zebrata, and may be unique to this population. Previous 
authors have reported other examples of inter-island variation in 
C. zebrata, with several studies showing differences in coloration 
between skinks from Malaita and Bougainville (McCoy 1980; 
Schmidt 1991). McCoy (1980) stated that skinks from Malaita are 
darker than those from elsewhere in the Solomons. Schmidt (1991) 
reported that animals from Malaita tend to have yellow coloring 
at the front of the head, which was sometimes present along with 
the throat patch in male skinks captured on Isabel. Also, Schmidt 
(1991) suggests that there is more variation in the prominence of 
stripes among skinks from Bougainville, and this variation also 
seems to be true for skinks from Isabel. Kohler (1997) identifies 

zebrata will require more data collected from 
individuals throughout the archipelago. In particular, previous work 
has focused on skinks from Bougainville and Malaita, but includ-
ing material from Isabel, located between these two islands, could 
give a more complete picture of geographic variation in the spe-
cies. 

I also verified previous reports (Honegger 1975; Kinghorn 1928; 
Parker 1983) of skinks using communal holes as resting places 
during the day. Of the twelve lizards caught, 8 (67%) were found 
sharing tree holes with conspecifics. These groups included three 
pairs, two of which were adult male-female pairs. One pair mem-
ber, a gravid female, was eaten by a local family before data could 
be collected, while the second female, caught in October 1999, 
was dissected (see below) and found to be gravid with a well-
developed embryo. A third pair consisted of an adult female with 
a juvenile. A group of three was also found, consisting of an adult 
male, an adult female, and a juvenile (the larger of the two juve-
niles found). This group was found in a tree hole that contained 
standing water. The bottom two lizards were completely sub-
merged, with the male's head raised just above the water. The fe-
male in this group, caught and dissected in late May 2000, had a 
number of small, yolkless eggs in her abdomen, but no obvious 
developing embryos. Previous studies have reported groups of 
skinks in a single hole, with the skinks resting in the bottom of 
holes being much thinner, and surviving off the feces of those 
above (Kinghorn 1928). No evidence was found for this, and such 
stories seem to be absent from local folklore on Isabel. Observa-
tions of skinks sharing holes suggest that they might have stable 
social aggregations, as seen in Egernia stokesii (Gardner et al. 
2001), likely a close relative of C. zebrata (Honda et al. 1999). 
Further research using paternity analysis could be used to test the 
hypothesis of stable aggregations and family structure in these 
skinks. 

I made observations of reproduction of Corucia zebrata in the 
wild that corroborate observations from captive animals. In cap-
tivity, the skinks usually give birth to a single large offspring 
(Honegger 1975, 1985), although twins have been reported 
(Hediger 1937; Honegger 1985; Schmidt 1991). I found a single 
large, membrane-covered yolk mass (-9 x 7 x 5 cm) and embryo 
(-5 cm SVL) in one female that was dissected. The total mass of 
yolk and embryo was 140 g, representing a relative clutch mass of 
0.19, which is within the range of values found for other skinks 
(Vitt and Price 1982). 

This dissection also provided an opportunity to investigate au-
totomy in prenatal Corucia zebrata. I used forceps to apply a slight 
tug to the tail of the embryo, and it immediately broke in the cen-
ter leaving a jagged edge. The force required to break the tail was 
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extremely small, and seemed to be much less than the force needed 
to tear through normal embryonic tissue of that thickness. Adult 
C. zebrata do not exhibit autotomy, perhaps as a consequence of 
their unique tail morphology (Zippel et al. 1999). Furthermore, 
newborn C. zebrata also are unable to lose their tail. Other species 
in the Mabuya group, which includes Corucia (Greer 1989), lose 
the ability to autotomize during ontogeny (Cogger 1975). The 
embryo's brittle tail suggests that C. zebrata might also show this 
ontogenetic shift, a possibility suggested by Arnold (1984). 

Although the status of this species in the wild is unknown, these 
skinks are likely threatened by both the international pet trade and 
by local consumption (Balsai 1995; Honegger 1975). Corucia 
zebrata remains a sought-after food item in the Solomons (Hediger 
1937), especially in rural areas on Isabel and other islands. Solomon 
Islanders frequently seek out this species during nighttime hunts, 
and their pungent smell makes them easy targets for experienced 
hunters. Such hunters can find multiple individuals in a single night, 
and report success rates of more than 10 per night in some loca-
tions. The Solomon Islands has the fastest rate of population growth 
in the Pacific (Population Reference Bureau 2000), and this spe-
cies is under constant and increasing threat from human hunters. 
Furthermore, they have suffered from over-collection for the in-
ternational pet trade. Records show increasing trade in C. zebrata, 
both in the US and internationally, during the early 1990s (Hoover 
1998). Over 12,000 C. zebrata were imported into the US alone in 
the period 1992-1995 (Hoover 1998). They remain a popular spe-
cies in the pet trade. Because of lack of field studies of these liz-
ards in their natural habitat, their present status is uncertain, and 
the effects of consumption and the pet trade on their populations 
are unknown. More studies are needed to understand and protect 
these unique lizards. 
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Understanding larval biology is of interest because of continu-
ing concerns about declining amphibian populations (Alford and 
Richards 1999). Various studies have documented the effects of 
anthropogenic stressors to larval anurans using field enclosures 
(e.g., Semlitsch et al. 2000), though most authors do not describe 
enclosure design (see Harris and Bogart 1997). To address the 
effects of chemicals associated with landfill leachate on develop-
ment of gray treefrog (Hyla versicolor) tadpoles in the field, we 
constructed enclosures for rearing larvae to monitor survival and 
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body condition through metamorphosis (S. Richter, unpubl. data). 
The enclosures allowed a large number of larvae to be reared at 

moderate and equal density (one larva per liter; up to 60 larvae per 
enclosure) by monitoring the number of larvae per enclosure and 
adjusting depth (thus volume) of the enclosure accordingly. They 
were designed to remain in the water column and stationary with 
respect to location in the pond and could be moved vertically as 
water levels changed between and within study ponds. The top 
was securely attached but could easily be removed to allow mul-
tiple sampling. Our design is an alternative to larger field pens 
(e.g., Wilbur 1976), which must be placed on the pond bottom and 
moved horizontally if water levels change. Both methods are valid; 
the appropriate enclosure should be chosen based on goals and 
logistics of the study. 

Each enclosure was cylindrical and housed in an outer cage, 
which allowed the inner enclosure to be removed when necessary 
(Fig. 1). The cylinder of the inner enclosure was constructed of 
1.6-mm aluminum screening (92 cm high and 30.5 cm diameter), 
and the top and bottom panels were made from 1.6-mm fiberglass 
screening and attached to the cylinder using 30.5-cm cross-stitch 
hoops, which are readily available at craft stores. To ensure proper 
size, we wrapped the aluminum screen around the inner hoop of 
the 30.5-cm wooden cross-stitch hoop (made of two hoops, the 
outer with a screw for tightening material between them), stitched 
the seam closed using 20-gauge galvanized wire, and then sealed 
the seam using nontoxic silicon. We attached the top and bottom 
panels with the cross-stitch hoops. The inner hoop was stitched to 
the inside of the cylinder with 20-gauge galvanized wire. A 35.5- 
cm2  piece of fiberglass screening was placed over the hoop and 
cylinder; then the outer hoop was positioned over the screen and 
tightened with the screw. Thus, the cylinder and end screen were 
tightened between the inner and outer hoops. We strengthened the 
bottom by applying nontoxic silicon around the edges of the outer 
and inner hoop and cutting away excess fiberglass screening. No 
silicon was applied to the top of the enclosure so that it could be 
removed to sample larvae and metamorphs. 

The outer cage was a cylinder with an open top made of 1.3-cm, 
19-gauge hardware cloth 
and was slightly larger 
(2.5 cm) in diameter and 
2/3 the height of the inner 
enclosure. We stitched the 
bottom panel (33 cm di- 

ameter) to the cylinder (61 cm high) using 20-gauge galvanized 
wire. We attached the outer cage to a stake in the study pond using 
two wood screws and plastic cable ties, which allowed depth to be 
adjusted by cutting the cable ties, placing the cage at the new level 
on the wood screws, and replacing the cable ties. The outer cage 
protected the inner cage from floating debris and ensured that it 
maintained an upright position. It was adjusted as water levels 
changed within and between sites to maintain an equal water vol-
ume in the inner enclosure. When installed with the top 10 cm 
above the water surface, the volume of water in the inner enclo-
sure was 60 L (total volume = 67 L). 

Because of the small size of most early-stage anurans compared 
to the mesh of the inner enclosure, eggs and embryos might need 
to be housed in the laboratory in water from the study ponds until 
the larvae reach a large enough size to preclude escape. If the ex-
periment needs to begin in ponds, our enclosure could be modi-
fied by replacing the fiberglass and aluminum screening with Nitex 
nylon (500-pm mesh; Tetko, Inc., New York), as used by Harris 
and Bogart (1997). 

Our method can be used in various studies of larval amphibians. 
The two-component design (outer cage and inner enclosure) is 
unique and allows multiple sampling through metamorphosis while 
maintaining equal water volume between sites with ease. The large 
size allows high initial density of larvae so that multiple sampling 
is possible with adequate sample sizes. The enclosure is particu-
larly useful in studies designed to assess the effects of different 
pond environments on various stages of anuran development or in 
studies that manipulate density as a treatment. 
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Activity and movement patterns of animals are fundamental is-
sues in many areas of biology, particularly ecology and conserva-
tion biology. Locomotor activity patterns in squamate reptiles un-
der controlled laboratory situations concurrent with some physi-
ological measure (e.g., aerobic capacities) is well studied com-
pared to other reptilian groups, particularly freshwater turtles (re-
viewed by Garland and Losos 1994). For lizards, the standard de-
vice for measuring locomotor performance has long been the tread-
mill or a variant thereof (Beck et al. 1995; Carpenter and Ferguson 
1977). This simple device has endless functional (e.g., sprint speed) 
or ecophysiological (e.g., effects of temperature on locomotion) 
application. One reason for the lack of similar studies involving 
freshwater turtles is the lack of an apparatus for measuring basic 
aspects of locomotor activity. While there are many studies that 
measure the movement and activity of freshwater turtles in the 
wild (e.g., Bodie and Semlitsch 2000; Brown and Brooks 1993; 
Morreale et al. 1984; Rowe and Moll 1991), we are aware of only 
three studies that investigate proximate questions of locomotion 
and activity under controlled laboratory conditions in freshwater 
turtles (Brett 1971; Cash and Holberton 1999; Finkler 1998). Here 
we describe an apparatus that we designed for quantifying loco-
motor activity in freshwater turtles. We also provide suggestions 
that expand the applicability of our device. 

Activity chambers were constructed from 75 L opaque plastic 
tubs (heavy-duty, solid walled laundry basket: 50 cm diameter top, 
42 cm diameter bottom, 41.5 cm depth; Fig. 1). At the bottom of 
each tub, a plastic tray platform (40 cm diameter, 4 cm depth) was 
placed atop a stationary point; a golf ball (— 4 cm diameter) ad-
hered to the bottom-center of the tub with Dap waterproof sili-
cone, which allowed the platform to pivot. A small hole (1.5 cm 
diameter) was drilled in the center of the platform (the point at 
which the platform rested on the pivot ball) to help stabilize the 
platter on the ball. Four to six non-slip bathtub adhesive strips 
(approx. 1.5 cm diameter) were attached to the platform to pro-
vide traction for the turtle. The platform was suspended with strands 
of 20-gauge wire, distributed equally around its perimeter, from 
the lever of each of the four micro-switches (Omron Industries 
model # B2-2RW80-82) distributed equally around the top of the 
tub. The micro-switches on each tub were mounted to the inside 
of the tub using two small metal bolts (standard #6 x 2 in.). Each 
of the four micro-switches was wired to the power supply and to a 
common ground in sequence such that when a lever was depressed 
on any switch an electrical circuit was completed and registered 
(see Fig. 2) on the single Sodeco digital counter (2.5W, 12V DC) 

FIG. 1. Illustration showing a side cut-away of the locomotor activity 
apparatus with golf ball, platform, turtle and one micro-switch shown (50 
cm diameter top, 42 cm diameter bottom, 41.5 cm depth). 

mounted on each tub. In this way, any movement by the turtle on 
any part of the platter, regardless of its direction, would result in a 
count on the counter. Each activity apparatus was then connected 
to a single Epsco DC variable power supply (0-16V, 0-10 Amp). 
The amount of volts provided could be adjusted for the number of 
turtles to be monitored. Power could be supplied continuously or 
be turned on and off automatically by a plug-in timer. Turtles were 
placed in their respective activity apparatus chamber and the wa-
ter level was adjusted based on the size of the turtle (to the top of 
the turtle's carapace). Regardless of the turtle's direction of move-
ment, the platform would be displaced, thus depressing one or 
more switch levers. A variety of measurements can be made from 
these data (e.g., counts per hour, counts over a 24 h period), de-
pending on the scope of the investigation. 

Other considerations warranted attention. In studies involving 
the slider turtle, Trachemys scripta (Cash and Holberton 1999; 
Cash, unpubl. data), turtles were found to elicit what could be 
described as "escape behavior" within the first 24 h after being 
placed in the activity chambers. Activity levels are often signifi-
cantly higher than any mean activity level after the initial 24 h. 
Therefore, it might be important to include an acclimation period, 
which might be species specific, before activity recording begins. 
The water level was checked daily in order to insure that the re-
cording dynamics of each apparatus remains constant over the 
duration of the activity trials. It was also important to insure that 
each chamber received equal light intensity, which ideally, should 
be homogeneous within the chamber. Finally, there might be varia-
tion in turtle body mass and size, as well as sensitivity in platform 
movement to turtle activity, that could potentially obfuscate dif-
ferences in treatments of interest (for instance, the mass range for 
turtles used in the study by Cash and Holberton (1999) was 404.1 
to 1280.0 g). We recommend that, for comparisons across treat-
ment groups, variation in turtle mass or size be equally distributed 
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Power Supply 

FIG. 2. A schematic of the basic locomotor activity circuit. S 1 – S4 
represent each micro-switch. 

across the groups of interest. When looking for changes in activ-
ity within individuals, we recommend that the same turtle be main-
tained in its original chamber throughout the study (cf. Cash and 
Holberton 1999). 

There are additional applications that the activity chambers pro-
vide, with modification. The simple addition of voltage specific 
resistors in the line to all micro-switches would enable each of 
these points to have unique voltage. By using a logging digital 
multi-meter with a serial interface or similar device (analog/digi-
tal board; computer interface; Vernier Serial Logger Pro), the ca-
pabilities of the activity chambers greatly expands. This modifi-
cation first allows temporal recording of activity data that would 
enhance the experimental design options and hence the number 
and different types of questions that the investigator could ask. 
Questions related to circadian biology could be explored. Because 
each micro-switch can have a unique voltage requirement (with 
resistors in-line), these points could be assigned and oriented to 
directional coordinates (i.e., N, S, E, W) for use in studies regard-
ing orientation, water finding, and homing ability in freshwater 
turtles. 

We believe that the locomotor activity apparatus provides a 
simple way of quantifying locomotor activity in freshwater turtles. 
The devices lend themselves to comparative studies where inves-
tigators are interested in basic locomotor activity and the effects 
of specific independent variables (e.g., hormone application, Cash 
and Holberton 1999) on this activity. The devices are not, how-
ever, intended to measure other aspects of locomotor performance, 
like endurance or sprint speed. Except for the DC variable power 
supply, which costs ca. US $270 but can be used to power mul-
tiple chambers, each chamber can be constructed for ca. US $35 
from material that can be purchased at a local hardware store. We 
believe that the activity apparatus provides an inexpensive, easy-
to-construct way to enhance our understanding of the behavioral 
ecology and physiological ecology of a poorly understood group 
of animals, under controlled laboratory conditions. 

Acknowledgments.—We thank Jill King for the expert drawing of Fig. 
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Among the many techniques that have been used to study am-
phibians, funnel traps are commonly recommended to determine 
species presence, breeding success, and relative abundance of 
amphibian larvae in aquatic habitats. Several authors have dis-
cussed the advantages and disadvantages of funnel traps for sam-
pling amphibian larvae (Adams et al. 1997; Fronzuto and Verrell 
2000; Shaffer et al. 1994). However, recent reviews of methods 
for studying amphibians (Heyer et al. 1994; Olson et al. 1997) 
make it clear that more research is needed on the species-specific 
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effectiveness of methods that have been proposed. 
A variety of funnel traps have been tried and tested including 

commercially available cylindrical traps constructed of 6 mm mesh 
galvanized wire, box funnel traps made of 3 mm mesh galvanized 
wire (Mushet et al. 1997), traps made from plastic beverage bottles 
(Calef 1973; Griffiths 1985; Richter 1995), collapsible nylon mesh 
traps (Adams et al. 1997), and traps constructed with acrylic plas-
tic sheet (Smith and Rettig 1996). Some authors have compared 
the effectiveness of funnel traps of different styles and materials. 
Smith and Rettig (1996) compared the efficacy of three home-
made funnel traps constructed of PVC pipe, acrylic plastic sheet, 
and plastic beverage bottles. Mushet et al. (1997) compared the 
effectiveness of cylindrical 6 mm mesh galvanized wire traps to 
their 3 mm mesh galvanized wire box traps. Fronzuto and Verrell 
(2000) compared the efficacy of cylindrical 6 mm mesh galva-
nized wire and cylindrical 2-4 mm mesh plastic funnel traps. Our 
objectives were to: 1) determine the efficacy of commercially avail-
able funnel traps for catching aquatic amphibian larvae living in 
small seasonal forest ponds, and 2) determine if net leads would 
enhance the efficacy of funnel traps. 

We conducted the study on a selection of seasonal forest ponds 
in northern Minnesota on the Sucker Lakes Watershed in Cass 
County and on the Rice River Watershed in Itasca County. In 1997, 
we compared capture rates of commercially available plastic ver-
sus metal funnel traps and investigated the effect of adding net 
leads. The plastic funnel trap [Nylon Net Company, Memphis, 
Tennessee; MT1 at US $6.90 each in orders of six or more] con-
sisted of two halves fastened in the middle of the trap; one half 
was colored blue and the other white. Dimensions of this near 
cylindrical trap were 43.2 cm long, 22.9 cm maximum diameter, 
and a 2.4 cm entrance centered in an 11.4 cm deep funnel posi-
tioned on each end of the trap. Mesh size of the plastic trap ranged 
from 4 x 6 mm where the trap halves join, to 3 x 4 mm at the trap 
ends. The metal funnel trap [Cuba Specialty Manufacturing Co., 
Fillmore, New York; G-40 at US $7.80 each] also consisted of 
two halves clipped together in the middle of the trap. Its dimen-
sions were very similar to the plastic trap, only its length was 
slightly shorter (41.9 cm) and the dimension of its entrance was  

variable (2.2-2.4 cm). Metal traps were constructed of galvanized 
hardware cloth, which had larger openings (four holes per 2.5 cm, 
or 6 x 6 mm mesh size) than those of the plastic traps. 

In 1997, we trapped amphibians in 29 ponds for three consecu-
tive days each, from 18 June through 7 August. Metal and plastic 
traps were paired side-by-side in shallow water perpendicular to 
shore in water deep enough to submerge the trap entrance, yet still 
provide air for amphibians to breathe. Three trap pairs were spaced 
roughly 3-6 m apart along the shore in each pond, regardless of 
pond size. A net lead was positioned between the plastic and metal 
traps of the central pair. The net lead consisted of a 3.0 m long 
minnow seine staked from a position located between the traps 
out into deeper water. Traps were not baited and were set out dur-
ing the day on Mondays, checked daily the following three days, 
and removed on the last day. Captured amphibians were identified 
to species, counted, and released. 

In 1998, we trapped amphibians in 45 ponds for three consecu-
tive days each, from 3 through 25 June, to compare capture rates 
of metal funnel traps of two different mesh sizes; 4 openings per 
2.5 cm (6 x 6 mm mesh) and eight openings per 2.5 cm (3 x 3 mm 
mesh). Traps with 3 mm mesh were substantially more expensive 
than traps with 6 mm mesh [Cuba Specialty Manufacturing Co., 
Fillmore, New York; US $19.53 (G-48M) versus US $7.80 (G-
40).] Traps were not paired as in 1997 but instead, were evenly 
spaced around the pond, alternating mesh sizes from a random 
start. We set 2 to 6 traps (1 to 3 traps of each mesh size) in ponds; 
the number of traps chosen so as to approximate an equivalent 
effort per unit of pond surface area. As in 1997, unbaited traps 
were set out Monday, checked the following three days, and re-
moved. Captures were handled as in 1997. 

Data were first converted from counts of larvae in each trap 
over the three trap night period to a daily capture rate for each trap 
and species (total number of individuals captured for a species 
divided by three trap nights). Repeated measures ANOVA was 
used to determine if 1997 daily capture rates of three species dif-
fered between trap types (plastic versus metal) and between trap 
pairs with net leads versus those on either side that lacked net 
leads. These analyses were conducted using square root transfor- 

TABLE 1. Descriptive statistics for analysis of the efficacy of two funnel trap types (plastic versus 6 mm mesh, metal hardware cloth) and 
efficacy of net leads for capturing amphibian larvae of three species. Number of traps, median capture rate (CR) [number of individuals captured 
per night in each trap, averaged over three trap nights], and interquartile ranges are reported. N = number of ponds where species was trapped out 
of 29 possible ponds. 

Species Statistic All Plastic All Metal Plastic 
Net 

Plastic 
Without Net 

Metal 
Net 

Metal 
Without Net 

Rana sylvatica Number of traps 66 66 22 44 22 44 
N = 21 Median CR 0.67 0.83 0.33 0.67 1.17 0.67 

Interquartile range 0.00, 1.33 0.33, 2.67 0.00, 1.33 0.00, 1.50 0.33, 2.67 0.33, 3.67 

Ambystoma laterale Number of traps 42 42 14 28 14 28 
N = 14 Median CR 0.33 0.00 0.17 0.33 0.00 0.00 

Interquartile range 0.00, 1.00 0.00, 0.33 0.00, 1.00 0.00, 0.83 0.00, 0.33 0.00, 0.33 

Pseudacris crucifer Number of traps 12 12 4 8 4 8 
N = 4 Median CR 0.00 0.00 0.00 0.00 0.00 0.00 

Interquartile range 0.00, 1.17 0.00, 0.00 0.00, 0.17 0.00, 2.00 0.00, 0.33 0.00, 0.00 
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mations to normalize the 
data. Data for 1998 were 
summarized as a daily cap-
ture rate for each trap type (6 
mm versus 3 mm mesh) in a 
pond. Wilcoxon signed ranks 
tests were used to determine 
if 1998 daily capture rates 
differed between the two trap 
mesh sizes for three species 
(the simplified 1998 experi-
mental design allowed use of 
this test and avoided assump-
tions about normality of 
data). All analyses were 
conducted using SYSTAT 
8.0. 

In 1997, wood frog (Rana 

TABLE 2. Analysis of the efficacy of funnel traps constructed with hardware cloth of two different mesh sizes (6 
mm versus 3 mm openings) for capturing amphibian larvae. For each species, a capture rate per night was calcu-
lated for each trap type in each pond by averaging the total number of larvae captured for each trap type in each 
pond (N = 1 to 3 traps per pond) over a 3-day period. Tests of significance were derived from a Wilcoxon signed 
ranks test. 

Species Statistics 6 mm Mesh 3 mm Mesh 

Rana sylvatica No. ponds where captured 33 35 -1.028 0.304 
[Present in 35 ponds] Median pond capture rate 4.1 3.8 

Interquartile range 0.9-24.2 0.9-16.4 

Ambystoma laterale No. ponds where captured 2 15 3.308 0.001 
[Present in 15 ponds] Median pond capture rate 0.0 0.3 

Interquartile range 0.0-0.0 0.2-0.9 

Pseudacris crucifer No. ponds where captured 5 14 3.023 0.003 
[Present in 15 ponds] Median pond capture rate 0.0 0.3 

Interquartile range 0.0-0.2 0.2-1.1 

sylvatica) larvae were cap- 
tured in the most ponds, followed by blue-spotted salamanders 
(Ambystoma laterale), and spring peepers (Pseudacris crucifer) 
(Table 1). The median daily capture rate of wood frog larvae in 
metal traps was 0.83 per trap compared to 0.67 in plastic traps, 
whereas median daily capture rates of blue-spotted salamander 
and spring peeper larvae were lower than those of wood frog lar-
vae in either type of trap (Table 1). Trap type was a significant 
variable in explaining daily capture rates of wood frog (F1,20 = 
13.92, P < 0.001), but not blue-spotted salamander or spring peeper 
larvae (P > 0.20 for both species). Neither net leads (P > 0.55 for 
all species) nor an interaction of net leads and trap type (P > 0.30 
for all species) affected daily capture rates of any species. 

In 1998, wood frog larvae were again captured in the most ponds 
(35 ponds), whereas blue-spotted salamander and spring peeper 
larvae were found in 15 ponds each (Table 2). Traps with 3 mm 
mesh correctly recorded species occurrences in all but one instance 
(3 mm mesh traps failed to record spring peepers in one pond). In 
contrast, 6 mm mesh traps did a poor job in recording the pres-
ence of species with small larvae (i.e., blue-spotted salamander 
and spring peeper). Median daily capture rates of wood frog lar-
vae were slightly higher in 6 mm than in 3 mm mesh traps, but not 
significantly so (P = 0.30). In contrast, daily capture rates of spring 
peeper and blue-spotted salamander larvae were greater (P <0.005) 
in traps constructed with 3 mm versus 6 mm mesh hardware cloth. 

Funnel traps of many styles and materials have been used by 
investigators to sample amphibians in aquatic settings. It is clear 
from their collective experiences that several factors impinge on 
the efficacy of funnel traps in capturing amphibians. For example, 
effectiveness is known to vary by species, trap characteristics, size 
of larvae, and habitat conditions (Adams et al. 1997; Fronzuto 
and Verrell 2000; Shaffer et al. 1994). Our results support these 
findings with regard to species, trap characteristics, and size of 
larvae. 

Trap characteristics had a significant effect on capture rates of 
amphibian species found in our small, seasonal forest ponds. Our 
1997 results demonstrated that 6 mm mesh metal traps were more 
effective than plastic traps in capturing wood frog tadpoles. We 
did not determine why this was so; e.g., we do not know if the 
plastic trap's blue and white color or physical appearance lowered  

wood frog capture rates. In contrast, plastic traps had slightly higher 
capture rates of blue-spotted salamanders than metal traps. Al-
though this difference was not statistically significant, it makes 
sense that the smaller mesh size of plastic traps would reduce the 
likelihood of the smaller salamander larvae escaping from these 
traps. These observations were consistent with Fronzuto and Verrell 
(2000) who reported that some long-toed salamanders (Ambystoma 
macrodactylum columbianum) escaped from metal funnel traps 
with 6 mm mesh size, but not from plastic funnel traps that had a 
smaller mesh size. 

In 1998, we confirmed the importance of mesh size. Metal traps 
with 3 mm mesh were better at capturing species with small lar-
vae (i.e., blue-spotted salamander and spring peeper) than traps 
with 6 mm mesh openings. At the same time, captures of larger 
wood frog larvae in 3 mm versus 6 mm mesh traps were similar. 
These results suggest that 6 mm mesh hardware cloth might not 
adequately sample small larvae. We conclude 3 mm mesh funnel 
traps would provide a more unbiased assessment of the relative 
abundance of amphibian larvae living in our seasonal forest ponds. 

Net leads, drift fences, and drive nets have been used to en-
hance capture of a variety of fish (Hubert 1983) and wildlife (Day 
et al. 1980) species, including herps in terrestrial settings (Heyer 
et al. 1994). These devices intercept the movement of animals and 
direct their travel towards traps. Because net leads are very effec-
tive in fisheries surveys, we thought they might also enhance the 
efficacy of unbaited funnel traps in catching amphibian larvae. 
Our result that they were not effective in directing amphibians 
into traps was surprising and is worthy of further study. The lar-
vae of some amphibians school or diurnally migrate in response 
to light, temperature, and oxygen concentrations (Duellman and 
Trueb 1986). Perhaps amphibian species that live in small forest 
ponds are more sedentary than these amphibians or fishes, and 
thus their capture is less likely to be affected by net leads. 

In summary, of the funnel traps we tested, we recommend using 
metal traps constructed of 3 mm mesh hardware cloth for sam-
pling amphibian species whose larvae or adults are small, or when 
assessing the relative abundance of species in communities that 
include species with such characteristics. If one is sampling only 
species with large larvae or adults, 6 mm mesh might be adequate 
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or possibly preferable. Net  leads did not enhance capture rates of 
larvae of the amphibian species we encountered in small forest 
ponds, perhaps because their larvae are relatively sedentary. The 
same might not be true for larvae of other amphibians, especially 
those that live in larger aquatic habitat types. This possibility has 
implications for amphibian methodology, sampling design, and 
understanding of larval behavior. We suggest that these be explored 
further to understand the mechanisms underlying our results us-
ing net leads. 
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The brown treesnake, Boiga irregularis, was inadvertently in-
troduced from Australasia to Guam around the end of World War 
II (Savidge 1987). By the mid 1980s brown treesnakes were abun-
dant and distributed island-wide (Rodda et al. 1992; Savidge 1987). 
The snake irruption is believed responsible for the extirpation of 
nine of the island's 13 native forest bird species (Savidge 1987), 
loss of two lizard species (Fritts 1988), and for a drastic decline in 
numbers of the Mariana fruit bat, Pteropus m. mariannus (Wiles 
1987). Additionally, brown treesnakes caused more than 1650 elec-
trical outages on Guam between 1978 and 1997 (Fritts and Chiszar 
1999; T. H. Fritts, unpubl. data). 

Currently, brown treesnake control efforts are divided into two 
areas: reducing snake abundance in localized areas of Guam, and 
preventing dispersal of snakes from Guam. One dispersal-preven-
tion tool used on Guam, Oahu (Hawaii) and Saipan (Northern 
Mariana Islands, NMI) is the detector dog program (Engeman et 
al 1998a; Engeman et al. 1998b; Vice and Engeman 2000). Detec-
tor dogs are trained to recognize the scent of brown treesnakes 
that have stowed away in cargo, and to signal the presence of the 
snakes to their handlers. Initial training of the dogs and ongoing 
refresher training requires frequent exposure of the dogs to live 
brown treesnakes. This poses no problem on Guam where snakes 
are plentiful. However, importation of brown treesnakes to Ha-
waii and the NMI for dog training is problematic. Recently, the 
export to Hawaii of a limited number of sterilized male brown 
treesnakes for dog training has been approved (importation of live 
females and reproductively intact males is not permitted). Unfor-
tunately, there is no established protocol for sterilizing male snakes. 
Thus, we identified a need for a simple and immediately effective 
method of sterilizing male brown treesnakes for export to snake-
free areas for training snake detector dogs. 

Thirty male Boiga irregularis were collected from the wild on 
Guam. Each snake's snout-vent length (SVL), total length (TL), 
and mass were recorded prior to it being individually housed in a 
plastic box (34 x 24 x 13 cm) with numerous ventilation holes. 
Each box contained a lining of white paper, a water dish, and a 
piece of PVC pipe in which the snake could shelter. The room in 
which the snakes were housed was ventilated by air from outside 
the building. All snakes were offered one dead adult mouse weekly 
from the time of capture until the termination of the experiment. 
Of the 30 candidate snakes, 29 settled into captivity and fed at 
every weekly feeding session. These 29 snakes were retained for 
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use in the experiment. At the conclusion of the experiment 25 of 
the snakes were euthanized. The "working life" of a sterilized 
brown treesnake is likely to be on the order of a few months. There-
fore, we retained four snakes in captivity for observation to deter-
mine if there were any longer-term effects of the experimental 
procedure on the snakes. 

Each snake was assigned to one of three experimental treat-
ments: both hemipenes removed by ligation; one hemipenis re-
moved by ligation (either left or right); or no hemipenes ligated 
(control treatment). The initial size of snakes did not differ among 
experimental treatments (1 factor ANOVA, initial mass: F2,26 = 

0.54, P = 0.591, initial SVL: F2,26 = 1.09, P = 0.351). All snakes 
increased in mass over the course of the study (mean increase in 
mass = 28%, range = 14-48%). There was no difference among 
treatments in the daily rate of mass increase (1 factor ANOVA, 
F2,26 = 1.16, P = 0.331). 

Two people were required to carry out each ligation procedure. 
One person restrained the snake and everted the target hemipenis 
by applying thumb pressure to the base of the snake's tail. A sec-
ond person swabbed the hemipenis and cloacal area with Brite-
Life® 2% iodine tincture (Bergen Brunswig Drug Company, Cali-
fornia) and sprayed the area with Lanacaine® anaesthetic spray 
(benzocaine 20%, benzethonium chloride 0.2%; COMBE, Inc., 
White Plains, New York). The second person then placed a hemo-
stat clamp transversely across the everted hemipenis midway down 
its length to prevent its withdrawal back into the snake. At this 
point, pressure on the tail base was released. A modified 
transfixation technique using a C-23 cutting needle with a non-
absorbable suture attached (Bralon ®, 3-0 braided nylon; USSC 
sutures) was used to ligate the hemipenis. The needle and suture 
were passed through the base of hemipenis, then looped around 
the hemipenis and secured in place with a square knot. The suture 
was tightly wrapped around the hemipenis a second time and se-
cured with another square knot. An option at this stage of the pro-
cedure would be to sever the hemipenis distal to the ligation site 
to ensure that the structure is successfully removed. However, we 
did not do this. Consequently we have no data on infection rates, 
recovery times, or mortality of snakes that have had their hemipenes 
severed. After completion of the ligation procedure, the hemostat 
was removed and the snake was returned to its holding box. Be-
tween 10 and 15 minutes were required to complete each bilateral 
ligation. This included the time required to capture the snake from 
its holding cage, complete the procedure, and return the snake to 
its holding cage. 

Between four and six weeks post-procedure we conducted a blind 
assessment of the success of the ligations. A combination of tech-
niques (attempted eversion of hemipenes and internal probing of 
hemipenes) was used to determine whether each hemipenis was 
intact or the tissue fused at the point of ligation. Skilled applica-
tion of pressure to the base of a brown treesnake's tail will gener-
ally evert an intact hemipenis. However, if this method fails to 
induce eversion, a blunt-ended probe can be inserted gently into 
the hemipenis lumen. In an adult male brown treesnake with in-
tact hemipenes, the probe will pass 25-30 mm into the lumen be-
fore reaching the end of the inverted hemipenis. In a snake that 
has undergone the ligation procedure there are three possible out-
comes: 

1) If the procedure has been successful, and the wound has healed 

over, the probe will not enter beyond the point of ligation (typi-
cally 2-4 mm deep). 

2) If the procedure has been successful but the ligation site has 
not healed over and sealed completely, the probe will pass through 
the unhealed wound to a depth considerably greater than the usual 
25-30 mm. 

3) If the procedure failed, the probe will enter to a depth of 
around 25-35 mm. 

For each snake the evaluator used both eversion and probing 
techniques to score the presence or absence of hemipenes. 

The blind evaluation procedure correctly assigned every snake 
to its experimental treatment. That is, correct assessment (as li-
gated or not ligated) of all 58 hemipenes was achieved. Of the 33 
ligations (bilateral in 12 snakes and unilateral in nine snakes), 32 
were completely successful: the portion of the hemipenis distal to 
the suture was gone, and the base of the hemipenis was fully healed 
over. One ligated hemipenis remained partially intact (ca. 10 mm 
of hemipenis remained). It is very unlikely that this hemipenis 
was functional as the wound at the distal end of the hemipenis was 
completely healed over, thus preventing the passing of fluids (in-
cluding semen). 

To compare the ability for ligated versus intact hemipenes to 
pass ejaculatory fluid we attempted to collect fluids from each 
snake. Fluid collection was achieved by massaging the base of 
each snake's tail at the time of the evaluation. Successful collec-
tion of any fluid implies that the posterior section of the sperm 
duct contains the fluid and that there is no blockage preventing 
passage of the fluid from the sperm duct. An unsuccessful collec-
tion attempt means that either fluid is not present in the posterior 
section of the sperm duct, or that it is present but it is prevented 
from moving because of a blockage in the sperm duct, or that the 
method used to collect the fluid has failed. Thus, collection of any 
fluid is conclusive evidence that the sperm transfer mechanism is 
potentially still intact, but unsuccessful collection attempts are in-
conclusive. 

Fluid was successfully collected from 16 (64%) of the 25 intact 
hemipenes, whereas none (0%) of the 33 ligated hemipenes could 
be induced to pass any fluid. The probability that failure to collect 
fluid from all 33 of the ligated hemipenes was because of chance 
is extremely low (P < 0.0001, x 2= 29.2, 1 di.). Thus, the ligation 
treatment successfully prevents fluids (including ejaculate) from 
leaving the snakes. 

Five months after ligation of both of their hemipenes, the four 
snakes that were held for observation remained healthy and were 
feeding well. There were no signs of hemipenis regeneration and 
no fluid could be forced from any of the eight ligated hemipenes. 

We have termed this sterilization technique the "bilateral 
hemipenis ligation" method. Each sperm duct is ligated at its most 
posterior point. Thus, there is no reservoir of viable sperm left 
posterior to the ligation site. Additionally, the intromittent organs 
are removed, thereby curtailing the ability to copulate. There are 
some species with internal fertilization that mate without benefit 
of a male intromittent organ (e.g., most birds, tuatara), however 
these species have evolved to convey sperm without the aid of 
such structures. Female brown treesnakes have not so evolved, so 
sperm transfer by hemipenis-ligated males should be very appre-
ciably hindered. 

Our method of sterilizing male brown treesnakes is effective 

186 	 Herpetological Review 33(3), 2002 



(successful in at least 32 of 33 attempts), quick (the procedure 
requires less than fifteen minutes per snake) and inexpensive (less 
than US $1.00 per snake for materials). The technique has a 0% 
mortality rate in laboratory tests, and it requires only a moderate 
skill level. Failed attempts are very easy to identify; if a hemipenis 
is still present, it can be detected via manual eversion or probing. 
Thus, there is very little risk of exporting a non-sterile snake from 
Guam. We recommend that bilateral hemipenis ligation of male 
snakes is adopted by agencies that need an increased supply of 
sterile snakes for training detector dogs in areas at risk of brown 
treesnake infestation. 
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Snout-to-vent length (SVL) is a standard measure of the body 
size of salamanders, but the vent of an eastern red-backed sala-
mander (Plethodon cinereus) can be difficult to see under adverse 
conditions and on small individuals. The legs, however, are obvi-
ous. Regression analysis showed that SVL can be predicted from 
snout-to-hind-leg length (SLL) with a high degree of accuracy. 
The regression model was validated with an independent P. 
cinereus data set which suggested that, within the species, it has 
wider applicability than the data set from which it was derived. 
Compared with SVL, SLL is relatively easy to measure resulting 
in more rapid processing of salamanders, less stress to the ani-
mals, and has potential for use even by inexperienced observers in 
a large monitoring program. 

The eastern red-backed salamander (Plethodon cinereus) may 
be common in the woodlands of southeastern Canada and north-
eastern portions of the United States. Wyman and Hawksley-
Lescault (1987) noted sensitivity of these salamanders to changes 
in soil pH, and Frisbie and Wyman (1995) concluded that the spe-
cies is a potentially useful sentinel of change within forest ecosys-
tems. Plethodon cinereus has been selected as an indicator of the 
sustainability of forest management practices in Ontario (McLaren 
et al. 1998). Measures of body length could provide valuable in-
formation for a variety of questions related to environmental im-
pact and habitat use (see above), as well as behavioral interactions 
and interspecific competition (e.g., Jaeger 1972). 

Petranka (1998) described standard measures of body size for 
salamanders as total length and snout-to-vent length. Total length 
(TL) is measured from the tip of the snout to the tip of the tail on 
a straightened body. Snout-to-vent length (SVL) is usually mea-
sured from the tip of the snout to the posterior margin of the vent 
(though sometimes the anterior margin of the vent has been used). 
Compared with TL, SVL is a more reliable measure of body length 
for Plethodon cinereus because these salamanders regularly auto-
tomize their tails if threatened. Also, tails are frequently bitten 
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Flo. 1. Ventral view of a Plethodon cinereus illustrating how total length 
(TL), snout-to-vent length (SVL), and snout-to-hind-leg length (SLL) were 
measured on live specimens. SLL is measured on a straightened animal 
from the tip of the snout to the posterior surface of a hind leg where it 
joins the body. 

during agonistic interactions (Jaeger et al. 1982), and this might 
result in breakage (Petranka 1998). However, P cinereus are small, 
with adults typically ranging from 65 to 125 mm in total length, 
and hatchlings from 19 to 25 mm (Petranka 1998). Vents can be 
difficult to see, particularly on juveniles, and on all ages at night 
when these salamanders are most readily observed and captured. 

In this paper we use regression analysis to relate standard SVL 
to snout-to-hind-leg length (SLL), a new measure of body length 
which is more easily assessed on small animals under sub-optimal 
conditions. Like SVL, SLL is affected less than TL by agonistic 
interactions and predation. 

The study was conducted in central Ontario, within a radius of 
approximately 40 km to the east and south of the city of North 
Bay (approx. 46°13'N, 79°22'W). It was part of a larger project 
designed to compare sampling techniques (see Hackett et al. 1999; 
Szuba 1999). Two sets of data were used in the analysis: the main 
data set to derive a regression equation, and an independent data 
set to test it. Data used for derivation were collected from two 
sites: a mature sugar maple (Acer saccharum) stand and a mature 
white pine (Pinus strobus) stand. Test data were obtained from 36 
different sites that were spread out over the larger study area. The 
36 test sites were mature forest stands representing three main 
vegetation types: a) mixed poplar (Populus spp.), white birch 
(Betula papyrifera), and balsam fir (Abies balsamea), b) mixed 
sugar maple, white birch, poplar, and white pine, and c) sugar 
maple mixed with yellow birch (B. alleghaniensis). 

A variety of techniques was used to locate salamanders, includ-
ing cover boards (76 x 20 x 2.5 cm in size) that were checked 
during the day or night, diurnal searches in 1 m 2  litter plots, diur-
nal searches under or inside natural cover objects in 25 m 2  quad-
rats, and above-ground searches along prescribed transects at night. 

Plethodon cinereus were captured periodically on all study sites 
from late April to mid-October 1998. Each salamander was placed 
in a thin plastic bag and held in such a way that the animal was 
immobilized in a relaxed position. SVL, SLL, and TL were mea-
sured on the ventral surface of the straightened body (Fig. 1) to 
the nearest millimeter with the aid of a ruler. If the precise loca-
tion of the distal end of the vent was indeterminable in the field, 
we did not measure SVL and data for that animal were excluded  

from the SVL analysis. Thus, the analysis includes measures only 
for those animals whose vents were clearly visible, presumably 
reflecting an accurate assessment of SVL. We also noted condi-
tion of the tail (intact, or with obvious signs of breakage or re-
growth). We did not differentiate between the sexes or among ages. 

Linear regression analysis was used to determine the relation-
ships among body measurements (Analytical Software 2000). Data 
from the two main sites were used as input (N = 363) to build the 
model relating SVL and SLL. A Durbin-Watson test was performed 
on the residuals from this analysis to check for autocorrelation 
(independence of residuals; Analytical Software 2000). Residual 
plots were also examined visually to determine if the residuals 
were normally distributed and homoscedastisic. The regression 
model was validated using two approaches. First, the test data (N 
= 214) were run through the regression model to determine the 
number of cases that fell outside the 95% prediction interval. A 
prediction interval is expected to contain observed values of the 
dependent variable 95% of the time (Analytical Software 2000). 
Second, a new regression analysis was performed in which actual 
measurements from the test batch were used as the dependent vari-
able, and the predicted values for the same salamanders were used 
as the independent variable. If the test data fit the equation well, 
there should have been a non-significant intercept, and the slope 
of the regression line should not have differed significantly from 
1.0 (Montgomery and Peck 1982). A high R-square would also 
indicate a good fit. 

Linear regression of SLL and SVL resulted in a highly signifi-
cant model (F = 5010.9, df = 362, P = 0.000) that fit the data well 
(R2 = 0.933; Fig. 2). There was no significant autocorrelation among 
residuals (Durbin-Watson statistic = 1.9809, P of positive correla-
tion = 0.4244, P of negative correlation = 0.5756, N = 363). Re-
sidual plots also suggested that the residuals were normally dis-
tributed and homoscedastisic. The regression of SLL and TL also 
was significant (F = 1077.84, df = 362, P = 0.031). However, it 
was not predicted as well from SLL (R2  = 0.748; Fig. 3). This was 
expected, and probably reflects a combination of phenotypic varia-
tion in tail lengths, and the results of injury or autotomization (and 

Flo. 2. Linear regression model relating snout-to-hind-leg length (SLL) 
and snout-to-vent length (SVL) of Plethodon cinereus captured near North 
Bay, Ontario. The solid lines show the 95% prediction interval (PI) for 
SVL. True (or observed) values of SVL are expected to fall within the PI 
95% of the time. 
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FIG. 3. Linear regression model relating snout-to-hind-leg length (SLL) 
and total body length (TL) of P. cinereus captured near North Bay, Ontario. 
The solid lines show the 95% prediction interval for TL. True (or ob-
served) values of TL are expected to fall within the PI 95% of the time. 

subsequent regrowth) that were not caused by the sampling meth-
ods. Seventy-nine (21.8%) of the P cinereus used to derive the 
regression equation showed obvious evidence of past tail damage 
or regrowth (e.g., discontinuity of the tail profile manifested as an 
extremely blunted tip, an extremely pointed tip beyond an old in-
jury, or, in a few cases, most of the tail missing). 

Validation of the SLL/SVL model with the test data suggested 
that the model has wider applicability for Plethodon cinereus than 
the data base from which it was derived. When the test data from 
the larger area were run through the regression model, only 5 of 
the 214 values (2.3%) fell outside the 95% prediction interval. 
Moreover, performing a new regression of actual SVLs from the 
test data and predicted SVLs from the model resulted in a highly 
significant regression (F = 4872.82, df = 213, P = 0.000) with a 
non-significant intercept (P = 0.9777), a slope not significantly 
different from one (t = 0.708, df = 212, P = 0.478), and a high R-
square value (R 2  = 0.958). Thus, both of these tests failed to in-
validate the SLL/SVL model. 

In the field, SLL was relatively easy to measure under a variety 
of conditions. The ease of measurement resulted in more rapid 
processing of individuals and therefore less handling and associ-
ated stress to the study animals. Legs were much more obvious on 
the smaller individuals than vents. This gives SLL the potential to 
be measured easily and accurately by unskilled volunteers partici-
pating in salamander monitoring programs. 

Future research could involve testing or calibrating this equa-
tion in other parts of the geographic range of Plethodon cinereus. 
Alternately, SVL could be predicted for other populations using a 
two-phase sampling scheme. This would involve measuring SLL 
on all salamanders, and SVL on a subset to develop a regression 
estimator for the local area. A regression of SLL and SVL might 
also prove to be useful for other species of small salamanders. 
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The use of general anesthetics is the standard procedure for the 
implantation of radiotransmitters in snakes (Anderson et al. 2000; 
Reinert 1992; Reinert and Cundall 1982; Weatherhead and Anderka 
1984; and see excellent reviews by Hardy and Greene 1999, 2000). 
However, the use of general anesthesia presents several limita-
tions, which are compounded in the field. If an injectable general 
anesthetic is used, investigators must become proficient in find-
ing veins (usually the tail vein) or in heart puncture (Anderson et 
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FIG. 1. Placement of radiotransmitter in body cavity. Snakes were injected with a total dosage of 0.5 ml of lidocaine/ 
kg of snake (distributed under three consecutive ventral scales), given approximately one quarter of the snake's length 
anterior from the cloaca. A transverse incision was made with a sterile scalpel underneath the middle of the three 
ventral scales injected 10 min previously with lidocaine. After the transmitter is pushed caudally, the antenna lies 
completely within the body cavity. All surgeries were performed using aspetic technique (see text for details). 

al. 2000). If an inhalant general anesthetic is used, the investigator 
must be able to regulate the amount of anesthetic given, and expe-
rience is needed to reduce overdosage and the use of artificial ven-
tilation for resuscitation (Hardy and Greene 2000). The use of any 
general anesthestic necessitates the determination of safe dosages 
for a given species and the possibility of death because of over-
dosage. This report shows that a local anesthestic can be used safely 
and effectively in the field for the implantation of radiotransmitters. 
The use of local anesthesia virtually eliminates the possibility of 
death because of overdosage and simplifies the surgical proce-
dure without compromising the health of subjects. In addition, 
recovery times are significantly shortened, and snakes can be re-
leased safely within 4 h post-surgery. 

We have begun studies on the spatial ecology of Boa constric-
tor imperator on Ometepe Island, Nicaragua, in order to examine 
similarities and differences with temperate snakes for orientation. 
Ometepe is an island of 276 km 2  in Lake Nicaragua. By studying 
the spatial ecology of boa constrictors on Ometepe, we hope to 
identify preferred habitat and movement patterns and understand 
the thermal ecology of these snakes. Four Boa constrictor 
imperator were purchased from local residents, and the exact lo-
cation and time of capture were noted. All snakes were captured 
in the municipalities of San Ramon and La Tijeretas on the south 
to southeast sides of the volcano Maderas. All snakes inhabitated 
secondary growth, dry tropical forest interspersed with agricul-
tural fields. 

Radiotransmitters were surgically implanted between 11 and 17 
July 2000. Before surgery, all snakes were weighed, measured, 
sexed, and all external ticks were removed. We used two males 
and two females (N = 4), ranging from 153 to 171 cm snout—vent 
length and 1.9-3.4 kg. Snakes were implanted with temperature-
sensitive radiotransmitters (151-152 MHz, G3-Temp B [CS1 and 
CS2] or SM1-H-Temp B [CS3 and CS4], AVM Instrument Co., 
Livermore, California, USA), which were less than 2% of body 
weight. Transmitters and instruments were soaked in 100% etha-
nol for 10 min and then rinsed in 0.9% sterile saline prior to im-
plantation. All surgeries were performed using aspetic technique. 

Snake heads were cov-
ered with cotton socks to 
reduce visual stimuli to 
the snake as well as to 
prevent bites to investiga-
tors (Rivas et al. 1995). 
The sock was secured 
with a rubber band around 
the neck. The upper third 
of each snake was placed 
in PVC tubing (tubing 
technique of Murphy 
1971), and the remainder 
of the snake was re-
strained by 2-3 people. 
The operating table was 
first wiped with Betadine 
(10% povidone-iodine 
solution) and then cov-
ered with a sterile cloth. 
The snake's ventral scales  

were exposed, wiped with Betadine, and a total of 1.5 ml of 2% 
lidocaine hydrochloride without epinephrine (Astra Pharmaceuti-
cals, Westborough, Massachusetts, USA) was injected subcutane-
ously and intramuscularly as a local anesthetic underneath three, 
consecutive ventral scales approximately 40 cm anterior to the 
cloaca. For any snake, this would be equivalent to a total dosage 
of 0.5 ml of lidocaine/kg of snake given approximately one quar-
ter of the snake's length anterior from the cloaca. Injections were 
made using a sterile 1 ml tuberculin syringe with a 3/8 inch, 26 
gauge needle. Investigators holding snake near incision site and 
making incision wore sterile gloves. After 10 min without physi-
cal restraint, the snake was restrained again; the injected region 
was poked with a 26 gauge needle to ensure the absence of a with-
drawal reflex; and a transverse incision (approx. 4 cm) was made 
with a sterile scalpel underneath the middle of the three ventral 
scales injected previously with lidocaine. A radiotransmitter was 
inserted into the peritoneal cavity and advanced posteriorly with a 
sterile cotton applicator, leaving the end of the whip antenna un-
derneath the incision site (Fig. 1). No reflexive or excessive move-
ments were noted during intraperitoneal implantation. The inci-
sion was then closed with 3-0 Dexon II absorbable suture (Davis-
Geck Inc., Manati, Puerto Rico, USA) in a subcuticular, simple 
interrupted, horizontal pattern so that skin edges and dermal lay-
ers are everted and closely opposed for strong healing (Hardy and 
Greene 1999). The sutured incision is then covered with liquid 
bandage (New Skin, Medtech Laboratories, Inc., Jackson, Wyo-
ming, USA) in order to provide additional strength. The entire 
procedure from the injection of lidocaine to placement of the last 
suture ranged from 20 to 30 min (recall that 10 of those minutes 
are waiting for the lidocaine to take effect). Snakes were allowed 
to recover for 3 to 10 h. The tops of their heads were painted with 
green latex paint (Wash 'n Wear, Glidden Co., Cleveland, Ohio, 
USA), and they were released at their capture points. 

Snakes were tracked once or twice daily over 22-30 days and 
localized 14-25 times, using a TRX-1000S receiver and 3 ele-
ment folding Yagi antenna (Wildlife Materials, Inc., Carbondale, 
Illinois, USA). At the end of this period, three of the four snakes 
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were recaptured, and transmitters were removed using the same 
procedures described above. After injection of lidocaine, trans-
mitters were removed by an incision at the same incision site made 
for implantation, followed by closure as described above. In all 
cases, no movement of the transmitter had occurred, and all trans-
mitters were removed by gently palpating the transmitter anteri-
orly. No adverse effects were seen on snakes released within 3 h 
of surgery, and no signs of infection or necrosis were observed at 
the time of transmitter removal. Indeed, one snake had no signs of 
surgery except for a faint line between the reattached ventral scales. 

Although we have only attempted this technique on four ani-
mals in the field to date (and two corn snakes, Elaphe g. guttata, 
at the Seneca Park Zoo prior to field work), the surgery technique 
described has several advantages over those described previously. 
First, there is virtually no chance of mortality because of anesthe-
sia. This is critical when working with species that are rare or hard 
to obtain, working with gravid females, or when working under 
primitive conditions. Although this method necessitates physical 
restraint, we feel that the slight discomfort and stress experienced 
by the subject for less than 20 min is minimal compared to the risk 
of mortality using general anesthesia. In addition, the injection of 
lidocaine affords adequate analgesia at the surgical site, does not 
necessitate any special training, and can be performed safely us-
ing sterile syringes and needles. The implantation of 
radiotransmitters and antennas into the body cavity did not harm 
the snake in any way and did not affect the transmission of sig-
nals. We were able to localize snakes in thick, secondary forest up 
to 150 m (the greatest distance traveled by an individual between 
localizations). Although this method could potentially be used with 
any species, it might be advisable to use general anesthesia when 
working with venomous species to minimize the chance of en-
venomation. 
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While recent refinement of miniaturized radiotransmitters has 
made it possible to study small organisms using radiotelemetry 
(White and Garrott 1990), determining how to attach transmitters 
to small animals is still problematic. Anurans might be particu-
larly difficult to attach transmitters to because of the sensitivity of 
their skin. Transmitters attached externally might get caught on 
objects in the environment and cause abrasions. Implanting trans-
mitters requires the researcher to conduct surgery, a longer pro-
cess that leaves an incision which might become infected. In this 
paper, we compare the effectiveness of internal and external ra-
diotelemetry attachment methods for a terrestrial anuran, the bark-
ing frog (Eleutherodactylus augusti), and provide details on im-
plantation of transmitters. 

Many materials have been used to attach external transmitters 
to anurans: beaded metal chain (Rathbun and Murphey 1996; 
Matthews and Pope 1999), latex (Van Nuland and Claus 1981), 
rubber (Fukuyama et al. 1988; Werner 1991), satin ribbon (Bull 
2000), webbing (Schwarzkopf and Alford 1996), gauze bandages 
(Hodgkison and Hero 2001), and silicone (Holenweg and Reyer 
2000), polyethylene (Bartell and Peterson 2000), and teflon tub-
ing (Waye 2001). Many of these attachments have resulted in sores 
and limited mobility of frogs, perhaps leading to decreased survi-
vorship (Bartelt and Peterson 2000; Bull 2000; Rathbun and 
Murphey 1996; Waye 2001; Werner 1991; P. Griffen, pers. comm ) 
Common frogs (Rana temporaria) and common toads (Bufo bufo) 
force-fed transmitters regurgitated them in 2-38 days (Fiorito et 
al. 1996; Oldham and Swan 1992). 

For longer studies, some researchers (Richards et al. 1994; 
Werner 1991) have suggested that implanting the transmitter into 
the coelomic cavity might be less dangerous to the frog than at-
taching it externally. Most published field studies using implanta-
tion in anurans do not discuss any effects of transmitter implanta-
tion (Bradford 1984; Carey 1978; Denton and Beebee 1993; 
McClanahan and Shoemaker 1987; Seitz et al. 1992; Smits 1984; 
Stinner et al. 1994), but some report no infection or direct mortal- 
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ity (Eggert et al. 1999; Lamoureux and Madison 1999; Olders et 
al. 1985; Sinsch 1988; Speiler and Linsenmair 1998). One study 
noted infection in one of six individuals implanted, apparently 
because of improper suturing (Werner 1991). Implanted transmit-
ters did not negatively affect survival, feeding, or weight change 
in salamanders (Ambystoma maculatum) in field and laboratory 
experiments (Madison 1997). 

We used three methods to attach radiotransmitters (models BD-
2T [external, 1.55 g], BD-2HT [internal, 1.4-1.45 g], BD-2G [ex-
ternal, 1.2-1.4 g], BD-2GH [internal, 1.25-1.55 g]; Holohil Sys-
tems Ltd., Carp, Ontario, Canada) to barking frogs in the Huachuca 
Mountains of southern Arizona during the summers of 1996, 1999, 
and 2000. Transmitters were built to last 9 weeks. In 1996 we 
used aluminum beaded chain belts (Rathbun and Murphey 1996) 
on four frogs and in 1999 we surgically implanted transmitters in 
six frogs. In 2000 we surgically implanted transmitters in five frogs 
and used a silicon tubing belt (P. Griffen, pers. comm.) on one 
additional frog. This belt was made of a silicon tube (2.1 mm out-
side diameter; Cole-Parmer Instrument Co., Vernon Hills, Illinois, 
USA) which had 10-pound test fishing braid (SpiderWire, Pure 
Fishing, Spirit Lake, Iowa, USA) at the core and tied in a knot. We 
pushed the knot back into the tube and glued the ends together 
with a drop of silicon glue, fitting the belt as described in Bartelt 
and Peterson (2000). This external belt was on a gravid female; 
we avoided operating on gravid females because of possible com-
plications with the egg mass. Implanted transmitters had helical 
antennae; external transmitters had whip antennae. Mass of trans-
mitters did not exceed 5% of the mass of the frog. Transmitters 
were 15 or 16 mm in length; frogs had snout—vent lengths be-
tween 67 and 81 mm and masses between 25 and 45 g. 

To anesthetize frogs for implantation surgery, we used an aque-
ous solution of 0.03-0.05% tricaine methanesulfonate (MS-222, 
Finquel, Argent Chemical Laboratories, Inc., Redmond, Washing-
ton, USA) buffered with sodium bicarbonate to pH 7 as recom-
mended by Fellers et al. (1994). The depth of the solution was 
shallow enough to enable the frog to sit on the bottom of the con-
tainer and have its mouth above water. We conducted surgeries on 
large, autoclaved sponges to soak up any solution that ran off the 
frog when anesthetic was administered during the surgery by pi-
pette or soaked gauze. We avoided getting solution in the incision. 

Transmitters were coated by the manufacturer with a non-reac-
tive coating of butyl rubber and we had them gas sterilized prior 
to surgery. We autoclaved all surgical instruments and used sterile 
gloves for each surgery. We made a 12-15 mm incision laterally 
with a #11 scalpel blade and used Polysorb 6/0 suture with a ta-
pered, half-circle needle (United States Surgical Corporation 
[USSC], Norwalk, Connecticut, USA) to close the peritoneal tis-
sue. This tissue was very thin, and we used two or three simple, 
interrupted sutures to close this layer. We used Monosof 5/0 (USSC) 
suture with a 3/8 circle reverse cutting needle and closed the skin 
with seven or eight horizontal mattress sutures. Using a mattress 
stitch ensured that inner epidermal layers were opposed, creating 
an area of rapid healing that reduced the chance of infection. 

We attempted to dose the frogs with the appropriate amount of 
anesthetic so that they started to recover during skin closure, indi-
cating that we had not over-anesthetized them. After surgery, we 
placed frogs in very shallow water and changed it regularly until 
they were alert. We then replaced the water with a damp paper  

towel. We usually conducted surgeries in the morning and released 
frogs that same night. 

In 1996, one frog lost its beaded chain belt after five days. Sores 
were not seen on the other three frogs two weeks after attachment 
but the frogs developed bleeding ulcerations on their sides by 21 
days in the field. In 2000, the frog with the silicon belt did not 
have sores after 11 days in the field. She remained almost com-
pletely underground for the next 34 days, when we observed that 
she had deep ulcerations on both sides and immediately removed 
the belt. Signals from transmitters attached externally were au-
dible from greater than 200 m. 

We conducted 11 implantation and 7 transmitter removal sur-
geries. One removal procedure was not successful because the frog 
came out of anesthesia before we retrieved the transmitter and did 
not respond to additional anesthetic; we closed the incision and 
released the frog with the transmitter still implanted. One trans-
mitter that we successfully removed had moved out of the coelo-
mic cavity to a subcutaneous position, probably because of an in-
adequate number of sutures in the peritoneal tissue. No irritation 
or wearing of the skin was apparent from the transmitter being in 
this position, and the peritoneal tissue had healed completely. We 
did not attempt to retrieve transmitters from the remaining four  
frogs: two frogs entered their overwintering sites with transmit-
ters still implanted, one frog stopped moving in the second week 
of radiotelemetry and presumably died of unknown causes, and 
one frog prolapsed its bladder after surgery. We drained the blad-
der of this frog and moved it back inside the body cavity as we 
released the frog. This frog moved in a similar pattern to other 
frogs throughout the season, but we decided that recapturing it for  
transmitter removal would be more stressful to the frog than leav-
ing the transmitter implanted. 

Frogs usually took between 10 and 20 minutes to reach a surgi-
cal level of anesthesia, but this was highly variable (range 6-45 
min). When a frog did not right itself when placed on its back, we 
determined that it had reached the appropriate level of anesthesia 
and removed it from the solution. We found that waiting for the 
toe pinch reflex to disappear (Fowler 1993; Van Gelder and Bugter 
1987) resulted in a dangerously deep level of anesthesia. One frog 
that was allowed to reach this level was unconscious for more 
than two hours and eventually had to be revived by tracheal intu-
bation and ventilation with oxygen. Barking frogs often did not 
breathe for several minutes at a time during surgery, but their heart-
beats were visible. Occasional pharyngeal breathing indicated an 
appropriate level of anesthesia. We often had to continue to ad-
minister anesthetic solution to frogs during the surgery. 

Immediately after coming out of anesthesia, many frogs resumed 
a defensive posture by filling their lungs with air to increase their 
size and some males started calling immediately upon release. The 
skin of all frogs that we observed had healed completely within 
two weeks of the surgery. We observed a slight thickening of the 
lung tissue in one frog that had a transmitter inside it for over a 
year, but no inflammation was apparent. All other removal surger-
ies were conducted 5-9 weeks after implantation. We saw no evi-
dence of infection or mortality due to implantation of transmit-
ters; we recaptured 7 of the 10 frogs one year after surgery and 
saw no external evidence of the surgery aside from a barely vis-
ible scar. Signals from implanted transmitters were audible from a 
maximum distance of between 6 and 40 m. 
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Both methods of external attachment of transmitters to barking 
frogs caused potentially dangerous ulcerations. Even though our 
sample size is small, we feel that the consistency of our results is 
important to note. Terrestrial species such as barking frogs might 
be especially prone to developing sores from dirt trapped under 
belts and harnesses because of the lack of water to wash away 
abrasives. In addition, it is often impossible to inspect visually the 
effects of belts and harnesses on frogs that occupy underground 
areas. 

Achieving the appropriate level of anesthesia was the most prob-
lematic part of surgery. Similar concentrations of MS-222 have 
been used in studies of Rana arvalis (0.05%; Van Gelder and Bugter 
1987), Rana temporaria (0.02-0.03%; Seitz et al. 1992), Bufo 
calamita (0.05%; Sinsch 1988), and Bufo bufo (0.02%; Olders et 
al. 1985). Other studies have successfully used much higher con-
centrations for Rana muscosa (0.4%; Bradford 1984) and Rana 
clamitans (0.5%; Lamoureux and Madison 1999), and lower con-
centrations for Bufo americanus (0.01%; Werner 1991). The higher 
concentrations would almost certainly have caused mortality in 
barking frogs, while the lower concentration would likely have 
resulted in too shallow a depth of anesthesia. 

With careful use of anesthesia and sterile protocols, we believe 
that implantation of transmitters is the safest and most reliable 
method of transmitter attachment for terrestrial anurans if the length 
of the study is sufficient to allow for healing. Aquatic frogs might 
be less prone to injury from belts and more easily accessed for 
examination, and external attachment might be a more appropri-
ate method for them. The short distance at which the transmitter 
signal is audible might also limit the use of this method with more 
mobile species. 

While we hope that the information provided in this paper will 
enable field biologists to safely implant transmitters in frogs, we 
emphasize that surgery is a difficult and risky undertaking for any 
species. Researchers should only operate on sensitive species af-
ter they have practiced techniques on other frogs (we used bull-
frogs [Rana catesbeiana] from an extirpation program), prefer-
ably under the supervision of an experienced surgeon. 
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"We have seen it from New Jersey to Georgia, Louisiana, Texas and 
Iowa, but like most workers we have neglected this most ubiquitous tree 
frog. Everyone remarks their choruses." (Wright and Wright 1949) 

Unfortunately, Wright and Wright's (1949) characterization of 
the abundance of Acris crepitans is no longer accurate. In recent 
years, there have been numerous reports of declines in popula-
tions of Blanchard's cricket frog (Acris crepitans blanchardi), 
particularly in the midwestern US and adjacent Canada (e.g., Min-
nesota [Oldfield and Moriarty 1994]; Wisconsin [Hay 1998; 
Mossman et al. 1998]; Iowa [Hemesath 1998; Lannoo et al. 1994]; 
northern Illinois [Mierzwa 1998]; northern Indiana [Brodman and 
Killmurry 1998]; Ontario [Oldham 1992]). Frost (1983) and 
Hammerson and Livo (1999) have also reported declines from the 
western edge of its range. 

In Michigan, Blanchard's cricket frog was historically widely 
distributed in the southern half of the lower peninsula (Harding 
1997; Ruthven et al. 1912). Isolated records also exist for popula-
tions in the northern portion on the lower peninsula (Lee 1998; 
Ruthven et al. 1912). However, there has been no recent, pub-
lished report of the current distribution of these frogs in Michi-
gan. Surveys by the Michigan Department of Natural Resources 
and data from the Michigan Frog and Toad Survey indicate that 
this species is still somewhat abundant in southwestern Michigan, 
but is rare in the southeastern part of the state (Lee 1998). 

Long-term monitoring of distribution and abundance is critical 
to the ability to detect and respond to declines (Pechmann and 
Wilbur 1994). Museum specimens, when accompanied with ap-
propriate locality data, provide unequivocal evidence of the oc-
currence of a species at a certain time and place. These, and other 
records, provide us with information on the historic distribution  

of a species and can be used in conjunction with contemporary 
surveys to assess its current distribution and conservation status 
(Shaffer et al. 1998). 

To assess the historic distribution of Blanchard's cricket frog in 
southeastern Michigan, I compiled a database of historic locali-
ties for this species in 14 counties in southeastern Michigan, USA. 
This database was based on records from museums, the scientific 
literature, the Michigan Natural Features Inventory, the Michigan 
Frog and Toad Survey, and reports from local naturalists. I limited 
my search for historical information to the following counties in 
southeastern Michigan: Genesee, Hillsdale, Ingham, Jackson, 
Lapeer, Lenawee, Livingston, Macomb, Monroe, Oakland, 
Shiawassee, St. Clair, Washtenaw and Wayne. A total of 79 his-
toric localities were found in the study area dating from 1878 to 
1999. These historic localities included three habitat types: lakes 
(35%), ponds (39%) and rivers or streams (26%). 

A difficulty in conducting historical studies is that the quality of 
information varies greatly, particularly in older records. For ex-
ample, many specimens or literature records simply refer to a town-
ship or a city, (e.g., "Norvell Township" or "Ann Arbor") without 
any specific locality data. Also, some older records use long for-
gotten names (e.g., "Steere's marsh" or "Fiegel's woods"). Some 
of these were located after consulting old maps, but others had to 
be excluded from further consideration. In all, 60 localities were 
sufficiently informative that they could be relocated and surveyed. 

Chorusing surveys were conducted at these 60 sites for 
Blanchard's cricket frogs during the peak breeding season. At each 
site, after a five minute acclimation period, I listened ten minutes 
for vocalizations of male cricket frogs. If cricket frogs were de-
tected, I attempted to collect a reference specimen. Chorusing sur-
veys were conducted between 2000 and 0100 h. The minimum air 
temperature to conduct a chorusing survey for cricket frogs was 

FIG. 1. Location of sixty historical localities (1878-1999) for Acris 
crepitans blanchardi in fourteen counties in southeastern Michigan, USA. 
Open circles represent extinct populations, shaded circles represent ex-
tant populations, based on 2001 surveys. 

194 	 Herpetological Review 33(3), 2002 


