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Payment must be made in USA funds, payable to "SSAR," or by International Money Order, or with 
VISA or MasterCard (account number and expiration date must be provided). Payment should be sent to: 
Karen L. Toepfer, SSAR Treasurer, P.O. Box 626, Hays, Kansas 67601-0626, USA. Telephone: (913) 
623-4258; Fax: (913) 625-8890; e-mail: aren@ksuvm.ksu.edu  or aren@ksuvm.bitnet. 
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Future Annual Meetings 

1996 — University of Kansas, Lawrence. Kansas. USA, 24-29 July (Linda Truett Chair). 
/997— University of Washington, Seattle, Washington, USA, 25 June- ,2 July (Theodore Pietsch, Chair). 
1998 -- University of Guelph, Guelph. Ontario, Canada, 16-22 July (James P Bogart. Chair). 



SSAR BUSINESS 

SSAR Grants-in-Herpetology 

Proposals are now being accepted for the 1996 SSAR Grants-
in-Herpetology Program. This program is intended to provide fi-
nancial support for deserving individuals or organizations involved 
in herpetological research, education, or conservation. Grant pro-
posals will be considered in the following categories: 

1.CONSERVATION OF AMPHIBIANS AND/OR REPTILES. 
Proposals should address research (particularly conservation bi-
ology) on species endangered or threatened at the state, national, 
or international level, or address research on potentially threat-
ened habitats or species, or on introduced injurious species. Pro-
posals must be accompanied by a letter of support from another 
member of the SSAR or a student's major advisor or committee 
chairperson 

2. FIELD RESEARCH. Proposals may address needs for field 
station fees or equipment and materials in field oriented projects, 
or the field work portions of broader studies. This might include 
in situ behavioral studies, ecological, life history, or sexual selec-
tion studies. Survey work by individuals or regional societies may 
be submitted here or in TRAVEL below depending on how the 
funds are to be used. Proposals must be from individuals only 
and be accompanied by a letter of support from another member 
of the SSAR, the president of the sponsoring regional society (if 
applicable), or a student's major advisor or committee chairper-
son. 

3. LABORATORY RESEARCH. Proposals may address needs 
for equipment or materials in laboratory projects or laboratory 
portions of broader projects. This might include studies in behav-
ior, biochemistry, molecular biology, biomechanics, or physiol-
ogy. Proposals must be from individuals only and be accompa-
nied by a letter of support from another member of the SSAR or a 
student's major advisor or committee chairperson. 

4. HERPETOLOGICAL EDUCATION. Proposals may address 
an educational project or start up support for an educational pro-
gram in a zoo, museum, park, nature center, regional herpetologi-
cal society, etc. The project must focus on an herpetological topic. 
Proposals must be from individuals only and be accompanied by 
a letter of support from the herpetological curator, the director of 
the facility, or the regional society president. 

5. TRAVEL. Proposals may address support for travel to field 
study sites near or far, or to utilize distant collections or facilities. 
If funding is sought to get from one place to another, proposals 
should be submitted in the TRAVEL category. Proposals normally 
submitted in the CONSERVATION or FIELD RESEARCH cat-
egories should be submitted here if travel funding is being sought. 
Proposals must be accompanied by a letter of support from an-
other member of the SSAR or a student's major advisor or com-
mittee chairperson, or the regional society president. 

In keeping with the Society's goal of encouraging participation 
by the broadest possible community, preference may be given to 
individuals who might not have access to other funding sources. 
All applicants must be members of the SSAR with the exception 
of those applying for support of regional herpetological society 
projects. Membership dues must be paid (to SSAR Treasurer) no 
later than 31 December 1995 for proposals to be considered. Ap-
plicants are limited to submission of one proposal in one category 
per year. If proposals in any of the categories are not forthcom-
ing, or judged not to be of sufficient quality, the funds in those  

categories may be transferred to other categories. Each proposal 
must include the following: (A) BACKGROUND AND OBJEC-
TIVES of the proposed project. (B) METHODS of carrying out 
the project. (C) COMPLETE PROJECT BUDGET (regardless of 
whether the SSAR grant will entirely cover expenses). (D) BRIEF 
RESUME of the applicant or project coordinator. (E) LETTER 
OF SUPPORT. The proposal must be typed, double spaced, and 
must not exceed five pages excluding resume and budget. 

Applicants must designate to which of the five 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 1995 to be considered. 
Please include office and home phone numbers, as well as fax 
number and e-mail address if available. It is often necessary to 

About our Cover 

Box turtles (genus Terrapene) have figured prominently in 
recent discussions concerning international trade in pet turtles. 
[See Legislation & Conservation, p. 117 of this issue, for addi-
tional information.] According to a recent report prepared by 
Allen Salzberg for The Humane Society of the United States 
(Live freshwater turtle and tortoise trade in the United States, 
Nov. 1994,39 pp.), "[D]uring the summer of 1994, every week, 
thousands of North American box turtles...were shipped out ... 
to supply the European pet trade." In what appears to be a clas-
sic conflict between conservationists and economic interests 
(chiefly Louisiana animal dealers), the U.S. Fish and Wildlife 
Service, despite opposition from SSAR, agreed to allow the ex-
port of 9750 Terrapene carolina during 1995. Scientists argued 
that populations of long-lived species such as box turtles cannot 
sustain this level of harvesting. The export allowance will be 
reexamined next year, and the quotas can go up or down. 

The genus Terrapene consists of four species (T carolina, 
coahuila, nelsoni, ornata) and is confined to the U.S. and Mexico. 
Recent reviews include those by Iverson (1992. A Revised 
Checklist with Distribution Maps of the Turtles of the World. 
Richmond, Indiana. 363 pp.), and Ernst and McBreen (1991. 
Cat. Amer. Amphib. Rept. 511:1-6; 1991. ibid. 512:1-13). 

The cover depicts an Eastern Box Turtle (Terrapene c. 
carolina) from Adams Co., Ohio, USA. The photograph was 
taken by David M. Dennis, a noted illustrator and photogra-
pher. This turtle served as the model for the commemorative 
poster prepared by Dennis for the First World Congress of Her-
petology in Canterbury. David holds the position of Scientific 
Illustrator for the College of Biological Sciences at The Ohio 
State University in Columbus. He has become an internation-
ally renowned illustrator of biological subjects, in particular of 
amphibians and reptiles, of which he is regarded as preeminent 
among the world's artists. He is perhaps best known to verte-
brate biologists for the exquisite watercolors published in 
Duellman's Hylid Frogs of Middle America (University of Kan-
sas Press, 1970) and in Smith and Brodie's Field Identification: 
Reptiles of North America (Golden Press, 1982). In addition to 
his talents as an illustrator and photographer, David is one of 
the two co-founders of SSAR, begun in Ohio in 1958 as The 
Ohio Herpetological Society. David's art work has appeared in 
numerous SSAR publications, and his now-famous multimedia 
presentations (in collaboration with Eric Juterbock and Kraig 
Adler) are staples at the SSAR annual meetings. 

He took this photo using a Nikon FE-2 camera with a 105mm 
macro lens with Kodachrome 64 film with flash in a soft box. 
Separation and imaging by Jim Bridges, Herpeto Inc., Holly-
wood, Florida, USA. 
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contact applicants quickly. Failure to meet the guidelines may 
result in elimination of a proposal from consideration. The awards 
will be announced by 1 April 1996. Successful applicants will be 
expected to submit a written report of the results of this support 
within a reasonable amount of time after the project year is com-
pleted. They are also encouraged to submit the results of research 
projects for publication in the Journal of Herpetology or Herpe-
tological Review or to present their findings at the annual meet-
ing of the SSAR. Submit proposals or questions regarding appli-
cation procedures to: Julian C. Lee, Chain SSAR Grants-in-Her-
petology, Department of Biology, P.O. Box 249118, University of 
Miami, Coral Gables, Florida 33124, USA. Tel. (305) 284-6420, 
FAX (305) 284-3039. 

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 con-
tribution 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-Herpetol-
ogy Program. If you are employed by an organization that will 
match donations made to nonprofit organizations, please notify 
your employer that you have made a donation to the Grants-in-
Herpetology Program. 

Annual Report (1995) 
Grants-in-Herpetology Committee 

Five awards of $500 each in four categories were made this 
year, as follows: 

Conservation.—Christine Bridges, University of Missouri-
Columbia. Project title: "Effects of an agricultural chemical on 
tadpole swimming and feeding in the presence and absence of 
predators." 

Laboratory Research.—Allison Abell, University of Chicago. 
Project title: "The relationship among male secondary sexual char-
acter expression, territorial aggression, courtship behavior, and 
mating success in Sceloporus virgatus." 

Laboratory Research.—Leslie Rye, University of Guelph. 
Project title: "Analysis of two areas of intergradation between 
subspecies of common garter snake, Thamnophis sirtalis." 

Field Research.—Marguerite A. Butler, Washington Univer-
sity. Project title: "The relative roles of intersexual and interspe-
cific differentiation in the radiation of Greater Antillean Anolis 
lizards." 

Travel.—Michael S. Finkler, Miami University. Project title: 
"Impact of egg content on post-hatchling size, body composition, 
and performance in the common snapping turtle (Chelydra 
serpentina)." 

1995 Grants-in-Herpetology Committee.—Kelly Zamudio, Uni-
versity of Washington; Barbara Savitzky, Christopher Newport 
University; Anders G. J. Rhodin, Chelonian Research Founda-
tion; Julian C. Lee, University of Miami; Randy Jennings, West-
ern New Mexico University, Carole L. Hom, University of Cali-
fornia, Davis; Lewellyn Densmore, Texas Tech University; A. Dale 
Belcher, Rio Grande Zoological Park (chair). 

NEWSNOTES 

Association of Reptilian and 
Amphibian Veterinarians 

The Association of Reptilian and Amphibians Veterinarians 
(ARAV) is a non-profit international network of veterinarians and 
herpetologists whose goal is to improve reptilian and amphibian 
husbandry and medicine through education and idea exchange. 
The Bulletin of the Association of Reptilian and Amphibian Vet-
erinarians, edited by Thomas Boyer, is published quarterly, and 
features peer-reviewed original articles on topics such as clinical 
cases, current therapy, species propagation, and literature reviews, 
as well as brief reports detailing clinical experiences and the ex-
change of ideas for direct practical application. Other articles con-
cern captive husbandry strategies for the herpetoculturist. 

In addition to their quarterly journal, ARAV also publishes pa-
pers delivered at their annual conference. The Proceedings of the 
1994 ARAV Conference (available for US$30) contain the fol-
lowing titles (and authors): Physical examination of reptiles and 
amphibians (Paul Raiti); Common infectious diseases of reptiles 
and amphibians: an etiologic review, diagnostics and treatment 
recommendations (Mark Lloyd); Common parasitic diseases of 
reptiles and amphibians (Michael S. Bodri); Basic principles of 
therapeutics used in reptile medicine (Roger J. Klingenberg); Di-
agnostic techniques in reptile medicine; Common non-infectious 
diseases of reptiles (Wm. Kirk Suedmeyer); Current techniques 
in reptile anesthesia and surgery (R. Avery Bennett); Use of com-
puted tomography as a diagnostic aid in the diagnosis of an ab-
dominal mass in a box turtle (Karen Rosenthal and Amy Kapatkin); 
Chemotherapeutic treatment of a sarcoma in a corn snake (Karen 
Rosenthal); Two cases of anemia in reptiles treated with blood 
transfusions: (1) hemolytic anemia in a diamond python caused 
by an erythrocytic virus; (2) nutritional anemia in a bearded dragon 
(Helen McCracken et al.); Successful treatment of a urolith asso-
ciated with a fungal cystitis in Iguana iguana (Nancy L. Ander-
son); Liver enzymes and pathology in runt crocodiles (C. porosus) 
(J. McInerney); MR of bowel using mineral oil as a contrast agent: 
a viable option in reptiles with long transit times (Paul Raiti and 
Nogah Haramati); Endoscopic examination of the urogenital tract 
in reptiles (Bernd Schildger); A review of allometric scaling with 
considerations for its application to reptile therapeutics (Janet C. 
Martin and Charles J. Sedgwick); Clinical approach to the cha-
meleon patient (Scott Stahl); The Wyoming toad (Bufo hemiophrys 
baxteri): a review of causes of mortality in the captive population 
(Sharon K. Taylor et al.); Normal and pathological ultra-
sonographic anatomy of amphibians (Mark D. Stetter and Robert 
A. Cook); Pharmacokinetics of intramuscular administration of 
three antibiotics in bullfrogs (Rana catesbeiana) (James Letcher 
and Mark Papich); Problems with metabolic scaling of antimi-
crobial dosages in reptiles (Juergen Schumacher and Elliot 
Jacobson); The reptilian renal portal system and its effect on drug 
kinetics (Peter Holz et al.); Pharmacokinetics of enrofloxacin in 
juvenile Burmese pythons (Python molurus bivittatus) (Lee A. 
Young et al.); Use of long-acting ivermectin suspension in snakes 
(Meg Sutherland-Smith et al.); Trichomonas associated with ocular 
and subcutaneous lesions in geckos (Harry A. Miller et al.); Peri-
odontal disease in lizards—a review of numerous cases (Helen 
McCracken and Christine A. Birch); Detection of antibodies 
against paramyxovirus (OPMV) on Mexican captive snakes 
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(Dulce Brousset et al.); Gallamine reversal in Cuban crocodiles 
(Crocodylus rhombifer) using neostigmine alone versus neo-
stigmine with hyaluronidase (Mark L. Lloyd et al.); Snake hema-
tology—practical considerations (Edward C. Ramsay and Tho-
mas K. Dotson). 

The ARAV invites all herpetologists and herpetoculturists to 
become members. Dues are US$30/year for members residing in 
the continental U.S., $35 for members in Alaska, Hawaii, Canada, 
Mexico, Puerto Rico, and the Virgin Islands, and $40 for other 
countries. To join, or to obtain back issues of the Bulletin, please 
write to: Wilbur B. Amand, Executive Director, ARAV, Box 605, 1 
Smith Bridge Road, Chester Heights, Pennsylvania 19017, USA. 
Tel. (610) 358-9530, Fax (610) 892-4813. 

Litteratura Serpentium 

Litteratura Serpentium is the bimonthly publication of the Euro-
pean Snake Society (E.S.S.). Since 1983, a Dutch and an English 
version have been published simultaneously. Articles are published 
on both snakes in nature and in the terrarium. The Editors are Rene 
van der Vlugt (email: R.A.A.van.der.Vlugt@ipo.agro.nl)  and Cecile 
van der Vlugt-Bergmans (email: Bergmans@rel.wau.nl).  The Trea-
surer is Guido Gomes, Pauwenveld 18, 2727 DE Zoetermeer, The 
Netherlands [Tel. +31(79) 416592]. Membership fee for 1995 (vol-
ume 15): $40.00 (credit card payment). Back issues as well as cu-
mulative indexes are available from the treasurer. 

Information for U.K. residents: Chris Mattison, 138 Dalewood 
Road, Beauchief, Sheffield, S8 OEF, United Kingdom. Meetings: 
Next Snake Day will be held 28 October 1995 at the Conference 
Centre URETCO, Meidoornkade 24, Houten (Utrecht), The Neth-
erlands. At the 1994 meeting more than 2000 attendees from Eu-
rope and the U.S. were counted. 

Proposal for an African Herpetofaunal 
Biodiversity Program 

This initiative is put forward to all relevant institutions and in-
dividuals in the hope that as many as possible will join together 
in working towards the aims of the program as outlined below. 
This communication invites you (and your organization) to con-
sider being a part of this program, or, at least, to comment and put 
forward suggestions or amendments which you feel are desirable. 

Introduction.—On a global scale, Africa and its islands fall 
within two biogeographical realms. These are the Palaearctic 
Realm and the Africotropical Realm. In the former, only three 
biogeographic provinces are represented. These are the Mediter-
ranean Sclerophyll, the Sahara, and the Atlas Steppe. All of these 
occupy North Africa. South of these provinces is the Africotropical 
Realm with 29 biogeographical provinces being recognized. Two 
of the world's four "megadiversity" countries fall within this lat-
ter realm. They are Zaire and Madagascar (the other two are In-
donesia and Brazil). While the mammal, bird, and even fish fau-
nas are receiving much attention from conservationists, the 
herpetofauna remains much neglected with only the crocodiles 
and, to a degree, the chelonians receiving any major attention. 

Aims.—The maintenance of present levels of biodiversity within 
this region depends on how well a number of essential require-
ments can be met. These requirements involve the following: 
1)A consolidated inventory of the taxa present in the region, their 
distribution, and survival requirements. 
2) An assessment and inventory of current conservation areas. 
3) An assessment and inventory of critical conservation sites 
(whether or not presently conserved) based on existing distribu- 

tion as well as the location of potentially important refuge areas 
in times of climatic extremes. 
4) The monitoring of local and regional environmental change 
with particular attention to the areas identified under 2 & 3 above. 
5) The implementation of a prioritized action plan to ensure that 
threatened species and systems are afforded appropriate atten-
tion. 
6) The inclusion and involvement of local communities in the 
management and maintenance of conservation areas. 
7) The assessment of the potential for the sustainable utilization 
and captive breeding of economically valuable species which could 
contribute to the economic development of local people while at 
the same time promoting the conservation of wild populations 
and their habitats. 

In order for the program to be successful, a coordination center 
will need to be established. This would act as a clearing house for 
information and as a facilitator for international collaboration be-
tween official and non-governmental conservation bodies, research 
organizations, individuals, and other affected parties. This center 
would also assist in establishing overall priorities and in obtain-
ing the international financial support required to implement these 
priorities. The coordinating center will also need to support an 
education program aimed at all levels of society from local people 
whose subsistence may depend on the areas needing conserving, 
through business and other agencies wishing to utilize these ar-
eas for development, and government and other political leaders 
who may be pressured by other interests. It will also need to de-
velop, or otherwise acquire, an integrated, multi-level, and multi-
purpose information system which can be used at local, national, 
and international levels to support planning and management de-
cisions as well as assisting with primary research. In addition to 
the overall coordination center, the possibility of regional centers 
is also envisaged. These would coordinate local projects while 
maintaining close links with the overall center. 

The program envisaged would preferably collaborate with, or 
involve, international bodies such as the IUCN, WWF, United 
Nations FAO, Earth Watch, the Biodiversity Foundation for Africa, 
and a wide range of universities, museums, government and non-
government conservation bodies, as well as herpetological societ-
ies, reptile parks, and other interested persons and organizations. 

The information provided above is of necessity somewhat lim-
ited but should give some idea of the proposed program. Com-
ments from interested individuals and organizations will be ap-
preciated. Details of completed, in progress, planned, and desired 
projects involving work on the African herpetofauna would be of 
great value. Once replies have been collated, a further document 
detailing the responses received will be sent out. 

Comments and confirmation of interest in the proposed pro-
gram should be sent to: Lynn Raw, P.O. Box 200, Merrivale, 3291 
South Africa. Tel: +27-331-431422 (home); +27-331-460796 
(work); Fax: +27-331-460895; e-mail: Raw@zoology.unp.ac.za.  

SSAR World Wide Web Page 

SSAR has begun a World Wide Web Page. Set your browser to 

http://falcon.cc.ukans.edut--gpisani/SSAR.html  

and check us out. The site still is under construction, but more 
useful things are being added weekly. In addition to SSAR in-
formation, the web page also offers links to other herpetological 
on-line resources. FORMER OFFICERS, EDITORS, COMMIT-
TEE MEMBERS: please review the file "SSAR Officers and Edi-
tors" to check that your data are up-to-date. This file will be used 
eventually in a history of the Society. The SSAR Web Page is 
administered by George Pisani (gpisani@falcon.cc.ukans.edu ). 
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OBITUARY 

Jeffrey Howard Black 
(1943-1995) 

Jeffrey Howard Black, Ph.D., died suddenly of a heart attack 
on January 7,1995 at his home in Roff in east central Oklahoma. 
Occurring at the apex of his life, this tragic, untimely death, sad-
dens those who knew him. 

Jeff grew up in Oregon where he was born on February 11, 
1943 in Prairie City. After receiving a B.S. degree in 1965 from 
Oregon State University, he went on to earn an M.S. degree from 
the University of Montana in 1970. His M.S. thesis on Bufo in 
Montana predicted a life-long interest in amphibians. 

I first met Jeff Black in the fall of 1967 when he entered the 
graduate program in zoology at the University of Oklahoma. For 
several years prior to this, Jeff had an active correspondence about 
his keen interest in toads (Bufo) with Dr. Arthur N. Bragg of our 
department. As a result of this interchange, he came to the Uni-
versity of Oklahoma to work on his doctorate with Dr. Bragg on 
Scaphiopus. Jeff was well into both his academic and research 
programs when Dr. Bragg retired and died soon after in 1968. 
Jeff was in limbo for a while. Then I took over as his major pro-
fessor; it was my good fortune to work with and establish a friend-
ship with this fine young student. 

Jeff was awarded a 
Ph.D. in Zoology in 1973. 
His doctoral research, a 
study on the "Ethoecology 
of Scaphiopus (Pelo-
batidae) larvae in tempo-
rary pools in central and 
southwestern Oklahoma," 
kept him on the move af-
ter heavy rains to observe 
and record these fascinat-
ing amphibians that had 
for so many years con-
sumed the energies of Dr. 
Bragg. While in graduate 
school, he received the 
Arthur N. Bragg Award in 
Natural History and the 
Ortenburger Award of the 
Phi Sigma Society. 

Jeff started his aca-
demic professional career at Oklahoma Baptist University in 
Shawnee in 1973. Although he had a heavy teaching load, he found 
time to serve on the Shawnee School Board, and as Research 
Curator (1979-1982) at the Oklahoma City Zoo. Additionally, he 
worked with the Tulsa Zoo to develop a course in Zoo Biology, 
was a Research Associate in Herpetology with the Oklahoma 
Museum of Natural History, and held an Adjunct Professorship at 
Oklahoma State University. He was the main impetus in the for-
mation of the Oklahoma Herpetological Society, for which he 
served as President in 1986, and and as editor of its bulletin, Moun-
tain Boomer, for eight years. He served as Regional Societies Co-
ordinator for the SSAR. 

Jeff had broad interests in wildlife and conservation. I recall 
being notified of a find in one of Oklahoma's many caves to which 

I sent Jeff, as I could not respond at the time. He went, located 
and identified the salamander. This whetted his appetite for caves, 
and he became an avid spelunker, joining the State Grotto and 
publishing on the cave fauna of Oklahoma. In 1985 he received 
the President's Stewardship Award from the Nature Conservancy 
and in 1989 was selected the Oklahoma Educator-Conservation-
ist of the Year by the Oklahoma Department of Wildlife Conser-
vation. He served on the Herptile Committee of the Non-Game 
Program of the Oklahoma Department of Wildlife Conservation. 

In 1988 Jeff moved to East Central Oklahoma University in 
Ada and was Professor of Biology at his death. That university 
honored him with their award for Teaching Excellence in 1992. 
He continued his public service while in Ada and at the time of 
his death was chair of the Collegiate Academy, and Director of 
the Oklahoma Junior Academy of Science, of the Oklahoma Acad-
emy of Science, for which he had also served as president in 1985. 

Although Jeff Black planned to publish a book on the "The 
Amphibia of Oklahoma" which had been started by Dr. Bragg, 
teaching and other commitments compromised this effort. How-
ever, along with co-author Greg Sievert, he did complete a very 
popular, small field guide, "A Field Guide to Amphibians of Okla-
homa," published by the Oklahoma Department of Wildlife Con-
servation in 1989. In addition to publishing widely on the 
herpetofauna of Oklahoma, he wrote a column, The Natural Way, 
for two small Oklahoma newspapers. 

When he moved to Ada, Jeff purchased some acreage in nearby 
Roff, where he and his wife, Judy, raised exotic sheep. Judy is 
well known for her weaving, and they both traveled to England 
and Scotland to observe sheep and weaving. In addition to Judy, 
he leaves behind two sons and three grandchildren. I was very 
proud to have Jeff as my student, pleased to work with him and 
follow his success. He made significant contributions in many 
ways. He will be missed by his many friends, students, and col-
leagues. His death is also a loss to the state of Oklahoma. 

CHARLES C. CARPENTER 
Department of Zoology 
University of Oklahoma 
Norman, Oklahoma 73019, USA.  
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Herpetological Review Now On-line 

A pre-publication listing of the contents of s each issue of HR is now available from several 
on-line sources. Postings should occur approxi-
mately one month before the publication of the 
next issue. This service should be helpful to her-
petologists in countries where mail delivery is 

unpredictable, as well as providing pre-publication information to 
other interested persons. HR's on - line contents listing is available 
from the following: 

Herp-Net — direct dial to 215-464-3562 (300-2400bps 8-N-1) 
or 215-698-1905 (9600, 14.4kbs) 24 hours per day. Select "Herp. 
Review" menu item. 

Via Usenet newsgroup, "sci.bio.herp" (use any newsreader avail-
able on your network account), look for the posting "Herpetologi-
cal Review Contents." 

The Herpetology World Wide Web at Harvard, maintained by 
Michael Eisen, can be accessed at: 

http://xta1200.harvarcledu:8000/herp  
Then select the menu item "Current Contents of Herp Journals." 

The SSAR World Wide Web Page, maintained by George Pisani, 
can be accessed at: 

http://falcon. cc.ukans. edu/-gpi  sani/SS AR. html 

Both the Harvard and SSAR web pages offer links to other web 
sites. 

Via the HERP-L distribution list available to any Internet address. 
To subscribe send email to listproc@xta1200.harvard.edu  with the 
phrase "subscribe HERP-L <your name>" in the body of the mes-
sage. 

On the commercial CompuServe Information Service in their 
Animal Forum [Go Petstwo] reptile/amphibian library section 6. 
Search by keyword "SSAR." On America Online, under "pet" 
section, search reptile files. 

LEGISLATION & CONSERVATION 

Call for information on the status of amphibians and reptiles. This col-
umn serves to update the herpetological community on the regulatory 
status and protection measures implemented for rare, threatened, and 
endangered herps. We are in need of more information especially on the 
state and province level. Please send pertinent information to the Section 
Editor. 

USA: Office of Scientific Authority: The OSA issued a Memo-
randum dated 24 March 1995 to the Office of Management Au-
thority (OMA) concerning the export of box turtles harvested in 
Louisiana in 1995. The conclusion made by the OSA, after con-
sultation with the Louisiana Reptile and Amphibian Task Force, 
is that there is no evidence to indicate that native box turtles are 
endangered or threatened in Louisiana. The export limit of Gulf 
Coast box turtles (Terrapene carolina major) and three-toed box 
turtles (T c. triunguis) from Louisiana in 1995 has been set at 
9750 individuals. According to existing export information, this 
represents 50% of the number of Louisiana-harvested Terrapene 
carolina believed to have been exported from the United States 
in 1993. Other justifications for allowing this harvest include state-
ments that 1) box turtles mature earlier (4-10 years of age) and 
may be more resilient than Blanding's turtle (Emydoidea 
blandingi), a species for which additional mortality on adults has 
been shown to cause population declines (see Congdon et al. 1993. 
Conserv. Biol. 7:826-833) and 2) the Louisiana Department of 
Wildlife and Fisheries is committed to assuring that commercial 
harvest of box turtles is managed at a sustainable level. 

All box turtles in the genus Terrapene, except T coahuila (al-
ready an Appendix I species), were added to Appendix H of CITES 
in November 1994 (Buhlmann 1995. Herpetol. Rev. 26:67). Per-
sons concerned about this export decision should communicate 
with the Office of Scientific Authority, U.S. Fish and Wildlife 
Service, Washington, D.C., and the Louisiana Department of Wild-
life and Fisheries. 

KURT BUHLMANN 
SSAR Conservation Committee. 

Critical New Zealand Habitat Preserved 

Settlement has finally been reached in the long-running nego-
tiations over the ownership and management of Takapourewa 
(Stephens Island) in the outer Marlborough Sounds, New Zealand. 
The future management of this sanctuary, one of international 
herpetological significance, has been of great concern to herpe-
tologists, including the Society for Research on Amphibians and 
Reptiles in New Zealand (SRARNZ), which petitioned the New 
Zealand government for the conservation of this site. 

Under an agreement reached in late 1994 between the New 
Zealand government and representatives of indigenous peoples, 
Stephens Island will become a closed Nature Reserve. This status 
will provide the maximum protection for the natural values which 
include the largest species of tuatara (Sphenodon punctatus), the 
only location for Hamilton's frog (Leiopelma hamiltoni), and habi-
tat for seven species of lizards. [Information taken from SRARNZ 
Notes, Number 13, 11 January 1995.1 

MEETINGS 

Meetings Calendar 

22-28 October 1995-3rd Latin American Congress of Ecol-
ogy, Universidad de Los Andes, Merida, Venezuela Fees are US 
$100 (regular) and US $70 (students). Contact Dr. Jaime E. Maur, 
Executive Secretary, Ill CLAE, Fax (58) 74 401286; e-mail 
CLAE@ula.ve . 

26-29 October 1995-2nd Annual Conference of the Associa-
tion of Reptilian and Amphibian Veterinarians (ARAV), Sacra-
mento, California, USA. Contact Wilbur Amand, VMD, P.O. Box 
605,1 Smithbridge Road, Chester Heights, Pennsylvania 19017, 
USA. Fax (215) 387-2165. 

28 October 1995—European Snake Society's Snake Day, Con-
ference Centre URETCO, Meidoornkade 24, Houten (Utrecht), 
The Netherlands. Contact Chris Mattison, 138 Dalewood Road, 
Beauchief, Sheffield, S8 OEF, United Kingdom; or Anton van 
Woerkom, Utrecht University, e-mail: Anton. 
vanwoerkom@let.ruu.nl . 
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12-14 April 1996—Minton Symposium, Indiana Academy of 
Sciences, Indiana University/Purdue University Conference Cen-
ter, Indianapolis, Indiana, USA. Refer to meeting announcement 
in this issue for details. 

Mid-April 1996-2nd International Conference on the Biology 
and Conservation of the South Asian Amphibians and Reptiles, 
University of Peradeniya, Contact Anslem de Silva, Conference 
Director, Faculty of Medicine, University of Peradeniya, Sri 
Lanka. Tel. 94-08-88130. Fax 94-08-32572. See meeting an-
nouncement below for further details. 

Second International Conference on the Biology 
and Conservation of the 

South Asian Amphibians and Reptiles 

The Second International Conference, to be held in mid-April 
1996, is being jointly organized by the University of Peradeniya/ 
Amphibian and Reptile Research Organization of Sri Lanka and 
the IUCN/SSC South Asian Reptile and Amphibian Specialist 
Group. The venue will be the University of Peradeniya, Sri Lanka. 

The conference will provide a forum for presenting results of 
research on the herpetofauna of southern Asia. Other aims of the 
meeting are to form a panel for the coordination of research and 
conservation activities concerned with this fauna in the region, 
identify research priorities and a programme for the implementa-
tion of the IUCN/SC South Asian Reptile and Amphibian Spe-
cialist Group's Action Plan. 

Two-day field trips (to Sinharaja World Heritage Site, Knuck-
les Biosphere Reserve, Peradeniya Botanical Gardens) will be 
arranged for participants. 

For further details contact: Anslem de Silva, Conference Direc-
tor, Faculty of Medicine,University of Peradeniya, Sri Lanka. Tel. 
94-08-88130; fax 94-08-32572 or (in India) Indraneil Das, Chair-
man, IUCN/SSC South Asian Reptile and Amphibian Specialist 
Group, Centre for Herpetology, Madras Crocodile Bank Trust, 
Post Bag 4, Mamallapuram 603 104, India. Tel. +044 4124 46332. 

CURRENT RESEARCH 

The purpose of Current Research is to present basic summaries and 
citations for selected papers from journals other than those published by 
the American Society of Ichthyologists and Herpetologists, The Herpe-
tologists' League, and the Society for the Study of Amphibians and Rep-
tiles. Limited space prohibits comprehensive coverage of the literature, 
but an effort will be made to cover a wide variety of taxa and topics. To 
ensure that the coverage is as broad and current as possible, authors are 
invited to send reprints to the Current Research section editor: Breck 
Bartholomew, 195 West 200 North, Logan, Utah 84321-3905, USA; e-
mail: breckbarth@aol.com.  Comments and suggestions are also welcome. 

Freeze Tolerance 

The physiology of freezing is discussed in two papers by Layne 
and Lee and colleagues. Five frog species were studied and found 
to tolerate temperatures as low as -8°C for at least two weeks. At 
the onset of freezing the liver produces high (to 100x normal) 
concentrations of glucose or glycerol. The water content of major 
organs is reduced by 50% and breathing, heart beat, and most 
other vital functions cease only to begin again with hours of thaw-
ing. 

SYMPOSIUM IN HONOR OF 
DR. SHERMAN A. MINTON, JR. 

12-14 April 1996, Indianapolis, Indiana 

T he Indiana Academy of Sciences is sponsoring a Sym- 
posium in April of 1996 in honor of Sherman A. 

Minton, Jr. on the occasion of the publication of his revi-
sion of the Amphibians and Reptiles of Indiana. The sympo-
sium will be held 12-14 April 1996 in Indianapolis at the 
Indiana University/Purdue University Conference Center. Dr. 
Minton is well known for his work on venomous reptiles, 
the reptiles of Pakistan, the regional herpetology of the 
midwest, and popular books on herpetology. 

The Symposium will include a Friday evening (12 April) 
dinner featuring Whit Gibbons as the after dinner speaker. 
The morning program of the Saturday Conference (13 April) 
will focus on the career of Dr. Minton with talks by Carl 
Gans (Minton's work on the reptiles of Pakistan), David 
Hardy (pitviper bites), Bernard Bechtel (abnormalities in 
reptiles), and Harold Voris (venomous sea snakes). The af-
ternoon session will focus on "Hoosier Herpetology" and 
the publication of Minton's revision of his classic mono-
graph on the herpetofauna of Indiana; biologists working on 
the amphibians and reptiles of Indiana will present brief over-
views of their research and provide a perspective on herpe-
tological research in Indiana today. On Sunday (14 April) 
there will be optional field trips. 

For registration information, contact: Harriet A. Rodenberg 
(Minton Conference), University Place, Conference Center 
and Hotel, 850 West Michigan Street, Indianapolis, Indiana 
46202-5198, USA. Tel. 317-274-5053; Fax: 317-274-3878; 
e-mail: hrodenbe@indycms.iupui.edu.  

LAYNE, J. R., JR AND R. E. LEE, JR. 1995. Adaptations of frogs to survive 
freezing. Climate Res. 5:53-59. 

COSTANZO, J. P., R. E. LEE JR, A. L. DEVRIEs, T. WANG, AND J. R. LAYNE, 
JR. 1995. Survival mechanisms of vertebrate ectotherms at subfreez-
ing temperatures: applications in cryomedicine. FASEB J. 9:351-352. 

Amphibian Conservation 

During a 17-year study in England, Beebee found that spawn-
ing dates for three species of amphibians have become earlier. 
The date of first sighting for each species has also become earlier. 
Temperature at the breeding site has increased over the same time 
period and correlates with the breeding times. 

Measures needed for the conservation of 13 Lesser Antillean 
anurans are discussed by Kaiser and Henderson. All of the is-
lands have legislation which should protect these species if prop-
erly implemented. 

In 1915, zoologists Joseph Grinnell and Tracy Storer conducted 
an intensive survey of amphibians (and other vertebrates) across 
a section of the central Sierra Nevada of California, including 
portions of Yosemite. Using historical collection data, some pub-
lished in Grinnell and Storer's Animal Life in the Yosemite (1924. 
University of California Press) with other information taken from 
the surveyors' field notes, Drost and Fellers repeated the earlier 
survey in 1992. They found that all seven native frogs showed 
evidence of decline, with two species (Rana aurora and R. boylii) 
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virtually extirpated from this portion of their historical range. Even 
the widespread Pacific treefrog (Pseudacris regilla), a species not 
generally included in discussions of "declining amphibians," 
showed significantly reduced numbers at higher elevations. 

BEEBEE, T. J. C. 1995. Amphibian breeding and climate. Nature 374:219-
220. 

KAISER, H. 1994. The conservation status of Lesser Antillean frogs. 
Herpetol. Nat. Hist. 2(2):41-56. 

DROST, C. A., AND G. M. FELLERS. 1994. Decline of frog species in the 
Yosemite section of the Sierra Nevada. Tech. Rep. No. NPS/WRUC/ 
NRTR 94-02.56 pp. Cooperative National Park Resources Studies 
Unit, University of California, Davis. 

Amphibian Taxonomy 

Using 18 morphometric measures, Sinsch et al. reassess Peru-
vian frogs of the leptodactylid subfamily Telmatobiinae. Based 
on their analysis they recommend the recognition of two genera 
and six species rather than the present arrangement of three gen-
era, six species, and nine subspecies. 

SINSCH, U., A. W. SALAS, AND V. CANALES. 1995. Reassessment of central 
Peruvian Telmatobiinae (genera Batrachophrynus and Telmatobius). 
I. Morphometry and classification. Alytes 13(1):14-44. 

Anuran Biology 

A wide variety of topics are covered in a new book by Herrmann 
and Zimmermann (1994. Beitrage zur Biologie der Anuren [Con-
tributions to the Biology of Anurans]. Tetra Verlag, Melle, Ger-
many. 185 pp.). Although many of the chapters focus on anuran 
faunas and conservation, others discuss topics such as fossils and 
herpetoculture. Each chapter is in German with an English sum-
mary. 

HERRMANN, H.-J. 1994. Exposition von anuren in schauanlagen. pp. 4-
12. 

KUHNEL, K.-D. 1994. Freilandbeobachtungen einiger Raniden in Tebet 
und Sildwest-China (Sichuan und Yunnan). pp. 13-23. 

BEUTELSCHIESS, J., AND C. BarrasauEss. 1994. Herpetologische eindriicke 
aus dem Kinabalu Park, Borneo. pp. 24-29. 

ZIMMERMANN, H., S. HETZ, AND P. ZIMMERMANN. 1994. Das Goldfroschen 
Mantella aurantiaca - sein Lebensraum und Konzeptionen zu seiner 
Arterhaltung. pp. 30-48. 

HErz, S. K., AND H. ZIMMERMANN. 1994. Das madagassische Goldfroschen 
Mantella aurantiaca (Moquard, 1900) in seinem biotop - Verbreitung, 
habitatanspriiche und Gefahrdung. pp. 49-55. 

GLAW, F. 1994. Artendiversitat und evolutive trends bei madagassischen 
Anuren. pp. 56-61. 

MEYER, E. 1994. Boscosa - eM Regenwalschutzprojekt auf der Halbinsel 
Osa in Costa Rica. pp. 62-68. 

ScHLM.Ett, A. 1994. Anuren des Guainquinima-Tepuis, Venezuela. pp. 
69-102. 

WIDMER, A. 1994. Die froschlurche (Anura) des Schutzgebietes "Frederico 
Wildermuth" Provinz Santa Fe, Argentina. pp. 103-120. 

WIDMER, A., AND J. JENNY. 1994. "Reserva Natural Federico Wildermuth" 
Naturschutz und Forschung in der Pampa. Provinz Sante Fe; 
Argentinien. pp. 121-127. 

Scamirr, R. 1994. Herpetologische impressionen von Nicaragua. pp. 128-
133. 

LorrERs, S. 1994. Mitteilung fiber das plOtzliche Verschwinden von 
Anurenpopulationen in den nOrdlichen Anden Ecuadors. pp. 134-137. 

HERRMANN, H.-J., M. ENGELHARDT, AND M. WENDORF, 1994. Uber haltung 
und vermehrung von Phrynohyas venulosa hebes (Cope 1862) im 
amphibien-vivarium. pp. 138-145. 

KABISCH, K., H.-J. HERRMANN, P. KLOSSEK, H. LUPPA, AND K. BRAVER. 
1994. Die schaumdriise von Polypedates teucomystax und die 
chemische zusammensetzung des von ihr produzierten schaumes. pp. 
146-155. 

WERNEBURG, R. 1994. Dissorophoide amphibien als stammgruppe der 
Lissamphibien. pp. 156-183. 

More on Manipulating 
Sex Ratios for Conservation 

In response to Vogt's editorial on manipulating sex ratios as a 
conservation strategy, Mrosovsky and Godfrey point out addi-
tional data on the intersex hatchlings cited by Vogt and caution 
against changing management strategies without proper evalua-
tion. 

MROSOVSKY, N., AND M. H. GODFREY. 1995. Manipulating sex ratios: Turtle 
speed ahead? Chelonian Cons. Biol. 1(31:238-240. 

Green Blood 

Skinks of the genus Prasinohaema, endemic to New Guinea 
and adjacent islands, are unique in being the only amniotes with 
green blood. Austin and Jessing examined the blood of these liz-
ards to determine the source for the green pigmentation and dis-
covered that these lizards have 40 times the biliverdin concentra-
tion of humans with green jaundice. 

AUSTIN, C. C., AND K. W. JESSING. 1994. Green-blood pigmentation in 
lizards. Comp. Biochem. Physiol. 190A(3):619-626 

Geckos 

In a series of papers, Seipp and colleagues describe two new 
geckos and Rhacodactylus ciliatus is redescribed after being re-
discovered more than 100 years after it was originally described 
by Guichenot (1866). 

Bauer and Russell test the hypothesis that frequency of tail loss 
is reduced in lizards with specialized tails. They found, however, 
that autotomy frequency was not correlated with tail specializa-
tion. Structural constraints imposed by paedomorphosis may ef-
fect autotomy frequency in gekkonids. 

SEIPP, R. 1994. Eine neue Art der Gattung Phelsuma Gray 1825 aus 
Zentral-Madagascar (Reptilia: Sauria: Gekkonidae) [A new species 
of the genus Phelsuma Gray 1825 from central Madagascar]. 
Senckenbergiana Biologica 74(1/2):193-197. 

SEIPP, R., AND K. KLEMMER. 1994. Wiederentdeckung von Rhacodactylus 
ciliatus Guichenot 1866 im &ien Neukaledoniens (Reptilia: Sauria: 
Gekkonidae) [Redescription of Rhacodactylus ciliatus Guichenot 1866 
from the southern district of New Caledonia]. Senckenbergiana 
Biologica 74(I/2):199-204. 

SEIPP, R., AND F. J. °BST. 1994. Beschreibung einer neuen Unterart des 
neukaledonischen Rhacodactylus leachianus Cuvier 1829 (Reptilia: 
Sauria: Gekkonidae) [Description of a new subspecies of 
Rhacodactylus leachianus Cuvier 1829 from New Caledonia (Reptilia: 
Sauria: Gekkonidae)]. Senckenbergiana Biologica 74(1/2):205-211. 

BAUER, A. M., AND A. P. RUSSELL. 1994. Is autotomy frequency reduced 
in geckos with "actively functional" tails? Herpetol. Nat. Hist. 2(2):1-
15. 
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Migration 

Using genetic markers derived from mitochondria! DNA, 
Bowen and colleagues were able to trace the origin of juvenile 
loggerhead turtles (Caretta caretta) found in Baja California. Log-
gerheads are not known to nest along the Pacific coast of the 
Americas and it was determined that most of the juveniles were 
from nesting sites in Japan. As juveniles these turtles traverse 
approximately one-third of the planet. 

BOWEN, B. W., F. A. ABREU-GROBOIS, G. H. BALAZS, N. KAMEZAKI, C. J. 
LIMPUS, AND R. J. FERL. 1995. Trans-Pacific migrations of the logger-
head turtle (Caretta caretta) demonstrated with mitochondrial DNA 
markers. Proc. Nat. Acad. Sci., USA 92:3731-3734. 

Paleoherpetology 

Wassersug and Wake describe two well-preserved tadpoles from 
the Middle Miocene of central Turkey. The tadpoles most closely 
resemble the genus Pelobates. Taxonomic and ecological consid-
erations are discussed. 

Parmley examined fossils of the snake Lampropeltis intermedius 
and determined that they belong to Lampropeltis getula and 
Pituophis. In light of these new data, the significance of 
Lampropeltis similis fossils are discussed. 

WASSERSUG, R. J., AND D. B. WAKE. 1995. Fossil tadpoles from the Mi-
ocene of Turkey. Alytes 12(4):145-157, 

PARMLEY, D. 1994. Reevaluation of the extinct kingsnake Lampropeltis 
intermedius Brattstrom (Colubridae) with comments on the ancestry 
of Lampropeltis triangulum. Herpetol. Nat. Hist. 2(2):83-88. 

Biodiversity & Conservation 

Biodiversity and conservation are the subjects of a new book 
on Mexican flora and fauna. Both phylogenetic uniqueness and 
endemism were considered in the development of the authors' 
recommendations. The book also offers a good summary of the 
Mexican herpetofauna. 

FLORES V1LLELA, 0., AND P. GEREZ. 1994. Biodiversidad y conservation 
en Mexico: vertebrados, vegetation y use del suelo. Universidad 
Nacional Autonoma de Mexico, Ciudad Universitaria, Mexico. 439 
pp. 

New Zealand Herpetology 

Volume 21, number 4 of the New Zealand Journal of Zoology 
is a special issue consisting of 16 papers from the Second World 
Congress of Herpetology. The papers are divided into three sec-
tions: Reviews, Physiology, and Conservation. The contents of 
this volume are: 

DAUGHERTY, C. H., G. B. P ATTERSON, AND R. A. HITCHMOUGH. 1994. Taxo- 
nomic and conservation review of New Zealand herpetofauna. 317-
323. 

TOWNS, D. R., AND C. H. DAUGHERTY. 1994. Patterns of range contrac-
tions and extinctions in the New Zealand herpetofauna following hu-
man colonisation. 325-339. 

BELL, B. D. 1994, A review of the status of New Zealand Leiopelma 
species (Anura: Leiopelmatidae), including a summary of demographic 
studies in Coromandel and on Maud Island. 341-349. 

CREE, A. 1994. Low annual reproductive output in female reptiles from 
New Zealand. 351-372. 

CARTLAND, L. K., AND N. M. GRIMMOND. 1994. The effect of temperature 
on the metabolism of juvenile tuatara, Sphenodon punctatus. 373-378. 

SPENCER, N. J., AND N. M. GRIMMOND. 1994. Influence of elevation on the 
thermoregulation of two sympatric lizards. 379-385. 

NEWMAN, D. G., P. R. WATSON, AND I. MCFADDEN. 1994. Egg production 
by tuatara on Lady Alice and Stephens Island, New Zealand. 387-
398. 

CARTLAND, L. K., A. CREE, W. H. F. SUTHERLAND, N. M. GRIMMOND, AND 

C. M. SKEAFF. 1994. Plasma concentrations of total cholesterol and 
triacylglycerol in wild and captive juvenile tuatara (Sphenodon 
punctatus). 399-406. 

TYRELL, C., AND A. CREE. 1994. Plasma corticosterone concentrations in 
wild and captive juvenile tuatara (Sphenodon punctatus). 407-416. 

GREEN, D. M. 1994. Genetic and cytogenetic diversity in Hochstetter's 
frog, Leiopelma hochstetteri, and its importance for conservation man-
agement. 417-424. 

BROWN, D. 1994. Transfer of Hamilton's frog, Leiopelma hamiltoni, to a 
newly created habitat on Stephens Island, New Zealand. 425-430. 

THURLEY, T., AND B. D. BELL. 1994. Habitat distribution and predation on 
a western population of terrestrial Leiopelma (Anura: Leiopelmatidae) 
in the northern King Country, New Zealand. 431-436. 

BELL, E. A., AND B. D. BELL. 1994. Local distribution, habitat, and num-
bers of the endemic terrestrial frog Leiopelma hamiltoni on Maud Is-
land, New Zealand. 437-442. 

NEWMAN, D. G. 1994. Effects of a mouse, Mus muscutus, eradication 
programme and habitat change on lizard populations of Mana Island, 
New Zealand, with special reference to McGregor's skink, Cyclodina 
macgregori. 443-456. 

TOWNS, D. R. 1994. The role of ecological restoration in the conserva-
tion of Whitaker's skink (Cyclodina whitakeri), a rare New Zealand 
lizard (Lacertilia: Scincidae). 457-471. 

GoErz, B. G. R., AND B. W. THOMAS. 1994. Use of annual growth and 
activity patterns to assess management procedures for captive tuatara 
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ARTICLES 

Fruit and Nectar Feeding by 
Podarcis lilfordi (Lacertidae) on 

Cabrera Archipelago (Balearic Islands) 

Although only about 2% of lizard species are strictly herbivo-
rous, many others consume plant and animal material in variable 
proportions (e.g., Busack and Jaksic 1982; Heatwole and Taylor 
1987; Iverson 1979; Pough 1973). Omnivorous lizards often pre-
fer flowers and fruits over leaves, presumably because reproduc-
tive parts are more efficiently assimilated than vegetative parts 
(Durtsche 1992; Heatwole and Taylor 1987; Pough 1973). 

Lizard nectarivory has only been described on islands, in spe-
cies of the families Gekkonidae (from Seychelles: Cheke 1984; 
Evans and Evans 1980; Gardner 1986; from New Zealand: 
Whitaker I 987a, 1987b), Scincidae (from Seychelles: Cheke 
1984), Teiidae (from Bonaire, Lesser Antilles: Dearing and Schall 
1992) and Lacertidae (from Madeira: Elvers 1977, 1978). Most 
reports of frugivory also result from studies of insular popula-
tions: Racine and Downhower 1974; Christian et al. 1984; Schluter 
1984 (Galapagos Islands); Barquin and De La Torre 1975; Valido 
and Nogales 1994 (Canary Islands); Sadek 1981 (Madeira and 
Salvages Islands); Iverson 1985 (Bahamas); Whitaker 1987a (New 
Zealand); Auffenberg 1988 (Philippines); Sylber 1988 (Gulf of 
California); Castilla and Bauwens 1991 (Columbretes Archi-
pelago, Spain); and Dearing and Schall 1992; Lichtenbelt 1993 
(Netherlands Antilles). Nevertheless, continental populations may 
be frugivorous (e.g., Hernandez 1990; Traveset 1990). 

Here we report our observations on herbivory in Podarris lilfordi 
(Gunther 1874), a small lacertid lizard (8l mm maximum SVL) 
endemic to the islands that surround Mallorca and Menorca, 
Balearic Islands, Spain. The few references on the diet of this 
lizard describe it as an insectivorous species, although mention-
ing flower and fruit consumption (Perez-Mellado 1989; Salvador 
1986). Mayo! (1985) points out that these lizards also eat nectar, 
but he does not specify, however, whether such nectar is collected 
without consuming the flowers. Perez-Mellado (1989) reports that 
P. lilfordi reaches the nectar of Crithmum maritimum 
(Umbelliferae) by consuming its stamens. 

Our data are based upon direct observations of foraging liz-
ards, made during the peak of their daily activity period, mostly 
from January through September, 1993, in the archipelago of 
Cabrera and on Moltona islet (south of Mallorca island). The veg-
etation of these islands is dominated by a Mediterranean scrub-
land. We followed some individual lizards or watched particular 
plant species, from a distance of 2-3 m, during 20 min or until the 
animals disappeared. For each observation period, we recorded 
the number of plant parts consumed with a hand counter, and 
timed the feeding behavior with a stopwatch. Some additional 
data were obtained by examining stomach contents (gathered us-
ing stomach flushing) and fecal samples (taken haphazardly from 
the ground), collected during 1992 and 1993. 

In the flowering period (mid March—mid April) of Euphorbia 
dendroides (Euphorbiaceae), a highly branching shrub that can 
reach 2 m in height, P. lilfordi was observed climbing up the trunk 
or the lowest branches near the ground to reach the yellow insect-
pollinated flowers. This plant produces hundreds to thousands of 
inflorescences, 5 mm in size, that are in turn assembled in umbels 
of one to five. Each inflorescence consists of several minute flow- 
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ers surrounded by 4-5 glands, which secrete a copious and highly 
concentrated nectar. We observed lizards up to 1.1 m above ground 
surface, moving from branch to branch with no difficulty. After 
finding an umbel, the lizard stops and, placing its snout in front 
of the glands, starts lapping up the nectar. The lizard usually feeds 
from all inflorescences of a whole umbel before moving to the 
next, usually nearest umbel. The feeding rate averaged 8.8 ± 7.3 
(SD) lapped inflorescences/minute (N = 10 individuals; total time 
spent on plants 109 min). Not all visited inflorescences are lapped, 
which suggests that lizards are examining and selecting those 
richer in nectar. The period that an individual lizard remained in a 
shrub varied from several seconds to 18 min (N = 16 individu-
als). Up to five individuals were counted simultaneously feeding 
on a single shrub, which is equivalent to 2.4 lizards/m 2  of cover 
(N = 9 plants observed). Nectar feeding was observed with great-
est frequency on sunny days (with a photoperiod length of 12 
hours) between 0800 h (1.5 hours after local sunrise) and 1100 h 
(GMT), although some individuals were seen on inflorescences 
until mid-afternoon. 

When feeding upon nectar of E. dendroides, the lizard rubs its 
snout against the anthers that jut out from the male flowers. Also, 
while moving among inflorescences within the shrub, the ventral 
part of its body brushes against both male and female flowers, 
with the possibility of laying the collected pollen from males on 
the stigmas of females, and thus favoring pollination. This is sup-
ported by our direct observations (with binoculars) of several in-
dividuals with the snout covered by pollen while they were feed-
ing upon nectar. 

Podarcis lilfordi was also observed feeding upon nectar of 
Rosmarinus officinalis (Labiatae), a shrub widely distributed in 
Cabrera that blooms during winter. Its bluish insect-pollinated 
flowers are about 8 mm long, located in racemes at the distal ends 
of the branches, and produce abundant nectar. Up to six individual 
lizards were counted under a shrub about 1 m in diameter. Liz-
ards concentrate under the shrubs not only to eat but also for ref-
uge since the stems are multi-branched and densely foliaged. To 
reach the nectar, P lilfordi introduces the tip of its snout into the 
tube of the corolla and, extending its tongue, starts lapping from 
the bottom. As in the case of E. dendroides, lizards do not feed 
from all flowers visited. 

The particular arrangement of the floral pieces of R. officinalis 
allows also that while the lizard is lapping up nectar, the stigma 
and the anthers come in contact with the upper part of its head. If 
some of the pollen grains adhere to the head, it is quite possible 
that the lizard promotes pollination in this plant. 

Lizards feed not only upon the nectar of R. officinalis, but also 
consume its flowers. They can ingest entire flowers or just bite a 
piece of the corolla, often taking stamens and the pistil with it. 
They have also been observed removing dropped flowers. The 
examination of stomach contents reveals that during February and 
March, the flowers of R. officinalis constitute, on average, 70 ± 
35% (SD) of stomach content volume (N = 15). The flowers of E. 
dendroides were never observed to be consumed by lizards, prob-
ably because of the toxic latex that the plant exudes when tissue 
breaks. 

Another species from which flowers are abundantly consumed 
in Cabrera, though never reaching the importance of R. officinalis, 
is Globularia alypum (Globulariaceae), a short shrub with small 
violet flowers arranged in capitula of about 15 mm diameter. From 
January to March, lizards were observed climbing with some dif-
ficulty, the thin (ca. 1 mm thick) branches which bent under the 
weight of the animals. While climbing, they appeared to maintain 
balance with the aid of their tails. Some lizards were observed  

jumping from the ground to reach the flowers. They usually tore 
off the stamens, pistils, bracts, and petals, leaving some capitula 
almost completely bare of functional flowers. 

Six individuals were also seen, in January, tearing off and in-
gesting the petals of the yellow flowers of Fumana ericoides 
(Cistaceae), a plant sparsely distributed in Cabrera. At the begin-
ning of September, on Na Plana, one of the islets of the Cabrera 
archipelago, the majority of individuals of P. lilfordi were ob-
served on the branches of Arthrocnemum fruticosum 
(Chenopodiaceae) ripping the stamens from the flowers. Flowers 
from other species, such as Alyssum maritimum (Brassicaceae) 
and Cneorum tricoccon (Cneoraceae) also have been occasion-
ally found in stomach contents. 

Analysis of about 350 lizard scats of P. lilfordi from the Cabrera 
archipelago showed that it consumes the fleshy fruits of a variety 
of species (Table 1). The prevalence in the diet of a particular 
species was dependent on the fruit availability in the place and 
time of the collection of the samples. With the exception of C. 
tricoccon, which appears to be dispersed mainly by lizards on 
Cabrera, these fleshy fruits are also consumed by birds (Traveset 
1993). The fruits of C. tricoccon are available from late winter 
through late spring and are consumed by lizards as soon as they 
ripen (turning a red color). Lizards were often seen climbing the 
shrubs—which can reach up to I m in height—and removing the 
cocci (three per fruit), one at a time. Usually, the lizard takes a 
coccus in the mouth and transports it some distance from the plant, 
where it is swallowed. We found up to four seeds of this plant in 
lizard scats, although two or three is usual. The seeds have been 
shown to be viable after passing through the lizard's gut, using 
the TTC (2,3,5 triphenyl tetrazolium chloride) bioindicator 
(Heydecker 1968). 

TABLE 1. Plant species consumed by Podarcis lilfordi. N = nectar, 
Fw = flowers, Fr = fruits. 

Plant species (Family) 
	

N 	Fw 	Fr 

Juniperus phoenicea (Cupressaceae) 
Ephedra fragilis (Ephedraceae) 
Ficus carica (Moraceae) 
A rthrocnemum fruticosum (Chenopodiaceae) 
Fumana ericoides (Cistaceae) 
Alyssum maritimum (Brassicaceae) 
Euphorbia dendroides (Euphorbiaceae) 
Rhamnus ludovici-salvatoris (Rhamnaceae) 
Pistacia lentiscus (Anacardiaceae) 
Cneorum tricoccon (Cneoraceae) 
Withania frutescens (Solanaceae) 
Rosmarinus officinalis (Labiatae) 
Phillyrea angustifolia (Oleaceae) 
Phillyrea latifolia (Oleaceae) 
Globularia alypum (Globulariaceae) 
Arum italicum s.l. (Araceae) * 
Asparagus stipularis (Liliaceae) 

* This species has only been found on Moltona islet. 

Preliminary analyses of stomach contents and observations of 
foraging behavior in P. lilfordi reveal that the degree of herbivory 
varies with season. During February and March plant material 
constitutes 70 ± 35% (SD) of the volume of stomach contents, 
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and appears in 93% of stomachs (N = 15). Percentages decrease 
to 3 ± 7% and 13%, respectively, in stomach contents examined 
from specimens (N = 15) captured during August. 

Our observations indicate that plant material constitutes an 
important fraction of the diet of Podarcis lilfordi during some 
months of the year at some localities. P. lilfordi consumes flow-
ers and fruits of different plant species, and probably acts as seed 
dispersers for them. It also obtains nectar of several species by 
lapping the flowers without ingesting or damaging them. This 
indicates that, at least for species such as Euphorbia dendroides 
and R. officinalis, the lizard may have a role as pollinator. Such a 
role has been proposed for another lacertid, Podarcis muralis 
dugesii (Elvers 1977, 1978), and for three species of geckos 
(Whitaker 1987a, 1987b). According to Elvers (1977), the smooth 
texture of the skin of most lizards would make them inefficient 
collectors and transporters of pollen. Our observations, however, 
indicate that body contact with the sticky nectar while visiting 
the flowers increases pollen adherence to the skin. 

We conclude that P. lilfordi has the potential of having a rel-
evant effect on the reproduction of several plant species. Besides 
influencing plant fitness, either positively (pollinating flowers or 
dispersing seeds) or negatively (consuming flowers, partially or 
totally), the lizards may well affect the vegetation structure of the 
island to some degree, especially at those sites where they are 
most abundant. 
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Status of Leptodactylus labyrinthicus (Calf Frog, 
Rana Ternero) in Venezuela 

Since the publication of Rivero's "Salientia of Venezuela" 
(1961), the identification and distribution of the different mem-
bers of the Leptodactylus pentadactylus species group in Venezu-
ela has been puzzling. The group, composed of 11 species (Heyer 
1979), ranges from Honduras to the Guianas, reaching Peru and 
Argentina through the Amazonian region. No member of the spe-
cies group is present in Chile (Veloso and Navarro 1988). 

Prior to Heyer's (1979) study of the systematics and distribu-
tion of the L. pentadactylus species group, L. pentadactylus was 
the only large species of the group recorded from Venezuela. In 
1961, Rivero received some specimens collected by Maquiritare 
Indians in the vicinity of the Rio Cunucunuma, Estado Amazonas, 
close to the border with Brazil and Colombia in the southernmost 
part of the country. This information was reported later in a re-
view of the distribution of frogs in the Venezuelan Guayana 
(Rivero 1964b). Subsequently, Heatwole et al. (1965) reported 
collecting one specimen in the area south of El Dorado, Estado 
Bolivar; Rivero and Esteves (1969) found a fairly large popula-
tion in Gairia, Estado Sucre; and Rivero-Blanco and Dixon (1979) 
reported its presence in Yuruani, Estado Bolivar. 

In August 1991, we were surveying frogs in the state of Sucre 
in northwestern Venezuela. On 16 August 1991, while a late af-
ternoon rain was falling, we found a population of large frogs 

FIG. I. Male Leptoductillis labyrinthicus from La Fragua, Estado Sucre, 
Venezuela, showing the chest spines grown during the reproductive season.  

similar to L. pentadactylus (Fig. 1), at La Fragua (1012'N; 
63°57'W, ca. 350 m), a village in one of the valleys running down 
from the northern versant of the Sierra del Turimiquire (Fig. 2). 
Males began calling at about 1730 h and stopped at 2000 h. Occa-
sionally, automobiles pass this site on the road to Cumanacoa. All 
large trees have been cut, and the most common habitat is sec-
ondary growth of mixed riparian and thorny forests. The frogs 
appeared only slightly disturbed by our presence, even when 
flushed with lantern light. Approximately five males were calling 
louder than others in the background. They were under rocks, in 
crevices, or among dense herbs about 45-60 cm high. Some adult 
specimens were collected along the bank of a temporary stream, 
parallel to the small Rio La Fragua, one of the tributaries of the 
larger Rio Manzanares. We were informed that people in the vil-
lage do not include the frogs as part of their diet. Bufo granulosus, 
B. marinus, Leptodactylus wagneri, Physalaemus pustulosus, and 
Hyla crepitans also make up the anuran community. 

Three specimens were collected—two males and one female. 
One male was immediately preserved for deposition in the Col-
lection of Vertebrates, Universidad de Los Andes (CV-ULA 5541). 
The other two frogs were transported alive to Merida, but during 
the trip, the male ate the female. That male was kept alive until 
mid-July 1992; after its death, unfortunately, the carcass was dis-
carded. Figure 1 shows one of the collected mature male speci-
mens with chest spines. 

On 19 August 1991, we arrived at Macuro (10°40'N; 61 °02'W, 
about 10 m), in the easternmost sector of the Peninsula de Paria 
National Park, Estado Sucre (Fig. 2). This point is a flat terrace 
extending for some 300 m to the piedmont of a chain of hills, 
covered with tropical humid forests (Petrdleos de Venezuela, S. 
A. 1992). The island of Trinidad is within view. That night five 
different species of frogs were heard calling, including one with 
apparently the same call as the one at La Fragua. At mid-after-
noon on the following day, an extremely heavy rain fell while we 
were climbing the mountains. Before sunset, at the piedmont (be-
tween 50 and 100 m) another population with the same call was 
located. No specimens were collected but notes were taken. More 
than 20 males were identified by their calls while coming down 
the trail along Macuro Creek. Each calling male was separated 
from its nearest neighbor by a mean distance of about 10 m. The 
habitat was tropical rain forest with large trees and agricultural 
clearings. Some of the calling frogs were no more than 20 m from 
houses and domestic animals. Bufo granulosus, B. marinus, 
Colostethus trinitatis, Eleutherodactylus sp., Leptodactylus fuscus, 
and Physalaemus aff. pustulosus were also recorded. 

On 1-2 November 1993, the senior author revisited the La 
Fragua locality to check for the population of large frogs. At that 
time, no major environmental changes were noted. There was a 
light rain every evening, but frog activity was low. Only H:vla 
crepitans was heard calling. By playing a tape of calls of the large 
Leptodactylus species recorded at the same place two years be-
fore, several responses from individuals of the desired species 
were obtained—isolated calls from different sites. Only a few 
individuals could be seen. Three specimens were collected and 
preserved (CV-ULA 5620-22). The docile and submissive be-
havior shown by these large frogs was noteworthy. 

The frogs collected were similar to two specimens (CV-ULA 
1179-80) of large Leptodactylus from Cueva del Agua, 600 m, 
Estado AnzoAtegui, received by the Vertebrate Collection of the 
Universidad de Los Andes in July 1979. Cueva del Agua is about 
100 km W of La Fragua (Fig. 2). 

Three large species of Leptodactylus might occur in Venezu-
ela: L. knudseni, L. labyrinthicus, and L. pentadactylus (Maur 
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1992). Using Heyer's (1979) key for the members of the L. 
pentadactylus group and Hero and Galatti's (1990) characteris-
tics for a pair of species of this same group, and on distributional 
grounds, we have identified our specimens as Leptodactylus 
labyrinthicus. This identification was confirmed by Heyer upon 
his examination of the specimens (Heyer, pers. comm.). Based 
on distributional inferences (Heyer 1979) it is probable that the 
specimens reported by Rivero (1961), Heatwole et al. (1965), and 
Rivero-Blanco and Dixon (1979) are L. knudseni, but those col-
lected by Rivero and Esteves (1969) are L. labyrinthicus. 

The populations of L. labyrinthicus reported here confirm the 
presence of this species in Venezuela north of the Rio Orinoco in 
tropical humid forest or previously forested environments of the 
eastern part of the country (Fig. 2). However, there still remains 
the question of why this species is not present in the tropical hu-
mid forest environments of north-central and northwestern Ven-
ezuela. Members of this species are distinct and ubiquitous where 
present. During the reproductive season (Rivero and Esteves 1969; 
and our data), its loud and peculiar call, similar to the bleat of a 
calf, large size, and predatory behavior make it impossible to over-
look. Several thorough herpetological studies of Venezuelan tropi-
cal forests and savannahs failed to detect this species, although a 
wide range of habitats were sampled. Studies conducted in for-
ested environments (Cordero 1987; Rivero 1964a) in the Coastal 
Range and associated habitats did not report this species. Among 
the savannah studies, one was conducted in the eastern part of 
Venezuela, south of the Rio Orinoco (Hoogmoed and Gorzula 
1979), while others were north of the Rio Orinoco, three in the 
Central Llanos (Fouquette 1968; Lamotte and Solano 1989; Staton 
and Dixon 1977), and one in the Upper or Western Llanos (Maur 
and Diaz de Pascual 1987). None included this species in their 
accounts. 

Some important biogeographical and ecological facts about L. 
labyrinthicus should be noted: (1) Its general distribution in east-
ern Venezuela is not continuous; populations are restricted in their 
distribution and confined to Sucre and the northern part of 
Anzoategui and Monagas states. (2) At least in the past, the Rio 
Orinoco and/or the Guyana Shield environments have not been 
zoogeographical barriers for the species, as it exists north of that 
river (in Venezuela), and south of the shield (in Roraima State, 
Brazil) (Heyer 1979: MZUSP 24936). Continuity of the tropical 
humid forest persists (Huber and Alarcon 1988), potentially per-
mitting a distribution throughout those environments. However, 
the geographical distance between the northeastern Venezuelan 
(about 11'N) and northern Brazilian (about 5 °N) populations, plus 
the existence of a complex of geological and floristic factors in 
the intermediate environment, allow the prediction of taxonomic 
differentiation between the northern and southern populations at 
least at the level of subspecies. (3) The distributional hiatus be-
tween these two populations of L. labyrinthicus is seemingly oc-
cupied by populations of L. knudseni. (4) Although the species 
occurs primarily in tropical humid forests, it also can be found in 
areas of drier secondary forests. (4) The Llanos, or savannahs, 
are not suitable habitats for L. labyrinthicus. 

At present, in both Brazil and Venezuela, there are some ex-
perimental commercial frog farms using what we are here calling 
L. labyrinthicus. From a conservation point of view, these attempts 
at exploitation could become a problem in Venezuela: (1) these 
frogs are economically attractive because of their large size; (2) 
they are easy to collect due to their behavior (loud call and docil-
ity); (3) it is hard to differentiate between L. knudseni and L. 
pentadactylus; and (4) they are distributed only in a small sector 
of the country. These factors could easily lead to the decimation  

of the populations by over collecting. At this time, our knowl-
edge of L. labyrinthicus biology is too meager to be confident 
that the management of commercial farms will be adequate. 
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New Records of Dicephalic Snakes 
in Museum Collections 

The first review of two-headed snakes by Cunningham (1937) 
surveyed 48 taxa, while the latest review of the subject by Smith 
and Pdrez-Higareda (1988) added another 51 taxa for a total of 99 
species and subspecies known to have duplication in some part of 
the body. This note reports the presence of 11 additional speci-
mens, including the first records for one (or possibly two) spe-
cies, in the California Academy of Sciences (CAS) (Lampropeltis 
getulus californiae, Pituophis catenifer catenifer, Thamnophis 
atratus atratus, Thamnophis cf. gigas), the Museum of Compara-
tive Zoology (MCZ) (Coluber constrictor, Elaphe obsoleta, 
Thamnophis sirtalis sirtalis, Bothrops atrox), and Brigham Young 
University (BYU) (Thamnophis elegans vagrans). Abbreviations 
used include SVL (snout-vent length), TL. (tail length), MBD 
(midbody diameter), RTL (relative tail length), SL (supralabials), 
N (nasal: undivided=1, semidivided=1/2, divided=2), L (loreal), 
PRO (preocular), PTO (postoculars), SO (subocular), T 
(temporals), IL (infralabials), AG (anterior genials), PG (post-
erior genials), G (gulars), DSR (dorsal scale rows), V (ventrals: 
divided=div.), SC (subcaudals: single=sin., paired=pr.), USVI 
(umbilical scar-vent interval), and VT (vertebrae). 

The most publicized dicephalic snake is probably Lampropeltis 
getulus californiae, four of which were kept at the San Diego 
Zoo over a 20-year period from 1954-1974 (Chapman 1960; 
Liidicke 1964; Schmidt and Inger 1957; Shaw 1955, 1956, 1958, 
1959, 1968, 1971; Shaw and Campbell 1974; Wexo 1981a-b, 1987, 
1992). Dudley Duplex I and Nip and Tuck exhibited the ringed 
phase pattern while Dudley Duplex II and an unnamed specimen 
that survived only a short time in captivity represented the striped 
phase. A fifth specimen (ringed phase) was reported by Belfit and 
Nienaber (1983). Two ringed-phase specimens, representing the 
sixth and seventh records for L. g. californiae, are preserved in 
the collection of the CAS. CAS 195591, from North Bay, Santa 
Rosa, Sonoma Co., California, is a 305-mm craniodichotomous 
juvenile with the following characteristics: 25.5 + 7 body and tail 
rings, SVL 259 mm, IL 46 mm, RTL. 15.1%, 220 V, A 1, 56 pr. 
SC (#2-4 sin.), 23-23-19 DSR, 7 SL(#3-4 in orbit), N 2, 1 L, 1 
PRO, 2 PTO, 2+3 T, USVI 17.7% V. Both heads are rotated later-
ally and joined at the angle of the jaw. The only cephalic scale 
variation involves the IL, which number 9 (first 4 contacting AG) 
on both sides of the right head while the left head possesses 9(4) 
on the left side and 10(4) on the right side. 

CAS 195590, collected in 1984 on the Stanford University cam-
pus, Palo Alto, Santa Clara Co., California, is a 751-mm 
prodichotomous L. g. californiae with 24 + 6 body and tail rings, 
SVL 648 mm, TL 103 mm, RTL 13.7%, 223 V, A 1, 57 pr. SC, 
21-23-19 DSR, 7(3,4) SL, N 2, 1 L, 1 PRO, 2 PTO, 2+3 T, and 

USVI 13.0% V. The left head has 8(3) IL on both sides but the 
right head exhibits 10(4) IL on the left side and 8(3) IL on the 
right. The specimen is eviscerated but the respiratory system was 
duplicated as two avascular tracheae are present, with vascular 
parenchyma of the right lung observable posteriorly and a left 
orifice lacking, confirming that the specimen had two separate 
tracheae (and therefore two right lungs as well), a terminal tra-
cheal entry into the right lung, and lack of both a tracheal lung 
and left lung complex. Normal specimens of L. g. 
californiae possess a terminal tracheal entry and lack both a tra-
cheal lung and left lung (pers. obs.). 

Records of dicephalic Pituophis catenifer include Wright (1878) 
from San Jose, California, and Arefare (1892) from Auburn, Cali-
fornia. Cunningham (1937) suspected that this latter specimen 
was the same one present in the CAS collection and which ap-
peared in the San Francisco Examiner of 8 October 1891. A re-
markable specimen is a craniodichotomous adult P. c. 
catenifer, representing either the third or fourth record for this 
subspecies, now in the collection of the CAS. CAS 195593 was 
collected as a hatchling in 1969 in Napa Co., California, resided 
in a local school for five years, and then was exhibited at the 
Steinhart Aquarium at the CAS until its death on 31 January 1991. 
Based upon a hatching period from September to November, it 
lived for 22 years plus 2-4 months, constituting a longevity record 
for both dicephalic snakes and this subspecies (Snider and Bowler 
1992). This specimen is now represented by cleared-and-stained 
heads and a short neck section. The bifurcation of the spine has 6 
VT on the left and 6 VT on the right, followed by 12 
anteroposterioly compressed VT and then 20 normal VT. The first 
ribs appear on the VT 3. This snake is illustrated Leetz (1983, 
1991) as well as several newspaper articles over the years and the 
current CAS visitor's brochure. 

Dicephalic Thamnophis atratus have not been previously re-
ported. CAS 195592 is a 234-mm craniodichotomous juvenile T 
a. atratus, collected by Marianne Schonfisch on a road around 
"Windy Hill," Palo Alto, Santa Clara Co., California, with the 
following data: SVL 185.5 mm, TL 48.5 mm, RTL 20.7%, 153 V, 
A 1, 80 pr. SC, 19-19-15 DSR, N 1/2, 1 L, 1 PRO, 3 PTO, 10(5) 
IL, and USVI 17.0% V. Head shield variation includes 8(4,5) SL 
on both sides of right head but left head exhibits 8(4,5) SL on left 
and 7(3,4) SL on right side, 1+2+2 Ton left side and 1+2+2/1 T 
on right side of right head while the left head possesses 1+2+1 T 
on left side and 1+2+2 Ton right side. The gray vertebral stripes 
of each neck fuse at the level of V 27. 

CAS 156520 is a 200-mm prodichotomous juvenile Thamnophis 
cf. gigas collected by Ed Ruman et al. in August, 1983, on Michi-
gan Bar Road, Sloughhouse, Cosumnes River, Sacramento Co., 
California. This cleared-and-stained specimen was originally cata-
logued as a Thamnophis atratus aquaticus but that species is 
coastal in distribution and does not occur anywhere near the re-
ported place of collection. Segmental counts and relative tail length 
fall within the range of variation of male T gigas from the Sacra-
mento area (Rossman and Stewart 1987) although this specimen 
could possibly be a female T e. elegans or a T sirtalis fitchi with 
high ventral and low subcaudal counts. Based upon its original 
identification and data, it is more likely to represent T gigas than 
T sirtalis, and if so would represent the first record for the spe-
cies. It possesses the following characteristics: SVL 154 mm, TL 
46 mm (tip missing), RTL ca. 23%, left and right neck bifurca-
tions each with 11 VT, 168 total precloacal VT, 75 caudal VT, 
first ribs on VT 4 of each neck, 4 lympapophyses, 243 total VT 
(counting only one neck). 

The first dicephalic Thamnophis s. sirtalis was reported by 
Ditmars (1903) and many subsequent individuals have been re- 
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ported (Cunningham 1937). Two neonate specimens of T s. 
sirtalis in the MCZ were collected by Scott Heimo in August, 
1962, near Westminster, Worcester Co., Massachusetts, both pre-
sumably from the same mother. MCZ 68959 is a 156-mm 
craniodichotomous individual in which the head is only partially 
duplicated, there being two snouts with 4 N, 4 L, 4 intemasals, 5 
prefrontals, one triradiate frontal, and a pair of normal parietals. 
Other characteristics include: SVL 121 mm, MBD 3.5 mm, TL 
35 mm, RTL 22.4%, 19-19-17 DSR, 3 G, 159 V (#8-9 divided), A 
1, 74 pr. SC, SL 7(3,4), N 2, 1 L, 1 PRO, 3 PTO, 1+2 T on left 
side, 1/2 T on right side, IL 10(5), USVI 14.4% V (V 137 still 
open). Only two maxillae are present, one on each of the outer 
lateral sides of the head. The medial sides of each snout exhibit 4 
SL. 

MCZ 68960 is a 109-mm amphidichotomous T s. sirtalis in 
which the two heads are not completely separated but the poste-
rior 2/3 of the body is bifurcated (the vertebral column appears to 
be duplicated along its entire length). It possesses N 2, 1 L, 1 
PRO, 3 PTO, 1+2 T, and 2 AG on each side of the head, and 19-
19-17 DSR. Variable scale counts include: 146 V (#61-92 div.) 
and 59 pr. SC (#6-10 and 44-52 sin.)/ca. 140 V (#51-80 div.) and 
59 pr. SC, left/right lateral head counts include 8(4,5,6)/7(3,4) SL 
and 9(4)/8(4) IL, and left/right medial head counts include 6(3,4)/ 
4 SL, 5 (4)/4(4) IL, and 1+1/1 T. There are three PG as both heads 
share a single curved genial contacting the medial AG of each 
side. The undivided anterior portion of the body plus the head 
measures 30 mm with the left body and tail 46 mm + 26 mm and 
the right body and tail 54 mm + 25 mm. Total length of the left/ 
right sides are 102/109 mm with RTL 25.5%122.9%. 

A dicephalic Elaphe obsoleta confinis was reported by Strecker 
(1926). MCZ 176975 is a 196-mm embryonic craniodichotomous 
E. obsoleta, without locality data, donated by Rick Stafford in 
1975. The two heads are nearly complete but joined at the tertiary 
temporals and last supralabials. Characteristics include: 34.5 + 
14 dark rhombs on the body and tail, SVL 161 mm, MBD 5 mm, 
TL 35 mm, RTL 17.9%, 30-27-19 DSR, 230 V (#3-6, 14-31, 40-
41, 43-44, 50-51, 85-86 div.), A 2, 64 pr. SC, N 2, 1 L, 1 PRO, 2 
PTO, 10(4) IL, 3 G, USVI 23.2% V. Variable scale counts in-
clude: 9(4,5)/7(4,5) SL and 2+3+4 T on the left head (measuring 
11 mm) and 9(3,4,5)/8(4,5) SL and 2+3+3 Ton the right head (12 
mm). 

The first record of a dicephalic Coluber constrictor was that of 
Mitchill (1826). A gravid 1.3 m C. constrictor collected in 
Rockport, Essex Co., Massachusetts, by Rick Roth on 14 June 
1994 laid a clutch of 18 small eggs (ca. 30 x 22 mm) on 19 June. 
Sixteen eggs hatched between 6-10 August but the two remain-
ing eggs, which failed to hatch after another 10 days, contained a 
dicephalic specimen in one and a pair of perfectly formed twins 
in the other. MCZ 179700 is a craniodichotomous individual that 
has the two heads joined at the angle of the jaw and the body is 
folded back upon itself and fused together in three places. It has 
the following characteristics: SVL ca. 193 mm, TL 70 mm, RTL 
ca. 27%, 193 V, A 2, 103 pr. SC, 18-16-14 DSR, N 2, 1 L, 2 PRO, 
2 PTO, and 3 G. Variable characters include 8(4,5)/7(3,4) SL on 
left head, 7(3,4)/8(4,5) SL on right head, 9(4) IL on left head, 
10(4) IL on right head, 2+2/1+2 Ton left head (both sides), and 
2+2+2/2+1+2 T on right head. The dorsal scale rows are note-
worthy as they are perfectly formed and not unusual in any way 
except in being even numbered. The twins (MCZ 179701-02), 
which are apparently females as everted hemipenes are absent, 
are identical in the following features: 99 pr. SC, 17-17-15 DSR, 
7(3,4) SL, 9(4) IL, N 2, 1 L, 2 PRO, 2 PTO, 2+1+1 Ton left side, 
2+1+2 T on right side. Variable characteristics include (MCZ  

179701 first, followed parenthetically by MCZ 179702): SVL 175 
(171) mm, TL 58 (55) mm, RTL 24.9% (24.3%), 5 (4) G, V 179 
(180), USVI 14% (16%). Total number of VT appears to be the 
same as G+V+SC count=283. 

An uncatalogued photograph in the MCZ depicts a 
craniodichotomous Thamnophis sirtalis sirtalis collected at 
Saugus, Essex Co., Massachusetts from August-September, 1939, 
by Arthur Holbrook, Sr. Disposition of the specimen is unknown 
as it was never entered into the MCZ collection. 

Numerous dicephalic Bothrops atrox have been reported, the 
first by Cunningham (1932). MCZ 14103 is a 247-mm asym-
metrically prodichotomous B. atrox, without locality data, from 
the New York Zoo, donated by Thomas Barbour in 1920. Both 
heads measure 18 mm but the right head and neck (48 mm) are 
27% longer than the left (35 mm). Other characteristics include: 
SVL 206 mm, MBD 11 mm, TL 41 mm, RTL 16.6%, 25-27-21 
DSR, 179 V on body (#40-42, 46-57, 62-63, 79-80, 86-110 div.), 
7 V and 2 G on the left neck (= 186 total V) and 19 V and 2 G on 
the right neck (= 198 total V), A 1, 62 pr. SC (#1, 3-21, 23-25 
sin.), 7 SL (#2 entering pit), N 2, 2 PRO, 1 SO, one row of 
oculolabials, 6 intersupraoculars, 10(3) IL, and USVI 34.1% V. 
The only variable feature of scutellation is 3/2 PTO on the left 
head and 2/2 PTO on the right. The left paravertebral scale row is 
transversely enlarged four times the width of the costal scales for 
nearly the length of the body. 

The first dicephalic Thamnophis elegans vagrans was reported 
by Cunningham (1937). A second specimen is represented by a 
180-200 mm freeze-dried prodichotomous juvenile on exhibit in 
the Monte L. Bean Museum at BYU. This specimen was col-
lected by Tim Gibson on 9 August 1981 at Orem, Utah, and ex-
hibits an asymmetrical bifurcation of the necks with the left neck 
divided for 1.5 head lengths and the right neck for 2 head lengths. 
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Ecological Observations of the 
Scincid Lizard Mabuya agilis in a 

Brazilian Restinga Habitat 

Scincid lizards of the genus Mabuya are common in tropical 
regions and widespread in South America. About twelve species 
of this genus (out of 85) are found in Brazil (Peters and Donoso-
Barros 1970), occurring in all Brazilian ecosystems. Relatively 
few ecological studies have been conducted for Brazilian species 
of Mabuya (e.g., Reboucas-Spieker 1974; Vanzolini and 
Reboucas-Spieker 1973, 1976; Vitt 1991; Vitt and Blackburn 1991; 
Vrcibradic and Rocha, ms. submitted); hence, their ecology is in 
general, poorly known. 

Mabuya agilis is a small lizard (60-70 mm SVL) that inhabits 
open coastal habitats common in southeastern Brazil (Araujo 1984; 
Vrcibradic and Rocha, ms. submitted). In Linhares, southeastern 
Brazil (see below), M. agilis inhabits "restinga" habitats, occur-
ring in grass tufts or near the base of shrubs and bromeliads (pers. 
obs.). Restingas are coastal Quaternary sand dune habitats cov-
ered with sparse herbaceous and shrubby vegetation (Suguio and 
Tessler 1984). In spite of its relative abundance in the area, this 
species has relatively reclusive habits, compared to sympatric liz-
ard species (e.g., Tropidurus torquatus, Cnemidophorus 
Ameiva ameiva) (Bergallo and Rocha 1993, 1994). 

Study Area.-In this study, we present data on food habits, ther-
mal biology and activity of Mabuya agilis in Linhares. Field work 
was carried out in a "restinga" habitat (locally called "Nativo") in 
the Reserva Florestal Vale do Rio Doce (19°18'S, 40°19'W), 

Linhares municipality, Espirito Santo, southeastern Brazil. The 
elevation in the reserve varies between 30 and 60 m. The climate 
is wet and warm, with annual rainfall of 1300 mm and mean an-
nual temperature of 23°C (Jesus 1988). This study was conducted 
in July 1993, during the dry season. 

Methods.-We made observations in the field from 0630 to 1800 
h. Lizards were collected in the course of 13 days using five pit-
fall traps provided with 10 m drift fences. We visited the pitfalls 
regularly (at half-hour intervals) and checked for the presence of 
lizards. In addition, we walked along a trail in the restinga look-
ing for lizards. When a lizard was sighted the hour of activity was 
recorded and an attempt was made to capture it by hand. When-
ever we failed such an attempt and the lizard moved to the inte-
rior of a thicket of grass, we rapidly established a pitfall trap with 
fences near the thicket. Then, we kicked at the grass thickets to 
startle the lizard and drove it to the pitfall trap. We also some-
times used a rifle to improve lizard collecting. Each lizard's cloa-
cal temperature was recorded (to the nearest 0.2°C) using a 
Schultheis quick-reading cloacal thermometer. For thermal biol-
ogy purposes we only considered those lizards collected by rifle 
or those dislodged from grass tufts and driven to the pitfalls, if 
temperature measurement was made within 30 s from the first 
observation. The temperatures of the air (1 cm above ground) and 
substrate where each lizard was first sighted were also recorded. 
For lizards found inside the pitfalls, temperatures were not con-
sidered. The hour at which each lizard was active at the time of its 
first sighting was also recorded. The mean activity temperature 
of M. agilis was estimated as the mean average of the body tem-
peratures of active lizards (Brattstrom 1965). Variation in body 
temperature throughout the day was estimated by averaging the 
body temperatures within each hour interval. Air and substrate 
temperatures within each hour interval were also averaged for 
comparisons with the lizards' daily variation in body tempera-
ture. The relationship between body temperature and air and sub-
strate temperatures, respectively, were analyzed by regression 
analyses and multiple regression (Zar 1974). 

The stomach contents of 18 M. agilis were analyzed and iden-
tified to order. For each lizard we counted the number of prey of 
each type and each item was measured with a Vernier caliper (to 
the nearest 0.1 mm) and its volume (in mm 3 ) was estimated by 
multiplying its three dimensions (length, width, and depth; 
Schoener 1967). Diet composition was then described in terms of 
number and volume of each prey type in the sample, and of fre-
quency, defined as the number of lizard stomachs containing each 
prey type. 

Activity.-Mabuya agilis was active between 0800 and 1700 h 
and had a unimodal activity pattern, with a peak between 0900 
and 1100 h (Fig. 1). This activity pattern (including peak and ex-
tension) is similar to that of other species of this genus in differ-
ent areas of Brazil (Vitt 1991; Vitt and Blackburn 1991; Vrcibradic 
and Rocha, ms. submitted). An extensive activity period for liz-
ards of the genus Mabuya has also been demonstrated to occur in 
other continents (e.g., Huey and Pianka 1977). 

Thermal Biology.-Body temperatures of M. agilis ranged from 
25.0°C to 36.4°C with a mean activity temperature of 31.4 ± 3.1 
SD (N = 24). Highest body temperatures were recorded between 
1400 and 1500 h (mean = 34.5 ± 1.8 SD, N = 2) and the lowest 
between 1600 and 1700 h (mean = 25.8 ± 1.1 SD, N = 2) (Fig. 2), 
when the lizards retreat to shelter. The decline of the mean tem-
peratures (air, substrate, and body) observed between 1200 and 
1300 is due to cloud cover during that time period on both days 
on which those particular data were obtained. Body temperature 
was significantly correlated to both air temperature (r = 0.90, p < 
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FIG. I. Activity of Mabuya agilis in the Nativo of Linhares, Espirito 
Santo. 

0.001, N = 24) and substrate temperature (r = 0.68, p < 0.001, N = 
22) (Fig. 3), but air temperature explained an additional part of 
lizard body temperature after factoring out the effect of substrate 
temperature (Multiple Regression, R 2  = 0.83; p < 0.001; N = 22). 
The mean activity temperature and the range of body tempera-
tures attained by M. agilis were similar to those of other Brazilian 
species of this genus (e.g., M. macrorhyncha: 31.9 ± 3.2 SD, Rocha 
1994; M. bistriata: 32.9 ± 1.0 SD, Vitt and Blackburn 1991). 

Diet. ---We found 19 types of prey in the stomachs of Mabuya 
agilis (Table 1). The diet was composed mainly of arthropods, 
with 30.2% of total prey volume consisting of termites (Table 1). 
Termites were also the most important prey items in terms of num-
ber (69.8%) and frequency (61.1%), although coleopterans were 
also important prey (13.4% by volume, 7.5% by number, and 
44.4% by frequency) (Table 1). 

TABLE I. Volume (in mm3), number, and frequency of each prey taxon 
in the diet of Mabuya agilis at Linhares, southeastern Brazil (N = 18 
lizards examined). 

Item Volume (%) Number (%) Frequency (%) 

Isoptera 714.8 (30.2) 139 (69.8) I1 (61.1) 
Coleoptera 318.9 (13.4) 15 (7.5) 8 (44.4) 
Araneae 69.6 (2.9) 8 (4.0) 7 (38.9) 
Psocoptera 2.3 (0.0) 7 (3.5) 2 (11.1) 
Homoptera 65.1 (2.7) 6 (3.0) 6 (33.3) 
Larvae 

Lepidoptera 311.0 (13.1) 5 (2.5) 4 (22.2) 
Coleoptera 70.0 (2.9) 2(1.0) 2(11.1) 

Orthoptera 111.5 (4.7) 3 (1.5) 3 (16.7) 
Diptera 2.2 (0.0) 3 (1.5) 2 (11.1) 
Hymenoptera 15.9 (0.7) 2(1.0) 2(11.1) 
Thy sanura 29.1 (1.2) 2(1.0) 2(11.1) 
Blattodea 15.6 (0.6) 1 (0.5) 1 (5.6) 
Hemiptera 5.7 (0.2) 1 (0.5) 1 (5.6) 
Embioptera 3.3 (0.1) 1 (0.5) 1 (5.6) 
Collembola 0.5 (0.0) 1 (0.5) 1(5.6) 
Pseudoscorpionida 0.3 (0.0) 1 (0.5) 1 (5.6) 
Pupae 	15.8 (0.7) 1 (0.5) 1 (5.6) 
Lacertilia 478.8 (20.1) 1 (0.5) 1 (5.6) 
UAR * 143.7 (6.0) 

Total 2377.7 199 

* UAR = unidentified arthropod remains. 

The diversity of prey types found in the stomach of Mabuya 
agilis is characteristic of sit-and-wait predators (Huey and Pianka 
1981; Schoener 1971). Conversely, the predominance of a prey 
type with relatively low mobility and a clumped distribution in 
the environment, such as termites, is typical of the diet of wide-
foraging predators (Huey and Pianka 1981; Magnusson et al. 
1985). The combination of sit-and-wait and wide-forager strate-
gies seems to be common among skinks of the genus Mabuya, of 
which a number of species have been suggested to adopt both 
foraging strategies (Vanzolini et al. 1980; Vitt 1991; Vrcibradic 
and Rocha, ms. submitted). Considering sit-and-wait and wide 
foragers as two extremes of a continuum of foraging patterns, the 
data on feeding habits of Mabuya agilis indicate that this lizard 
has a feeding behavior that lies at an intermediate point between 
the two extremes. Anderson (1993) has recently referred to skinks 
as "proximal intensive foragers" compared to the wide-intensive 
foraging mode of the teiid Cnemidophorus tigris. 
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One adult individual of Mabuya agilis (SVL = 57.8 mm) had a 
juvenile lizard (Tropidurus torquatus) in its stomach. The inges-
tion of small vertebrates (e.g., lizards and frogs) is apparently not 
uncommon among Mabuya, as observed in other studies (e.g., 
Vitt and Blackburn 1991; Vrcibradic and Rocha, ms. submitted). 
Tropidurus torquatus is the most abundant lizard in the study area 
(Bergallo and Rocha 1994) and this observation indicates that 
Mabuya agilis is a potential source of mortality for juvenile T 
torquatus. 
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Observations on the Escape Behavior 
of the Horned Lizard Phrynosoma mcallii 

The horned lizards of the genus Phrvnosoma are morphologi-
cally specialized, primarily myrmecophagous iguanids whose 
behavior and ecology tend to set them apart from other genera of 
lizards (Pianka and Parker 1975; Stebbins 1985). Horned lizards 
respond to potential predators with one or more defense mecha-
nisms: cryptic coloration, mimicry of natural habitat features, 
immobility, running a short distance and then burial under loose 
substrate, cephalic horns, blood squirting, hissing, body inflation, 
jumping, rocking, and open-mouthed attack (Middendorf and 
Sherbrooke 1992; Milne and Milne 1950; Norris 1949; Sherbrooke 
1981, 1991; Sherbrooke and Montanucci 1986; Smith 1946; 
Stebbins 1985; Tanner and Krogh 1973). 

Norris (1949) and Stebbins (1985) reported that when ap-
proached or frightened, Phrynosoma mcallii dove into the sand 
after a short run to escape potential predators. This type of escape 
behavior is very similar to that exhibited by fringe-toed lizards 
(Uma spp.). Thus, P. mcallii was thought to occur only in aeolian 
habitat within its range, as in the case with the fringe-toed lizard, 
Uma notata (Norris 1949; Stebbins 1985). We observed P mcallii, 
however, in areas without substantial aeolian sand. These areas 
are primarily hardpan covered with a layer of gravel and sparse 
vegetation. Because of their cryptic coloration, motionless P 
mcallii are hard to detect on this type of substrate (personal ob-
servations). So the question arises, is remaining motionless the 
only mechanism P. mcallii uses to protect itself from potential 
predators in areas devoid of sand? In this paper we report the 
escape and defense behavior of P. mcallii. 

The areas for this study were (1) Ocotillo Wells State Vehicular 
Recreation Area, (2) the southern portion of the Superstition 
Mountains, and (3) southern East Mesa, all in southeastern Cali-
fornia; all were areas considered favorable for P mcallii by Turner 
and Medica (1982). The lizards were encountered during con-
tract surveys or incidental sightings on foot, or in a vehicle in 
April, and June through August 1994. Capture methods and han-
dling of P mcallii were approved by the California Department 
of Fish and Game and the San Jose State University Institutional 
Animal Care and Use Committee, Protocol No. 633. 

Sixty-four (89%) of the 72 P mcallii encountered crouched low 
and remained motionless. Of the lizards approached on foot (N = 
65), 63 lizards (97%) flattened themselves against the substrate 
and/or were motionless, while of those encountered in a vehicle 
(N = 7), only one (14%) remained in place. Thirty-one of the 
lizards that crouched low were observed on sandy substrate, while 
33 were on hardpan/gravely substrate. When lizards were about 
to be grasped, they remained motionless (73%) or ran (27%). 

Handled P. mcallii would often wiggle their head, causing their 
sharp occipital horns to dig into the handler's hand, often causing 
their release. This type of defense behavior was noted in Smith 
(1946) and might be effective against predators that handle strug-
gling prey in their mouth (Sherbrooke 1990). 

Some P. mcallii ran for a short distance (< 20 m) when about to 
be grasped. Of the lizards that fled (N = 17), a total of 9 escaped 
capture by running into a burrow, 4 ran to the base of a shrub, and 
4 crouched down a short distance further in front of, or behind us. 
Seven of the lizards that ran into a burrow were encountered on 
hardpan/gravely substrate, while 2 were on sandy substrate. Hard-
pan/gravely substrate was present in all cases for those lizards 
that ran to the base of a shrub. For those that crouched down a 
short distance away, only one was observed on sandy substrate, 
the rest on hardpan/gravely substrate. Norris (1949) reported that 

P mcallii would either dive into the sand or crouch down after a 
short run. Of the P mcallii encountered on sandy substrate none 
was observed to dive into the sand after a short run, and only one 
buried itself at the base of a dead shrub. 

Most of the P mcallii seen from a vehicle ran for a short dis-
tance and stopped. Four ran across off-highway motor vehicle 
riding trails and stopped at a base of a shrub, while 2 stopped on 
the riding trail. The impact of off-highway motor vehicles on P. 
mcallii populations is presently unknown. 

Most of the lizards we encountered, regardless of substrate type, 
remained motionless which we assumed maximized the effec-
tiveness of their cryptic coloration to escape potential predators 
(Norris 1949; Sherbrooke and Montanucci 1986; Stebbins 1985). 
Of the lizards that fled, some used rodent burrows for escape af-
ter the short run. This aspect of their behavioral ecology merits 
further study as they have a wider habitat preference than previ-
ously believed (Stebbins 1985). 
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Trachemys scripta elegans in Southwestern Spain 

In recent years, the introduction of foreign species has become 
a common practice in Spain, including Extremadura (southwest-
ern Spain). The crustacean Procambarus clarckii (pers. observ.), 
the fish Micropterus salmoides and Lepomis gibbosus (Lope and 
Cruz 1985), and the bird Amandava amandava (Cruz et al. 1981) 
can now be found in this region, and permanent breeding popula-
tions are established. As regards the herpetofauna, Rana 
catesbeiana was reported north of Caceres, the frogs having es-
caped from a commercial culture operation (Garcia Paris 1991). 
In this note we report the presence, in Badajoz province, of a 
chelonian of American origin, Trachemys scripta, from two areas 
80 km apart. Courtship behavior is also reported. 

In the summer of 1993, a specimen of T scripta was captured 
in the Rio ZapatOn (22 km north of Badajoz city). Two other indi-
viduals were subsequently reported by a fisherman in the same 
place. In March 1994, we observed two specimens on three occa-
sions at the dam of Cornalvo (70 km east of Badajoz city). 

The captured specimen was an adult female with a carapace 
length of 201.6 mm, a plastron length of 199.5 mm, and a weight 
of 1426 g. This specimen is referrable to the subspecies T s. 
elegans (using the descriptions by Behler and King 1979). 

The estimated carapace length of the two individuals observed 
at the dam of Comalvo was 170-180 mm. Most of the time they 
were inactive and basking. At dusk on 9 March, they began a 
series of movements. Because terrestrial telescopes were used, 
our observations were restricted to the movements which took 
place on the water surface. One of the individuals remained mo-
tionless, with its head and carapace above the surface, while the 
other appeared and disappeared at several points around it. The 
second individual occasionally emerged facing the static one, 
which would follow it for a short distance as it swam backwards. 
These behaviors have been reported for females and males re-
spectively (Jackson and Davis 1972). Occasionally, the more ac-
tive individual threw small water spouts toward the other, a be-
havior reported in the neotropical races T s. grayi and T s. ornata 
(Lovich et al. 1990). 

The introduction of this species has been confirmed in differ-
ent countries (Bouskila 1986; Daniels 1994; Ernst 1990; Newbery 
1984; Platt and Fontenot 1992), as well as in North American 
areas outside its natural range. Also, T scripta has been reported 
in some Spanish locations where the development of stable popu-
lations seems unlikely (Garcia-Paris and Martin 1987; Garcia-Paris 
et al. 1989; Rivera and Arrivas 1993). This is the first report of 
this species in Extremadura. The ecological features of our two 
sites are very different. Adjacent riparian vegetation (Fraxinus 
sp., Salix sp., Populus sp., Rubus sp., A rundo sp., Phragmites sp., 
Typha sp., and Juncus sp.), and areas of submerged vegetation 
provide good protection on the banks of the Rio Zapat6n, close to 
the optimum habitat for the species (Morreale and Gibbons 1986). 
In contrast, the dam of Cornalvo is completely bare, with rocky 
soil, although the surrounding area has holm oak and low brush, 
Cistus sp. and Quercus sp. being the dominant vegetation (Medi-
terranean forest). Trachemys scripta coexists with Mauremys 
leprosa in both places, and perhaps also with Emys orbicularis in 
Cornalvo, since the latter occurs in adjacent brooks. 

The turtles from Comalvo are within the size range for mature 
individuals (Jackson 1988), and the described behavior suggests 
that they are breeding, with the consequent risk of settlement. 
The size of the captured female and the descriptions of the other 
individuals suggest that the same could be happening in the Rio 
ZapatOn. 

The potential for competition between T scripta and the native 
species (M. leprosa and E. orbicularis) needs to be studied 
(Bouskila 1986). If the range of T scripta expands, a displace-
ment of the native species can be expected, as is suspected for 
Pelomedusa subrufa in South Africa (Newbery 1984), and 
Mauremys caspica in Israel (Bouskila 1986). This event would 
have especially deleterious consequences for E. orbicularis, as it 
is far more endangered and scarce in Extremadura than is M. 
leprosa (da Silva 1993). Steps are being taken to eliminate T 
scripta individuals, and decisions will have to be made on the 
trade of exotic species and their subsequent establishment, as four 
to seven million hatchlings are sold annually in the international 
market (Warwick 1991). Due to its broad ecological tolerances, 
omnivorous diet, and dispersal ability, it seems likely that breed-
ing populations of T scripta will become established in south-
western Spain, an area of habitats and climate similar to parts of 
its native range (Morrelae and Gibbons 1986). This supports the 
need for controls on the international market for this species. 
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Fox Snake Winter Activity 
in Central Illinois 

The western fox snake (Elaphe vulpina vulpina) is distributed 
in the north-central midwest (Powell 1990). In the northern por-
tion of its range (e.g., Wisconsin), the snake inhabits forested ar-
eas and various other habitats (Vogt 1981). An isolated eastern 
race (E. vulpina gloydi) in the region bordering Lake Huron and 
Lake Erie occurs in extensive marshes (Conant and Collins 1991). 
In marked contrast, E. v. vulpina persists in agricultural areas that 
were formerly prairie in the Prairie Peninsula of central Illinois 
and Indiana (L. E. Brown and J. R. Brown 1975; Minton 1972; 
Smith 1961). Even though E. vulpina is commonly encountered, 
Ernst and Barbour (1989) pointed out that it is the least known of 
the species of Elaphe in North America. Furthermore, little infor-
mation is available on the thermal ecology of the species (Ernst 
and Barbour 1989). The most notable contributions were provided 
by Dill (1972) who recorded body core temperatures from trans-
mitters implanted in a single individual during August-Septem-
ber in Minnesota, and Costanzo (1986) and Zaremba (1978) who 
collected temperature data within and near hibernacula (cisterns) 
in Wisconsin in late summer, fall, and spring. We report the ob-
servation of substantial winter surface activity by an E. v. vulpina 
in central Illinois. This is highly unusual behavior because snakes, 
as ecototherms, are known for their lack of surface activity dur-
ing the cold months of winter in northern regions. 

Our observations occurred at an ice skating party on 17 Febru-
ary 1991 on Peterson's Pond (a human-made impoundment), 4.7 
km NNE Hudson, Illinois (NW 1/4, NE 1/4, SE 1/4, Section 3, 
T25N, R2E, Hudson Township, McLean County), USA. The E. 
v. vulpina was first noticed at 1440 h on the south edge of the 
pond. It proceeded to move slowly over the ice across the center 
of the pond. The guests at the ice skating party were located some 
distance away and did not chase or pursue the snake. When the E. 
v. vulpina reached the opposite side of the pond it was collected. 
It had traveled 39.6 m across the ice. When captured, the E. v. 
vulpina was quite cold and lethargic, but after it was taken inside, 
it eventually warmed up and behaved normally. No E. v. vulpina 
are kept as pets in this rural area, and thus it is probable that the E. 
v. vulpina we observed was not an escapee from captivity. The 
specimen was an adult male with a total length of 101 cm and tail 
length of 17 cm (measured alive). 

Air temperature near Peterson's Pond was observed to be 9.4°C 
shortly after the capture of the E. v. vulpina, but the thermometer 
was not shaded and not of scientific quality. Maximum and mini-
mum temperatures on 17 February 1991 were +6.7 and -3.3°C 
respectively, recorded at the Illinois State University weather sta-
tion in Normal, Illinois, some 16 km to the south of Peterson's 
Pond. For the five days preceding 17 February 1991, the mean 
minimum temperature was -12.6°C (range was -3.3 to -17.8°C). 
Mean maximum temperature for the same five days was -1.2°C 
(range was +3.9 to -11.7°C). Maximum temperature was above 
0°C on only two of the five days. On 12 and 14 February 1991, 
trace amounts of snow were recorded at the Illinois State Univer-
sity weather station. However, on 15 February 1991, 1.8 cm of 
snow fell with 40.2-48.3 km/hour winds resulting in poor visibil-
ity and blizzard-like conditions. By the afternoon of 17 February 
1991 most of the snow on the ground near Peterson's Pond had 
melted but some patches remained from the snowfalls of 15 Feb-
ruary 1991 and earlier dates. The ground was still frozen except 
for about 1 cm which had thawed on the surface. The pond ice 
had been measured on 11 February 1991 and was 45.7 cm thick. 
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In Wisconsin, Vogt (1981) indicated that E. v. vulpina leave 
their denning areas in the last two weeks of April, but in western/ 
northwestern Indiana, Minton (1972) did not find the species ear-
lier than 5 May. Smith (1961) stated that E. v. vulpina "can be 
found from early spring until late fall" in Illinois. His reference to 
"early spring" may reflect his finding of 16 E. v. vulpina in an old 
well in March (no specific date given). Wells are often used as 
hibernacula by snakes (e.g., W. S. Brown et al. 1974). In the area 
around Peterson's Pond, E. v. vulpina is commonly encountered 
(see L. E. Brown and J. R. Brown 1975), but in the 23 years prior 
to 17 February 1991 and in the three subsequent years we never 
saw any specimens in winter or spring before May. However, other 
snake species in the area (e.g., Storeria dekayi, Thamnophis 
sirtalis) have sometimes been observed in April. 

Rising temperatures are usually considered a major stimulus 
for emergence of reptiles from hibernation but this has received 
little experimental investigation (Gregory 1982). The somewhat 
higher air temperature may have been responsible for the winter 
surface activity of the E. v. vulpina we observed. However, the air 
temperature was not unusually high, and was typical for Febru-
ary in central Illinois. Vibrations produced by participants in the 
ice skating party may also have been a factor responsible for the 
snake's emergence, particularly the frequent movement of a gar-
den tractor pulling sleds and skaters around the pond and on the 
ice. A number of times the tractor moved over the earthen em-
bankment of the pond near the location where the snake was first 
seen, although the tractor stopped some time before the appear-
ance of the E. v. vulpina. We suspect that the E. v. vulpina emerged 
from a hibernaculum in the embankment or on the south-facing 
slope of an adjacent ravine. 

Costanzo (1988) and Costanzo et al. (1988) demonstrated in 
the laboratory that Thamnophis sirtalis can survive entombment 
in ice and freezing of 36% of their body water. Furthermore, some 
species of snakes can supercool their bodies to as low as -3.5 to 
-7.4°C under experimental conditions (Lowe et al. 1971). However, 
numerous snake species are known to hibernate at body 
temperatures well above freezing with no indication of 
supercooling (W. S. Brown et al. 1974; Jacob and Painter 1980). 
Gregory (1982) indicated that surface activity on warm days in 
winter is known for some reptiles in warmer parts of their ranges, 
e.g., Crotalus viridis in New Mexico (Jacob and Painter 1980). In 
contrast, mid-winter surface activity is probably rare or nonexistent 
for most snake species in northerly climates. For example, W. S. 
Brown (1982) found no evidence for winter emergence from 
hibernation by timber rattlesnakes Crotalus horridus that were 
closely monitored in New York. Probably the most notable 
example of winter surface occurrence in a northern region is that 
of Vipera berus in northern Europe but this has only rarely been 
observed (Viitanen 1967). 

In summary, an E. v. vulpina was observed in mid-winter (17 
February 1991) to slowly move 39.6 m across the ice of a pond in 
a former prairie region in central Illinois. The cause of the emer-
gence was probably somewhat higher air temperature and/or dis-
turbance to the hibemaculum due to vibrations produced by hu-
mans. Winter surface activity is rare in snakes in northern cli-
mates. 
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TECHNIQUES 

Techniques for Capturing Arboreal Lizards 

One of the more difficult and time consuming tasks in conduct-
ing field research is the collecting of animals. Because of increased 
structural diversity in tropical forests, and the elusiveness of some 
species, field biologists are continually seeking ways to simplify 
the collection of specimens. On a recent trip to Amazonian Ecua-
dor we developed and tested a relatively easy trapping method 
applicable to lizards and to many other types of animals as well. 

Tropidurus (= Uracentron) flaviceps is an arboreal tropidurid 
lizard of moderate size that lives on large branches in the rainforest 
canopy. Upon disturbance these lizards immediately retreat into 
treeholes. Duellman (1978) collected these animals by searching 
felled trees. This method, however, does not yield large numbers 
of animals, nor does it lend itself to the study of the ecology and 
behavior of these animals. Duellman, for example, collected only 
2 individuals during four years of field work; Dixon and Soini 
(1975) collected more, but most were from a single tree. During 
the course of our field season within the Reserva Faunistica 
Cuyabeno, we discovered that T flaviceps occurs not only in the 
canopy of "terra firma" forest, but also in trees of lagoons and 
seasonally inundated forest. One species of tree in particular, 
Macrolobium acaciaefolium (Leguminosae [Fabaceae]), offers 
ideal habitat for these lizards. Often at heights in excess of 20 m, 
the medium and large trees of this species almost always contain 
one (and usually more) hole into which lizards will retreat. These 
lizards, however, occur at low frequency. We searched over 600 
trees, but only eight (1.3%) contained individual lizards. The high 
water level in the lagoon during the wet season facilitated access 
to these trees. After several unsuccessful days of attempting to 
noose lizards, we attempted three trapping techniques (Table 1). 

The first method was to attach mouse glue traps to tree branches 
(Bauer and Sadlier 1992; Rodda et al. 1993). We chased animals 
into a hole and nailed Victor®  mouse glue traps (cut to a conve-
nient 20 cm x 4 cm) to the tree so that they completely encircled 
the branch both above and below the hole. We collected four re-
emerging animals in this manner and subsequently removed liz-
ards from the traps using vegetable oil; the animals did not ap-
pear to suffer ill effects from either glue board or oil. Drawbacks 
to this technique are that the intended trap victim may escape by 
jumping over the glue board (Zani, pers. obs.) and glue boards 
lose their ability to hold animals in approximately two days, or 
after the first hard rain, and must be replaced. 

Flo. 1. A method for catching lizards in tree holes by covering the 
hole with a wire-mesh minnow trap. 

Our second technique was "male-baiting." Male T flaviceps 
are territorial and aggressively defend territories that generally 
encompass one or more trees (Vitt and Zani, unpubl.). We placed 
an adult male inside a wire-mesh minnow trap tied to a branch 
within the territory of another male. Within several hours, the 
resident male investigated the "intruder" and entered the minnow 
trap. However, even after two days of baiting we could not trap a 
second resident male. While this technique was successful once, 
we deemed it undesirable because it may require a relatively long 
time commitment (Table 1), and it may work only on territory-
holding males. 

The third, and most successful, technique was to cover known 
retreats of lizards with minnow traps. First, we chased lizards 
into a hole. Then we fitted a wire-mesh minnow-trap, with the 
entrance modified to accommodate head dimensions of the larg-
est possible male, over the hole (Fig. 1). We used nylon string to 
tie the trap securely onto the branch, and filled remaining gaps 
between trap and tree with cloth or covered them with duct tape. 
We plugged other holes connected to the "trapped" hole with cloth 
as well. We then left the tree for up to four hours while we inves-
tigated or trapped other trees. Within this time period, lizards usu-
ally emerged from retreats by the only means available, the trapped 
hole, and entered the trap. We removed animals by opening one 
end of the trap as it remained attached to the tree, or by removing 
the entire trap, placing it into a large cloth sack, and opening the 
trap (we preferred this method when dealing with multiple, or 
very active, lizards). 

TABLE 1. Number, and time to capture, of Tropidurus flaviceps collected using three capture methods. 

Method Total animals trapped Animals not trapped Time to capture 
Minimum 	Maximum 

Total trap hours 

Glue trap 4 3 4h 1d 150 

Male baiting 1 1 3h N/A* 50 

Minnow trap 23 1 0.5 h I d 250 

* After 2 d the male remained untrapped. 

136 	 Herpetological Review 26(3), 1995 



It does not seem to matter if another lizard is already in the trap 
when an animal emerges from its retreat. On several occasions 
we captured more than one lizard (and as many as 5) during a 
single trapping event. By using two traps in a single tree we col-
lected 12 lizards in a single day; over the course of a week we 
collected 23 lizards in the minnow traps. The limit to our collec-
tion efforts was the number of traps available and the number of 
trees we could search in the time allowed. In most cases, we col-
lected all animals that we observed in a tree (and many we did not 
observe) within a 24 hour period. 

Hole trapping appears to be the best method to collect T. 
flaviceps. Not only does it offer the best success ratio (Table 1), 
but minnow traps are simple and easy to use. Animals living in 
treeholes are ideal candidates for this collection method; in addi-
tion to lizards, we captured a large treefrog (Osteocephalus 
taurinus) and several spiders using the minnow traps. This tech-
nique could also be useful for animals dwelling in rock crevices 
or in terrestrial burrows. The only requirements are that access 
from the retreat be limited to a single, trapable exit, and that the 
animal be active enough so that it will re-emerge in a relatively 
short amount of time. 
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Two Efficient Techniques for Catching Skinks 

Noosing, pitfalling, and using rubber bands as projectiles are 
popular techniques for catching live lizards (Simmons 1987). Simi-
larly, Myers (1956) and Strong et al. (1993) caught frugivorous 
teiids and small insectivorous lizards by attracting them to fruit 
or mealworms, respectively, threaded onto fishing line. During a 
Lyme disease survey, we discovered that lizards of the genus 
Eumeces can be heavily parasitized by immature Ixodes scapularis 
ticks, and we attempted to catch Eumeces fasciatus, E. 
inexpectatus, and E. laticeps using pitfall traps and noosing tech-
niques. Pitfall captures were few, and noosed skinks frequently 
wriggled free before they could be secured. Partly by serendipity 
we developed two techniques to greatly improve our skink cap-
ture rate. 

The first technique involves attracting a skink to a cricket, meal-
worm, or beetle tied or threaded onto fishing line and dangled 
from a fishing rod. The skink is attracted (even if it has started to 
retreat) to the insect which is then seized by the skink. The skink 
can either be lifted off the substrate still grasping the bait (most 
E. laticeps do not relinquish their jawhold) and lowered into a 
collecting bucket, or may be lured into a net which is carefully 
moved into place after the skink has developed an interest in the 
cricket (this technique works better with E. fasciatus and E. 
inexpectatus). Skinks that have retreated into a crevice or thick 
vegetation can often be coaxed out by dangling a cricket close to 
the refugium. Capture success rate using this technique was 92% 
(N = 147 attempted captures). 

The second technique involves setting Sherman ®  small mam-
mal traps baited with crickets. In order to increase trapping effi-
ciency, we set traps in areas of known skink activity. Two crickets 
are secured to each Sherman trap by tightly tying cotton thread 
around the abdomen or thorax and then attaching the free end of 
the thread to the trap. One cricket is restrained near the trap en-
trance while the other is secured inside, at the back of the trap. 
This technique was successful in all trapping attempts. 

These two simple techniques greatly improved our capture rate. 
We also caught green anoles (Anolis carolinensis) and six-lined 
racerunners (Cnemidophorus sexlineatus) using cricket lures, but 
these lizards did not always accept the bait and were often more 
easy to catch by noosing. 
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Oxytocin Induced Nesting Behavior in Female 
Red-eared Turtles, Trachemys scripta elegans, 

without Oviductal Eggs 

Oviposition in many species of turtles may be artificially in-
duced by administration of hormones (Ewert and Legler 1978). 
Ewert (1989) noted that administration of oxytocin induced nest-
ing behavior in oviductal egg-bearing females of Chelydra 
serpentina, Clemmys insculpta, Sternotherus carinatus, 
Kinosternon leucostomum, and K. scorpioides when these spe-
cies were provided with suitable nesting substrates. During in-
vestigations on reproduction in T scripta, we found that adminis-
tration of oxytocin could also induce nesting behavior in female 
T scripta without oviductal eggs. 

Turtles used in this study were caught while crossing roads en 
route to nesting areas or at actual nesting areas between 26 May 
and 19 June 1994. Localities represented were Grafton (N = 6) 
and Stump Lake (N = 62), Jersey County, Illinois; Swan Lake (N 
= 95) and Pohlman Slough (N = 15), Calhoun County, Illinois; 
and Ellis Bay (N = 5) and West Alton Bay (N = 1), St. Charles 
County, Missouri. Illinois localities are either on or border the 
lower Illinois River, whereas Missouri localities are either on or 
border the Mississippi River. 

Each turtle was palpated to determine whether it contained ovi-
ductal eggs; 51 turtles did not. All oviductal egg-bearing females 
(N = 133) were administered Sanofi brand oxytocin (20 USP units/ 
ml) to stimulate oviposition at the dosage (1.5 mi/kg = 3 USP 
units/100 g) recommended by Ewert and Legler (1978). Because 
some females retain some or all oviductal eggs after oxytocin is 
administered (Congdon and Gibbons 1985), we palpated each 
turtle after oviposition appeared to be completed. 

We marked all turtles on one or more marginal scutes, and re-
turned them to their original collecting areas at 12 (N = 22), 24 
(N = 74), 36 (N = 28), and 48 (N = 9) hours post-injection. Col-
lecting date, release date, and number of oviductal eggs we esti-
mated each turtle retained was recorded. 

Even though all turtles had previously oviposited in the labora-
tory, we observed nesting behavior in six released into the field at 
12 h, and in one released into the field at 24 h, post-injection. 
None of the turtles from the 36 or 48 h groups was recollected 
after release. The number of turtles found renesting from the 12 h 
group was significantly greater (g = 18.43, p < 0.0004, df = 3) 
than the number found renesting from turtles held for 24 or more 
hours. 

All seven turtles that attempted to re-nest were found the morn-
ing after release. Two were moving to the nesting areas, four were 
in various stages of nest construction, and one turtle had com-
pleted an empty nest. None of the recollected turtles contained 
oviductal eggs. 

Despite the fact that oviductal eggs were absent, nesting be-
havior occurred among some turtles. We attribute this behavior to 
the continued effects of the injected oxytocin. Although there was 
no formal control, we did release the 51 non-egg bearing turtles 
that we believe had nested naturally just prior to capture. Except 
that they received no injection of oxytocin, we handled these turtles 
the same as the females that contained oviductal eggs. We did not 
find any of these turtles making false nesting attempts. 

These results suggest important implications for the use of oxy-
tocin in turtle reproductive studies. Any time an aquatic turtle 
undertakes terrestrial movement it is at increased risk of death 
(Gibbons et al. 1990). Some turtles, even those with empty ovi-
ducts, will undertake nesting migration up to 24 h after artificial  

induction of oviposition. Consequently, we suggest that turtles be 
held at least 24 h post-induction to reduce nesting efforts that 
expose turtles to unnecessary risk of mortality. Our results also 
indicate that injection of non-egg bearing females with oxytocin 
might be a useful technique in experimental studies of nesting 
behavior and nest-site selection. 
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A Safe Method for Handling 
Large Snakes in the Field 

Restraining large and potentially dangerous reptiles for field 
studies without using anesthesia can pose risk to researcher as 
well as subject. Several techniques developed for safely handling 
crocodilians and venomous snakes are reviewed by Flower (1978), 
Almandarz (1986), and Gregory et al. (1989). Passive restraint of 
large boids has not been addressed, possibly because few field 
investigations into their natural history have been undertaken. 

In January 1992, the authors began a long term study of ecol-
ogy, behavior, and conservation of anacondas, Eunectes murinus, 
in the Venezuelan Banos; more than 200 anacondas ranging be-
tween 0.72 m (0.17 Kg) and 5.3 m TL (82.5 Kg) were handled 
during routine collection of data. In order to reduce stress on the 
specimen, and to minimize the number of handlers and the time 
required to take data from each animal, we developed the follow-
ing method for safely working with anacondas. 
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While holding the anaconda's jaws closed, a cotton sock of 
appropriate size is pulled over the snake's head. Once the snake's 
snout contacted the bottom (toe) of the sock, several wrappings 
of plastic electrician's tape are firmly, but not tightly, secured over 
the sock around the snake's neck (directly behind the quadrate 
bone). The tape will secure the sock on the anaconda's head. Tak-
ing care to keep the mouth closed, a second length of tape is se-
cured, over the sock and around the snake's snout (midway be-
tween eyes and nostrils) to secure the jaws. At this point the ana-
conda can be released for measuring, scale counting, scale clip-
ping, parasite collection, blood sampling, etc., without risk to the 
investigator. 

Although anacondas treated in this manner frequently struck 
with great accuracy, they were unable to inflict injury and usually 
settled down after a short period. Releasing the snakes into cloth 
bags or steel barrels for transport may be accomplished by re-
moving the tape and the sock while the animal is restrained. For 
large snakes, the loose sock was often left in place while the ani-
mal was released into the barrel to permit handlers to move away 
while the snake's vision was still compromised. 

This technique proved quite reliable. None of the snakes was 
able to remove the sock, nor did any bite through it. No health 
problems were attributed to the use of this technique. This pas-
sive restraint method could be used effectively on many species 
of large, non-venomous snakes in both field and captive situa-
tions. 
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A Backpack Method for Mounting 
Radio Transmitters to Small Lizards 

Capture-recapture methods, used in field studies to determine 
home range size, activity patterns, growth rates, etc., depend upon 
relocating individual animals. When this is not easily accom-
plished, radio telemetry will frequently be used. Telemeters can 
be mounted externally or implanted surgically in large animals, 
but smaller animals can pose difficult problems. We developed a 
backpack and harness for radio transmitters that enabled us to 
relocate individuals during field studies of the cryptic, and sur-
prisingly mobile, flat-tailed horned lizard (Phrynosoma mcallii). 
Our technique differs from that reported for P cornutum; Munger 
(1984) used a loop antenna to secure the radio to the lizard. 

An SMI transmitter (AVM Instrument Co.) was constructed to 
conform to the lizard's curvature immediately posterior to the 
pectoral girdle and posterior projection of the horns. It was then 
embedded in dental acrylic with a 4 cm whip antenna extending 
posteriorly from the middle of the transmitter. The backpack har-
ness securing the transmitter to the lizard was constructed of 
polypropylene pleating tape and clear polyurethane elastic, mate-
rials that are readily available in fabric stores. 

Pleating tape is 5 cm wide polypropylene mesh partitioned into 
three sections by parallel strips of tightly woven polypropylene 
(Fig. 1A). When an inverted "1- is cut from the pleating tape 
(Fig. IA), a 2-cm length of one of the strips of woven polypropy-
lene forms the vertical leg of the "T," and a 2-cm long by 1-cm 
wide portion of the mesh material forms the horizontal bar of the 

Flo. 1. Preparation and attachment of a backpack harness using pleating tape 
(p) and polyurethane elastic (e) to secure a transmitter to a horned lizard. See 
text for details. 
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"T" (Fig. 1B). After cutting, melt both ends of the woven strip 
and the perimeter of the mesh material with a soldering iron to 
prevent unraveling and to conform the mesh material to the shape 
of the transmitter. Harness straps are then made from strips of 
clear polyurethane elastic (Stretchrite 114) measuring 10 cm by 0.5 
cm; polyurethane elastic is thin and lightweight, and maintains 
elasticity at low humidity and high temperature. Fasten the straps, 
positioned at about 45 ° , to the vertical leg of the "T" with 
cyanoacrylic glue (Supergluerm) and a stitch of thread (Fig. 1B). 
The backpack harness may now be affixed to the transmitter pack-
age with dental acrylic. 

Position the backpack on the lizard's neck with the antenna 
pointing posteriorly (Figs. 1C and 1D). Pull a strap over the shoul-
der of one leg and through the axilla of the other leg, and fasten it 
to the top of the transmitter package with a drop of superglue. 
Fasten the second strap in the same manner, and glue the two 
straps together where they cross on the venter; this will keep the 
package from shifting (Fig. 1D). The straps must be pulled suffi-
ciently tight so as to remain snug when the lizard deflates its body 
and adpresses its ribs following release. This attachment method 
allows the package to sit firmly on the back of the lizard and 
restricts movement of neither the head nor the legs. 

Total mass of the telemetry backpack (< 4 g) is about 25% of 
the mass of the adult P mcallii (mean = 15.8 g, range 11.0-25.0 
g) that we fitted with transmitters; the backpack was comparable 
in mass to an egg clutch for this species, about 27% of total body 
mass (Pianka and Parker 1975). Newly captured adults were fit-
ted with transmitters and held in captivity for 5 to 10 d to allow 
them to become accustomed to the backpack in the absence of 
predators. In captivity the lizards resumed feeding immediately 
after attachment of the transmitters; in the field, released lizards 
also resumed normal activities (eating, mating, constructing bur-
rows, etc.). Individuals were recaptured every 2-4 months to ex-
change batteries and to take body measurements without the trans-
mitter. 

Forty-five individual P mcallii were outfitted in this manner 
from April 1990 through July 1992, for a total of 7944 lizard-
days and 1172 resightings. Most individuals carried their back-
packs until killed by predators or until we removed the backpack 
at the end of the study. All lizards in the study were permanently 
marked with colored beads (Fisher and Muth 1989), enabling us 
to differentiate "escaped" from newly-captured individuals. Few 
individuals slipped out of their harnesses, but the backpack was 
shed when the straps failed in three cases. In two of these cases, 
the glue joint failed; a strap broke on one backpack harness. Evi-
dence from two other losses indicates predator assistance (punc-
ture holes and tears in straps and acrylic). 

This method of attachment can be used on other species of 
horned lizards as well as on species with less specialized body 
forms. 
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HERPETOLOGICAL HUSBANDRY 

A Simple Method of Mite Control 

Lizards play host to a broad range of ectoparasites. In a group 
of San Esteban chuckwallas (Sauromalus varius) located at the 
Arizona Sonora Desert Museum, mites of the species Hirstiella 
pyriformis and H. trombidiformes were found to be prevalent ec-
toparasites. The chuckwallas were housed indoors in 76 x 76 x 40 
cm wooden cages with screen fronts and windows on the sides. 
An incandescent heat light and 20-watt fluorescent fixtures 
equipped with both blacklight and Chroma 50 (GE) tubes were 
attached to the ceilings of the cages. Mites and their egg sacs 
were commonly found in the corners of the cages, adjacent to and 
under light fixtures, along the crevices created by the closed cage 
doors, and external to the cages along the stand/cage juncture as 
well as on the lizards. These mites migrate to lay their eggs and 
then to search for a host. 

Historically mites have been battled on two fronts: eradication 
of mites on the lizard and in the cage. Topical application of such 
chemicals as Dri-Die (Farkas 1993; Loomis 1985), Wermectin 
(Farkas 1993), and alcohol require handling and restraint of the 
animal as well as careful application to avoid such delicate tis-
sues as eyes and mucous membranes. Ivermectin, which may be 
topically applied or injected (Abrahams 1992; Nathan 1994), raises 
the additional risks of needle damage and improper dosages. All 
of these chemicals may be injurious or cause death to the animal 
if used improperly (Farkas 1993; Loomis 1985; Nathan 1994). 

Mite control in cages is often attempted by the application of 
dilute bleach solutions (Nathan 1994), trichlorfon (Boyer and 
Boyer 1991), or Wermectin (Farkas 1993) sprays. These methods 
require removal of the animal and careful husbandry lest the ani-
mal, its food, or water come into contact with any of the residual 
chemicals. Vapona (Loomis 1985) and No-pest (Farkas 1993; 
Nathan 1994) strips have been placed in cages with the animals; 
the strips must be encapsuled to prevent animal contact and the 
water bowl must be removed (Farkas 1993; Loomis 1985; Nathan 
1994). 

With such stipulations regarding the current methods of mite 
control, new methods which neither require veterinary prescrip-
tions, husbandry changes or large budgets, nor present acute toxic 
reactions or latent poisoning situations, need to be considered. I 
have developed a technique for physical removal of mites and 
their eggs which avoids these problems. 

One-inch wide strips of masking tape were applied to the in-
ternal and external walls of the cages, usually at a horizontal ori-
entation. Tape locations included adjacent to cage windows, doors, 
and along the upper cage walls and ceiling junctions out of reach 
of the lizards. Only the center of the tape was fixed to the cage. 
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