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BRIEF RESUME of the applicant or project coordinator. (F) 
LETTER OF SUPPORT. The proposal must be typed, double 
spaced, and must not exceed 1200 words, excluding title page, 
literature cited, resume, and budget. 

Applicants must designate to which of the six categories their 
proposal is submitted (although the committee reserves the right 
to reassign categories). All proposals must be submitted (post-
marked) no later than 31 DECEMBER 1997 to be considered. 
Failure to meet these guidelines may result in elimination of a 
proposal from consideration. The awards will be announced on 
or around 1 April 1998. Successful applicants are encouraged to 
submit the results of their research for publication in the Journal 
of Herpetology or Herpetological Review or to present their find-
ings at the annual meeting of the SSAR. Submit proposals or ques-
tions regarding application procedures to: Julian C. Lee, Chair, 
SSAR Grants-in-Herpetology, Department of Biology, P.O. Box 
249118, University of Miami, Coral Gables, Florida 33124, USA. 
Tel. (305) 284-6420; fax (305) 284-3039; e-mail: 
jlee@umiami.irmiami.edu.  

Grants-in-Herpetology Donations Sought 

Financial contributions by SSAR members, institutions, and 
other benefactors support this program significantly and can in-
crease the number and/or size of awards. Your tax-deductible (for 
U.S. residents) contribution to this program will directly benefit 
meritorious research and education in herpetology. Contact the 
Treasurer of SSAR for additional information on contributing to 
the Grants-in-Herpetology Program. If you are employed by an 
organization that will match donations made to nonprofit organi-
zations, please notify your employer that you have made a dona-
tion to the Grants-in-Herpetology Program. 

Thanks to Reviewers 

The Editor and the Society acknowledge, with considerable 
appreciation, the assistance of the following individuals in 
evaluating manuscripts submitted to Herpetological Review. An 
* indicates consultation on two or more manuscripts. 

Kraig Adler, Roger A. Anderson, David Auth, Ralph W. Axtell*, 
Breck Bartholomew, Aaron M. Bauer*, Bernard Bechtel, Daniel 
Beck, Trevor Beebee, Dale Belcher, Robert L. Bezy, Richard 
Bothner, David Bradford Laura Brandt, Alvin Braswell, I. Lehr 
Brisbin, Walter C. Brown, William S. Brown, Richard C. Bruce*, 
Bryant Buchanan, Kurt A. Buhlmann*, Gordon Burghardt, Vincent 
J. Burke, Stephen D. Busack*, David Cannatella, Paul 
Chippindale, Joseph T. Collins, P. Stephen Corn, Alan de Queiroz, 
Kevin deQueiroz, C. Kenneth Dodd, Jr.*, Michael Dorcas, William 
E. Duellman, Harold Dundee*, Carl Ernst*, Michael Ewert, Gary 
Fellers* John W. Ferner*, Lance Fontenot, Thomas Fritts, Darrel 
Frost, J. E. Gates, David Germano, David Good, Richard A. 
Griffiths, James Harding, Marc P. Hayes*, Dennis Herman, W. 
Ronald Heyer*, J. Alan Holman, Marinus Hoogmoed*, Jeffrey 
M. Howland*, Joseph B. Hunn, Victor Hutchison, John Iverson, 
Elliott Jacobson, Frederic Janzen, Jerry D. Johnson, Kenneth 
Kardong, Michael Klemens, Arnold Kluge, Alec Knight, Julian 
C. Lee, Peter V. Lindeman, Jeffrey Lovich*, William 
Lutterschmidt, John D. Lynch, David L. Martin, Michael James 
McCoid*, C. J. McCoy, J. R. McCranie, Roy McDiarmid, Joseph 
R. Mendelson III, Walter Meshaka, Jr., Peter B. Meylan, Joseph 
C. Mitchell, Paul Moler*, Don Moll, Richard R. Montanucci*, R. 
S. Oldham, Mark A. Paulissen, George R. Pisani, S. Powell,  

Gregory Pregill*, Howard Reinert*, Anders G.J. Rhodin, John 
Rossi, Douglas A. Rossman, R. Ruibal, Alan Savitzky, Ivan 
Sazima, Gordon Schuett, Kurt Schwenk, Wade C. Sherbrooke*, 
Vaughn Shoemaker, C. Robert Shoop, John Simmons*, Geoffrey 
R. Smith, Hobart M. Smith*, Robert G. Sprackland, Samuel Sweet, 
Ian Swingland, Stephen Tilley*, Stanley Trauth, Bern Tryon, John 
K. Tucker, Jens Vindum, Laurie J. Vitt, Richard Vogt*, Jill 
Wicknick, John Wiens, and Larry David Wilson. 

Illustrations Wanted for HR 

We are always on the lookout for high quality illustrations of 
herpetological subjects for possible publication in Herpetologi-
cal Review. Original drawings should be of a scale that would 
permit reduction to approximately 30 x 90 mm or smaller. Of 
particular interest are drawings of material for which locality data 
or museum catalogue numbers are available; this information 
should be included with the drawings. Original art (or good qual-
ity photocopies) should be packaged to ensure safe delivery and 
sent to the Editor (address on inside front cover). 

NEWSNOTES 

Varanid Society Newsletter 

The first issue of Varanids, the quarterly newsletter of The 
Varanid Society, has just been published. The stated aim of the 
newsletter is to advance monitor research, including biology, hus-
bandry, natural history, and conservation. To subscribe, send US 
$20 to: The Varanid Society, 114-24 125th Street, South Ozone 
Park, New York 11420, USA. 

New Conservation Journal 

Cambridge University Press, in association with the Zoologi-
cal Society of London, plans to launch a new journal—Animal 
Conservation—in 1998. The aim of this new journal is to provide 
a forum for rapid and timely publication of novel scientific stud-
ies of past, present, and future factors influencing the conserva-
tion of animals species and their habitats. A central theme will be 
to publish important new ideas and findings from evolutionary 
biology and ecology that contribute towards the scientific basis 
of conservation biology. Full instructions for contributors can be 
found on the Internet at: http://www.cup.cam.ac.uk/journals/  
jnlscat/ani/anilFC.html. 

Graduate Studies in Biological Conservation 

The State University of New York at Albany now offers an in-
terdisciplinary Master of Science degree that prepares students 
for careers requiring knowledge of both biology and public policy, 
in matters pertaining to biological conservation. Begun in 1996, 
the Biodiversity, Conservation and Policy Program teaches stu-
dents how basic concepts in conservation biology, policy analy-
sis, planning, and the political process interact during efforts to 
preserve species diversity and endangered habitats and ecosys-
tems. To obtain further information about this program, contact: 
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Margaret M. Stewart, Program Director; Department of Biologi-
cal Sciences, University at Albany, State University of New York, 
1400 Washington Avenue, Albany, New York 12222, USA; e-mail: 
mstewart@csc.albany.edu  or telephone: 518-442-4348. 

Request for Box Turtle 
Photographs and References 

Ken Dodd is writing a book entitled "The Natural History of 
North American Box Turtles." The book will include photographs 
of all living and fossil box turtles (genus Terrapene), in terms of 
identification, phenotypic variation, day to day activities (aggres-
sion, mating, egg deposition, etc.) and use/depiction in art or an-
thropology. Anyone willing to provide high quality color slides 
on a temporary loan basis should contact Ken by e-mail 
(kdodd@nervm.nerdc.ufl.edu ) or regular mail at: C. Kenneth 
Dodd, Jr., U.S. Geological Survey, Florida Caribbean Science 
Center, 7920 NW 71st St., Gainesville, Florida 32653, USA. Any 
slides used will receive appropriate acknowledgment in the book. 

Ken also is collecting pertinent references on box turtle biol-
ogy, and would appreciate receiving copies of unusual citations, 
theses, papers in press, and unpublished reports. Spanish language 
references to the Mexican species are particularly sought. Send 
information to the address listed above. 

Charles Stearns Grant-in-Aid for 
Herpetological Research at the 
California Academy of Sciences 

The Department of Herpetology is pleased to provide limited 
financial aid—mostly to cover round trip transportation and lim-
ited per diem expenses—to graduate students who wish to visit 
our collections to support research in systematics. 

Proposals should include a short—no more than one page—
description of the research project, a budget, and a letter of sup-
port from the student's faculty advisor. 

Proposals are due by 15 October 1997, with notification by 1 
December 1997. Grantees are expected to complete their Acad-
emy visit by 15 September 1998. Please call 415-750-7037 for 
further information. 

Send proposals to: Herpetology Research Grants, Department 
of Herpetology, California Academy of Sciences, Golden Gate 
Park, San Francisco, California 94118-4599, USA. 

MEETINGS 

Meetings Calendar 

3-5 October 1997—Second Annual Meeting of the Canadian 
Amphibian and Reptile Conservation Network and the 7th An-
nual Meeting of the IUCN/SSC Task Force on Declining Am-
phibian Populations in Canada (DAPCAN), Acadia University, 
Wolfville, Nova Scotia. Contact: Stan A. Orchard, Chairman, 
CARCN/RCCAR, 1745 Bank Street, Victoria, British Columbia, 
Canada V8R 4V7. Tel./Fax: (250) 595-7556; e-mail: 
sorchard@islandnet.com.  

About Our Cover Ichnotropis capensis 

The lacertid genus Ichnotropis comprises a number of small, 
rough-scaled, terrestrial species inhabiting mesic and xeric sa-
vannah in central and southern Africa. The genus was last re-
vised by Boulenger (1922), who recognized six species. Since 
then, additional species and races have been described, although 
there remains confusion in the literature concerning the num-
ber and diagnostic characteristics of the various taxa. A generic 
revision, including the description of a new species from Angola, 
is in preparation (Arnold and Branch, in prep.). 

The genus is of further interest in containing a number of 
sympatric species that display a unique 'annual' reproductive 
strategy, in which their lives cycle asynchronously, thus reduc-
ing competition between them. The phenomenon was first de-
scribed in two species by Don Broadley in Zimbabwe (Broadley, 
D. G., 1979. S. Afr. J. Zool. 14:133-138). Both species (I. capensis 
and I. squamulosa) mature within 5-8 months of hatching, and 
die soon after laying a single clutch (exceptionally two) of eggs. 
When they occur together, the life cycles of the two species are 
staggered, so that the juveniles and adults of both species are 
found at different times. Presumably this reduces competition 
for resources, but the phenomenon has been poorly studied, 
especially where the two species range out of sympatry. Full 
ecological understanding and analysis of this interesting phe-
nomenon is hampered by taxonomic confusion within the ge-
nus, and the lack of a robust phylogeny. 

The cover depicts a male Cape rough-scaled lizard (Ichnotropis 
capensis) in full breeding color. It was collected in October 1995 
in dry sand forest outside Tembe Elephant Reserve in northern 
Zululand, Kwazulu-Natal, South Africa. Hatchling I. squamulosa 
were present at the time, but not adults, neatly illustrating the 
unique 'annual' cycling. 

The cover photo was taken by Bill Branch, who was born in 
London but now lives in South Africa. He has been the herpe-
tologist at the Port Elizabeth Museum, Eastern Cape Province, 
since 1979, has a broad interest in herpetology, and has authored 
four books on African reptiles, including the first field guide to 
the reptiles of the subcontinent (1988) and Dangerous Snakes of 
Africa (co-authored with Steve Spawls). His field guide is cur-
rently being revised, with the inclusion of over 80 new species! 
Currently, he chairs the IUCN SSC African Reptile and Am-
phibian Group. 

We asked Bill about his set-up for photography. "There's not 
much to say about equipment. I have relatively basic stuff (the 
SA exchange rate is crippling!) consisting of a Nikon AF N6006 
body and 55mm Micro Nikkor lens (which I use for 90% of my 
photography), now enhanced with a Nikon 1.4 teleconvertor 
TC-14A that Michael Fogden got for me. The main advantage 
of the teleconvertor is that it increases my working distance, 
allowing me to photograph small lizards from 6-10 inches. The 
latter has two advantages: the first is that I'm not 'sticking it up 
their nose' so they tend to behave a bit more naturally; the sec-
ond, and possibly more important, is that it allows more space 
to get flash light from the front without working in the 'shadow' 
of the camera and lens. When using flash I use only a single 
light source (a Nikon speedlight SB-20 with SC-17 extension 
cord), not on the camera but on a small tripod placed at about 
10 o'clock (i.e., coming over my left shoulder) I try to soften 
the harsh shadows by reflecting back with silver foil or white 
card. The film is the weakest element, and due to cost I have to 
use a local commercial Agfa film (ASA 100). I would love to be 
able to use better film. I'd give my right arm to afford Fuji's 
Velviglo!" 

Separation and imaging of Branch's photograph is the work 
of Jim Bridges of Herpeto, Inc., Hollywood, Florida, USA. 

Herpetological Review 28(3), 1997 
	

115 



18-19 October 1997—First International Symposium on Snake-
bite. Zhanjiang, People's Republic of China. Contact: Organiz-
ing Committee of the First International Symposium on Snake-
bite, No. 2 Cunjin Road, Zhanjiang City, Guangdong Province 
524037, People's Republic of China. Tel./Fax 0086-759-3316724. 

18-19 October 1997—Snake Ecology for the 21st Century. Texas 
Herpetological Society Fall Symposium, Camp Tyler, Texas, USA. 
Contact: Neil B. Ford, Department of Biology, University of Texas 
at Tyler, Tyler, Texas 75799, USA. Tel. (903) 566-7249; e-mail: 
nford@mail.uttyl.edu.  

25 October 1997—Conservation Ecology of the Amphibians of 
the Mid-Atlantic Region, Jug Bay Wetlands Sanctuary, Lothian, 
Maryland, USA. Contact: Karyn Molines, Conference Chair, Jug 
Bay Wetlands Sanctuary, 1361 Wrighton Road, Lothian, Mary-
land 20711, USA. Tel. (410) 741-9330; Fax (410) 741-9346; e-
mail: cswarth@umd5.umd.edu.  

25-26 October 1997—Fourth Annual Conference of the Asso-
ciation of Reptilian & Amphibian Veterinarians. Sheraton Astro-
dome, Houston, Texas, USA. Contact: Wilbur Amand, VMD, P.O. 
Box 605, Chester Heights, Pennsylvania 19017, USA. Fax (610) 
892-4813. 

October 1997—III Congreso Argentino de Herpetologia, 
Corrientes - Argentina Asociacion Herpetologia Argentina Con-
tact: Blanca B.A. de Avanza/Maria E. Tedesco Organizing 
Committe - Departamento de Biologia Anatomia Comparada - 
Facultad de Ciencias Exactas y Naturales y Agrimensura. 
Universidad Nacional del Nordeste 9 de Julio 1449 - 3400 
Corrientes, Argentina. 

7-10 December 1997-59th Midwest Fish and Wildlife Confer-
ence, Milwaukee, Wisconsin, USA. Featured session: "Conser-
vation and Management of Cold-blooded Animals." Contact: Bob 
Hay, Wisconsin Department of Natural Resources, Bureau of En-
dangered Resources, P.O. Box 7921, Madison, Wisconsin 53707-
7921, USA. Tel. (608) 267-0849; e-mail: 
HAYR@DNR.STATE.WI.US.  

1-3 June 1998—Biodiversity and Conservation of Amphibians 
and Reptiles of Tropical Forests: An International Symposium. 
Hanoi, Vietnam. Contact: Natalia Ananjeva (St. Petersburg, Rus-
sia), e-mail: nbanorus@glas.apc.org.  

June 1998—Highlands Conference on Plethodontid Salamanders, 
Highlands Biological Station, Highlands, North Carolina, USA. 
To be placed on the mailing list, or to up-date your address, please 
send your name, address, and numbers (phone, FAX, e-mail) to: 
Plethodontid Conference, Highlands Biological Station, P.O. Box 
580, Highlands, North Carolina 28741, USA, or send an e-mail 
message to Judy Hill (HBS Admin. Asst.) at: 
JHILL@wpoff.wcu.edu . 

1-5 September 1998—Third International Asian Herpetological 
Meeting, Almaty, Kazakhstan. To receive the First Announcement 
and Preliminary Registration Form, please contact one of the meet-
ing organizers: Dr. Tatjana Dujsebayeva, Department of Biology, 
Kazakh State University, Al-Farabi Prospect, 71, Almaty, 480078, 
Kazakhstan; Tel. (3272) 472677, Fax (3272) 472609, e-mail: 
zool@plague.almaty.kz;  Dr. Natalia Ananjeva, Department of Her-
petology, Zoological Institute, Universitatskaja nab., 1, Saint-Pe-
tersburg, 199034, Russia; Tel. (812) 2180711, Fax (812) 2182941, 
e-mail: anb@zisp.spb.su;  or Dr. Theodore Papenfuss, Asiatic Her-
petological Research, Museum of Vertebrate Zoology, Univer-
sity of California, Berkeley, California 94720, USA; Tel. (5 10) 
642-3567, Fax (510) 643-8238, e-mail: asiaherp@uclink2.berkeley.edu.  

LEGISLATION & CONSERVATION 

This column serves to update the herpetological community on the regu-
latory status and protection measures implemented for rare, threatened, 
and endangered amphibians and reptiles. Please direct all communica-
tions to the Section Editor. 

USA: Oklahoma: Current Oklahoma Department of Wildlife 
Conservation regulations protect all turtles under four inches and 
softshells over 18 inches from commercial harvest. However, leg-
islation currently is being debated that would overturn these regu-
lations and allow harvesting of turtles of any size. Earlier this 
year, the proposed legislation (bill HJR 1040) passed the Okla-
homa House of Representatives (vote, 99-1) but was defeated by 
the Senate Wildlife Committee (vote, 6-4). Upon its defeat, HJR 
1040 was tacked onto another, unrelated, bill (SB 196) that was 
meant to provide protection for Oklahoma paddlefish populations. 
Unfortunately, with the addition of HJR 1040, SB 196 forces a 
decision between protecting turtles or paddlefish that should not 
be necessary. In 1996, commercial turtle harvesters in Oklahoma 
reportedly grossed over $89,500 on the sale of 56,390 turtles. 
Most frequently sold were Red-eared Sliders (Trachemys scripta), 
which comprised 66% of the total harvest. The proposed legisla-
tion would not affect other Oklahoma regulations concerning the 
protection of alligator snapping turtles (Macroclemys temminckii), 
map turtles (Graptemys geographica), and chicken turtles (Dei-
rochelys reticularia). For additional information, contact: Rich-
ard L. Lardie, P.O. Box 9002, Vance AFB, Oklahoma 73705, USA. 

USA: U.S. Fish and Wildlife Service: The tenth regular meeting 
of the Conference of the Parties (COP10) convened 9-20 June 
1997 in Harare, Zimbabwe to consider proposed amendments to 
CITES. The following results are for US proposals: twelve spe-
cies of map turtles (Graptemys spp.) to Appendix II, defeated; 
alligator snapping turtles (Malaclemys temminckii) to Appendix 
IL withdrawn; timber rattlesnakes (Crotalus horridus) to Appen-
dix II, withdrawn. Summaries of the above proposals can be found 
in Federal Register, Vol. 62, No. 73, 16 April 1997, pp. 18565-
18567 (see also Herpetological Review, Vol. 28, p. 6). Addition-
ally, a proposal by Cuba that would have transferred Cuban popu-
lations of Hawksbill Sea Turtles (Eretmochelys imbricata) from 
Appendix I to II was defeated. More information concerning 
COP10 and CITES may be found at an Internet site maintained 
by the U.S. Fish and Wildlife Service: http://www.fws.gov/-r9dia/  
cites.html. 
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This note introduces the lizard collections of the National 
Museums of Scotland. The collection, which comprises about 3070 
individual specimens in 2350 lots, recently has been re-housed 
and extensively re-curated. All the material has been examined 
and identifications confirmed or reassigned, mainly by the senior 
author. The newly refurbished premises provide facilities for 
visiting researchers. During the re-curation process most wet-
preserved specimens have been transferred to new glassware and 
all specimens have been catalogued into the Museum's database, 
thus improving access to both specimens and their associated data. 
A brief outline of the scope of the collection is given below. 

The Natural History collections have their origins in those 
amassed by the University of Edinburgh and transferred into public 
ownership to form the Industrial Museum of Scotland and the 
Natural History Museum, Edinburgh in 1855. No lizard speci-
mens survive from the original University collections. The earli-
est lizard specimen that now can be located in the collection is a 
specimen of Polychrus marmoratus (L.) which forms part of a 
small collection registered as 'A number of snakes [sic] from 
Trinidad' presented in 1856 by a Mr. G. P. C. Murray, a student at 
the University. Since that time the institution has undergone sev-
eral changes of name, becoming successively the Edinburgh 
Museum of Science & Art (1864-1904), the Royal Scottish Mu-
seum (1904-1985), and the National Museums of Scotland (1985 
to present). For a brief history of the collections see McGowan et 
al. (1990). 

The only type material in the lizard collection is a paratype of 
the gecko Tropiocolotes (Asiocolotes) depressus Minton and 
Anderson, 1965, NMSZ 1964.58.1, presented by Jeremy A. Ander-
son. However, an unusually large gecko from Jamaica, discov-
ered in the collection during the re-curation process, is thought to 
represent a new species and will be described shortly (Sprackland 
and Swinney, in prep). 

About 100 donors and vendors have contributed specimens to 
the collections. Although the Museum had never had a herpetolo-
gist on staff it has attracted the donation of several large collec-
tions of reptiles. Most notable are those of Sir Andrew Smith, Sir 
Malcolm Donald MacEacharn, and Jeremy A. Anderson. Together 
these three collections make up 80% of the lizard collection. 

Sir Andrew Smith (b. 1797; d. 1872) trained in Edinburgh and 
joined the army medical service as a Temporary Hospital Mate in 
1815. He went on to rise to the rank of Director General of the 
Army Ordinance and Medical Departments. During his early and 
mid-career (1821-1837) he was stationed in South Africa where, 
in addition to his military duties, he was instrumental in founding  

the South African Museum and was its first honorary Superinten-
dent. Through his interests in natural history he became the pre-
eminent authority of his day on the fauna of southern Africa and 
the author of a five volume work, "Illustrations of the Zoology of 
South Africa" (Smith 1838-1849). He participated in several ex-
peditions and led the 1834-1836 expedition into the Transvaal 
organized by the Cape of Good Hope Association for Exploring 
Central Africa (Kirby 1965; Smith et al. 1975). Following its ex-
hibition at the Egyptian Hall in London, much of the material 
collected on the Association's expedition was sold at auction in 
London in June 1838 (Chalmers-Hunt 1966; Kirby 1965). Smith, 
however, maintained his own collection of reptiles. In 1859 his 
health was failing, whereupon he donated this collection, com-
prising 1700 lots which included 1010 lizards (in 545 lots), to the 
Museum. The collection is registered as NMSZ 1859.13. Although 
it contains some southern African material—including primary 
types, although none of lizard taxa—much of the collection is 
worldwide. Unfortunately, it is generally poorly labeled, perhaps 
reflecting Smith's poor state of health—some specimens have 
more precise locality data than others, whereas most are without 
data. About half the specimens carry no locality data while many 
others give only the most general locality information (e.g.. 'South 
America," Australia,' etc.). 

Jeremy Andrew Anderson, who is still an active collector resi-
dent in Pakistan, between 1962 and 1968 donated a large number 
of specimens, mostly collected from the Baluchistan and Sind. 
They are registered as NMSZ 1962.9, 1962.21, 1962.26, 1962.47, 
1963.1, 1963.2, 1963.20, 1963.23, 1963.25, 1963.33, 1964.58, 
1965.36, 1968.13, 1969.15, and 1989.49. (This last batch was 
received in 1963 but at that time allocated a register number, 
1963.33, which had already been used for a different batch). In 
correspondence that accompanied the collection, Anderson notes 
that prior to collecting for the National Museums of Scotland (then 
the Royal Scottish Museum) he had sent extensive reptile collec-
tions to the `Laborotoire d'Erpetology, Paris' (sic; letter from 
Anderson to A. S. Clarke, 29 March 1962). The collections he 
sent to Edinburgh in total numbered about 2040 herpetological 
specimens, 1390 of which are lizards. All the specimens carry 
locality data and some of the batches were accompanied by de-
tailed field notes (NMS Natural History Archives File No. 183). 
Specimens from this collection were noted by Minton (1966), 
although sometimes with incorrect registration numbers, and cur-
rently are being studied by Steven C. Anderson (no relation to 
Jeremy A. Anderson). 

Sir Malcolm Donald McEacharn (b. 1852; d. 1910) was born 
in London of Scottish parents. His business interests, initially in 
shipping but later diversifying into other areas, led him to settle 
in Melbourne, Australia, where he entered politics (Dunstan 1986). 
He amassed a collection, mainly of birds but also other natural 
history and ethnographical material. At least some of his collec-
tion he bought from G. A. Keartland, naturalist both to the Horn 
Expedition to Central Australia and the Calvert Expedition to 
northwest Australia, in 1894 and 1895 respectively (McEvey 
1983). The collection, which contained 84 lots of lizards, was 
donated to the Museum by McEacharn's widow and son in 1925. 
It is registered as NMSZ 1925.9. A notebook accompanying the 
collection (NMS Natural History Archives File No. 25/35) gives 
collection data for a few of the lizard specimens but most of the 
collection has no specific locality data. 

The re-housing and computerized documentation of the collec-
tion facilitates improved access and faster response times to in-
quiries about specimens held. During 1995, the majority of the 
herpetological collections were moved to new research and hold- 
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ing facilities at West Granton, providing roomier facilities for vis-
iting researchers. The Museum welcomes inquiries and is keen to 
promote the use of its holdings in taxonomic and other research 
activity. We invite requests from researchers for use of the mate-
rial. These should be addressed to the second author. 

Acknowledgments.—We are grateful to Angus Kneale for technical 
assistance in computerization of the catalogue of lizards. The first author 
also thanks James Macdonald for numerous courtesies to facilitate work 
while at West Granton. 
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Director, Highlands Biological Station 
University of North Carolina 

The University of North Carolina General Administration is seek-
ing an Executive Director for its field station, the Highlands Bio-
logical Station at Highlands, North Carolina. The position will be 
at the Associate or Full Professor level with the applicant holding 
an academic position at Western Carolina University or another 
appropriate institution. (For example, the current retiring Execu-
tive Director has an academic appointment at Western Carolina 
University and spends one-half of his time during the academic year 
and full time during the summer on Station duties). Applicants should 
possess a Ph.D. degree and have considerable experience with gradu-
ate training, instruction, and administration. A strong research pro-
gram and successful grantsmanship and fund raising also are im-
portant requirements for this position. The applicant's field of re-
search should be in the biological sciences, especially in an area of 
ecology, behavior, or systematics and evolution. The appointment 
will begin July 1, 1998. Applicants should submit by November 30, 
1997 a detailed CV, a statement of their research and future research 
plans, a statement of their administrative experiences as well as 
arrange to have three letters of reference sent to: Dr. Alan E. Stiven, 
HBS Search, Department of Biology, University of North Carolina, 
Chapel Hill, North Carolina 27599-3280, USA. 

The Highlands Biological Station was founded in 1927. It is a 
regional field station for biological research and education in the 
southern Appalachian Mountains. As an interinstitutional center of 
the University of North Carolina, it is administered by Western 
Carolina University, a constituent institution located in nearby 
Cullowhee, NC. The facilities of the Station are available for year-
round use by qualified scientists engaged in research on the biota 
and environments of the southern Appalachian region. Courses in 
various areas of field biology are offered in the summer to both 
undergraduates and graduate students by visiting instructors. The 
Highlands Biological Station's website can be viewed at http:// 
www.wcu.edu/hibio . The University of North Carolina is an equal 
opportunity-affirmative action employer. 

   

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

GRANTS AND AWARDS FOR HERPETOLOGISTS 
by 

Joan C. Milam 

with a foreword by Alan H. Savitzky, Past President, SSAR 

Featuring a detailed listing of the title, granting agency, description, eligibility, restrictions, deadlines, 
contact addresses, and phone numbers of nearly 100 Grants, Awards, Funds, Fellowships, Scholarships, 

Travel Awards, and Internships of interest to all herpetologists. 

A valuable resource for students, professionals, amateurs, and regional societies. 

US $10 per copy (postage included) 

Send orders to: Robert D. Aldridge, SSAR Publications Secretary, Department of Biology, Saint Louis 
University, St. Louis, MO 63103, USA. Telephone: (314) 977-3916; FAX: (314) 977-3658; e-mail: ssar@slu.edu.  
Make checks payable to "SSAR." Orders may be charged to MasterCard or VISA (please provide account 
number and card expiration date). 
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ARTICLES 

Alligator Attacks on Humans in the United States 

MICHAEL R. CONOVER 
and 

TAMI J. DUBOW 
Jack Berryman Institute, Department of Fisheries and Wildlife 

Utah State University, Logan, Utah 84322-5210, USA 

American alligators (Alligator mississippiensis) have posed a 
threat to human safety since Native Americans first settled within 
their range. Early explorers of Florida reported that both they and 
the Natives considered alligators dangerous and took precautions 
to minimize the threat (Le Moyne 1591; Van Doren 1955, as cited 
by Hines and Keenlyne 1977). However, this threat diminished 
during the 1800's and 1900's, owing to the collapse of the alliga-
tor population from hunting. During this period, alligators were 
confined to remote swamps where contact with humans was un-
likely. This changed, however, beginning in 1969 with the pas-
sage of the Lacey Act Amendment, which effectively curtailed 
interstate shipment of illegal alligator hides, and with the passage 
of the Endangered Species Act in 1973. With alligator popula-
tions recovering, attacks on humans have become more common. 
Concomitantly, human populations and residential development 
of waterfront property have increased. 

Yet, despite the sensational nature of an alligator attack on a 
human, we are aware of only two published papers in the scien-
tific literature dealing with the subject; both were published al-
most 20 years ago and dealt with attacks in Florida (Hines and 
Keenlyne 1976, 1977). The object of this paper was to compile 
statistics about the frequency of alligator attacks of humans in the 
U.S. Our interest was to determine the frequency of alligator at-
tacks on humans, identify characteristics of attacking alligators 
and their human victims, assess whether the number of attacks 
has increased recently, and determine what percentage of alliga-
tor attacks resulted in a human fatality. 

TABLE 1. Summary of alligator attacks on humans in the U.S. Data 
were provided by the different state wildlife agencies (see acknowledg-
ments). For all states, it is unclear when record keeping began. Hence, 
the period for each state begins with the first documented attack. 

State Period No. attacks Human fatalities 

Alabama ?? –1995 4 0 

Florida 1948-1995 218 7* 

Georgia 1988-1995 5 

Louisiana 1978-1995 1 0 

South Carolina 1976-1995 6 0 

Texas 1980-1995 2 0 

Total 236 8 

*These statistics exclude seven fatalities in Florida for which it could not be 
determined if the alligator attack caused the victim's death or if the attack oc-
curred after death. 

We mailed a questionnaire to the wildlife agencies of all states 
within the range of alligators. The questionnaire requested data 
on the number of attacks in the state, the period over which these 
attacks occurred, length and sex of the attacking alligator, age 
and sex of the victim, and information about the victim's activity 
prior to the attack. 

All states returned the questionnaires. We found 236 recorded 
cases of alligator attacks on humans going back as early as 1948 
and through the end of 1995 (Appendix 1). Two hundred and eigh-
teen (92%) of the recorded attacks occurred in Florida, six (3%) 
in South Carolina, five (2%) in Georgia, four (2%) in Alabama, 
two (1%) in Texas, and one (0.4%) in Louisiana (Table 1). 

Eighty-four percent of the victims of known sex were males; 
16% were females. The average age of the victim was 31.8 (SE =- 
1.4) and ranged from three to 82 years old (Appendix 1). Twelve 
percent of the victims were less than 11 years old, 16% were 11- 
20 years old, and 20% were between 21-30. 

Thirty-four percent of the victims were totally immersed in the 
water (e.g., swimming, floating) when attacked, 17% were par-
tially in the water (e.g., wading), 38% were on shore, 2% in boats, 
and the location of 9% could not be determined (Appendix 1). 
Alligators attacked people swimming, snorkeling, or scuba div-
ing 76 times (32% of all attacks); fishing, clamming, and baiting 
21 times (9%); and playing golf or retrieving golf balls 24 times 
(10%). Eight attacks (3%) occurred when the victim was feeding 
alligators or other animals. In 20% of the attacks, humans made 
first contact (often inadvertent) by swimming into, jumping on, 
picking up, displaying, wrestling with, moving, or trying to har-
vest the alligator that attacked them. 

Alligators involved in human attacks ranged in size from 0.3-
3.8 m (mean = 2.0 m, SE = 0.06). For 75 attacks, the sex of the 
alligator was determined; 73% were males and 27% were females. 

Eight people (four males, four females) have died in the U.S. 
from alligator attacks (3% of all attacks)—seven in Florida and 
one in Georgia. Their ages were 4, 4, 10, 11, 16, 29, 52, and 70. 
Four of these victims were swimming or snorkeling prior to the 
attack; three were walking along the shore or wading (these were 
the three youngest victims); and the activity of one victim is un-
known. These statistics exclude seven fatalities in Florida for 
which it could not be determined if the alligator attack caused the 
victim's death or if the attack occurred after death. 

Alligator attacks increased dramatically in the 1980's and from 
1990-1995 (Table 2). For instance, there was only one recorded 
alligator attack in the 1940's and 1950's, but 78 in the 1980's and 
110 from 1990-1995. 

Many factors have contributed to the recent increase in the fre-
quency of alligator attacks on humans. With the decline of alliga-
tor hunting and poaching due to protective legislation, popula-
tions have rebounded and alligators probably have become less 
wary of humans. Certainly alligators had less to fear from hu-
mans during the 1970's and 1980's than before. Since 1970, an 
increase in human population in Florida and the other southern 
states has occurred, along with residential development of water-
front property, and a growing popularity of water recreation ac-
tivities. All of these factors have caused an increase in alligator-
human interactions. Part of the recent increase, however, is an 
artifact that can be attributed to state agencies keeping better 
records of alligator attacks since 1970 and to a public that pres-
ently reports a higher proportion of attacks to government offi-
cials than was the case several decades ago. 

State wildlife agencies have responded to the expanding alliga-
tor populations, threat of alligator attacks, and public concern 
(Hines and Scheaffer 1977) by implementing alligator manage- 
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TABLE 2. Chronology of alligator attacks in the U.S.* 

Year FL GA LA SC TX Total 

1948-1959 2 2 

1960-1969 0 

1970-1979 39 1 2 42 

1980-1989 73 2 2 1 78 

1990-1995 104 3 2 1 110 

Total 218 5 1 6 2 232 

*No information is available about four alligator attacks in Alabama. 

ment plans (Hines and Woodward 1980; Taylor et al. 1991). These 
plans often call for the removal of nuisance alligators and im-
proved public education about alligators and the dangers they pose. 
Furthermore, states have started harvesting alligators. But, as long 
as humans and alligators share the same space, some attacks are 
inevitable. 

Acknowledgments.-We thank the following individuals for provid-
ing data for their respective states: Amos Cooper (Murphee Wildlife Man-
agement Area, Texas), Celeste Gutierrez-Sanders (Florida Game and Fresh 
Water Fish Commission), Walt Rhodes (South Carolina Department of 
Natural Resources), Stanley Stewart (Alabama Game and Fish Division), 
and Fred Todd and George Steale (Georgia Department of Natural Re-
sources). 
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APPENDIX 1. Compilation of alligator attacks on humans in the U.S. 

Alligator 

 

Victim 

   

State 	Date 	Size (m) 	Sex 
	

Age 	Sex 
	

Injuries 
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07/30/48 2.8 ? ? 
09/16/52 1.8 ? 9 
06/09/72 1.5 ? 15 
06/17/72 1.1 ? >18 
06/19/72 ? ? <18 
07/12/72 1.5 ? 10 
07/21/72 2.6 ? 12 
08/03/72 2.4 ? 6 
07/05/73 2.6 ? 10 
07/29/74 ? ? 14 
08/16/73 3.4 M 16 
09/16/73 2.7 ? 13 
06/15/74 1.8 ? 10 
08/01/74 2.7 ? 10 
08/15/74 3.4 ? 16 
06/16/75 3.6 M 45 
06/30/75 2.4 ? 14 
07/05/75 1.4 ? 10 
10/22/75 3.7 ? 34 
04/01/76 2.0 ? 14 
08/25/76 ? ? 66 
03/15/77 1.8 ? 9 
03/21/77 1.5 ? 21 
04/17/77 1.8 ? 11 
04/24/77 1.8 ? 21 
06/05/77 2.7 ? 19 
06/30/77 3.7 ? 67 
07/01/77 2.4 ? 8 
07/14/77 1.5 ? 9 
08/01/77 2.1 ? 60 
08/12/77 ? ? 25 

Cuts, broken hand 
Cuts and broken arm 
Cuts on head 
Bite on leg 
Minor cuts 
Cuts on hand, arm 
Punctures on upper body 
Cuts on leg 
Cuts on calf, knee, thigh 
Cuts on chest, head 
Fatal 
Cuts on upper body 
Cuts on foot 
Cuts on thigh, leg, foot 
Cuts on arms and hand 
Cuts on chest, back 
Cuts on thigh 
Cuts on thigh 
Cuts on shoulder, chest 
Cuts on arm 
Cut on arm 
Cuts on hip 
Arm and hand wounded 
Punctures on leg 
Cut on head 
Cuts on back, shoulder 
Cuts on head 
Cuts on hand 
Bite on foot 
Bite on leg 
Bite on buttock 

Swimming 
Standing by water's edge 
Swimming 
Swimming 
Wading 
Standing by water's edge 
Swimming 
Playing in shallow water 
Wading 
Swimming 
Swimming 
Swimming 
Standing by water's edge 
Swimming, fell out of canoe 
Swimming 
Swimming 
Swimming 
Standing in water 
Standing in water 
Wading 
Swimming 
Swimming 
Swimming 
Sitting at water's edge 
Collided while snorkeling 
Swimming 
Swimming 
Swimming 
Swimming 
Feeding fish 
Swimming 
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Bite on arm 
Cuts on leg 
Fatal 
Cuts on head, wrist 
Deep cut on thigh 
Broken arm, loss of flesh 
Punctures, cuts on arm 
Bite on leg 
Bite on ankle 
Punctures on arm and back 
Gash on arm 
Bite on foot 
Bite on elbow 
Puncture and cuts to thigh 
Bite on foot 
Bite on leg 
Puncture on calf 
Bites on feet 
Severe injury to arm 
Bite on forearm 
Bite on hand 
Mangled arm and wrist 
Bite on calf 
Bite on head 
Bite on foot 
Severe damage to leg, arm 
Long cut to arm 
Broken and cut arm 
Swim flipper seized 
Bite on hand and foot 
Bite on shoulder 
Cuts on buttock 
Cut on thumb 
Cuts on thigh 
Injuries to upper body 
Fatal 
Cuts on hand 
Leg amputated 
Punctures on thigh 
Punctures and cuts on thigh 
Punctures on shin 
Shoulder, elbow, hand cuts 
Tears, bites on upper chest 
Punctures on forearm 
Punctures on hand, wrist 
Punctures on back 
Punctures, broken ankle 
Punctures on leg 
Punctures on hand, wrist 
Punctures, cuts on back 
Punctures, cuts on knee 
Shoulder punctures, cuts 
Puncture wounds, gashes 
Punctures, cuts to foot 
Cuts on foot 
Fatal 
No injuries 
Four bites on foot 
Punctures, cuts on hand 
Injury on thigh 
Arm punctures, scratches 
Head, thumb injuries 
Punctures on foot 
No injuries 
Fatal 
Forearm punctures, cuts 
Puncture and tear on foot 
Thigh punctures, cut on face 
Punctures on calf 
Punctures on hand 

Swimming 
Feeding alligator and ducks 
Swimming 
Feeding alligator 
Bird watching on shore 
Playing with fish on bank 
Swimming 
Digging for clams 
Swimming 
Snorkeling 
Riding in sailboat 
Wading, kicked alligator 
Swimming 
Walking on shore 
On dock with feet in water 
Wading 
Standing at water's edge 
Floating in water 
Snorkeling 
Installing pipe in water 
Removing weeds from canal 
Swimming 
Retrieving golf ball by canal 
Collided while swimming 
Stepped into water 
Rescuing dog on dry land 
Swimming 
Standing in water 
Scuba diving 
Wading 
Snorkeling 
Swimming, bumped alligator 
Feeding alligator 
Swimming 
Snorkeling 
Swimming 
Weeding 6m from lake 
Digging for mussels 
Fixing boat in water 
Wading after golf ball 
Throwing rocks in lake 
Swimming 
Hanging off boat 
Wading 
Reaching for fish in water 
Snorkeling 
Snorkeling 
Feeding ducks 
Forcing alligator from shore 
Swimming 
Hunting in shallow water 
Snorkeling 
Canoeing and swimming 
Retrieving golf balls 
Sitting on shore 
Snorkeling 
Fishing from bank 
Floating with water ski 
Swimming for golf balls 
Fishing 
Showing alligator to public 
Collecting golf balls 
Fishing 
Diving for golf balls 
Walking along shore 
Raft ran over alligator 
Playing golf 
Walking on seawall 
Swimming 
Dunking plant into water 'rl
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08/12/77 ? ? 25 
09/17/77 2.7 ? 71 
09/28/77 2.2 F 52 
10/02/77 2.4 M 70 
05/12/78 3.7 ? 30 
06/28/78 1.8 ? 8 
07/03/78 2.1 ? 23 
08/09/78 3.7 ? 12 
07/17/79 2.7 ? 8 
08/15/79 2.4 M 18 
04/30/80 1.5 ? 25 
08/09/80 1.2 ? 23 
08/15/80 3.0 M 21 
09/22/80 3.1 M ? 
05/21/81 2.2 M 24 
06/01/81 1.5 ? 38 
06/16/81 2.4 M 65 
06/18/81 2.1 M 22 
07/04/81 3.2 M 27 
03/27/82 1.8 ? 69 
08/12/82 2.3 F ? 
08/20/82 2.7 M 20 
09/20/82 3.1 M 67 
10/04/82 2.4 ? 39 
11/27/82 2.6 ? 41 
05/18/83 1.9 M 67 
06/22/83 2.4 ? 79 
07/11/83 2.3 M 62 
07/15/83 2.4 ? 30 
08/21/83 1.4 ? 29 
08/23/83 3.5 M 50 
05/05/84 1.8 ? 14 
05/15/84 1.1 ? 42 
07/01/84 2.2 F 21 
07/02/84 2.4 ? 30 
08/06/84 3.8 M 11 
05/08/85 1.5 F 79 
08/29/85 1.9 F 74 
09/06/85 2.0 ? 53 
03/20/86 1.4 ? 11 
05/02/86 1.6 F 9 
06/25/86 2.1 ? 62 
07/15/86 1.6 ? 14 
07/16/86 1.8 ? 3 
07/20/86 1.4 ? 29 
07/24/86 1.5 F 25 
09/24/86 3.5 M 12 
10/10/86 2.3 F 8 
11/01/86 1.8 ? 24 
11/13/86 2.4 ? 28 
11/16/86 1.8 ? 35 
12/31/86 1.8 M 33 
05/10/87 1.4 ? 32 
06/22/87 1.5 ? 27 
06/25/87 0.3 M 33 
07/13/87 3.4 M 29 
08/11/87 0.3 ? ? 
08/15/87 2.3 M 21 
09/30/87 1.2 ? 50 
12/24/87 1.1 ? 12 
12/29/87 1.2 M 27 
01/13/88 1.8 ? 50 
03/10/88 1.8 ? 14 
03/25/88 ? ? 30 
06/04/88 3.3 M 4 
07/15/88 2.2 F 14 
07/28/88 2.0 ? ? 
08/17/88 2.3 F ? 
10/03/88 ? ? 30 
10/09/88 3.4 M 55 
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02/27/89 0.6 ? 9 F Cut on forearm Picked up "pet" alligator 
03/07/89 ? ? 10 M Punctures on calf Wading 
03/27/89 1.0 ? 41 M Bite on thumbs Taping alligator's mouth 
04/13/89 1.0 ? 14 M Puncture on toe Walked by alligator 
05/15/89 1.0 ? 56 M Punctures on hand Hooked alligator while fishing 
06/17/89 0.8 ? ? F Punctures on foot Stepped on alligator 
07/04/89 1.8 F 45 M Gashes and bruises Fishing and wading 
07/25/89 2.9 M 51 M Tears in wet suit Diving for golf balls 
08/17/89 3.0 M 82 M Punctures on foot Pulling weeds from bank 
08/20/89 1.2 ? ? M Cuts on hand Drinking water from faucet 
08/25/89 2.9 M 71 M Punctures, cuts on feet Searching grass for golf balls 
09/03/89 1.7 ? 32 M Punctures on leg Hunting 
09/06/89 2.8 M 77 M Cuts on leg Wading, fishing 
03/17/90 0.9 M 23 M Minor punctures, cuts Removing catfish from line 
03/19/90 2.3 ? 68 M Cut on foot Cutting grass near ditch 
05/01/90 1.5 ? 26 M Cut on hand Kneeling at water's edge 
05/03/90 2.1 M 26 M Punctures, deep cut on leg Pulling alligator from road 
05/28/90 2.1 ? 43 M Minor hand injuries Snorkeling 
06/08/90 1.4 ? 41 M Puncture on hand Rescuing alligator in traffic 
06/17/90 1.7 ? 17 M Two puncture wounds Swimming 
06/22/90 3.4 ? 34 M Five puncture wounds Clearing shrubs 
06/24/90 ? ? ? M Swimming 
07/06/90 2.9 ? ? M Scrape on finger Diving for golf balls 
07/09/90 ? ? 73 M Punctures on back, bruising Snorkeling 
07/18/90 1.5 F 82 M Cut on hand Pulling aquatic weeds 
07/20/90 0.4 ? 59 F Small scrape Moving alligator from pool filter 
08/03/90 2.4 ? 23 M Superficial scratch Gathering clams 
09/08/90 3.0 M 20 M Punctures on arms Skin diving 
10/21/90 1.7 F 74 M Punctures, cuts on arm Gardening at water's edge 
10/27/90 2.6 ? 46 M Minor cuts Frogging, fishing 
11/21/90 ? ? 20 M Minor cut on wrist Diving for golf balls 
01/27/91 0.6 ? 27 M Puncture on hand Party on river bank 
03/04/91 1.2 ? ? M No injuries Diving for golf balls 
03/20/91 1.8 ? 25 M No injuries Diving for golf balls 
04/04/91 ? ? 32 M No injuries Washing boat 
05/19/91 2.0 M 29 M Puncture wound on hand Removing alligator from road 
05/31/91 2.5 M 69 F Bites on leg, loss of tissue Walking 
06/11/91 1.1 ? 46 M Minor cuts on thumb Trying to catch alligator 
06/14/91 0.9 ? 25 M Minor puncture on hands Pushed alligator while swimming 
06/23/91 0.8 ? 54 M Punctures, cuts on hand Moving alligator from utility room 
06/28/91 2.1 ? 28 M Deep cuts, tears on head Swimming 
07/09/91 1.2 ? 29 M Puncture wounds on ankle Lawn maintenance 
07/18/91 1.3 ? 45 M Hand punctures Frogging, bailing boat 
07/29/91 2.1 ? 24 M Severe cuts on leg, hand Trying to catch alligator 
08/14/91 2.4 M 71 M Broken finger, shoulder cuts Fell on sleeping alligator 
08/24/91 2.4 F 24 M Cut and bite to arm Swimming 
09/06/91 2.4 M 80 F Lost hand Rinsing T-shirt on shore 
09/14/91 0.5 ? 6 M Cut on hand Grabbed alligator in fish tank 
05/11/92 1.4 ? 20 M Punctures, cuts on calf Wading 
06/09/92 3.0 ? 32 M Deep cut on arm Wading after golf balls 
06/12/92 0.8 ? 31 M Cuts on face Splashing stick on water 
06/23/92 2.9 47 M Punctures on hands Capturing nuisance alligators 
06/24/92 1.7 M 32 M Deep cuts, arm punctures Swimming 
07/14/92 1.2 ? 14 M Punctures and cuts Feeding fish 
08/11/92 1.5 ? 31 M Puncture on hand Taping mouth closed 
08/13/92 3.0 M 66 M Deep cuts on leg, ankle Wading, repairing dock 
08/25/92 1.2 ? 34 M Deep cuts on arm Hooked alligator while fishing 
09/03/92 0.5 ? 8 F Puncture on finger Playing in back yard 
03/19/93 2.0 ? 58 M Cuts, bruises on chest, arm Working on drainpipe 
05/04/93 1.2 ? 34 M Scratches on hands Cleaning yard 
05/04/93 0.9 ? ? M Punctures on finger Removing nuisance alligator 
05/10/93 2.3 ? 50 M Cuts on arm, leg Washing hair on platform 
05/14/93 1.5 ? 16 M Deep cuts, punctures on arm Wrestling alligator 
05/27/93 0.9 ? ? M Punctures on hand Removing alligator from pipe 
06/19/93 3.5 M 10 M Fatal Canoeing and wading 
07/04/93 2.2 M ? M Puncture wounds Fishing 
07/10/93 1.2 ? ? M Punctures, tear on hand Swimming 
07/22/93 ? ? ? M Chest punctures, cuts Swimming 
07/27/93 1.2 ? ? M Punctures on calf Surveying water depth 
08/02/93 ? ? ? M Punctures on calf Working in yard 
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08/05/93 2.4 ? ? M Broken, cut arm Swimming 
08/19/93 2.1 M ? M Puncture, cut on hand Retrieving golf ball 
09/13/93 2.1 F ? M Minor injuries Harvesting alligator 
10/02/93 2.9 M 70 F Fatal Unknown 
10/17/93 0.9 ? 47 F Punctures, cut on forgers Feeding fish off dock 
11/24/93 1.9 M 56 M Punctures on hand Retrieving golf balls 
01/23/94 0.5 ? ? ? Bite on thumb Picked up alligator in yard 
02/11/94 0.6 F ? F Wounds on finger Sitting on bank 
04/13/94 3.0 M ? M Tearing of flesh on foot Retrieving golf balls 
04/16/94 2.6 ? ? M Puncture, cut on chest Snorkeling 
04/23/94 ? ? 32 M Cut on arm Grabbing alligator 
04/27/94 1.7 ? 12 M Superficial abrasion Fishing 
06/19/94 1.5 ? 34 M Injury on arm Moving alligator from road 
06/24/94 ? ? 19 M Cut on ankle Wading 
06/25/94 3.4 M 9 M Deep cut, puncture on leg Jumping from a tree 
06/25/94 0.6 ? 15 ? Cuts, scratches Picking up alligator 
07/09/94 0.9 F 31 M Small cuts Alligator complaint 
07/15/94 1.5 ? 42 M Cuts on leg, foot Working in water 
07/15/94 0.5 M 51 M Punctures and cuts Alligator education program 
07/17/94 0.6 ? 20 M Punctures, cuts on hands Walking 
07/24/94 1.8 ? 59 M Teeth marks, cuts on hand Retrieving golf balls 
07/28/94 2.1 M 29 M Cut Exhibition show 
07/29/94 1.5 ? 32 M Scratches on thigh Raking aquatic weeds 
08/03/94 2.1 M 33 M Punctures and cuts Exhibition show 
08/13/94 2.4 ? 61 F Punctures on foot Lying on inflatable raft 
09/25/94 0.8 ? 22 M Punctures on hand Sitting on pond bank 
12/09/94 1.1 ? ? M Bite on hand Diving for golf balls 
04/19/95 3.0 M 7 M Punctures on upper body Jumped on alligator in water 
04/30/95 2.4 ? 68 M Punctures on ankle, calf Golfing 
05/02/95 0.5 ? ? M Cut on thumb Grabbed alligator 
05/08/95 1.3 F ? M Cut on thumb Moving alligator from road 
05/28/95 2.4 ? ? M Punctures on thigh Stepped on alligator 
05/29/95 1.5 ? 45 M Punctures on arm Tried to capture alligator 
06/12/95 1.0 M 10 M Puncture on finger Catching minnows 
07/23/95 0.9 F 24 M Punctures, cut on thumb Exhibition show 
07/23/95 1.5 M 18 M Dislocated wrist, calf wound Wading after golf balls 
08/01/95 1.4 ? 40 9 Cuts on foot Walked up to alligator by road 
08/05/95 1.2 ? 22 M Cut on hand Swimming 
09/01/95 1.5 ? 31 M Bite on hand Hunting alligators 
09/02/95 1.2 ? 16 M Punctures on foot Swimming 
09/02/95 2.0 ? 26 M Cuts on hand Harvesting alligator 
09/04/95 1.5 ? 30 M Cut on finger Wading after basketball 

Near person feeding alligator 09/10/95 2.2 F 12 ? Cut on hand 
09/23/95 2.5 M 10 M Cuts, punctures on chest Swimming 
10/05/95 2.2 ? ? F Cut on leg Walking at night 

GA 	06/04/88 3.3 M 4 F Fatal Walking along shore 
07/08/88 3.1 ? 33 M Deep cut on thigh Attempting to catch alligator 
07/10/90 2.5 ? 16 F Deep cut on leg Running along beach 
06/16/94 2.9 ? 38 M Deep cut on arm Kneeling by pond 
09/25/94 3.3 ? 29 M Deep cut on arm Entering water on golf course 

LA 	??/??/78 ? ? 8 M Unknown Fishing/wading in a marsh 
NC No reported attacks 
SC 	09/07/76 2.2 ? 7 F Cuts Wading after golf ball 

06/07/79 2.5 ? 25 M Broken foot Swimming 
07/??/85 2.2 ? 12 F Deep wound Fell on gator's back 
09/??/87 1.2 ? 31 F Minor wound Scuba diving 
06/??/90 1.2 ? ? M Minor leg wound Playing golf 
06/10/94 2.5 M 57 F Deep wound Collecting golf balls 

TX 	10/??/84 1.8 M 18 M Minor leg wound Swimming 
07/??/91 1.8 M 13 M Minor leg wound Swimming 

*No information is available on the four alligator attacks in Alabama. 
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Some species of lizards form aggregations or groups of indi-
viduals in close physical proximity to one another (Burns 1970; 
Congdon et al. 1979; Cooper et al. 1985; Ruby 1977; Vitt 1974; 
Worthington and Sabath 1966); however, all of these aggrega-
tions were either observed in the winter or in the laboratory. In 
this note we describe our observations on summer aggregations 
of Sceloporus mucronatus mucronatus. 

Sceloporus m. mucronatus (Cope) is a medium to large vivipa-
rous phrynosomatid lizard (Frost and Etheridge 1989) that occurs 
at high elevation in the Mexican states of Hidalgo, Veracruz, 
Puebla, and Mexico (Smith 1936). It is abundant on rock out-
crops and ledges that have numerous crevices that serve as refu-
gia. 

Our study site was located in Sierra del Ajusco, Mexico (3400 
m elevation), km 19 on the Ajusco-Tianguistence highway 
(Mexico Highway 892). The site was an open area (ca. 1 ha) with 
basaltic rocks and lava interspersed with grassy patches (Festuca 
amolissima), and surrounded by a Pinus hartwegii forest. We vis-
ited the study site sporadically from 27 January 1991 to 30 May 
1995. During each visit, we surveyed rock crevices for groups of 
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INDIVIDUALS PER AGGREGATION 

FIG. 1. The number of individuals in aggregations of Sceloporus 
mucronatus from the Sierra del Ajusco, Mexico. Total number of ag-
gregations is 19.  

0 0 . 5 1 	1.5 2 2.5 3 3.5 4 4.5'  
SEX RATIO 

FIG. 2. The sex ratios of aggregations of Sceloporus mucronatus from 
the Sierra del Ajusco, Mexico. The ratio is females:males. Total num-
ber of aggregations is 18. 

lizards. For each aggregation, we recorded the number of lizards 
and their sex. Sex was determined definitively because males have 
bright blue ventral patches, whereas females have diffuse blue 
ventral patches. Means are given ± 1 SE. 

We observed a total of 19 aggregations. Eighteen of these ag-
gregations involved adults (individuals with SVL > 60 nun; sexual 
maturity occurs around 60 mm SVL; Mendez de la Cruz et al. 
1988), and one was a pair of juvenile males. The number of indi-
viduals in an aggregation ranged from 2 to 9, with a mean of 3.7 
± 0.5 individuals per aggregation, with 2 being the mode (Fig. 1). 
The sex ratio of the aggregations ranged from 1 male: 1 female to 
1 male: 4 females (Fig. 2). The mean sex ratio was 1.8 ± 0.2 
females per male (N = 18). The sexes of all individuals in the 9 
lizard aggregation could not be determined because all individu-
als could not be caught. Groups of two individuals were the mode, 
and these were always composed of a male and a female. Aggre-
gations were found throughout the day from 1000 h to 1630 h. 
The majority of aggregations were seen on cloudy days (16), 
whereas three were seen on sunny days. Aggregations were seen 
during the summer (May—August) and in the winter (January). 

At this time, we do not have the necessary information to de-
termine the reasons for aggregation behavior in this population; 
however, we think two alternative, but not necessarily mutually 
exclusive, explanations deserve further evaluation. First, the ag-
gregations may serve a social function or may reflect mating ag-
gregations, suggested by the observation that all pairs were male-
female pairs. Although we did not observe mating behavior, it 
has been reported to occur in the month of June (Mendez de la 
Cruz et al. 1988), and all recorded males were brightly colored, 
suggesting mating was taking place in the sampling period. Also, 
there appears to be a shift in aggregation behavior with age: older 
and larger individuals aggregate whereas younger and smaller in-
dividuals do not. The second explanation is that these aggrega-
tions may serve a thermoregulatory function: individuals aggre-
gated to help maintain body temperature. There are several re-
ports of winter aggregation in another high altitude, viviparous 
Sceloporus, S. jarrovi (Burns 1970; Congdon et al. 1979; Ruby 
1977), and in Urosaurus ornatus (Vitt 1974; Worthington and 
Sabath 1966), all of which may be attributed to some extent to 
thermoregulatory considerations. The evidence for a thermoregu-
latory function of aggregation in S. mucronatus is weak compared 
to that for a social function. Aggregations were observed through- 
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out the day, and although they were primarily observed on cloudy 
days, aggregations also were seen on sunny days. Finally, if there 
was a thermoregulatory basis for aggregation one would expect 
to see juveniles together, but only one such grouping of juveniles 
was seen. 
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"Anting behavior," the use of ants by vertebrates to remove 
epibionts, has been investigated primarily in birds. Despite nu-
merous observations of this peculiar behavior (reviewed by Pot-
ter 1970), its exact function remains unclear. Suggested explana-
tions for anting behavior include removal of ectoparasites (Groskin 
1950), soothing of skin irritation caused by molting (Potter 1970), 
and inhibition of fungal and bacterial growth (Ehrlich et al. 1986). 

Recently, observations of associations between ants and verte-
brates have been expanded to include primates (Longino 1984) 
and reptiles, including turtles (Burke et al. 1993; Riley et al. 1985). 
Burke et al. (1993) found that the leech Placobdella parasitica 
was absent from snapping turtles (Chelydra serpentina) that had 
nested on mounds of the carpenter ant (Formica obscuriventris) 
in southeastern Michigan. All snapping turtles that did not visit  

mounds were parasitized by leeches, which commonly occur on 
that species (Brooks et al. 1990). 

We found evidence of an association between wood turtles 
(Clemmys insculpta) and the ant Formica sp. (Fusca species group) 
during a study of movement patterns in wood turtles (McCurdy 
1995) at the Saint Mary's River in Nova Scotia, Canada. Turtles 
were captured and radiotagged by searching the banks of the river 
in June, 1994. A subset of the radiotagged animals was then fitted 
with thread spools for trailing. 

On 11 July 1994, Turtle 1 (a 20 year old male, based on plas-
tron annuli counts; carapace length 211.5 mm; mass 1.31 kg) was 
thread- and radio-trailed 250 m upstream and 50 m inland to an 
ant mound. Here, he was found resting on top of the mound with 
the thread spool attached and still trailing. Ants covered the turtle 
for about 20 min, after which the turtle moved off the mound and 
walked 8 m northeast. He subsequently backtracked 6 m to the 
ant mound and returned to the river. 

On 21 July, Turtle 2 (a 21 year old male; carapace length 209.0 
mm; mass 1.05 kg) was tracked to a wooded hill northwest of the 
ant mound. His thread trail led directly over the same ant mound 
that Turtle 1 had visited. In addition, Turtle 2's trail back to the 
river followed the exact travel path used by Turtle 1 when the 
latter returned from the mound to the river. This was the only 
observation of two individuals using a common travel path dur-
ing our study. 

Ants were observed crawling over the legs, carapace and head 
of Turtle 1 during the observation of 11 July. While on the ant 
mound, Turtle 1 made no effort to rid himself of ants, consume 
them, or move away from the mound. Although wood turtles are 
opportunistic foragers, invertebrates comprise only a minor por-
tion of their diet (Strang 1983). At the Saint Mary's site, wood 
turtles were observed eating a variety of food items including 
fungi, green leaves, fruit, and algae; however, ant-eating was never 
observed here or at another site in Nova Scotia (McCurdy and 
Herman, unpubl. data). 

The ants found in the mound are from the same group involved 
in anting associations with birds and are thus good candidates for 
demonstrating a mutualism with wood turtles. Ants in the Fusca 
group have often been observed in anting associations with rob-
ins (Turdus migratorius; Nichols 1943), starlings (Sturnus vul-
garis; Brackbill 1948), catbirds (Dumetella carolinensis; Brackbill 
1948), wood thrushes (Hylocichla mustelina; Groskin 1950) and 
blue jays (Cyanocitta cristata; Potter 1970). 

The function of anting behavior in wood turtles is not known, 
but it is instructive to compare this species with observations on 
snapping turtles. Ants may eat leeches from wood turtles, as sug-
gested by Burke et al. (1993) for snapping turtles. Although leeches 
were not observed to be removed during the 11 July observation 
of Turtle 1, wood turtles at the Saint Mary's River were often 
parasitized by P parasitica, and many individuals had more than 
50 leeches at first capture. Over 90% of wood turtles in a New 
Jersey population captured during spring and fall carried leeches 
(Farrell and Graham 1991). 

There are several other methods that turtles may use to remove 
leeches including associations with birds and fish, and basking. 
Map turtles (Graptemys geographica, G. ouachitensis, and G. 
pseudo geographica) and common grackles (Quiscalus quiscula) 
are involved in a mutualistic relationship in which P parasitica 
are removed by the birds (Vogt 1979). Kaufmann (1991) observed 
wood turtles apparently cleaned by blacknose dace (Rhinicthys 
atratulus). These types of relationships were not observed during 
our study; however, all leech-removal associations between turtles 
and other vertebrates probably are isolated and difficult to observe. 
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Basking or drying (Boyer 1965) are unlikely to be effective in 
removing leeches from wood turtles, which are active at lower 
temperatures and spend less time basking than other turtle spe-
cies (Ernst 1986; D. McCurdy, pers. obs.). As well, even though 
wood turtles are primarily terrestrial in summer, P parasitica are 
able to survive long-term desiccation (Hall 1922). 

Even if anting does not reduce leech loads, the behavior could 
benefit wood turtles in other ways. The formic acid sprayed by 
ants can be an effective deterrent of fungal or bacterial parasites 
(Ehrlich et al. 1986). The preference of wood turtles for humid 
microenvironments, which promote fungal and bacterial growth, 
provides another putative selection pressure for anting. Clearly, 
the relationship between wood turtles and Formica sp. requires 
further study to better understand the evolution of anting behav-
ior in vertebrates. 
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No data exist concerning growth of subadult alligator snapping 
turtles (Macroclemys temminckii) in a natural environment. 
Growth is thought to begin in March and continue through July, 
but seems to slow substantially after 15 years of age (Dobie 1971). 
According to Drummond and Gordon (1979), captive turtles grew 
1 mm in carapace length within the first 11-14 days after hatch-
ing and had increased 2.6 g in weight after the first 47-50 days. 
Allen and Neill (1950) reported carapace lengths of 84 mm and 
90 mm and carapace widths of 75 mm for two turtles after five 
years in captivity. Other researchers have reported M. temminckii 
gaining 500 to 900 g per year (N. H. Douglas, pers. comm ) Al-
though growth data can be collected from captive M. temminckii, 
this is unlikely to be representative of growth in a natural envi-
ronment. Errors in conservation and management decisions may 
occur in the absence of accurate growth data for wild popula-
tions, particularly if growth time to sexual maturity is underesti-
mated. Macroclemys temminckii is singularly important in that 
this species is classified as a restricted, threatened, or endangered 
species in most states (Ernst et al. 1994; Pritchard 1989). 

We report one year growth data collected from 12 subadult M. 
temminckii in a Louisiana bayou (Harrel et al. 1996). The study 
site was Bayou Desiard, a slow-flowing bayou located 10 km 
north of Monroe, Ouachita Parish, Louisiana, USA. Turtles were 
captured using baited hoopnets, and measured to ensure that they 
were within our desired size range (Harrel et al. 1996). A 66 g 
radio transmitter was attached to each turtle's carapace and all 
were released (within 2 h) at the capture site. The 12 turtles used 
in the study were recaptured after one year (mean = 371 ± 1.8 
days) and re-measured. The turtles were not captured at any other 
time, appeared healthy, and incurred no mortality. The sex of the 
turtles was determined laparoscopically at the conclusion of the 
telemetry study (Wood et al. 1983). 

The following straight-line measurements were taken with a 
Mantax 24-inch steel (vernier) caliper to the nearest 0.1 inch: cara-
pace length (CL) and width (CW), plastron length (PL) and width 
(PW), head length (HL), and pre-cloacal tail length. Carapace 
length was measured from the anterior portion of the nuchal to 
the posterior marginal edge, CW at the widest point (generally 
between the eighth and ninth marginals), PL along the mid-plas-
tral seam from the anterior portion of the gular to the posterior 
portion of the anals, PW across the abdominals between the plas-
tron/carapace seam, and HL from anterior to the bony premaxilla 
to the posterior bony portion of the supraoccipital. The pre-cloa- 

128 	 Herpetological Review 28(3), 1997 



TABLE 1. One year's (1992-1993) growth (cm, kg, %) for 12 subadult (3 male, 9 female) Macroclemys temminckii in a Louisiana Bayou. 

Days of Growth Carapace 
Length 

Carapace 
Width 

Plastron 
Length 

Plastron 
Width 

Head 
Length Weight 

Males (N = 3) 

Mean 369.33 1.37 (5.3%) 1.13 (5.0%) 1.00 (5.1%) 1.63 (9.0%) 0.50 (5.5%) 0.15 (4.1%) 
± SE 3.30 0.18 0.35 0.17 0.44 0.11 0.13 
Range (366-376) (1.0-1.6) (0.6-1.8) (0.7-1.3) (1.1-2.5) (0.3-0.7) (-0.05-0.4) 

Females (N = 9) 

Mean 371.33 1.31 (5.2%) 1.13 (5.2%) 1.07 (6.0%) 1.39 (7.8%) 0.38 (4.4%) 0.38 (10.6%) 
± SE 2.20 0.27 0.16 0.15 0.31 0.10 0.09 
Range (365-383) (0.1-2.6) (0.6-2.0) (0.5-1.8) (0.5-3.3) (0.0-0.8) (0.00-0.8) 

cal length (recapture only) was measured from the posterior edge 
of plastron to the anterior edge of the cloaca. Turtles were weighed 
to the nearest 0.1 lb on a Hanson 860 scale. English units were 
converted to metric. Three subadult males had the following mean 
measurements at time of capture: CL = 26.3 ± 0.23 cm; CW = 
22.0 ± 0.31 cm; PL = 19.6 ± 0.30 cm; PW = 17.8 ± 0.81 cm; HL 
= 9.1 ± 0.00 cm; and weight = 4.2 ± 0.27 kg. The nine females 
had the following mean measurements at the time of capture: CL 
= 24.8 ± 0.48 cm; CW = 21.2 ± 0.49 cm; PL = 18.5 ± 0.35 cm; 
PW = 17.9 ± 0.65 cm; HL = 8.5 ± 0.21 cm; and weight = 3.7 ± 
1.23 kg. 

Mann-Whitney U-test showed males had significantly longer 
precloacal lengths (mean = 7.5 ± 0.10 cm) than did females (mean 
= 5.6 ± 0.08 cm), (P = 0.014, U = 27.000). The turtles' mean 
growth was small (Table 1). The Mann-Whitney U-test showed 
no significant difference in growth between male and female su-
badults in any measurement (P > 0.275, U 20.000). 

Macroclemys temminckii is the largest North American fresh-
water turtle, and thus its growth rate may not be comparable to 
those of other turtle species. Dobie (1971) considered alligator 
snapping turtles to be sexually mature at carapace length = 37.0 
cm for males and 33.0 cm for females. Using our one year's mean 
growth of 1.37 cm and a current carapace length of 27.67 cm, 
these male turtles would require approximatly seven more years 
to reach sexual maturity. Female mean carapace length is cur-
rently 26.11 cm and with a growth rate of 1.31 cm per year would 
require approximately five more years to reach sexual maturity. 
Our predictions assume a constant rate of growth. Obviously, re-
searchers would need to follow growth over several years to test 
this hypothesis. Only one turtle lost weight during the study. 
Weight gain (or loss) may be dependent on several factors includ-
ing time since last meal, time of year, time since defecation, and 
general quality of health. We concur with other authors that weight 
is not as reliable an indicator of turtle growth as shell growth 
(Bjomdal and Bolten 1988). 

We anticipated more growth than was recorded for these sub-
adult M. temminckii considering that growth was reported to slow 
substantially after 15 years (Dobie 1971). Our data support the 
concept that this species is slow growing and that it may take 
more than a decade to reach sexual maturity. In addition, external 
morphological differences (longer pre-cloacal lengths) between 
males and females are evident early in their ontogenetic develop-
ment and may prove useful for distinguishing sexes without us-
ing laparoscopical methods. Turtles used in this study were tagged  

and released at their recapture location, and future recapture mea-
surement of these turtles will be reported to determine if the growth 
rates have changed. 
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Aggregation behavior in snakes has been attributed to prey abun-
dance, communal hibernation, mating, and egg-laying (Gregory 
et al. 1987). Although aggregation for communal egg laying is 
known for several species (e.g., Demansia psammophis in Aus-
tralia, Covacevich and Limpus 1972; Leptotyphlops dulcis in Kan-
sas, Hibbard 1964), aggregation of gravid females of live-bear-
ing species is comparatively rare (Gregory 1975; Reichenbach 
1983; Rossman et al. 1996). Furthermore, in the Middle East there 
are no reports of aggregation behavior for any species of snake. 
In this note, we report aggregations of Coluber rubriceps (Venzmer 
1919) and Typhlops vermicularis (Menem 1820). 

Aggregation of Coluber rubriceps.-In July 1993, the Chief of 
Agriculture in the Ma'an District, Jordan, brought to our atten-
tion an "outbreak" of snakes in Dlaghah village (35 km W Ma' an). 
Upon visiting the area (16 July 1993) we found ca. 600 newly 
hatched snakes and more than 200 unhatched eggs under a brick 
staircase leading to a four-year old house. The stairway was 2 m 
wide and 60 cm high, surrounded by cement pavement 1 m wide 
that surrounds the house. The pavement is wide, made of small 
rocks covered by cement, with many cracks on the sides. An irri-
gation canal is located at the back of the house. The house is sur-
rounded by olive, fig, and grape trees. 

Subsequently, in June 1994, another "outbreak" was reported 
from the same staircase in Dlaghah. About 350 gravid females 
were found. Only a few eggs were found clumped together. We 
collected a series of 35 gravid females, which were measured, 
weighed, and then dissected to determine number of eggs. The 
mean number of eggs per female was 4.8 (N = 35; SD = 1.43) and 
their mean weight was 1.85 g (N = 50; SD = 0.39). Mean total 
length of the females was 706 1 nun (N = 35; SD = 64.14), snout-
vent length 510.5 mm (N = 35; SD = 46.45), with a mean weight 
of 37.78 g (N = 35; SD = 10.2). 

Aggregation of Typhlops vennicularis.-In March 1991, a stu-
dent brought 23 specimens of the blind snake, T vermicularis, 
from Irbid, Jordan. The snakes were found under a stone in the 
garden of a house. Red soil (terra rosa) is the prevalent soil type 
in northern Jordan. No eggs were collected or seen at the site. 
Mean total length for the specimens is 152.6 mm (N = 23; SD = 
29.4). 

Discussion.-Despite several studies on the snakes of Jordan 
(Amr et al. 1994; Disi 1985; Disi et al. 1988; El-Oran et al. 1994), 
none of these reports mentioned aggregation behavior among any 
of the 34 snake species found in Jordan. Coluber rubriceps is a 
common species in southern Jordan, where it inhabits rocky and 
humid terrain. The blind snake, Typhlops vermicularis, is com-
mon in northern Jordan, where it prefers areas of moist soil. 

The aggregations of Coluber rubriceps fall within the category 
of communal egg-laying. In the first "outbreak," newly hatched 

Individuals were seen, while gravid females were encountered on 
the second occasion. This suggests that egg-laying takes place in 
late June-early July. Individuals of this species chose the same 
site for egg-laying in two successive years. Perhaps communal 
oviposition and female aggregation is mediated by chemical senses 
(Plummer 1981). Selecting the same site over a period of two 
years could be explained on the basis of "habitat conditioning" in 
which snakes use a particular site for aggregation even though 
alternative or similar sites are available (Burghardt 1983). Indeed, 
several old, ruined houses made of mud and stones are within 
500 m of this particular house and seem to be suitable as a hiding 
place for snakes; however, after inspection of them, no snakes 
were found. Nest site selection is influenced by the immediate 
surroundings. In this study, the site is well protected, humid, and 
dark, with easy access for individual snakes which may be at-
tracted by conspecific chemical cues. Covacevich and Limpus 
(1972) reported similar observations of nest site selection for the 
yellow-faced whip snake, Demansia psammophis. We suspect that 
gravid females gain an advantage against predators, in that a preda-
tor will not be able to take all individuals at the same time, thus 
allowing others to escape (Shine 1979). Predators of C. rubriceps 
include raptors and small carnivores such as the mongoose, 
Herpestes ichneumon. 

We attribute the aggregation of Typhlops vermicularis to either 
mating or moisture conservation behavior. The latter was noted 
by Thomas (1965) among 19 specimens of Typhlops richardi found 
under a rotting Cocos log. Typhlops vermicularis is subterranean 
in dry regions and open habitats. Aggregation of several indi-
viduals may be directed by chemical cues. The time of year at 
which specimens were collected (March) is relatively cool and 
humid. This suggests that mating was the main function for blind 
snake aggregation on this occasion. 
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In 1967 we proposed a system of notation to describe the 
presence and extent of finger and toe webs in frogs and toads. 
The degree of webbing was expressed in terms of how many 
segments of the digits (phalanges), hand (distal metacarpal), or 
foot (distal metatarsal) are free of webbing. Myers and Duelhnan 
(1983) modified the original scheme to more accurately reflect 
conditions in anurans having the segment containing the terminal 
phalange expanded into a complex scansorial disk. 

In the currently used system each finger and toe is represented 
by a Roman numeral and the extent of the webbing between the 
digits by an Arabic numeral. If the web extends to the tip of the 
digit, it is recorded as an 0. If it extends to the base of the terminal 
phalange, the notation would be 1, if two phalanges are free of 
the web, it would be 2, etc. Since the division of the fingers and 
toes continues between the metacarpals and metatarsals, the 
webbing formula refers to the number of segments and/or fractions 
thereof free from the web. A typical webbing formula for a hand 
would be: I 2 - 2 II 2 - 3 III 2in 2 IV; for a foot I 1 In - 2 II 1 - 2 -  In 
1 - 1 in IV 2+  - IV. Superscripts (+ or —) indicate that the web 
reaches just proximal or distal to the subarticular tubercle or 
terminal distal joint (e.g., 2+  means 2 segments plus are free of 
the web). 

Myers and Duellman (1983) used "1" to indicate that the 
terminal disk or entire terminal segment is free of the web. 
However, in many forms having digital disks, these two conditions 
are not identical. The situation is further complicated in those 
taxa having an intercalary cartilage between the distal and 
penultimate phalanges. For these reasons we propose that when 
the web, in disked forms, extends beyond the joint between the 
penultimate and distal phalanges toward or to the tip of the digit, 
it be scored as 3/4, 2/3, 1/2, 1/3, 1/4, or 0. In forms having an 
intercalary cartilage, we recommend that as a convention, it be 
considered part of the distal phalange and that the same type of 
notation as described above be used for formulae where the web 
extends beyond the 2nd phalange-intercalary cartilage joint toward 
or to the tip of the digit. 
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Platymantis reticulatus Brown, Brown, and Alcala (1997:416) 
is a primary homonym of Platymantis reticulatus Zhao and Li 
(1984) (now Micrixalus reticulatus or Ingerana reticulata; see 
Zhao and Adler 1993; Dubois 1992). Under the provisions of 
Article 60c of the International Code of Zoological Nomencla-
ture (Anon. 1985) we replace the name Platymantis reticulatus 
Brown, Brown, and Alcala, 1986, with Platymantis isarog (nomen 
novum). The species name isarog is a noun in apposition refer-
ring to the type locality of this species (Mt. Isarog (1200-1300 
m), Camarines Peninsula, southeastern Luzon Island, Philippines). 
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In response to our need to sample tiger salamanders (Ambystoma 
tigrinum) in diverse wetland habitats of the Prairie Pothole Re-
gion (PPR), we designed a funnel trap that overcomes many of 
the problems associated with other sampling methods (Berger 
1984; Heyer 1976, 1979; Shaffer et al. 1994). We evaluated our 
trap in 17 seasonal and semi-permanent wetlands at the Cotton-
wood Lake Study Area (CLSA) in Stutsman County, North Da- 

kota, USA; wetlands of the CLSA are typical of depressional wet-
lands found elsewhere in the PPR. 

Our funnel trap has a welded rectangular frame constructed of 
0.63 cm diameter steel rod covered with 0.32 cm mesh galva-
nized screen (Figs. 1 and 2). We constructed a 5 cm wide funnel 
opening that is raised 7.62 cm above trap bottom on one side of 
the trap, and attached a hinged mesh lid to the top of each trap. To 
firmly seat the trap in the substrate, we extended four steel rods 
30 cm beyond the bottom of the trap; these legs can be omitted 
and weights may be substituted and used as anchors in wetlands 
with rocky substrates. An additional feature of our trap is a 200 
cm drift fence that directs free-swimming salamanders to the open-
ing of the trap. The drift fence is constructed of 0.32 cm mesh 
nylon, 91.4 cm wide, with the ends folded over to form end loops. 
We attached the drift fence to the trap by inserting a threaded 
steel rod through a small opening at the top of the trap and through 
the end loop in the drift fence. We then screwed the rod into a 
0.63 cm nut welded to the bottom of the funnel opening. The 
opposite end of the drift fence was supported by inserting a length 
of 2.54 cm PVC pipe through the end loop and into the substrate. 
Lead weights attached to the bottom edge of the drift fence maxi-
mized contact with the substrate. Floats attached to the top of the 
submerged portion of the drift fence maintained its vertical orien-
tation. Where water depths exceeded 91 cm we increased the height 
of the fence by adding a second length of 0.32 cm mesh nylon. 

These traps have proven effective in all wetland vegetative zones 
and in water depths ranging from 10 cm to over 2 m. During each 

top opening for 0.63 cm 
threaded steel rod 

welded nut to receive 
0.63 cm threaded steel rod 

FIG. 1. A funnel trap for sampling amphibian larvae in wetlands. Overall height of trap and drift fence should be determined by the 
maximum depth anticipated in the wetland being sampled. The trap should be set 10 cm above the water surface to allow sampling of the 
entire water column while simultaneously providing oxygen to captured animals. 
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FIG. 2. Construction detail of a funnel trap designed to sample amphibian larvae in wetlands. 

of three periods (18-29 July, 1-12 and 15-26 August) in 1994, 
and concurrent with our funnel trap sampling, we sampled five 
randomly selected semi-permanent wetlands with minnow traps 
(0.3 x 1.0 m), seines (4.0 x 1.3 m, 0.6 cm mesh), and dipnets 
(22.0 x 47.5 cm). Although we were able to deploy minnow traps 
(10 per wetland) in all five wetlands, our funnel traps (10 per 
wetland) captured more tiger salamanders (mean = 3.70/trap/24 
h; N = 150; SD = 7.60) with less variance than the minnow traps 
(mean = 0.34/trap/24 h; N = 150; SD = 1.34). Seining and 
dipnetting were not satisfactory sampling techniques because of 
submergent and emergent vegetation, which severely limit the 
use of seines and dipnets as a quantitative tool in well-vegetated 
depressional wetlands of the PPR. 

Our funnel traps cost ca. $45 per trap for materials; minnow 
traps are commercially available for $13.50 per trap. Labor to 
install funnel and minnow traps is similar. While the higher cost 
of our trap may limit its use to some extent, greater capture rate 
combined with the ability to sample the entire water column with 
reduced mortality may justify these higher costs. When sampling 
rare taxa our trap may detect populations other sampling tech-
niques overlook. 
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Evaluation of the early life history of larval amphibians occa-
sionally has been accomplished with the use of field enclosures 
(Kupferberg et al. 1994; Tejedo and Reques 1994). The effect of 
a modified environment or of reduced water quality on embryo—
larval development have become issues of concern (Vial and 
Saylor 1993). Several investigators have tested for compromised 
development by caging tadpoles in affected environments (Clark 
and Hall 1985; Cooke 1981; Materna et al. 1995), yet only sketchy 
descriptions of cage designs exist. Eggs and larvae of amphibians 
require specific levels of dissolved oxygen, temperature, and light 
intensity (Duellman and Trueb 1986), and this 
must be considered when designing holding 
cages. The following is the cage design used suc-
cessfully for short-term studies of the early de-
velopment of temperate ranid frogs (Harris 
1996). 

The cage has two components to accomodate 
the physiological needs of both embryos and 
tadpoles. The outer component is a cylinder (20 
cm depth, 15 cm diameter) made from rigid 500 
im white Nitex nylon (Tetko Inc., New York) 

with 39% open area and 32 mesh counts/inch 
(Fig. 1). The cylinder is created by stitching 
together, with nylon thread, the overlapping ends 
of a 20 x 50 cm Nitex rectangle, and adding a 
Nitex bottom. Mesh edges are melted lightly with 
a soldering iron to prevent fraying, and inert 
silicone is placed along nylon edges to ensure 
that there are no pockets of material into which 
a swimming tadpole could enter. A removable 
Nitex lid is attached to the cage by stitching a 12 
mm wide strip of velcro to the top of the cylinder 
with nylon thread and then attaching the opposite 
side of the velcro strip to the lid. The Nitex outer 
cage is strong enough to maintain its shape 
without buckling or folding inwards, which 
guarantees that a consistent volume of open, 
oxygenated water is available to swimming 
tadpoles. The inner component is a shallow 
kitchen strainer (5 cm depth, 10 cm diameter, 
plastic mesh) with the handle cut away. The 
lightweight plastic, coupled with a thin layer of 
flexible foam glued to the rim, allows the strainer 
to float at the water line inside the larger cylinder. 
Cages are anchored with the top sitting a few 
centimeters above the water line, and maintained 
by slipping 0.6 cm diameter wooden dowels 
through plastic rings (19 mm diameter, available 
in any craft/hobby store) sewn to the cage sides, 
and tapping the dowels into the pond bottom. 
Eggs separated into small clumps to avoid 
crowding have their protective jelly coat reduced  

and can no longer stay afloat; these eggs are maintained in the 
shallow inner basket, up in the oxygen-rich water zone at the 
surface until they hatch. Upon hatching, tadpoles are tipped gently 
into the much larger outer cage and a feeding routine initiated. 

This design is considered appropriate for early life stage devel-
opment studies of most temperate frog species and some sala-
mander species. Mesh size is sufficiently small to preclude virtu-
ally all aquatic predators, but large enough to allow sufficient 
water movement, even with limited algal fouling. The cylindrical 
shape prevents entrapment in corners, and the cage size may be 
increased easily to accommodate extended study periods. In 
aquatic environments where large fluctuations in water level are 
common, or where there is a current, it might be useful to replace 
the dowel anchor system with a weighted anchor, rope, and single 
dowel to maintain cage position. Flotation may be achieved by 
attaching a strip of soft, flexible foam (like self-adhesive weather 
stripping) around the outside of the cage about 3/4 of the distance 
above cage bottom. Stitching this foam to the cage is recom-
mended, but non-toxic glue may also work. 

Consideration should be given to the natural placement of egg 
masses for each study species when placing cages in pond, ditch, 

Fig. 1; M.L. Harris and J.P. Bogart 

b) 

FIG. 1. Cage used to enclose frog embryos and tadpoles during in situ studies in pond 
environments (a, the two components of the cage and b, the assembled cage). 
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or stream. For species that naturally receive reduced light or dis-
solved oxygen, the use of the inner floating basket may not be 
necessary. In most cases, the cages should be placed near shore, 
but out of the reach of wader-less people and curious animals 
(raccoons, dogs). The Nitex nylon should be white or pale to al-
low light penetration and prevent overheating. 

Although there may be some temptation to skimp on materials 
(total cost of the described cage was US $7.38), cheaper types of 
screening often do not maintain the same structural integrity, and 
produce some mortality via entrapment of tadpoles. Metallic 
screening may have an associated toxicity to embryos and larvae 
(Harfenist et al. 1989). 

The eggs and tadpoles of northern leopard frogs (Rana pipiens) 
and green frogs (Rana clamitans) were maintained in these cages 
in small permanent ponds in Ontario, Canada, and survival, de-
formity, and growth responses of the two species were evaluated 
in differing water quality for two or three weeks (Harris 1996). 
Studies were initiated once fertilized eggs reached Gosner Stage 
8 (1960; late cleavage) and continued until tadpoles developed to 
Stage 25 (complete development of spiracle), at least two weeks. 
Survival in cages held in reference ponds was typically 90-100%. 
Occasionally, however, survival fell to 60-87%. In such cases, 
initial fertilization success was very poor (<70%), and the poor 
survival was attributed to the eggs being of inferior quality. With 
densities of ten individuals per cage, the developmental compli-
cations generally triggered by crowding (Rose 1960) were not 
witnessed. Habitability of aquatic sites to early life stages of am-
phibians may be assessed using this controlled cage environment. 
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ogy Fund grant. 

LITERATURE CITED 

CLARK, K. L., AND R. J. HALL. 1985. Effects of elevated hydrogen ion and 
aluminum concentrations on the survival of amphibian embryos and 
larvae. Can. J. Zool. 63:116-123. 

COOKE, A. S. 1981. Tadpoles as indicators of harmful levels of pollution 
in the field. Environ. Pollut. 25A:123-133. 

DUELLMAN, W. E., AND L. TRUES. 1986. Biology of Amphibians. McGraw-
Hill Book Co., New York. 670 pp. 

GOSNER, K. L. 1960. A simplified table for staging anuran embryos and 
larvae with notes on identification. Herpetologica 16:183-190. 

HARFENIST, A., T. POWER, K. L. CLARK, AND D. B. PEAICALL. 1989. A re- 
view and evaluation of the amphibian toxicological literature. Can. 
Wildlife Serv. Tech. Rep. Ser. No. 61.222 pp. 

HARRIS, M. L. 1996. A characterization of adult and pre-metamorphic 
leopard frogs (Rana pipiens) and green frogs (Rana clamitans) in wet-
land influenced by agricultural activities. Unpubl. MSc. Thesis, Dept. 
of Zoology, University of Guelph, Guelph, Ontario. 196 pp. 

KUPFERBERG, S. J., J. C. MARKS, AND M. E. POWER. 1994. Effects of varia- 
tion in natural algal and detrital diets on larval anuran (Hyla regilla) 
life-history traits. Copeia 1994:446-457. 

MATERNA, E. J., C. F. RABENI, AND T. W. LAPOINT. 1995. Effects of the 
synthetic pyrethroid insecticide, esfenvalerate, on larval leopard frogs 
(Rana spp.). Environ. Toxicol. Chem. 14(4):613-622. 

ROSE, S. M. 1960. A feedback mechanism of growth control in tadpoles. 
Ecology 41:188-199. 

TETEDO, M., AND R. REQUES. 1994. Does larval growth history determine 
timing of metamorphosis in anurans? A field experiment. Herpeto-
logica 50:113-118. 

VIAL, J. L., AND L. SAYLOR. 1993. The Status of Amphibian Populations: 
A Compilation and Analysis. Working Document No. 1, IUCN/SSC 
Declining Amphibian Populations Task Force, Corvallis, Oregon. 98 
pp. 

Efficacy of Capture Methods for a Low Density 
Population of Phrynosoma cornutum 

W. SCOTT FAIR 
and 

SCOTT E. HENKE 
Caesar Kleberg Wildlife Research Institute, Texas A&M University-Kingsville 

Box 218, Kingsville, Texas 78363, USA 
e-mail (SEH): Kfseh00@tamuk.edu  

Studies concerning Phrynosoma cornutum note that specimens 
are handled, but often neglect to describe the method of capture 
(Jameson and Flury 1949; Milstead et al. 1950; Munger 1984a, b, 
c; Sherbrooke 1990). Several researchers mention that incidental 
sighting and capture by hand was their collection method 
(Ballinger 1974; Donaldson et al. 1994; Whitford and Bryant 
1979). Discussion of capture methods might be unimportant in 
areas with scant vegetation and relatively high lizard abundance, 
but areas with greater vegetation cover and lower densities of 
lizards could require extensive search time. Reptiles have been 
captured with direct search methods such as road cruising and 
systematic searches and trapping methods such as pitfall traps 
and funnel traps (Jones 1986); however, to our knowledge, no 
assessment of capture methods has been conducted for horned 
lizards. This study examines the efficacy of these collection meth-
ods for a low density population of P cornutum and discusses the 
advantages and limitations of each method. 

The study was conducted from March—October 1994 on the 
Marvin and Marie Bomer Wildlife Management Area (BWMA), 
an experimental wildlife management area operated by the De-
partment of Animal and Wildlife Sciences of Texas A&M Uni-
versity-Kingsville, and on the adjoining Pena Ranch. The study 
area consisted of 58.4 ha of mixed mesquite (Prosopis glandulosa) 
shrubland and prairie grassland located 19.3 km south of 
Benavides in Duval County, Texas, USA. 

Collection methods of P. cornutum included pitfall traps, fun-
nel traps, road cruising, and systematic searches. Total capture 
time (man-hours) for each method was recorded monthly from 
April—October on ten 1-ha study plots. 

A modified trap array (Jones 1986) was used for pitfall and 
funnel trapping. Three arrays were placed randomly in each of 
the 10 study plots. Each array contained three 7.6 m by 0.45 m 
drift fences and four 18.9 L buckets. Drift fences within each ar-
ray were placed at approximately 120° angles. Buckets were lo-
cated at the end of drift fences and the three fences converged on 
a central bucket. Buckets were buried with the top of the bucket 
flush with the soil surface. The drift fencing was buried 15 cm 
and vertically supported with wooden stakes. Ends of the drift 
fencing overlapped the buckets by 5 cm. A 30 cm path was cleared 
on each side of the drift fencing to exclude any obstructions for 
the lizards as they travelled along the fencing. Buckets had an 
elevated cover and contained approximately 3 cm of sandy soil. 
Buckets were sealed with lids when not in use. 

Six funnel traps were placed randomly on the three arrays within 
a study plot each month. Traps were placed at the center of an 
array wing. A funnel trap consisted of hardware cloth (bright alu-
minum replacement screening, 1 mm mesh) rolled to form a 91 
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cm long and 18 cm diameter cylinder and stapled closed at one 
end. The open end was fitted with an inverted funnel made of 
hardware cloth and the two pieces were stapled together (Jones 
1986). The funnel contained a 5 cm diameter oval opening. Fun-
nel traps were covered with plywood measuring approximately 
30.5 x 30.5 x 0.6 cm to shade captured animals from direct sun-
light. Funnel traps were collected when not in use. 

Pitfall and funnel trappings were conducted for five consecu-
tive days each month from April to October. The traps remained 
open 24 h and were checked once a day between 0730 and 1000 
h. Captured lizards were recorded and captures per unit effort 
were computed. Trapping effort was calculated as the hours P. 
cornutum were active each day multiplied by the number of trap-
ping days. Active times for lizards were determined from track-
ing horned lizards with radiotelemetry in a concurrent study (Fair 
1995). 

Systematic searches were conducted twice per month from April 
to October on each of the 10 study plots. Searches were conducted 
by groups of 14-19 people walking in an evenly spaced line 
through the study plots looking for P. cornutum. Total lizard cap-
tures and total man-hours consumed were recorded for each study 
plot. 

Road cruising consisted of one observer driving a truck around 
the perimeter of the study plots at 16 kph looking for P. cornutum. 
The number of P. cornutum sighted and captured within each study 
plot and on associated roads during each month and the total search 
time for each study plot during each month was recorded. 

TABLE 1. Number of P cornutum collected monthly, total effort (h), 
and total captures per effort hour for four capture methods on the Bomer 
Wildlife Management Area in Duval County, Texas, during 1994. 

Month Pitfall 
Traps 

Funnel 
Traps 

Systematic 
Searches 

Road 	Total Captures 
Cruising 	by Month 

Apr 2 0 1 0 3 

May 1 1 1 0 3 

Jun 1 0 3 1 5 

Jul 3 3 3 0 9 

Aug 0 0 0 0 0 

Sep 0 1 4 1 6 

Oct 0 0 0 0 0 

Total 
captures 
by method 7 5 12 2 26 

Total 
effort (h) 470.00 470.00 223.81 3.89 1167.70 

Total 
captures 
per unit 
effort 0.015 0.011 0.054 0.526 0.022 

The distribution of captures per unit effort was tested to verify 
normality with the Shapiro-Wilk test (PROC UNIVARIATE pro-
cedure, SAS Inst. Inc. 1989). A completely randomized 1-way 
analysis of variance (PROC GLM procedure, SAS Inst. Inc. 1989) 
was used to test the effect of capture methods on lizard captures 
per effort hour. A priori orthogonal contrasts were used to test for 
differences between trap types (funnel vs. pitfall), search types 
(systematic searches vs. road cruising), and capture methods (trap-
ping vs. searching). Sex ratios were analyzed by chi-square analy-
sis to determine if they deviated from a 1:1 relationship for the 
capture methods. Juvenile:adult ratios for each capture method 
were analyzed by chi-square analysis to determine if they devi-
ated from the observed ratio for all methods. Lizards were con-
sidered adults at snout-vent lengths 68 mm (Ballinger 1974). 
Yates correction for continuity was used in the chi-square analy-
ses because the test criteria had a single degree of freedom. All 
tests were considered significant at the 0.05 alpha level. 

Twenty-six P. cornutum (16 adults, 10 juveniles; 11 M, 11F) 
were caught using the four capture methods (Table 1). Four 
hatchlings were not sexed. July was the most successful month, 
resulting in nine captures from all the methods. July also was the 
most successful collecting month for pitfall and funnel trapping, 
each yielding three captures. Systematic searches captured four 
lizards in September, and three lizards in both June and July. 
However, no difference in the captures per unit effort was found 
(F = 0.85; df = 3, 24; MSE = 60.15; P = 0.4799) between the four 
capture methods (Table 1). 

Pitfall and funnel trapping required the same effort and yielded 
seven and five P. cornutum captures, respectively. A priori con-
trasts yielded no difference (P = 0.6745) between the trap types. 
However, a trend was observed (P = 0.0753) between the search 
types. Road cruising yielded a higher mean of captures per effort 
hour than systematic searches. A trend also was noted (P < 0.0913) 
between the capture methods. Searching methods resulted in a 
higher mean rate of captures per effort hour than trapping meth-
ods. 

Sex ratios did not deviate from a 1:1 relationship for pitfall 
trapping (3 M; 2 F; c 2  = 0.000; df = 1; P = 1.0000), funnel trap-
ping (2 M; 2 F; c2  = 0.250; df = 1; P = 0.6452), systematic search-
ing (6 M; 5 F; c 2  = 0.000; df = 1; P = 1.0000), road cruising (0 M; 
2 F; c2  = 0.500; df = 1; P = 0.4681), or all capture methods com-
bined (11 M; 11 F; c 2  = 0.045; df = 1; P = 0.8793). The 
juvenile:adult ratio of captured P. cornutum did not differ from 
the overall ratio of 1:1.6 for pitfall trapping (2 juveniles; 5 adults; 
c2  = 0.024; df = 1; P = 0.8941), systematic searching (3 juveniles; 
9 adults; c2  = 0.426; df = 1; P = 0.5204), road cruising (1 juvenile; 
1 adult; c2  = 0.188; df = 1; P = 0.7234), or funnel trapping (4 
juveniles; 1 adult; c 2  = 2.173; df = 1; P = 0.1293). 

The two trapping methods and road cruising did not yield re-
captured P. cornutum; however, systematic searches resulted in 
seven recaptured lizards These recaptured lizards were initially 
caught by pitfall trap (N = 1), systematic search (N = 1), and 
random capture (N = 4). One lizard was recaptured twice during 
systematic searches. 

Mortality of P. cornutum was not observed for pitfall and fun-
nel trappings and systematic searches. Four P. cornutum were re-
covered dead from the dirt roads on the research area. Even though 
it was obvious these lizards were killed by vehicles, road cruising 
searches could not be determined as the cause of death. There 
was no mortality of P cornutum during the time from capture to 
release for any method. 

Search methods provided more captures per unit effort than 
trapping methods and road cruising provided more captures per 
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unit effort than systematic searches. Even though there was an 
order of magnitude difference in captures per unit effort between 
road cruising and funnel trapping, the monthly variation in cap-
ture rates caused there to be no significant differences in captures 
per unit effort when all capture methods were compared. Few 
studies report capturing horned lizards in pitfall traps and we found 
no studies where P. cornutum were captured in funnel traps. Rice 
et al. (1994) did not capture P. cornutum in pitfall or funnel traps 
in 19 days of trapping, but did capture P. cornutum in their study 
area by random searches. Parker (1971) captured 10 of 50 P. solare 
in pitfall traps over two years. Milstead (1959) collected 12 P. 
modestum with funnel traps in 18 days of trapping. Anecdotal 
information indicates horned lizards may have an aversion to pit-
fall traps. P. cornutum have been observed to approach drift fenc-
ing, turn 180° and move away from the fencing, rather than turn 
90° and follow the fencing to the pitfall trap (M. Montemayor, 
pers. comm.). 

The large number of recaptures in the systematic searches was 
surprising, while the lack of recaptures in the other three capture 
methods was not. In another Texas study conducted over several 
years, the researchers have captured in excess of 800 P. cornutum 
with a recapture rate of < 5% on initial recaptures and < 1% on 
subsequent recaptures (M. Montemayor, pers. com .). Six of the 
seven recaptures in this study occurred in the study plots which 
were grazed by livestock. These plots were free from tall herba-
ceous vegetation due to heavy grazing, thus making it easier to 
locate the lizards 

Each of the assessed capture methods has positive and nega-
tive aspects. Pitfall and funnel trapping require only one person 
to operate, do not require active monitoring, and can be perma-
nent structures (funnel traps can be moved daily if needed). How-
ever, these methods are costly to set up in both time and money. 
Current prices (1996) for aluminum flashing (used as drift fences 
in the pitfall arrays) and hardware cloth (used in the construction 
of funnel traps) are US $15.50 per 7.6 m by 45 cm roll and ap-
proximately $2 per trap, respectively. Additionally, pitfall traps 
require frequent maintenance to keep paths around the drift fences 
clear of vegetation and debris, and to repair erosion around the 
buckets and flashing. Several instances occurred when funnel traps 
required mending because captured rodents chewed holes through 
the hardware cloth. 

In contrast, road cruising and systematic searches required no 
setup time and were time efficient (a large area was covered in a 
short amount of time). Road cruising requires only one person to 
conduct; however, this method requires many secondary roads to 
yield sufficient numbers of lizards and these roads need to be 
maintained free of tall grass and ground litter to increase the prob-
ability of observing lizards Also, road cruising is a potential source 
of mortality for P. cornutum. If an estimate of population size is 
required, then systematic searches should be conducted. Most 
population estimation methods require mark-recapture data (Krebs 
1989), and the systematic search was the only method assessed 
which provided this type of information. This method can be costly 
if searchers are paid; therefore, volunteer searchers (e.g., Boy 
Scout troops, local conservation groups, etc.) are recommended. 
However, observer bias can be great if some searchers look for 
lizards more thoroughly than others. Also, if an estimate of rela-
tive density is required, it would be best to maintain the same 
searchers for each area to minimize observer bias. 

The capture methods were analyzed in terms of captures per 
effort, but often effort is not the limiting factor in a study. Finan-
cial constraints are more commonly the limiting factor and this 
study did not include this component in the analysis. All four cap- 

ture methods can be economically consuming. However, if P 
cornutum are required in a short period of time, the following 
recommendations are offered. If secondary roads are abundant 
on the area of interest, then road cruising is recommended to yield 
the best capture rate per unit effort. If the area of interest has few 
secondary roads but searchers can be obtained, then systematic 
searches may prove to be the most productive method of capture. 
If secondary roads and number of searchers are limiting factors, 
then a trapping method is the best option; funnel traps are less 
expensive per unit. Researchers need to determine which factors 
are limiting, and then choose the capture method best suited for 
their available resources. 
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Basic data on vertebrate activity are difficult to obtain for many 
species in quantities sufficient for documenting patterns. To alle-
viate this problem, we designed a camera device to record the 
time, day, and identity of every vertebrate entering or exiting a 
gopher tortoise (Gopherus polyphemus) burrow. The apparatus 
may be modified for use with other vertebrates. 

For a camera, we use a CanonTM Sure Shot Max/Date with a 
modified shutter release. Removing the plastic button (with 
hemostats) exposes four contacts; separate 30 gauge wires are 
soldered to three of these contacts at the points shown in Fig. 1. 
Each wire exits, and is cut 1" beyond, the hole left by the shutter 
release button, and remaining space is filled with hot glue to protect 

the soldered connection 
and immobilize the wire. 
Wires attached to points 1 
and 2 (Fig. 1) are twisted 
together and soldered to 
an 18 gauge wire, the wire 
attached to point 3 is 
soldered to another 18 
gauge wire, soldered 
connections are protected 
with shrink wrap, and the 
two wires are cut to a 
length of ca. 6". The 
carrying strap is removed 
from the camera and both 
wires are immobilized 
against the strap hole with 
a plastic bundle holder. 
Terminal ends of the wires 
are then attached to the 
female end of a two-pole 
quick connect; this latter 
arrangement reduces 
strain on the solder joint 

when the camera is connected to, or disconnected from, other 
components. 

The base of the pressure switch (Fig. 2) consists of 10" diam-
eter PVC pipe cut into 3" x 8" rectangles. A 1/8" hole, started on 
the convex side and countersunk through half the thickness of the 
PVC, is drilled at each end and a piece of masking tape is placed 
across the convex side of one end; this covers the terminal 1" of 
the base. The top (convex side) of the base is painted with EMI-
RFI shield paint (available from specialty electronics shops). Af-
ter drying, the masking tape is removed, conical metal inserts are 
placed in the countersunk holes, a 1/8" bolt is placed through 
each hole from the top, and one lead from a 4' length of 18 gauge, 

• 
FIG. 2. Schematic of pressure switch. A) Base of switch (PVC); 

lead wires from timer box are bolted to the bottom at each end of the 
base. B) Top of switch (plastic transparency film) showing painted 
(bottom) side. C) Complete switch showing top attached to base with 
duct tape. 

two-lead, stranded wire is attached to each bolt and bolted from 
below. A "sensitive area" is established by placing 1/8" wide strips 
of zip-a-line in the shape of a rectangle (excluding both bolts, and 
leaving a 1/4" wide border) on the upper surface of the base (Fig. 
2A). Then four strips of 1/16" wide zip-a-line are placed within 
this rectangular area at ca. 1/8" intervals (Fig. 2A). 

The top of the pressure switch, a 3" x 8" piece of clear plastic 
(we use 3M114  transparency film), is masked across one end and 
then spray painted with the EMI-RFI shield paint (Fig. 2B). A 
small bead of silicone sealant is then placed along the outer edge 
of the upper surface of the PVC (outside the "sensitive area"), 
and the top is added (painted side to zip-a-line side) so that its 
unpainted end overlaps the painted end of the base. The edge of 
the top is then secured to the PVC with duct tape (Fig. 2C). Within 
the pressure switch, the central painted portion of the plastic top 
avoids contact with the painted central portion of the PVC be-
cause of the zip-a-line. Any organism heavy enough to deflect the 
top so that the shield paint contacts the painted portion of the 
base completes a circuit that triggers the timer box. 

Timer box circuitry (Fig. 3) is placed inside a protective metal 
box, the outside of which is shown (Fig. 4). Three wires enter the 
box, one from the pressure switch [hardwired; the lead wire from 
the switch must pass through a hole in the protective tub (see 
below)], one from the male end of a quick release (also hardwired; 
allows the camera to be detached from the timer box), and a third 
one to connect the timer circuitry to a 12 volt battery. The face of 
the timer box (Fig. 4) has three toggle switches, a test light, and a 
rheostat control. The toggles turn power on or off, send signals 
from the pressure switch to a test light or camera, and engage or 
disengage a variable delay set by the rheostat; if the rheostat is 
not engaged, a six second delay between successful triggerings 
of the pressure switch is effected. This minimum delay reflects 
the ability of the camera to recharge the flash and auto focus after 
each exposure. The rheostat, however, allows a variable delay 

FIG. 1. Schematic of circuit board in 
camera used to trigger the shutter. Num-
bered arrows show points where 30 
gauge wire is soldered to link camera 
shutter to timer box. 
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FIG. 3. Schematic of timer box circuitry. Sl, S2, and S3 are switches (normally open) located on the front of the timer box (Fig. 4). R 1, R2, R3, 
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between camera shots; our current model can be adjusted between 
one and two minutes. 

The timer box and pressure switch require a 12 volt, 1.2 amp•hr 
battery (we use Power SonicTM model PS-1212); batteries last 1-
2 weeks between rechargings. The camera's clock is run by a 3 
volt lithium watch battery (CR 2025) that is expected to last ca. 3 
years, and the flash and autofocus are run by a 3 volt lithium 
battery (CR 123 A/DL 123A) that is advertised to last through ca. 
400 exposures (at 50% flash). For the latter, however, we find it 
necessary to check the charge every 1-2 weeks; batteries run down 
rapidly in the field. 

To keep the camera free of dust and moisture, we use a plastic 
tub (RubbermaidTM 3 quart, rectangular) with a tight fitting lid 
(Fig. 5A). On one side of the tub, we cut an opening following 
the outline of the camera (Fig. 5B) and cover this opening with 
plastic window material or plexiglass cut to size and fixed to the 
outside of the tub with silicone sealer. The side of the tub that 
now faces up becomes the top of the device in the field; a steel 
rod cut to ca. 2 ft. in length is now attached to the tub with two U-
bolts that must pass through holes drilled through the top. Nuts 
are tightened on the bolts from inside the tub and the rod is posi-
tioned so that it passes beyond the tub for a distance of at least 1 
ft. (Fig. 5A). We then attach a right-angle clamp to the rod so that 
it can be secured to a ring stand in the field. A 1/8" hole is drilled 
into the bottom of the tub, through which the wire from the pres- FIG. 4. Arrangement of control switches on timer box. 
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sure switch passes (Fig. 5B) on its way to the timer box (Fig. 4). 
Strips of styrofoam cut and glued to the inside of the tub hold 

the camera in place. The camera must be switched to auto flash, 
and the lens shutter opened, when placed in the field; to avoid 
draining the 3 volt battery, the camera lens shutter should be closed 
when the camera is not in use. The 12 volt battery is connected to 
the timer box and placed behind the camera (this also helps main-
tain the camera in position). The timer box then is switched to the 
desired settings and placed into the tub. Before the lid is placed 
on the tub, a small paper envelope with Drierite is added to con-
trol moisture. 

The camera device is positioned by placing a ring stand behind 
a burrow entrance and clamping the protective tub to the stand. A 
single pressure switch is placed so that burrow occupants must  

cross it; switches can be linked with parallel circuitry so that the 
area covered is suitable for large burrows, or the size of the base 
can be modified. 

Our camera device cost ca. US $175, which makes it compa-
rable in price to a radio transmitter (assuming no labor costs). In 
field settings, the camera can document activity patterns, as can 
telemetry. We have used both technologies in studying gopher 
tortoises and feel that the camera method has the advantage of 
greater precision in that the length of time that an animal is in or 
out of a burrow can be measured. Comparable precision with te-
lemetry gear requires relatively expensive data loggers and an-
tennae. In addition, all animals entering a burrow, not just those 
with radios, can be assessed with the cameras. Additionally, if 
10-15 cameras are available (the number of radios used in a typi-

cal telemetry project) they can be arranged 
at neighboring active burrows to determine 
the potential for social interaction. The pri-
mary disadvantage of the camera method is 
triggering of the pressure switch during rain 
storms. Associated with this is a greater cost 
in the film and film processing necessary to 
assess activity. 

Acknowledgments.—This project was sup-
ported, in part, by The Nature Conservancy and 
the Alabama Agricultural Experiment Station. 
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FIG. 5. Positions of camera, battery, and timer box in a protective case. A) Front view of 
protective case. Numbered parts are U-bolts (1), steel attachment rod (2), lid (3), plastic protec-
tive case (4), ring stand upright (5), and right-angle clamp (6); the camera and timer box are 
shown inside the case. B) Side view of protective case showing location of camera (7), timer 
box (outline only, 8), battery (9), lead from the pressure switch to the timer box (10), and 
styrofoam support (11). 
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Frogs of the genus Eleutherodactylus form a species-diverse 
and ecologically dominant element in many neotropical anuran 
communities. Due to its enormous size, this genus provides an 
excellent opportunity for investigations into the mechanisms of 
adaptive radiation and sympatric evolution. However, little is 
known of the life-histories of the majority of the 500-plus de-
scribed species. Life history studies have been hindered by the 
fact that the majority of Eleutherodactylus species are nocturnal, 
cryptically colored, and wary. In addition, most are territorial 
breeders, with individuals often widely distributed throughout their 
habitat. As a tool for study of the basic ecology of these frogs, 
methods have been developed to breed certain species in captiv-
ity (Michael 1995). Here, observations of the captive reproduc-
tive behavior of another species, Eleutherodactylus antillensis, 
are reported. 

Eleutherodactylus antillensis is a small to medium sized spe-
cies (adult SVL 30-36 mm) occurring nearly island-wide in Pu-
erto Rico (except for high elevations) and on several of the Virgin 
Islands (Rivero 1978; Schwartz and Henderson 1991). One fe-
male (49 mm SVL) and five male (33-36 mm SVL) frogs were 
collected from shrubs and low plants from roadsides and other 
open areas along Route 186, near El Verde field station (350 m 
elevation) in the Luquillo Mountains of Puerto Rico. These speci-
mens are somewhat larger than the sizes previously reported for 
this species, and may reflect a difference in size in populations 
from different sites. 

In captivity, frogs were housed in 10-gallon, glass aquaria (51 
cm [length] x 26 cm [width] x 32 cm [height]) with regulated 
moisture, heat (25-27°C during the day, 21-23°C during the night), 
and light (12 h photoperiod), as previously described (Michael 
1995). Retreat sites were provided by the inclusion of potted bro-
meliads (Guzmania and Vriesea sp.) and 1-4 cm deep piles of 
moist peat moss on a substrate of pebbles. Whenever possible 
frogs were fed a variety of moths attracted to outdoor lights, vari-
ous spiders, grasshoppers, termites, and other insects captured 
locally in Alabama. During the winters, the diet consisted almost 
entirely of crickets (Acheta domesticus), house flies (Musca 
domestica), and fruit flies (Drosophila melanogaster). 

For investigation of breeding behavior, a single male was 
generally housed with the female. The other males were housed 
together in other tanks In captivity, males produced typical 
vocalizations, consisting of both the rapidly repeated two-note 
advertisement call as well as a call consisting of a series of short 
clicks (Drewry and Rand 1983). This second call has been shown 
recently to have an aggressive function (Ovaska and Caldbeck 
1997a). Typically, the male housed with the female was more vocal 
than other males. The female was not heard to vocalize on any 
occasion. This is in contrast to females of the closely related species 
E. coqui and E. cochranae which both utilize aggressive 
vocalizations (Michael 1997; Stewart and Rand 1991, 1992). 

Each of three males was used separately for breeding. Inclu-
sion of more than one male with the female resulted in mating 
interference behaviors which precluded successful breeding. Sepa-
rately, each courted and successfully mated with the female. Court-
ship usually took place during the early evening, similar to E. 
coqui and E. cochranae (Michael 1995; Townsend and Stewart 
1986, 1994). The males generally began courtship by producing 
advertisement calls interspersed with territorial calls, then changed 
to the softer courtship call upon the approach of the receptive 
female (Michael 1996). A similar courtship has been described 
recently for E. antillensis from the Virgin Islands in the wild 
(Ovaska and Caldbeck 1997b). During a successful courtship, the 
male would lead the female down an excavated tunnel within the 
soil of one of the potted bromeliads. All of the egg clutches were 
deposited in these tunnels. 

When two or more males were housed together with the fe-
male, mating was always unsuccessful. One male would assume 
a dominant role and call to the female and the other would as-
sume a satellite role and remain quiet, near the calling male. Upon 
initiation of courtship, all three frogs would attempt to enter the 
nest site. Since the nest sites were all in excavated burrows, it 
was difficult to determine subsequent events. On two occasions 
the nest sites were exposed during courtship by removing the bro-
meliad from the pot. On both occasions all three frogs were found 
together in amplexus. Amplexus in these situations, as well as 
with only one male, seemed to consist of the males loosely laying 
on top and somewhat to the rear of the female. There was no 
evidence of clasping; however this may have been missed be-
cause of the difficulty in observing the frogs and disturbance to 
the frogs during observation. No eggs were found during exami-
nation of the nest site after three courtships where more than one 
male was present, even though the female showed evidence of 
having laid eggs (as determined by thinness and lack of white 
abdominal egg masses). The eggs were most likely eaten by one 
or more of the frogs, although eggs could not be clearly seen in 
the abdomens of any of the frogs. 

The three males used for breeding each fathered multiple 
clutches (male A: 7; male B: 4; male C: 8). The matings with any 
one particular male were consecutive and breeding continued year-
round. Every male placed with the female successfully mated. 
The number of eggs per clutch ranged from 11 to 32 (mean = 24; 
SD = 8; N = 9). Egg size was 4-5 mm at deposition, but the jelly 
coating swelled to a total diameter of 6-7 mm within a few days. 
The interval between clutches was extremely variable and de-
pended on both the readiness of the male, as well as the feeding 
schedule of the female. The minimum breeding interval was eight 
days. 

As a test for the utilization of internal fertilization in this spe-
cies, male removal experiments were carried out during five of 
the oviposition events mentioned above (once with males A and 
B and three times with male C). During these experiments the 
courtship was monitored carefully and the male was removed from 
amplexus after a period of time had passed. Experiments were 
performed such that the male was removed 1.25 h, 5 h, 5.5 h, 6.5 
h, and 7.66 h after the pair initially entered the nest site. After 
male removal, which usually resulted in both frogs abandoning 
the nest site, the female returned to the nest site within an hour 
and deposited eggs; apparently, once ovulation is initiated at the 
beginning of courtship the female is obligated to deposit eggs. 
During the 7.66 h trial the female had already deposited some of 
her eggs before the male was removed. The eggs from these ex-
periments were monitored for several days for development. None 
developed except for the eggs that already had been laid during 
the 7.66 h time point, all of which developed normally. These 
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experiments indicate that E. antillensis apparently does not uti-
lize internal fertilization as has been reported for E. coqui 
(Townsend et al. 1981) and the ovoviviparous species E. jasperi 
(Wake 1978). 

To determine the extent of parental care in this species the fa-
thers were monitored closely for several days following undis-
turbed mating. They tended to use excavated tunnels in the bro-
meliad pots as diurnal retreats, sometimes in the same pot as the 
clutch of eggs. However, in no case were the fathers ever found 
sitting directly on top of the eggs. In only one case was a father 
found in contact with the eggs, and then only with the very edge 
of his hind foot. This is in contrast to other Puerto Rican spe-
cies- E. cochranae, E. cooki, E. coqui, and E. hedricki-in which 
male frogs have been documented to sit on and actively guard 
their clutches (Grant 1932; Michael 1995; Rivero 1963; Townsend 
et al. 1984). The female was also never found attending the eggs, 
as has been documented for several non-Puerto Rican species (re-
viewed by Townsend 1996), but tended to utilize a particular bro-
meliad axil as a diurnal retreat, regardless of the oviposition site. 

A previous report, based on observation of a small introduced 
population of E. antillensis in Panama City, Panama, mentions 
that eggs are cared for either in turns or together by both parents 
(De Sousa et al 1989). However, an earlier and more detailed 
publication by the same authors indicates that only females were 
ever observed with the eggs, and then in only a small percentage 
of cases and never with eggs that were more than six days old 
(Castillo and Mayorga 1984). These observations are interesting 
as female egg attendance has never been reported for any other 
Puerto Rican species. Differences between these previous obser-
vations and those presented here may be due to behavioral differ-
ences between populations from Puerto Rico and Panama. Fe-
male parental care may also have been missed in this report due 
to the study of only a single female. In any case, it is clear that E. 
antillensis does not exhibit the same level of parental care as other 
Puerto Rican species. It is possible, however, that E. antillensis 
parents provide a considerable amount of protection to their eggs 
simply by defending an area of surrounding territory without ac-
tually maintaining contact with the clutch. 

Hatching times for clutches for which exact deposition and 
hatching dates were known ranged from 12-20 days (mean = 18; 
SD = 2; N = 5). Hatchling size was 4-6 mm SVL (mean = 5; SD 
= 1; N = 8). Hatchlings were maintained in small, clear acrylic 
boxes (12 x 12 x 10 cm tall) with a crumpled, moistened, un-
bleached paper towel inside. These small cages then were placed 
inside an appropriately heated and lit aquarium. The tiny froglets 
were too small to eat fruit flies and were initially fed a diet of 
small springtails (Folsomia candida). Newly hatched E. antillensis 
were apparently completely developed and began to hunt actively 
and eat within several hours of hatching. This is in contrast to 
hatchling E. coqui and E. cochranae which generally remain in 
the nest site under parental protection for three to five days be-
fore dispersing to find food. Even when removed from the father, 
hatchlings of these two species do not eat for several days. The 
ability of E. antillensis hatchlings to hunt and consume prey im-
mediately lends support to the observed lack of parental care. 

Feeding springtails to the hatchling frogs allowed 90-100% to 
grow to a size where they were able to eat fruit flies, as opposed 
to the 95% mortality reported previously for E. coqui and E. 
cochranae that were not fed springtails (Michael 1995). How-
ever, a diet of springtails and fruit flies alone resulted in develop-
mental problems similar to those reported previously for E. 
cochranae (Michael 1995). Subsequent hatchlings were fed a diet 
heavily supplemented with small insects locally collected in Ala- 

bama. These small insects were collected with a sweep net and 
potentially dangerous spiders, bees, large ants, and other noxious 
insects were removed. On this diet, juvenile frogs developed well. 
The three fastest developing frogs reached maturity and began to 
call (indicating that they were male) in five months, at which point 
they measured 22-25 mm SVL. 

Captive breeding of E. antillensis has allowed the intimate ob-
servation of biologically interesting behaviors that are difficult to 
observe in the field. These include territorial and mating behav-
iors which indicate differences in the biology of E. antillensis 
compared to other Eleutherodactylus species. 
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The boreal toad, Bufo boreas, historically occupied habitats 
primarily between 2590 m and 3350 m elevation in Colorado 
(Hammerson 1986). Interest in this toad has increased with the 
realization that populations in the southern Rocky Mountains have 
undergone significant declines in the past several years (Carey 
1993; Corn et al. 1989). In November 1993, this toad was added 
to Colorado's list of Endangered Species (Buhlmann 1994). In 
addition, it is a candidate species for listing as Endangered by the 
U.S. Fish and Wildlife Service with the current federal status of 
"warranted but precluded" (U.S. Fish and Wildlife Service 1995). 
Here we compare the historical elevational range occupied by 
this species in the Colorado Front Range with its current 
elevational range. 

We determined the historical elevational range for Bufo boreas 
in the Front Range based on 35 records in Boulder and Gilpin 
counties made before 1988. Localities 
were obtained from a database (Colo-
rado Division of Wildlife, 1994) and 
records from Campbell (1970), Oder 
(1932), Ellis and Henderson (1913), 5 
Johnson (1932), Cynthia Carey (pers. 

	

comm.), and personal observations. 	4— 

Most of the records in the database are 

	

based on museum records. Campbell 
	3— 

(1970) and Oder (1932) provided infor- E 2 - 
mation on sites where breeding by this 
species was observed. 

	

Current elevational distribution was 	
0 determined from 22 observations made 

during 1993 and 1994 in Boulder, Clear 
Creek, and Gilpin counties during sur-
veys conducted by the U.S. Forest Ser-
vice and Colorado Division of Wildlife. 

These observations include data from extensive 1994 survey work 
and from less systematic surveys made in 1993. Most survey ef-
fort (ca. 94%) was made at elevations between 2500 and 3400 m. 
Three of the sites with toads observed in 1994 were among the 20 
historical sites we were able to survey. 

Historical Bufo boreas sites in Boulder and Gilpin counties 
ranged in elevation from ca. 2450 m at Boulder (= Barker) Dam, 
(Colorado Division of Wildlife 1994) to ca. 3480 m at King Lake 
(Campbell 1970). 

The sites at which toads were observed in Boulder, Clear Creek, 
and Gilpin counties in 1993 and 1994 ranged between 2390 m 
and 3640 m (N = 22) (Fig. 1). Elevation ranged from 2630-3350 
m at seven historical breeding sites and 2840-3280 m at nine 
observed breeding sites (Fig. 2). 

Campbell (1976) reported a high elevation record of 3615 m 
for this species in the San Juan Mountains of southern Colorado. 
The observation of a female Bufo boreas on 27 August 1993 at an 
elevation of 3640 m in the Woods Creek drainage (Clear Creek 
County, Colorado) represents a new high elevation record for this 
species. This species ranges above this elevation, however, as 
Campbell (1976) noted that one individual must have moved 
across a 3661 m pass, as it was observed on both sides. 

Our observation of a toad at 2390 m is at a lower elevation than 
the historical record in the Front Range (2450 m). The lowest 
elevational records from both historical and observed sites along 
the Front Range are well above the low elevation records from 
elsewhere in Colorado. The lowest elevation records from Colo-
rado include Pagosa Springs (2164 m) and "3 miles E, 4 miles S 
Collbran" (ca. 2070 m). However, the collection data for some of 
these records may be inaccurate (Hammerson 1986). 

Survey work in southern and eastern Wyoming indicates that 
the elevational range there may be contracting, with this species 
disappearing at higher elevations. For example, in the Medicine 
Bow Mountains of southeastern Wyoming, historical records pre-
viously ranged up to 3200 m elevation. Data from recent surveys 
indicate that toads are now absent from elevations above 2925 m 
(Christopher Garber [deceased], Wyoming Nature Conservancy, 
pers. comm.). 

Caution needs to be exercised in comparisons made between 
historical and observed elevational distributions of boreal toads. 
First, older records often lack precision, making it difficult to 
determine the precise site (and therefore the elevation) of the ob-
servation. Also, there can be considerable bias in data collection, 
particularly for a species as common as this toad once was. For 
example, Campbell (1970) reported several high-elevation occur- 
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FIG. 1. Boreal toad historical and observed (1993-1994) elevational distribution. 
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rences that were not represented elsewhere. Museum and litera-
ture records seldom mention whether breeding was observed at 
the site where a specimen was taken (Corn et al. 1989). Explicit 
mention of breeding or of tadpoles was made for only seven of 
the historical sites—almost certainly sexual activity must have 
been occurring at a much greater proportion of the recorded lo-
calities. Finally, our survey work was not evenly distributed across 
the elevational range occupied by this species, but instead was 
biased for sites above 2500 m elevation. 

When a species that occupies a broad elevational range under-
goes population declines, it is probable that the elevational range 
occupied will contract as well. This effect can be noted in areas 
with only a few remaining populations (such as in the Medicine 
Bow Mountains of southeastern Wyoming). 

Bufo boreas populations in the Southern Rocky Mountains have 
declined from historical levels, including in our survey area. In 
the Colorado Front Range this toad still appears to occupy much 
the same elevational range as it did when it was more common. 
In fact, our data include a new high elevation record and a low 
elevation record that matches historical low elevation occurrence. 
However, there may be some elevational range contraction in 
current breeding sites when compared with historical breeding 
sites. 
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Fic. 2. Elevational distribution of historical and observed (1993-1994) boreal toad breeding sites. 

Demansia psammophis (Yellow-faced Whip Snake). Illustration by Dan Holland. 
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