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SSAR BUSINESS 

Annual Report (1994) 
Grants-In-Herpetology Committee 

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

Graduate Student Research.—W. Anthony Frankino, Biology 
Department, Indiana University. Title: "Behavioral mediate of 
reproductive costs in nature: an experimental test." 

Graduate Student Research.—J. Scott Keogh, Biological Sciences, 
University of Sydney, Australia. Title: "Phylogenetic systematics 
and historical biogeography of the Australian proteroglyphous 
snakes." 

Field Work.—Sean Doody, Department of Biological Sciences, 
Southeastern Louisiana University. Title: "A comparative nesting 
study of two sympatric species of softshell turtles (Apalone spin-
ifera and Apalone mutica)." 

Field Work.—Rafe M. Brown, Biology Department, Miami Uni-
versity. Title: "An investigation into the systematics and biogeog-
raphy of the Philippine stream frog: biochemical evolution, mor-
phological variation and acoustical diversity in the Rana signata 
(Gunther) complex." 

Conservation.—Patrick Kain, Department of Biological Sciences, 
Southeastern Louisiana University. Title: "Habitat use and man-
agement of the eastern diamondback rattlesnake (Crotalus 
adamanteus)." 

Committee: Dawn S. Wilson (University of South Florida), 
Anders G. J. Rhodin (Chelonian Research Foundation), Charles 
W. Painter (New Mexico Department of Game and Fish), Julian C 
Lee (University of Miami), Randy Jennings (Western New Mexico 
University), Carole L. Hom (University of California, Davis), 
Maureen A. Donnelly (University of Miami), A. Dale Belcher 
(Chair; Rio Grande Zoo). 

NEWSNOTES 

Second World Congress of Herpetology 
Abstract Volumes Available 

Bound volumes of the Abstracts for the Second World Congress 
of Herpetology (see report of the Congress elsewhere in this issue) 
are available from the Congress Director. The cost is A$20 plus 
A$15 postage and packing. Copies of the menu (sure to become a 
collector's item) can be obtained for US $2 (postage included). 
Other products are available upon inquiry. Orders (along with 
checks or international money order) should be sent to: Michael J. 
Tyler, Department of Zoology, The University of Adelaide, South Aus-
tralia 5005, Australia. 

Directory Of Neotropical Herpetologists 
Now Available 

A comprehensive directory of neotropical herpetologists has 
been published as Volume I of the Proceedings of the II Latin 
American Congress of Herpetologists. 

The 158-page paperback lists 431 herpetologists worldwide 
who work on Latin American amphibians and reptiles. Each 
alphabetical directory entry gives the full name of the herpetolo-
gist, complete mailing address, telephone and FAX numbers, area 
of scientific activity, geographic region of interest, and specializa-
tion by Order. 

This publication also has listings of the herpetologists by coun-
try of residence (28 countries), scientific activity (20 categories), 
and area of specialization by Order. 

The Directorio de Herpetologos Neotropicales is available for US 
$10.00 (including air mail delivery) from: Fundacion Fauna Andina, 
Casilla Postal 25, La Hechicerca, Merida 5152, Venezuela. 

1994 California Native Species 
Stamp Available 

California's 1994 wildlife preservation stamp—featuring a Cali-
fornia tiger salamander (Ambystoma californiense) painted by artist 
Edward Rooks—will be on sale through 31 December 1994. Stamps 
can be purchased for $9.75 by mail or at California Department of 
Fish and Game offices in Sacramento, Redding, Rancho Cordova, 
Yountville, Fresno, and Long Beach. 

The color painting featured on the stamp was selected from 
among more than 85 entries in the fourth annual native species 
stamp art contest. The painting was inspired by the artist's obser-
vations of a tiger salamander population at the Hastings Natural 
History Reservation in central California. 

Also available for sale are a First Day of Issue cancelled souvenir 
envelope retailing at $13.50, special perforated sheets of four for 
$39.00, and a special collector's package including three perfo-
rated sheets of four and one limited edition non-perforated sheet 
of four, for $156.00. A print will be available later this year. Unsold 
stamps and souvenir sheets remaining after 31 December 1994 
will be destroyed except for a few to be preserved for archival 
purposes, and the stamps allocated to the prints. Cancelled enve-
lopes will remain available until stock is depleted. 

Orders can be placed by contacting: California Department of Fish 
and Game, License and Revenue Branch, 3211 "S" Street, Sacramento, 
California 95816, USA; tel. (916) 227-2244. Mastercard or VISA 
purchases must be made by mail. For more information contact 
Monique Born, Research Writer, at (916) 653-4776. 
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A New Book from the Society for the Study of Amphibians and Reptiles 

CAPTIVE MANAGEMENT AND CONSERVATION 
OF AMPHIBIANS AND REPTILES 

Edited by James B. Murphy, Kraig Adler & Joseph T. Collins • Foreword by Gerald Durrell 

This new book (written by 70 leading authorities from throughout the world representing 
universities, museums, conservation organizations, zoos, aquariums, and the private sector) 

is a current review of techniques for managing and breeding animals in captivity for purposes 
of conservation. The emphasis is on endangered species, special and new techniques, and on 
diagnosing problems, yet the coverage is comprehensive and includes a broad array of issues. 

• General Issues 
Herpetological Conservation from a Global Perspective 
The Roles of Zoos and Aquariums 

• Reproduction and Management 
Nutrition of Carnivorous Reptiles 
Nutrition of Herbivorous Reptiles 
Effects of Temperature 
Light Requirements 
Veterinary Procedures for Acquisition and Release 
The Physical Environment for Incubation of Reptilian Eggs 
Conservation and Management of Tortoises 
Chemoreception in the Feeding Behavior of Reptiles 
Captive Maintenance and Lineage Senescence 
Conservation of Commercially Important Reptiles 
Reproductive Strategies and Conservation of Tropical Frogs 
Control of Amphibian Reproduction 
Reproductive Patterns of Amphibians and Reptiles 
Implications of Phenotypic Plasticity 
Assessing Genetic Variation in Captive and Natural Populations 
Inducing Reproduction in Reptiles 
Ethological Approaches to Reproductive Success 
Experimental Manipulations of Clutch Size and Offspring Size 

• Model Programs 
Separate chapters focus on particularly successful programs. 
These cover salamanders, caecilians, dendrobatid frogs, hylid 
frogs, bufonid toads, mud turtles, Galapagos reptiles, iguanid 
lizards, day geckos, Old World chameleons, prehensile-tailed 
skinks, boid snakes, colubrid snakes, rattlesnakes, crocodilians, 
and tuataras. 

• Future Directions 
Role of the Private Sector 
Future Research at Academic Institutions 
Zoo Programs for Management, Breeding, and Conservation 

• Contributors 
Kraig Adler 
Mary E. Allen 
Roger A. Avery 
Brian P. Backner 
David J. Baer 
Sandra L. Barnett 
Geoffrey F. Birchard 
Barbara Blanchard 
Peter Brazaitis 
Charles C. Carpenter 
John L. Carr 
Linda J. Cayot 
David Chiszar 
Charles J. Cole 
John F. Cover, Jr. 
Alison Cree 
David Crews 
Charles H. Daugherty 
Bela J. Demeter 
Llewellyn D. 

Densmore, III 
Gary W. Ferguson 
Neil B. Ford 
Carl Gans 
William H. Gehrmann 
J. Whitfield Gibbons 
J. Michael Goode 
Matthew J. Goode 
John D. Groves 
Michael Hutchins 
Elliott R. Jacobson 
James L. Jarchow 
Robert R. Johnson 
J. S. E. Kleister 
Howard E. Lawler 

Washington Llerena 
Dale L. Marcellini 
Edward J. Maruska 
Russell A. Mittermeier 
Frank L. Moore 
R. Andrew Odum 
Olav T. Oftedal 
Gary C. Packard 
John A. Phillips 
Erika D. Pliler 
Warren P. Porter 
Howard K. Reinert 
Robin L. Saunders 
Richard A. Seigel 
Barry Sinervo 
Hobart M. Smith 
Heidi M. Snell 
Howard L. Snell 
Ian R. Swingland 
Peter J. Tolson 
Alan Tousignant 
David R. Towns 
Carol R. Townsend 
Tim Tytle 
Thomas R. Van Devender 
Robert 0. Wagner 
Marvalee H. Wake 
Trooper S. Walsh 
Paul J. Weldon 
Thane Wibbels 
Robert J. Wiese 
Mark A. Wise 
Robert T. Zappalorti 
Elke Zimmermann 
Helmut Zimmermann 

   

SPECIFICATIONS: About 400 pages, 27 photographs, 50 figures, 55 tables, 1 color frontispiece, index, format 8.5 x 11 
inches (21.5 x 28 cm), cloth bound. To be published November 1994. 

SEND ORDERS To: Dr. Robert D. Aldridge, Publications Secretary, Society for the Study of Amphibians and Reptiles, 
Department of Biology, St. Louis University, St. Louis, Missouri 63103, USA (telephone 314-658-3900 or -3916; fax 
314-658-3117). Make checks payable to "SSAR"; receipt sent on request only. Overseas orders must be paid in USA 
funds. Orders may be charged to MasterCard or VISA (account number and expiration date required). Price list 
of SSAR publications and membership application available on request. 

PRICES: SSAR members before 1 November 1994 	US$35 	 POSTAGE: Add US$2 for orders from the USA; 
Institutions and non-members 	 $58 	add $4 for orders from all other countries. 
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Chelonian Research Foundation 
Linnaeus Fund — 1993 Grant Recipients 

Chelonian Research Foundation (CRF), established as a 501(c)(3) 
nonprofit private operating foundation in 1992, administers a 
turtle research endowment fund named The Linnaeus Fund. For 
its second annual Linnaeus Fund selections, CRF awarded four 
grants of $500 each on 26 December 1993. Awards granted were as 
follows: 

BOUCHER, TIMOTHY P. Relationships between temperature and 
rainfall in the timing of spring emergence in the eastern box turtle 
(Terrapene carolina carolina). George Mason University, Fairfax, 
Virginia. 

GRAHAM, TERRY E. An analysis of navigational cues and terres-
trial migration of the eastern long-necked turtle, Chelodina 
longicollis, from Jervis Bay Territory, coastal New South Wales, 
Australia. Worcester State College, Worcester, Massachusetts. 

WILSON, DAWN S. Nesting ecology of the striped mud turtle, 
Kinosternon baurii, in a central Florida population. University of 
South Florida, Tampa, Florida. 

WINOKUR, ROBERT M. Morphology and histology of the digestive 
system of the threatened desert tortoise (Gopherus agassizi) with 
comparisons to other terrestrial chelonians. University of Ne-
vada, Las Vegas, Nevada. 

Linnaeus Fund awards are granted annually to individuals for 
specific turtle research projects, with either partial or full support 
as funding allows. Priority is given to projects concerning fresh-
water turtles, but tortoise and marine turtle research proposals are 
also considered. Priority is given sequentially to the following 
general research areas: Taxonomy and Systematic Relationships, 
Distribution and Zoogeography, Morphology, Ecology and Natu-
ral History. Other topics may also be considered. Priority is given 
to projects that demonstrate potential relevance to the scientific 
basis and understanding of Chelonian Diversity and Conserva-
tion Biology. Award recipients agree to publish at least partial or 
summarized results of the supported research in a CRF-spon-
sored publication, such as Chelonian Conservation and Biology. 

Awards for 1994 are also expected to be $500 each for four 
research proposals. We hope that, with time, there will be in-
creased grant support as the endowment fund grows. The annual 
application deadline is 15 November, with disbursement prior to 
31 December. Submit applications in formal grant proposal for-
mat: title page, project objective, background and research ratio-
nale, methods, materials, total project expenses, funding requested 
from CRF, funding available or requested from other organiza-
tions, general timetable, bibliography, and curriculum vitae for all 
key personnel. Awards will be granted through a review process 
carried out by the Director and members of the Scientific Advisory 
Board of CRF. Submit applications to: ANDERS G.J. RHODIN, Chelo-
nian Research Foundation,168 Goodrich Street, Lunenburg, Massachu-
setts 01462, USA. 

Research Opportunities At 
Cano Palmo Biological Station, Costa Rica 

The Canadian Organization for Tropical Education and 
Rainforest Conservation is a Canadian non-profit education, re-
search and conservation organization whose mission is to provide 
leadership in the wise use of the natural resources in the tropics. 
To this end, COTERC has established Cano Palmo Biological 
Station in Costa Rica for biological and botanical education and 
research. 

The facilities at Cano Palmo are available for use by students, 
researchers and those who simply wish to experience the rain-
forest. The station consists of approximately 100 acres of Atlantic  

lowland rainforest, and is located four miles north of the small 
village of Tortuguero on the northeast Caribbean coast of Costa 
Rica, in Limon Province. The weather conditions here are favor-
able for the proliferation of dense tropical rainforest, providing a 
habitat for the most species-rich ecosystem in Costa Rica. The final 
list of tree species could reach 300-500. The station is situated 
within the boundaries of Barra del Colorado Wildlife Refuge and 
it is only 200 meters from the Caribbean Ocean, thus offering the 
additional opportunity for ocean-related studies. The adjacent 
beach is a major nesting site for leatherback and green sea turtles. 
Loggerheads and hawksbills have also been sighted. The census 
studies of the wildlife in the region are far from complete; how-
ever, thus far 120 species of mammals, over 300 bird species, and 
more than 100 species of reptiles and amphibians have been 
documented. Six of the seven nationally endangered reptiles 
occur in the region. The living facilities are comfortable and 
inexpensive, with three meals a day included in the fee. Guides, 
boats, laborers, and transportation are all available at reasonable 
rates. 

For further information on the station, research opportunities, 
or COTERC, please contact: Marilyn Cole, Executive Director, 
COTERC, P.O. Box 335, Pickering, Ontario L1V 2R6, Canada. Tel. 
(416) 683-2116; FAX (416) 392-4979. 

MEETINGS 

Second World Congress Of Herpetology 

Adelaide, Australia: 29 December 1993 - 6 January 1994 

An account of the First World Congress of Herpetology (FWCH) 
was prepared by J. Eric Juterbock in his capacity as SSAR Secre-
tary, and published in Herpetological Review 21(1) of March 1990. 
I am not sure that as the Congress Director I can provide as 
splendid and unbiased an account of the Second Congress. I can 
but try. 

When the First Congress was mooted many believed that it 
would be held in Europe or North America simply because of the 
number of herpetologists in those continents. It followed that it 
could be assumed, for the same reason, that the Second would be 
held in the alternative continent. At Canterbury it became clear 
that with two major herpetology meetings being held each year in 
the USA, it was unlikely that a third major event would be 
attractive in that continent. Because Australia appeared to be the 
flavour of the month a bid was made for the Second World 
Congress of Herpetology (SWCH) to be held at the University of 
Adelaide. 

The nature of the organisation of the SWCH was totally differ-
ent from the FWCH. The FWCH had financial and other support 
from thirty leading national and international herpetological 
societies, and was staffed and organised by volunteers. 

By such means a highly efficient Congress management was set 
in place. But at the outset of contemplating a bid to hold the SWCH 
in Adelaide, it was evident that a similar structure would not 
work at that venue. The reason was simply that in Australia (and 
particularly Adelaide) herpetologists are thin on the ground. The 
only way in which a Congress could be organised involved a 
professional team to undertake all routine administration. This 
structure was an integral part of the Adelaide bid. The change is 
quite profound. Almost all of us have devoted countless hours to 
the organisation of conferences, but there comes a point at which 
we appreciate that it is not cost effective and also is a burden. For 
Adelaide the 'option' was obligatory. 
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Planning started in early 1990. Lyall Klaffer was appointed 
Executive Director and Elliservice was appointed the conference 
organisers. We commenced operations with no funds, and with-
out the logistic and other support provided to the FWCH. We 
became an incorporated body to protect those involved in the 
planning exercise and commenced a program of fund raising. We 
raised about $50,000 from the corporate sector, but were conscious 
of working in a declining economy; potential sponsors were 
reluctant to express a commitment. 

As the world slipped into a period of recession the Australian 
dollar depreciated significantly against the U.S. dollar and many 
other currencies, so creating a financial climate in which travel to 
Australia became far more economical than had been anticipated. 

But lacking funds we had no option than to borrow to provide 
the core to proceed; it is an expensive exercise to distribute the first 
brochure. The brochure itself was 'glossy' but it was funded 
totally from government sources devoted to promoting tourism. 
But its glossiness led to an assumption that we were either solvent 
or wasting money. 

The Australian Society of Herpetologists with less than 200 
members donated $2000 (which represented most of its assets) 
and the Congress proceeded. 

Adelaide 

The venue for the Congress was the city campus of the Univer-
sity of Adelaide. Occupying only 30 acres (12 hectares) it consti-
tutes the smallest in Australia. But small is beautiful for a Con-
gress because physical movement between symposia becomes 
simple. 

The proximity between the campus and the surrounding city 
presented considerable advantages to the organisers. Most visi-
tors stayed at Lincoln College about 1.0 km north of the campus, 
or at the nurses' quarters at the Royal Adelaide Hospital adjacent 
to the Congress venue. 

Travel Subsidies 

Fund raising to provide travel subsidies for students and other 
needy candidates was almost entirely an Adelaide initiative. 
Approximately $74,000 was raised as a result of 40 separate 
applications. Nineteen applicants were wholly funded by the 
International Science Foundation, the Australian Indonesian Asso-
ciation, the Consul General of Greece, the South Australian Mu-
seum Board, the Jasmin Restaurant, and the University of 
Queensland. A further $2500 was made available by the World 
Congresses of Herpetology. Most of these grants were made 
direct to the chosen applicants and will not therefore appear in our 
statements of income and expenditure. Many other registrants 
received institutional support to varying degrees. 

Loans 

A total of $19,130 in interest-free loans was borrowed from the 
South Australian Government, the Australian Government, the 
I.U.B.S., and the World Congresses of Herpetology. 

Sponsorships 

Major sponsors ($1000+ in cash or kind) were the Australian 
Society of Herpetology, I.B.M., Telecom, Western Mining Corpo-
ration, Energy Resources of Australia, the Australian National 
Parks and Wildlife Service, Carlton United Breweries, University 
of Adelaide, Australian Government, Hardy's Winery, Australia 
and New Zealand Bank, Dominant Chemicals, Adela Gallery, 
Mount Isa Mines Holdings Ltd., and the SSAR. These totalled 
$50,400. A further $10,000 was received in smaller sums. 

Marketing 

Exhibition/Trading rights were taken up by Telecom, Andrew 
Isles Bookshop, and Krieger Publishers. Trading tables were also 
hired by a large number of organisations and individuals from 
Australia, Germany, and the USA, and staffed by volunteers 
coordinated by Bruce Firth and Ingrid Belan. 

The step was taken to sell goods bearing the SWCH logo: T-
shirts, sweat-shirts, torches, caps, and stubby holders. These all 
added to the profit of the Congress and provided high quality 
souvenirs. 

Postcards advertising the Congress designed by Paul Morton in 
the U.K. were printed in 1990 and sold through a variety of outlets 
including SSAR meetings. Australia Post produced a com-
memorative envelope for the first and last days of the Congress. 

The SSAR published in its facsimile series The Reptiles and 
Amphibians of South Australia by Edgar R. Waite (1929). A separate 
print run of 1000 copies in a limp back edition was produced in 
Adelaide following considerable assistance from Kraig Adler. 

Media Liaison 

Burke and Associates was appointed media consultants to 
provide media coverage prior to and throughout the Congress. 
Many of the themes discussed at the Congress attracted interna-
tional interest and the study of herpetology was promoted sub-
stantially as a consequence. 

Scientific Program 

The scientific program design was coordinated by Michael Bull 
of Hinders University and was structured differently from that of 
the FWCH, in that the day started with two plenary lectures held 
from 0900 h to 1030 h in the largest lecture area, the impressive 
Bonython Hall. The gathering permitted the presentation of house-
keeping information in the preceding ten minutes. Then, follow-
ing morning tea there were six concurrent symposia at lecture 
theatres within a 100 m radius of the Congress registration area. 

The Plenary Lecture Themes, speakers, and chairpersons were: 
Evolution: Arnold Kluge and Roger Thorpe (Marinus Hoogmoed); 
Zoogeography: Joel Cracraft and Paul Muller (Michael Tyler); Physi-
ology: Raymond Huey and Roger Seymour (Kraig Adler); Ecol-
ogy: Ric Shine and Joe Travis (Murray Littlejohn); Ethology: 
Michael Ryan and Judy Stamps (Ric Shine); Conservation and 
Captive Care: Craig Moritz and Rene Honegger (Harold Cogger). 

A total of 570 papers were presented in symposia or as sessions 
of contributed papers grouped as closely as possible into common 
themes. There were also 215 posters. The titles and authors of 
these 785 contributions are listed in the Programme and details 

NARAMA—the largest display of reptiles and amphibians assembled 
in Australia—held at Wayville Showgrounds during the Congress. 
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The Second World Congress of Herpetology attracted approximately 750 attendees. 

are provided in the volume of Abstracts. Copies of these publica-
tions are available for purchase. (See Newsnotes elsewhere in this 
issue). The poster display was organised by Ingrid Belan and 
Bruce Firth, and the publication of the Programme and Abstracts 
by Margaret Davies, Rachel Norris, and Marcus Brownlow. 

Round Tables were held on Data Recording, Elapid Phylogeny, 
and Caecilian Biology, Workshops on Galapagos Tortoises and 
the Cane Toad Bufo marinus, an Open Forum on Commercial 
Trade in Reptiles and Amphibians, meetings of the Australian 
SSC Amphibian and Reptile Specialist Group, the Australian 
Society of Herpetologists, the Society for Research on Amphib-
ians and Reptiles of New Zealand, and the SSC Directors of the 
Declining Amphibian Populations Task Force. 

World Congress Meetings 

The Executive Committee of the World Congress of Herpetol-
ogy met on two occasions and a Business Meeting on one occasion. 
These functions were chaired by the Secretary-General, Marinus 
Hoegmoed. The incoming Executive Committee elected Marvalee 
Wake Secretary-General and Roger Avery Treasurer. 

Associated Activities 

For the first time in Adelaide's history all of the major cultural 
institutions agreed to have a single theme of special exhibitions to  

coincide with the Congress. The State Library produced an exhi-
bition of herpetological literature, the South Australian Museum 
provided a preview of its shortly to be opened new Reptile and 
Amphibian gallery, the Art Gallery drew attention to amphibians 
and reptiles appearing on paintings, the Adelaide Zoo had an 
exhibition of the history of the treatment of first-aid, produced by 
Gael Philips, whilst a group of local herpetologists led by Geoff 
Coombe and Harold Ehmann assembled a large display of rep-
tiles and amphibians (that they called Narama) in a venue at the 
Wayville Showgrounds on the edge of the city. 

Social Program 

An extensive programme of social activities was devised for 
delegates and accompanying persons. Legal constraints required 
us to employ the services of a registered tour operator, and the 
Convention Travel Management Company was appointed to 
organise and arrange all tours. These ranged from half or one day 
excursions to several of more than ten days. 

Because the Congress dates included the period between Christ-
mas and the New Year, a major focus was the New Year's Eve 
Dinner. A fleet of buses transported folk from the centre of 
Adelaide to the Hardy Winery at Reynella some 20 km south of the 
city. The night was cool but the organisation superb. A staff of 80 
provided South Australian wines, kangaroo steaks, etc., but the 
menu promised more. Following the 'Cordon Noire' reputation 
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of Ric Shine abetted by Gordon Grigg (Cordon Noire is Cordon 
Bleu blackened a bit), our guests began to understand that the 
organisers could not always be trusted. The menu selections 
included: 

Soup: Filesnake Slough Consomme. A delightful blend of freshly 
shed skin from Acrochordus arafurae, together with whipped cream 
and chocolate-coated gastroliths from juvenile Saltwater Croco-
diles. Guaranteed to serve as effective ballast during diving. 

Entree: Froglegs au Adelaide. Tender hind limbs of Limnodynastes, 
specially cultured in the sedimentation tanks at the University of 
Adelaide's sewerage treatment plant. This marinade imparts a 
unique flavour to the gastrocnemius muscle, and the piquancy is 
enriched with a subtle blend of prostaglandins from the gastric 
mucosa of Rheobatrachus vitellinus. 

Main Course: Grilled Fillet of Sleepy Lizard. A traditional Aus-
tralian favourite, from our hand-reared stock at Flinders Univer-
sity. All of the lizards used are guaranteed to be the result of 
monogamous matings, slaughtered at the end of sustained meta-
bolic experiments so that their muscles are tenderised by maxi-
mum lactate accumulation. Served with autotomised Nephrurus 
tails, grilled to perfection, each with their own terminal knob for 
convenience in handling. (When in season). 

Dessert: Spermatophore Custard. Chocolate-covered sper-
matophores from North American plethodontids, swimming in 
sauce made from special "kin recognition" pheromones mixed 
with liver homogenates rich in mitochondrial RNA. Gene se-
quences of the RNA available from the chef, on request. The purity 
of these preparations has been assayed by monitoring tongue-
flick rates of newborn herpetologists. 

The birth of the New Year was heralded by a kilted Scot (John 
Wombey) playing his bagpipes. Riotous dancing continued until 
the wee hours, and guests understood why that day was bereft of 
a scientific program more taxing than looking for reptiles. 

MICHAEL J. TYLER 
Department of Zoology 
The University of Adelaide 
South Australia 5005, Australia. 

LEGISLATION & 
CONSERVATION ALERT 

U.S.A.: U.S. Fish and Wildlife Service: The U.S. Fish and 
Wildlife Service has designated critical habitat for the Mojave 
population of the desert tortoise (Gopherus agassizii), a species 
federally listed as threatened under the Endangered Species Act of 
1973, as amended (Federal Register, Vol. 59, No. 26, 8 February 
1994). This final rule became effective on 10 March 1994 and 
designates 6.4 million acres in Arizona, California, Nevada, and 
Utah. Critical habitat is defined as those lands that possess physi-
cal or biological features essential to the conservation of the 
species and which may require special management consider-
ations or protection. Critical habitat receives protection under 
Section 7 of the Endangered Species Act with regard to actions 
carried out, funded, or authorized by a Federal agency. For further 
information contact: David L. Harlow, Field Supervisor, Nevada Field 
Office, USFWS, 4600 Kietzke Lane, Building C-125, Reno, Nevada 
89502, USA. Tel. (702) 784-5227. 

SSAR Grants-in-Herpetology 
Proposals are now being accepted for the 1995 SSAR Grants-in Herpetology 

Program. This program is intended to provide financial support for deserving individu-
als or organizations involved in herpetological research, education, or conservation. 
Grant proposals will be considered in the following categories: 

I . CONSERVATION OF AMPHIBIANS AND/OR REPTILES. Proposals should 
address research (particularly conservation biology) on species endangered or threat-
ened at the state, national, or international level, or address research on potentially 
threatened habitats or species, or on introduced injurious species. Proposals 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 
selection 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 chairperson. 

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 behavior, biochemistry, molecular biology, biomechanics, or physi-
ology. Proposals must be from individuals only and be accompanied 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 program in a zoo, museum, park, nature 
center, regional herpetological 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 categories should be 
submitted here if travel funding is being sought. Proposals must be accompanied by a 
letter of support from another member of the SSAR or a student's major advisor or 
committee 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 1994 
for proposals to be considered. Applicants are limited to submission of one proposal in 
one category per year. If proposals in any of the categories are not forthcoming, 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 OBJECTIVES 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 (postmarked) no later than 31 DECEMBER 1994 to be considered. Please 
include office and home phone numbers, as well as fax number if available. It is often 
necessary to 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 
1995. 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 completed. They 
are also encouraged to submit the results of research projects for publication in the 
Journal of Herpetology or Herpetological Review or to present their findings at the 
annual meeting of the SSAR. Submit proposals or questions regarding application 
procedures to: Dale Belcher, Chair, SSAR Grants-in-Herpetology, Rio Grande Zoo, 
903 Tenth St. SW, Albuquerque, New Mexico 87102-4098, USA. Tel. (505) 843-7413, 
FAX (505) 842-7281. 

Financial contributions by SSAR members, institutions, and other benefactors 
support this program significantly and can increase the number and/or size of awards. 
Your tax-deductible contribution to this program will directly benefit meritorious 
research and education in herpetology. Contact the Treasurer of SSAR for additional 
information on contributing to the Grants-in-Herpetology Program. If you are em-
ployed 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-Herpetol-
ogy Program. 
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IN MEMORIAM 

Mangven Chang (1903-1993): 
Pioneer Herpetologist Of China 

Professor Mangven Chang (Pinyin spelling: Mengwen Zhang), 
one of the leading Chinese herpetologists of the 20th century, died 
in Shanghai on October 2, at the age of 89. Chang was one of that 
group of Chinese biologists who earned their doctorates overseas 
prior to the Second World War and then returned to China in order 
to lead the country's modernization of biological research and 
teaching. 

Chang was born in Ningbo City, Zhejiang Province, on May 7, 
1903. He was a student of the famous biologist Chih Ping (Zhi 
Bing) at Southeastern University in Nanjing (now Nanjing Uni-
versity), and graduated in 1926, after which he became associate 
professor in the School of Agriculture at Peking University where 
he taught zoology and anatomy. In 1934, he went to France to earn 
his doctorate under Louis Roule at the University of Paris at which 
time he was also associated with Fernand Angel of the Museum 
National d'Histoire Naturelle. Chang's thesis, completed in 1936, 
waspublished in book form the same year, entitled "Contribution 
a l'Etude Morphologique, Biologique et Systematique des 
Amphibiens Urodeles de la Chine" (reprinted by Society for the 
Study of Amphibians and Reptiles in 1968). This was the first 
comprehensive review of the salamanders of China. 

Chang returned to China in 1937 and held a number of posi-
tions, successively, at Zhejiang University, Fudan University (at 
the Chongqing campus, where he was chairman of biology), 
Heilongjiang University, Harbin Normal University, and finally 
at East China Normal University in Shanghai. Chang had many 
prominent herpetological students, including Huiqing Gu, Buqing 
Hu, Zhengyi Huang, Zhixun Li, Kentang Zhao, and Yu Zong, who 
went on to productive careers of their own. 

In addition to his book on salamanders, Chang published many 
significant monographs on amphibians and reptiles, in particular 
about those species native to Sichuan and Zhejiang provinces. He 
published several general books (on vertebrate zoology, 1987; 
comparative anatomy of vertebrates, 2 volumes, 1986-1988; his-
tory of biology, 1956). He was an outstanding teacher, actively 
lecturing on many biological topics. He was one of the founders of 
the Chinese Zoological Society, served as president of the Shang-
hai Zoological Society, and was Honorary President of the Herpe-
tological Society of China at the time of his death. His contribu-
tions to Chinese biology and particularly to herpetology were 
fundamental and he is justly remembered as a pioneer herpetolo-
gist of China. 

PEICHAO WANG 
Department of Biology 
East China Normal University 
Shanghai, Peoples Republic of China. 

ARTICLES 

Exotic Larval Bullfrogs (Rana catesbeiana) 
As Prey For Native Garter Snakes: 

Functional And Conservation Implications 
The ability of an exotic species to invade and establish in a new 

community is determined in part by its competitive status relative 
to native species (Brown 1989), and in part by its vulnerability to 
local predators. Bullfrogs (Rana catesbeiana ) are currently invad-
ing the South Fork of the Eel River in northern California. Along 
reaches where they are common, especially at large pools, native 
anurans are rare or absent (S. J. Kupferberg, unpublished data). 
Experimental results suggest that larval competition between 
bullfrogs and two native species, the Pacific treefrog (Pseudacris 
regilla), and the foothill yellow-legged frog (Rana boylii), may 
contribute to exclusion of these natives from previously occupied 
stream habitat (Kupferberg 1993). While garter snakes commonly 
eat larval and metamorphic anurans (Arnold and Wassersug 
1978), bullfrog larvae can exceed the mass of native anurans by an 
order of magnitude. The question arises, will western aquatic 
garter snakes (Thamnophis atratus), the most common snake at the 
site, be an effective predator of bullfrog tadpoles and metamorphs? 

Here I report feeding events in which T. atratus eat large bullfrog 
tadpoles that had over-wintered. In addition, I present data on 
snake size distribution to illustrate that large individuals likely 
able to consume bullfrog tadpoles are uncommon. Even the 
largest snakes observed had considerable difficulty swallowing 
second-year bullfrog tadpoles. The relatively large prey size leads 
to handling behavior akin to tool use. Prey shape, in particular the 
diameter of bullfrog tadpoles' heads and bodies, rather than their 
overall mass, may reduce bullfrog vulnerability to snake preda-
tion. 

Field work was conducted in the vicinity of the Northern 
California Coast Range Preserve, Mendocino Co., California 
(39°44'N, 123°39'W). Sizes of snakes and anuran larvae were 
recorded when animals were being collected for experimental 
predator /prey and competition investigations between 1990 and 
1992. Wide size ranges of animals were collected and then the most 
similarly sized individuals were used for experiments; data re-
ported here are for the full range of those collected. Snakes were 
captured by hand in June and July, 1990 and 1991, which might 
have biased the size distribution towards larger snakes because 
neonates do not appear until August. This however would yield 
a conservative estimate for the purpose of my hypothesis. The 
sizes of over-wintering R. catesbeiana tadpoles come from those 
caught by hand using dip nets while wading or snorkeling on 8 
June 1992. Tadpoles were weighed using an electronic field bal-
ance to the nearest 0.1 g. Observations of snake predation on 
bullfrogs were made opportunistically during the course of field 
surveys and experiments with tadpoles, June through September, 
1990-1993. 

Only the largest snakes ate large second-year bullfrog tadpoles 
(Fig. 1) and I did not observe snake predation on first-year larvae. 
The mean mass of second-year bullfrog tadpoles (20.2 ± 6.8 g, 
range 7-45 g, N = 70) far exceeds the maximum size attained by 
tadpoles of native species (1.6 g for R. boylii, 0.9 g for P. regilla) at 
the site. On two occasions I observed snakes in the process of 
consuming tadpoles, and on three occasions I offered tadpoles to 
snakes to better observe the attack-capture-ingestion process (Table 
1). Tadpoles removed from the water and placed on the shore in 
close proximity to foraging snakes were quickly attacked. 

The difficulty that T. atratus has in handling larval bullfrogs is 
exemplified by an unusual behavior I observed on one occasion 
when a snake pushed a tadpole against a rock to facilitate engulf-
ing the partially ingested prey. On 10 July 1993 (1630 h), I placed 
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FIG. 1. Size distribution of Thamnophis atratus (mean SVL = 28.7±10.3 cm, 
N = 57; mean mass = 12.7±123 g, N = 53). Arrows point to sizes of snakes 
observed consuming larval/metamorphic Rana catesbeiana prey. Solid 
arrows indicate natural observations, and dashed lines indicate that prey 
were offered to the snake. Dark bars indicate snakes that were captured 
during summers 1990 and 1991, and light bars indicate snakes observed 
during subsequent years. 

a R. catesbeiana tadpole by the edge of a stranded side pool (22 m 
x 6.5 m x 0.25 m deep), where a T. atratus was foraging. Within one 
minute the snake attacked and bit the tadpole's tail. The tadpole 
attempted to swim away, the snake chased it, bit the tail again and 
held on as the tadpole thrashed from side to side. After another 
minute the tail was almost completely consumed. Swallowing 
began underwater at the capture site, but it became difficult for the 
snake to continue swallowing when it reached the round tadpole 
body. The snake swam 1.5 m to the opposite bank, hauled one 
third of its body out of water, wedged itself between three rocks, 
and began swallowing the body of the tadpole. Two boulders 
were opposite each other, 11 cm apart, and a third boulder made 
a headwall. The gravel substrate between the rocks sloped up 

Date Tadpole Size 
SVL, TL (cm) 

Tadpole 
= Stage 

Snake 
SVL (cm) 

20 Jul 1991 5.5, 9 (41)43-44 50 (59 g) 

21 Sep 1992 7, — 43-44 60 

10 Jul 1993 4.5, 12 37-39 52 

10 Jul 1993 3.8, 8.5 37-39 46 

13 Aug 1993 5.5, 13 39-40 41 

towards the headwall rock. The snake braced its body between the 
two parallel boulders, with points of the s-curve against each rock. 
Its head was up-slope at the headwall rock. Periodically over a 
twenty minute period the snake pushed the snout of the tadpole 
against the headwall rock while continuing to brace with the sides 
of its body and made slow progress in advancing its jaws over the 
body of the tadpole. When not pushing against the rock the snake 
lifted its head and tilted it backward. By 1655 h, the tadpole's snout 
was at the snake's snout, but the sides of the tadpole's deformed 
body protruded from the sides of the snake's mouth. The tadpole 
was fully consumed five minutes later. On the occasion when a 
bullfrog tadpole prey was offered to a garter snake in captivity, 
handling time was excessive, 2 h, perhaps because in the confines 
of a round bucket, the snake could not employ any of the behaviors 
described above. 

These observations show that T. atratus can eat bullfrog tad-
poles, but these snakes are not likely to be effective bullfrog 
predators. Snake size distribution suggests that most are too small 
to feed on second-year larvae and even the largest individuals had 
difficulty handling bullfrog prey. Those snakes which can attack 
bullfrog tadpoles are likely to have low overall feeding rates when 
single large prey items are consumed. With higher surface to 
volume ratios, large prey would likely be digested more slowly 
thereby decreasing the rate of prey consumption and reducing per 
capita risk. Long handling times also increase the risk of predation 
on snakes by avian predators. Additionally, T. atratus displays an 
ontogenetic shift in foraging mode away from tadpole prey to-
wards fish and salamander prey as snake size increases (Lind 
1990). At a creek containing only R. boylii as anuran prey, tadpoles 
constituted 60% of neonate T. atratus stomach contents, and only 
26% and 29% of juvenile and adult stomach contents (Lind 1990). 
T. atratus take large Pacific giant salamanders (Dicamptodon 
tenebrosus) up to 133 mm SVL and 88% of snake mass (Lind and 
Welsh 1990) which are comparable in size and weight ratio to large 
bullfrog larvae (Table 1). Shape, however, especially with respect 
to roundness, is not comparable between salamanders and bull-
frog tadpoles. The ratio of prey diameter to a snake's head diam-
eter is the aspect of prey size likely to determine a snake's ability 
to ingest prey (Greene 1983). Specialization on round prey neces-
sitates morphological modifications that would increase gape, as 
in the African egg-eating snakes (Gans 1974). It is also interesting 
to note that where bullfrogs are native and common, they do not 

appear in water snake 
(Nerodia sipedon) gut con-
tents, whereas other co-oc-
curring smaller ranids have 
historically constituted a 
portion of water snake diet 
(King 1993). Future investi-
gations should focus on 
whether T. atratus will se-

120 lect prey by size or by spe- 
cies and whether there will 
be a shift in the snake size 
distribution. 
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TABLE 1. Thamnophis atratus feeding events on larval Rana catesbeiana prey (—indicates no data). 

Location/timing of 	Handling 
observation 	 time (min) 

Snake in plastic 
bucket; live prey 
enclosed. 

Snake on a rock 
in a riffle; in progress. 

Snake in water; 
prey offered at bank. 

Snake in water; 
prey offered at bank. 

Snake in grass 
at edge of pool; 
in progress. 
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Distribution And Abundance Of 
Perochirus ateles (Gekkonidae) 

In The Mariana Islands 

Perochirus ateles (Micronesian gecko) has a fairly large range that 
includes the Caroline and Mariana Islands, and Marcus Island 
(Brown 1976). In the Marianas, Brown examined specimens from 
Cocos, Guam, and Tinian Islands, implying that the range is the 
southernmost islands in the archipelago. Museum records and 
recent surveys of most of the islands in the Marianas (Rodda et al. 
1991) confirmed the presence of this species only on Cocos, Guam, 
Tinian, and Saipan Islands, all of which are the southernmost 
islands in the archipelago. Despite surveys on Rota (an island 
between Guam and Tinian) in 1988 (Wiles et a1.1990) and in 1991 
(McCoid, unpub. data), P. ateles was not recorded. 

With the exception of Cocos Island, museum data and survey 
information indicate that P. ateles is rare, uncommon, or extirpated 
on islands in the Marianas where it has been recorded. On Guam, 
the last museum record is 1978 and virtually continuous surveys 
from 1984 to the present have not revealed the presence of this 
species. On Tinian, the only known specimen was collected in 1946 
and recent surveys (Rodda et al. 1991; Wiles et a1.1989) have not 
yielded any additional sightings or specimens. On Saipan, three 
specimens were collected between 1979 and 1984 and there have 
been several reliable sightings subsequently (D. Stinson, pers. 
comm.). On Cocos Island, a fringing atoll approximately two km 
south of Guam, we found P. ateles to be a conspicuous and 
abundant member of the nocturnal herpetofauna. In the area (a 
resort that occupied the eastern 1/3 of the island) that we fre-
quently surveyed during 1989 and 1990, P. ateles formed about 5% 
of the gekkonid community (63 captures (MJM Private Collection) 
in 30 h of searching). It was also abundant on the remainder of the 
island (1/3 of which was relatively undisturbed atoll forest domi-
nated by Casuarina, Hernandia, and Cocos), but surveys were 
infrequently conducted in this area of the island. 

Sabath (1981) characterized P. ateles as a forest habitat specialist. 
Rodda et al. (1991) adopted this view and stated that this species  

occurred in relatively undisturbed forests or in situations adjacent 
to forests. On Cocos Island substantial numbers of P. ateles oc-
curred on buildings and lighted porches in areas of moderate 
human activity. We conclude that this species tolerates a fair 
amount of habitat alteration. 

The ability of P. ateles to persist despite habitat destruction and 
environmental perturbations is emphasized by the Cocos Island 
population. This island has a surface area of approximately 37 ha 
and underwent the development of a coconut plantation prior to 
WWII, construction of a U.S. military installation (formerly occu-
pying approximately 1 /4 of the island), two resorts (occupying a 
total of 1/2 the island), and at least three typhoons (see below) 
since 1949 that have overwashed the island (Neubauer and 
Neubauer 1981; per. obs.). Only about one third of the island 
remains as regenerated atoll forest. In late 1990 and 1991, ty-
phoons hit Guam and Cocos Island causing tremendous damage 
on both islands. The resort was destroyed by the cumulative 
effects of the typhoons and subsequent clearing by a private 
company that controlled the resort. The remaining two thirds of 
the island were completely defoliated of all broadleaf vegetation 
and an estimated 50 to 60% of the trees were lost. Due to radical 
alteration of the habitat we were unable to quantify the post-
typhoon gekkonid population using the survey techniques em-
ployed earlier. However, no lizards of any species were sighted at 
the resort end of the island after debris clean-up was initiated by 
the resort in early 1992. Because at least one third of the island no 
longer harbored any lizards and a substantial portion of the 
remaining habitat was lost, a conservative estimate is that a 30+% 
population decline of P. ateles occurred on Cocos Island as a result 
of the storms and subsequent clean-up activity. 

Reasons for rarity on the other islands have not been estab-
lished. Although Wiles et al. (1989) speculated that the absence of 
P. ateles from Tinian was due to extensive clearing for agriculture, 
suitable habitat (primary, secondary, and beach strand forest) 
remains on approximately 28% of the island. Unless there was an 
island-wide decline in all habitats, P. ateles should have persisted 
in these areas despite large scale ecological disturbances over 
most of the island. The single known specimen from Tinian was 
collected after the termination of large scale agricultural practices 
and construction associated with WW H. Specimens from Saipan 
have come from a number of situations, including from inside a 
house, but the few recent sightings all involve relatively undis-
turbed limestone forest. Since Saipan did not experience the 
extensive agricultural development that Tinian did, substantial 
tracts of primary and secondary forest still exist. Presence on Rota 
is expected, as approximately 60% of the island is primary ty-
phoon forest (Wiles et al. 1990) and the island is bracketed by 
known populations. However, if the P. ateles population on Rota 
had experienced an island-wide decline similar to that presumed 
for Tinian and Saipan, failure to record this species would not be 
unexpected. In contrast to the more northern islands in the Mari-
ana archipelago, Guam had once substantial populations of P. 
ateles. Sabath (1981) estimated that in the late 1960s P. ateles 
comprised 11-18% of the gekkonid fauna in beach strand and 
limestone forest, respectively. By the mid-1980s, the species was 
extirpated from Guam, possibly due to predation by the intro-
duced brown tree snake, Boiga irregularis (Rodda and Fritts 1992). 

It is unlikely that introduced species have played a role in large-
scale population declines on Rota, Tinian, and Saipan. Although 
an introduced gekkonid has been shown to adversely affect a 
native species (Petran et a1.1993), confamilials (e.g., Hemidactylus 
frenatus) have never been shown to cause, through competition, 
the extirpation of native reptiles (Case and Bolger 1991). The 
pattern of island occupation by other potentially detrimental 
introduced species (Rattus spp. and B. irregularis) does not corre-
late with known or suspected populations of P. ateles. Rats are, or 
were, abundant on Guam, Rota, Tinian, and Saipan, but also occur 
on Cocos. Boiga irregularis occurs only on Guam. Suncus murinus 
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(a shrew) is introduced in the southern Marianas, but is not a likely 
factor in population declines of arboreal gekkonids as this shrew 
does not climb very well (Barbehenn 1962). 

The prognosis for P. ateles in the Mariana Islands is not fa-
vorable. Considering the current low population density on Saipan, 
the possible extirpation on Tinian, the failure to record the species 
on Rota, the definite extirpation on Guam, and the substantial 
population reduction on Cocos, P. ateles should be viewed as a rare 
species in the Mariana Islands. The greatest historical population 
densities occurred on Guam and Cocos and not on more northern 
islands. Reasons for the absence on Rota and Tinian, and rarity on 
Saipan are currently unknown. The densest population will con-
tinue to be on Cocos Island, but future typhoon damage may 
further destabilize this population. Most importantly, the possible 
establishment of B. irregularis on Cocos Island from Guam (there 
have been several sightings of B. irregularis on Cocos) will likely 
extirpate the last remaining dense population of P. ateles in the 
Mariana Islands. Perochirus ateles is now protected by the Com-
monwealth of the Northern Mariana Islands (all islands north of 
Guam) and has been proposed for protection by the Territory of 
Guam. 

Acknowledgments.-G. H. Rodda and two anonymous reviewers gener-
ously commented on a draft of the manuscript. D. Stinson (Common-
wealth of the Northern Mariana Islands) supplied information. Portions of 
this study were supported by the Endangered Species Conservation 
Program, Project E-4 (to Guam). 

LITERATURE CITED 

BARBEHENN, K. R. 1962. The house shrew on Guam. In T. I. Storer (ed.), 
Pacific Island rat ecology. Report of a study made on Ponape and 
adjacent islands 1955-1958, pp. 247-256. Bishop Mus. Bull. 225. 

BROWN, W. C. 1976. Review of the genus Perochirus (Gekkonidae). Occ. Pap. 
California Acad. Sci. 126:1-13. 

CASE, T. J., and D. T. BOWER. 1991. The role of introduced species in shaping 
the distribution and abundance of island reptiles. Evol. Ecol. 5:272-290. 

NEUBAUER, C. P., and D. R. NEUBAUER. 1981. The vegetation of Cocos Island 
(Mariana Islands). In L. Raulerson (ed.). Plant biogeography of Guam, 
pp. 23-39. Univ. Guam Mar. Lab. Tech. Rep. 69. 

PETREN, K., D. T. BOLGER, and T. J. CASE. 1993. Mechanisms in the competi-
tive success of an invading sexual gecko over an asexual native. Science 
259:354-358. 

RODDA, G. H., and T. H. Rms. 1992. The impact of the introduction of the 
colubrid snake Boiga irregularis on Guam's lizards. J. Herpetol. 26:166-
174. 

and J. D. Reiciin. 1991. Distributional patterns of reptiles 
and amphibians in the Mariana Islands. Micronesica 24:195-210. 

SABATH, M. D. 1981. Gekkonid lizards of Guam, Mariana Islands: repro-
duction and habitat preference. J. Herpetol. 15:71-75. 

WILES, G. J., A. B. AMERSON, JR., and R. E. BEcx, JR. 1989. Notes on the 
herpetofauna of Tinian, Mariana Islands. Micronesica 22:107-118. 

G. H. RODDA, T. H. FRrrrs, and E. M. TAisAcAN. 1990. Abundance and 
habitat use of reptiles on Rota, Mariana Islands. Micronesica 23.153-
166. 

MICHAEL J. McCOID 1  
and 
REBECCA A. HENSLEY2  
Division of Aquatic and Wildlife Resources 
P. 0. Box 2950 
Agana, Guam 96910, USA. 

Present Addresses: 1Caesar Kleberg Wildlife Research Institute, Texas A&M-
Kingsville, Kingsville, Texas, 78363, USA. 2Texas Parks and Wildlife Department, 
1231 Agnes Street, Corpus Christi, Texas, 78401, USA. 

Eggs, Hatchling Sizes, And Oviposition Sites 
Of Lizards On Guam, Mariana Islands 

Early life history information on many species of lizards in the 
western Pacific, particularly the Mariana Islands, is poorly known. 
A single study (Sabath 1981) estimated clutch size in some 
gekkonids on Guam. To fill in this information gap, eggs and 
hatchlings (N = 252) of 13 of the 15 species of lizards occurring on 
Guam, or neighboring Cocos Island, were collected. No informa-
tion was garnered on the remaining two species (Nactus pelagicus 
and Lipinia noctua) as they have either been extirpated or occur at 
very low densities (Rodda et al. 1991). Data were collected be-
tween 1988 and 1992. Eggs were incubated under ambient tem-
peratures (25-30°C) and measurements taken the day of hatching. 
Egg measurements were taken throughout incubation on species 
with parchment-shelled eggs (scincids) and once during incuba-
tion on calcareous-shelled eggs (gekkonids). Time of egg mea-
surement for parchment-shelled species (just prior to hatching or 
at deposition) is noted in the text. If incubation was unsuccessful, 
or eggs were not available, the smallest known specimens with 
umbilical scars were used to infer approximate size at hatching. 

Scincidae 

Carlia fusca-This abundant, introduced skink (McCoid 1993a) 
is ubiquitous in all habitats on Guam. Sites of oviposition are 
beneath virtually any object, ranging from discarded trash to 
vegetation root masses, that has been in place long enough to alter 
microhabitats to provide adequate temperature and humidity 
incubation requirements. Communal nesting has been observed 
with Gehyra oceanica, Anolis carolinensis, and Emoia caeruleocauda. 
Clutch size is an invariant two and eggs are parchment-shelled, 
ovate, and have a mean length at deposition of 11.96 mm (SD 
0.882, N = 13). Hatching is 34 to 35 days and eggs gain size and 
weight during incubation (mean % weight gain during full-term 
incubation 37.5, SD 26.541). Mean hatchling SVL is 23.42 mm (SD 
0.98, N = 129). 

Cryptoblepharus poecilopleurus-While this species has never 
been recorded on Guam (Rodda et al. 1991), it is abundant on 
Cocos Island, a fringing atoll approximately 2 km south of Guam. 
On Cocos Island, this arboreal species is most conspicuous on the 
windward (east) side where it commonly occurs in Casuarina 
equisetifolia groves. While no eggs have been found on Cocos 
Island, a captive female deposited two parchment-shelled, ovate 
eggs (mean length 11.8 mm). Schwaner (1980) found a mean egg 
length from American Samoa of 10.1 mm. McCoy (1980) stated an 
invariant clutch size of two for the Solomon Islands, but necropsied 
females (N = 7) from Cocos Island contained one or two oviductal 
eggs (mean clutch size 1.51). The Cocos clutch size data are similar 
to those presented by Schwaner (1980) for American Samoa. No 
hatchlings were obtained from incubated eggs, but two free-
living lizards (20.6 and 21.7 mm SVL) with prominent umbilical 
scars were collected. Observations of this species on Cocos Island 
included only rare terrestrial movements, suggesting that eggs 
may be deposited in the root masses of occupied trees. 

Emoia atrocostata-This is another species never recorded on 
Guam (Rodda et al. 1991), but is relatively abundant on Cocos 
Island. The species is restricted to the tidal splash zone on the 
windward side of the island. No eggs or hatchlings have been 
collected, but several small E. atrocostata (estimated 20-25 mm 
SVL) have been observed. Greer (1968), Alcala (1986), and McCoy 
(1980) reported a clutch size of two from other island groups and 
egg deposition above the tidal zone. Dense thickets of Pemphis 
acidula border the splash zone on Cocos Island and area likely area 
for egg deposition. 

Emoia caeruleocauda-Known egg deposition sites on Guam are 
beneath concrete bricks and fallen logs. McCoy (1980) found eggs 
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in ground debris in the Solomon Islands. Communal nesting on 
Guam with Carlia fusca and Gehyra oceanica has been observed. 
Greer (1968) and McCoy (1980) indicated an invariant clutch size 
of two and necropsies of females (> 40 mm SVL, N = 25) from 
Guam (based on oviductal eggs and secondary follicles) corrobo-
rate this pattern. Ten ovate and parchment-shelled eggs (four 
clutches of two and two singles) (mean egg length within one day 
of hatching 12.25 mm, SD 0.777, mean width 9.45 mm, SD 0.058, N 
= 4) were incubated from three to 26 days and mean SVL of 
hatchlings was 22.75 mm (SD 0.817, N = 10). 

Emoia cyanura-A sighting of this species (Kami et al. 1974) is 
the only record for mainland Guam, but this species is relatively 
common on Cocos Island. No eggs were collected, but a 24.6 mm 
SVL specimen possessed a prominent umbilical scar. Greer (1968) 
reported a clutch size of two, but Schwaner (1980) in American 
Samoa and Zug (1991) in Fiji found a mean clutch size of less than 
two. Hatchling size ranged from 22 to 23 mm SVL in Fijian 
specimens and mean hatchling SVL in Samoan specimens was 
22.0 mm. Based on necropsied adult females from Cocos Island (N 
= 4), clutch size is an invariant two. Egg deposition sites on Cocos 
Island are probably in debris and beneath logs. 

Emoia slevini-This is the only endemic reptile in the Mariana 
archipelago and natural history information is limited to a short 
description of habitat (Brown 1991). Because this is primarily a 
terrestrial forest-dwelling species, egg deposition sites are prob-
ably similar to other forest-dwelling Emoia. No eggs have been 
collected, but a specimen from Cocos Island (SVL 32.0 mm) 
possessed a prominent umbilical scar. Eggs were observed 
(Falanruw 1989) on Asuncion Island (Mariana Islands) but no 
description was provided. 

Gekkonidae 

Gehyra mutilata-Sites of egg deposition on Guam were in 
discarded feed bags and behind wooden slats of an abandoned 
shack. Zug (1991) found eggs on Fiji in flower bracts, leaf axils, 
beneath bark, and in buildings. Fitch (1970) reported an invariant 
clutch size of two, but Schwaner (1980) found clutches of one or 
two in American Samoa. Clutch size on Guam is an invariant two 
(Sabath 1981) and eggs (mean length 9.5 mm, mean width 8.2 mm, 
N = 2) are calcareous, subspherical, and adhesive. Mean egg mass 
of Guam specimens was 0.31 g (SD 0.023, N = 3) and mean 
hatchling SVL 20.9 mm (SD 0.942, N = 9). Brown and Alcala (1978) 
reported hatchling size range of 18.5-23.0 mm SVL in the Philip-
pines. 

Gehyra oceanica-Literature reports of egg deposition sites indi-
cate an apparent degree of opportunism (McCoy 1980; Zug 1991) 
and conspecific communal nesting (Zug 1991). On Guam, a clutch 
(along with egg shards from a previous clutch) was found buried 
in soft dirt with clutches of Carlia fusca and Emoia caeruleocauda. 
Egg shards have also been found buried in guano heaps of the 
cave-dwelling island swiftlet (Aerodromus vanikorensis). Eggs (mean 
length 13.85 nun, mean width 12.8 mm, mean mass 1.36 g, N = 2) 
were calcareous, subspherical, and non-adherent. Schwaner (1980) 
reported clutch sizes of 1-4 on American Samoa and Sabath (1981) 
reported clutch sizes of 1-2 for Guam. The mean hatchling SVL of 
the above clutch was 32.6 mm. 

Hemidactylus frenatus-This common human commensal is 
abundant on Guam and has an invariant clutch size of two 
(Schwaner 1980). Eggs (mean length 8.62 mm, SD 0.325, mean 
width 7.59 min, SD 0.342, N = 26) are subspherical, calcareous, and 
non-adhesive. Schwaner (1980) reported incubation of 77-88 days 
in American Samoa and Brown and Alcala (1957) 70+ days in the 
Philippines; incubation period on Guam was 53-54 days. Com-
munal nesting in non-urban situations with Lepidodactylus lugubris 
in plant axils and holes in trees has been observed. In urban 
situations on Guam, H. frenatus will deposit loose eggs in the 
bottom frames of sliding windows while L. lugubris will glue eggs  

along the upright frames of the same windows. Hemidactylus will 
also opportunistically deposit eggs in a variety of novel situations, 
including in stacks of dishes, beneath cushions on a couch, and 
inside televisions, radios, and videotape players. Mean egg mass 
of specimens from Guam was 0.27 g (SD 0.032, N = 66) and mean 
hatchling SVL was 20.32 mm (SD 0.832, N = 66). These data closely 
resemble the summary presented by Zug (1991). 

Lepidodactylus lugubris-This parthenoform is typified by a 
clutch size of two (McCoy 1980; Zug 1991) but may lay a single egg 
(Sabath 1981; Zug 1991). Large females (> 45 mm SVL) on Guam 
may also contain three oviductal eggs. Conspecific communal 
nesting has been reported (McCoy 1980; Zug 1991) and is common 
on Guam. Communal egg laying on Guam has also been observed 
with Hemidactylus frenatus. Nesting sites on Guam are similar to 
those reported in the literature (McCoy 1980; Zug 1991) and 
include tree holes as little as 13 cm from the ground. Eggs (mean 
length 9.24 ram, SD 0.406, mean width 6.99 mm, SD 0.247, N = 10) 
are ovate, calcareous, and adhesive. Gibbons and Zug (1987) 
reported a mean egg mass of 0.4 g for Fiji and 0.23 g for Tonga; 
mean egg mass on Guam was 0.25 g (SD 0.03, N =19). Brown and 
Alcala (1978) reported a hatchling SVL range of 15.5-17.6 mm in 
the Philippines and Zug (1991) a mean hatchling SVL of 16 mm. 
Specimens from Guam had a mean SVL of 18.9 (SD 0.614, N=19). 
McCoid and Hensley (1991) reported that 76% of L. lugubris 
encountered were clone 'A' (fide Ineich 1988). All hatchlings 
reported on here from Guam were clone 'A.' 

Perochirus ateles-This Micronesian endemic has a reported 
clutch size of 2-3 (Sabath 1981). A single captive female laid two 
subspherical, calcareous, adhesive eggs. No measurements were 
taken, but eggs were larger than dimensions given for Hemidacty-
lus frenatus and smaller than for Gehyra oceanica. Three probable 
hatchlings (mean SVL 19.9 mm, SD 0.458) were collected on Cocos 
Island. 

Polychridae 

Anolis carolinensis-After the introduction on Guam in the mid-
1950s (McCoid 1993a), the entire island was colonized, although 
predation by introduced Boiga irregularis currently restricts distri-
bution to urban areas. Clutch size is one (Hamlett 1952), although 
a single necropsied female contained two oviductal eggs. A single 
parchment-shelled, ovate egg (no measurements) was found, 
along with several eggs of Carlia fusca, in loose dirt beneath an 
ornamental tree. Incubation was 30 days and hatchling SVL was 
21.0 mm. 

Varanidae 

Varanus indicus-Eggs from captive females on Guam have 
never been successfully incubated. Data from DOR females 
(McCoid 1993b) suggests that clutch size for medium to large 
females 380 mm SVL) is at least 10 eggs. The only known 
oviposition site (containing egg shards only) is in guano deposits 
of a cave-dwelling bird (Aerodromus vanikorensis). Oviductal eggs 
were oblong, parchment-shelled, and ranged from 40.5 to 46.7 
mm in length (McCoid 1993b). 
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POINTS OF VIEW 

Editor's note: The following article is part of a recently published monograph 
[Campbell, J. A., and D. R. Frost. 1993. Anguid lizards of the genus Abronia: 
Revisionary notes, descriptions of four new species, a phylogenetic analysis, and 
key. Bull. Am. Mus. Nat. Hist. 216. 121 pp. (pp. 53-56 reprinted here)]. 

Conservation Biology 

Although Abronia represents more than half of gerrhonotine 
anguid lizard species diversity (approximately 25 out of 45 spe-
cies), restricted distributions and habitats disturbed or destroyed 
by human development have made most members of the genus 
Abronia among the most endangered species of lizards in the 
world. Moreover, because cloud forest species tend to be re-
stricted to single or adjacent cloud forests, several undescribed 
species of Abronia likely have already become extinct with the 
human destruction of cloud forests on several of the volcanoes of 
southern Guatemala and adjacent El Salvador. As an example of 
this habitat destruction, the ranges of A. mitchelli (known from a 
single specimen) and A. frscolabialis (known from only five speci-
mens) in Oaxaca, Mexico, are currently being clear-cut, much of it 
apparently illegally. This destruction is irreversible and inexo-
rable; there is ample evidence that officials who stand in the way 
of the cutting of Oaxacan forests are at risk of assassination by 
logging interests (Katz 1992). 

Our decision to address the issue of imminent extinction of 
Abronia was not taken lightly. Systematic biologists have been 
slow learners when it comes to the political realities of "biological 
conservation," and it has become very clear that the usual conse-
quence of biologists supplying information on endangerment of 
species is the regulation of biologists (and therefore of information 
acquisition) and not habitat protection (Hedges and Thomas 1992; 
personal observ.). As the world fauna and flora becomes increas-
ingly endangered by human overpopulation (the primary mani-
festation of which is habitat degradation), the freedom of biolo-
gists to survey rapidly disappearing natural faunas and floras has 
been increasingly restricted. Regardless of this counterproductive 
effect of species-based regulation, in the past two decades many 
species of amphibians and reptiles have been listed by federal and 
state governments, or, more onerously and less effectively, by the 
Convention on International Trade in Endangered Species of 
Flora and Fauna (CITES). Particularly in tropical countries, this 
regulation has had negligible influence on habitat destruction 
and, with the exception of a few large and/or photogenic mam-
mals and birds, extirpation of species. 

Once species are legally protected, study by biologists usually 
requires expensive and/or difficult-to-obtain permits. In effect, 
legislation limits access to regulated animals to those most able to 
pay (i.e., commercial interests) or to those whose activities indi-
rectly extirpate species (e.g., subsistence woodcutters). For ex-
ample, at the time of this writing, scientific collecting permits for 
non-nationals in Mexico are $1000/permit, clearly far above their 
administrative overhead cost, and obviously aimed at restricting 
access of non-Mexican scientists to that rapidly disappearing 
fauna. There appears to us to be no effective limitation of habitat 
destruction in that country. The extinction of the frog Rana tlaloci 
(0. Flores-Villela, personal commun.) within 10 years of its dis-
covery (Hillis and Frost 1985), due entirely to the effects of urban-
ization of central Mexico, is an example of this regulatory asym-
metry. That is, it would have cost a non-Mexican biologist $1000 
to legally collect a single specimen of Rana tlaloci from the canals 
of Xochimilco, even as the unregulated effects of urbanization 
were driving them extinct. Although we note regulatory condi-
tions in Mexico, where many Abronia occur, regulatory conditions 
in other countries (including the United States 8) and internation- 
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ally are frequently the same or worse, so these are widespread 
problems. With respect to international regulation, in recent years 
we have witnessed the CITES listing of dendrobatid frogs on the 
basis of no evidence of endangerment whatsoever (C. W. Myers, 
personal commun.; see also Mrosovsky 1988, and Bringseoe 1992), 
as well as the U.S. delegation to the 1987 CITES convention vote 
against the delisting of an Australian mammal, even though there 
was no evidence of trade in the species, Australia initiated the 
proposal for delisting, and Australian laws were considered ad-
equate for its protection (DRF, personal observ.). In other in-
stances, conservation legislation such as CITES listing or the 
Endangered Species Act appears to be largely irreversible and in 
some instances continues to protect some species for which a 
secure future has been won (Enderson 1992), thus wasting valu-
able funding and effort that might be allotted to those species and 
habitats in critical need of protection. 

At a more local administrative level, U.S. state wildlife agencies 
often deny biologists access to "endangered" species (e.g., 
Batrachoseps wrighti in old-growth forests in Oregon) while other 
regulatory agencies may be promoting destructive development 
or logging in the same areas, although this development causes 
many deaths of these protected organisms. The state of California 
protects the sand dune-restricted species Uma inornata, but allows 
access of all-terrain vehicles in their habitat with murderous 
results9  (Brattstrom 1988; Brattstrom and Bondello 1983). It is 
obvious to us, and many others (Gans 1992; Hedges and Thomas 
1992) that the only viable approach to maintaining self-renewing 
natural populations of many organisms, including Abronia, is to 
protect blocks of natural environments, not by attempting to 
protect individuals or particular species, the regulatory approach 
often taken by state and federal governments, and frequently 
promoted by conservation organizations. 

Further, if individual populations are to be protected adequately, 
they must be discovered and recognized while still viable. Ingram 
(1991) reported that a single specimen of the gastric-brooding frog 
(Rheobatrachus silus) was collected possibly as early as 1915, yet 
this species was not described until 1973. Now thought to be 
extinct, Rheobatrachus silus and its habitat might have received 
sufficient protection to ensure its survival had it been described 57 
years earlier. This observation, plus the fact that even some of the 
most thoroughly explored parts of the earth (e.g., California) still 
hold undiscovered vertebrates (Greene and Losos 1988), suggests 
to us the need for expanded, rather than restricted, scientific 
collecting on a global basis. 

What the counterproductive aspects of wildlife regulation dem-
onstrates, of course, is that biologists, besides being the smallest 
among those groups interested in wildlife issues, are the least 
vocal and politically weakest group among logging, construction, 
and recreational interests, the leather industry, and animal im-
porters and exporters. All of these other interests can afford legal 
aide (e.g., Pet Industry Joint Advisory Council) against disorga-
nized, underinformed, and heavily bureaucratized international 
(e.g., CITES), federal (e.g., U.S. Fish and Wildlife Service [USFWS]), 
and state agencies. The result is that scientists, the segment of the 
"consuming" public that is the smallest and the least punitive to 
natural populations and one of the most important for rational 
habitat regulation, is also the most regulated. As an example of the 
resources of commercial compared with research interests, re-
cently, in response to USFWS discussion of increased regulation of 
bird importation, the Pet Industry Joint Advisory Council was 
able to make a direct mailing to 1,000,000 households (Anon. 
1992). This kind of effort is beyond the capability of any research 
organization. 

Currently, the documented (Brautigam 1991; Busack 1974; W. 
King in Dodd 1986; Fitzgerald et al. 1991) commercial trade in 
amphibians and reptiles and their products is responsible for 
more than five times as much collecting per year than scientific 
collecting has accomplished in total for its entire history (data from 

Wake et al. 1975, plus estimates of non-U.S. collection holdings). 
This translates to scientific collecting being responsible for less 
than 1% of the annual regulated take of amphibians and reptiles. 
Further, the undocumented effects of human overpopulation and 
urban development are surely directly responsible for several 
orders of magnitude more deaths of amphibians and reptiles per 
year than either commercial or scientific collecting. Given that 
annual takes of amphibians and reptiles for commercial purposes 
are multiples of the number of specimens ever deposited in 
scientific collections, one must wonder if regulation of scientific 
collection is worth the administrative effort, particularly because 
few biologists have any interest in commercially valuable or truly 
endangered species. Although we agree that governments and 
international treaty organizations certainly have the right to regu-
late scientific collecting, it does seem that a more rational and 
expedient means could be found to insure the protection of species 
that are truly endangered rather than the unworkable and detri-
mental arrangement now in place. Further, if the failure of the 
United Nations Conference on Environment and Development 
(UNCED, Rio de Janeiro) to distiguish between scientific and 
commercial activities is any indication (Barton 1992), we likely can 
look forward to biodiversity research (i.e., systematics) being 
throttled by increased "biodiversity" legislation. 

We expect that our comments presented here will have no effect 
on reducing habitat destruction where Abronia occur. We expect 
that we will live to see A. mitchelli, A. fuscolabialis, A. fimbriata, A. 
anzuetoi, A. ornelasi, A. reidi, A. matudai, A. smithi, A. ochoterenai. A. 
leurolepis. A. montecristoi. A. bogerti, and A. chiszari extinct, or found 
only in such small tracts as to be biologically nonviable. Abronia 
montecristoi may already be extinct inasmuch as its only known 
locality is one of the best known in Central America and no 
additional specimen has been collected in over 30 years 10. Species 
inhabiting pine-oak woodlands (A. aurita, A. lythrochila, A. deppii, 
A. species "Guerrero," A. gaiophantasma, A. graminea, A. mixteca, A. 
oaxacae, and A. taeniata) may survive somewhat longer because of 
their more extensive habitats, even though this habitat is generally 
more accessible to humans. Nevertheless, we doubt seriously if 
any of these species (representing half of gerrhonotine anguid 
diversity) will survive the twenty-first century, with little possibil-
ity of any additional understanding of these animals because of 
legal restrictions that are part and parcel of these species' destruc-
tion. We also expect that our comments here will have the unde-
sirable effect of making it more difficult to obtain collecting 
permits and export licenses from the pertinent countries, with no 
effective improvement of habitat conservation. After all, permit 
officials are human, and they do not enjoy being told that their 
policies and actions are counterproductive. 

In short, most species of Abronia have already had their habitats 
severely disturbed and many species face extinction in our life-
times. Our messages are: (1) protect their remaining habitats; (2) if 
this cannot be done effectively, let anyone have access to these 
organisms without permit—at least herpetoculturists will keep 
some of them going into the next century and they will be available 
for their nontrivial aesthetic value. If the effect of our statements 
is to make others press for legal restrictions in the taking of these 
animals, without serious protection of their habitats, then we can 
only lament that these people will have failed what is, in effect, a 
conservation biology IQ test. They will have put a new roof on a 
burning house. 
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FOOTNOTES 
8. The plethora of overlapping U.S. state and federal wildlife laws, as well as visa 
policies, make it effectively impossible for Mexican nationals (as well as other non-
U.S. citizens) to pursue collecting-based research in the United States. 
9. Indeed, the state of California has opened state parks to off-road vehicles, 
providing that they remain on pre-existing trails, a restriction of dubious practical 
value. 
10. The conclusion that this one specimen was the "last of its species," killed off by 
a scientific collector, would be almost certainly incorrect. El Salvador is well-known 
for its leadership in habitat destruction in Central America, an ongoing process well 
advanced in the region of the Hacienda Monte Cristo. 
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Anonymous Reviews: A Response To 
Wilson And McCranie 

Wilson and McCranie (1993) have provided a generally good 
series of arguments for and against the anonymous peer review 
system, and both authors certainly are familiar enough with the 
system to qualify as knowledgeable critics. However, I was sur-
prised to read several of their opinions, qualified as ". . . incendi-
ary...," against the system, especially #2 which alleges that "... the 
editor and such a [vindictive] reviewer form a secret pact against 
the author." 

While my publications experience is not as extensive as that of 
the authors, I have served as editor of various publications series, 
have had peer-reviewed manuscripts and grant proposals ac-
cepted, and have had some rejected. All of the editors it has been 
my good fortune to have known regarded their role not as part of 
any pact, but rather as a sort of interface between prospective 
authors and science. Some even went so far as to be a publication 
facilitator for novices or persons not fluent in English. Only once, 
for a co-authored funding proposal, have I received a rejection 
based in large part upon the snide commentary of a review 
committee member who implied a former association with my 
department, and whose identity I can guess. Happily, the work is 
proceeding with very adequate and diverse corporate support, 
privately solicited; sometimes success is the best revenge! 

I can accept the thought that there are editors who are less 
conscientious about their role, and it seems that Wilson and 
McCranie (and persons with whom they discussed their stance) 
have encountered them. After all, editors, like other scientists, are 
human first and scientists/editors second, with all the room for 
ego abuse and lack of character that implies. While locating 
persons qualified and willing to serve as editors is not at all easy, 
neither is it impossible. Wilson and McCranie's criticisms, there-
fore, seem less appropriate to the system than to publishers who 
fail to replace dishonest or vindictive editors. I write this with the 
full realisation that an author may pin an additional target on their 
derriere by making such an accusation against an editor, but not 
to speak perpetuates injustice-ultimately, we're entitled to all the 
rights and justice we're willing to stand up and defend. And 
several authors leveling such charges at an abusive editor would 
be, I feel, a considerable threat to the status of a journal and hence 
to that of its publisher. 

Selection of reviewers and disposition of manuscripts after 
review together constitute a unique art form. It definitely is time 
consuming, but I am not at all sure it would be more expedient for 
authors and reviewers to correspond directly-in fact, I can easily 
imagine this process requiring more time than the present system! 
Direct correspondence might enhance cooperation, but I wonder 
at what point a cooperative known reviewer recommending 
constructive revisions would feel they ought to be a co-author? 
The editor's time per manuscript would be reduced, but this 
interface is a necessary part of editorial functioning. 

For an anonymous reviewer to use the system to suppress 
competition is to my mind utterly contemptible, and is another 
damning indictment of the bucks-grabbing, overhead-generating 
nature of much research-mill science. An editor receiving one 
poor review and two good ones clearly needs to examine critically 
their choice of reviewers as well as the science involved, and 
failure to do so is editorial cowardice. But again, this is address-
able through the publisher. Yes, there are economic decisions 
involved, and it's certainly possible to keep costly journal pages 
filled with papers which have received unanimously good re-
views. But does this approach best serve science? I doubt it, and I 
expect Wilson and McCranie would agree. Reading Bob Jaeger's 
example of "academic revenge" saddened me-it really did-but 
it did not surprise me. If that's the logic with which tenure 
decisions routinely are made everywhere, then academia ought to 
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be about ready to implode. Why would a graduate student want 
to spend years developing in order to enter a system that routinely 
eats its young? 

All of the editors interviewed by Wilson and McCranie seemed 
to agree (as do I) that the system is far from perfect, though it seems 
ultimately better than most alternatives. However, in the course of 
informal discussion with a mammalogy graduate student here 
(Mike Stokes, pers. comm.), I learned of an interesting and logical 
variant under discussion among KU's mammalogists (and, doubt-
less, elsewhere)—TOTALLY anonymous peer review, wherein 
the author is unknown to the reviewer, who remains anonymous 
to the author. This is easy for editors to implement, preserves the 
valuable parts of the present system, and reviewers who wish to 
identify themselves could continue to do so. 

In conclusion, I thank Wilson and McCranie for initiating what 
I expect will be extensive, and I hope productive, discussion. 
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Cladism: The Great Delusion 

"What a lovely day. Let's go and dig up some nodes." 
—What palaeontologists don't say. 

"Although the thrills of novel thoughts are to be nurtured, and all students 
to be introduced to them, there is an inherent danger that should be 
recognized, namely that a new concept be not mistaken through the thrill 
it bestows as a sort of 'divine revelation' of THE TRUTH."—H. M. Smith 
(1972) 

-000- 

Once again, traditional or evolutionary systematics has clashed 
with the "new science" of cladistics. Lazell (1992) has questioned 
the results of the application of the cladistic method to the classi-
fication of iguanine lizards (Frost and Etheridge 1989), and has 
been firmly rebuffed (Frost and Etheridge 1993). 

But has he? Lazell may be a reactionary, but he is a very well-
informed and thoughtful one; he deserved better than the patron-
izing "most people think as we do nowadays" condescension of 
Frost and Etheridge's reply. The truth is that cladism, while taking 
on the overtones of religious dogma at times amongst adherents 
who casually dismiss the wisdom of earlier great minds, is neither 
unanimously accepted amongst biologists, nor is it the "hard 
science" or "objective approach" that its supporters insist. 

To the claim that cladism is the consensual philosophy of 
systematists of the nineties, I would observe that the many writ-
ings of S. J. Gould (a useful sample reprinted in Gould 1980) 
summarize some of the problems with the cladistic approach, and 
give examples of some of the implications of rigorous application 
of the rules of cladism (and I know of no cladist who demands less 
than rigorous application, though he may wisely stop short of 
applying such rigor). Gould has argued that not only does dadism 
force one to abandon such commonsense vernacular concepts as 
"fish," "zebras," or "apes," but it even prohibits one from consid-
ering dinosaurs to be reptiles unless one is also prepared to 
consider that birds are reptiles. Gould also notes that cladism  

relies upon inference and hypothesis, ignoring the fossil record 
almost entirely, not only in its details as regards the past history 
of particular groups, but also in its overall suggestions and hints 
as to how the evolutionary process has historically proceeded. 

Foolish, too, would be the cladist who casually discounts the 
contributions to systematics and evolutionary biology of Ernst 
Mayr, who, in a recent updating of his 1969 work Principles of 
Systematic Zoology (Mayr and Ashlock 1991), went to some length 
(over sixty pages) to present a refutation of the cladistic philoso-
phy, an approach that clearly disappointed an otherwise respect-
ful cladist reviewer (de Queiroz 1992). 

Other noteworthy doubters include the late A. d'A. Bellairs, 
probably the most prestigious British herpetologist of recent 
decades, who wrote in a book review (Bellairs 1989): "The empha-
sis is on characters of systematic interest rather than upon func-
tional anatomy, a concomitant of the cladistic approach which 
will lead morphology into even greater disrepute than it currently 
'enjoys' among other kinds of biologists. Furthermore, the work 
makes minimal concessions to the general herpetologist; for ex-
ample, one looks in vain for any summary of the cladistic method 
or for a glossary of its wretched jargon. Elitism! One is just 
supposed to know, though one doubts if the subject is taught in 
any university in the United Kingdom." 

More recently, the veteran herpetologist R. F. Laurent (1992) 
has presented a thoughtful essay on the shortcomings of cladism, 
noting some of the absurdities that can result from rigorous 
application of the Rules, and observing that any system that uses 
discontinuous categories (e.g., species) cannot accurately reflect 
true (presumably continuous) phylogeny. Other systems, he ob-
served, are not truly phylogenetic either, but they do not pretend 
to be. 

But I prefer not merely to appeal to inventories of prestigious 
nay-sayers and "magister dixit" arguments alone. I will try to 
categorize and analyze the problems with cladism in as objective 
a way as possible, keeping "ad hominem" arguments to the bare 
minimum (an ideal perhaps not achieved by Frost and Etheridge). 
Nonetheless, comments about practitioners of alternative ap-
proaches that can only be classified as "snide" do seem to be a 
stock-in-trade of cladists (note, e.g., the comments at the foot of 
page 99 in Farris 1990), so the reader is asked to forgive my 
occasional descent into a similar spirit in the arguments below. 

The problems with cladism may be summarized as follows: 
i) "Straw man" arguments that misrepresent the actual nature of 
competing approaches to systematics. 
ii) The absence of new concepts behind the new and opaque 
jargon. 
iii) Deliberate rejection of "hard" data, and incompatibility with 
the fossil record. 
iv) The erroneous axiom that evolutionary history has been simple 
and overwhelmingly divergent (the principle of parsimony). 
v) Subjectivity masquerading as objectivity throughout the disci-
pline of cladistics, such subjectivity being evident in a) determina-
tion of character polarity; b) selection of sister groups; c) determi-
nation of which shared characters represent parallelism or con-
vergence, and which represent evidence of common ancestry; d) 
arbitrary (or prejudicial) wording utilized to force complexly 
varying characters into "A or B" dichotomies. 
vi) A concerted drive to assert with finality (or at least until the 
next hypothesis) that which one does not actually know. 

These objections may be further elaborated as follows. 
i) "Straw Man" arguments. Cladists (e.g., Frost and Etheridge) 
equate their procedure with the "recovery" of natural, phyloge-
netic groupings, and portray the primary opposing approach 
(evolutionary or traditional systematics) as defending absurdities 
such as the concept of the group that includes "my car and three 
geese." Yet traditional systematists have long sought to identify 
"natural" rather than "artificial" groups, primarily by examina-
tion of all aspects of the morphology (and fossil history) of a group 
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to identify parallelism. They have always acknowledged that 
convenient, "button-sorting" characters result in artificial keys, 
not natural ones. Thus, it was not cladists but traditional system-
atists who decided that a thylacine, despite appearances, was not 
a wolf. And while some early categories (e.g., the Pachydermata, 
for thick-skinned, huge, nearly hairless mammals like elephants, 
rhinos, and hippos) were dearly mistakes, such were abandoned 
long before cladists came on the scene. 

It is in fact the traditional taxonomist of today, rather than the 
cladist, who uses judgment to note which characters are likely to 
be fundamental ones and which are recent, plastic, or adaptive 
ones, and who emphasizes the former and rejects the latter. A 
cladist, on the other hand, constrained by a ban on using "judg-
ment" as to the quality of characters, and excluding most or all 
fossils on the usual ground that they don't reveal all the characters 
of interest, might easily end up with a "Pachydermata" Glade, or 
some other grouping of species with certain superficial similari-
ties. 

ii) The language of cladistics is singularly inelegant. 
"Autapomorphy," "symplesiomorphy," "homoplasy," or 
"Wagner Neighborhood" are not attractive terms. Many sciences, 
of course, have to develop a body of technical terms to refer to 
concepts that have no simple name. But cladism, in introducing 
these new terms, is merely juggling and renaming old concepts 
(parallel evolution, convergence, shared derived characters, etc.) 
that have been familiar for over a century. The motivation may be 
either to give the veneer of a "new" science by introducing new 
words, or perhaps to impress the layman with the "difficult" new 
terminology—a philosophy summarized by the phrase "omne 
ignotum pro magnifico," which may be roughly translated "if you 
can't understand it, it's gotta be great." Neither of these is legiti-
mate justification. The procedure recalls that of some of the "soft" 
social-study disciplines, preoccupied with recognition as "real" 
sciences, that have developed graceless and unnecessary termi-
nology accordingly. 

iii) In developing multi-character cladograms for complex 
groups of organisms, the only actual points of contact with past 
truth are those of the fossil record, with all of its deficiencies. But 
fossils are usually incomplete, often only fragmentary specimens, 
almost never with indications of soft parts. Since few of the 
cladists' preferred characters are likely to be evident, the first 
thing they do in developing a cladogram is to dump most or all of 
the fossils, on the pragmatic grounds that the characters of interest 
are not all detectable. For example, Pritchard and Trebbau (1984) 
listed and gave summary information on no fewer than 33 genera 
of pelomedusid turtles, of which only five had extant members. 
But Gaffney and Meylan (1988) included only nine genera (the 
five living forms, and four fossil ones) in their cladogram of the 
Pelomedusidae, without challenging the validity of the remain-
ing 24 genera. Their chosen procedure gave them only one other 
choice—either dump most of the genera, or dump most of the 
characters. But in rejecting "inconvenient" or incomplete fossils, 
cladists also reject all contact with past reality, and plunge entirely 
into the field of speculation. 

If cladistics were indeed a "hard" science, with predictive capa-
bility, it would be possible to foretell, from examination of extant 
taxa and application of the method, what one would find in the 
fossil record. Reading a cladogram in the approved fashion from 
the top down (and assuming the universally uncalibrated y-axis 
to represent "Time"), one may not be able to predict much about 
what may be discovered very early in the history of the group, but 
the most recent hypothesized bifurcation events should occasion-
ally be subject to confirmation. The concept of the "node" and 
what it really is has been much discussed. Some consider a node 
to be a higher taxon; but a node does not include the taxa that 
derive from it, whereas a higher taxon includes both a node and 
its derived forms. Others (e.g., Brooks et al. 1984) consider a node 
to be a representation of a speciation event. But to include "events"  

and "taxa"—the intangible and the tangible—as comparable con-
cepts in a scientific hypothesis raises difficulties of the apples-
and-oranges type. 

In the last analysis, a node, in order to have any standing in 
scientific discourse (i.e., be subject to at least potential confirma-
tion by observing the real world) has to be a species, or at least an 
interbreeding population of organisms that may or not be conspe-
cific with other, isolated populations, identified at that point in its 
evolution at which it first undergoes irrevocable branching into 
two lineages each destined to become distinct species. (They may 
ultimately become distinct at a higher taxonomic level). With this 
as a working definition, we would anticipate that fossilized 
"nodes" (the "missing links" of an earlier generation of evolution-
ists), or at least near-nodes, or arguable nodes, would be abun-
dant. We would also expect that series of fossils from successive 
strata would document the morphological evolution of life, lead-
ing by progressive stages and regular dichotomous splitting to the 
taxa found today. Through the course of time, an early, modest 
diversity of generalized taxa would be seen to change progres-
sively, bifurcate regularly into two (not three or more) branches, 
each of which would continue to change, and become more 
specialized as the complex modem fauna evolved. 

This scenario is completely alien to what one actually finds. The 
real-world fossil record is characterized by such unpredicted 
findings as: 

a) Fossil forms are often fully as specialized as living ones, and 
in many cases are more specialized (Gould 1980; Zangerl 1980). 
Forms that are clearly ancestral to living forms, unless essentially 
identical to them, are very scarce. Most fossil forms represent the 
ends of their respective evolutionary lineages, destined for extinc-
tion rather than alteration. 

b) The predicted "nodes," or points of dichotomous bifurcation, 
are virtually absent from the fossil record. Even "near-nodes" are 
very scarce. And, curiously, cladistic palaeontologists do not even 
seem to be looking for them, or expect to find them. Somehow they 
lack faith in their own philosophy. 

c) A typical taxon appears rather abruptly in the fossil record, 
and remains unchanged, or undergoes only inconsequential 
change, before becoming extinct several million years later (Gould 
1980). 

d) At very rare intervals, a spectrum of fundamentally new 
lineages appears essentially simultaneously, presumably in re-
sponse to some drastic change in competition, or world climate or 
ecology. Such "adaptive radiation" may be dismissed as "unre-
solved polychotomies" by the cladists, but the important thing is, 
not to attempt to identify minuscule chronological separation 
between the origins of these diverse lineages, but to recognize that 
they were essentially (i.e., geologically) simultaneous. 

Modem molecular systematists have tended to confirm what 
traditional systematists have known for a long time—that adap-
tive radiation is real. Thus, in the mtDNA sea turtle phylogeny 
presented by Bowen et al. (1993), the three branches of the 
Cheloniidae (Carretini, Chelonini, Natator) have essentially iden-
tical length, and apparently diverged soon after the K-T bound-
ary. While the "molecular clock" may not tick at identical speed 
for all kinds of organisms, it clearly represents a useful tool for 
comparing divergence times within a group of related organisms. 
The dadist, on principle, cannot accept the statement that the 
three fundamental branches of modern cheloniid turtles diverged 
at essentially the same time; but the molecular data indicate that 
they did. 

e) The greatest fundamental diversity (i.e., at the phylum level) 
appeared at the beginning of the fossil record (e.g., in the Cam-
brian Burgess Shale), not at the end of it (Gould 1989). 

If one starts with the real data about the past, i.e., the fossils 
rather than the suppositions, one will come up with models such 
as the Punctuated Equilibrium model of evolution of Eldredge 
and Gould (1972), and will also show more than casual respect for 
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the concept of contingency—the purely accidental, unpredictable 
events of mutation, of selection, of chance, that happened to have 
occurred (but that would never have occurred again), that ulti-
mately led to the modern fauna. One will find little evidence for 
the cladistic model. One will also inevitably form the view that 
speciation must most commonly occur in small populations, 
isolated by chance events in remote places where the selective 
forces are very different from those to which the species as a whole 
is subject. Most such populations will quickly go extinct; but a few, 
by dint of happy and appropriate mutations and not a little luck, 
will adapt to their new environment, and will speciate rapidly, 
with the founder stock remaining unchanged. We would have to use 
the same taxonomic designation for this founder stock before and 
after the splitoff occurred, since no difference can be detected. On 
the other hand, the offshoot stock, easily distinguished by many 
characters, should obviously have taxonomic recognition. But 
this is not acceptable under the Rules of Cladistics. 

A sociological parallel would be that of a twenty-generation 
lineage of peasants. Let us assume that, somewhere about the 
tenth generation, forces of contingency conspired to educate the 
eighth daughter of one of the families so that she became an urban 
professional. She married into this class also, and all her descen-
dants became urban professionals of one sort or another also. 
"Cladistics" would insist that, if generations 1-10 were all peas-
ants, and subsequent generations except for the urban profession-
als were also undifferentiated peasants, then the offshoot lineage 
must be considered peasant also. Yet any observer would note 
that, if people look like yuppies, smell like yuppies, talk like 
yuppies, maybe, just maybe . . . . 

As an example of the nomenclatorial, logical, and philosophical 
contortions forced upon cladists by some of their own arbitrary 
rules, note the "cure" proposed by de Queiroz and Gauthier 
(1992) for the cladistically unacceptable, although simple, state-
ment "the Agamidae were ancestral to the Chamaeleonidae," a 
remark that does not elevate the blood pressure of the traditional 
systematist in any way. 

The cladist may not disagree with the facts of the matter, but he 
cannot accept that the Agamidae, a successful, modern family, 
should have the same name both before and after it gave rise to the 
Chamaeleonidae. The proposed initial solution is to call the entire 
complex by the oldest available family name (i.e., 
Chamaeleonidae), thus utilizing a familiar name for an unfamiliar 
purpose, to designate both the agamids and the chamaeleons, and 
to leave nameless the two familar families recognized today. To 
this mess, de Queiroz and Gauthier resolve a further, even more 
drastic solution—the dumping of the entire Linnean system of 
nomenclature. Such iconoclasm is unlikely to appeal to anyone 
except highly theoretical cladists, in that most consider the Lin-
nean system remarkably time-tested, having withstood the gen-
eral acceptance of the theory of evolution, for example, without 
significant compromise. Those who do real, practical zoology, 
and need stable names to refer to the entities they study, will also 
not welcome total sacrifice of nomenclatorial stability on the altar 
of a theory that may well not survive the decade, let alone the 
centuries. Perhaps they will resort to standardized vernacular 
names, as have many ornithologists. 

iv). In general, I have no problem with Occam's Razor (i.e., 
where several explanations of a phenomenon are possible, choose 
the simplest until it is disproved), nor with Dollo's Principle, 
which states that evolution does not reverse itself. But my visceral 
response to the Rule of Parsimony is to observe that nature is 
bountiful, not parsimonious. It is extremely unlikely that the 
actual sequence of past events can be portrayed by the Hyphaenel 
model; the Salsola2 model is actually far more probable, in that 
evolution has demonstrably been extraordinarily complex, and 
species can be formed in many ways, including such bizarre 
means as tetraploidy, where interspecific hybrids become fertile 
with each other but not with either parental species (Wilson 1992). 

This results in the rejoining of divergent evolutionary branches 
into new, "composite" species, a phenomenon shown in no cla-
dogram I have ever seen. As George Gaylord Simpson once said, 
"evolution does not work in straight lines, but the minds of some 
scientists do." 

Furthermore, the assumptions underlying the Rule of Parsi-
mony, i.e. that both evolutionary reversal and parallelism or 
convergence are so rare that the model that includes the least of 
these is necessarily the one of choice, may be hopelessly flawed. 
Dollo's Principle is not breached when individual characters 
reverse themselves, it only states that an entire organism cannot 
exactly duplicate an ancestor unless connected to that ancestor by 
a chain of identical generations. In the small, well-studied family 
Testudinidae, with about forty living species, parallelism and 
convergence—in shell shape, alternating octagonal and tetrago-
nal neurals, radiating scute markings, gigantism, dwarfism, bi-
furcate gulars, male plastral concavity, thickened xiphiplastra, 
thickened or thinned epiplastra, enlarged forelimb scales, absence 
of bony cores in forelimb scales, elongate neck, single gular, 
conical vertebral scutes, absence of maxillary ridges, loss of nuchal 
scute, and many other characters (Loveridge and Williams 1957)—
are so extensive that a cladogram simply collapses under the 
weight of the known homoplasies, let alone the reasonable suspi-
cion of many more. Yet there is no reason to believe that homopla-
sies are atypically frequent in the Testudinidae—we simply have 
studied the present and past representatives of the group well 
enough to have identified many of them. 

One might also consider zoogeographic reasonableless in de-
ciding whether widely separated forms are likely to be conge-
neric, or whether the observed similarities are simply 
symplesiomorphic or homoplastic. Thus, Bour (1985) could find 
nothing to differentiate certain testudinid fossils from the Balearic 
Islands (western Mediterranean) from the sub-Recent Mascarene 
tortoises of the genus Cylindraspis; nor could Loveridge and 
Williams (1957) find definitive grounds for reversing Lydekker's 
(1889) allocation of the European Eocene Emys comptoni and 
Upper Miocene Emys scutella to the South African endemic tor-
toise genus Homopus. But in both cases "good zoogeographic 
judgment" (and not much else) would resist lumping such forms 
into single genera. 

When a cladist generates a series of cladograms of which the 
"true" one is identified as such because it includes 23 rather than 
25 cases of reversal or homoplasy, it must be realized that the real-
world history of the group probably included hundreds or thou-
sands of reversals, plesiomorphies, and homoplasies, most undis-
covered or lost forever by the vagaries of the fossil record. So 
whether the gross simplification of that history that is offered by 
the cladogram identifies 23 or identifies 25 reversals or 
plesiomorphies is absolutely meaningless. There is, in reality, no 
valid way to choose between these two scenarios. 

The Principle of Parsimony is a means of estimating the nature 
of something unseen by assuming that nothing unusual took 
place, that the sequence of events that is, statistically, the most 
probable can be hypothesized as that which actually occurred. A 
homely example will illustrate the absurdity of this process. Let us 
suppose you were to hold up an opaque sack containing a hun-
dred live turtles, and asked a colleague to guess which species 
they were. The Rules of Parsimony would require that the col-
league be familiar with all species of turtle and to know their 
relative abundance; they also require that he not be bound by any 
rules of common sense. 

Even if you gave a helpful hint and showed that the first twenty 
turtles were, say, Pseudemydura umbrina, Parsimony would con-
tinue to insist that the 21st turtle was not this very rare form, and 
might constrain our cladist friend to guess that the remaining 
eighty turtles were all Trachemys scripta, on the grounds that any 
other turtle species was less abundant than T. scripta, and there-
fore less likely to be in the bag. 
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Clearly this is nonsense. Even if Trachemys scripta were the most 
abundant turtle in the world, the "guess" is unjustified, not just 
because the first 20 turned out to be something else (and that 
should tell us something, just as a coin giving heads every time after 
twenty tosses should tell us something), but also because repre-
sentatives of this species certainly do not outnumber representa-
tives of all other species put together. In other words, the category of 
all non-scripta turtles is more numerous, and thus more probable, 
than the category of scripta turtles alone. So also is the composite 
category of several different cladograms each with 25 
plesiomorphies more probable than the single cladogram pre-
sented with 23 plesiomorphies. 

Obviously there are times in life when one does not have 
enough information to make a useful guess to interpret a complex 
situation, and at such times scientists should decline to commit 
themselves. The traditional or evolutionary taxonomist is entirely 
within his rules to designate a family that contains several dozen 
genera, without any obligation to group them into subfamilies or 
suprageneric groups if he feels that the data are insufficient to 
guide such a grouping. On the other hand, a cladist working with 
the same group is obliged by his rules to illustrate the dichoto-
mous branching that led to the extant array of genera, even if the 
data are subject to different interpretations (as they usually are). 
A great strength of the Linnean system is that it only requires bare-
bones categories (Kingdom, Phylum, Class, Order, Family, Ge-
nus, Species) for a given organism or group, leaving other catego-
ries to the discretion of the reviewer. They can be filled in later, 
when the data become available, without doing violence to the 
established structure. 

A further shortcoming of the methodology of cladism is that it 
does not differentiate between known, indisputable homoplasies; 
cases where homoplasy is possible; and cases where homoplasy is 
extremely improbable. 

v). a). Determination of character polarity. Polarity (i.e., whether 
a character is primitive or derived) is a critical consideration, in 
that clades have to be justified by the sharing of derived (i.e. 
apomorphic) characters. It sounds simple, but it is often not so with 
real-life examples, yet cladism collapses if polarity cannot be 
determined unambiguously— too many characters entered with-
out prior ordering will quickly generate logical chaos. It is impor-
tant to remember that all organisms alive today, in the last 
analysis, have had the same amount of time to evolve, although 
some may seem to have made better use of their time than others. 
Thus, characters thought to be primitive may only seem so — they 
may appear similar to the characters shown by very early mem-
bers of a lineage, but if they have been retained, they must either 
be selectively neutral, or (more likely) they are highly, even if 
subtly, adaptive to modern conditions. And if adaptive, and not 
connected to ancestral forms by a continuous fossil record, the 
possibility must be entertained that they disappeared and re-
formed. 

I will take some examples from within my own field of specialty 
— turtles, the Order Chelonii. Let us say that we wish to determine 
whether the roofed skull of modern cheloniid sea turtles; or the 
broadly rounded carapace of modern Lepidochelys; or the presence 
of bones in the posterolateral margins of the leathery carapace of 
Lissemys, are primitive or derived. The fossil record does not help 
in that the continuity with the superficially similar characters of 
early ancestors (or near-ancestors) cannot be demonstrated. 

Outgroup comparison can be attemped first. The obvious sister 
group for the cheloniids is Dermochelys, that happens also to have 
a roofed skull. But this is non-useful, in that the feature may be an 
adaptive one, common to all marine turtles, a shared derived 
condition, that conceivably formed independently more than 
once, of the lineage that includes both the dermochelyids and the 
cheloniids. 

Bowen et al. (1992) used Chelydra as a sister group for the 
cheloniid / dermochelyid lineage. In this form the skull roof is  

highly emarginate. But if we had, with equal justification, selected 
the other living chelydrid genus, i.e. Macrochelys, we would have 
found a completely roofed skull. Going back further, we find that 
the earliest turtles and other anapsids had a complete skull roof, 
as do certain isolated living genera (Pseudemydura, Platysternon, 
Peltocephalus). But despite an unusually rich fossil record, and a 
group that has attracted many competent students, it remains 
unclear whether the fully-roofed condition of these turtles is a 
sporadically-retained primitive feature or a highly adaptive one 
associated with megacephaly, non-retractability, or something 
else. 

As regards the wide carapace of Lepidochelys, both ontogenetic 
considerations (i.e., the wide, rounded shell of most hatchling 
turtles) and paleontological ones (i.e., the wide shell of certain 
early sea turtles such as Toxochelys) suggest that the discoidal form 
is primitive (Zangerl 1980). Yet those who have witnessed the 
unique, specialized nest-closing behavior of Lepidochelys can 
quickly become convinced that this feature is an advanced, spe-
cialized one associated with the "sand-thumping" post-oviposi-
tional "dance" of these turtles. Or perhaps it is truly primitive but 
serendipitously pre-adapted for an important behavioral func-
tion of modern Lepidochelys. 

Finally, in Lissemys, we find a trionychid genus in which ho-
mologs or analogs of some of the peripheral bones of other turtles 
are present, in a family of moderate diversity in which peripheral 
bones are otherwise lacking. The bones are sufficiently different in 
form and in number from normal chelonian peripherals as to raise 
significant question about their homology. Ecologically, the ge-
nus is unusual and apparently specialized within its family in that 
its preferred habitat is shallow, often temporary waters, and it has 
cutaneous plastral flaps that allow it to close its shell openings, 
presumably to retard dehydration under desiccating conditions. 
When tightly closed, the series of "peripheral" bones (which are 
not sutured to each other) are tightly folded or buckled on each 
side of the tail. 

Accepting Meylan's (1987) proposal of Carettochelys as the 
sister-group to the trionychids, we find a continuous series of 
peripheral bones to be present in this genus. By this criterion, the 
"peripherals" of Lissemys are primitive. But careful analysis of the 
peripherals of Carettochelys raises questions as to their homology 
— there are only ten pairs (PCHP 3990 has only nine) instead of the 
usual eleven, and unlike the peripherals of almost all other turtles 
they do not become sutured with either the costal or the plastral 
bones even in old adults. 

The homologous status of the peripherals of Carettochelys is 
thus also thrust into doubt, and this doubt then extends to the 
peripherals of Lissemys. The argument for primitive, "relictual" 
status of the latter is confounded also by the presence of a 
"preneural" bone in the anterior periphery of the carapace in this 
genus, a feature not found in non-trionychid turtles, and one that 
suggests neomorphic development rather than retention of primi-
tive features. If such an autapomorphy can form at the front of the 
trionychid shell, then there is no reason why it could not form in 
the posterolateral region also. I recently picked up a large live 
Lissemys scutata in a restaurant in Beijing, and was struck by the 
extraordinary utility of this scrap of armor. When the head is 
retracted, the prenuchal bone bends downward, to meet the 
raised anterior plastral lobe. The head is thereby effectively and 
neatly helmeted—a potential life-saver, hardly a useless relic! On 
the other hand, Meylan (1987), in an exhaustive cladistic analysis 
of the trionychids, concluded that the peripheral bones of Lissemys 
were primitive. Primitive features may be adaptive, of course, but 
they cannot be consider derived. The polarity of the "peripheral" 
bones of Lissemys must remain an open question. 

One might also ask how a conscientious cladist would deter-
mine character polarity in the rather small and nondescript Mexi-
can emydid Terrapene coahuila. Noting the relatively vaulted shell 
and generalized (neither elephantine nor webbed) foot structure, 
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he would probably identify this species as a primitive form, 
perhaps close to the ancestral testudinid line, an aquatic species in 
process of becoming terrestrial, with the single specialization of a 
plastral hinge. But by bringing to bear paleontological, taxo-
nomic, ecological, and genetic insights, one would recognize that 
this was an aquatic species in an otherwise terrestrial genus, 
which in turn was a member of a family of mostly aquatic species, 
which in turn were derived (through unclear pathways) from the 
presumably terrestrial earliest turtles. After just a few such rever-
sals, the concept of "primitive" becomes subjective indeed, since 
the terrestriality of other members of the genus Terrapene, primi-
tive when compared with T. coahuila, is dearly derived when 
compared with the Emydidae as a whole. 

The optimistic cladist might have anticipated that his method-
ologies, elaborated just as molecular approaches to systematics 
were dawning, would be confirmed by these new techniques, but 
this has not proved to be the case. Thus, in the absolute sense, what 
may be considered to be the "primitive" state for a given character 
is ultimately reflected in a particular sequence of nucleotides 
within a DNA molecule. Each position within such a sequence is 
defined, not in subjective terms of "polarity," but simply as one of 
four possible states — A, C, G, or T. The cladist would be forced 
to accept majority rule as his criterion of polarity at the DNA level, 
since obviosly no individual purine or pyrimidine could be con-
sidered "primitive," and this is clearly an unsatisfactory situation. 

b). Polarity is often defined by comparing a morphological trait 
to the condition in a "sister group," or a wider "out-group" —
ideally, a monotypic lineage that separated just below the base of 
the "clade" in question. Unfortunately, both selection and inter-
pretation of sister groups is also fraught with subjectivity. Whether 
a usable sister group exists at all depends both upon whether such 
a group ever evolved, and whether it had the good fortune to 
survive to be studied. The cladistic process is itself utilized in 
identifying a sister-group, and this requires knowledge of charac-
ter polarities; on the other hand, comparison with a sister-group 
is the main way of establishing character polarities in the first 
place. The process is thus tautological. Good judgment can be 
utilized to reduce the tautology, but in this nominally objective 
process, good judgment is not acceptable. Establishment of char-
acter polarity by comparison with a sister group is also highly 
vulnerable to misinterpretation through that persistent bugbear, 
homoplasy. 

A parallel would be to attempt to determine what one's great-
great-grandparents were like by looking for long-lost cousins. 
Not only has the "cousin" and his immediate forebears been living 
in the same changing world as oneself and thus making parallel 
life-style changes (does the fact that they all have televisions mean 
that one's ancestors must have had televisions?), but, as a parallel 
to the problems facing cladists, one may even be mistaken in 
accepting that the individual in question really is a relative! 
Moreover, the problem is further compounded if the "cousin" has 
many close relatives with whom he shares relatively few charac-
teristics—the ideal "sister group" has to be monotypic, or nearly 
so, or the analysis becomes too complicated. 

Finally, an example will illustrate that, even if one correctly 
identifies the polarity of a trait, one may nevertheless reach 
inappropriate phylogenetic conclusions. Many of the subspecies 
of the Galapagos tortoise (Geochelone nigra) show an unusual, 
shared condition, notably the saddlebacked shell, that correlates 
with many other characters (reduced size, relatively long limbs 
and neck, flared posterior carapace margin, white coloration of 
the head and throat, and various behavioral traits including 
sparring for dominance by raising the head as high as possible, 
and a tendency to flee rather than withdraw into the shell when 
threatened). Yet, although these characteristics certainly qualify 
as "synapomorphies," the conclusion that the saddlebacked tor-
toises form a "clade" may be incorrect. As Marlow and Patton 
(1981) have demonstrated by means of starch-gel electrophoresis  

techniques, the various isolated saddlebacked tortoise popula-
tions in the Galapagos archipelago almost certainly evolved inde-
pendently, on their different islands, from dome-shelled ances-
tors. Zoogeographic considerations—the scattered appearance of 
saddlebacked tortoises in parts of the archipelago where arid 
conditions prevail (Pritchard 1979)—lend support to this hypoth-
esis. 

c) Character selection is critically important to the development 
of phylogenetic hypotheses. One can never include all characters, 
so the selection of characters to be used will inevitably have a 
subjective element. The cladist attempts to utilize numerous 
characters and in this way hopes to identify multiple 
synapomorphies. The evolutionary phylogeneticist, on the other 
hand, tries to identify those traits that seem especially conserva-
tive and that are not closely associated with function in order to 
establish fundamental points of evolutionary divergence. He is 
not fooled, for example, by the fact that both of the chelid turtle 
genera Chelodina and Hydromedusa have very long necks and 
flattened heads, or by the fact that Terrapene and Cuora both have 
a mid-plastral hinge, even though both characters are linked with 
a number of associated morphological and functional similarities. 
Gaffney (1977) established the taxon Infratribe Hydromedusad 
for Chelodina and Hydromedusa, but Pritchard (1984) argued that 
the characters of the head and neck that were used are obviously 
related to the feeding behavior or ecology of the animals. Rather, 
the evolutionary taxonomist would note that the anterior shell 
scutellation of the first two genera, a classic non-adaptive feature, 
is drastically different, and that the skull of Chelodina differs from 
that of Hydromedusa in having a uniquely single frontal bone and 
no parieto-squamosal arcade — subtly adaptive, perhaps, but not 
obviously so. And he would not be fooled by the superficial 
similarities of the two box turtle genera, in that the plastral scute 
formulae or the configurations of the pygal bone relative to the 
supracaudal scutes (conservative, probably non-adaptive fea-
tures) are strikingly different. 

Sometimes, numerous characters may, in fact, be expressions of 
a single, recent adaptive modification. A classic example of this is 
the effect that durophagy, even of an individual as opposed to a 
lineage, can have upon the skull of a turtle (see Stejneger, 1944). I 
once identified a complex spectrum of differences between the 
skulls and lower jaws of the two species of Lepidochelys (Pritchard, 
1969); but apart from a few that could be attributed to the diurnal 
nesting habit of L. kempi (and associated with a smaller orbit), all 
were expressions of the durophagous habits of this species, mani-
fest in many ways in the jaw musculature, tomial surfaces, and 
osteological features. 

The cladist is drawn towards easy-to-describe, dichotomous 
characters (e.g. "maxillae in contact;" "frontal bone entering 
orbit;" "interpectoral seam longer than interfemoral seam.") But 
the functional significance of such characters may be that the 
skull, for reasons associated with the mode of feeding, has become 
narrower, and the orbits larger, perhaps to improve visual acuity. 
These adaptations may ultimately result in the maxillae achieving 
contact, or the frontal entering the orbit; but these are incidental 
by-products of the change in skull shape, and in themselves may 
be totally unimportant. Functionally, and phylogenetically, a 
close approach to the derived condition may be as significant as 
attainment of that condition. But, if the character is selected, not in 
a way to differentiate between forms that show the derived 
character and those that don't, but simply to differentiate between 
those that pass a threshold easily expressed in dichotomous 
terminology, then we will erroneously link taxa that do not show 
the character and those that do (but do not reach the threshhold), 
declaring them more closely related than those that almost reach 
and those that exceed the threshhold. Similarly, if the plastron 
changes shape for functional reasons, the key question may not be 
whether the interpectoral seam is actually longer than the 
interfemoral seam, but whether it is about as long (i.e., almost as 

Herpetological Review 25(3), 1994 
	

107 



long or slightly longer), as opposed to 50% as long. In other words, 
the important development of relative lengthening of the anterior 
plastral lobe may be obscured if one's only criterion is whether a 
certain easily-defined threshhold has been passed. 

In truth, characters can be selected, or described in carefully 
chosen words, to prove anything one wishes to prove, and this has 
often been done. A cynic might observe that cladists were intellec-
tual PAUPers who not only use, but have, bad characters. If one 
wanted to argue that Galapagos and Mascarene tortoises, for 
example, formed a natural Glade, one could identify the 
synapomorphies of gigantism, pigmentation, neck elongation, 
absent nuchal scute, foreshortened plastron without epiplastral 
thickening, sexual dimorphism greatly favoring males, enlarged 
anterior and posterior shell openings, absence of bony cores to the 
forelimb scales, tendency towards saddleback shell form, and 
certain other traits, and establish a "natural" clade—as did Dar-
win (1839), subconsciously or consciously, when he utilized the 
name Testudo indica for the Galapagos tortoises, until he was 
corrected (Darwin 1845). But no modern systematist considers 
these groups to be closely related. 

Sometimes extensively varying characters — and the genuinely 
binary character is unquestionably exceptional—can only be forced 
into the "either/or" or binary configuration favored by cladists 
after considerable verbal gymnastics. As an example of the ease 
with which carefully defined binary characters can be used to 
confirm one's preconceptions, those who would argue that the 
chelid turtle genus Phrynops was close to the genera Hydromedusa 
and Chelus might use the character of "neural bones present" to 
distinguish this group from the remaining chelid genera, in which 
neurals are usually lacking. On the other hand, Phrynops, that 
often has rather few neurals, shifts into the camp with Elseya, 
Emydura, Chelodina, Rheodytes, Pseudemydura, Platemys and 
Acanthochelys if one uses the slightly different criterion of "neural 
bones reduced." 

In this same vein, Meylan (1987) (a friend and valued sparring-
partner in academic debate) may have been correct in suggesting 
that the trionychids, carettochelyids, and staurotypine turtles 
formed a natural dade, but the characters he utilized to demon-
strate this are clearly riddled with homoplasies, if not downright 
bogus. 

They include the shared presence of a foramen intermaxillaris; 
of an anterior plastral hinge; and of the presence of 18 or fewer 
peripheral bones. Yet examination of the first of these indicates 
that the irregular opening in the premaxillary area of large adult 
staurotypines (and, incidentally, in many large adult chelydrid 
specimens also) is a direct result of the deep upper rhampothecal 
invagination (that accommodates the long mandibular "hook") 
penetrating the nasal capsule and eroding through the bone in this 
area. The foramen in trionychids, that lack a mandibular hook, is 
entirely different in nature, and is present at all ontogenetic stages, 
although barely expressed in such forms as Chitra. It may or may 
not be homologous to the foramen in carettochelyids, in which 
there is a vast, cavernous connection between the palatal area and 
the nasal capsule that combines the internal nares with the fora-
men intermaxillaris, but Meylan is certainly incorrect in claiming 
that the function of this foramen in Carettochelys is to accommo-
date a symphyseal hook. As may be seen upon inspecting a skull 
and mandible of this form, the hook is short, and when the mouth 
is closed the point of the hook rests against the underside of the 
(single) premaxilla rather than penetrating the foramen. 

It is true that all members of this "Glade" have 20 or fewer 
peripherals, as opposed to the 22 typical of other turtles. But to 
suggest that the presence of 20 peripherals in Staurotypus and in 
Carettochelys and of none in trionychids is a manifestation of the 
same phenomenon is untenable. The peripherals of trionychids 
(as Meylan himself states) almost certainly disappeared by pro-
gressive and simultaneous reduction or retardation of all ele-
ments in the series, until finally they failed to appear altogether. 

This is different in kind from the reduction of a series of 22 fully-
developed peripherals to 20 fully-developed ones. 

As to the use of plastral kinesis as a synapomorphy, this seems 
to be the most homoplastic character of all in the Order Chelonii, 
with an astonishing array of independently-derived hinges, cut-
ting across the front, the middle, and the rear of plastra; across 
genera, across species, across sexes; and in many cases absent in 
juveniles and developing with ontogeny. The diversity of hinging 
just amongst the living chelonians is reviewed by Pritchard (1993). 
Clearly kinesis is highly adaptive, and can develop extremely 
easily, and it has occurred so many times—apparently to accom-
modate better protection of the extremities, to facilitate oviposi-
tion, to facilitate visceral displacement during neck retraction, to 
facilitate respiration, to allow the turtle to gape threateningly with 
head retracted, or just to reduce the otherwise straitjacket effect of 
the shell, that the wonder is that any turtles remain (like the minds 
of cladists?) in an unhinged condition. 

vi) The "zeal of the newly converted" shown by the younger 
cladists is not just superficial, and their self-congratulatory pos-
turing ("now we have a Formula!") seems to me to stem from the 
psychological urgency of their obsession with becoming practitio-
ners of a "hard science" rather than being "merely" historians. 
Furthermore, they have convinced themselves that the available 
evidence (even the minuscule fragment to which they have ac-
cess) is indeed adequate to reconstruct the details of the phyloge-
netic history of life on earth, or at least to present a "most 
probable" hypothesis that is sufficiently credible as to be worth 
presenting. Yet, just as one is about to launch a reasoned critique 
of an inane dadogram, they withdraw it anyway and present a 
completely different one. I know of no other example where 
adherents to a particular scientific procedure show so much 
confidence in a methodology and so little in its results. They argue 
that convergent cladograms utilizing independent data sets will 
show progressive asymptotic approach to what really happened 
historically; yet they seem unembarrassed, for example, by the 
fact that the cladograms derived from, say, turtle skull characters 
may be grossly different from those derived from shell characters. 
One or the other must be wrong, and they do not indicate which. 

Just as the majority of people in virtually every culture on earth 
profess to know the basically unknowable when it comes to the 
nature of the afterlife—a result of their intense desire to know 
rather than of their actual knowledge—so the cladist claims 
unshakable faith in his interpretation of the forelife, as a manifes-
tation primarily of his overwhelming personal need to know what 
has gone before, or of his dissatisfaction with having so much 
morphological, or even genetic, biochemical, or paleontological 
information, available without knowing what it all means. Yet 
this process can lead to conclusions so ambiguous as to be abso-
lutely useless. For example, Frost (1992) was able to develop 36 
equally parsimonious trees for his data on the genus Tropidurus, 
and found no fewer than 26,588 "unrejected trees" for the same 
data set. The traditional systematist must be forgiven for wonder-
ing how systematics are advanced by such a plurality of interpre-
tations. 

The cladistic process—the drawing up of "Rules" for the cre-
ation of a finished product called a "cladogram"—is an extraordi-
narily legalistic and formalized process, whose revealed truth is 
entirely dependent upon the accuracy of the assumptions dis-
cussed above. Cladistic guidebooks such as that of Brooks et al. 
(1984) are disconcerting in that the style, in its dogmatic assertion 
of the "Rules," reads more like the Koran than a work of science. 
Take a couple of shaky axioms, mix with some slightly subjective, 
or uncritically selected, characters, run it all through the com-
puter, and the approximations and inaccuracies of the raw mate-
rial are compounded with the wild guesses that one would have 
preferred not to have had to make into a conclusion that bears no 
relationship to objective truth. But because it came out of a 
computer, it is often assumed by the naive to represent 
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unchallengable insight. (Wiser cladists simply dump computer 
output that seems wrong or goes against their grain, and try again 
until the results parallel their preconceptions! I have seen them do 
it.) 

True, the computer program itself does nothing more than 
speed up what may otherwise take weeks or months to do by 
hand. It is the digestion, the massaging, the wholesale disposing, 
of the data that is necessary before the computer can handle it that 
is the problem. We live in an age characterized by a preoccupation 
with relegating difficult decisions or intellectual functions to 
machines. This may be harmless enough in some cases — the use 
of calculators, spell-check features, translation machines, and 
other modern conveniences does provide a useful result quickly, 
and the principal down-side is that they characterize (or cause?) 
a generation that not only cannot calculate, spell, or translate, but 
even expresses arrogance about its inability to do these things 
when machines are available. 

But the use of computer programs to make judgmental deci-
sions, whether they be on phylogenetic relationships between 
organisms or on one's suitability for a college education, is more 
sinister in that the product is likely to be less accurate than 
"informed human judgment" would have been, yet it is portrayed 
as superior. It represents an abdication of the responsibility of 
accumulating insight and knowledge in favor of employing a 
briefly-trained technician with a computer program and a small 
amount of standardized information forced (sometimes kicking 
and screaming) into "format." As O'Rourke (1993) said, "there's 
a difference between information and knowledge. It's the differ-
ence between Christy Turlington's phone number and Christy 
Turlington." 

The preparation of a cladogram is nonetheless reminiscent of 
one of my own favorite pursuits in biology, that of the careful 
application of a set of arbitrary rules to the creation of a work of 
art known as a Synonymy. There is joy in the patient application 
of the Rules of Priority; the rejection of non-binomial forms; the 
careful identification of nomina nuda, nomina oblita, nomina 
rejecta, nomina conservanda, and others; the smoking-out of 
ever-older, more obscure, and more inaccurate works of the past; 
the delight in discovering a century-old typographical error; the 
terse and standardized abbreviation of the titles of ancient works, 
so rare that even few libraries have them, as if they were in 
everyone's household, on every coffee table; the triumphant 
declaration that the name everyone has used for the last century 
must now be challenged by a completely unfamilar earlier one, or 
even better, a new one; above all, the labored and loving catalog-
ing of ancient mistakes, for that is what a synonymy is—a literal 
and chronological catalog of errors, with one tentative line of truth 
somewhere at the beginning, middle, or end of the structure. It is 
fun to formulate such things, and you need to know your group 
and its literature well to do it well, and it is certainly scholarship. 
But it is not really science, and the things it regards as important, 
whether they be old publications or old specimens, generate no 
special insight into objective biology. A holotype, for example, is 
only important because we have decided that it is important—it 
was probably a thoroughly undistinguished representative of its 
taxon, or (even worse) may even have been unrepresentative or 
atypical. 

The saving grace of a synonymy is its lack of pretention. It 
undertakes only to follow the Rules and to research the literature 
in cataloging man's historical errors, his slow footsteps towards 
truth. Moreover, the true systematics scholar can use the Rules, 
not to change well-established names, but to find legitimate 
reasons why such names should be retained despite the challenge 
that more obscure or less-used names seem to present. 

But a cladogram is more sinister—it claims insight into biologi-
cal and historical reality, even convergence upon absolute truth, 
although the little problem of multiple equally parsimonious 
cladograms nixes any claim of actual representation of absolute  

truth. Yet it too is simply the product of the application of far-
from-absolute rules. Strange that competing cladograms for the 
same groups of organisms, presented as showing progressive or 
asymptotic approach to objective reality, show so much more 
diversity than do even the most elaborate independent synony-
mies for the same species! Strange—or perhaps not so strange—
is that those ultimate guardians of biodiversity and evolutionary 
evidence, the curators of natural history museums, are amongst 
the last to respond to cladistic hypotheses with enough conviction 
to cause them to relabel their stock, or even the doors of their 
cabinets. Perhaps it is just a manpower shortage, or perhaps 
experience has taught them to wait for the dust to settle, which 
inevitably happens literally, but rarely figuratively. 

Yet cladism is not useless. It was invented by an entomologist 
(Hennig 1966), and in this field the subject species outnumber 
systematics researchers by hundreds or thousands to one. The 
fossil record of insects is minuscule. Many insects can fly, and thus 
have potentially unlimited powers of dispersal, so zoogeographi-
cal considerations and isolation are rarely helpful. In the face of an 
indigestible plethora of morphological data on contemporary 
species, and little else, one needs some formalized procedure for 
getting a "first cut" on how the incredible diversity of species may 
be related to each other. But application of cladistics to smaller, 
better studied groups with abundant fossil records is a different 
matter. 

The parallel I would draw is as follows. To a beginning student 
breaking into a new area of study, the best approach may well be 
to get a printout of titles of relevant papers from an appropriate 
computer database, to "apply the formula," and see what it yields. 
He will learn much, and may well think he has learned every-
thing. But he will not, overnight, gain the insight of a veteran in the 
field, who knows the literature (and knows which papers are 
worthwhile and which are not), has extensive unpublished contri-
butions and "gray literature" in his files, and has a lifetime of 
experience, insight, and extraction of information and ideas from 
a huge variety of sources. He also has a keen, and humble, 
realization of how little he actually knows, of the shortcomings of 
his knowledge, and will say "I don't know" without hesitation 
when circumstances so demand. The former is in the position of 
the cladist, the latter in the position of the evolutionary or tradi-
tional systematist. 

In conclusion, and in the (translated) words of Laurent (1992), 
"after the storm of pheneticism more or less 20 years ago, we are 
now faced with the hurricane of cladism." One can almost hear 
Laurent's sotto voce murmur "this too shall pass." The opaque 
language of cladism has become the lingua franca, the unchal-
lenged dogma, of many systematists. Curiously, concepts not 
only of organic evolution by mutation, but also of punctuated 
equilibria, of cladograms, even of nodes and of the alternative 
interpretations of nodes either as species that are ancestral to two 
or more other species, or as genera or other higher taxa, were all 
anticipated as early as 1832, by C. S. Rafinesque in a letter to Dr. 
J. Torrey of New York; they did not originate with Darwin, 
Eldridge and Gould, or Hennig.* 

So too, the objections I have raised to cladism are, for the most 
part, not new—many have been raised by such luminaries as 
Ernst Mayr, George Gaylord Simpson, and Stephen Jay Gould—
but I fear that the contemporary peer pressure by the Cladistic 
Police is such that a great number of systematists are loath to point 
out the emperor's shortage of clothes. But I for one propose to 
remain unClad. 

*Rafinesque on evolution: "The truth is that Species and perhaps 
Genera also, are forming in organized beings by gradual deviations of 
shapes, forms, and organs, taking place in the lapse of time... This is a part 
of the great universal law of PERPETUAL MUTABILITY in every thing." 

Rafinesque on punctuated equilibria: "There is a tendency to deviation ,' 
and mutations through plants and animals of gradual steps at remote 
irregular periods." 
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Rafinesque on nodes and cladograms: "My last work on botany ... will 
be on ... the reduction of our Flora from 8000 to 1200 or 1500 primitive Sp. 
with genealogical tables of the gradual deviations having formed one 
actual Sp. . . . It is not impossible to ascertain the primitive Sp. that have 
produced all the actual; many means exist to ascertain it: history, locality, 
abundance, etc." 

Rafinesque on whether nodes are species or higher taxa: "Almost every 
genuine or primitive species will be found to constitute a peculiar genus." 

LITERATURE CITED 

BELLAIRS, A. d'A. 1989. Review of Phylogenetic Relationships of the Lizard 
Families. Essays Commemorating Charles L. Camp. (ed. R. Estes and G. 
Pregill). Herpetol. Jour. 1(8):379. 

BOUR, R. 1985. Una nova tortuga terrestre del Pleistoce d'Eivissa: la tortuga 
de la Cova de Ca Na Reia. Endins (Ciutat de Mallorca) 10-11:57-62. 

13owEN, B. W., W. S. NELSON, and J. C. AVISE. 1993. A molecular phylogeny 
for marine turtles: trait mapping, rate assessment, and conservation 
relevance. Proc. Natl. Acad. Sci. 90:5574-5577. 

BROOKS, D. R., J. N. CMRA, T. R. PLATT, and M. R. PurcHARD. 1984. Principles 
and methods of phylogenetic systematics: a cladistics workbook. Univ. 
Kansas Mus. Nat. Hist. Spec. Publ. No. 12.92 pp. 

DARWIN, C. 1839. Journal of researches into the geology and natural history 
of the various countries visited by H.M.S. Beagle, under the command 
of Captain Fitz Roy, R.N., from 1832 to 1836. London: Henry Colburn. 

 .1845. Journal of researches into the natural history and geology of 
the countries visited during the voyage of H.M.S.Beagle around the 
world... 2nd. ed. London: John Murray. 

DE QUEIROZ, K. 1992. Review of Principles of Systematic Zoology, 2nd Edition, 
by Ernst Mayr and Peter D. Ashlock, 1991. Syst. Biol. 41(2):264-266. 
	, and J. GAUTHIER. 1992. Phylogenetic taxonomy. Annu. Rev. Ecol. 

Syst., 23:449-480. 
ELDREDGE, N., and S. J. GOULD. 1972. Punctuated equilibria: an alternative 

to phyletic gradualism. In T. J. M. Schopf (ed.), Models in Paleobiology, 
pp. 82-115. Freeman, Cooper. San Francisco, California. 

FARRIS, J. S. 1990. Phenetics in camouflage. Cladistics 6:91-100. 
FROST, D. R. 1992. Phylogenetic analysis and taxonomy of the Tropidurus 

group of lizards (Iguania: Tropiduridae). Amer. Mus. Nov. 3033:1-68. 
	, and R. ETHERIDGE. 1989. A phylogenetic analysis and taxonomy of 

iguanian lizards (Reptilia: Squamata). Misc. Publ. Mus. Nat. Hist. Univ. 
Kansas 81:1-65. 

and 	. 1993. A consideration of iguanian lizards and the 
objectives of systematics: a reply to Lazell. Herpetol. Rev. 2:50-54. 

GAFFNEY, E. S. 1977. The side-necked turtle family Chelidae: a theory of 
relationships using shared derived characters. Amer. Mus. Nov. 2620:1-
28. 

and P. A. MEYLAN. 1988. A phylogeny of turtles. In M. J. Benton 
(ed.), The Phylogeny and Classification of Tetrapods, volume 1: Am-
phibians, Reptiles, Birds, pp. 157-219. Syst. Assoc. Special Vol. 35A. 
Clarendon Press, Oxford. 

GOULD, S. J. 1980. The Panda's Thumb. More Reflections in Natural 
History. Norton & Co., New York. 341 pp. 
	. 1989. Wonderful Life. The Burgess Shale and the Nature of 

History. Norton & Co., New York. 347 pp. 
HENNIG, W. 1966. Phylogenetic systematics. Univ. Illinois Press, Urbana. 
LAZELL, J D JR 1992. The family Iguanidae: disagreement with Frost and 

Etheridge (1989). Herpetol. Rev. 4:109-113. 
LAURENT, R. F. 1992. Reflexiones sobre las ventajas y los defectos del 

cladismo. Ada. zool. Lilloana 41: 1-3. 
LOVERIDGE, A., and E. E. WILLIAMS. 1957. Revision of the African tortoises 

and turtles of the suborder Cryptodira. Bull. Mus. Comp. Zool., Har-
vard 115(6):163-557. 

LYDEKKER, R. 1889. Catalogue of the fossil Reptilia and Amphibia in the 
British Museum (Natural History). Part III. Chelonia. Trust. Brit. Mus. 
(Nat. Hist). 239 pp. 

MARLOW, R. W., and J. L. PArroN. 1981. Biochemical relationships of the 
Galapagos giant tortoises (Geochelone elephantopus). J. Zool. Lond. 
195:413-422. 

MAYR, E., and P. D. ASHLOCK. 1991. Principles of Systematic Zoology, 2nd 
Edition. McGraw-Hill, New York. 475 pp. 

MEYLAN, P. A. 1987. The phylogenetic relationships of soft-shelled turtles 
(family Trionychidae). Bull. Amer. Mus. Nat. Hist. 186(1):1-101. 

O'ROURKE, P. J. 1993. Some men just never learn. Esquire 120(4):98. 
PRITCHARD, P. C. H. 1969. Studies of the systematics and reproductive 

cycles of the genus Lepidochelys. Ph.D. dissertation, Univ. of Florida, 
Gainesville. 196 pp. 
	. 1979. Encyclopedia of Turtles. TFH Publ., Inc., Neptune, New 

Jersey. 895 pp. 
	.1984. Piscivory in turtles, and evolution of the long-necked Chelidae. 

Symp. Zool. Soc. Lond. No. 52:87-110. 
	.1993. Carapacial pankinesis in the Malayan softshell turtle Dogania 

subplana. J. Chelonian Cons. Biol. 1(1):31-36. 
and P. TREBBAU. 1984. The Turtles of Venezuela. Spec. Publ., Soc. 

Stud. Amph. Rept. 404 p. 
RAFINESQUE, C. S. 1832. (Letter to J. Torrey, Dec. 1, 1832), reprinted in 

Atlantic Journal and Friend of Knowledge, Philadelphia, 1833, 1(5):163, 
164,173. 

SmrrH, H. M. 1972. The parameters of pedagogy: reflections on the interac- 
tive roles of student and teacher. The Biologist 54(3):128-134. 

STEJNEGER, L. 1944. Notes on the American soft-shell turtles with special 
reference to Amyda agassizii. Bull. Mus. Comp. Zool. 94(1):1-75. 

WILSON, E. 0.1992. The Diversity of Life. Harvard Univ. Press, Cambridge, 
Massachusetts. 424 pp. 

ZANGERL, R. 1980. Patterns of phylogenetic differentiation in the toxoc.helyid 
and cheloniid sea turtles. Amer. Zool. 20(3):585-596. 

PETER C. H. PRITCHARD 
Florida Audubon Society 
460 Hwy 436 #200 
Casselberry, Florida 32707, USA. 

FOOTNOTES 
The doum, or gingerbread palm, of eastern Africa, notable for the trunk that 

divides dichotomously and geometrically into two, then four, then eight, and so on. 
=Tumbleweed. 
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HERPETOLOGICAL HUSBANDRY 

Double Clutching Gould's Monitors 
(Varanus gouldii) And Gray's Monitors 
(Varanus olivaceus) At The Dallas Zoo 

It is well established that the normal reproductive mode for a 
large number of squamates includes the production of multiple 
clutches of eggs per season, both in the wild (Fitch 1970; Iverson 
1978; Lewke 1979) and in captivity (Brecke et al. 1976; Cohen 1978; 
Greatwood 1978; Naulleau 1973; Romer 1979; Tryon and Murphy 
1982), but this capability has not been well documented in varanids 
(Auffenberg 1988). This report describes double egg clutches in 
Varanus gouldii and V. olivaceus at the Dallas Zoo. 

Females are introduced to males for short periods during the 
captive reproductive season. At the Dallas Zoo, introductions for 
both species are usually initiated in late January, coinciding with 
lengthening photoperiods and artificial rain cycles (V. olivaceus). 
Specimens are introduced biweekly for durations of several days 
until courtship or copulation is observed. Pairs are then left 
together until breeding activity stops. 

One V. gouldii (SVL=69 cm, tail length=97 cm), and one V. 
olivaceus (SVL=108 cm, TL=169 cm) produced two clutches per 
year for two consecutive years. The pair of V. gouldii copulated in 
December 1991 resulting in a fertile clutch on 1 April 1992. Forty-
two days later a second clutch was deposited (infertile). Copula-
tion in January 1993 resulted in a fertile clutch on 19 March 1993. 
The female copulated again on 2 May, and deposited a second 
fertile clutch on 16 July 1993. 

TABLE 1. Interval in days between copulation and dutch dates for 
Varanus gouldii and V. olivaceus at the Dallas Zoo. 

First 	First clutch 	Second 	Second dutch 
copulation date 	date 	copulation date 	date 

(interval) 	(interval) 	(interval) 

V. gouldii 

29 December 1 April (91) - (-) 12 May (42) 

11 January 19 March (67) 2 May (44) 16 July (84) 

V. olivaceus 

17 February 16 May (88) - (-) 4 July (49) 

? March 24 May (?) 9 July (46) 7 October (136) 

The pair of V. olivaceus was observed copulating in February 
1992 with subsequent oviposition on 16 May 1992. A second clutch 
was deposited (infertile) 49 days later. In March of the following 
year a copulatory episode resulted in a fertile clutch on 24 May 
1993. Breeding behavior was again observed on 9 July and re-
sulted in a second clutch that was deposited on 7 October 1993. A 
summary of clutch intervals is presented in Table 1. 

During 1992 and 1993 a total of 33 eggs (28 fertile) were pro-
duced by one female V. gouldii, of which 21 hatched. A total of 28 
eggs (8 fertile) were laid by the female V. olivaceus, of which one 
hatched. See Tables 2 and 3 for mean egg dimensions and neonate 
measurements. 

TABLE 2. Egg morphometrics of Varanus gouldii and V. olivaceus. 

Mean Diameter Mean Length Mean Weight # of 
(mm) (mm) (g) Eggs 

V. gouldii 

Clutch #1 
33.7 59.8 38.6 8 

Clutch #2 
(infertile) 

6.9 19.0 11.3 5 

Clutch #3 
34.5 55.0 39.4 10 

Clutch #4 
33.9 58.0 39.0 10 

V. olivaceus 

Clutch #1 
37.2 60.2 49.0 8 

Clutch #2 
(infertile) 

10.4 16.5 17.0 4 

Clutch #3 
39.0 61.5 42.4 8 

Clutch #4 
38.0 60.0 43.2 8 

TABLE 3. Morphometrics for neonate Varanus gouldii and V. olivaceus. 

Mean SVL 
(mm) 

Mean Tail Length 
(mm) 

Mean Weight 

(g) 

# of 
Neonates 

V. gouldii 

Clutch #1 
131.0 180.0 36.0 8 

Clutch #2 
0 

Clutch #3 
135.2 182.0 37.8 5 

Clutch #4 
129.5 180.4 37.0 9 

V. olivaceus 

Clutch #1 
142.0 170.0 41.0 

Clutch #2 
0 

Clutch #3 
0 

Clutch #4 
0 
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Ectopia Cordis In Hatchling 
Alligator mississippiensis 

Ectopia cordis is an unusual developmental anomaly in which 
the heart protrudes through a congenital cleft in the ventral body 
wall (Cotran et al. 1989). We have noted this abnormality ex-
tremely rarely in hatchling American alligators Alligator missis-
sippiensis, which either died during incubation or were likely to be 
non-viable at the time of hatching. During the alligator hatching 
season in August 1991 however, we observed several cases of this 
unusual anomaly in hatchling alligators which initially appeared 
to be otherwise strong and vigorous. We attempted to salvage 
these alligators and herein describe their courses. 

In June 1991, approximately 25,000 alligator eggs were collected 
from marshes in southwest Louisiana and from Rockefeller Wild-
life Refuge in Grand Chenier, Louisiana. The eggs were collected 
and incubated as previously described (Joanen and McNease 
1977, 1987, 1989). Incubation temperatures were checked daily 
with bulb thermometers, and water and incubator temperatures 
monitored continuously with Taylor recorders. The average tem-
perature was 31-32°C. The first clutch of eggs hatched on 6 August 
1991 and the peak of hatching was 19 August 1991. 

Alligator "A" hatched on 16 August 1991 and a small ventral 
body wall defect with protruding heart and pericardium was 
noted immediately (Fig. 1). The heart was beating in a regular 
fashion and the hatchling was quite vigorous-able to support its  

own weight, swim, and locomote normally. It was separated from 
other alligators in a plastic storage box tilted to provide an area of 
clean water and a dry resting area. The container was left in the 
incubator at 31-32°C to avoid any sudden change in temperature. 
Attempts were made to keep the container and water as clean as 
possible, with minimal disturbance to the hatchling. On 17 August 
1991 the hatchling measured 25.0 cm in length, and weighed 50.6 
g. By the morning of 18 August 1991 the alligator was much less 
vigorous, with less spontaneous movement, and continued to 
deteriorate throughout the day. The alligator was found dead the 
next morning. At necropsy a pericardial exudate was found, and 
the lungs appeared slightly atrophic and congested. The liver 
appeared unusually fatty and residual yolk mass was 7.7 g. 
Internal examination of the gonads showed the animal was a 
female. 

Alligator "B" hatched on 18 August 1991 and was 25.5 cm in 
length, and weighed 46.4 g. The hatchling was treated and main-
tained in the same manner as alligator "A." It also appeared 
normal and healthy except for the ectopia cordis. However, the 
hatchling gradually deteriorated and on 19 August was becoming 
lethargic, had little spontaneous movement, and showed devel-
opment of a thin pericardial film. The hatchling was found dead 
on 21 August 1991, though it had probably died on 20 August 
1991. On necropsy what appeared to be a heavy pericardial 
fibrinous exudate was noted, though histopathology was not 
available. The lungs were slightly congested and atrophic. The 
liver and other abdominal organs appeared normal, and the 
residual yolk mass was 6.1 g. Internal and external examination 
showed the hatchling was a female. 

Alligator "C" hatched on 23 August 1991. The hatchling was 
25.5 cm long and weighed 49.2 g on 25 August. The hatchling was 
reasonably strong; it was able to support its weight, locomote, and 
swim normally. We believed that the development of the peri-
cardial film may have compromised cardiac function or led to the 
development of pericarditis in the two hatchlings already de-
scribed, thus we mechanically stripped off the gray pericardial 
material exudate in alligator "C" and the area was cleansed with 
betadine, an antimicrobial solution. 

On 26 August the alligator appeared somewhat weaker. The 
pericardial material had reaccumulated, and was stripped and the 
area cleaned again. Despite these measures, the animal was found 
dead on 27 August. At necropsy the gray pericardial film was 
again noted, but the lungs were normal. The liver was moderately 
fatty, and the residual yolk mass was 8.3 g. Internal and external 
examination again revealed the hatchling was female. No at-
tempts were made to feed alligators A, B, or C as we generally do 
not initiate feeding until hatchlings are three to four days old. 

Three other alligators were hatched with ectopia cordis and 
multiple other defects. No attempts were made to sustain life, the 
animals were immediately euthanised. 

FIG. 1. Hatchling Alligator mississippiensis with ectopia cordis. 
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Alligator "D" had a large ventral defect with protrusion of the 
beating heart, stomach, fat body, and residual yolk. The weight 
was 45.9 g after formalin fixation. Alligator "E" also had a massive 
ventral cleft with herniation of the entire heart, and parts of the 
stomach, gall bladder, spleen, liver, and intestine. Other ab-
normalities included spinal scoliosis, hypopigmentation, and ab-
sence of the mandible. The weight was only 24.96 grams after 
formalin fixation. Alligator "F" had a massive yolk herniation in 
association with the cardiac defect and craniofacial abnormalities, 
including bilateral anophthalmia, and maxillary and mandibular 
malformation. The length was 15.5 cm and weight 28.1 g. Residual 
yolk mass was 11.0 g. A thick black material covered the exposed 
heart. The sex of alligator "F" could not be determined due to 
tissue necrosis; alligators "D" and "E" were females by cloacal 
examination of the clitoropenis. 

Many congenital abnormalities have been described in reptiles 
(Bellairs 1981; Ewert 1979) and reptilian developmental anomalies 
were recently reviewed (Frye 1991). Ferguson (1985) reviewed 
developmental abnormalities of crocodilians including thoraco-
abdominal herniation, and the comparative anatomy of the croco-
dilian heart has been studied in detail (Webb 1979). We are not 
aware of previous descriptions of living alligators with ectopia 
cordis. A similar condition has been described previously in an 
eastern hog-nosed snake, Heterodon platyrhinos (Frye 1991). We are 
aware of only one other case of ectopia cordis in another crocodil-
ian; Dr. G. Webb (pers. comm.) noted one case in approximately 
31,000 Crocodylus porosus hatchlings examined; the animal was 
believed to be non-viable and was euthanised. 

The pathogenesis of most reptilian developmental abnormali-
ties is unknown; abnormally high or low incubation temperatures 
have been suggested as possible factors (Ferguson 1985; Frye 
1991). Webb and Cooper-Preston (1989) noted more abnormal 
embryos developed at high incubation temperatures in C. porosus. 
It is of interest that all alligators in our series able to be sexed were 
females, as most crocodilians are known to have temperature 
dependent sex determination. We are unaware of any abnormal 
high/low temperatures incurred during incubation of the af-
fected alligators, and temperature recordings were continuous on 
24 h recorders. 

The alligators in our study were probably too small to attempt 
surgical repair of the ventral defect. Further study is warranted as 
to the pathogenesis of reptilian developmental anomalies, par-
ticularly in the interest of commercial and conservation crocodil-
ian farming and ranching programs, which incubate and hatch 
thousands of crocodilians worldwide annually. 
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Observations Of Growth After Injury In 
The Slider Turtle, Trachemys scripta elegans 

An abnormally shaped red-eared slider (Trachemys scripta 
elegans) was collected 31 July 1991 in Slate Creek, 3.2 km S of 
Wellington, Sumner Co., Kansas, T32S, R1W, Sec. 26. The speci-
men had a rubber "0" ring around its carapace and plastron 
which had restricted normal growth, and had formed this speci-
men into an hourglass shape (Fig. 1). Recovery from this type of 
induced deformity has not been reported previously. The pur-
pose of this study was to determine whether the turtle's shell 
would return to normal shape by natural means once the "0" ring 
was removed. Additionally, the effect of this constriction on the 
turtle's skeletal development was investigated. 

FIG. 1. Photograph of observed specimen after "0" ring was removed. 

The study was carried out between November 1991 and Octo-
ber 1992. Age of this male specimen, determined by counting 
growth annuli on the carapace (Zug 1991), was seven years at the 
beginning of the investigation. The turtle was kept in captivity, 
and food, temperature, and light were maintained as near to 
normal conditions as possible. The turtle was not exposed to a 
winter cooldown however, as it was believed this would hamper 
potential for growth during the short time period of this study. Air 
temperature was held between 20 and 25°C, with a basking site of 
32-38°C. Infrared heat lamps were used in combination with 
fluorescent and filtered natural lighting. No dietary supplements 
or other artificial growth enhancements were used. Food was 
varied to keep with the omnivorous habits of T. scripta (Parmenter 
and Avery 1990). Diet included live and frozen native fish, live 
goldfish, invertebrates, plant matter, and a carrion substitute 
(stewing beef). 

For the first 28 days, weekly measurements were made by ruler, 
as follows: carapace length (CL), carapace total width front (CTWF), 
carapace total width rear (CTWR), restricted carapace width 
(RCW), and plastron length (PL) (Fig. 2). Subsequent measure-
ments were made on a monthly basis. Two radiographs were 
taken on 6 November 1991, a lateral view and a superior view 
through the dorsal surface. Another set of radiographs was taken 
on 14 October 1992 using the same technique to allow comparison 
and to check for growth in the specimen. Body depth measure-
ments were made from the radiographs from top of carapace to 
bottom of plastron for the anterior (ABD), posterior (PBD), and 
constricted (CBD) regions. Other measurements of skeletal struc-
ture were length of right femur, distance between pelvic and 
shoulder joints along the midline, and width of skull. 

CL 

FIG. 2. Regions measured on Trachemys scripta elegans specimen. 

During the initial 28-day period, no measurable growth oc-
curred. When final measurements were taken on 14 October 1992 
(see below), some changes had occurred, but no differences were 
noted in measurements of the right femur, distance between 
shoulder and pelvic joint along midline, width of skull, or CTFW. 
Measurements (in mm) taken 6 November 1991 and 14 October 
1992 (343-day interval) are as follows: CL 121/129, CTWR 94/96, 
RCW 41.5/43, PL 117/122, ARD 45/47, PBD 44.5/48, CBD 33.5/ 
38. 

Very little growth occurred over the period of 343 days in which 
observations were made, nor did the carapace and plastron return 
to normal shape. In a study of two T. scripta populations, Cagle 
(1946) reported that adult male turtles had an average increase of 
2.7 mm PL per 100 days of growing season. The specimen in this 
study had an average increase of 1.5 mm PL per 100 days. 
Observations showed that the shell deformity did not seem to 
inhibit food consumption, digestion, or motility. Radiographs of 
this specimen showed no indication of internal structural defor-
mity other than a slightly depressed spinal cord at the point of 
constriction. 

Dunham and Gibbons (1990) monitored growth of three popu-
lations of known age specimens of T. scripta. The average PL for 
10-year-old males was 162.6 nun and the average for five-year-old 
males was 143.6 mm. Based on their results, the average size of an 
eight-year-old male would be approximately 155 mm PL. This can 
be compared with 122 mm PL of the study specimen. 

One possible explanation for slow growth rate in this specimen 
is that growth was limited during the period of observation due 
to captive maintenance. Individuals kept in captivity often do not 
attain the size of specimens in the wild. 

Another possibility is that the depressed spinal cord shown in 
the radiographs influenced growth rate by affecting the central 
nervous system (CNS). This prospect is less likely because such 
damage would be indicated by sensory and motor abnormalities 
in the rear limbs, none of which was observed. Slow growth of the 
shell around the "0" ring would cause the spinal cord to grow 
with the shape of the shell, thus inducing a re-routing of the CNS 
rather than a directly interfering injury. 

A third explanation for the slow growth could be that the 
specimen was similar to that of 29% of males (100-110 mm PLs) in 
Cagle's (1946) study which showed only slight growth during his 
investigation. It may be that this specimen had a naturally lower 
than average growth rate. Further, Legler (1960) suggested that 
growth may temporarily cease in Terrapene ornata following in-
jury. Thus, constriction of this turtle's shell could have slowed 
growth rate of this individual. 
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NATURAL HISTORY NOTES 

Instructions for contributors to Natural History Notes appear in 
volume 25, number 1. 

ANURA 

BUFO BOREAS (Western Toad). PREDATION. Bufo boreas is 
prey of Corvus corax (common raven) in Oregon, USA (Olson 1989. 
Copeia 1989(2):391-397). Based on Olson's description of the 
carcass remains, Corn (1993. Herpetol. Rev. 24(2):57) reported 
finding similar remains of B. boreas in Colorado, USA and sug-
gested predation by the same species. This note documents preda-
tion on B. boreas by Corvus brachyrhynchos (American crow). 

FIG. 1. Bufo boreas carcass after feeding by Corvus brachyrhynchos 

On 13 and 14 April 1991, I observed two C. brachyrhynchos 
pecking at live toads at the water edge of a 0.05 ha pond located in 

Sec. 32, T4N, R4E, Boise Co., Idaho, USA (elevation 987 m). On 14 
April binoculars were used. One crow dragged an adult B. boreas 
from the water. It then forcefully pecked the toad repeatedly. 
Following series of pecks, the crow wiped its beak on the ground. 
The crow repeatedly turned the toad on its back. Initially, the toad 
would right itself. After a few more forceful pecks, the toad would 
be overturned again. When the toad did not right itself, pecking 
commenced on the underside. Feeding began when the crow had 
pecked a hole through the toad's venter. Entrails were pulled out 

FIG. 2. View of the underside of a B. boreas (as it was found when feeding 
by C. brachyrhynchos was interrupted) revealing puncture wounds and an 
opening made for feeding. 

and consumed. Periodically, the second crow would feed on the 
toad. After eating the entrails, the crows fed on muscle tissue of the 
body and limbs through the hole, making it progressively larger. 
The remains of the toad carcass appeared to have been turned 
inside out and dismembered, with much of the skin intact (Fig. 
1).Two other toad carcasses were found at the site and the remains 
were similar. Oviducal egg masses of a female were not con-
sumed. On 7 April 1993, two crows again fed on an adult B. boreas 
at the same pond. They were disturbed before consuming much of 
the toad. The toad carcass revealed early feeding signs, including 
beak puncture marks (Fig. 2). These observations suggest that C. 
brachyrhynchos may also be an important predator of adult B. 
boreas. 

Submitted by DONALD R. BROTHERS, HC 33, Box 1176, 
Boise, Idaho 83706, USA. 

BUFO MARINUS (Marine Toad). FEEDING BEHAVIOR. Since 
introduction on Guam, Mariana Islands in 1937 (Chernin 1979. 
unpubl. MS thesis, Univ. Guam, 56 pp.), populations have reached 
substantial densities and are currently viewed as a pest species 
(McCoid 1993. Herpetol. Rev. 24:16-17). Marine toads are ubiqui-
tous on Guam and can reach mean population densities as high as 
225 toads/ha at certain sites (Chernin, op. cit.). Opportunism in 
feeding of extralimital urban dwelling B. marinus has been docu-
mented (Alexander 1965. Herpetologica 20:255-259; Tyler 1989. 
Australian Frogs. Viking O'Neill Publ., Ringwood, Victoria, 220 
pp.). Alexander (op. cit.) observed feeding on kitchen scraps and 
canned dog/cat food in Florida and Tyler (op. cit.) observed 
feeding on dog food in bowls in Australia. To these extralimital 
feeding events, I add observations from Guam. Over a several 
month period in 1990, while a dog was being raised on Division of 
Aquatic and Wildlife Resources (DAWR) property, a number of B. 
marinus would gather daily, immediately after dried dog food was 
poured into a bowl. A group of at least six (sex unknown) toads 
(estimated SVL 7-10 cm SVL) would gather at the bowl after the 
food was poured, generally beating the dog to the food. Upon 
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arrival of the dog, toads would withdraw < 1 m and resume 
feeding only after the dog had departed. Toads would space 
themselves equally around the bowl and feed on the dried dog 
food by flicking their tongues into the food and drawing a piece 
into their mouths. This spacing has been observed in a native 
population exploiting a shared food source and was termed a 
"snap zone" (Zug and Zug 1979. Smithson. Contrib. Zool. 284, 58 
pp.). Presumably, by equal spacing, overlapping snap zones would 
be minimized and toads would be able to share a resource area 
(Zug and Zug, op. cit.). Previous field and laboratory studies of 
snap zones used animate objects as targets; observations pre-
sented here suggest the use of snap zones with inanimate prey. 

Zug and Zug (op. cit.) suggested that B. marinus learn to eat 
stationary food. An additional observation on Guam also indi-
cates that toads attempt to ingest unusual inanimate prey. During 
an outdoor barbeque at which revelers casually discarded bones 
on the lawn, at least one B. marinus was photographed hopping off 
into the underbrush with a pork rib bone protruding from its 
mouth. 

I thank Robert A. Anderson (DAWR) for supplying photo-
graphs of the pork rib incident. Rebecca Hensley reviewed a draft 
of the manuscript. Portions of this study were supported by the 
Endangered Species Conservation Program, Project E4. 

Submitted by MICHAEL JAMES MCCOID, Division of Aquatic 
and Wildlife Resources, P.O. Box 2950, Agana, Guam 96910, USA. 
Present address: Caesar Kleberg Wildlife Research Institute, Texas 
A&M-Kingsville, Kingsville, Texas, 78363, USA. 

HYLAMINUTA (NCN). PREDATION. Metamorphosing anurans 
are common prey for a variety of vertebrate and invertebrate 
predators (Duellman and Trueb 1986. Biology of Amphibians. 
McGraw-Hill, New York. 670 pp.). Although aquatic inverte-
brates represent important predators for some hylid tadpoles, 
there are few reports of predation on adults (Hinshaw and Sullivan 
1990. J. Herpetol. 24:196-197). Herein, we report predation by a 
spider and a water bug of a metamorphosing and an adult 
(respectively) neotropical hylid frog, Hyla minuta. 

On 1 August 1992 at 2015 h (air temperature 18°C), we found an 
adult male H. minuta (21.8 mm SVL) on the edge of a temporary 
pond in Sao Mateus (18°42'S; 39°1'W), State of Espirito Santo, 
Brazil. that was being eaten by the water bug Lethocerus delpontei 
(58.9 mm body length). The water bug held the treefrog by the 
back with its raptorial forelimbs. Males of H. minuta usually call 
from branches of emergent vegetation or the ground close to the 
water. These calling sites expose the treefogs to invertebrate 
predators. 

On 10 February 1993 at 2200 h (air temperature 19.5°C, water 
temperature 22°C) in a permanent pond at Ribeirao Branco (24°13'S; 
48°46'W). State of Sao Paulo, Brazil, there was a large number of 
newly metamorphosed H. minuta (mean TL = 24.9 mm total 
length, N = 17) on vegetation near the water. We found a spider 
Dolomedes sp. (15.3 mm cephalothorax and abdomen length), 
perched on a rush 50 cm above the water, eating a metamorph H. 
minuta. The water bug and the spider are preserved in the Museu 
de HistOria Natural ( ZUEC. without numbers), UNICAMP. 

We thank A. S. Abe, C. F. B. Haddad, and A. d'Heursel for 
suggestions on text, J. Vasconcellos-Neto and E. Gianotti for 
identifications of the spider and the water bug, respectively, to the 
CAPES and CNPq, to the ARACRUZ CELULOSE S. A. ( Projeto 
Sape do Norte I) and FAPESP for financial support (C. F. B. 
Haddad, proc. 92/0631-2) . 

Submitted by ROGERIO P. BASTOS, Depto. de Zoologia, 
UNESP, Cx. Postal 199, 13506-900, Rio Claro, SP, Brasil, OCTAVIO 
C. OLIVEIRA and JOSE P. POMBAL, JR, Depto. de Zoologia. 
UNICAMP, Cx. Postal 6109. 13081-970, Campinas, SP, Brasil. 

LEPTODACTYLUS OCELLATUS (Rana criolla). PREDATION. 
Reviews of the evolution of parental care in frogs cite Leptodactylus 
ocellatus as one of a few documented cases where a female guards 
a school of tadpoles. Vaz-Ferreira and Gehrau (1975. Physis 34:1-
14) speculated that females protect the tadpoles from avian preda-
tors. However, natural avian predation on tadpoles has never 
been confirmed. 

On 19 February 1993, at 0925 h we observed natural predation 
by six great kiskadees (Pithangus sulphuratus) on a school of 
unattended L. ocellatus tadpoles. The tadpoles were in a dense 
aggregation partially hidden by vegetation in the center of a 4 x 2.5 
m shallow (< 30 cm deep) temporary pool near Arroyo del Toro 
Muerto in Flor Serrana, Province of Cordoba, Argentina. 

The birds landed either on a small island in the pond or perched 
on a fallen tree near edge of the pond and flew to the aggregation, 
captured tadpoles and returned to the tree or island where they 
ingested them. Although the individuals alternated between cap-
turing and feeding on the tadpoles, two or three different birds fed 
constantly on tadpoles. 

We found several dead tadpoles in premetamorphic stages 40 to 
41 (Gosner 1960. Herpetologica 16:183-190) ranging from 41.2 to 
48.3 nun in total length. Remains of numerous tadpoles' intestines 
indicated that the kiskadees were feeding. 

Leptodactylus ocellatus tadpoles form conspicuous, tightlypacked 
aggregations that move constantly, making the entire school 
noticeable to predators requiring visual cues. Such aggregations 
could be related to the distastefulness of the individuals (Wassersug 
1973. In J. L. Vial (ed.), Evolutionary Biology of the Anurans, pp 
273-297. Univ. Missouri Press, Columbia). However the present 
observation does not support this hypothesis. 

Submitted by MARCOS VAIRA* and GERARDO CORIA, 
Institute "Konrad Lorenz," Calle 5 No 293, 5147- COrdoba, Argen-
tina. *Present address: Institute de Biologia de la Altura (UNJU), 
Av. Bolivia 2335, 4600- S.S. de Jujuy, Argentina. 

RANA PRET1OSA (Spotted Frog). REPRODUCTION. On 23 
March 1993 in the Bishop Springs Marsh complex, Snake Valley, 
Millard County, Utah, a 49 mm snout-vent length (SVL) male 
spotted frog (Rana pretiosa) and a 52 mm SVL female leopard frog 
(R. pipiens) were observed in amplexus. The frogs were observed 
in an 8 m x 14 m pool within a spring-fed marsh complex. The 
water temperature was 19.5°C and the air temperature was 27°C. 
A second R. pipiens (23 nun SVL) and 23R. pretiosa egg masses were 
also observed nearby. Egg masses of R. pretiosa had some eggs 
exposed above the water surface, were unattached to vegetation 
(Stebbins 1985. A Field Guide to Western Reptiles and Amphib-
ians. Houghton Mifflin Co. Boston, Massachusetts. 336 pp.), and 
consisted of at least twice the gelatinous material as those of R. 
pipiens. Egg masses of R. pipiens were deposited in dense, firm 
clusters, attached to vegetation, and did not float above the water 
surface. We found no previous reports of interbreeding between 
R. pretiosa and R. pipiens, but R. pretiosa hybridizes with R. cascadae 
in Oregon (Green 1985. Herpetologica 41:262-267) and with other 
ranid frogs in the laboratory (Dumas 1966. Copeia 1966:60-74; 
Haertel and Storm 1970. Herpetologica 26:436 446). An evalua-
tion of the magnitude and significance of interbreeding between 
these two species in Snake Valley requires further study. We thank 
P. S. Corn and P. Hovingh for reviewing this note. 

Submitted by DAVID A. ROSS, DAVID W. KUEHN, and 
MARK C. STANGER, Native Wildlife Section, Utah Division of 
Wildlife Resources, 1596 West North Temple, Salt Lake City, Utah 
84116-3195, USA. 
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RANA UTRICULARIA (Southern Leopard Frog). ROAD MOR-
TALITY. Investigators conducting surveys of road-killed verte-
brates generally encounter few amphibians (e.g., Christoffer 1991. 
Florida Sci. 54:65-68; McClure 1951. J. Wildl. Manag. 15:410-420; 
Scott 1938. Amer. Midl. Nat. 20:527-539). This is undoubtedly due 
to the small, relatively fragile body of amphibians which is easily 
overlooked, readily obliterated by vehicular traffic, and quickly 
consumed by predators. Furthermore, road-kill surveys are typi-
cally performed diurnally, a time of reduced amphibian activity 
(Pechmann and Semlitsch 1986. Can. J. Zool. 64:1116-1120), as 
well as from a moving vehicle, a perspective from which amphib-
ians are often overlooked (pers. obs.). 

This paper details anectodal observations of road-killed Rana 
utricularia metamorphs adjacent to a semi-permanent pond ap-
proximately 2.7 km N of Blountstown, Calhoun County, Florida 
(TIN, R8W, Sec. 20) on 19 April 1991. The 1.2 ha pond is within a 
developing subdivision. Approximately one half of the pond is 
surrounded by an open field dominated by weedy graminoids, 
the other half by a stand of mature Quercus virginiana (live oak), Q. 
nigra (water oak), and Nyssa sylvatica (black gum). Observations 
were made along 0.3 km of a 5 m wide, dead-end, clay-sand road 
which passes within 8-20 m of the east-southeast end of the pond. 

Mortality of emigrating Rana utricularia from vehicular traffic 
was assessed by slowly walking and scanning the road surface 
with the aid of a headlamp between 2115 and 2145 h. The road was 
wet from a late afternoon thunderstorm. All living and freshly-
killed metamorphs encountered were collected and counted. Live 
metamorphs were released. The mean wet-mass body weight of 
eight intact dead metamorphs was 4.65 g (measured with a Pesola 
spring scale). The air temperature at ground level was 19.8° C and 
the surface water temperature near shore was 21.8° C. 

I counted 74 (57%) living Rana utricularia metamorphs and 55 
(43%) dead. Emigration of metamorphs did not begin until sunset; 
therefore emigrants were exposed to an undetermined number of 
passing vehicles for approximately one hour. The number of frogs 
killed by vehicular traffic seems high considering that the road is 
a dead-end and only twelve families live beyond the pond. How-
ever, since R. utricularia migrate principally after dark (Pechmann 
and Semlitsch, op. cit.), a migration pulse is likely immediately 
after sunset, resulting in a relatively high emigration rate. 

The percentage of emigrating frogs killed is probably inflated 
because some frogs may have successfully crossed the road prior 
to my arrival. Some dead frogs also may have been undetected 
because they were generally flattened to the level of the road 
surface and did not attract attention by movement. Still, frog 
mortality can be high during migration periods on a lightly 
traveled secondary road when the road is adjacent to a breeding 
pond. 

The published rates at which frogs are killed on roads as 
determined by diurnal road cruising can be misleading. For 
example, Rana pipiens was killed at the rate of 0.002 frogs /km 
(Scott, op. cit.); McClure (op. cit.) found 0.0008 frogs/km; and 
Christoffer (op. cit.) found one Bufo killed (.0002 frogs/km). 
Diurnal estimates imply that vehicular traffic is not a threat to frog 
populations. Surveys of anuran habitat under meteorological 
conditions conducive to frog movement reveal a much different 
picture. Immediately following a storm, Scott (op. cit.) observed 10 
dead frogs / m2 along 0.8 km of highway adjacent to a marsh. 
Gelder (1973. Oecologia 13:93-95) recorded the death of 122 Bufo 
bufo along 1.5 km of road near breeding ponds in 84 nights of 
observation. My observations document the death of 55 Rana 
utricularia metamorphs along 0.3 km of road adjacent to a pond. 
These results underscore the need to assess the mortality of 
amphibians on roads nocturnally under proper meteorological 
conditions. Although quantitative data regarding the impact of 
vehicular traffic on amphibians is available for some European 
species (Langton 1989. Amphibians and Roads. ACO Polymer 
Products Ltd., Bedfordshire, England), few data are available for 

North American amphibians. Better understanding of the effect of 
vehicular traffic on amphibian populations will require nocturnal 
surveys, particularly during, or immediately following, precipita-
tion, and surveying on foot. 

I thank C. Kenneth Dodd, Jr. for providing references and 
reviewing the manuscript. 

Submitted by JOHN G. PALIS, RR 1, Box 258, Tell City, Indiana 
47586, USA. 

CROCODYLIA 

ALLIGATORMISSISSIPPIENSIS (American Alligator). NESTS. 
We discovered two unusually constructed alligator nests at Brazos 
Bend State Park, Fort Bend Co., Texas during 1992. Alligators 
typically build terrestrial mound nests composed of plant mate-
rial and soil. One nest found on 29 July possessed an egg cavity 
completely below ground level. The nest measured 31.8 cm at its 
highest point, and the uppermost egg was 7.6 cm below ground 
level. It was composed primarily of soil mixed with some sticks 
and finer plant material. Although we documented four nests that 
were lower in height, none had eggs in a subterranean cavity. A 
nest discovered on 30 June was unusual in that it was built on a pile 
of logs surrounded by water. A previous study of nesting at the 
park showed that islands were preferred nesting sites over banks 
(Hayes-Odum et al. 1993. Texas J. Sci. 45:51-61). However, islands 
used for nesting were well defined areas of land many times larger 
than the nests. This pile of logs extended >1 m out of the water, and 
thus afforded substantial protection from flooding. Nest material 
consisted of grass, leaves, and soil. 

This research was supported under NSF grant TPE89-55157. We 
are grateful for the assistance of Frank Hoot who provided access 
to remote nests via airboat. 

Submitted by LOUISE HAYES-ODUM, LORENA BAILEY, 
TONI HILL KENNEDY, DEBORAH COWMAN, and PATRICIA 
REIFF, Department of Space Physics and Astronomy, Rice Uni-
versity, Houston, Texas 77251, USA. 

TESTUDINES 

CARETTA CARETTA (Loggerhead Sea Turtle). DIURNAL 
NESTING.Among the sea turtles, diurnal nesting is well known 
in only the Kemp's Ridley, Lepidochelys kempi, and occasionally in 
the Olive Ridley, Lepidochelys olivacea, especially during peak 
arribadas (Pritchard et al. 1983. Manual of Sea Turtle Research and 
Conservation Techniques. Center For Environmental Education, 
Washington, D.C. 126 pp.). During the 1992 and 1993 nesting 
seasons, researchers on Wassaw National Wildlife Refuge, 
Chatham County, Georgia were fortunate to view two loggerhead 
sea turtles (Caretta caretta) which nested during daylight hours. 

On 23 June 1992, an untagged loggerhead possessing no previ-
ous signs of tagging (CCL=101.0; tags: QQP768, QQP784, 
0000158E46) was found as it emerged from the surf at 1300 h on 
Wassaw Island. The turtle emerged just prior to high tide, crawled 
above the high water mark, and nested. The day was sunny and 
notably hot (ca. 35°C). The turtle was seen again during two 
additional nesting visits in the 1992 season, both of which oc-
curred at night. 

On 1 July 1993, a loggerhead tagged during a previous season 
(CCL=102.0 cm; tags: QQB144, QQZ077, 00001582BA) emerged 
from the water at 1645 hours. As in the previous case, this turtle 
also emerged just prior to high tide, crawled up the beach, and 
nested on this sunny, hot day. This turtle had been observed on 
two other nesting crawls during the 1993 season, both of which 
were at night. 
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TABLE 1. Observations of diurnal nesting of Caretta caretta. 

Source 
	

Number 	Time 	Location 

Caldwell et al. 1959. 	 3 	dawn-0905 h South Carolina 
Bull. Florida State Mus. 	 Georgia, 
4:295-308. 	 Florida 

Fritts and Hoffman. 1982. 	7* 	0540-1930 h 	Florida 
J. Herpetol. 16:84-86. 

Bustard, R. 1973. 	 Several 1630-1725 h 	Australia 
Sea Turtles, Their Natural 
History and Conservation. 
Taplinger Publ. Co. 220 pp. 

LeBuff, C. H., Jr. 1990. 	2 	1130 h, 1140 h Florida 
The Loggerhead Turtle in 
the Eastern Gulf of Mexico. 
Caretta Research Inc. 216 pp. 

*One Chelonia mydas was also observed nesting in daytime during this study. 

Some authors (Bustard 1973. Sea Turtles, Their Natural History 
and Conservation. Taplinger Publ. Co.; Fritts and Hoffman 1982. 
J. Herpetol. 16:84-86) suggested daytime emergences are timed 
with high tides. In the two examples of diurnal nesting on Wassaw 
Island reported here, the turtles emerged approximately 45 min 
prior to high tide. However, other turtles have been observed 
through the years on Wassaw during twilight hours of the day or 
night, either beginning or ending their land activities in full 
daylight. One such example was an untagged loggerhead found 
on 22 June 1985 at 0547 h as she emerged from the water, one hour 
after the tide had begun to flood. After crawling about 85 m, the 
turtle (SCL = 91.0 cm; tags: GA6791; GA6815) began digging a nest 
at 0602 h and did not return to the water until well after daylight. 

On Wassaw Island, one out of 139 (0.72%) crawls in 1992 and 
one out of 57 (1.75%) crawls in 1993 were confirmed as diurnal. 
Observations by other researchers (Table 1) confirm that diurnal 
nesting behavior in loggerheads is extremely rare.I thank the U.S. 
Fish and Wildlife Service, the Wassaw Island Trust, and the 
Skidaway Island Boat Club for their continued help and support 
of the Caretta Research Project. Special thanks is extended to all 
the volunteers who participated in this program since its incept ion 
in 1973. 

Submitted by ROBERT A. MOULIS, Savannah Science Mu-
seum, 4405 Paulsen Street, Savannah, Georgia 31405, USA. 

CARETTA CARETTA (Loggerhead Sea Turtle). PREDATION. 
Marine turtles are threatened throughout the world by various 
biotic and abiotic factors, either natural or man-induced, includ-
ing incidental catch, pollution, disappearance of suitable nesting 
sites, and predation. At nesting beaches predation is generally 
limited to eggs and hatchlings (Frazer 1992. Cons. Biol. 6:179-184; 
Pritchard 1980. Amer. Zool. 20:609-617). Mortality of nesting 
females by large terrestrial predators has been documented rarely. 
This note reports predation of nesting female loggerhead turtles, 
Caretta caretta by golden jackals. 

During June-August 1991 and June-September 1992 we stud-
ied the loggerhead population breeding on the beaches of the 
Goksu Delta, on the Turkish Mediterranean coast, 80 km west of 
Mersin. Based on the numbers of nests observed during daily 
beach patrols and assuming an average clutch frequency of 3 nests  

per female per season (Frazer and Richardson 1985. Herpetologica 
41(3):246-251; Talbert et al. 1980. Copeia 1980(4):709-718), we 
concluded that in the Delta 45 (1991) and 35 (1992) C. caretta had 
nested. In both years several nesting females were killed by large 
canid predators. These females, 4 in 1991 and 3 in 1992, repre-
sented approximately 10% of the nesting females in each year. 

All evidence clearly indicated that the predator involved was 
the golden jackal, Canis aureus. Although predation was never 
observed by us, numerous canid footprints, all of jackal shape and 
size, were found around dead females. The delta supports a 
population of golden jackal (D.H.K.D. 1992. Towards Integrated 
Management in Goksu Delta, a Protected Special Area in Turkey, 
Feasibility Report. Istanbul. 272 pp.), and additionally, local fish-
ermen claimed to have observed jackals attacking sea turtles on 
the beach. 

The female turtles were usually killed soon after emerging from 
the sea, even before the start of nest excavation. Tracks and prints 
at the sites indicated that the jackals operated either alone or in 
groups of a few individuals, and that turtles were often killed after 
a short struggle. They were attacked at the neck and opened via 
the shoulder, through which some of the viscera were removed. 
Several carcasses were thoroughly cleaned out, others only partly 
devoured and one individual was left almost intact. 

Predation of adult sea turtles by terrestrial predators has never 
been reported before in the Mediterranean. Worldwide, only few 
anecdotal or speculative data are available and the impact on 
turtle populations is thought to be minimal (Marquez 1990. FAO 
Fisheries Synopsis. No. 125, Vol. 11. Rome. 81 pp.; Stancyk 1982. 
In K. A. Bjorndal (ed.), Biology and Conservation of Sea Turtles, 
Washington D.C., pp. 139-152). However, withdrawal of repro-
ductive females has a relatively large impact on a population and 
the effect of jackal predation on this vulnerable C. caretta popula-
tion could be profound if it continues on this scale for several 
years. 

We are grateful to Nafiz Gilder, Vincent van den Berk, and Alice 
Carswell of D.H.K.D. We would especially like to thank Lorna 
Brown. This study was supported by D.H.K.D., Turkey, Van 
Tienhoven Stichting and Stichting Nijmeegs Universiteitsfonds, 
The Netherlands. 

Submitted by ANNE PETERS, KOEN J. F. VERHOEVEN, 
DICK C. G. VAN PIGGELEN, and HENK STRIJBOSCH, De-
partment of Animal Ecology, University of Nijmegen, 
Toernooiveld, 6525 ED, Nijmegen, The Netherlands. 

CHELONIA MYDAS (Green Turtle). PREDATION. During a 
three month sea turtle tagging and monitoring program in 1991 on 
Gielop Island (9°56'N, 139°54'E), Yap State, Federated States of 
Micronesia, coconut crabs (Birgus latro) were observed feeding on 
naturally emerged hatchling green turtles. In addition, coconut 
crabs were found preying on green turtle hatchlings which had 
surfaced into open-top nest enclosures. One could periodically 
observe one or two coconut crabs a night, sometimes for several 
nights in a row, eating hatchling green turtles. 

Coconut crabs were not observed to burrow down to nest eggs, 
as has been noted in the Seychelles Islands by Honegger (1967. 
British J. Herpetol. 4:8-11). However, coconut crabs were fre-
quently sighted scavenging sea turtle eggs which were strewn 
from previously laid nests by nesting green turtles. 

Other observed land predators of hatchling green turtles at 
Gielop Island include ghost crabs (Ocypodes sp.) and hermit crabs 
(Paguridae). 

Submitted by STEVEN P. KOLINSKI, Marine Resources Man-
agement Division, P.O. Box 251, Colonia, Yap, Federated States of 
Micronesia 96943, USA. 
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GRAPTEMYS GEOGRAPHICA (Common Map Turtle). PARA-
SITES. On 28 June 1993, an adult female Graptemys geographica 
was captured by hand as it foraged in 250 mm of water. The 
capture site was on the northern edge of Sand Point, Bellows Bay, 
Ottawa River, Westmeath Tp., Renfrew Co., Ontario, Canada. The 
turtle was host to six leeches. Three of the leeches were the 
commonly encountered turtle leech Placobdella parasitica (ROMIZ 
12188). The remaining three leeches were Placobdella ornata (ROMIZ 
12187). This is the first observation of parasitism by P. ornata on G. 
geographica. One of the P. ornata was attached to the ventral surface 
of the marginal scute located immediately posterior to the left 
plastral bridge. The second P. ornata was affixed to the bottom of 
the turtle's left posterior foot. The last P. ornata was similarly 
placed, but on the right posterior foot. All three P. parasitica were 
found in the posterior axial area, on the integument anterior to the 
limbs. 

On 25 August 1993, a juvenile G. geographica (CL=91.55 mm; 
CW=78.35 mm; P1=79.5 mm; PW=40.25 mm) was captured in a 
hoop trap at the Big Creek National Wildlife Area, Long Point, 
Haldimand-Norfolk Co., Ontario, Canada. Only one P. ornata 
(ROMIZ 12186) was found attached to this specimen. The leech 
was affixed to the right femoral scute of the turtle. 

On 26 May 1993, five adult female, two male, and three other 
small G. geographica were observed basking on a single large 
boulder in 450 mm of water on the north shore of the Ottawa River, 
1.5 km S. and 2.0 km E. of the eastern most tip of Cranson Lake, 
L'Ile-aux-Allumettes Tp., Pontiac Co., Quebec, Canada. All turtles 
dove off the rock upon being approached. A P. ornata (ROMIZ 
12185) was found on the boulder moving at a rate of 2.2 nun / s to 
the water's edge in bright sunlight, on a dry substrate. This is the 
second report of a leech becoming separated from its host during 
thermoregulation (Vogt 1979. Auk 96:608-609). 

The following individuals and organizations contributed gen-
erously through grants and equipment for research on turtles: 
World Wildlife Fund; Ontario Ministry of Natural Resources; 
Quebec Ministere Loisir, Chasse, et Peche; Jeff Robinson, Cana-
dian Wildlife Service; Dr. Francis Cook and Mike Rankin, Cana-
dian Museum of Nature; Maureen Zubowski and Ross MacCulloch, 
Royal Ontario Museum; Stuart Niven, Vanier College Research 
Station; Dr. Roger Bider, St. Lawrence Valley Natural History 
Society. 

Submitted by RAYMOND A. SAUMURE, McGill University, 
Macdonald College, Department of Natural Resources, 21111 
Lakeshore, Ste. Anne de Bellevue, Quebec, Canada, PAMELA J. 
LIVINGSTON, University of Guelph, Department of Zoology, 
Guelph, Ontario, MG 2W1, Canada. 

SAURIA 

CRYPTOBLEPHARUS POECILOPLEURUS (Snake-eyed Skink). 
ACTIVITY. Crombie and Steadman (1986. Pac. Sci. 40:44-57) 
characterized the species, in the Cook Islands, as preferring sunny 
habitats, being strictly diurnal and active between 0800 and 1700 
h. McCoid and Hensley (1993. Herpetol. Rev. 24:87-88) reported 
nocturnal behavior under special conditions. Herein, we report on 
emergence times and activity periods for a population of C. 
poecilopleurus from Cocos Island, a small atoll (37 ha) 2 km south 
of Guam, Mariana Islands. The population on Cocos Island is 
entirely arboreal and primarily found in Casuarina equisetifolia 
(Australian Pine) groves. Activity surveys (N = 6,1989-1990) were 
begun before dawn and generally continued until approximately 
1000 h, with occasional surveys (N = 4) made at sunset. Tempera-
tures ranged daily between 22° and 33°C. On clear to partly cloudy 
days, emergence of the skinks occurred at dawn (0630 h) and they 
were found < 1 m from the ground in sunlit areas on bases of trees. 
By 0900 h, lizards could be observed on bases of trees, up to 2 m 

from the ground, and by 1100 h, they could be observed foraging 
over the entire tree, as high as 10 m. Approaching sunset (>1600 h), 
the C. poecilopleurus returned to the ground and basked in sunlit 
areas near the base of the trees. These observations suggest that 
nocturnal refugia were at bases of occupied trees, probably be-
neath loose bark or in root masses. On cloudy days, emergence 
might be delayed for one to two hours, or until air temperatures 
reached 26-28°C. On windy days (estimated 32-50 kph), emer-
gence might also be delayed about an hour. Tropical Storm 
conditions (>72 kph wind) suppressed emergence. Rain sup-
pressed emergence, or forced early retreat to refugia. Occasional 
light showers did not appear to affect activity. Cryptoblepharus 
poecilopleurus was also observed to be consistently spaced on 
occupied trees. Usually one, and never more than three C. 
poecilopleurus, were observed on a single tree; trees with trunk 
diameter >2.5 cm usually were occupied. Placement of several 
individuals into a single bag always resulted in the loss of tails of 
all the individuals. They would continuously fight unless suffi-
cient detritus for refugia was also placed in the bag. Interaction 
with other species of scincids in the same bag was not noted, 
however. This intraspecific aggression may account for the ob-
served spacing of free-living C. poecilopleurus. 

Portions of this research were supported by the Endangered 
Species Conservation Program, Project E4 (to Guam). 

Submitted by REBECCA A. HENSLEY and MICHAEL J. 
MCCOID, Division of Aquatic and Wildlife Resources, P.O. Box 
2950, Agana, Guam 96910, USA. Present addresses: (RAH) Texas 
Parks and Wildlife Department, 1231 Agnes Street, Corpus Christi, 
Texas 78401, USA. (MJM) 910 South 6th Street, Kingsville, Texas 
78363, USA. 

ELGARIA KINGI (Arizona Alligator Lizard) SIZE. On 30 July 
1992 at 1936 h, I captured a large male Arizona alligator lizard 
(Elgaria kingi) in the Camp Geronimo Boy Scout Preserve, Gila 
County, 6 km east of Pine, Arizona. This specimen (Arizona State 
University Herpetology Collection #29011) measured 133 mm 
SVL, 114 ram tail length, and weighed 37.5 g. In my measurements 
of >400 alligator lizards throughout Arizona, this was the largest 
specimen ever encountered. Both Stebbins (1985. A Field Guide to 
Western Reptiles and Amphibians, 2nd Ed, Houghton Mifflin Co, 
Boston, Massachusetts, 336 pp.) and Smith and Brodie (1982. A 
Guide to Field Identification Reptiles of North America, Golden 
Press, New York, 240 pp.) list the maximum SVL of E. kingi as 125 
mm and 127 mm, respectively. Both listings are substantially less 
than the 133 mm SVL of this specimen from Camp Geronimo. 

Submitted by ROBERT W. BOWKER, 2030 E. Colgate Dr., 
Tempe, Arizona 85283, USA. 

SCELOPORUS MAGISTER (Desert Spiny Lizard) CANNIBAL-
ISM. Although S. magister is commonly reported to include other 
lizards in its diet (Stebbins 1985. A Field Guide to Western Reptiles 
and Amphibians. Houghton Mifflin Company, Boston, Massa-
chusetts. 336 pp.), the literature contains few specific references. 
Vitt and Ohmart (1974. Herpetologica 30(4):410-417) reported one 
juvenile Cnemidophorus tigris among 1897 prey animals found in 
the stomachs of 66 S. magister. Parker and Pianka (1973. 
Herpetologica 29(2):143-152) reported one vertebrate out of 7928 
prey items removed from 123 specimens of S. magister. Knowlton 
and Thomas (1934. Utah Acad. Sci., Arts, and Let. 11:257-259) 
reported a small Cnemidophorus tessellatus consumed by S. magister. 
The only previously documented case of conspecific cannibalism 
occurred at the Nevada nuclear test site where a hatchling S. 
magister was discovered in the stomach of one of 21 adults exam-
ined (Tanner and Krogh 1973. Great Basin Nat. 33(3):133-146). 
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This report provides the third account of lizard predation by S. 
magister and the second account of conspecific cannibalism. 

On 8 August 1993, I collected a female S. magister (SVL = 69 mm) 
at 0740 h PST among granite boulders on a sunny south facing 
desert hillside at 955 m elevation in the town of Apple Valley, San 
Bernardino County, California (T5N, R4W, Sec 2, NW 1/4). Sec-
onds after capture, the animal spontaneously regurgitated a con-
specific neonate (SVL = 36 mm; tail = 73 mm, tip missing; mass = 
1.4 g). A dark umbilical wound was visible. Mass of the larger 
animal was 13.3 g after regurgitation. Photographs of dorsal and 
ventral views of the regurgitated animal are deposited at the 
University of Texas at Arlington, UTA slide nos. 17023 and 17024. 

I thank William W. Lamar for valuable suggestions about 
literature for this paper. 

Submitted by MICHAEL CARDWELL, P.O. Box 492, Victorville, 
California 92393-0492, USA. 

SCELOPORUS OCCIDENTALIS. (Western Fence Lizard). 
ASSOCIATION. On 18 March 1993, while hiking in the Los 
Padres National Forest, Santa Barbara County, California, USA, I 
noosed an adult male Sceloporus occidentalis. This lizard had a thin 
layer of bright golden/ yellow pollen over its entire dorsal surface, 
from the snout to the tip of the tail, including the appendages and 
digits. The lizard was found in a Coast Live Oak Woodland 
(119°56'15"E and 34°45'09"N) that included Quercus agrifolia, Pinus 
sabiniana, Ceanothus megacarpus, Ribes speciosum, Juglans californica, 
and Eriogonum sp. Other S. occidentalis (N = 4) in the immediate 
vicinity possessed no obvious pollen encrustations. 

Visual inspection of the lizard with a dissecting scope indicated 
a coarse, granular film of pollen over the entire dorsum. No pollen 
was observed on the ventral surface. The film of pollen was 
attached to the lizard in such a way that removing it was difficult 
without the aid of a scraping tool. The pollen could not be 
identified to species, but was of a grass (family Poaceae) 
(Henrickson, pers. comm.). It is unlikely that the S. occidentalis is 
involved with plant reproductive strategies since it is predomi-
nantly an insectivore; it may, however, become incidentally in-
volved with pollination. 

The pollen coating poses several problems to the lizard, such as: 
1) thermoregulation; 2) social behavior; and 3) pineal organ func-
tion (as the parietal eye was also covered by the pollen). Some of 
the thermoregulatory functions would appear to be influenced by 
the light coloration and the coating of the pollen, such as heat 
absorption and heat dissipation. Intraspecific behavioral interac-
tion may be affected because of the yellow pollen-coated dorsal 
coloration. This individual would seem conspicuous to predators 
because of its bright golden/yellow coloration as this was how the 
lizard was noticed by the author, a potential predator! The pineal 
organ and ultimately circadian rhythm and thermoregulation 
might be impaired in this individual as a result of the pollen 
coating. 

I thank B. H. Brattstrom for intellectual input and reviewing this 
manuscript, J. Burk and C. E. Jones for their assistance in the SEM 
laboratory, S. Karl for preparing the SEM specimen, and J. 
Henrickson for assistance with pollen identification. 

Submitted by STEPHEN B. HAGER, Department of Biological 
Science, California State University, Fullerton, California 92634, 
USA. Present Address: Department of Biology, New Mexico State 
University, Las Cruces, New Mexico 88003-0001, USA. 

UROSAURUS ORNATUS (Tree Lizard). SPERM STORAGE. 
Females of many lizard species are capable of storing sperm in the 
oviducts during the reproductive season (Cuellar 1966. J. Morph. 
119:7-20). While sperm may remain viable in the lizard oviduct for 

as long as 7 months (Porter 1972. Herpetology. W. B. Saunders Co., 
Philadelphia, pp. 388-390), duration of viable sperm storage is 
unknown for most phrynosomatid lizards. To ascertain whether 
over-winter sperm storage occurs in U. ornatus, we looked for 
sperm in females that had definitely produced offspring or mated 
in the previous season, and subsequently over-wintered with no 
access to males. 

Twenty female U. ornatus were captured at Aguirre Spring 
Recreation Area at 1700 m elevation in the Organ Mountains 
(32°22'N, 106°33'W, Doria Ana County, New Mexico) 6-8 April 
1992. Lizards were maintained at New Mexico State University, 
Las Cruces, New Mexico, USA. Thirteen females were housed 
individually with a mature male in semi-natural outdoor pens 
measuring 2 X 2 m. The remaining seven females were housed 
together in a similar pen with a single male. Ten of the 13 singly-
housed females laid from one to three clutches of eggs that 
hatched in the pens. At least three of the grouped females laid 
viable clutches, but we could not determine which females pro-
duced these clutches. At the end of the activity season (October 
1992) the females from both groups were placed together, in the 
absence of any males, in one pen to overwinter. In late April 1993, 
the females, all of which survived hibernation, were preserved in 
10% neutral buffered formalin and deposited in the Natural 
History Museum of Los Angeles County (LACM 140868-140887). 

Histological examination of the oviducts did not reveal the 
presence of sperm in any of the females, even though there were 
vaginal folds similar to those shown to store sperm in Sceloporus 
jarrovii (Goldberg 1970. Ovarian Cycle of the Mountain Spiny 
Lizard Sceloporus jarrovi Cope. Ph.D. Thesis, The University of 
Arizona, Tucson, 115 pp.). This raises the possibility that U. 
ornatus females may store sperm during the breeding season. 
However, our observations indicate that no over-winter sperm 
storage occurred. Thus, for U. ornatus, it appears that production 
of offspring in a given year is dependent on inseminations during 
that particular year. 

Submitted by STEPHEN R. GOLDBERG, Department of Biol-
ogy, Whittier College, Whittier, California 90608, USA, and NAIDA 
ZUCKER, Department of Biology, Box 30001, New Mexico State 
University, Las Cruces, New Mexico 88003-0001, USA. 

SERPENTES 

CLONOPHIS KIRTLANDII (Kirtland's Snake). SUBTERRA-
NEAN PREY CAPTURE. Clonophis kirtlandii is a secretive snake, 
known to feed on earthworms, slugs, leeches, crayfish, and fishes 
(Conant 1938. Am. Midl. Nat. 20:1-200; Minton 1972. Indiana 
Acad. Sci. Monogr. 3:v + 1-346; Tucker 1977. Bull. Maryland Herp. 
Soc. 13:193-195; Bavetz, pers. comm.). No observations have been 
published concerning how this species captures its prey. 

A simulation of the normal environment of free ranging C. 
kirtlandii was made using an aquarium (92 cm x 31 cm x 43 cm) 
modified by placing a partition 19 cm from the top of the tank. This 
partition was 23.5 cm long and joined to a vertical partition 
extending from the bottom of the tank. The vertical partition was 
set 7.5 cm from the front of the tank. These two partitions formed 
a chamber that was filled to a depth of 82 cm with soil obtained 
from the site where the snakes were caught. The portion of the 
tank not filled with soil was filled with water to a depth of 6 cm to 
keep the soil moist. 

Observations were conducted intermittently between 1900 and 
2400 h each night during a two week period. During observations 
the tank was lit by ambient light from the fixtures in the room. 

A total of 60 earthworms (Lumbricus sp.) were allowed to adjust 
to the tank for one week, during which time they formed a series 
of burrows within the observation chamber which allowed their 
behavior to be observed. 
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Four specimens of C. kirtlandii, two males (n.= 430 and 425 mm) 
and two females (n., = 210 and 461 mm), from Effingham, Illinois 
(Brown et al. 1975. Herpetol. Rev. 6:78-79) were placed in the 
aquarium. These snakes had been maintained on a diet of earth-
worms and were feeding well. No period of starvation was used 
to stimulate feeding. 

The snakes were observed feeding on 12 occasions. In three 
instances, snakes were observed to emerge from hiding places and 
assume a Z-shaped alert posture, with the head up. When an 
earthworm was exposed in the vicinity of the snake, tongue 
flicking increased, and the snake searched for and attacked the 
earthworm. On five other occasions, snakes that were initially 
seen in the Z-shaped alert posture were later observed swallowing 
earthworms. On many occasions, snakes seen in the Z-shaped 
alert posture retreated to their refugia without attacking or feed-
ing. 

On two occasions, Clonophis seen within earthworm burrows 
attacked and swallowed the earthworm occupying the burrow. 
On two other occasions, snakes were found swallowing earth-
worms inside burrows. Snakes were not seen pursuing an earth-
worm into a burrow. In no instance, did the earthworms react to 
the presence of the snake until bitten. 

This is the first report of feeding within earthworm burrows for 
C. kirtlandii. However, that the snakes enter earthworm burrows 
in search of prey should be expected considering the adaptations 
for fossorial existence present in the species (Conant 1943. Am. 
Midl. Nat. 29:313-341). 

Submitted by JOHN R. TUCKER, Illinois Natural History 
Survey, 1005 Edwardsville Road, Wood River, Illinois 62095, 
USA. 

CROTALUS VIRIDIS VIRIDIS (Prairie Rattlesnake). RECORD 
RATTLE-STRING. In August, 1985, the first author (DC) cap-
tured a male Crotalus v. viridis (Rafinesque) in the vicinity of 
Pawnee Buttes, Weld Co., Colorado. The snake was maintained in 
his laboratory at the University of Colorado in Boulder, until its 
death 2 August 1993. It is now preserved as no. 56799 in the 
University of Colorado Museum herpetological collection. 

At the time of death the snake measured 879 mm SVL, tail 58 
mm. Its only obvious unusual feature is its record rattle-string of 
38 segments. All segments have approximately the same maxi-
mum dimension of 12 mm, and the string is of uniform diameter 
throughout its 135 mm length. Hence it is incomplete by at least 
ten or twelve segments by Klauber's (1956. Rattlesnakes: Their 
Habits, Life Histories and Influence on Mankind. Univ. California 
Press, Berkeley and Los Angeles. p. 252) generalization—the point 
at which little or no further change in lobe size occurs. The 
terminal dozen or so segments bear small, irregular indentations, 
progressively more apparent toward the distal end of the string. 

This rattle-string is much longer than any previously reported 
(of authentic integrity; Klauber, op. cit.: 250-260 discussed many 
longer ones of unacceptable authenticity) for either captive or 
freshly captured specimens, of any species of rattlesnake. Klauber 
(op. cit.: 260) cited records of 17 for a complete string (in C. 
adamanteus Beauvois) and 23 for an incomplete string (in C. atrox 
Baird and Girard) in freshly caught specimens, and 18 for a 
complete string (in C. tortugensis Van Denburgh and Slevin) and 
29 for an incomplete string (in C. horridus Linnaeus) in captive 
specimens. The present string is therefore nine segments longer 
than any previously recorded in its category (incomplete string in 
a captive specimen), and the longest for any category. 

The exceptional length of the string of 38 segments was prob-
ably attained as a result of several factors, including the unusually 
mild temper of the snake, the simplicity of its quarters (minimiz-
ing the chance of catching the rattle string on an obstacle, or of 
wearing it against abrasive surfaces), the infrequency of assuming  

a protective or resting coil together with the relatively light weight 
of the snake (minimizing the chance of catching the string under 
the snake's body), the damping effect through inertia of distal 
segments when the string was shaken, and the regular offering of 
dead food. Under such conditions a potential exists for growth of 
even longer strings in this and other species. 

Submitted by DAVID CHISZAR, Department of Psychology, 
University of Colorado, Boulder, Colorado 80309-0345, USA, and 
HOBART M. SMITH, Department of EPO Biology, University of 
Colorado, Boulder, Colorado 80309-0334, USA. 

DIADOPHIS PUNCTATUS PUNCTATUS (Southern Ringneck 
Snake). ANTI-OPHIOPHAGOUS BEHAVIOR. Small snakes 
may be especially susceptible to predation by ophiophagous 
snakes. Here, we report one observation of a captive longnose 
snake (Rhinocheilus lecontei lecontei) attempting to feed upon a 
Diadophis p. punctatus which suggests a possible defense against 
ophiophagy by D. p. punctatus. 

We placed a 275 mm TL D. p. punctatus collected in Hillsborough 
County, Florida, in a glass aquarium measuring 61 x 30 x 25 cm 
which housed a 640 nun TL R. 1. lecontei collected in Pima County, 
Arizona. The Rhinocheilus immediately approached and seized 
the Diadophis by the tail. Instead of struggling the Diadophis 
remained motionless and was swallowed almost entirely (tail 
first) before moving. When the head of the Diadophis entered the 
mouth of the Rhinocheilus, it turned its head 90°, and bit the floor 
of the larger snake's mouth. After 6 h in this position the Diadophis 
was regurgitated but not released, and the Rhinocheilus positioned 
for a mid-body approach. Once again, when the smaller snake's 
head entered the mouth of the larger, the biting response was 
repeated, which again resulted in an apparent deadlock lasting 
roughly 6 h. The whole cycle was repeated for a third time. 

The Rhinocheilus remained motionless after 16 h from the begin-
ning of these observations, and was presumed to have died 
shortly thereafter. Seventeen hours after the initial attack, the 
Diadophis slowly worked its jaws free and crawled out of the now 
dead Rhinocheilus. 

This behavior and its fatal consequences raises several ques-
tions. Was the Rhinocheilus envenomated by the ringneck? Diadophis 
punctatus has enlarged saber-like teeth at the posterior end of the 
maxillary bones and there are several anecdotes of bites from this 
species causing a burning sensation (Myers 1965. Bull. Florida St. 
Mus. Biol. Sci. 10:43-90.). Myers (op. cit.) also reported that other 
forms of Diadophis salivate copiously when handled excessively. 

The authors thank Joseph A. Butler and Lee A. Fitzgerald for 
their helpful comments. 

Submitted by JOHN V. ROSSI. Division of Science and Math-
ematics, Jacksonville University, Jacksonville, Florida 32211, USA, 
and ROXANNE ROSSI, North American Snake Institute, 7451-13 
103rd St. Suite 68, Jacksonville, Florida 32210, USA. 

DRYMARCHON CORALS COUPERI (Eastern Indigo Snake). 
PREY. The diet of the eastern indigo snake includes a variety of 
mammals, birds, reptiles (and their eggs), amphibians, and fish 
(Ernst and Barbour 1989. Snakes of Eastern North America. George 
Mason Univ. Press. Fairfax, Virginia, 282 pp.). Few invertebrates 
have been reported. 

On 17 May 1993, a juvenile eastern indigo snake measuring 61 
cm TL, was captured in Baker County, Florida. Within several 
minutes of capture, the snake regurgitated a large slug, Philomycus 
sp. The slug was approximately 7.5 cm in length. 

Philomycus slugs are numerous in some areas of Florida and 
may be an important food source for the secretive hatchling and 
juvenile indigo snakes in certain microhabitats. 
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The authors thank Kurt Auffenberg for his assistance in identi-
fying the slug and Lee A. Fitzgerald for his helpful comments. 

Submitted by JOHN V. ROSSI, Dept. of Science and Mathemat-
ics, Jacksonville University, Jacksonville, Florida 32211, USA and 
RICK LEWIS, 825 Wyolen Street, Jacksonville, Florida 32205, 
USA. 

ELAPHE OBSOLETA (Rat Snake) REPRODUCTION. According 
to Plummer (1990. Herpetologica 46(2):190-195), "nesting in hol-
low trees is unknown for snakes other than Opheodrys aestivus...." 
However, W. M. Palmer, of the North Carolina Museum of Natu-
ral History (1993, pers. comm.), is aware of an incident of Elaphe 
obsoleta nesting in a tree cavity in North Carolina and another in 
Virginia. This note documents an occurrence of E. obsoleta nesting 
in a tree cavity. 

On 12 June 1992, fourteen snake eggshells were discovered in a 
cavity of a beech tree (Fagus grandifola) 2.5 miles N of Elizabeth 
City, Pasquotank County, North Carolina. The tree was in a 
wooded area with the upper portion removed and cut into sec-
tions which exposed the nest cavity. The cavity opening was 
located 6.0 m above the ground. 

The cavity opening appeared to be a rot hole from a broken limb 
and measured 20.8 x 11.7 cm. The cavity was approximately 0.07 
m3  (39 x 33 x 93 cm). It was about half full of decomposed wood and 
contained what appeared to be a squirrel (Sciurus sp.) nest. 

Most of the eggshells exhibited typical longitudinal slits like 
those made during hatching. Two contained irregular holes which 
suggest they did not hatch. The two eggs that apparently did not 
hatch retained their near-natural shape. The more perfect of the 
two measured 41 x 23 mm which is consistent with egg size for E. 
obsoleta (Ernst and Barbour 1989. Snakes of Eastern North America. 
George Mason University Press. Fairfax, Virginia. 282 pp.). The 
size and surface texture of the eggshells are consistent with other 
E. obsoleta eggs found previously in the Elizabeth City area by the 
author (Brothers 1965. J. Flisha Mitchell Sci. Soc. 81(2):119-124). 
The eggs of Coluber constrictor have a coarse texture, and Elaphe 
guttata is not known from the area despite many years of observa-
tions (Brothers, op. cit., pers. obs.). The North Carolina Museum of 
Natural History considers the eggshells as those of E. obsoleta 
(NCSM 32025). 

I thank Leroy Seier for making me aware of the find and 
allowing me to visit the site and W. M. Palmer for comments on the 
manuscript. 

Submitted by DONALD R. BROTHERS, HC 33, Box 1176, 
Boise, Idaho 83706, USA. 

EUNECTES MURINUS GIGAS (Northern Green Anaconda). 
CANNIBALISM. There are very few reported instances of true 
intraspecific cannibalism amongst the boids (Mitchell 1986. Can-
nibalism in Reptiles: A Worldwide Review. SSAR Herpetol. Circ. 
No. 15:1-37) . 

We removed a live female Eunectes murinus gigas,1940 mm SVL 
(2320 mm TTL), from a nylon monofilament fisherman's gill net 
set above rapids, along the Guyanese bank of the Ireng River on 
the Guyana /Brazil border at Orinduik, western Guyana on 6 
September 1993. 

Shortly after capture the anaconda disgorged the recognizable 
remains of a smaller conspecific. Due to the advanced state of 
decomposition it was impossible to determine the exact length (ca. 
1.5 m TTL), sex, or cause of death of the cannibalized specimen. 
The live individual was released. Eunectes murinus is a known 
predator of mammals, waterbirds, and caiman, but I have been 
unable to locate any reports of ophiophagy or cannibalism for this 
species in the wild. However, Holmstrom and Behler (1981. Zool. 

Garten NF, Jena 51 (5/6):353-356) and Neill and Allen (1962. 
Quart. J. Florida Acad. Sci. 25:73-75) reported ingestion of 
extraembryonic membranes and an undeveloped egg, and aborted 
embryos by adults in captivity. Live neonates were not eaten. 

I thank Col. John Blashford-Snell and Julian Matthews for 
inviting me to participate in the "Land of El Dorado Expedition" 
and all the members of the expedition and the Guyanan Defense 
Force who assisted with the herpetological/ichthyological sur-
veys. Particular thanks go to Darren Finch of London and Mr. 
Chung of Orinduik. This fieldwork was funded by Discovery 
Expeditions of Motcombe, near Shaftesbury, Dorset, England. 

Submitted by MARK T. O'SHEA, 46 Buckingham Road, Penn, 
Wolverhampton, WV4 5TJ, England. 

LAMPROPELTIS PYROMELANA (Sonoran Mountain 
Kingsnake). TEMPERATURE, ACTIVITY, and SIZE. During the 
past 11 yrs (1983 to 1993), I documented activity temperatures, 
times when observed, and body size on a population of the little 
known Sonoran mountain kingsnake (Lampropeltis pyromelana) at 
Camp Geronimo Boy Scout Preserve, 6 km E Pine, Arizona at the 
base of the Mongollon Rim. I gathered data on 11 snakes that were 
active (none was found by log or rock turning). An additional 69 
snakes, brought in by campers and staff, were measured to assess 
population size structure. 

Average body temperature of the 11 active snakes was 26.8°C ± 
0.60 SE (range 23.0-29.2) and was significantly correlated with air 
(26.7°C ± 0.79 SE; range 20.0-29.8; r = 0.615, P < 0.05, df =10) and 
substrate (25.2°C ± 0.91 SE; r = 0.75, P < 0.01, df = 10) temperatures. 
Brattstrom (1965. Am. Midl. Nat. 73:376-422) gave the mean body 
temperature for L. zonata, a kingsnake with a similar habitat to L. 
pyromelana, at 27.5°C. Lampropeltis pyromelana, like many squa-
mate species in shaded habitats (Huey and Slatkin 1976. Quart. 
Rev. Biol. 51:363-384), appears to be a thermoconformer to air and 
substrate temperatures. 

Snout-Vent Lengths (Cm) 

FIG. 1. Age distribution of Lampropeltis pyromelana in the Theodore 
Roosevelt Preserve of Camp Geronimo. 
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Over 470 h (from April to October) were spent searching for 
kingsnakes and only 11 activity records were recorded, a rate of 1 
snake every 42.8 h of search time! Despite the small sample, a 
diurnal activity pattern is evident. All snakes were captured 
between 1140 and 1810 h. Peak activity (3 captures) was between 
1500 and 1600 h, a rate of 1 snake every 12.7 field h. A yearly 
activity cycle is also evident in this small sample; 8 of the 11 snakes 
were found in July and August, a rate of 1 snake every 22.6 h of 
field time. All 8 snakes from July and August were above 41 mm 
SVL; therefore, hatchlings have not inflated this figure. 

Size range for individuals in this population was between 19.5 
and 88 cm SVL, with most (75%) snakes measured between 41 and 
70 cm SVL (Fig. 1). Hatchlings were brought in during July and 
August and were between 19.5 and 27 cm SVL. Sex of the snakes 
could not be accurately determined. 

Absence of recapture data from 40 marked and released snakes 
suggests a large population. However, the low probability of 
encountering an active snake and the rarity that campers and staff 
encountered this species suggests that density may be low and 
also may indicate that this species is wide-ranging or very secre-
tive. 

I am grateful to the staff of the Camp Geronimo Boy Scout Camp 
for making their property available to me and providing me with 
snakes to measure. Additionally, I am grateful to the hundreds of 
boy scouts that directly or indirectly contributed snakes for this 
study. 

Submitted by ROBERT W. BOWKER, 2030 E. Colgate Dr., 
Tempe, Arizona 85283, USA. 

PITUOPHIS MELANOLEUCUS DESERTICOLA (Great Basin 
Gopher Snake). BEHAVIOR. We report here on an unusual 
encounter in the wild between a Pituophis melanoleucus deserticola 
and a golden-mantled ground squirrel (Spermophilus lateralis). 

On 28 May 1993, in a small limestone canyon near the Colorado-
Utah border in Dinosaur National Monument, Uintah Co., Utah 
we found a ground squirrel challenging a P. m. deserticola of 
approximately 165 cm TL. The ground squirrel was making no 
attempt to flee its potential predator, which was loosely coiled in 
low vegetation and obviously had eaten recently. If the snake 
moved, the ground squirrel would feign a charge or actually dart 
in to attack the snake, usually about the head, and then quickly 
retreat to a log 40 cm from the snake. The ground squirrel ap-
peared to be defending the area around the log. Despite the 
attacks, the snake, which had been bloodied below its left eye, also 
was not making an attempt to depart. 

We observed this encounter from a stream bank at a distance of 
2 m for 10 min. The temperature was 22-25°C under sunny skies. 
The encounter ended when the ground squirrel was frightened 
away by a flash from our camera. At that time, we captured the 
snake, and it was easily observed that it had recently eaten two 
prey items. 

We know of no other observation in the wild where a P. 
melanoleucus was held at bay by a ground squirrel or other poten-
tial prey. We believe the ground squirrel was defending a nest in 
the vicinity of the log, because 15 min after we released the snake, 
the ground squirrel returned to the log and appeared to search for 
the snake in the area of the confrontation. 

Submitted by RICHARD M. ENGEMAN, Denver Wildlife 
Research Center, USDA/APHIS/ADC, P.O. Box 25266, Bldg 16, 
Denver Federal Center, Denver, Colorado 80225-0266, USA, and 
JAMES J. DELUTES III, P.O.Box 1623, Boulder, Colorado 80306, 
USA. 

PYTHON SEBAE (African Rock Python). REPRODUCTION. The 
reproductive biology and breeding behavior of the African py-
thons are poorly known, even for the large Python sebae (Branch 
1988. Field Guide to the Snakes and other Reptiles of Southern 
Africa. New Holland, Ltd. Cape Town, South Africa. 328 pp; 
Pitman 1974. A Guide to the Snakes of Uganda. Wheldon and 
Wesley, Ltd. Codicote, England. 290 pp.; Starin and Burghardt 
1992. The Snake 24:50-62). There appear to be no published 
accounts of the behavior of neonates of any of the large pythons at 
the nest site; therefore observations of the breeding behavior and 
post-hatching neonatal behavior in the wild are particularly valu-
able. 

On 3 September 1991, a local fisherman found a nest with eggs 
of an African rock python (Python sebae) in Gombe Stream Na-
tional Park, on the eastern shore of Lake Tanganyika in Tanzania. 
The female and her eggs were in a burrow on a steep grassy slope 
about 25 m above the gravel beach of the lake, with a western 
exposure and sunlight falling on the hole from mid afternoon until 
sunset. Holes are numerous in slopes at Gombe, and are fre-
quently dug by pangolins. The female python was coiled around 
her eggs; her length was estimated at 2.75 m. About 20 eggs were 
deposited 60 cm into the recess of the burrow. It is not known how 
long the eggs and mother had been present at the time they were 
first observed. 

The eggs hatched on 20 or 21 November, and hatchlings were 
visible around the entrance to the nest site. The incubation period 
was thus at least 78 days. I made frequent trips to the nest to 
observe the behavior and dispersal pattern of the neonates. The 
maximum number of hatchlings seen on a single trip was 19. Three 
hatchlings were measured and had an average total length of 57 
cm. On the first day the hatchlings were observed, the mother was 
visible deep within the nest hole; she was not seen again, and it is 
not known whether she left the site once the eggs hatched or 
remained nearby. 

A strong degree of nest site fidelity was observed in the 
hatchlings. For the first week after hatching, the hatchlings left the 
nest hole and basked in pairs or small groups on the hill in a 4 m 
radius from the hole. They typically left the nest hole as soon as the 
sun rose above the slope of the hill on which the nest site was 
located. By late afternoon, the hatchlings reentered their nest hole 
and appeared to remain there until the following day. When I 
approached the nest, some of the hatchlings would flee into the 
hole, while others remained coiled in the sun nearby. Even those 
hatchlings located up to 4 m away from the hole retreated to it 
when frightened. When hatchlings were captured and handled, 
they fled into the nest hole from up to 2 m away immediately upon 
release; hatchlings that were handled and released more than 2 m 
away did not return to the nest hole. 

On 26 November, the hatchlings began to enter their first skin 
shed cycle. They continued to bask in the sun each afternoon and 
use the nest hole as a home base. Beginning on 29 November fewer 
hatchlings were seen in or near the nest hole, and by 1 December 
all appeared to have left the site, probably after their first shed. The 
nest hole was thus used as a shelter for about 10 d, after which the 
hatchlings dispersed. This hole was apparently not reused as a 
nest site in 1992 or 1993. 

I thank the Tanzanian Commission for Science and Technology 
(COSTECH) and the office of Tanzania National Parks, and Dr. 
Jane Goodall for permission to work in Gombe National Park. 
Financial support was provided by the National Geographic 
Society and the L.S.B. Leakey Foundation. Harry Greene made 
helpful comments on the manuscript. 

Submitted by CRAIG B. STANFORD, Department of Anthro-
pology, University of Southern California, Los Angeles, Califor-
nia 90089-0032, USA. 
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SIPHLOPHIS PULCHER (NCN). PREY. Feeding habits of the 
five recognized species of the neotropical snake genus Siphlophis 
are scarcely documented and the information seems controver-
sial. The widespread S. cervinus is nocturnal, terrestrial to semiar-
boreal, and is reported to prey on birds and lizards (e.g., Duellman 
1990; Zimmerman and Rodrigues 1990. In Gentry, ed. Four Neo-
tropical Rain Forests. Yale Univ. Press, New Haven, Connecticut, 
612 pp.). However, the few substantiated prey items include two 
species of lizards: Bachia trisanale, a fossorial gymnophthalmid 
(Duellman 1978. Univ. Kansas Mus. Nat. Hist. Misc. Publ. 65:1-
349), and Thecadactylus rapicaudus, a nocturnal and arboreal 
gekkonid (Nascimento et al. 1987. Bol. Mus. Para. Emilio Goeldi, 
ser. Zool. 3:33-65). We are unaware of reliable dietary information 
on any of the three species of Siphlophis from the coastal rain forest 
of southeastern South America. 

Here we report on six instances of S. pulcher feeding on squa-
mate prey, and comment on the need to reassess the importance 
of bird prey in the diet of S. cervinus. Specimens of S. pulcher were 
observed in, or came from, the Atlantic Forest of eastern and 
southeastern Brazil (States of Bahia and Sao Paulo) during the wet 
season from October to March in the years 1991 and 1993. Vouch-
ers of snakes and their prey are in the Institute Butantan, Sao Paulo 
(IB 54225), the Museu de Historia Natural de Campinas, Sao Paulo 
(ZUEC 1636, 1659), and the Centro de Pesquisas do Cacau in 
Itabuna, Bahia (CEPEC 1580, 2376). 

One adult S. pulcher (SVL = 695 mm; tail = 179 mm; tail tip 
missing) was found in early morning on 10 October 1991 on the 
ground within a cacao grove at Ilheus, Bahia. The snake was 
swallowing an adult and considerably longer blunt-headed tree 
snake, Imantodes cenchoa (SVL = 770 mm; tail = 348 mm), a noctur-
nal colubrid (Cunha and Nascimento 1978. Publ. Avuls. Mus. 
Para. Emilio Goeldi 10:1-218; Duellman 1990, op. cit.). We found 
the remains of an unidentified gekkonid lizard in the gut of the 
same S. pulcher and a recently eaten Anolis sp. in the gut of the 
Imantodes. A juvenile S. pulcher (SVL = 220 mm; tail = 65 mm), also 
from a cacao grove at BMus and received March 1993, contained 
a broken, recently swallowed lizard tail (60 mm) and two lizard 
eggs (7 x 3 mm), presumably of a gymnophthalmid. An adult S. 
pulcher (80 cm TL) was found on the evening of 15 December 1991 
on branches of a fallen tree, 1 m above ground within a secondary 
forest at Caraguatatuba, Sao Paulo. Upon capture it disgorged a 
freshly eaten specimen of the terrestrial gekkonid, Gymnodactylus 
darwini. An adult female S. pulcher (SVL = 535 mm; tail = 165 nun; 
mass = 32 g), caught 1 February 1991 on the ground at 
Caraguatatuba, contained a whole specimen of the diurnal 
gymnophthalmid lizard Placosoma glabellum (SVL = 60 mm; tail = 
55 mm; mass = 3 g) and the tail of a second one in its gut. Another 
female S. pulcher (SVL = 615 mm; tail = 182 nun; mass = 64 g) caught 
February 1993 in Ubatuba, Sao Paulo, contained the ubiquitous 
gekkonid lizard, Hemidachilus mabouia (SVL = 60 mm; tail = 90 mm; 
mass = 5 g). A specimen of S. pulcher (65 cm caught at Boraceia, 
Sao Paulo and received alive at the Institute Butantan on 14 
January 1991, disgorged the remains of a Placosoma sp. (0. A. V. 
Marques, pers. comm.). 

Our observations on S. pulcher and literature data on S. cervinus 
indicate that these snakes are nocturnal active foragers searching 
for prey both on the ground and on vegetation. These snakes feed 
on inactive diurnal vertebrates (lizards and possibly birds), active 
nocturnal ones (lizards and snakes), and squamate eggs. The 
importance of birds in the diet of Siphlophis should be reassessed, 
since reliably documented records indicate squamates as prey. 
Although Cunha and Nascimento (op. cit.) stated that only birds 
were found in the diet of S. cervinus, they failed to mention 
whether prey were found in only one or a few of the nine snakes 
they examined. We suspect additional data will support our 
conclusion that species of Siphlophis feed primarily on squamates, 
a condition found in many if not most pseudoboine snakes. 

We thank 0. A. V. Marques and G. Puorto for data on the IB 
specimens and their prey; V. Rodrigues for the Ilheus adult snake; 

M. J. Silva for the Ubatuba snake; M. T. Rodrigues for the identi-
fication of two Placosoma prey; the CNPq and the Fundacao Banco 
do Brasil for financial support. 

Submitted by IVAN SAZIMA, Departamento de Zoologia, 
Universidade Estadual de Campinas, 13081-970 Campinas, Sao 
Paulo, Brazil, and ANTONIO J. S. ARGOLO, Centro de Pesquisas 
do Cacau, Caixa Postal 7, 45600-000 Itabuna, Bahia, Brazil. 

THAMNOPHIS RUFIPUNCTATUS (Narrow-headed Garter 
Snake). COLOR and SIZE. Hedges et al. (1989. J. Herpetol. 23:450-
455) reported natural, physiological color change to be uncom-
mon in snakes, being known to occur in seven species of insular 
non-colubroidean snakes and in two species of mainland crotalines. 
These snakes are terrestrial (eight species) or arboreal (one spe-
cies). 

FIG. 1. Thamnophis rufipunctatus, light phase, photographed 1 October at 
1500 h. 

On 1 October 1988, at 1500 h (air temperature ca. 24°C), a 953 mm 
female Thamnophis rufipunctatus was found lying at the shoreline 
of the Black River at Buffalo Crossing, Apache Co., Arizona. At 
time of capture the snake was tan with darker brown spots (Fig. 1). 
The snake was kept alive overnight in complete darkness. On 2 
October, at ca. 1100 h (air temperature ca. 20°C), the snake was 
taken into direct sunlight and found to be soot colored dorsally, 
with the darker spots indistinct (Fig. 2). The snake was left in 
indirect sunlight for two hours but showed no indication of a 
return to the previous pale coloration, even after subsequent 
preservation. Conspecifics found in the Black River on 1 October 
were of the tan phase (three) or dark phase (two). 

FIG. 2. Thamnophis rufipunctatus, dark phase, photographed 2 October at 
1100 h; same specimen as Fig. 1. 
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This is apparently the first record of both a colubrid, and an 
aquatic snake, exhibiting physiological color change. This speci-
men (California Academy of Sciences 186445) exceeds the previ-
ously reported maximum length of 86 cm (Stebbins 1985. A Field 
Guide to Western Reptiles and Amphibians. Houghton Mifflin 
Co. Boston, Massachusetts. 336 pp.). 

Submitted by JEFF BOUNDY, Museum of Natural Science, 119 
Foster Hall, Louisiana State University, Baton Rouge, Louisiana 
70803, USA. 

THAMNOPHIS SAURITUS SACKENII (Peninsula Ribbon 
Snake). BEHAVIOR. A female Thamnophis sauritus sackenii was 
observed eating a Hyla cinerea 5.72 m up in a red maple tree (Acer 
rubrum). Distress calls by the frog caused us to notice the ribbon 
snake. The snake was captured after we vigorously shook the tree. 
As the snake fell the frog escaped from the snake's jaws and 
hopped away apparently unharmed. The 17.4 g snake (SVL = 41.2 
cm) was found at 1720 h on 20 September 1993, in a hammock with 
sabal palm and live oak canopy. Air temperature was 28-30°C. 
Rain had fallen 24-72 h earlier. To our knowledge, this is the first 
report of Thamnophis sauritus sackenii foraging in a tree canopy. 

We thank Fred Link for tree shaking and Peter May for helpful 
comments. 

Submitted by LIANNE A. BISHOP and TERENCE M. 
FARRELL, Department of Biology, Stetson University, DeLand, 
Florida 32720, USA. 

GEOGRAPHIC DISTRIBUTION 

Instructions for contributors to Geographic Distribution appear in 
Volume 25, number 1. 

Cosymbotus platyurus In Florida: 
Ten Years Of Stasis 

At present, Florida is colonized by eight species of geckos 
(Wilson and Porras 1983, The Ecological Impact of Man on the 
South Florida Herpetofauna. Univ. Kansas Spec. Publ. 9, Lawrence, 
89 pp.; Lawson et a1.1991. Herpetol. Rev. 22:11-12; Meshaka et al. 
1994. Herpetol. Rev. 25:80-81). Herein we report an established 
colony of Cosymbotus platyurus, a species new to Florida and the 
United States, based on a voucher (USNM 244208) collected by us 
on 7 November 1993 from a colony located in Clearwater, Pinellas 
County. 

This colony is located on a strip mall in downtown Clearwater 
and has been known to one of us (JL) since 1983. The presence of 
C. platyurus coincided with the opening of a pet shop two years 
prior to the detection of this colony. The pet shop, still in existence, 
deals in the exotic reptile trade. From one walk around the mall on 
the evening of 13 November 1993, we counted 51 individuals (45 
adults, 6 hatchlings). The largest adults, presumably males, were 
consistently found at the tops of the buildings and were extremely 
wary. Almost all hatchlings were observed <1.5 m above the 
ground. When dazzled with the flashlight, hatchlings elevated 
and wriggled their tails. 

We found few to no individuals on nearby buildings. This 
observation, like our census on the main building, was consistent 
with observations by JL since 1983. Unlike other hemidactylines  

of Florida, C. platyurus has shown little ability to disperse from its 
original site of introduction. Too little is known about the natural 
history of this species to explain its poor colonizing ability in this 
target area. To date, this population of C. platyurus represents an 
end point in the spectrum of successful colonizers. The colony is 
persistent and healthy but thus far unable to expand from one 
very localized site. 

Submitted by WALTER E. MESHAKA, JR., Archbold Biologi-
cal Station, P.O. Box 2057, Lake Placid, Florida 33852, USA, and 
JOHN LEWIS, 1312 South Evergreen Avenue, Clearwater, Florida 
34616, USA. 

Hemidactylus frenatus Established On The 
Lower Florida Keys 

Hemidactylus frenatus is an Old World gecko with a large natural 
and human-assisted geographic range. In the United States it has 
flourished in Hawaii, where it was presumably transported on 
equipment during World War II (McKeown 1978). Here, we 
report the establishment of H. frenatus on Stock Island and Key 
West, Monroe County, Florida, provide some natural history 
information from our collections and field observations, and 
comment on its presence in syntopy with other hemidactylines on 
the lower keys. 

All specimens were collected by the authors and will be de-
posited in the United States National Museum (USNM). Snout-
vent lengths (SVL) of all specimens from this series are given in 
mm. Ronald I. Crombie kindly identified specimens USNM 217918, 
217920, and 217923. Vouchers documenting this discovery are 
from: 

Monroe Co: Stock Island. 21 September 1993. USNM 217933-
217935. Immatures, 35, 27, and 30 mm, respectively. USNM 217906. 
Male, 54 mm. USNM 217907. Female, 47 mm. 

Monroe Co: Key West. 23 September 1993. USNM 217918-
217919. Males, 53 & 50 mm, respectively. USNM 217920, 217922-
217923. Females, 47, 46, and 49 mm, respectively. USNM 217921. 
Immature, 23 mm. 

All four females collected contained four sets of follicles >1.0 
mm. Of these, shelled eggs (diameters in parentheses) were found 
in USNM 217922 (7.4 and 8.6 mm) and USNM 217923 (8.0 and 9.0 
mm). Our single collection of series precluded estimation of the 
egg-laying season. However, H. frenatus is known to produce eggs 
continuously in source areas (Church 1962; R. I. Crombie, pers. 
comm.). Female H. frenatus which mature at 38 mm SVL in Java 
(Church 1962) could represent the smallest minimum size at 
maturity of the hemidactyline geckos in Florida (Meshaka 1993; 
Meshaka et al. 1994b). 

No Hemidactylus frenatus were found on any of the other keys 
we visited during this trip. On Stock Island, where we collected 
five H. frenatus, we also collected thirteen H. mabouia and observed 
but failed to collect two H. garnotii. On Key West, where we 
collected six H. frenatus, we collected seven H. mabouia, three H. 
garnotii, and one H. turcicus. Our method of collecting geckos was 
to not target any particular species in order to be as nonselective 
as possible. Results of this collecting method yielded proportions 
of species similar to what we observed. 

In our collections, Hemidactylus mabouia was the most common 
hemidactyline gecko throughout the Florida Keys, having re-
placed H. turcicus in Key West (Meshaka et al. 1994a). Indeed, the 
H. turcicus we collected was the only individual seen throughout 
the Florida Keys during this trip. H. garnotii, which was only 
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recently detected in the Florida Keys (Wilson and Porras 1983), 
was infrequently seen by us and primarily at opposite ends of the 
Florida Keys. At present, H. frenatus does not yet appear to be 
established farther north than Stock Island where it was outnum-
bered more than 2:1 by H. mabouia in our collecting effort. 

A likely source of the introduction for Hemidactylus frenatus, we 
believe, was a pet shop in Key West which has been in existence 
for almost twenty years. This store dealt in the exotic reptile trade, 
including old world species. H. frenatus could have reached Key 
West via transportation on shipments as stowaways from whole-
salers in southern Florida. If this is true, further collecting on 
mainland southern Florida might detect its presence near the 
airport in Miami and/or at wholesale distributors of reptiles, and 
place H. frenatus on the long list of exotic species established 
through a weakly restricted exotic wildlife trade. 

The rapidly spreading urban habitat of Florida has brought 
with it an endemic herpetofauna including four hemidactylines. 
The source for many of these exotic species has been the pet trade. 
This system has resulted in an unnatural experiment in coloniza-
tion, niche partitioning, and competition. Among the house gec-
kos, Hemidactylus frenatus appears to be the most recent invader 
and is similar in appearance to its congeners. 

The current status of Hemidactylus frenatus on the lower keys 
lends this species well to testing two working hypotheses. First, 
rapid expansion of H. frenatus along the chain of keys would 
corroborate our suggestion that H. frenatus, a proven successful 
colonizer, is the most recent invader of the hemidactyline geckos 
on the Florida Keys. Second, replacement of H. mabouia by H. 
frenatus in southern Florida will test the hypothesis that, unlike the 
colonization of anoles in Florida (Wilson and Porras 1983; pers. 
obs.), ecological overlap on buildings of the four hemidactyline 
species currently in Florida may be too great to permit a stable 
coexistence of more than one dominant species at one time. 
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Range Extensions For 
Louisiana Amphibians And Reptiles 

A survey of recently accessioned amphibian and reptile speci-
mens in the Louisiana State University Museum of Natural Sci-
ence (LSUMZ) has revealed a number of range extensions, based 
on comparison with localities depicted on range maps by Dundee 
and Rossman (1989). Each specimen represents a parish record. 
Identifications were verified by Douglas A. Rossman or David A. 
Good. 

AMBYSTOMA TALPOIDEUM (Mole Salamander). East Feli-
ciana Par: 4.8 km (by air) S Jackson. 2 April 1993. J. Boundy, J. 
Slowinski. LSUMZ 55796. 

EURYCEAQUADRTDIGITATA (Dwarf Salamander). Tensas Par: 
1.6 km S Waterproof. 2 March 1965. L. Wilson, A. Romano. 
LSUMZ 51827. 1.4 km W Newlight. 16 April 1966. L. Wilson. 
LSUMZ 43524, 43525. 

NECTURUS BEYERI (Gulf Coast Waterdog). Natchitoches Par: 
Kisatchie Creek, Natchitoches. 24 February 1954. C. Ward. LSUMZ 
51953. 

NECTURUS MACULOSUS (Mudpuppy). Bienville Par: Saline 
Bayou at La. Rt. 155 bridge. 5 June 1993. E. DeWalt. LSUMZ 56119. 

PLETHODON KISATCHIE (Louisiana Slimy Salamander). 
Natchitoches Par: 14.4 km W Deny on Red Dirt Road. March 1969. 
L. Wilson. LSUMZ 28668. 

ACRIS CREPITANS (Northern Cricket Frog). West Baton Rouge 
Par: 17.6 km W Mississippi River on Rt. 190. 15 Feb 1962. F. Hayse. 
LSUMZ 18023. 4.0 km ENE Rosedale on Rt. 76.8 March 1968. A. 
Rekas. LSUMZ 22714, 22717. 7.2 km SSE Arbroth on La. Rt. 415.30 
March 1969. A. Varkey. LSUMZ 50929. 8.0 km (airline) W Brusly. 
30 March 1968. J. Caftan. LSUMZ 21004. 8.0 km S Port Allen, 0.8 
km W La. Rt. 1. 14 Feb 1990. J. Wilkinson, S. Doody. LSUMZ 49494. 

HYLA CHRYSOSCELIS (Cope's Gray Treefrog). Tensas Par: 9.6 
km SW jct of Hwy 65 and La. Rt. 128. 2 March 1965. L. Wilson, A. 
Romano. LSUMZ 51543. 

HYLA SQUIRELLA (Squirrel Treefrog). West Baton Rouge Par: 
Rosedale Road. 7 April 1964. L. Wilson, A. Romano. LSUMZ 
51606. 

RANA GRYLIO (Pig Frog). Cameron Par: Grand Cheniere. 28 
April 1957. S. Russell. LSUMZ 50204. 

SCAPHIOPUS HOLBROOKII (Eastern Spadefoot). Winn Par: 
Cloud Crossing Recreation Area, WSW Brewsters Mill. 26 April 
1969. R. Munz, G. Alvarez III. LSUMZ 50861-50864. 

APALONEMUTICA (Smooth Softshell). West Feliciana Par: Mis-
sissippi River at mouth of Thompson Creek. 13 September 1982. 
Connor, Brennan and Boyer. LSUMZ 54377. 4.8 km S Rt. 66 in 
Bayou Sarah. 23 Aug. 1991. S. Doody. LSUMZ 54239-54246. 
Thompson Creek at Rt. 61. 7-9 Sept. 1991. S. Doody. LSUMZ 
54247-54251. 

MACROCLEMYS TEMMINCKII (Alligator Snapping Turtle). 
Vermilion Par: no further data. LSUMZ 55602. 

TERRAPENE CAROLINA (Eastern Box Turtle). St. Bernard Par: 
jct of La. Rt. 46 and La. Rt. 39. 27 March 1978. Ludvet. LSUMZ 
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28974-28979, 29364-29369. Rockport. 23 May 1967. D. E. Hahn. 
LSUMZ 29639-29651. 

47491. Winn Par: 5.0 km W jct of La. Rt. 505 on La. Rt. 126. 20 May 
1973. R. and P. Blaney. LSUMZ 53436, 53437. 13.0 km ESE Calvin 
on La. Rt. 501.26 Apri11969. W. Eberle, R. Blaney. LSUMZ 23985. 

TRACHEMYS SCRIPTA (Slider). Ascension Par: Petite Amite 
River. 20 April 1975. LSUMZ 47620, 47624, 47635-47639. St. Ber-
nard Par: Chalmette Water Board Road. 2 May 1973. LSUMZ 
47621. 

HEMIDACTYLUS TURCICUS (Mediterranean Gecko). Evange-
line Par: between Mamou and Ville Platte. Sept. 1990. J. Fairchild. 
LSUMZ 49571, 49572. 

COLUBER CONSTRICTOR (Racer). Acadia Par: Rayne. 10 April 
1993. D. O'Quinn. LSUMZ 55908. 

LAMPROPELTIS TRIANGULUM (Milk Snake). La Salle Par: 
Muddy Bayou, Saline Wildlife Management Area. 26 July 1993. J. 
Slowinski. LSUMZ 56153. 

STORERIA OCCIPITOMACULATA (Redbelly Snake). Iberville 
Par: 435 Pecan Drive, 6.4 km N St. Gabriel. 19 April 1993. S. Cardif; 
D. Dittmann. LSUMZ 55882. 

MICRURUS FULV1US (Eastern Coral Snake). Acadia Par: 300 
Pinewood Drive, Crowley. Oct. 1993. B. Core. LSUMZ 56314. 
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County Records For 
Texas Amphibians And Reptiles 

An examination of distribution maps provided by Dixon (1987) 
has revealed that a number of amphibian and reptile specimens in 
the Louisiana State University Museum of Natural Science 
(LSUMZ) collection represent county records. Specimen identifi-
cations were verified by either Douglas Rossman, David Good or 
Joseph Slowinski. 

SIREN INTERMEDIA (Lesser Siren). Polk Co: Texas Farm Road 
943, 0.7 km NW jct. Texas Farm Road 2798. 24 March 1991. D. A. 
Good. LSUMZ 53305. 

NOTOPHTHALMUS MERIDIONALIS (Black-spotted Newt). 
Starr Co: Walker Lake. 22 Apri11962. F. A. Hayse. LSUMZ 6827-
6830. 

SCAPHIOPUS HOLBROOKH (Eastern Spadefoot). Lavaca Co: 
vicinity of Vienna. 25 Sept. 1978. L. Landry. LSUMZ 39584. 

TERRAPENE ORNATA (Ornate Box Turtle). Borden Co: 17.8 km 
W Gail on Tex. Rt. 180. 20 May 1975. R. M. and P. K. Blaney. 
LSUMZ 30880. 

HOLBROOKIA PROPINQUA (Keeled Earless Lizard). Aransas 
Co: Rockport City dump. May 1967. L. D. Wilson. LSUMZ 28960, 

EUMECES MULTIVIRGATUS (Many-lined Skink). Irion Co: 
Barnhart. 1 June 1969. L. D. Wilson. LSUMZ 33828, 33829. 

HETERODON NASICUS (Western Hognose Snake). Blanco Co: 
Edwards Plateau. March 1961. W. Fox. LSUMZ 9275. 

LAMPROPELTIS CALLIGASTER (Prairie Kingsnake). Franklin 
Co: 9.6 km N Mt. Vernon. 27 July 1966. R. Laval. LSUMZ 18763. 

LAMPROPELTIS GETULA (Common Kingsnake). Hale Co: 
Plainview. 4 June 1971. F. Rose. LSUMZ 24691. San Jacinto Co: FM 
1725 at San Jacinto River. 16 Sept. 1978. L. Landry. LSUMZ 39585. 
Uvalde Co: Tex. Rt. 83, 6.4 km S Uvalde. 5 Sept. 1964. R. E. Olson. 
LSUMZ 10313. 

LAMPROPELTIS TRIANGULUM (Milk Snake). Live Oak Co: 
20.5 km SSW George West on U.S. Rt. 59. 7 Sept. 1966. L. D. Wilson. 
LSUMZ 32645. 

MASTICOPHIS TAENIATUS (Striped Whipsnake). Lee Co: 8.0 
km E Giddings on U.S. Rt. 290.5 June 1966. H. Hermann. LSUMZ 
43562. 

PITUOPHIS MELANOLEUCUS (Bullsnake). Willacy Co: 22.4 
km S Norias. 18 April 1965. L. D. Wilson. LSUMZ 41906. 

REGINA GRAHAMII (Graham's Crayfish Snake). Colorado Co: 
3.2 km W Eagle Lake on U.S. Rt. 90. 23 May 1980. L. Landry, W. 
Shoop. LSUMZ 39550. Lavaca Co: 16 km S Sheridan on FM 2437. 
23 May 1980. L. Landry, W. Shoop. LSUMZ 39549. 

SONORA SEMIANNULATA (Ground Snake). Jim Hogg Co: 4.8 
km W Hebbronville. 18 June 1980. L. Landry, W. Shoop. LSUMZ 
39578. 

STORERIA DEKAYI (Brown Snake). Starr Co: Roma Los Saenz. 6 
Aug. 1968. R. E. Olson. LSUMZ 23502. 

TRIMORPHODON BISCUTATUS (Lyre Snake). Jeff Davis Co: 
13.0 km W of Valentine. 10 Aug. 1977. J. S. McLean, R. Queen. 
LSUMZ 34726. 

VIRGINIA STRIATULA (Rough Earth Snake). Blanco Co: Blanco 
River Bluffs. 1 Apri11961. D. A. Rossman. LSUMZ 7254. Edwards 
Plateau. 1 April 1961. W. Fox. LSUMZ 8852. 

MICRURUS FULVIUS (Eastern Coral Snake). Sabine Co: be-
tween Hemphill and Burkville, around Toledo Bend. 2 Sept. 1973. 
J. E. McCann. LSUMZ 26886. 

SISTRURUS MILIARIUS (Pigmy Rattlesnake). Shelby Co: 5 km 
W jct. Tex. Rt. 139 and Tex. Rt. 1820 on Tex. Rt. 1820. 1 Sept. 1967. 
L. D. Wilson. LSUMZ 33877. 
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Not The Last Picture Show: New Collection 
Records From Paris, Texas (And Other Places) 

Dixon (1987) provided comprehensive distribution maps, by 
county, of the herpetofauna of Texas. Numerous distribution 
gaps still exist, and new records are constantly being added. The 
following specimens were collected on several field trips, al-
though the majority (62%) are from Camp Maxey, near Paris, 
Lamar County, in northeast Texas. Quadrangle names (in paren-
theses) refer to the USGS 7.5-minute topographic series for Texas. 

Camp Maxey (Pat Mayse Lake East Quadrangle) was a mosaic 
of small impoundments, wooded stream drainages, marshes, 
pine-oak and oak-hickory woodlands, and grasslands. As part of 
a contract between the Texas Parks and Wildlife Department 
(Texas Natural Heritage Program), and the Texas National Guard, 
the herpetofauna of Camp Maxey was surveyed during 22-24 
June 1993. (Field notes are on file at the Texas Natural Heritage 
Program.) 

ANURA 

SCAPHIOPUS COUCHII (Couch's Spadefoot). McCulloch Co: 
US Rt. 87, 2.6 km E of jct FM 3022 (West Sweden), 31°41'31"N, 
99°28'13'W. 15 July 1990. Martin J. Whiting. Verified by James R. 
Dixon. TCWC 68182. 

HYLA CHRYSOSCELIS (Cope's Gray Treefrog). Coryell Co: 
Mother Neff State Park (Eagle Springs), 31°19'55"N, 97°27'54"W. 
9-11 April 1993. Martin J. Whiting and James R. Dixon. Individual 
was a male vocalizing from a dead branch ca. 1 m above a pond; 
a recording of the vocalization was verified by James R. Dixon. 
TCWC 70347. Collected with permit SPR 0290-022 issued to JRD. 
Lamar Co: Camp Maxey National Guard Training Area (Pat 
Mayse Lake East), 33°48'43"N, 95°32'03"W. 22-24 June 1993. Mar-
tin J. Whiting and Andrew H. Price. Verified by Tod W. Reeder. 
TNHC 52065-8. 

BUFOAMERICANUS CHARLESMITHI (Dwarf American Toad). 
Lamar Co: Northwest of Pat Mayse State Wildlife Management 
Area (Pat Mayse Lake West), 33°50'N, 95°42'W. 5 April 1991. 
James H. Yantis. Verified by David C. Cannatella. TNHC 52102-
07. 

HYLA CINEREA (Green Treefrog). Lamar Co: Camp Maxey 
National Guard Training Area (Pat Mayse Lake East), 33°47'24"N, 
95°32'38"W. 22-24 June 1993. Martin J. Whiting and Andrew H. 
Price. Verified by Tod W. Reeder. TNHC 52077. 

RANA CLAMITANS CLAMITANS (Bronze Frog). Lamar Co: 
Camp Maxey National Guard Training Area (Pat Mayse Lake 
East), 33°47'58"-48'08"N, 95°34'20"-34'44"W. 22-24 June 1993. 
Martin J. Whiting and Andrew H. Price. Verified by Tod W. 
Reeder. TNHC 52078-81. 

RANA PALUSTRIS (Pickerel Frog). Lamar Co: Camp Maxey 
National Guard Training Area (Pat Mayse Lake East), 33°48'03"N, 
95°34'23"W. 22-24 June 1993. Martin J. Whiting and Andrew H. 
Price. Verified by Tod W. Reeder. TNHC 52070. 

TESTUDINES 

CHELYDRA SERPENTINA SERPENTINA (Common Snapping 
Turtle). Taylor Co: Dyess Airforce Base (Abilene West), 32°25'30"N, 
99°48'50"W. 7 June 1993. Martin J. Whiting. Verified by James R. 
Dixon. TCWC 70372. Taylor Co: Summer Hill Road adjoining 
Double Lazy J. Ranch. 1982. Jack Joy. Verified by Carol K. Malcolm. 
UTACV R 12830. 

STERNOTHERUS ODORATUS (Common Musk Turtle). Lamar 
Co: Camp Maxey National Guard Training Area (Pat Mayse Lake 
East), 33°47'22"N, 95°32'38"W. 22-24 June 1993. Martini. Whiting 
and Andrew H. Price. Verified by Tod W. Reeder. TNHC 52064 
(shell only). 

TERRAPENE ORNATA ORNATA (Ornate Box Turtle). Lamar 
Co: Camp Maxey National Guard Training Area (Pat Mayse Lake 
East), 33°48'28"N, 95°35'05"W. 22-24 June 1993. Martini. Whiting 
and Andrew H. Price. Verified by Tod W. Reeder. TNHC 52063 
(shell only). 

SERPENTES 

THAMNOPHIS PROXIMUS PROXIMUS (Western Ribbon 
Snake). Lamar Co: Camp Maxey National Guard Training Area 
(Pat Mayse Lake East), 33°48'07"N, 95°34'43"W (TNHC 52073); 
33°47'53"N, 95°34'03"W (TNHC 52082). 22-24 June 1993. Martini. 
Whiting and Andrew H. Price. Verified by Tod W. Reeder. 

NERODIA RHOMBIFER RHOMBIFER (Diamondback Water 
Snake). Comanche Co: US Rt. 67 at jct with the Leon River 
(Proctor), 31°56'25"N, 98°27'32"W. 13 July 1989. Martin J. Whiting. 
Verified by James R. Dixon. TCWC 68539. Found dead on the 
road. 
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BOOK REVIEWS 

Herpetology of China, by Er-Mi Zhao and Kraig Adler. 1993. 
Society for the Study of Amphibians and Reptiles, in cooperation 
with Chinese Society for the Study of Amphibians and Reptiles. 
Contributions to Herpetology, Number 10, 522 pp., 48 color 
plates. Hardcover US$60. Library of Congress Catalogue Num-
ber 92-61941. ISBN 0-916984-28-1. Available from Robert D. 
Aldridge, SSAR Publications Secretary (see inside front cover of 
this issue of HR for address). 

This remarkable volume consists of: introduction, history of 
herpetological studies in China, illustrated keys to Chinese am-
phibians and reptiles, color plates, annotated checklist, distribu-
tion of the Chinese herpetofauna, a gazeteer to localities in the 
literature on herpetology of China, and various appendices and 
indices. The first page of each of these sections has a series of 
labeled rectangles along the margin with the indicator of the 
particular section in black, a device that facilitates finding a distant 
section when one gently bends the edges of a large number of 
pages. Several of the longer sections have tables of contents 
(referred to as "guides"), which also speed finding particular 
topics or taxa. 

Herpetological Review 25(3), 1994 130 



As China, defined here to include Taiwan, has such an enor-
mous geographic reach-18° to 53° N, from sea level (and even 
depressions below sea level) to the Himalaya Mts of Tibet, from 
wet forests to deserts—it is not surprising that the known her-
petological fauna comprises 661 species (as of mid-1992). The 
introduction has a table showing the breakdown of the fauna into 
genera, species, and endemic species along ordinal lines. Frogs 
constitute the largest group (36% of the total) with snakes (30%) a 
close second. As a resident of North America, I am impressed by 
the low number (35) of salamanders. Ignoring the caecilians and 
crocodilians (with one species each), the relative rates of en-
demism are: salamanders-80%, frogs-61%, lizards-43%, tur-
tles-35%, and snakes-28%. In absolute terms, endemic frogs 
almost outnumber all the rest of the orders combined. 

The historical account ranges from the time of Confucius to 1992 
and covers field and laboratory investigations, as well as pub-
lished work. Because this analysis has a chronological framework, 
the authors consider separately the work of foreign and Chinese 
scientists, first the early Chinese scholars, then the Westerners 
(mainly European) of the 18th-20th centuries, and then the Chi-
nese of this century. The account of work by Chinese scholars since 
1949 is divided along disciplinary lines. Work prior to then, 
whether by foreigners or Chinese, was essentially in systematics 
or biogeography. Photographs of the researchers and explorers 
give this chapter a charm and value that most histories of science 
lack. As this section covers 66 pages, it is not trivial or superficial. 

Illustrated keys to genera constitute the next section. It is rather 
standard, but clear, and the illustrations useful. After each generic 
name are given relevant plate numbers (see below) and checklist 
page numbers. Each of the 48 colored plates consists of five to nine 
photographs with four of the plates devoted to landscapes distrib-
uted across the major biogeographic regions (see below). Forty to 
52% of the species, varying with the order, are depicted in the 
photographs. A very small percentage of the subjects are pre-
served specimens and a few are reproductions of drawings. The 
small size of the photographs limit their aesthetic quality, but the 
majority show general habitus and coloration well enough for the 
purposes of this book. In fact, several plates confirm my own 
prejudices: Pelophryne(?) scalpta—I don't know the proper generic 
allocation for this bufonid, but it does not look like Pelophryne. I 
have doubted the occurrence of Rhacophorus reinwardti in southern 
China and the photograph intensifies my doubt. 

The annotated checklist, the next section, has an introduction 
that carefully spells out the conventions and arguments used in 
arriving at decisions. In addition, special cases are dealt with by 
notes. Synonyms are given for all nominate forms that have 
Chinese type localities. The authors adopt a conservative taxo-
nomic approach. For example, they do not adopt Dubois's conclu-
sions concerning Chinese species of Micrixalus because those 
forms have not been adequately studied, a reasonable decision 
even though Dubois is probably correct. Also they note they were 
unable to use Dubois's recent classification of the Ranidae because 
their checklist was prepared before the appearance of Dubois's 
publication; that may be an advantage, in view of the uncertainties 
that surround some of Dubois's conclusions. This checklist is an 
important contribution, assembling current taxonomic informa-
tion on this large fauna in one place and, for herpetologists who do 
not read Mandarin, making the complete Chinese fauna acces-
sible. 

The chapter on biogeography gives the distribution of every 
species in the fauna according to political provinces and biogeo-
graphic regions. There is also a brief geographical description of 
each of the regions and subregions, including a few comments on 
the herpetofaunal species most characteristic of each. An outline 
map labels both biogeographic regions and provinces and is a 
boon to workers not expert in this part of the world. The utilitarian 
approach of this book is shown again in the 14-page distributional 
table, which gives the checklist page number for each species. One  

minor criticism I would make of this section is the poor legibility 
of a fold-out, sepia tone map of land forms of China. 

As a reviewer of this book, I find it difficult to avoid repetition 
of the adjective "utilitarian." Consider the section titled "Anno-
tated Bibliography." Although most of its 100 pages are devoted 
to references cited in the text, it also has five pages of "General 
References" (categorized by topics, such as natural history and 
venomous snakes) and 15 pages of "Regional References" sorted 
by Chinese provinces and adjacent countries. With an eye to 
easing access to the literature, each citation is given in full includ-
ing place of publication. All abbreviations are explained at the end 
of the bibliography. 

There are three appendices. The first, on Chinese geographical 
names, gives Pinyin/Wade-Giles equivalents for provinces and 
modern equivalents for literature names that have changed. Both 
of these are significant aids to Westerners dipping into the her-
petological literature of China. The second appendix, on proce-
dures for collecting and preserving herps, was written by John E. 
Simmons, The University of Kansas. Although it is well done, this 
is the only part of the book that mystifies me. Why is it in this book? 
The final short (three pages) appendix lists Chinese herpetological 
journals with dates of publication for volumes and numbers. The 
concluding index is divided into two sections, one for names of 
persons and a second for scientific names. 

I return to earlier comments. This is a remarkable book. It is 
packed with current information that in many cases is available 
only to persons who can read Mandarin; it is, as the authors say, 
the only comprehensive review of all the herpetological taxa of 
China; it is organized and presented in a way that makes it easy for 
a reader to move from section to section as one tries to concentrate 
on a particular taxon. Although ecology or natural history are not 
dealt with, those topics were outside the stated purpose of the 
book (". . . a summary of the current taxonomic status and 
distribution . .") and anyway their inclusion would have doubled 
the size of the work. The book is not cheap—$60—but it is none the 
less a bargain. 

ROBERT F. INGER 
Field Museum of Natural History 
Roosevelt Road & Lake Shore Drive 
Chicago, Illinois 60605, USA. 

Amphibians and Reptiles of Connecticut and Adjacent Re-
gions, by Michael W. Klemens.1993. State Geological and Natural 
History Survey of Connecticut Bulletin No. 112 , Hartford, ISBN 0-
942081-04-8. xii + 318 pp. 32 color pl. US $39.95 + $3 shipping 
(cloth). A special price of $25 + $3 shipping is available to qualified 
libraries. Librarians should contact the Geological and Natural 
History Survey at the Natural Resources Center, DEP, 165 Capitol 
Ave., Hartford, Connecticut 06106, USA. 

I must begin this review by stating that I would have been much 
happier if this book had been published before I moved out of 
Connecticut. Amphibians and Reptiles of Connecticut and Adjacent 
Regions is the first in-depth modern work to come out of the 
Northeast. There have been several recent books from New Eng-
land states (DeGraaf and Rudis 1983; Hunter et al. 1992) that 
provide good natural history information, but these are not based 
on original research from the states involved. DeKay (1842) and 
Fowler (1907) are classics for the region, but they are long out of 
date. Klemens has spent 17 years collecting detailed information 
on the distribution, habitat, life history and current population 
status of Connecticut's 45 species of amphibians and reptiles. 

The introductory chapters provide detailed background into 
this long-running study. The "History of Herpetology in Con-
necticut" includes an interesting sidelight on the loss of Lamson's 
1931 manuscript of The Reptiles of Connecticut (Lamson 1935). 
Landscape regions of the state are well described as are the habitat 
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