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About Our Cover: Saltuarius salebrosus 

With its slender limbs splayed astride the 
ochre stencil of an adult aboriginal hand, 
this Australian Leaf-Tailed Gecko 
(Saltuarius salebrosus) shows its true di-
mensions. At 14 cm SVL it is one of the 
largest of Australia's 112 described species 
of geckos. 

The 13 named species of leaf-tailed gec-
kos occur along eastern Australia between 
Sydney and Cape York Peninsula. They are 
currently placed in three allied genera 
(Couper et al. 2000. Mem. Queensland Mus. 
45121:253-265; Hoskin et al. 2003. Austral. 
J. Zool. 51:153-164). Eight Phyllurus have 
cylindrical to flattened heart-shaped tails 
and a disruptive pattern of dark flecks; a single Orraya has a long neck, dark 
flecks and a fringe of spines around its flat original tail; and four Saltuarius 
have bold, lichen-like marbling and elaborately flanged tails. 

Thirty years ago this complex of spectacular geckos were classified as 
only two species, both placed in Phyllurus. Some were simply assumed to be 
fragmented populations of one species, but most were overlooked because 
they occupy isolated rainforest blocks. Several are restricted to single locali-
ties. Taxonomic research on these geckos, most of it over the last decade, has 
helped shed light on the fragmentation of Australia's rainforests, the evolu-
tion of species in isolation, and the conservation value of seemingly insignifi-
cant stands of forest. 

Leaf-tails are sedentary geckos that rely on stealth and concealment rather 
than speed (Wilson 2000. Austral. Geogr. Mag. 59:72-89). They emerge each 
evening from narrow rock crevices or cavities within the latticed trunks of 
rainforest fig trees, and rest head downwards a short distance from their shel-
ter sites. They appear to maintain a strong site-fidelity, seldom venture far, 
and probably are long-lived. In the forested coastal ranges of mid-eastern 
Queensland, a cluster of four leaf-tail species in the genus Phyllurus, all named 
since 1993, occur side by side with no overlap in their distributions. The is-
lands of rainforest they inhabit are as effectively isolated by woodland barri-
ers, some less than 20 km apart, as they would be by an ocean. 

The presence of these narrowly endemic species in apparently similar abut-
ting forests, separated by seemingly trivial gaps of drier terrain, is an artifact 
of the expansion and contraction of Australia's rainforests (Couper et al. 1993. 
Mem. Queensland Mus. 34111:95-124). They are derived from a common 
ancestor but because they are now isolated, they have evolved into different 
species. It also illustrates the antiquity of their current isolation, the integrity 
of those small forest pockets, and the need, when planning development, to 
carefully consider each as a separate community. 

Thanks to its association with a broader range of habitats than its relatives, 
Saltuarius salebrosus is the most widespread of the leaf-tails. In addition to 
rainforests it is also a rock dweller, occupying a band of granite and sand-
stone escarpments, caves, and overhangs from central to mid-eastern 
Queensland. The animal pictured, from the Blackdown Tableland, has a re-
generated tail. The original tail is equally impressive, having a fringe of spines 
and a slender tip. Tail-loss in leaf-tails seems too common to attribute solely 
to predation attempts. With up to half 
of adults sporting regenerated tails it is 
likely that many are forfeited in disputes 
with rivals. Tails, you lose. 

Steve Wilson is an Australian herpe-
tologist based in Brisbane, Queensland. 
He recently co-authored (with Gerry 
Swan) Australia's first comprehensive 
reptile handbook, A Complete Guide to 
Reptiles of Australia. His next book, A 
Field Guide to the Reptiles of 
Queensland, is due for release in Janu-
ary 2005. 

The gecko was photographed on Fuji 
Sensia 100 ASA film using an Olympus 
OM4Ti camera, a 50mm f3.5 macro 
lens, and an Olympus Tl0 ringflash. 

SSAR BUSINESS 

Dean E. Metter Memorial Award Application 
Deadline Extended Until 15 July 2004 

The Dean E. Metter Memorial Award will be given annually by 
SSAR to a herpetology student. Its purpose is to encourage stu-
dents to pursue field research in herpetology and to facilitate field 
research by providing funds for relevant expenses. Because this 
award has been so recently established, deadlines will be different 
for 2003 and 2004 ONLY. This year (2004), membership in SSAR 
must be paid no later than 1 July 2004 and proposals must be 
submitted by 15 July 2004. Proposals should be submitted elec-
tronically as e-mail attachments or by regular mail. Submit pro-
posals or questions regarding application procedures to the Chair 
of the Metter Award Committee, Dr. Joseph J. Beatty 
(beattyj@science.oregonstate.edu ). Awards will be announced on 
or around 15 August 2004. 

Check the SSAR Web Site for submission instructions (http:// 
www.ssarherps.org/pages/metter.html),  background information, 
and format for the proposal. 

Kennedy Student Award Committee 
Annual Report, 2004 

The Kennedy Award Committee (Robin Andrews, Michael 
Dorcas, Terry Schwaner, Lynette Sievert, Robert Gatten, Jr., Chair) 
has completed its work for Volume 37 of the Journal of 
Herpetology. The Committee has selected "Testes size in 
Leptodactylid frogs and occurrence of multimale spawning in the 
genus Leptodactylus in Brazil" by Cynthia P. de A. Prado 
(student) and C.F.B. Haddad (Vol. 37: 354-362). The Kennedy 
Award carries with it a cash prize of US$200 or the winner's 
selection of any SSAR publications valued at twice that amount. 

The committee invites all student members of the Society to 
submit their work to the Journal, and encourages regular members 
who supervise the work of students to draw this award to the 
attention of those students. 

NEWSNOTES 

12th Ordinary General Meeting of Societas 
Europaea Herpetologica 

The 12th Ordinary General Meeting of European Herpetologi-
cal Society (12thOGM SEH) was held in August 2003 in conjunc-
tion with the 2th' Ordinary Meeting of the A. M. Nikolsky's Herpe-
tological Society under the Russian Academy of Sciences and 
North Eurasian Reptile Specialist Group of SSC IUCN. Approxi-
mately 360 delegates from 33 counties attended five days of meet-
ing (12-16 August). Because of combined meeting of two societ-
ies there were many more participants than for previous SEH 
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meetings (176 persons in France in 1998, 148 persons in Cretea, 
Greece in 1999, and 86 persons in Slovenia in 2001). The meet-
ing hall at the Zoological Institute was too small to accommodate 
this large turnout, and thus the main sites of the 12 th  OGM were 
the beautiful historical buildings of the St.Petersburg Branch of 
the Russian Academy of Sciences, St.Petersburg State University, 
and the Zoological Institute. 

The purpose of this joint meeting was to promote mutual en-
richment and further development of cooperation between both 
societies in the field of fundamental and conservation research. It 
enabled the research findings of Russian scientists to be presented 
in full, especially those relating to nature protection, in order that 
programs among the different countries of CIS and Europe can be 
articulated, with joint programs drawn up between Europe, the 
European part of Russia, and the Baltic region. 

The meeting opened on the morning of 12 August in historical 
Big Hall of the St.Petersburg Branch of the Russian Academy of 
Sciences, made famous by many prominent events. This same 
venue hosted the Nobel Prize announcements in April 2003. Meet-
ing participants were welcomed by Dr. Oleg Pugachev (vice-di-
rector of Zoological Institute), Academican Ilya S. Darevsky (Presi-
dent of A. M. Nikolsky's Herpetological Society under the Rus-
sian Academy of Sciences), and Dr. Natalia B. Ananjeva (Presi- 

dent of the SEH, head of Department of Herpetology, Zoological 
Institute). 

Plenary lectures followed: Ettore Olmo, Teresa Capriglione, 
Gaetano Odierna and Larissa Kupriyanova ("The contribution of 
cytogenetics to the study of reptiles systematics"), and Michael 
Shishkin ("On the patterns of evolution of the early Triassic 
herpetofauna in Europe and Southern Gondwana"). 

Two concurrent sessions of oral presentations began on the af-
ternoon of the 12th, and continued during the balance of the meet-
ing. Special sessions were held as follows: Molecular taxonomy 
and phylogeny of reptiles; Ecology and distribution of amphib-
ians; Morphology and phylogeny of amphibians and reptiles; Ecol-
ogy and conservation of amphibians and reptiles; Phylogeny and 
taxonomy of lacertid lizards; Ecology of arid reptiles; Urbaniza-
tion effect, conservation and ecology of amphibians and reptiles; 
Speciation and population genetics of amphibians; Biogeography 
and ecology of amphibians and reptiles; Phylogeny, taxonomy and 
behavior of amphibians; Ecology and behavior of amphibians; 
Faunistics and systematics of reptiles. Four poster sessions were 
held with about 180 participants. Two workshops focused on the 
methods of variability evaluation and on the history of herpetol-
ogy. During the latter workshop, a special poster was presented by 
Natalia B. Ananjeva and Igor G. Danilov to commemorate sig-
nificant anniversary dates in Russian herpetology: 2003 was the 
anniversary year of prominent herpetologists Sergei Chernov, Paul 
Terentyev (100th Anniversary), and Lev Khozatsky (90th Anniver-
sary). 

Many presentations addressed problems of developing species 
protection strategies and putting these into practice, including prob-
lems related to importing and exporting herps. Considerable time 
was devoted to discussions of modern methods of molecular re-
search and their role in the creation of gene banks. 

On 14 August, whole day excursions enabled participants to see 
St. Petersburg sights during a tour of the city, and later, to visit 
Petershof parks and palas. A party took place on a boat on the 
Neva River from where it was possible to view St. Petersburg in 
the evening light. 

Business meetings of SEH and Nikolsky's Society were con-
ducted on 14 and 15 August, respectively. 

Some publications in Russian were issued just prior to or in 
conjunction with the 12th SEH OGM, in addition to the 197-page 
book of meeting abstracts. The latter, in English, featured 291 ab-
stracts and a database of addresses of all presenters (more than 
540 persons), now available on the SEH website <www.gli.cas.cz >. 
The Russian-language publications are: 

Modern Herpetology. Collected papers. Vol. 2. Saratov Univ. 
Press. N. B. Ananjeva et al. (eds.). 175 pp. 

and two books edited by S. L. Kuzmin: 
Kubykin, R. A. (compiler). 2003. Fascinating World of Rep-

tiles. Moscow, Nauchnyi mir, 262 pp. + many color plates. The 
book contains chapters written by leading ex-Soviet herpetolo-
gists on reptiles of Middle Asia. 

Russian translation (S. M. Lyapkov, translator) of the book: Mea-
suring and Monitoring Biological Diversity: Standard Meth-
ods for Amphibians (W. R. Heyer et al., editors of the English 
edition). Moscow, KMK 380 pp. 

—Submitted by Natalia B. Ananjeva 
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A Report on the Symposium on Turtle Origins, 
Evolution and Systematics Held August 2003 in St. 

Petersburg, Russia 

IGOR G. DANILOV 
Department of Herpetology 

Zoological Institute of the Russian Academy of Sciences 
Universitetskaya emb. 1, 199034, St. Petersburg, Russia 

e-mail: dig@mail333.com  

JAMES FORD PARHAM 
University of California Museum of Paleontology 

Valley Life Sciences Building, Berkeley, California 94720, USA 
e-mail: parham@socrates.berkeley.edu  

REN HIRAYAMA 
Teikyo Heisei University, Uruido 2289-23, khihara, Chiba, 290-0062, Japan 

and 
GENNADY 0. CHEREPANOV 

Department of Vertebrate Zoology, St. Petersburg State University 
universitetskaya emb. 7/9, 199034, St. Petersburg, Russia 

An International Symposium on Turtle Origins, Evolution and 
Systematics was held at the Zoological Institute of the Russian 
Academy of Sciences (St. Petersburg) 18-20 August 2003. This 
symposium continued a tradition started 20 years ago by the First 
International Symposium on Fossil Turtles (Paris, 1983). Since 
then, there have been two sessions within larger meetings: one 
within the 75th Annual Meeting of the American Society of Ich-
thyologists and Herpetologists (Edmonton, 1995) and one within 
the 56th Annual Meeting of the Society of Vertebrate Paleontol-
ogy (New York, 1996). Unfortunately, for political and later for 
financial reasons, Soviet and Russian specialists were not able to 
participate in any of these meetings. 

FIG. 1. A group photo of some of the participants of the International 
Symposium on Turtle Origins, Evolution and Systematics at the Zoologi-
cal Institute of the Russian Academy of Sciences. 1: S. Krasnova; 2: J. 
Claude; 3: V. Sukhanov; 4: G. Cherepanov; 5: A. Rezvyi; 6: V. Egorova; 
7: D. Brinkman; 8: S. Kuratani; 9: W. Joyce; 10: S. Chapman; 11: V. 
Gillespie; 12: 0. Piskurek; 13: E. Buffetaut; 14: I. Danilov; 15: J. Parham; 
16: R. Hirayama; 17: Y. Ohya; 18: H. Tong. 

Flu. 2. Walter Joyce gets acquainted with a specimen of Anatolemys 
(foreground) and the holotype of Lindholmemys (in box) as Igor Danilov 
(center) discusses some Russian literature with Ren Hirayama (left) and 
Don Brinkman (right) at the Chernyshev's Central Museum of Geologi-
cal Exploration in St. Petersburg. Photo by James Parham. 

Russia has a long tradition of turtle studies. L. G. Bojanus (1776-
1827) published his famous "Anatome Testudinis Europaea" (1819, 
1821), while he was rector of the University in Vilna (now Vilnius, 
Lithuania), then part of the Russian Empire. This work remains 
the most detailed description of turtle anatomy and was repub-
lished in 20th century twice (1902, 1970). Academician A. A. 
Strauch (1832-1893), Director of the Zoological Museum in St. 
Petersburg (now the Zoological Institute), is well known for his 
papers on chelonology (Strauch 1862, 1890). In fact, the term 
"chelonology," introduced by Polish turtle expert M. Mlynarski, 
was based on Strauch's (1862) "Chelonologische Studien" (Borkin, 
pers. comm.). W. A. Lindholm (? —1935) should also be mentioned 
among turtle experts of the beginning of the 20th century, although 
he is better known as a malacologist. 

Large collections of fossil turtles from the territory of the Rus-
sian Empire, and later Soviet Union, are housed in St. Petersburg 
(Leningrad) at the Zoological Institute (ZISP) and at the 
Chernyshev's Central Museum of Geological Exploration 
(CCMGE). These collections were studied by A. N. Riabinin 
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(1874-1942), L. I. Khostazky (1913-1992), and L. A. Nessov 
(1948-1995). In the second half of the 20th century, turtle special-
ists appeared in other parts of the Soviet Union: Moscow (Rus-
sia), Kiev (Ukraine), Tbilisi (Georgia), and Almaty (Kazakhstan). 
Soviet chelonologists formulated important ideas about turtle phy-
logeny and systematics. Unfortunately, their ideas were not pub-
lished in English and so were often ignored by foreign colleagues. 
Furthermore, the possibility of direct contact between Soviet and 
foreign scientists, and access to published materials, was limited. 
The 2003 international symposium on turtles in St. Petersburg 
aimed not only to solve scientific problems, but to establish close 
contacts between Russian and foreign turtle specialists (Fig. 1). 

The Symposium was organized by an international team 
(Parham, Hirayama, Cherepanov), led by I. G. Danilov (ZISP). 
The scope of the symposium was expanded in comparison to pre-
vious ones to include problems connected with studying both fos-
sil and recent turtles. The number of registered participants was 
19, including scientists from Russia (7), Japan (4), France (3), 
USA (2), United Kingdom (1), Canada (1) and Georgia (1). This 
symposium was the largest by number of presentations (21). The 
age composition of participants was shared equally between young 
and middle generations. There were only two participants older 
than 60, V. B. Sukhanov (Moscow, Russia) and V. M. Chkhikvadze 
(Tbilisi, Georgia). It is worth mentioning that besides registered 
participants, sessions were attended by up to 50 additional people 
(colleagues from ZISP, students of the St. Petersburg University, 
and visitors). The official language of the Symposium was En-
glish. The welcoming speech was made by the Head of the De-
partment of Ornithology and Herpetology of ZISP, N. B. Ananjeva. 
She noted that this Symposium took the baton from the XII Ordi-
nary General Meeting of the Society Europaea Herpetologica, 
which had been just held in ZISP and SPSU (12-16 August 2003). 

Besides the oral and poster presentations, an important part of 
the program was work with scientific collections of ZISP and 
CCMGE (Fig. 2). In the ZISP, work was conducted at the Depart-
ment of Herpetology. Fossil specimens, including holotypes, and 
publications were made available. During those final days, one 
could find all the participants of the symposium sitting around a 
big table examining specimens, engaged in discussions with col-
leagues. Following the symposium, eight participants traveled to 
Moscow to visit the rich collections of the Paleontological 
Instititute (PIN). 

The Program and Abstracts book of the symposium was pub-
lished. The next Symposium on Origins, Evolution and Systemat-
ics of Turtles will be held in 2005 in Tokyo (Japan). 

The organizers would like to express deep gratitude to Drs. N. 
B. Ananjeva, E. N. Kurochkin (PIN), V. B. Sukhanov (PIN), as 
well as administration and staff of the CCMGE for help in organi-
zation of the symposium. We thank L. Y. Borkin (ZISP) and Walter 
Joyce (Yale) for useful comments on this report. 

Gopher Tortoise Council Grants 

The J. Larry Landers Student Research Award is a Gopher Tor-
toise Council competitive grant program for undergraduate and 
graduate college students. Proposals can address research concern-
ing Gopher Tortoise biology or any other relevant aspect of up- 

land habitat conservation and management. The amount of the 
award is variable, but has averaged US $1,000 over the last few 
years. The proposal should be limited to four pages in length and 
should include a description of the project, a concise budget, and 
a brief resume of the student. Proposals should be submitted by 31 
August 2004 to: Bob Herrington, Chair of Research Advisory Com-
mittee, Georgia Southwestern State University, Department of 
Biology, Americus, Georgia 31709, USA; e-mail: 
bherring@canes.gsw.edu.  

MEETINGS 

Meetings Calendar 

15-20 November 2004—VI Symposium of Zoology, Topes de 
Collantes, Sancti Spiritus, Cuba. Information: www.geocities.com/ 
zoologiacubana/simposio or by e-mail: zoologia.ies@ama.cu.  

16-18 January 2005—Biology of the Rattlesnakes conference, 
Loma Linda, California, USA. Information: 
www.BiologyoftheRattlesnakes.org . 

OBITUARIES 

Herpetological Review, 2004, 35(2), 100-101. 
© 2004 by Society for the Study of Amphibians and Reptiles 

Walter John Breckenridge 
1903-2003 

JOHN MORIARTY 
Bell Museum of Natural History, University of Minnesota 

Minneapolis, Minnesota 55455, USA 

e-mail: frogs@umn.edu  

Walter 	John 
Breckenridge passed 
on May 23, 2003 at 
the age of 100. 
Breck, as he was 
known to his friends 
and colleagues, was 
Minnesota's premier 
naturalist. He was 
born on March 22, 
1903 in Brooklyn, 
Iowa. After graduat-
ing form The Univer-
sity of Iowa in 1926, 
he moved to Minne-
apolis to work for 
Thomas Roberts at the Bell Museum of Natural History as a pre-
parator/taxidermist. Breck's influence can be found in many of 
the museum's dioramas. He received his MA in 1937 for doing 
research on Marsh Hawks and his PhD in 1941. He became a cu-
rator in the 1930's and the director in 1946, remaining in that po- 
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Conant studying a specimen of 
Agkistrodon contortrix in his laboratory 
at the University of New Mexico (1983). 

sition for 24 years until his retirement in 1969. 
Breck was best known in amphibian and reptile circles for his 

book, Reptiles and Amphibians of Minnesota, which was published 
in 1944. The book was a popularized edition of his 1941 Ph.D. of 
the same title. His book was the only reference for Minnesota for 
50 years and was in print for 40 years. Breck's first herpetological 
paper was published in 1937 and over the next 30 years he authored 
or co-authored 29 more herpetological articles, including in-depth 
studies on Black-banded (Northern Prairie) Skinks, Canadian 
Toads, and Spiny Softshells. The Northern Prairie Skink work was 
the first detailed study on the life history of this lizard. 

Professionally, Breck was more closely associated with the 
ornithological community. He was a life member of the Minnesota 
Ornithologist's Union. He published numerous papers on 
Minnesota birds and served as the President of the Wilson 
Ornithological Society. His ornithological accomplishments were 
honored by the creation of the Breckenridge Chair in Ornithology 
at the Bell Museum. 

From the beginning of his career Breck established his reputa-
tion as an artist and illustrator. He drew all of the line drawings in 
his books and articles. His paintings were published in many books, 
including Thomas Robert's Birds of Minnesota. 

Breck was a pioneer in wildlife photography. He went on to 
make a number of popular films including Wood Duck Ways, Spring 
Comes to the Subarctic, and Migration Mysteries. Breck traveled 
the country presenting these films as part of the Audubon film 
series. The Bell Museum has recently restored these classic nature 
films. 

Breck is survived by his wife of almost seventy years, Dorothy, 
his daughter Barbara Franklin, son Thomas, five grandchildren, 
and six great grandchildren. 
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On December 19, 	 -9•11411111,  

Roger Conant died 
peacefully in his sleep at 
the age of 94. He had 
been a regular contribu-
tor to North American 
herpetology since his first 
publication in November 
1929. His last title, a ma-
jor monograph on the 
garter snakes of 
transvolcanic Mexico, 
appeared just seven 
months before he died. In 
between, Roger produced 
a steady stream of notes, 
reviews, and papers 
punctuated by a dozen 
major works that mark 
his long career as one of 
the most distinguished of 
any American herpetolo-
gist of any generation. His volume in the Peterson Field Guides 
series, in its several editions, is the most widely-used book ever 
produced in our discipline. These alone would have assured his 
place as a major figure in the history of herpetology. 

But the impact of Roger Conant was far greater than even these 
enviable contributions to the literature. He was one of the great 
zoo men of the 20th  century. He impacted the lives of literally tens 
of thousands of young people through his authorship of the "Rep-
tile Study" merit badge booklets (four editions, from 1944 to 1976) 
issued by the Boy Scouts of America. He also encouraged the bud-
ding careers of a multitude of would-be herpetologists, mostly teen-
agers and myself among them, by having the patience of Job to 
systematically answer every single letter sent to him over a period 
of some 70 years. His pride in this facet of his distinguished ca-
reer is demonstrated by the fact that all of these letters were proudly 
displayed, bound in cloth covers, on a very long shelf in his Albu-
querque library. 

Roger was clearly not an ordinary herpetologist and this obitu-
ary, by a dozen of his closest colleagues, attempts to touch on 
some of the many aspects of his life and career in the hope that the 
younger herpetologists of today will understand the respect and 
even reverence that we of the older generation give to Roger 
Conant. It is my privilege, therefore, to begin this tribute with a 
brief summary of his remarkable life. 
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A formal portrait, taken in 1930 or 1931 
by Howard K. Gloyd, when Conant was 
Curator of Reptiles at the Toledo Zoo-
logical Park. 

The Conants demonstrating their tech-
nique for obtaining photographs for use 
in the "Field Guide" (middle to late 
1960s). 

Roger Conant was born 
in Mamaroneck, New 
York, on May 6, 1909. His 
interest in reptiles, espe-
cially snakes, began at age 
12 when he caught some 
water snakes at a boy scout 
camp. He quickly became 
so knowledgeable about 
snakes that he was soon 
giving lectures to scout 
troops and other groups. 
He briefly attended the 
University of Pennsylvania 
but had to drop out for fi-
nancial reasons. Soon he 
had his first big break: to 
be hired, in 1929, as Cura-
tor of Reptiles at the Toledo 
(Ohio) Zoo. He was only 
19. The reptile collection 
grew rapidly and soon 
Roger was General Curator (in effect, director) of the zoo. The 
Toledo period also represented his graduate-level training because 
Ann Arbor was nearby with its constellation of herpetologists at 
The University of Michigan—Ruthven, Gaige, and Blanchard and 
their many students. Roger regularly visited Ann Arbor and, among 
other beneficial interactions, he befriended a graduate student, 
Howard K. Gloyd, who became a close friend and lifelong col-
league. 

In the 1930s, zoos generally did not have scientific programs, 
but Roger had unusually ambitious plans. As an adjunct to his zoo 
work—which included the design and construction of a new rep-
tile house that is still used to this day—he decided to write a book, 
"The Reptiles of Ohio." To obtain the necessary specimens, he 
financed his own expeditions to all parts of Ohio (using an insur-
ance payment for a doctor's bungled handling of a rattlesnake bite 

Conant and Gloyd relaxing in the field after a successful hunt for Natrix 
(= Nerodia) erythrogaster near Olivet, Michigan, on May 17, 1933 (Conant 
in foreground). 

that cost him his left thumb). The voucher specimens he collected 
were kept in a makeshift museum at the zoo. The book, published 
in 1938 (and republished with revisionary addenda in 1951), was 
called "a landmark in the development of herpetology in the East-
ern United States" by Karl P. Schmidt. Roger was now promi-
nently on the national map. His monograph became the standard 
for state herpetologies and his basic format is still in use today. 

Three years before the book was published, Roger moved to the 
Philadelphia Zoo as Curator of Reptiles. He later added other titles 
(Public Relations and Membership Secretary in 1936 and Direc-
tor in 1967) and retired in 1973. Philadelphia Zoo was the first 
American zoo to exhibit live reptiles (1874), but Roger inherited 
an old building originally built for birds. Finally, in 1972, a new 
reptile house was opened, designed by him. It incorporated many 
modern features that have been widely imitated. Prior to its de-
sign, Roger visited many other facilities to get ideas and learn best 
practices. During his 38 years at the zoo, Roger pioneered some 
of the earliest captive breeding programs, developing combina-
tions of diet and environment that also led to numerous longevity 
records for many species. He edited the zoo's publications for 28 
years and wrote and conducted, for 33 years, a weekly radio show 
for the Philadelphia affiliate of NBC. He made frequent appear-
ances on television to promote the zoo and an understanding of 
animals. Roger was not shy about his interests in animals and he 
had a commanding presence as a public speaker. 

During Roger's Philadelphia years, his primary research inter-
est was the systematics of water snakes, an interest that eventually 
led to Mexican expeditions (1949-1967) with his wife, Isabelle 
Hunt Conant, who was an outstanding wildlife photographer. In 
1951, following preliminary correspondence, Roger Tory Peterson 
visited the zoo to ask Roger to write the volume on amphibians 
and reptiles in the field guide series that bears his name. Roger 
was the logical choice because of his prior publications and his 
prominence as a specialist on reptiles, but surely Isabelle's ability 
to take the photographs was a huge advantage since the book re-
ally required a team effort. They set out to illustrate every species 
and subspecies found east of the 100th meridian, so at one time or 
another they temporarily possessed examples of almost every one 
of them alive. Roger wrote 
the text and assembled the 
detailed and up-to-date 
distribution maps. 
Isabelle, with Roger's as-
sist, made the photographs 
in black-and-white and 
then colored each one by 
hand with watercolor 
dyes, using the living 
specimens as her guide. 
The result, "A Field Guide 
to Reptiles and Amphib-
ians of the United States 
and Canada," was pub-
lished in 1958 and was an 
instant success. A second 
edition was published in 
1975 but covered more 
territory to the west since 
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The Conants working in the shelter of their camper parked near the source 
of the Rio Nazas in Durango, Mexico (September 1960). 

Bob Stebbins's 1966 book on western herps extended only to the 
eastern borders of the Rockies. The new edition was appropriately 
retitled "Eastern and Central North America." 

The third edition was issued in 1991. Together, these three edi-
tions represent the most widely used book in all of herpetology. 
More than half a million copies have been sold. In 1998, a "third 
edition, expanded" was issued in which Roger had virtually no 
part. He issued a public statement commenting upon what he called 
a "face lifting" perpetrated by his publisher simply to increase 
sales. He noted that there were color photographs added but no 
new text. He lamented the fact that pagination had increased from 
450 to 616 pages and this, together with the use of coated paper, 
led to a much thicker and heavier book that was less a field book 
than the earlier versions. He publicly wondered if Peterson would 
be horrified. Clearly Roger was. 

After retiring from the zoo early because of Isabelle's illness, 
they moved to Albuquerque where Roger had an adjunct profes-
sorship at the University of New Mexico. Here, devoid of his zoo 
duties, Roger could devote more time to herpetology. After 
Isabelle's death in 1976, there was a huge void in Roger's life and 
within weeks of her death he visited his old Ann Arbor colleague, 
Howard Gloyd, then living in Tucson. In 1932, they had mapped 
out a plan to monograph the pit viper genus Agkistrodon, a group 
of species found in Asia and in North and Central America, but it 
had been put aside for some years. Gloyd had sustained the re-
newed work since 1958 and Conant reentered the project in 1976. 
But Gloyd was terminally ill by this point and it was Conant, with 
the help of Gloyd's widow, Kathryn, who became Roger's wife in 
1979, who completed this massive volume published by SSAR in 
1990. I served as Roger's editor on this project. He would call me 
precisely at nine every Thursday morning, 7AM his time, over a 
period of three years, to talk about the manuscript, proofs, illus-
trations, and with digressions into everybody and everything her-
petological. One reviewer, Jonathan Campbell, wrote, "This book 
is one of the few herpetological works that can truly be consid-
ered a 'classic' from the date of its first appearance." Roger there-
after modestly referred to it merely as his "heavy book." As part 
of his work to complete the book, Roger visited Costa Rica, Ja-
pan, China, Taiwan, Thailand, Malaysia, Indonesia, India, and Sri 
Lanka, in order to learn more about these snakes in their native  

habitats. It was my good luck to join him for the strenuous field 
work, in the middle of a typhoon, on Hainan Island off the Viet-
namese coast in September 1985. He was 77 at the time. 

Besides the various editions of "Reptiles of Ohio" and the "Field 
Guide" and the Agkistrodon volume, Roger published several other 
major works, including "What Snake Is That? A Field Guide to 
the Snakes of the United States East of the Rocky Mountains" 
(1939), "A Review of the Water Snakes of the Genus Natrix in 
Mexico" (1969), and his autobiography, appropriately titled "A 
Field Guide to the Life and Times of Roger Conant" (1997). The 
last-named title chronicles his long and exciting life in a series of 
chapters with headings like "Youthful Trials and Triumphs," "The 
Miracle at the Toledo Zoo," "Monkeys Invade West Philadelphia," 
"Acapulco, the Basilisk, and the Fiery Volcano," and "Hoodlums, 
Vandals, and Other Problems," among dozens of others. There are 
also vignettes of prominent herpetologists and zoo people who 
were friends of Roger's. This book is very nearly a history of North 
American herpetology in the 20th Century. The incredible detail 
recorded in this volume, even from Roger's teenage years, is tes-
timony to the way in which he meticulously recorded every aspect 
of his fascinating life. This meticulousness extended to every as-
pect of his life including, most especially, his scientific contribu-
tions. 

Besides his research, Roger gave freely of his time to numerous 
organizations. He edited the zoo section of Parks and Recreation 
magazine for 20 years and served as both secretary and, later, presi-
dent of the Association of Zoological Parks and Aquariums. He 
held several prominent positions, including president, in the Ameri-
can Society of Ichthyologists and Herpetologists and chaired the 
important ASIH committee that began the standardization of En-
glish names for the amphibians and reptiles of the United States 
and Canada. He served on the Board of Directors of SSAR, but it 
was his book, "Reptiles of Ohio," that influenced the early devel-
opment of The Ohio Herpetological Society, SSAR's predecessor 
organization, in the late 1950s. His book was a kind of bible that 
inspired the early officers of OHS, then mostly high school and 
college students, to do serious field research and he served as an 
unofficial adviser during the early years of OHS. Some have even 
referred to him as the society's godfather and he was invited to 

With early officers of The Ohio Herpetological Society (the precursor 
to the Society for the Study of Amphibians and Reptiles), gathered for 
the society's 25th annual meeting in Raleigh, North Carolina (August 
1982). From left: Kraig Adler, Ray E. Ashton, Jr., Paul M. Daniel, Stephen 
G. Tilley, David M. Dennis, Barry D. Valentine, Roger Conant, Corson J. 
Hirschfeld, Joseph T. Collins, Ronald A. Brandon, and Henri C. Seibert. 
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join the present and former officers who gathered in 1982 to cel-
ebrate the 25th anniversary of OHS–SSAR. 

Among his many honors, surely the most meaningful to Roger 
was the honorary Doctor of Science degree awarded to him by the 
University of Colorado in 1971. For someone who was not able to 
complete his undergraduate degree, this recognition of his profes-
sional career by his academic colleagues was very special indeed. 
In 1989, his zoo colleagues also honored him, with the R. Marlin 
Perkins Award for professional excellence, for his example of com-
bining serious research with the more usual duties of a zoo cura-
tor. This has had a transformative effect on bridging the gap that 
separated zoo staff from their academic colleagues in universities 
and museums. He also received the Distinguished Service Award 
from the National Recreation and Park Association. Among his 
most recent awards are these: Gold Medal for Natural Resource 
Conservation (Boy Scouts of America, 1999), Cardinal Award 
(Ohio Department of Natural Resources, 1999), Herbert Osborn 
Award (Ohio Biological Survey, 2000), Hall of Fame (Ohio De-
partment of Natural Resources, 2001), and the W. Frank Blair 
Eminent Naturalist Award (Southwestern Association of Natural-
ists, 2003).* 

Roger Conant's life has been an inspiration to generations of 
herpetologists in North America and beyond, and it will stand as 
an example for years to come. Besides his many scientific contri-
butions to herpetological science and to zoo development, per-
haps his most important impact was the encouragement of thou-
sands of young people to develop careers in herpetology, biology, 
conservation, and related fields. 

Each career is unique, but Roger's was truly unusual and spe-
cial. Its impact on our field has been immense and broadly felt. It 
is hard to imagine that we will ever see another whose influence 
on our discipline will be so profound as Roger's has been. I now 
yield to my collaborators to explain the special ways in which 
Roger influenced them as a colleague or as a mentor. For me, he 
was both, and also a dear friend, as he was to so many others. He 
will be very deeply missed by us all and by legions of others he 
did not personally know. 

* These awards are given in some detail since they occurred after the publication 
of Roger's autobiography. For this information, I am grateful to Raymond Novotny, 
who organized the documentation leading to the nominations for these awards. 

I had extensive correspondence with Roger Conant long before I ever 
met him. One matter of mutual interest was the taxonomy and distribu-
tion of snakes of the genus Pituophis. In 1947, I was employed by the 
U.S. Fish and Wildlife Service. Roger was aware of my herpetological 
activities in California, and when I moved to Louisiana, he wrote to me 
with an urgent request that I be alert for Louisiana pine snakes (Pituophis 
melanoleucus ruthveni). I was already aware of this rare snake and keenly 
interested in finding some. I lived with my family in Leesville, but every 
day I drove to the national forest, where my studies involved mainly white-
tailed deer, but also were concerned with armadillos, bobwhite, mourn-
ing doves and other birds, and their effect as seed-eaters on longleaf pine 
regeneration. The long daily drive on little-used roads improved my 
chances of finding snakes. I identified and recorded all that I saw. 

I found one ruthveni on the road before my correspondence with Roger. 
I preserved it and sent it to Klauber. Subsequently I found two more and 
sent them alive to Roger. I found the dried carcass of a fourth one but did 
not preserve it. In 1956, Roger published a paper based on my two ruthveni  

and a few records of lodingi, the black pine snake from near Mobile. In 
this paper, Roger quoted my field notes at length. 

The relationships among pine snakes of the eastern states, the bull snake 
of the Great Plains, and the gopher snakes of western states have been 
controversial, and their scientific names have been unstable. Pituophis 
melanoleucus ruthveni was named by Stull (a doctoral candidate at the 
University of Michigan) in 1929 from two specimens from Rapides Par-
ish, Louisiana. In 1935, Burt mentioned a third specimen from Zavalla, 
Angelina County, Texas. Few were known at the time of my collection. 
In Roger's 1956 paper, he mentioned three localities from Natchitoches 
Parish, Louisiana, one locality in Rapides Parish, and four from Vernon 
Parish, and referenced five localities in Texas. 

The Louisiana pine snake, ruthveni, was stated by Conant in 1956 not 
to intergrade either with the melanoleucus subspecies nor with sayi on 
the west. But in several editions of the List of Common and Scientific 
Names, all U.S. Pituophis were considered conspecific under the name 
melanoleucus. In 1995 however, Reichling concluded that ruthveni is in-
deed a distinct species, as advocated long ago by Conant. It must be ac-
knowledged that all his writings are exemplary samples of scientific writ-
ing, characterized by logic, clarity, and brevity. 

—Henry S. Fitch 

When I was a kid, Ditmars and Conant, at least their writings anyway, 
were my constant herping companions. And so when I discovered a strange 
looking salamander in a neighbor's swimming pool, I consulted my dog-
eared copy of the Conant Field Guide. The lucid, friendly text was easy 
for me to follow, and I concluded, with growing excitement, that I had 
found something extraordinary: a Jefferson Salamander. Up in Saint Louis, 
this would have been unremarkable, but I lived in Memphis, where this 
species had never been seen. 

What to do? Somehow, I knew that Roger Conant was Director of the 
Philadelphia Zoo, so I summoned my courage and telephoned him. He 
was not available, but his secretary, no doubt a veteran of such calls, 
instructed me to send the specimen to the zoo. I packed the little sala-
mander with the utmost care and dropped it into the mail. Several days 
later the phone rang and a voice at the other end requested that I hold for 
Dr. Conant. 

I held my breath. Time stood still. But soon I found myself talking with 
a cheerful person who treated me as a colleague. Conant praised my pack-
ing job and informed me that the salamander had not only arrived in splen-
did condition, but was already feeding! More importantly, he confirmed 
my suspicions by agreeing with my identification! I walked with giants. 

Conant told me he was sending the specimen to Tom Uzzell, who at 
the time was doing biochemical research on salamanders. After the call, I 
realized I liked Roger Conant. He was friendly, enthusiastic, and obvi-
ously very wise. When Uzzell's analysis was final, I received another call 
from Philadelphia. This time the news was perplexing to both of us. Uzzel I 
had found that it was simply an aberrant Small-mouthed Salamander, a 
species utterly commonplace in West Tennessee. Oh well. 

So began a friendship that ran for decades. It brought me excellent 
advice on everything from herps to politics. I worked for several years 
with Roger on his memoirs, and was treated to weekly, marathon phone 
calls in which he shared anecdotes about many of the great herpetologists 
he had known. I listened in awe, and encouraged him to include as many 
as were fit to print in his book. He did, and his autobiography ranks as a 
history of twentieth century herpetology in America. My time at the Conant 
house in Albuquerque is one of my fondest memories. 

Roger inspired me with his orderly approach to work and life. He never 
lost sight of his passion: the reptiles and amphibians. That focus kept him 
modest and accessible while his professional awards multiplied. He was 
a chivalrous gentleman who hailed from an era that produced real lead-
ers. I am honored to have been associated with Roger Conant as a herpe-
tologist, but I am proudest to have had him as a friend. 
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And by the way, we agreed to the end that the little salamander was a 
Jefferson. 

—William W Lamar 

Roger Conant had a huge impact on me as a budding herpetologist in 
the early 1960s through his 1958 Field Guide to Reptiles and Amphib-
ians. Like many other young people, it served as a cornerstone of my 
passion and later my career. As a professional, I interacted with Roger 
through his editing of my papers (including one co-written with him) and 
discussions over things herpetological. I was always struck by his me-
ticulous editing and writing skills, paying close attention to the smallest 
of details. He was one of my mentors. 

Although I had first met Roger briefly in 1982, I came to know him 
and his wife Kathryn Gloyd in September 1989 at the First World Con-
gress of Herpetology in Canterbury, England. Along with another 40 or 
so colleagues and spouses, my wife and I had booked the, as it turned out, 
infamous one-day bus trip to Paris. All of us were destined to spend a 
very long day on that bus. It left at about 0600, taking the ferry across the 
English Channel from Dover to Chalice, France, arriving in Paris after 
several hours on the road in mostly hard rain. We had three hours more on 
the bus in Paris seeing the sights, stopping twice briefly, once at the Eiffel 
Tower and again at the Notre Dame Cathedral. Coming back required 
another ferry ride, but this time it was in rough seas. All of us well re-
member the large ferry boat riding the huge waves and the smacking sound 
that the propellers made when they emerged from the water as they broke 
free of each crest. Roger had a problem with his balance and I stayed with 
him on that voyage, helping him move around when he needed to change 
locations. Many friendships were solidified on that bus trip and Roger 
and I were fast friends when we finally got back to Canterbury close to 
midnight. 

In 1991, I had the privilege of assembling and binding a set of letters 
written to Roger by numerous friends, family, colleagues, and students. I 
presented them to Roger at a reception following a two-day symposium 
in his honor at the SSAR meeting at Pennsylvania State University. Read-
ing these letters showed me just how much he was appreciated and loved 
for all the attention and mentoring he provided for just about everyone 
throughout his life. These included people from the zoo world, herpetolo-
gists, and many others. Several of the letters were from people to whom 
he had given time while a busy zoo curator and director when they were 
young. 

I visited Roger in Albuquerque at the end of 1991 and rode with him in 
his Volkswagon bus to Tucson during 2-3 January 1992, stopping by my 
master's thesis field site south of Willcox along the way. He was 82 at the 
time and insisted on driving the entire way, although we had to make it a 
two-day trip so he could rest overnight at a hotel near Deming. I had 
volunteered to help pack up the Howard K. Gloyd personal library then 
housed at Kathryn Gloyd's condo. Kathryn and Roger had given it to the 
University of Texas at Arlington (UT-A). They were doting hosts and 
kept me well fed at local restaurants; they frequently ate out. Much of the 
time spent with Roger on that trip was devoted to discussions of the his-
tory of herpetology and focused particularly on biographical information 
of people he had known well, such as H. K. Gloyd and E. R. Dunn. After 
three days of packing books, correspondence, and other materials, I drove 
the Gloyd library in a U-Haul truck to the Dallas–Fort Worth area 6-7 
January. The collection is now at UT-A under the watchful eye of Jonathan 
Campbell. 

Roger was a true friend and colleague, and encouraged me many times 
to be the best person I could be. I certainly benefited from his field guide 
when I was young and from his mentoring later in my professional life. 
My memories of him will be largely of those days late in his life in Albu-
querque and Tucson, and on the ride in his VW bus between them, when 
we talked about herpetology and its history. 

—Joseph C. Mitchell 

A few years after I started my career at the Dallas Zoo in 1966, the 
American Zoo and Aquarium Association held a regional meeting in the 
Dallas–Fort Worth area. Since there were large herpetological collections 
at the two zoos, it seemed logical to invite a number of prominent herpe-
tologists to present papers and interact with the delegates. Included in 
this stellar group were Roger Conant and Edward H. Taylor from the 
University of Kansas. I invited both of them to stay at my home. 

Each morning as I dragged myself out of bed, the strains of operatic 
arias emanated from my stereo. Roger and Ed would be sitting in the 
living room eating graham crackers, drinking coffee, and reminiscing about 
their careers in herpetology and adventures in the field. Every evening, I 
invited colleagues and friends to my home and we sat spellbound as these 
two great herpetologists told us about their herpetological experiences 
and their favorite places, especially Mexico. It was a remarkable week. 

Some years later, we hatched gray-banded kingsnakes and Trans-Pecos 
ratsnakes at our zoo. Roger was director of the Philadelphia Zoo and I 
asked him if he would like some of these baby snakes for his zoo collec-
tion. He accepted with enthusiasm and we sent these reptiles in cloth 
bags in a wooden shipping crate. Several weeks later, Roger returned our 
crate and I was surprised to find the bags laundered, neatly pressed, and 
folded. I called him to express my amazement at the pristine state of these 
bags—he said that it was the only way that bags should be returned. It 
must be said that Roger was the only one to ever return clean bags! 

Thirty years after I started in Dallas, I decided to retire and move to 
Washington, DC. I was apprehensive as horrific stories about lethargy, 
boredom, and depression after retirement permeated my brain. Clearly, I 
needed advice and counsel if my retirement was to be pleasant. I asked 
Roger if he could share his thoughts about successful retirement. His first 
rule was that one always needed to have a future project in mind. His 
second was to ensure that the preceding day and the following day are 
different from the present day. He lived by this philosophy—last year, as 
proof of his continuing productivity, he sent an inscribed copy of his re-
cently completed monograph on Mexican garter snakes published by the 
American Museum of Natural History. 

It will be unlikely, even amazing, if our profession ever produces an-
other Roger Conant. He was my confidant, mentor, and friend—I will 
miss him. 

— James B. Murphy 

On my birthday in 1959 I received a copy of Roger Conant's field 
guide. This magical guide to amphibians and reptiles, full of detailed in-
formation and wondrous illustrations by Isabelle Hunt Conant, was to 
have an immeasurable impact on my youth, just like it did in the lives of 
so many others. 

In 1968, J. R. McCranie and I found an axanthic cornsnake west of 
Miami. Cornsnakes lacking red pigment were a rarity in those days, and 
since I was soon traveling to Philadelphia on business I brought the snake 
along, chancing the opportunity to meet and show it to the Conants—and 
I did. I met Roger and Isabelle in their historic Penn House office at the 
Philadelphia Zoo. After a brief introduction, I pulled the snake from a bag 
and Dr. Conant replied, "That's an unusual Pilot Black Snake you have 
there," but as I turned the snake over to reveal its checkerboard belly he 
gasped, "Oh my!" That day Roger Conant took time from his busy sched-
ule to show me around the zoo. This fortuitous rendezvous was the start 
of a close relationship that was to last for three and a half decades. 

In the years that followed I sent the Conants a few introduced reptiles 
from Florida, for photographs in the second edition of their field guide. 
After Isabelle and H. K. Gloyd passed away, Roger called to request pho-
tographs of various Agkistrodon for the upcoming Gloyd and Conant 
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monograph. Because I am a native Costa Rican, our discussion turned to 
A. bilineatus in the region, which at that time was poorly known. In early 
1982, in the company of a mutual friend, G. W. Schuett, Roger and I 
decided to travel to Costa Rica in search of specimens. 

Roger Conant was a great storyteller. During that trip Schuett and I 
bombarded Roger with questions, asking him what herpetology was like 
in the "early days," and for insight into the personalities of numerous 
herpetologists who came before our time. Roger responded by showering 
us with tidbits of herpetological history, but the real pearls came late at 
night—just before bedtime. Each night he told us a story, and every morn-
ing we awoke to find Roger writing diligently in his notebook. At the 
time, we didn't know Roger was busy jotting down the story from the 
night before, and a few months later, much to our surprise, we received a 
booklet in the mail published by the Toledo Herpetological Society and 
entitled Herpetology in Ohio—Fifty Years Ago. Mine was inscribed with: 
This "Bedtime Story Book" is inscribed with fond memories of a won-
derful two weeks in Costa Rica. 

According to Roger, our eagerness to learn about the past was the in-
centive he needed to begin serious work on his memoirs. His exhaustive 
autobiography, published by Selva in 1997, leaves us a detailed account-
ing of his life and accomplishments, but it also contains a treasure-trove 
of historical information, herpetological and otherwise. Because of my 
involvement in the publishing business, how fortunate I was to share in 
Roger's joy when presenting him with the first copy! 

As a giant in herpetology, no doubt many will be writing about Roger 
Conant's amazing organizational skills, attention to detail, literary con-
tributions, lifelong productivity, and so on. From a personal perspective, 
however, Roger was my friend, mentor, and father figure. He enriched 
my life in so many ways, and it would warm his heart to know that by 
simply following his example, he will continue to do so. 

—Louis W Porras 

My memories of Roger Conant span over two decades, and it was my 
good fortune to have known him as a colleague and friend since the be-
ginning of my scientific career. In the late 1970s, as an undergraduate at 
the University of Toledo, I spent most of my spare time at the Toledo 
Zoo, and primarily in the Reptile House. At that time Bill Dennler was 
the newly appointed Curator of Reptiles, and he was most generous in 
allowing Fred Kraus, Jeff Cook, and me to volunteer our services behind 
the scenes. Although I knew of Roger Conant by way of the Boy Scouts 
(Reptile Study Merit Badge) and his field guide, during those volunteer 
sessions I became more familiar with his research and zoo legacy. In 
1929, when Roger was merely 19 years old, he held his first official posi-
tion in herpetology as Curator of Reptiles at the Toledo Zoo. That impor-
tant time in his life is chronicled in his memoirs. 

Bill regularly encouraged bull sessions in the kitchen of the Reptile 
House which often entailed discussions of the "early days" at the Toledo 
Zoo and the challenges Roger Conant faced as a young curator. Because 
of our keen interest in the local herpetofauna, we discussed Conant's "ex-
tra job"— surveying the reptiles of Ohio. This work resulted in Roger's 
classic, The Reptiles of Ohio. Fred Kraus and I were particularly enthusi-
astic of that publication, since we would soon embark on a survey of the 
herpetofauna of the coastal zone of western Lake Erie. Conant's work 
was absolutely essential to us, and we fittingly dedicated our manuscript 
to him. Those were mighty good days. 

During those lively discussions at the zoo, I could have never imag-
ined that a few years later I would be invited to assist Roger in hunting 
cantils (Agkistrodon bilineatus) in northwestern Costa Rica. That unex-
pected opportunity, arranged by Louis Porras, allowed me to work in the 
field side-by-side with one of our country's foremost experts in herpetol-
ogy and world authority on a group of snakes (Agkistrodon) for which we 
shared a passion. Costa Rica was my second foray to Central America, 
but surprisingly it was Roger's first. He was like a kid in a candy store! 

Each day as we prepared for the field, his eyes lit up with excitement in 
anticipation of searching for the elusive "Castellana." Although we were 
unable to secure live individuals we did not return to the States empty 
handed. Through the kind gesture of the Instituto Clodomiro Picado, pre-
served specimens were given to Roger for his use. He was stunned. On 
our return to our hotel in Liberia, Roger expressed his sheer joy by shout-
ing colorful expletives that I never heard the likes from him again! At that 
time, I was shocked that someone could become so excited over a few 
dead snakes. I learned so much from that experience. 

Publication of the Gloyd and Conant Agkistrodon opus was a great 
moment in herpetological history, and it was a tremendous honor to assist 
Roger in various ways. At his insistence, my wife Laura completed over 
a dozen delineations for the "heavy book" (as Roger called it)—he loved 
her art. 

In reflection, I have no doubt that Roger Conant possessed genius. His 
was not displayed in eccentric mannerisms and arrogant actions, but in a 
subtle and quiet ability to collect, organize, and process information for 
large-scale projects. In his research, each and every detail was painstak-
ingly considered. Roger's vast achievements are even more remarkable 
knowing that he was largely self-educated. If genius is measured by the 
degree to which one's ideas and work influence others, Roger stands among 
the giants of knowledge. 

Cheers to you, Roger, to your remarkable and enviable life. 

—Gordon W Schuett 

Roger was an adjunct professor at the University of New Mexico when 
I arrived there in 1974. At that time, he was hard at work on the third 
edition of his eastern field guide to reptiles and amphibians. When that 
was finished, he tackled the Agkistrodon monograph that he and Howard 
Gloyd were writing. Howard died when the manuscript was still embry-
onic and Roger, aided by Howard's widow and his own wife-to-be, 
Kathryn, saw it through to completion. He had me read the final draft. As 
in all of Roger's work it was almost impeccable, and I was able to find 
only one or two minor errors. Next came the monograph on the garter 
snakes of the lakes of the Mexican plateau, based on collections that he 
and Isabelle made in the mid 1900s. My wife and I revisited many of 
these lakes and were able to confirm that the Thamnophis were still present 
in several of them. He finished that work after I left New Mexico in 1993. 

Roger and I became good friends during the 18 years I was there. My 
main impression of Roger is that he was completely goal-oriented. He 
moved from one large project immediately to the next one. Health prob-
lems slowed him down at times, but his results testify to his staying power. 
He worked in the mornings, and always took a nap in the afternoon. When 
he came over to the Museum of Southwestern Biology, we would talk of 
mutual interests, especially in the systematics of snakes and the enduring 
values of museum collections. Roger never learned modern techniques 
of systematic analysis, but I am sure that his garter snake monograph, 
based on classical morphological techniques, will stand the test of time. 

—Norman Scott 

The long career of Roger Conant overlapped my own almost com-
pletely. He was born three years earlier. His first publication came in 
1929, mine in 1931. His first new taxon was described in 1934, mine in 
1935. Other parallelisms followed. Circumstances dictated, however, that 
his academic life would be short; he had but two years at the University 
of Pennsylvania. The beginning and end of his professional life was with 
zoos, where academic degrees did not limit achievement, at that time. 
The eminence he achieved during his lifetime might never have been 
possible within the constraints of academia. 

Nevertheless, there are constraints in zoo administration, too, but he 
rose above them to become far more productive than most academics, 
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both scientifically and in promotion of familiarity of the general public 
with especially amphibians and reptiles, but also with a wide variety of 
other animals. 

Thus the circumstances that led to my perennial academic life did not 
lead to direct contacts with Roger until the early 1940s, when we both 
had developed a great interest in the herpetology of Mexico. He was then 
interested in a monograph of it, but in deference to my own efforts he left 
the field to me. I will always wonder how much better a job he would 
have done with it, for he has always represented the ultimate in perfec-
tionism. 

It was a great occasion when we arranged for Roger to receive aca-
demic recognition with a Doctor of Science degree from the University 
of Colorado in 1971. It was a degree earned many times over for accom-
plishments in each of the academic areas of performance: research, ser-
vice, and teaching. Very few other academics match his excellence in all 
those areas. 

—Hobart M. Smith 

CURRENT RESEARCH 

The purpose of Current Research is to present brief summaries and 
citations for selected papers from journals other than those published by 
the American Society of Ichthyologists and Herpetologists, The Herpe-
tologists' League, and the Society for the Study of Amphibians and Rep-
tiles. Limited space prohibits comprehensive coverage of the literature, 
but an effort will be made to cover a variety of taxa and topics. To ensure 
that the coverage is as broad and current as possible, authors are invited 
to send reprints to the Current Research section editors, Eli Greenbaum 
or Omar Torres-Carvajal; postal and e-mail addresses may be found on 
the inside front cover. 

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

Origin of Venom in Snakes 

Despite our lengthy and close association by correspondence, chiefly 
in relation to our eastern and western field guides, Roger Conant and I 
met in the flesh only five or six times. This happened at scientific meet-
ings. I'm deeply thankful for these occasions. 

My most vivid memory of him occurred at the 52"" annual meeting of 
the American Society of Ichthyologists and Herpetologists in Boston in 
1972. Society members were housed in a tall building. A fire-alarm 
sounded and people poured out of the building. I soon found many of my 
friends, but where was Conant? Finally, he appeared bearing an arm-load 
of his precious maps for the eastern field guide. He brought them to meet-
ings for updating with the help of colleagues. There was no way he would 
leave them, even at the risk of being cooked! 

Roger was a man of great devotion—to his wife, his research, his di-
rectorship of the Philadelphia Zoo, and to his friends. He helped me im-
mensely as I began work on my own field guide to the reptiles and am-
phibians of the West, including allowing me to use his map plates for my 
guide. In one of his letters to me, he wrote that the best thing he ever did 
in his life was to marry Isabelle. He always spoke of the great pride he 
felt in her artistic talents and that he was sorry that her pictures had to be 
so small because of the many species to be covered by the eastern guide. 

I will remember Roger as one of the great men of our time, not only 
because of his scientific accomplishments, but also for his important con-
tributions to the nature education of the general public. 

—Robert C. Stebbins 

Shortly after I arrived at the American Museum of Natural History late 
in June 1954, Chuck Bogert took me to meet Roger and Isabelle at their 
home in Taunton on the edge of the New Jersey Pine Barrens. This initi-
ated a friendship lasting nearly 50 years. How welcoming they were to a 
young herpetologist very much out of his element in the East! And how 
wonderful it was to be introduced by an expert to such a place as the Pine 
Barrens. 

Roger's long relationship with AMNH as a Research Associate in Her-
petology assured a continuing professional and personal friendship. Later, 
with both of us retired and established in the Southwest, we saw one-
another in Albuquerque or Tucson scarcely less often than when we both 
lived in New Jersey. Looking back, I think that what I most admired in 
Roger was the energy and drive that enabled him to combine a distin-
guished career as a zoo curator and director with an output of research 
and popular publications that would be the envy of many colleagues. 

—Richard Zweifel 

The wide distribution of Duvernoy's glands and differentiated 
maxillary dentitions across colubroid lineages suggests that toxic 
secretions are a synapomorphy of Colubroidea. The authors iso-
lated and compared a polypeptide toxin from the Duvernoy's se-
cretion of the Asian ratsnake Coelognathus radiatus with toxins 
of other snake taxa. The isolated toxin was named a-colubritoxin, 
and represents the first colubrid toxin for which the complete amino 
acid sequence has been obtained. This sequence was aligned with 
several elapid 3FTX sequences in CLUSTAL-X and phylogenetic 
analyses using Bayesian inference were performed. The authors 
found that a-colubritoxin is part of the three-finger toxin (3FTX) 
family, which was thought to be unique to elapids. Moreover, tox-
ins with similar molecular weights were detected in several other 
colubrid taxa. These results suggest that this toxin family origi-
nated early in the evolutionary history of advanced snakes. In ad-
dition, the absence of 3FTXs in viper venoms supports the basal 
phylogenetic position of vipers among colubroids. 

FRY, B. G., N. G. LUMSDEN, W. 'MATER, J. C. WICKRAMARATNA, W. C. 
HODGSON, AND R. M. KINI. 2003. Isolation of a neurotoxin (a-
colubritoxin) from a nonvenomous colubrid: evidence for early origin 
of venom in snakes. Journal of Molecular Evolution 57:446-452. 

Correspondence to: Bryan G. Fry, Australian Venom Research Unit, De-
partment of Pharmacology, University of Melbourne, Parkville, Vic 3010, 
Australia; e-mail: bgf@unimelb.edu.au.  

Mitochondrial Diversity in Malagasy Poison Frogs 

With 17 species, Malagasy poison frogs Mantella are among 
the most prominent representatives of the endemic fauna of Mada-
gascar. One of the clades within Mantella is the M. 
madagascariensis group, which is characterized by a high diver-
sity in color phenotypes. The authors used 2.8 kbp of three mito-
chondrial and one nuclear gene of 15 Mantella species to study 
the phylogenetic relationships among the five species included in 
the M. madagascariensis group. Sequences were aligned with 
CLUSTAL-X and partition homogeneity was tested using the ILD 
test. Analyses included maximum parsimony, maximum likelihood, 
Shimodaira-Hasegawa tests, bootstrapping, and Bayesian poste-
rior probabilities. These analyses supported the monophyly of the 
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M. madagascariensis group. In addition, haplotype variation in 
the cytochrome b gene among and within seven populations of 
the group also was examined. Haplotype networks were con-
structed, and analysis of molecular variance was performed to 
determine hierarchical structuring of genetic variation. The au-
thors found a relatively high haplotype diversity within popula-
tions of the M. madagascariensis group. Because quaternary 
records suggest periods of fluctuating climate in parts of Mada-
gascar, the authors hypothesized that Malagasy poison frogs have 
been repeatedly isolated in small refugia with subsequent range 
expansion and intensive introgression in contact zones. 

VENCES, M., Y. CHIARI, L. RAHARIVOLOLONIAINA, AND A. MEYER. 2004. High 
mitochondrial diversity within and among populations of Malagasy 
poison frogs. Molecular Phylogenetics and Evolution 30:295-307. 

Correspondence to: Miguel Vences, Institute for Biodiversity and Eco-
system Dynamics, Zoological Museum, University of Amsterdam, P.O. 
Box 94766, Amsterdam 1090 GT, The Netherlands; e-mail: 
vences@science.uva.nl.  

The Middle Ear of Rana catesbeiana 

The tympanic cavity mainly conducts middle and high sound 
frequencies in anurans. The author studied the morphology and 
functional role of the middle ear in Rana catesbeiana. Audiograms 
were obtained from nine adult frogs by stimulating the intact ear 
from the outside. Thereafter, middle ear structures were removed 
and a second round of audiograms was obtained by stimulating 
the amputated columella. Differences between these audiograms 
indicated the mechanical role of the structures removed. Werner 
found that the extracolumella and columella of the American bull-
frog are distinct units jointed at an angle with potential motion. 
Moreover, he noticed that this ossicular chain included a mechani-
cal lever and was able to confirm this lever action with physi-
ological experiments. 

WERNER, Y. L. 2003. Mechanical leverage in the middle ear of the Ameri-
can bullfrog, Rana catesbeiana. Hearing Research 175:54-65. 

Correspondence to: Yehudah Werner, Department of Evolution, System-
atics and Ecology, The Hebrew University of Jerusalem, 91904 Jerusa-
lem, Israel; e-mail: yehudah_w@yahoo.com.  

Sensory Drive and Dewlap Design in Anoles 

Signal diversification might play an important role in promot-
ing species richness of taxa characterized by rapid and intensive 
speciation. The sensory drive hypothesis has been proposed as a 
mechanism leading to signal diversity between closely related 
species. Under this hypothesis, species or populations come to 
occupy different habitat conditions where selection for effective 
communication promotes divergence in signal designs. The au-
thors used four allopatric populations of Anolis cristatellus from 
mesic and xeric habitats in Puerto Rico to test whether the process 
of sensory drive can take place at the population level. They mea-
sured total intensity and spectral quality of the light at each loca-
tion, as well as spectral transmission and reflectance properties of 
male dewlaps. Leal and Fleishman found that dewlaps from mesic 
populations reflect more light than dewlaps from xeric popula- 

tions, and that the relative detection probability of dewlap design 
was affected by habitat light conditions. These and other results 
suggest that sensory drive might be an important mechanism in 
the dynamics of the speciation process in anoles. 

LEAL, M., AND L. J. FLEISHMAN. 2004. Differences in visual signal design 
and detectability between allopatric populations of Anolis lizards. The 
American Naturalist 163:26-39. 

Correspondence to: Manuel Leal, Department of Biological Sciences, 
Vanderbilt University, VU Station B 351634, Nashville, Tennessee 37235-
1634, USA; e-mail: manuel.leal@vanderbilt.edu.  

Evolutionary Significance of Oral Morphology in 
Carnivorous Tadpoles 

Asian-African tiger frogs (Hoplobatrachus) have carnivorous 
tadpoles with peculiar oral features, such as keratinized spurs on 
the buccal floor. Based on a molecular phylogeny and detailed 
morphological descriptions, the authors studied the evolution of 
larval oral morphology in these frogs. Phylogenetic analyses in-
cluded 2430 by of two nuclear and four mitochondrial genes and 
corroborated monophyly of Hoplobatrachus, with Euphlyctis as 
sister taxon. Carnivorous specializations in tadpoles of 
Hoplobatrachus could explain why this taxon has been so suc-
cessful in adapting to arid environments where ponds are at high 
risk of desiccation. Grosjean et al. hypothesize that evolution of 
carnivorous tadpoles was the key innovation that enabled 
Hoplobatrachus to disperse into its present wide distribution area 
in Asia and Africa. 

GROSJEAN, S., M. VENCES, AND A. DuBois. 2004. Evolutionary significance 
of oral morphology in the carnivorous tadpoles of tiger frogs, genus 
Hoplobatrachus (Ranidae). Biological Journal of the Linnean Society 
81:171-181. 

Correspondence to: Stephane Grosjean, Laboratoire des Reptiles et 
Amphibiens, Museum National d'Histoire Naturelle, 25 rue Cuvier, 75005 
Paris, France; e-mail: sgrosjea@cimrsl.mnhn.fr.  

Female-Biased Dispersal in Rana catesbeiana 

The mating system of the North American bullfrog is well char-
acterized, yet little is known about its dispersal behavior and pat-
terns of gene flow. Using data from seven polymorphic DNA 
microsatellite loci, the authors studied sex-biased dispersal pat-
terns in Rana catesbeiana based on two predictions. First, 
philopatry should benefit males by allowing familiarity with local 
reproductive resources, and second, greater dispersal by females 
should occur, which reflects the importance of mate choice in in-
breeding avoidance and reproductive success. Frogs were sampled 
from nine locations within the Frontenac Axis region of eastern 
Ontario, where populations share a common postglacial history. 
The authors found some evidence for female-biased dispersal in 
bullfrogs. 

AUSTIN, J. D., J. A. DAvnA, S. C. LOUGHEED, AND P. T. BOAG. 2003. Ge-
netic evidence for female-biased dispersal in the bullfrog, Rana 
catesbeiana (Ranidae). Molecular Ecology 12:3165-3172. 

Correspondence to: Stephen C. Lougheed, Department of Biology, 
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Queen's University, Kingston, Ontario, Canada K7L 3N6; e-mail: 
lougheed@biology.queensu.ca.  

Evolution of Aposematism and Diet Specialization 
in Dendrobatid Frogs 

The Neotropical family Dendrobatidae includes approximately 
210 species. Some of these are brightly colored and toxic, whereas 
others are cryptic and nontoxic. Thus, dendrobatids are ideal or-
ganisms to study the association of unprofitability with a warning 
signal (i.e., aposematism) in an evolutionary context. Based on 
mtDNA data from a broad taxon sample of cryptic and apose-
matic species, the authors performed phylogenetic and statistical 
analyses to study the evolution of aposematism and diet special-
ization in dendrobatid frogs. Contrary to what had been suggested 
in previous studies, Santos et al. found that the association of con-
spicuous bright coloration and toxicity appeared several times. In 
addition, evidence is presented that diet specialization has occurred 
more than once, and is associated with the multiple origins of con-
spicuousness and toxicity. According to the authors, these results 
suggest parallel and correlated evolutionary trends toward spe-
cialization. 

SANTOS, J. C., L. A. COLOMA, AND D. C. CANNATELLA. 2003. Multiple, re- 
curring origins of aposematism and diet specialization in poison frogs. 
Proceedings of the National Academy of Sciences 100:12792-12797. 

Correspondence to: Juan C. Santos, Section of Integrative Biology C0930, 
1 University Station, University of Texas, Austin, Texas 78712, USA; e-
mail: jcsantos@mail.utexas.edu.  

Xenopus Might Help Understanding Alzheimer's 
Disease 

One of the central features of Alzheimer's disease (AD) in its 
late stages is the specific loss of neurons that seems to depend on 
amyloid a-peptide deposition and synaptic dysfunction. Little is 
known about the functional characteristics of the neurotransmitter 
receptors of the AD brain, partly because of technical difficulties 
of the methods employed. Using postmortem brains of humans 
that suffered AD, the authors were successful in trying an alterna-
tive method that has been previously used to study neurotransmit-
ter receptors and ion channels from the human brain in great struc-
tural and functional detail. This method involves 
microtransplantation of cell membranes from the brain to the mem-
brane of Xenopus oocytes. The foreign membrane fuses with the 
oocyte's own plasma membrane, providing an opportunity to study 
the original receptors and related molecules while they are still 
embedded in their natural lipid environment. 

MILEDI, R., Z. DUEFIAS, A. MARTINEZ-TORRES, C. H. KAWAS, AND E EUSEBI. 

2004. Microtransplantation of functional receptors and channels from 
the Alzheimer's brain to frog oocytes. Proceedings of the National 
Academy of Sciences 101:1760-1763. 

Correspondence to: R. Miledi, Department of Neurobiology and Behav-
ior, University of California, Irvine, California 92697-4550, USA; e-mail: 
rmiledi  @uci.edu . 

Countergradient Variation in Rana sylvatica at 
Microgeographic Scales 

Many studies provide evidence that macrogeographic gradients 
in temperature associated with latitude and altitude lead to 
countergradient patterns of variation. A general pattern is that in-
dividuals from colder environments grow or develop faster than 
their conspecifics from warmer environments when placed in a 
common setting. The author evaluated the importance of 
countergradient variation in the wood frog Rana sylvatica at 
microgeographic scales. In situ observations at the Yale-Myers 
Forest in northeastern Connecticut revealed that eggs in shaded 
wetlands developed much slower than eggs in insolated wetlands. 
Thereafter, Skelly performed a common garden experiment with 
more than 700 embryos. He found that individuals from the dark-
est wetlands developed up to 12% faster than those from the light-
est wetlands, which indicates that countergradient variation oc-
curs at microgeographic scales in the wood frog. 

SKELLY, D. K. 2004. Microgeographic countergradient variation in the 
wood frog, Rana sylvatica. Evolution 58:160-165. 

Correspondence to: David K. Skelly, School of Forestry and Environ-
mental Studies and Department of Ecology and Evolutionary Biology, 
Yale University, 370 Prospect Street, New Haven, Connecticut 06511, 
USA; e-mail: david.skelly  @yale.edu . 

Systematics of Pygopodid Lizards and 
Diversification of Australian Temperate Biotas 

The lizard family Pygopodidae has 38 species endemic to Aus-
tralia and New Guinea. This endemicity and some fossil evidence 
suggest that pygopodid lizards were present in Australia before 
the time when Asian taxa invaded Australia. The authors used 
molecular (2079 bp) and morphological (86 characters) data to 
study the phylogenetic relationships of 32 species and two sub-
specific taxa of Pygopodidae. Parsimony, maximum likelihood, 
and Bayesian analyses were performed, with two species of 
diplodactyline geckos as outgroups. The molecular clock method 
and parametric bootstrapping were used to root the trees and test 
different phylogenetic hypotheses, respectively. Aprasia, Delma, 
Lialis, Ophidiocephalus, Pletholax, and Pygopus were recovered 
as well-supported clades with robustly supported relationships 
among them. After performing biogeographical analyses, the au-
thors found results congruent with the idea that speciation of mesic-
adapted biotas in the southeastern and southwestern corners of 
Australia occurred between 12 and 23 million years ago, as op-
posed to repeated dispersal between these two regions. 

JENNINGS, W. B., E. R. PIANKA, AND S. DONNELLAN. 2003. Systematics of 
the lizard family Pygopodidae with implications for the diversification 
of Australian temperate biotas. Systematic Biology 52:757-780. 

Correspondence to: Bryan Jennings, Museum of Comparative Zoology, 
Department of Organismic and Evolutionary Biology, Harvard Univer-
sity, 26 Oxford Street, Cambridge, Massachusetts 02138, USA; e-mail: 
bjennings  @oeb.harvard.edu . 
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Norops polylepis Eggs Do Well in Pastures 

How human activities affect the distribution and population dy-
namics of other species is a major question in ecology and conser-
vation biology. Populations might not be self-sustaining in a habi-
tat that is unsuitable to one or more life stages, such as the egg-
stage of oviparous reptiles. Predicting that eggs would fare poorly 
in pastures, the author studied the effects of forest to pasture con-
version on the egg stage of the Costa Rican anole Norops polylepis. 
The research was conducted in a 25-ha primary rain forest frag-
ment that has been surrounded by pasture for 30 years. Using eggs 
from captive females, experiments were performed on six 25-m 
long transects parallel to the forest-pasture edge. Contrary to his 
expectation, Schlaepfer found that the eggs underwent normal 
development in pastures. Moreover, the incubation period was 
reduced in pastures, and the survival curve was significantly higher 
for pasture than for forest eggs. 

SCHLAEPFER, M. A. 2003. Successful lizard eggs in a human-disturbed 
habitat. Oecologia 137:304-311. 

Correspondence to: Martin A. Schlaepfer, Department of Neurobiology 
and Behavior, Cornell University, Mudd Hall, Ithaca, New York 14853-
2702, USA; e-mail: mas50@cornell.edu.  

Addendum 

In the March 2004 Current Research (p. 6), we summarized a 
recent paper concerning the effects of UVB on amphibian em-
bryos (Licht 2003. Bioscience 53:551-561). However, readers 
should also be aware of a published rebuttal to this paper by An-
drew R. Blaustein and Lee B. Kats which appeared in the Novem-
ber 2003 (p. 1028) issue of Bioscience. 

ZOO VIEW 

Gerald Durrell (1925-1995) was the founder of the Jersey Wildlife 
Preservation Trust, now called Durrell Wildlife Conservation Trust 
[DWCT]. He started the Trust in 1959 on the Channel Islands off the 
coast of England to conserve endangered fauna, especially insular taxa. 
He brokered arrangements with wildlife officials and governmental agen-
cies in those countries where endangered species occurred. His approach 
included management plans with both in situ and ex situ components. To 
accomplish this, he often arranged partnerships with other zoos, building 
an in situ component, and supporting institutions within the country of 
origin. 

As an example of his broad approach, feral mammals and alien vegeta-
tion were eliminated before reintroduction of the Round Island boa 
(Casarea dussumieri) was attempted. Durrell was a visionary who cre-
ated effective conservation enterprises, with time and money. Today, The 
Durrell Institute of Conservation and Ecology at the University of Kent 
at Canterbury UK and Durrell Wildlife Conservation Trust promote im-
portant conservation initiatives throughout the world. 

At Jersey, the Gaherty Reptile Breeding Centre (now re-named the 
Gaherty Amphibian and Reptile Conservation Centre) is a small facility 
where the majority of breeding and research on taxa at risk takes place 
behind the scenes: ploughshare (Geochelone yniphora), flat-tailed (Pyxis 
planicauda) and radiated (G. radiata) tortoises, Round Island boa (Casarea 

Fla 1. Gerald Durrell with female Parson's chameleon. This picture 
was taken during the same filming trip in 1981 for 'The Ark on the Move,' 
probably in October, in Berenty, Madagascar. Credit: Durrell Wildlife. 

dussumieri), gecko (Phelsuma guentheri), and skink (Leiolopisma 
telfairii), Mallorcan midwife toad (Alytes muletensis), Montserrat moun-
tain chicken (Leptodactylus fallax), Coahuilan box turtle (Terrapene 
coahuila), San Francisco garter snake (Thamnophis sirtalis tetrataenia), 
Antiguan racer (Alsophis antiguae), Jamaican and Puerto Rican boas 
(Epicrates subflavus, E. inornatus), St. Lucian whiptail (Cnemidophorus 
vanzoi), spring frog (Rana dalmatina), and ground iguanas (Cyclura 
collei). 

Durrell published 38 books and many other articles dealing with ani-
mals (see Botting 1999. Gerald Durrell. The Authorized Biography. Carroll 
& Graf Publishers, Inc., New York). 

Following Durrell's vision, Richard Gibson and Kevin Buley built a 
multi-faceted program for the flat-tailed tortoise as detailed in the fol-
lowing article. Gibson was Herpetology Department Head at the Trust 
but has since moved to the London Zoo. Buley was associated with the 
Department but has relocated to the Chester Zoo. 

Dwight Lawson from Zoo Atlanta in Georgia USA has been a major 
player in the Turtle Survival Alliance (TSA). I asked him to explain the 
mission of this important organization and his description follows. 

After forty-plus years, Peter Brazaitis retired from the Wildlife Con-
servation Society, headquartered at the Bronx Zoo in New York. For most 
of that time, Pete and I have known each other and whenever we would 
get together, he would regale me with humorous anecdotes. Discovering 
that he had published a book on his experiences at the zoo, mostly in the 
herpetology section, I was certain it would be an enjoyable read as he is 
an accomplished raconteur. When his book arrived (Villard Books, New 
York, 2003: ISBN 1-4000-6012-5), I eagerly picked it up and was not 
disappointed — how could I be when the title reads You Belong in a Zoo. 
Tales from a Lifetime Spent with Cobras, Crocs, and Other Creatures and 
the text reveals that his nickname was "The Bald-Headed Snake Keeper 
in the Bronx." 

Brazaitis is one of our most respected zoo herpetologists (see Card and 
Murphy 2000. Lineages and histories of zoo herpetologists in the United 
States. Herpetol. Circ. No. 27 for details). He is a committed conserva-
tionist and his efforts to protect crocodilians, both in situ and ex situ, are 
a remarkable achievement. Even after retirement, Brazaitis remains ac-
tive in herpetology. His professional legacy, one might ask? Pete will 
always be saddled with the unenviable reputation that he was the first to 
sex crocodilians by plunging his index finger into their cloacae, not a 
pretty sight for the zoo visitor! 

— James B. Murphy, Section Editor 

110 	 Herpetological Review 35(2), 2004 



Herpetological Review, 2004, 35(2), 111. 
C) 2004 by Society for the Study of Amphibians and Reptiles 

Partners in Saving Turtles: The Turtle Survival 
Alliance 

DWIGHT P. LAWSON 
Zoo Atlanta, 800 Cherokee Avenue SE, Atlanta, Georgia 30316, USA 

e-mail: dlawson@zooatlanta.org  

More than 300 million years in the making, the world's turtle 
and tortoise fauna is now disappearing at an unprecedented rate. 
In addition to the usual habitat loss and degradation, massive com-
mercialization of wild-caught animals for food and traditional 
medicine in the previously closed Asian markets is fuelling the 
removal of vast numbers of turtles and tortoises from fragile habi-
tats in Southeast Asia and as far away as Africa and the US. To 
combat the accelerating scope and scale of this loss, zoological 
parks and aquariums, dedicated private specialists, veterinarians, 
researchers, and other interested individuals and organizations have 
forged a new and unique partnership to link and synergize their 
individual and institutional efforts for chelonian conservation. 
Established in 2001 as the Turtle Survival Alliance (TSA), the 
group was designated an autonomous Task Force of the IUCN/ 
SSC Tortoise and Freshwater Turtle Specialist Group. The mis-
sion of the TSA is to develop and maintain an inclusive, broad-
based global network of collections of living tortoises and fresh-
water turtles with the primary goal of maintaining chelonian spe-
cies over the long term to provide maximum future options for the 
recovery of wild populations. By combining the volunteer efforts 
of its partners with financial support from zoological institutions 
such as Disney's Animal Kingdom, Cleveland Metroparks, Fort 
Worth, Columbus, the Wildlife Conservation Society, San Diego, 
Minnesota, and Atlanta, the TSA has made significant progress 
during its brief history. 

Now more than 200 partners strong, the TSA is implementing 
an ambitious program of coordinating existing ex-situ turtle col-
lections into viable ex-situ conservation management programs 
known as assurance colonies. Building on partnerships with gov-
ernment regulatory authorities in the US and abroad, the TSA has 
also moved otherwise doomed, illegally traded, and confiscated 
turtles and tortoises into this assurance colony network. The TSA 
currently manages more than 4000 animals, and partners have made 
tremendous strides in captive management and reproduction of a 
number of rare or enigmatic species such as the Flat-tailed Tor-
toise (Pyxis planicauda), the Sulawesi Forest Turtle 
(Leucocephalon yuwonoi), Forsten's Tortoise (Indotestudo 
forsteni), and the Yellow-headed Box Turtle (Cuora aurocapitata), 
among others. 

To tie the ex-situ programs to efforts in the field, the TSA is 
expanding its capacity-building role in range countries and in the 
US. With financial support from organizations such as the Insti-
tute of Museum and Library Services and the American Zoo and 
Aquarium Association, TSA partner institutions will be conduct-
ing training programs on small population management techniques 
for assurance colony mangers in the US in 2004-2005. Teams of 
TSA partners will also be conducting regional training programs 
on assurance colony development and captive management aimed 
at animal and facilities managers and wildlife officials in Hong 

Kong, Singapore, and China. These programs will be assisted by 
a recently hired, full-time coordinator in Asia who will also in-
ventory the resources and needs of current conservation projects 
and programs in southeast Asia that have potential to contribute to 
turtle and tortoise protection. 

Showcasing the successes of its first two years, the TSA held its 
first annual conference in Orlando, Florida 17-19 August 2003. 
The event highlighted that the strength of the TSA lies in the di-
versity of its partners and supporting organizations. The confer-
ence featured more than 40 presentations on topics ranging from 
natural history observations in the field, captive management and 
veterinary care, to purely academic research, and was attended by 
more than 80 participants from 10 countries. 

The breadth of TSA programs and projects points to a need for 
additional academic collaboration and scientific expertise in the 
organization, and a constant infusion of science in the process of 
saving turtles. For more information on TSA activities, to find out 
how to become a partner, or simply to help, contact Dwight Lawson 
(dlawson@ zooatlanta.org ) or Rick Hudson 
(rhudson@fortworthzoo.org ), or visit the TSA website at 
www.turtlesurvival.org . 
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With the exception of taxonomic debate, anatomy, and Mala-
gasy herpetofaunal reviews (Siebenrock 1903a, 1906; Vaillant and 
Grandidier 1910; Vuillemin 1972; Obst 1978; Sour 1979, 1981) 
the Malagasy Flat-tailed Tortoise has received little scientific at-
tention. Only in the past 10-15 years have radiotelemetric and 
distribution studies revealed anything of the species' life history 
in the wild. Captive populations held for the last 15 years at Durrell 
Wildlife Conservation Trust's (DW) headquarters at Jersey Zoo in 
the Channel Islands, UK, and at its Malagasy Chelonia Field Con-
servation Station (CFCS) in Ampijoroa, Ankarafantsika National 
Park, northwestern Madagascar, have also helped to reveal much 
about behavior and breeding ecology. 

Unfortunately, what has been learned regarding its distribution 
and status in the wild, together with the rapid deterioration of its 
forest home, gives grave cause for concern. Endemic to the Menabe 
region on the central western coast of Madagascar, the deciduous 
forests of the region are coming under increasing pressure from 
both international developers and logging companies, and from 
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no. 1. Adult female Pyxis planicauda at Jersey Zoo. 

local subsistence agriculture, charcoal production, hunting, and 
general disturbance by people and their domestic animals. Recent 
unsustainable and largely illegal commercial trade in the species 
for the North American, European, and Far Eastern hobbyist mar-
kets has exacerbated the tortoise's precarious position. Further-
more, the sensitivity of this enigmatic tortoise in captivity and the 
nature of its breeding biology give little hope for large-scale con-
servation or commercial breeding programs. As a result, the sur-
vival of this mysterious and beautiful tortoise is in serious doubt. 

Taxonomy.—Debate concerning this species' taxonomic posi-
tion revolves around its inclusion in the genus Pyxis (Bell 1827) 
or separation to Acinixys (Siebenrock 1903b). Obst (1978, 1980) 
and Bour (1981) embedded Acinixys within Pyxis, designating it a 
subgenus. However, the characters used by Obst (1980) and Bour 
(1981) are juvenile traits common not only to Acinixys and Pyxis, 
but also to all other African testudinidids, Homopus, Psammobates, 
Chersina, Kinixys, and even some Testudo and Geochelone (Ernst 
and Barbour 1989). Herpetologists are divided in their use of the 
two genera and further examination is required to clarify the situ-
ation. 

Description.—Though commonly referred to in the scientific 
and popular literature (even on IUCN and CITES listings) as the 
flat-shelled spider tortoise, P planicauda is neither. Its carapace is 
slightly flattened along the dorsal surface but it would seem logi-
cal to refer to this animal in accordance with one of its most strik-
ing anatomical features, and its scientific name—the flattened tail. 
Adult females reach a maximum carapace length of 130-150 mm 
and weigh up to 670 g (Kuchling and Bloxam 1988; Bloxam and 
Hayes 1991) (Fig. 1). Males are smaller with carapace lengths 
rarely exceeding 130 mm, and weights up to 400 g (Bloxam and 
Hayes 1991). Other than their size difference females tend to be 
relatively wider, have an entirely flat plastron, and a very short 
tail. Males in contrast are narrower in shape, have more pronounced 
flaring of the anterior marginal scutes, a deeply concave plastron, 
and a long, dorsoventrally flattened tail ending with a large horny 
scale on the dorsal surface. 

Distribution and Habitat.—P . planicauda inhabits dry decidu-
ous forest on the semi-arid central western coast of Madagascar. It 
is restricted to fragments of forest in the Menabe region between  

the rivers Morondava and Tsiribihina and a small isolated popula-
tion north of the latter river. The extent of its habitat is very lim-
ited and is decreasing steadily. 

The substrate in this forest is a very loose, well-drained, sandy 
soil covered in a deep layer of leaf litter. During the wet season 
(late November to early April) the trees are in leaf and form a 
broken canopy. It rains heavily during this season, often daily and 
sometimes for several hours at a time. Humidity remains fairly 
high and temperatures can soar to 37°C or more. In the dry season 
(April to November) standing water is rare, rainfall is extremely 
unusual, and the trees lose their leaves. Temperatures drop con-
siderably to around 27°C during the day and as low as 12°C at 
night (Bloxam, pers. comm.). 

Behavior—During the dry season P. planicauda enters a state 
of torpor (aestivation) and remains inactive buried deep beneath 
leaf litter. The relatively cool temperatures experienced deep be-
neath the insulating leaves and their moisture trapping properties 
help to ensure the survival of the tortoises during the waterless 
months. During rare unseasonable showers tortoises will emerge 
briefly to drink before returning to their retreats. 

When the rains start in late November or December tempera-
tures rise and the tortoises emerge to drink copiously. Tortoises 
straighten their rear legs, tilting their carapaces forward, so that 
rain runs down over their heads and pools in the leaves beneath 
them. On dry days, even during the wet season, tortoises return 
under the leaves and await further rain. 

Tortoises are rarely seen basking in direct sunshine and body 
temperatures of active tortoises have been measured between 26°C 
in early morning and 29.5°C in mid afternoon (Kuchling and 
Bloxam 1988). Bloxam and Hayes (1991) found evidence that 
smaller, more brightly colored juveniles tended to be found in ar-
eas of open canopy and sun-dappled forest floor while darker, more 
uniformly colored adults were found predominately in areas of 
shady, closed-canopy forest. 

Radio-telemetric data describing activity and movements have 
been collected over a number of seasons but are not yet published 
(Behler and Bloxam, in prep.). Even active, radio-tagged tortoises 
are difficult to locate and approach owing to their cryptic colora-
tion, acute eyesight, and wary nature (Bloxam, pers. com .). 

In the only study of P. planicauda density tortoises were esti-
mated to occur at between 0.58 and 1.95 tortoise/1000 m 2  (Bloxam 
et al. 1996). These low densities suggest a largely solitary exist-
ence as tortoises would rarely encounter each other. However, this 
study assumed even distribution across the study area. As the habi-
tat structure and quality is not uniform, at least temporary aggre-
gations seem likely. 

Diet.—Little data exist on wild diet. Kuchling and Bloxam 
(1988) observed tortoises eating the fruit of two trees (Breonia 
perrieri and Aleanthus greveanus), as well as leaves and shoots of 
various bushes. Fungus also appears to be an important part of the 
diet in the wild (Bloxam, pers. comm.) and would be the first avail-
able food item to tortoises emerging with the first rain after the 
dry season. Over 200 species of trees have been identified from 
the forests in which these tortoises live (Kuchling and Bloxam 
1988) and it seems likely that their wild diet is extremely varied. 
Like many other testudinids it is likely that they are opportunistic 
carnivores. 

Reproduction.—No data have been collected on the reproduc- 
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tion of P. planicauda in the wild. In ten years of field observations 
tortoises were only seen interacting on a single occasion—when 
two males were observed fighting (Bloxam, pers. comm.). 

Hatchling tortoises have been found shortly after the start of the 
rainy season which suggests that eggs may hatch to coincide with 
the rain and subsequent availability of food. It is estimated that 
sexual maturity is attained in 8-12 years. 

All our information on reproductive biology is derived from 
captive studies at the DW's Jersey Zoo headquarters and at the 
CFCS in northwestern Madagascar. 

CAPTIVE HUSBANDRY 

Background.—DW began working with P planicauda in 1988 
when five (2.3; M/F) animals were collected from the Kirindy 
forest in western Madagascar and established at the CFCS. A ad-
ditional four adults (2.2) were added in 1997 following successful 
management of the original animals. 

Jersey Zoo obtained its first specimens (4.2) in early 1991. Three 
additional females were added to this group in 1997. All animals 
were collected from the Kirindy. 

Accommodation.—R planicauda at Jersey Zoo are accommo-
dated in a purpose built, dedicated facility housing only this spe-
cies. Open topped enclosures measuring 50 x 50 cm are used to 
individually house the males (Fig. 2). A larger 400 x 50 cm open-
topped enclosure is used for communally holding the females. The 
20 cm high walls of all enclosures are solid and opaque. All enclo-
sures are constructed of fiberglass covered plywood, with sloping 
floors and drainage holes. 

A warm water sprinkler system is used to irrigate enclosures at 
a height of 20 cm above the substrate. Substrate consists of a 5 cm 
deep layer of volcanic pebbles (HydrolecaTM) covered with capil-
lary matting to facilitate drainage. A 2-3 cm deep layer of sandy 
soil and deep leaf litter provides a more naturalistic substrate over 
the capillary matting base. One quarter of the females' enclosure 
is not connected to the main spray system and has a 10-12 cm 
deep substrate of slightly dampened sandy soil for nesting. 

The enclosures are furnished with small logs under which tor-
toises can shelter and hardy plants such as Ficus, Sansevera, 
Maranta, Syngonium, and Yucca. The plants not only provide a 
natural vegetative cover but also help to maintain high humidity 
levels during the rainy season. 

At the CFCS in Madagascar tortoises are housed simply in 150 
x 250 cm enclosures divided by 22 cm high concrete blocks. Sub-
strate is natural forest soil and leaf litter and the enclosures are 
shaded by small shrubs, bushes, and large teak trees 
(Razandrimamilafiniarivo et al. 2000). 

Environmental parameters.—Replication of the extreme sea-
sonal climatic variation is essential for the maintenance of this 
species in captivity. The animals at Jersey Zoo were given a six-
month shift in their seasons when they were brought into captiv-
ity. The rationale for this was that the hot, wet season would then 
coincide with the European summer and the cooler, dry season 
with the winter. Although the animals are maintained in a heated, 
well-insulated room, obviously it is easier to provide the appro-
priate seasonal conditions when there is some correspondence to 
the local climate. 

Pyxis planicauda at Jersey Zoo are kept at 27-34°C during the 
day and 22-26°C at night during the wet season; rainfall is simu- 

FIG. 2. Individual enclosures for male Pyxis planicauda at Jersey Zoo. 

lated with a warm (20°C) water sprinkler system in operation 0.5-
4 h per day. Humidity remains above 70% at all times and ap-
proaches 95% during and immediately after showers. 

To simulate the dry season, 'rainfall' is reduced to zero as the 
temperatures are gradually lowered to 22-28°C in the daytime. A 
cooling system ensures that low night time temperatures (14-18°C) 
are achieved and maintained. 

Photoperiod and general room lighting is provided by ZooMed 
Reptisun 2.0TM and varies from 14:10 h (light:dark) at the peak of 
the wet season to 11.5:12.5 h in the middle of the dry season. 
Localized hotspots/basking areas (45-55°C) are provided during 
the wet season. The large female enclosure is fitted with two 275W 
Active UVHeatTM  spotlights and the male enclosures are each fit-
ted with a 60W incandescent spotlight. 

At the CFCS in Madagascar tortoises are exposed to the local 
seasonal climate in their outdoor enclosures which is very similar 
to that of their native habitat. 

Diet.—At Jersey Zoo, simulated rainfall with the warm water 
sprinkler system is essential to rouse the animals from their dry 
season torpor and to ensure that they are fully rehydrated. Although 
water bowls are provided they have rarely been observed to use 
them and prefer to drink water as it pours over their head and 
collects in dry leaves beneath them. Daily 'rainfall' is also required 
to stimulate the animals to feed. 

The key dietary item in the first weeks of the wet season is fun-
gus. Oyster mushrooms are preferred but beef, shitake, and button 
mushrooms are also readily taken. This early season preference 
for fungus might reflect their wild diet where this food item would 
be among the first to emerge with the onset of the rains. 
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As the wet season progresses they begin to accept a wider vari-
ety of food items including soft and finely chopped hard fruits 
(particularly tomato, pear, and papaya), green vegetation (includ-
ing dandelion, chicory, and pakchoi), and small quantities of ani-
mal protein in the form of a low-fat cat food. 

Fruit feedings are always supplemented with NutrobalTM multi-
vitamin powder. Animals are fed every day during the wet season. 
They receive green vegetation 3-4 times per week, fruit 3-4 times 
per week, and animal protein 1-2 times a month. Mushrooms are 
provided daily for the first two weeks of the wet season and twice 
per week thereafter. Chopped cuttlefish bone (Sepia sp.) is pro-
vided ad libitum and sweet potato tubers are planted in the sub-
strate, or in pots, to provide growing vegetation on which they can 
browse. The species is enthusiastically coprophagous which may 
have important implications for the inoculation of baby tortoises 
with beneficial gut flora. 

P. planicauda at the CFCS are fed four times per week and re-
ceive a variety of leaves and fungi from the forest supplemented 
with Opuntia, banana, mango, papaya, and tomato 
(Razandrimamilafiniarivo et al. 2000). 

Medical considerations.—Captive P. planicauda are prone to 
heavy nematode infestations which can be detected in analyzed 
fecal samples. This has never proven pathogenic with adult tor-
toises but has been implicated in the death of juveniles at the facil-
ity in Madagascar (Razandrimamilafiniarivo et al. 2000). High 
standards of hygiene are needed to prevent accumulation of para-
sites within the confines of an enclosure. 

Tortoises at Jersey Zoo are occasionally wormed with 
Fenbendazole (PanacurTm)—via stomach tube, or poured over a 
palatable food item—when particularly high parasites loads are 
apparent. Routine treatment is avoided because of the disruption 
to symbiotic gut flora. 

Jersey Zoo has recorded one case of egg retention and binding. 
Oxytocin and calcium therapy was unsuccessful in this case but 
should normally be expected to work if the condition is diagnosed 
early. 

P. planicauda not provided with adequate water by simulated 
rainfall are apt to become dehydrated, stop feeding, and lose weight 
quickly. 

Breeding.—Observing the reproductive behavior of this timid 
tortoise has proven problematic at both captive facilities. At the 
CFCS in Madagascar a blind was built to enable observers to ap-
proach and remain in close proximity undetected. At Jersey Zoo a 
regular and extended staff presence in the room housing the tor-
toises has resulted in habituation (after 6-18 months in captivity) 
and specimens will now feed, drink, fight, and mate in the pres-
ence of staff. 

At Jersey Zoo animals are introduced for breeding purposes 
shortly after the start of the wet season. Two males are paired for 
15-60 minutes for infra-sexual combat in their smaller enclosures. 
Vigorous combat ensues involving butting and aggressive biting 
of fore and hind limbs. Dominant animals will often be observed 
to mount the other male after a period of aggressive combat. 

The paired males are then separated to their individual enclo-
sures and a female introduced. Mounting by the male is usually 
preceded by bouts of butting and frantic circling of the female. 
Receptive females remain stationary while mounting and mating 
occurs. Unreceptive females move continuously around the en- 

closure making mounting and mating impossible for the male. 
Confirmation of successful copulation and measurement of its 
duration is difficult. Once mounted on a female, males typically 
stretch their head and neck to its full extension and open their 
mouth widely. During attempted and actual copulation males make 
quiet, strained 'gasping' noises (the only vocalization recorded 
for the species). Females are left with a male for variable periods 
of time during the wet season (2-24 h) before being separated to 
their own enclosure. Repeated attempts at copulation may occur 
during this time. Mating is most common in the early hours of the 
morning but has been observed at all times of the day. 

This management regime of male-male combat followed by pair-
ing with females is repeated 3-6 times per week throughout the 
wet season. Successful mating has been recorded throughout the 
wet season but is typically more frequent during the first 2-3 
months. 

Pyxis planicauda at the CFCS are introduced for mating in small 
groups of one male and two females. This has proven successful 
at this facility (Razandrimamilafiniarivo et al., 2000), but trials at 
Jersey Zoo with this group structure resulted in males being dis-
tracted while mounted on one female by the presence of a second 
(pers. obs.). Similarly, a group structure of two males and one 
female also leads to interruption with the mounted male distracted 
by the competing male or the competitor dislodging the mounted 
male from the female (pers. obs.; Razandrimamilafiniarivo et al. 
2000). 

Egg laying usually begins 30+ days after mating is first observed 
(Razandrimamilafiniarivo et al. 2000). Females usually begin nest-
ing after sunset and will continue into the early hours of the fol-
lowing morning. The nest is dug in sandy soil (5-6 cm deep) and 
a single large egg deposited. Females may lay up to three clutches 
of one egg in a season at intervals of 3-6 weeks. Data for 38 eggs 
are as follows (mean, range): mass = 19.7 g (15.4-22.2 g); length 
= 38.0 mm (34.1-41.6 mm); width = 29.7 mm (27.2-31.7 mm). 

Eggs are laid in the second half of the wet season but do not 
hatch until the beginning of the following wet season. There ap-
pears, therefore, to be suspended development of eggs (diapause) 
such that hatchlings emerge when food is abundant rather than in 
the middle of the dry season. Consequently, incubation periods 
vary considerably. Eggs laid three months apart in one wet season 
may hatch within days of one other at the start of the following 
season. 

Razandrimamilafiniarivo et al. (2000) have recorded incuba-
tion periods between 257 and 343 days (mean = 291 days, N = 20) 
under natural incubation conditions. Artificially incubated eggs 
hatched at Jersey Zoo have incubated for >213 days, 262 days, 
and 306 days (Table 1). All eggs laid at Jersey Zoo are subjected 
to the environmental conditions experienced by the adult tortoises, 
thereby mimicking natural conditions. After nesting, eggs are ex-
cavated, weighed, and measured before being half buried in a small 
bowl of dry vermiculite. This bowl is then placed in a large (200 x 
200 x 130 mm) opaque plastic box (with a lid) half-filled with 
dampened vermiculite (1:1 water:vermiculite, by weight). The box 
is kept in the P planicauda room where it is subjected to the daily 
and seasonal temperature fluctuations. The box is opened twice 
per week to permit air exchange (this also has the gradual effect of 
allowing the dampened vermiculite to dry, and the humidity in the 
box to drop). Towards the end of the dry season the boxes are 

114 	 Herpetological Review 35(2), 2004 



FIG. 3. Pyxis planicauda hatching. 

moved to an incubator where they are maintained at 30-31°C. 
Humidity in the box is gradually increased again by adding water 
to the vermiculite in the box. 

At Jersey Zoo females have been consistent and regular egg 
layers. On average, 2-3 eggs are laid by each female each season. 
Despite observations of confirmed copulation prior to egg laying 
the instances of fertility have been very low. It is hypothesized 
that this may be due to the artificially imposed shift of seasonal 
activity by six months in order to correspond with our own Euro-
pean summer and winter seasons. If this is the case we expect the 
rate of fertility to improve over coming years as their behavioral 
and physiological cycles become aligned. 

Hatchling P planicauda may stay inside the shell for up to one 
week after pipping (Fig. 3). During this time they are prone to 
dehydration and are lightly sprayed with warm water. Hatchlings 
have a plastral fold so severe that it extends into the carapace giv-
ing them a crumpled appearance on emergence. Full straightening 
of the plastron and carapace can take weeks and a small crease is 
often visible in the centre of each bridge many months after hatch-
ing. 

Juvenile P. planicauda have proven highly sensitive to nema-
tode infestation at the CFCS. Changes in tortoise management in-
cluding improved hygiene, regular substrate changes, and drug 
therapy are alleviating this problem (Razandrimamilafiniarivo et 
al., 2000). 

Rearing of juveniles at Jersey Zoo has also proved problematic. 
The first hatchling died at 18 months of age after more than 6 
months of poor appetite and failure to gain weight. It is hypoth-
esized that deviation from the strict seasonal regime was to blame  

Jersey Date Incubation Egg Data 
Zoo ID Hatched Period Wt 	L 	W Wt 

R705 17/8/95 >213 days — 	— 15.7 
R1232 20/6/01 306 days 19.8 	37.9 	29.8 13.7 
R1265 12/4/02 262 days 18.6 	37.6 	29.1 13.8 

(the wet season was artificially extended to try to encourage feed-
ing and weight gain). Two subsequent hatchlings are now given 
the same seasonal regime as the adult animals. 

Only four Pyxis planicauda are reported to have been bred out-
side Madagascar in zoos. Three of these hatched at Jersey Zoo 
(Table 1) and one at Knoxville Zoo in the USA in May 2002. These 
four animals represent the total breeding success with P planicauda 
at three internationally renowned zoos (including Bronx Zoo) over 
a collective period of more than 25 years. There are recent reports 
of successful hatching of eggs from recently imported (gravid) P 
planicauda in the private sector in the USA and Europe but regu-
lar, repeatable reproduction of established long-term captive ani-
mals has yet to be achieved. 

CONSERVATION 

Pyxis planicauda is in real danger of extinction. It is listed by 
the World Conservation Union as Endangered (IUCN 2000). With 
its limited distribution and specialized habits it is vulnerable to 
forest disturbance, degradation, fragmentation, and destruction. 
All of these are occurring in the Menabe region. Oil prospecting 
in the early 1990s opened up the forest to local people and their 
cattle resulting in slash and burn agriculture, burning for cattle 
pasture, felling of firewood, and the spread of feral pigs which are 
suspected predators of eggs and young (Bloxam et al. 1993; Bloxam 
and Hayes 1991). Legal logging continues and there have been 
proposals for large agricultural developments including sugar cane, 
and more recently chicken farming and sisal plantations (Kuchling 
and Bloxam 1988; Bloxam, pers. comm.). 

Pyxis planicauda is now listed by CITES (Convention on Inter-
national Trade in Endangered Species) on Appendix I which pro-
hibits any trade in wild specimens. This listing was made in re-
sponse to an escalating and apparently unregulated international 
trade in illegal and legal specimens for the hobbyist trade in Eu-
rope, the USA, and the Far East during the late 1990s Animals 
arriving in Europe and the USA alone far exceeded export quotas 
set by CITES and the Malagasy authorities. This poorly controlled 
and ill-advised trade has placed several thousand of these sensi-
tive and shy tortoises in the hands of not just the experienced, 
dedicated amateur herpetoculturist, but also the unprepared pet 
keeper. Many of these tortoises will die prematurely and breeding 
among those that survive will be exceptional. 

There is anecdotal evidence that an isolated population of P 
planicauda towards the south of its range has been extirpated 
through trade in the past five years (Durbin and Lewis, pers. 
comm.). 

The low density at which these tortoises appear to occur in the 
wild and their reproductive biology—with low fecundity and slow 

maturation—suggest that any 
level of commercial collection 
from the wild is likely to be un-

Hatchling Data sustainable. The nature of the 
species' reproductive biology 
similarly hinders attempts to es-
tablish captive conservation 
populations and casts serious 
doubt upon existing and proposed 
self-sustaining commercial op-
erations to supply the interna- 

TABLE 1. Egg and hatchling data for three Pyxis planicauda hatched at Jersey Zoo. 

CL CW CH PL PW 

38.9 38.0 21.6 — 	— 
37.4 35.2 — 36.2 31.8 
37.8 35.2 — 34.9 30.2 

Weight in grams; all dimensional data in mm. L = egg length; W = egg width. CL = carapace length, CW = carapace width, 
CH = carapace height, PL = plastron length, PW = plastron width. 
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tional pet trade. 
If trends in collection, habitat destruction, forest fragmentation, 

and human encroachment persist, the long-term future of P. 
planicauda in the wild looks very bleak. The deciduous forests of 
the Menabe region are of enormous ecological importance and 
are home to a wide variety of endemic plants and animals and to 
many internationally threatened species. 

It is not only P. planicauda whose survival is in question but 
also that of the Narrow-striped Mongoose (Mungotictus 
decemlineata), the Giant Jumping-Rat (Hypogeomys antimena), 
Berthe's Mouse Lemur (Microcebus berthae), a plethora of rep-
tile and amphibian species, and possibly other endemic species 
not yet described. 

International awareness of the plight of P planicauda can pro-
vide valuable support for future conservation initiatives in the 
Menabe region. However, it will require many years of hard work 
by determined conservationists and herpetologists, the implemen-
tation of appropriate legislation, and a lot of luck to ensure that 
the forests of Menabe remain the home of kapidolo, the 'ghost 
turtle,' for centuries to come. 
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I was sitting in my graduate-student cubicle at the Savannah 
River Ecology Laboratory back in 1981 when my major profes-
sor, Whit Gibbons, unexpectedly appeared in the doorway. He was 
rhythmically slapping one hand into the other, a tell-tale signal 
that something was up. "It's mighty early in your career to be 
making enemies," he said. Earlier in the week I had phoned a lead-
ing authority, whom I shall refer to as Dr. Thibodeaux, about a 
research idea that I was pondering as a possible dissertation topic. 
We had what I thought was a pleasant, helpful conversation, but 
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Dr. Thibodeaux promptly called Whit and told him to stop me 
from pursuing the topic. He claimed that this was his idea, and he 
intended to work on it sometime in the indefmable future. Whit 
expressed his support for whatever I wanted to do, but I ended up 
changing dissertation topics. Little did I realize, however, that I 
would run into the same situation with another respected author-
ity from a different field. Submission of my dissertation work for 
publication (Camp 1988) prompted a letter from Dr. Erhohung 
(again, a pseudonym), who happened to serve as a reviewer for 
the journal. Dr. Erhohung essentially told me to cease and desist 
from all work in this area as it competed with part of a broader 
study that he was conducting. He noted that he had earlier pub-
lished a statement of intent concerning his study and, therefore, 
no one else had any right working on it. More recently, this same 
researcher has used his influence to get a major, publicly funded 
museum to deny me access to specimens for the same stated rea-
son. Considering these personal experiences, I have no doubt that 
similarly minded researchers may use their influence to prevent 
"threatening" papers from getting published. I would hope, how-
ever, that this ploy succeeds only rarely. 

I suspect that few researchers actually have the clout to prevent 
others from working in "their area." More commonly, perceived 
encroachment simply generates hard feelings, with the unfortu-
nate consequence of preventing meaningful collaboration. On the 
other side of the same coin, I know researchers who avoid work-
ing on certain topics or even reviewing related manuscripts for 
fear of stepping on someone's toes. I do not know if this mindset 
of first-come, first-research is unique to herpetology, but other 
scientific disciplines seem rife with competitive research, as rival 
labs race for the accolades of scientific discovery. 

Although herpetology may seem enviable with its ordered, 
friendly, even chivalrous approach to doling out research areas, 
the result is to stymie scientific advancement. Platt (1964) argued 
that science successfully proceeds by testing competing, alterna-
tive hypotheses. The effective stillbirth of such hypotheses through 
the exclusion of other minds translates into a status quo that re-
treads the same old stale ideas and stifles intellectual headway. I 
believe that this attitude has, at least in part, contributed to a "lack 
of novel hypotheses" (Tilley and Bernardo 1993) in certain areas 
of herpetology. Moreover, the confirmation of conclusions through 
the replication of results is an important, albeit often overlooked 
cog in the engine of scientific progress. 

It is particularly disheartening when established researchers, 
whose careers have already been made, expect new, budding sci-
entists (i.e., graduate students) to tug their forelocks in deference 
and meekly shuffle off to find something else to work on. This 
sends, if not exactly a stake through the heart of science, certainly 
a thorn into its flesh. After all, it is not the old dogs that create 
new, revolutionary ideas, but it is those who are "almost 
always...either very young or very new to the field....who, being 
little committed by prior practice to the traditional rules of normal 
science, are particularly likely to see that those rules no longer 
define a playable game and to conceive another set that can re-
place them" (Kuhn 1970). 

We are all human, and none of us likes the thought of being 
scooped. I fully understand the annoyance resulting from a dis-
cussion with a young colleague that inadvertently creates a com-
petitor. Even so, competition sharpens us as scientists, and the  

fear of it does not legitimize claims of ownership. Planting one's 
flag, so to speak, in certain research topics or taxonomic groups is 
nothing short of intellectual imperialism. Protecting research turf 
may contribute to legacy-construction, but science is driven by 
ideas, not legacies. Science in general, and herpetology in par-
ticular, benefits by putting personal claims aside. My advice to 
those who wish to avoid being scooped is to simply work faster. 
To those considering research projects in "pre-owned" areas, go 
ahead. Rather than deferring to the authorities, send them reprints. 

Acknowledgments.—Thanks to Ben Cash, Whit Gibbons, John Jensen, 
and Associate Editor Brian Bowen for their helpful comments. 
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Dowling et al. (1996) used allozyme data from four protein loci 
to infer higher level snake phylogeny. Their conclusions were based 
on a single tree inferred using UPGMA clustering. Buckley et al. 
(2000) reanalyzed the allozyme data of Dowling et al. (1996), 
discovering numerous identical distance values between pairs of 
taxa and therefore the existence of numerous equivalent UPGMA 
trees. Based on more thorough tree searches using UPGMA 
clustering, minimum evolution, and parsimony analysis, they 
concluded that the data in question were highly ambiguous 
concerning the higher level phylogeny of snakes, and that the high 
degree of resolution in the tree of Dowling et al. (1996) was an 
artifact produced by selecting one out of many equivalent trees. 

Highton et al. (2002) responded by questioning three of the 
practices used by Buckley et al. (2000) to reach their (our) 
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conclusions: 1) our exclusion of OTUs with allelic complements 
(and therefore genetic distances) identical to those of other OTUs 
in the distance matrix, 2) our use of a single taxon input order 
rather than multiple randomized input orders of taxa, and 3) our 
use of the strict consensus method rather than the majority-rule 
consensus method. The overall suggestion was that, when these 
three supposed problems are corrected, the data in question yield 
a high degree of phylogenetic resolution. That conclusion is 
unfounded, as we here demonstrate by addressing the three 
criticisms. 

It should be noted that although Highton et al. (2002) stated that 
their original study was aimed primarily at lower level 
relationships, Dowling et al. (1996) nevertheless presented a tree 
that had considerable resolution regarding deep branches and called 
attention to the existence of 18 major groups and their inter-
relationships (see their Fig. 6). Furthermore, the somewhat less 
resolved tree defended by Highton et al. (2002) still exhibits 
considerable deep resolution. Thus, the issue remains whether the 
data of Dowling et al. (1996) support the level of resolution in the 
tree presented by Highton et al. (2002) as opposed to the much 
lower levels of resolution in the results of Buckley et al. (2000). 

1. EXCLUSION OF IDENTICAL TAXA 

One of the reasons that Highton et al. (2002) obtained greater 
resolution than we did for the same data was that they retained 
taxa with identical alleles at all four loci that they surveyed. Buckley 
et al. (2000) removed identical taxa prior to analysis because such 
taxa provide no additional information about the structure of the 
tree (i.e., beyond the fact that they will always cluster with the 
taxa to which they are identical). According to Highton et al. 
(2002:720), "Actually, adding or deleting identical taxa may affect 
tree topology. If identical OTUs are removed from a study, the 
remaining OTUs may join more basal branches in a different order." 
Although they are correct in stating that removing identical taxa 
can affect tree topology, at least for some methods (see below), 
and although we overlooked the fact that this property holds for 
UPGMA clustering, we maintain that the sensitivity of that method 
to the presence or absence of identical taxa is an undesirable 
property. The resolution resulting from it in the trees of Dowling 
et al. (1996) and Highton et al. (2002) is therefore unwarranted. 

Consider the example of Amphiesma stolata, Clonophis kirtlandi 
and various taxa with identical alleles at all four loci, Sinonatrix 
annularis, Regina rigida, and R. septemvittata. In our UPGMA 
consensus tree (Buckley et al. 2000:Fig. 1), based on an analysis 
that excluded the taxa identical to Clonophis, each of these taxa 
forms a separate branch of a large polytomy made up of 73 
branches, three nodes above the root of the tree. This situation 
reflects the fact that several of the species in question exhibit 
distances of 0.5000 or (in one case) 0.7500 to one another, which 
are equal to or greater than distances between these species and 
other species making up other branches of the polytomy, in 
particular, those making up a group composed of species of 
Rhabdophis and Xenochrophis. In contrast, in the majority rule 
consensus tree of Highton et al. (2002:Fig. 1), the species of 
Amphiesma, Clonophis and identical taxa, Sinonatrix, and the two 
species of Regina form a resolved group, and moreover, that group 
is resolved as being most closely related to the group composed of 
Rhabdophis and Xenochrophis species. 

These discrepancies result from the inclusion versus exclusion 
of identical taxa in combination with the properties of UPGMA 
clustering. UPGMA is an average linkage clustering method 
(Sneath and Sokal 1973). It operates by iteratively forming groups 
made up of pairs of taxa (OTUs), or of previously formed groups, 
based on the average distances between their member OTUs. As 
the name indicates, UPGMA uses an unweighted averaging 
procedure. This means that when OTUs or groups of OTUs are 
united to form an initial or larger group, the average distance 
between this new group and all other OTUs or groups (which is 
needed to determine which group to unite in the next iteration of 
the procedure) is calculated by taking the arithmetic mean (average) 
of all of the relevant pairwise distances between the individual 
OTUs as present in the original (unclustered) matrix. This 
"unweighted" averaging procedure has the effect of weighting all 
comparisons equally and can be contrasted with the weighted 
averaging procedure used in a related method known as WPGMA. 
In weighted averaging, the average distance between a group and 
all other OTUs or groups is calculated by taking the average of the 
pairwise distances, not between individual OTUs in the original 
matrix, but between the two groups of OTUs in the matrix used in 
the previous iteration of the procedure. For example, suppose a 
previously formed group composed of Clonophis kirtlandi and 
Sinonatrix annularis is united to form a larger group with Regina 
septemvittata. With unweighted averaging, the distance from the 
group composed of these three species to Regina rigida will be 
calculated as the average of the distances between C. kirtlandi 
and R. rigida, S. annularis and R. rigida, and R. septemvittata and 
R. rigida = (0.5000 + 0.5000 + 0.2500)/3 = 0.4166. In contrast, 
with weighted averaging, the distance from the group of three 
species to R. rigida will be calculated as the average of the distance 
between the group C. kirtlandi + S. annularis and R. rigida 
(calculated in the previous iteration of the procedure) and that 
between R. septemvittata and R. rigida = (0.5000 + 0.2500)/2 = 
0.3750. 

Because of the properties of unweighted averaging, it should be 
clear that the inclusion of identical taxa can indeed affect the results 
of UPGMA clustering (but should not affect those of WPGMA 
clustering). Thus, using the same example, if taxa with identical 
alleles to those found in Clonophis kirtlandi are included in the 
analysis, then these taxa will always cluster with Clonophis before 
either they or Clonophis clusters with other taxa, and therefore, 
the distance between any OTU or cluster and one containing 
Clonophis and these identical taxa will be affected by the inclusion 
(and number) of the identical taxa. Specifically, when taxa identical 
to Clonophis are excluded, Amphiesma stolata clusters with 
Rhabdophis and Xenochrophis rather than with Clonophis, 
Sinonatrix and Regina in some of the identical UPGMA trees, 
reflecting the fact that A. stolata exhibits distances to the former 
taxa (0.5000) that are as small or smaller than those that it exhibits 
to some of the latter taxa (0.5000-0.7500). However, if even one 
taxon identical to Clonophis is included, then the average distance 
from Amphiesma to any group containing Clonophis and identical 
taxa is decreased, and Amphiesma always clusters with one or more 
of Clonophis, Sinonatrix, and Regina before it clusters with 
Rhabdophis and Xenochrophis, despite the fact that some of the 
distances between Amphiesma and the former taxa (0.5000-0.7500) 
are as large or larger than those that it exhibits to the latter taxa 
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(0.5000). Such resolution is not warranted by the data, and this 
situation suggests that either the identical taxa should be excluded 
or, if they are to be included, that WPGMA rather than UPGMA 
clustering should be used. 

2. TAXON INPUT ORDER 

Highton et al. (2002) are correct in their assertion that 
randomization of the input order of taxa can be used to break ties. 
However, they are incorrect in stating that "Buckley et al. (2000) 
reached their conclusions [i.e., about lack of resolution] because 
they used only strict consensus trees and did not randomize the 
order of their input taxa" (p. 270). In fact, the procedure of 
randomizing taxon input order is functionally equivalent to the 
systematic (NTSYS) and random (PAUP) tie-breaking procedures 
used by Buckley et al. (2000). All of these methods cause the 
clustering procedure to follow different pathways in the case of 
tied-values, and consequently, they produce different, but 
equivalent, trees. The main differences are that all possible 
pathways are taken in the case of systematic tie-breaking, while 
(usually) different random pathways are taken in the case of random 
tie-breaking and randomizing taxon input order. Therefore, the 
greater resolution in the consensus tree of Highton et al. (2002:Fig. 
1)relative to that of Buckley et al. (2000:Fig. 2) results from the 
difference in consensus methods (see below) and the fact that 
Highton et al. (2002) examined only 50 of the many equivalent 
trees, compared to the 9999 (systematic tie-breaking) and 1000 
(random tie-breaking) equivalent trees examined by Buckley et 
al. (2000). 

It should be noted that Highton et al.'s discussion of the 
relationships among Carphophis, Diadophis, and Farancia, which 
they used to argue that we should have used different random input 
orders of taxa, is confused. They correctly pointed out that the 
UPGMA tree of Dowling et al. (1996:Fig. 3) and the strict 
consensus of the 9999 UPGMA trees of Buckley et al. (2000:Fig. 
2) both have the relationships ((Carphophis, (Diadophis, 
Farancia)), and this is also true for the majority rule consensus of 
the 50 UPGMA trees of Highton et al. (2002:Fig. 1). However, 
they incorrectly stated that "In [Buckley et al.'s] Fig. 3, their 9999 
trees all had a different topology ((Carphophis, Diadophis), 
Farancia) indicating the input order had been reversed" (Highton 
et al. 2002:271). On the contrary, Fig. 3 of Buckley et al. is not the 
consensus of 9999 UPGMA trees but of six minimum evolution 
(ME) trees, with branches less than 0.0646 (the smallest observed 
value) collapsed. For our ME analysis, we used the same input 
order of taxa as for our UPGMA analyses. Therefore, the difference 
between our ME consensus tree and the various UPGMA consensus 
trees presumably results from the different method used for that 
analysis. 

In contrast with UPGMA, the ME method does not assume 
(approximate) evolutionary rate equality among lineages. This 
property is important in the case of the three taxa in question, 
because although Carphophis exhibits a greater distance to 
Diadophis (0.3571) and Farancia (0.5991) than those taxa do to 
each other (0.3318), the Carphophis and Diadophis lineages appear 
to be evolving rapidly for the set of loci sampled, relative to the 
Farancia lineage. Assuming that these three taxa form a 
monophyletic group (as suggested by both the UGPMA and ME 
but not the parsimony analyses of Buckley et al. 2000), relative  

rate tests using Calamaria gervasii and Rhamphiophis oxyrhynchus 
(taxa that share the most alleles with Carphophis, Diadophis, and 
Farancia) as outgroups, reveals substantially greater distances to 
Carphophis and Diadophis (D = 0.8664 – 0.9286) than to Farancia 
(D = 0.5000-0.5991). Consequently, even though Diadophis is 
more similar to Farancia than to Carphophis (for the loci in 
question), as indicated by the results of the UPGMA analysis, it 
may share a more recent common ancestor with Carphopis than 
with Farancia, as indicated by the results of the ME analysis. 

The pattern of shared alleles supports this interpretation. At the 
only locus (Acp) for which Diadophis and Farancia share an allele 
(24) not found in Carphophis, the allele in Carphophis (31) is 
unique to that taxon (among all snakes examined) and is therefore 
potentially autapomorphic. In other words, the allele shared by 
Diadophis and Farancia may be ancestral for all three taxa, and 
consequently, the fact that it is shared by Diadophis and Farancia 
does not support a relationship between those taxa to the exclusion 
of Carphophis. In contrast, Carphophis and Diadophis share an 
allele (07) at the Mdh locus that appears to be derived relative to 
the allele (06) present in Farancia (based on presence of allele 06 
in other snake species), suggesting that Carphophis and Diadophis 
share a common ancestor not shared by Farancia. 

Highton et al. (p. 271) reached their erroneous conclusion about 
taxon input order because they believed that "the 1-value between 
the pair Carphophis and Diadophis is the same as that between 
Diadophis and Farancia" and "the tie was no longer present [in 
the majority rule consensus tree of Highton et al.] because [they] 
included two species of Farancia." On the contrary, the I value 
for the Carphophis-Diadophis comparison (I = 0.6429; D = 0.3571) 
is not the same as that for the Diadophis -Farancia comparison (/ 
= 0.6682; D = 0.3318), reflecting the fact that the allele shared by 
Carphophis and Diadophis at the Pgm locus (08) is polymorphic 
in both taxa, while that shared by Diadophis and Farancia (also 
08) is polymorphic in Diadophis but not in Farancia (both pairs 
of taxa share all their alleles at two of the other three loci and none 
at the third). Thus, the clustering of Diadophis with Farancia in 
the various UPGMA analyses has nothing to do with including 
two species of Farancia. Because the distance between those two 
taxa is smaller (D = 0.3318) than the distance between Carphophis 
and Diadophis (D = 0.3571) and that between Carphophis and 
Farancia (D = 0.5991), Diadophis and Farancia cluster together 
in all the various UPGMA analyses—both those excluding 
(Buckley et al. 2000:Fig. 2) and those including (Highton et al. 
2002:Fig. 1) the second species of Farancia. (The same is true for 
the Cavalli-Sforza and Edwards chord distances used by Highton 
et al., which are 0.0383, 0.0444, and 0.0679, respectively.) 

3. CONSENSUS METHODS 

The suggestion by Highton et al. (2002) that we overlooked the 
phylogenetic signal present in the data of Dowling et al. (1996) by 
using the strict consensus method rather than the majority-rule 
consensus method highlights the general problem of deciding 
which groups are to be considered supported by the results of a 
phylogenetic analysis. Consensus methods, of which several have 
been proposed (reviewed by Swofford 1991; Nixon and Carpenter 
1996), bear on this question in that they are commonly used to 
assess agreement among the members of a set of equivalent trees. 
The strict consensus method (Schuh and Polhemus 1981) used by 
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Buckley et al. (2000) retains only those groups that appear on all 
trees in the set. In contrast, the majority-rule consensus method 
(Margush and McMorris 1981) advocated by Highton et al. (2002) 
retains all groups that are present in some arbitrarily specified 
proportion of the trees greater than or equal to 50%. Other less-
than-strict methods (e.g., reduced consensus, Adams consensus) 
also seek to retain more resolution, but this increased resolution is 
accomplished at the expense of ignoring contradictory data 
(Kearney 2002; Nixon and Carpenter 1996). 

Choice of a consensus method reflects the stringency of the 
standard of group support adopted. Within this framework, various 
standards of group support form a continuum ranging from least 
rigorous to most rigorous as follows: any character support at all 
—> present on any of the optimal trees —> present on a majority 
(>50%) of the optimal trees (the criterion adopted by Highton et 
al. 2002) —> present on various fractions of the optimal trees above 
50% —> present on all (100%) of the optimal trees (the criterion 
adopted by Buckley et al. 2000) —> present on a majority (> 50%) 
of the optimal trees resulting from bootstrap/jackknife analysis 
(this criterion will not always be more stringent than the preceding 
one because it is based on a qualitatively different property) -3 
present on various fractions above 50% of the trees resulting from 
bootstrap/jackknife analysis (commonly used fractions are 70%, 
90%, and 95%). 

In this context, Highton et al. (2002) advocated a consensus 
method (50% majority-rule) that resides near the permissive end 
of the spectrum, whereas Buckley et al. (2000) used one (strict or 
100% majority rule) that corresponds with a more stringent 
criterion. As a result, Highton et al.'s (2002) consensus tree contains 
groups that are contradicted by some of their equivalent trees, 
whereas Buckley et al.'s (2000) consensus tree contains only those 
groups that are not contradicted by any of their equivalent trees. 
Although authors are free to adopt as permissive or stringent a 
criterion as they see fit, the recent trend in phylogenetics has been 
to use much more stringent criteria than the one adopted by Highton 
et al. (2002). Thus, the strict consensus method is the most 
commonly used consensus method for representing agreement 
among equivalent optimal trees resulting from a single 
phylogenetic analysis (Nixon and Carpenter 1996; Swofford 1991), 
and many recent authors demand even more stringent criteria for 
considering a group to be adequately supported, such as presence 
in 70% or even 95% of the optimal trees obtained using bootstrap 
or jackknife resampling methods. 

We performed bootstrap analyses, each with 100 replicates, using 
the phylogenetic software packages PAUP* version 4.0b10 
(Swofford 2002), for UPGMA and parsimony analyses, and 
FastME (Desper and Gascuel 2002), for minimum evolution 
analyses, to assess levels of support provided by the allozyme data 
for various groups of taxa. Following the program default, we 
considered presence of a group in 50% of the bootstrap replicates 
to be the minimum level of acceptable support (given that a group 
present in less than 50% of the replicates can be contradicted in 
more replicates than it is supported). The original published tree 
of Dowling et al. (1996) has 122 groups (nodes), or 103 excluding 
those composed of taxa with identical character states; the majority 
rule consensus tree of Highton et al. (2002) has 105 groups, or 86 
excluding those composed of identical taxa. By comparison, 
bootstrap analysis using UPGMA yielded only 18 and 8 groups  

(total and excluding those composed entirely of identical taxa) 
supported in greater than 50% of the replicates; bootstrap analysis 
using minimum-evolution yielded only 40 and 19 groups; and 
bootstrap analysis using parsimony analysis yielded 0 groups. 

In sum, the majority-rule consensus tree presented by Highton 
et al. (2002) corresponds with a relatively permissive criterion of 
support (presence in > 50% of the equivalent trees) in that it retains 
groups that are contradicted by some of the equivalent trees. Under 
more stringent criteria that are widely adopted by contemporary 
workers (presence in all of the optimal trees; presence in greater 
than 50% of the trees resulting from bootstrap analysis), 
considerably less resolution is obtained. Moreover, the UPGMA 
clustering method used by Highton et al. (2002) carries an 
unrealistic assumption of evolutionary rate constancy among 
lineages (de Queiroz and Good 1997, and references therein), and 
at least some alternative methods yield even less resolution and/or 
contradictory groupings (e.g., the relationships among Carphophis, 
Diadophis, and Farancia) for the allozyme data in question 
(Buckley et al. 2000). 

Conclusion.—Rather than contradicting the conclusions of 
Buckley et al. (2000), the results presented by Highton et al. (2002) 
reinforce those conclusions. Although Highton et al. (2002) are 
correct in stating that the removal of identical taxa can affect the 
order of clustering by UPGMA, any increased resolution that 
results from including identical taxa is not warranted by the data 
in that it is an artifact of sampling and the averaging method used 
by UPGMA. Highton et al. (2002) are incorrect in stating that if 
we were interested in the effects of ties on the topology of UPGMA 
trees based on the snake allozyme data, we should have randomly 
reordered the input of taxa. In fact, the tie-breaking procedures 
that we used are equivalent to varying the input order of taxa, and 
we performed much more thorough tie-breaking analyses than did 
Highton et al. (2002) (our analyses effectively used 20 to —200 
times the number of different input orders used by them). Finally, 
Highton et al. (2002) used a very permissive criterion (majority-
rule consensus) for deciding which nodes to consider resolved. A 
more conservative and widely used criterion (strict consensus) 
results in far less resolution (particularly when more thorough tie-
breaking analyses are performed), and a standard method for 
assessing nodal support indicates that most of those nodes are very 
weakly supported. 

For these reasons, our conclusions remain unchanged. The snake 
allozyme data of Dowling et al. (1996) are highly ambiguous 
concerning the higher level phylogeny of snakes, though they may 
be informative at lower hierarchical levels. The high degree of 
resolution in the original tree of Dowling et al. (1996:Figs. 1-6) is 
an analytical artifact that results from failure to consider alternative 
trees implied by numerous tied distance values. In addition, the 
new tree presented by Highton et al. (2002:Fig. 1), though less 
resolved than the one presented by Dowling et al. (1996), still 
contains more resolution than is warranted by the data. Many of 
the groups in that tree result from 1) retaining identical taxa in 
conjunction with use of a tree reconstruction method (UPGMA) 
that is sensitive to the numbers of identical taxa sampled, 2) 
performing a less than thorough tie-breaking analysis, and 3) using 
a permissive consensus method (majority-rule) that allows 
contradicted groups to be retained in the summary tree. 
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The most common reproductive patterns in Sceloporus lizards 
that inhabit temperate and high mountain zones in central Mexico 
are viviparity and fall reproduction (Guillette and Mendez de la 
Cruz 1993; Mendez-de la Cruz et al. 1998). Indeed, all species of 
the torquatus group (S. jarrovii, S. cyanogenys, S. mucronatus, S. 
torquatus, S. poinsetti, S. dugesi, and S. serrifer) that have been 
studied exhibit fall ovulation and spring parturition following 5 to 
7 months of gestation (Mendez-de la Cruz et al. 1998). Previous 
studies of these species have shown that one litter per year is char- 

acteristic, but that parturition might be delayed by less than one 
month (Guillette and Mendez-de la Cruz 1993; Mendez-de la Cruz 
et al. 1998). 

Clutch size is an adaptation to abiotic and biotic environmental 
factors and is an important reproductive trait of lizards (Fitch 1985). 
In general, lizards produce at least one clutch per year, but clutch 
size might vary within a population from year to year (Abell 1999; 
De Marco 1989). Desert lizards might reduce egg production in 
response to low precipitation as described for several species of 
Uma (Mayhew 1965; 1966a; 1966b), Urosaurus ornatus (Martin 
1977), and Uta stansburiana (Worthington 1982). Reproduction 
was totally curtailed in Cnemidophorus tigris (Pianka 1970) and 
Sauromalus obesus (Nagy 1973) when extremely dry conditions 
reduced food resources. 

We suggest that the reported reproductive failure in C. tigris 
and S. obesus was associated with the climate phenomenon called 
"El Milo Southern Oscillation" (ENSO). This event is the result 
of unusual periodically occurring sea surface temperature condi-
tions in the eastern tropical Pacific Ocean that have global cli-
matic effects (Trenberth 1997). During the last 50 years, 12 ENSO 
events have been recorded; the most severe event in Mexico oc-
curred during 1997-1998 (Magaila and Morales 1999). 

Our study of the viviparous lizard Sceloporus mucmnatus, which 
inhabits the high altitude zone of central Mexico, was carried out 
during three consecutive years (1996-1998) in the same outcrop. 
The study area was located near Zoquiapan, Estado de Mexico 
(19°20'04"N, 98°42'49"W). Twenty-eight females were randomly 
collected from crevices in rocks by hand, noose, or by using a 
wire to force a lizard from its refuge. Lizards were captured in 
May and June, prior to parturition. Lizards were housed for ap-
proximately one month in terraria with food and water ad libitum 
until the beginning of parturition, which is marked by sinuous ab-
dominal contractions as previously described by Cuellar (1984). 
Data obtained from each female were snout-vent length (SVL to 
1 mm) and total body mass (TBM) plus litter weight (to 0.1 g). 
After parturition, litter size and litter mass per female were deter-
mined. 

For years with offspring production, we statistically compared 
litter size (LS), litter mass (LM), individual litter mass (ILM), fe-
male SVL, and female mass by year using t-tests. ANCOVA was 
used to compare female TBM from all three years, using SVL as a 
covariate, and year as a factor. ANCOVA was also used to com-
pare the litter size of this population with different populations 
described in a previous study (Mendez-de la Cruz et al. 1993), 
using SVL as a covariate and study as a factor. Data were ana-
lyzed using SYSTAT. A significance criterion of p 0.05 was used 
for all statistical analyses. Means ± 1 SE are reported. 

The twelve adult females collected during 1996 and 1997 were 
all gravid, and the t-test for LS, LM, ILM, and female SVL and 
TBM showed no significant difference between years (t LT = 0.93, 
P = 0.19; t = 0.70, P = 0.25; t = 0.044, P = 0.33; t ,„ = 1.23, 
P = 0.13; t , BM = 1.86, P = 0.07). However, during 1998, none of 
the sixteen females collected was gravid, and no neonates were 
seen in the field. Females collected in 1998 were significantly dif-
ferent from the 1996-1997 females. The ANCOVA between body 
mass and year using SVL as a covariate showed significant differ-
ences between 1998 and 1996-1997, but not within 1996-1997 
(F 1.2 = 19.09; P = 0.0001). SVL and TBM for reproductive fe- 
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TABLE 1. Mean ± 1 SE and ranges for snout-vent length, litter size, and percent of follicular atresia for three populations of the viviparous 
lizard Sceloporus mucronatus. Elevation in meters above sea level; ? = unknown data. 

Monte Alegre, Distrito Federal Tecocomulco, Hidalgo Zoquiapan, Estado de Mexico 

Year of study 
Elevation (m) 

(1981-1982) 
3200-3400 

(1990-1991) 
2500 

(1996-1997) 
3500 

(1998) 
3500 

N 23 22 12 16 

Mean SVL (mm) 80.6 ± 1.1 79.4 ± 2.2 83 ± 2.2 76.4± 1.1 

Range (mm) 71-90 56.6-102 73-94 66-86 

Mean Litter Size 5.11 ±0.24 6.46 ± 0.61 4.16 ± 0.34 0 

Range 3-8 2-13 3-7 

% of follicular atresia 54.6 17.0 100% 

Source Mendez-de la Cruz et al. 1993 Mendez-de la Cruz et al. 1993 Present study Present study 

males were 83.66 ± 0.65 mm and 26.48 ± 0.51 g, respectively. 
The average SVL and TBM for non-reproductive females were 
78.56 ± 0.28 mm and 16.5 ± 0.19 g. 

From August 1997 to June 1998 the National Center for Envi-
ronmental Prediction (NCEP) documented the development and 
persistence of strong warm-episode conditions on the west coast 
of North America (http://www.ncdc.noaa.gov ). In Mexico, the 
ENSO decreased rainfall from Summer 1997 to Winter 1998 
(Magafia and Morales 1999). Additionally, large fires and more 
dust than usual were evident in the study area, particularly during 
the first five months of 1998 (pers. obs.). These climate changes 
affected the structure and dynamics of many ecosystems 
(Delgadillo-Macias et al. 1999; Holmgren et al. 2001). 

Previous studies showed a strong influence of food availability 
on reproductive traits in different reptiles (Ferguson and Talent 
1993; Ford and Seigel 1994; Martin 1973, 1977; Seigel and Ford 
2001; Shine and Madsen 1997). However, the only study of the 
negative impact on food availability during an ENSO was con-
ducted on Amblyrhynchus cristatus (Wikelski and Thom 2000). 
We suggest that reproductive disruptions found in previous stud-
ies such as decreased reproductive activity (Abell 1999; De Marco 
1989; Martin 1977; Mayhew 1965, 1966a, 1966b; Worthington 
1982) or complete reproductive arrest (Nagy 1973; Pianka 1970), 
can be attributed to ENSO events, as ENSO periods correspond to 
field work or collecting dates in those studies. 

Differences in female SVL and TBM observed during 1998 vs. 
1996-1997 in S. mucronatus are correlated with the unusually dry 
environmental conditions brought on by the ENSO event during 
last five months of 1997, when females became vitellogenic and 
gravid and during the first five months of 1998 when gestation 
continues and parturition occurs. We suggest that the ENSO and 
resulting dry conditions caused the reproductive failure of 1998, 
possibly by reducing prey availability. 

Previous studies on S. mucronatus showed that litter size is regu-
lated by follicular atresia after vitellogenesis (Mendez-de la Cruz 
et al. 1993). A high elevation population from Monte Alegre, 
Distrito Federal (3200 m elev.), exhibited a 50% reduction in litter 
size compared to a lowland population from Tecocomulco, Hidalgo 
(2600 m elev.), even though the two populations did not differ in 
the initial number of vitellogenic follicles (Mendez-de la Cruz et 
al. 1993). Considering that each population produces the maxi- 

mum number of vitellogenic follicles (Mendez-de la Cruz et al. 
1993), the lizards in our study apparently had an even greater per-
centage of follicular atresia, as litter sizes of females collected 
during 1996-1997 were smaller than those from the Monte Alegre 
and Tecocomulco populations (F = 24.07; P = 0.0001). Atresia 
may have been as high as 100% in females collected during 1998 
(Table 1). 
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The diets of the cottonmouth (Agkistrodon piscivorus) and 
northern watersnake (Nerodia sipedon) have been studied in detail 
(e.g., Kofron 1978; Meyer 1992). However, a comparison of food 
habits has not been made between these species in areas where 
they occur in sympatry along the Gulf of Mexico coastal plain, 
USA. Tributaries of rivers in the Gulf coastal plain often support  

large, sympatric populations of A. piscivorus and N. sipedon (pers. 
obs.). These species generally are non-specialized, opportunistic 
feeders that exhibit similar daily and seasonal activity patterns 
(Burkett 1966; Diener 1957). Moreover, where these snakes inhabit 
the same areas, both species tend to select habitats that contain 
abundant aquatic vegetation and woody debris such as logjams 
and half-submerged brushpiles (pers. obs.). Thus, these species 
appear to exhibit similar life histories and, where they occur in 
sympatry, may potentially compete for food resources. 

Despite the typically euryphagic food habits of A. piscivorus 
and N. sipedon, reptiles may exhibit specific food preferences when 
occurring in sympatry, perhaps to lessen the potential for 
competition (e.g., Fitch 1982; James 1991; Moll 1990). The food 
habits of A. piscivorus and Nerodia spp. also are influenced in 
part by snake sizes: small (juvenile) and large (adult) snakes differ 
in foraging behavior (Burkett 1966; Mushinsky et al. 1982; 
Savitzky 1989) and gape sizes (Forsman 1996; Miller and 
Mushinsky 1990; Mushinsky et al. 1982), which may result in 
access to and acquisition of different prey taxa. Ontogenetic shifts 
in diet may further affect potential competitive relationships among 
and between A. piscivorus and N. sipedon. For example, according 
to optimal foraging theory (Pyke et al. 1977; Schoener 1971), large 
predator (e.g., snake) individuals are expected to "drop" small prey 
from their diet, and individuals of the same approximate size are 
expected to exhibit higher dietary overlap than do individuals of 
disparate sizes (reviewed by Arnold 1993). 

To determine food habits of snakes, I examined preserved 
museum specimens of A. piscivorus and N. sipedon collected over 
a 48-year period (1951-1999) from the Chattahoochee, 
Choctawhatchee, Yellow, Escambia, Alabama, Tombigbee, 
Pascagoula, Pearl, and Mississippi river systems of western 
Georgia, western Florida, Alabama, Mississippi, and southeastern 
Louisiana. I surveyed all specimen localities at night on foot and 
for up to five times and only compared food habits between A. 
piscivorus and N. sipedon collected from sites where I observed 
individuals of both species in sympatry 11.2 m from each other). 
Snakes were dissected and food items were removed from the 
esophagus and stomach, identified to the lowest possible taxon, 
and grouped according to the species and size class of snake (small: 
< 50 cm snout-vent length [SVL]; large: 50 cm SVL). The 
accurate calculation of prey sizes and masses was not feasible due 
to the advanced digestion and the poor preservation states of food 
items in most snakes. 

I dissected a total of 359 A. piscivorus and 661 N. sipedon 
collected from sites where the species occur in sympatry (pers. 
obs.). Of these, 85 specimens of A. piscivorus and 23 specimens 
of N. sipedon contained non-fish vertebrate food items. Forty-three 
and 41 of the 84 specimens of A. piscivorus were allocated to the 
small and large size classes, respectively (small: mean SVL = 31.33 
cm ± 2.48 [95% CI], range = 18-49 cm; large: mean SVL = 64.93 
cm ± 3.17, range = 50-90 cm). Twelve and 11 of the 23 specimens 
of N. sipedon were allocated to the small and large size classes, 
respectively (small: mean SVL = 30.75 cm ± 7.53, range = 16-48 
cm; large: mean SVL = 73.91 cm ± 13.74, range = 53-116 cm). 

A Simpson's diversity index was used to compare diets within 
each species and size class of snake: D = 1/SP2,, where Pi  is the 
proportion of prey individuals in species i that contributes to the 
total sample of prey within that species (Began et al. 1996). A 
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sala. (N =3) 
7% 
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mamm. (N =6 
13% 
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17% 
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mamm (N =6) 	sala. (N =3) 

13% 	 6% 

lizards (N =22) 
47% 

frogs (N =10) 
21% snakes (N =6 

13% 

snakes (N =1) 
9% 

lizards (N =2) 
18% 

frogs (N =6) 
55% 

sala. (N =2) 
18% 

Small (< 50 cm SVL) A. piscivorus; N = 43 Large 50 cm SVL) A. piscivorus; N = 41 

Small (< 50 cm SVL) N. sipedon; N = 12 
	

Large 50 cm SVL) N. sipedon; N = 11 

snakes (N =1) 
7% 

Fic. 1. Non-fish vertebrate food items obtained from Agkistrodon piscivorus and Nerodia sipedon. Sample sizes refer to the number of snakes 
containing identifiable food items. sala. = salamanders, mamm. = mammals. 

Morisita's index of overlap was used to compare diets between 
species and size classes of snake: 4, = 2Sxy,/ ([1, + 12]Ar 'NO, where 
x, is the total number of prey individuals in species i in community 
1, y, is the total number of prey individuals in species i in 
community 2, N, is the total number of prey individuals in 
community 1, and N2  is the total number of prey individuals in 
community 2 (Brower et al. 1998). 

Comparisons of fish and invertebrate components of snake diets 
indicated that niche breadth was relatively high among small A. 
piscivorus, intermediate among small N. sipedon, and relatively 
low among large A. piscivorus and N. sipedon (Himes 2002, 2003). 
Dietary overlap between A. piscivorus and N. sipedon was very 
low (regardless of snake size), although overlap between small 
and large N sipedon was very high (Himes 2002, 2003). 

Examination of the vertebrate components of snake diets yielded 
a total of four families, five genera, and four species of caudates, 
and three families, four genera, and four species of anurans. 
However, of those amphibians identified to species, only Rana 
sphenocephala was found in both A. piscivorus and N. sipedon. A 
total of three families, two genera, and two species of turtles were 
found in A. piscivorus. A total of five families, genera, and species 
of lizard, and two families, eight genera, and nine species of snakes  

were identified. All but two individuals each of lizards and snakes 
were found in A. piscivorus, and of those reptiles that were 
identified to species, none was found in both A. piscivorus and N. 
sipedon. One specimen each of A. piscivorus and N. sipedon 
contained a conspecific. Two species of passerine birds (each from 
different families), three species of soricid insectivores, and one 
species of murid rodent were found in A. piscivorus. Of these, five 
prey species (a lizard, three snakes, and a bird) represented new 
records for A. piscivorus (Table 1). 

Simpson's index indicated that dietary diversity was highest in 
large A. piscivorus, intermediate in small A. piscivorus and large 
N. sipedon, and lowest in small N. sipedon (Table 2). The highest 
and lowest diversities are respectively attributable in part to only 
the large A. piscivorus containing turtles and birds, and the small 
N. sipedon containing only salamanders and frogs, with the 
exception of an individual prey snake. Thus, among the small and 
large N. sipedon, only large snakes contained lizards. In turn, only 
A. piscivorus contained mammals, turtles, and birds, although 
turtles and birds were only found in large snakes. Frogs were most 
abundant in large A. piscivorus, and large and small N. sipedon. 
However, lizards were most abundant in small A. piscivorus (Fig. 
1). 
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Morisita's index indicated that 
dietary overlap was high between 
large A. piscivorus and N. sipedon, 
with both containing salamanders, 
frogs (the most abundant food item 
in both species), lizards, and snakes. 
Overlap was also high between small 
and large N. sipedon, with both size 
classes containing salamanders, frogs 
(the most abundant food item in both 
size classes), and snakes. Overlap was 
intermediate between small and large 
A. piscivorus, with both size classes 
containing salamanders, frogs, 
lizards, snakes, and mammals. 
However, only large A. piscivorus 
contained birds and turtles, and 
lizards (rather than frogs) were the 
most abundant food item in small 
snakes. Overlap was relatively low 
between small N. sipedon and A. 
piscivorus. Lizards, which were 
absent in N. sipedon, were the most 
abundant food item in A. piscivorus, 
and only A. piscivorus contained 
mammals (Table 2). 

According to these data, A. 
piscivorus consumes a wide diversity 
of non-fish vertebrates that includes 
amphibians (particularly frogs in 
large snakes), reptiles (particularly 
lizards in small snakes), mammals, 
and birds, whereas N. sipedon 
consumes primarily amphibians 
(particularly frogs). Among 
amphibians, three of four families of 
caudates (Ambystomatidae, 
Amphiumidae, Proteidae) were only 
found in A. piscivorus, and only one 
species of anuran (Rana 
sphenocephala) was found in both 
species of snake (Table 1). Dietary 
overlap of non-fish vertebrates was 
relatively low between small A. 
piscivorus and N. sipedon. Although 
dietary overlap of non-fish 
vertebrates was high between large 
snakes, overlap of fishes (by family), 
which comprised over 50% of all food 
items identified from large A. 
piscivorus and N. sipedon, was very 
low (Himes 2002, 2003). Thus, A. 
piscivorus and N. sipedon appear to 
exhibit different food habits, which 
may lessen the potential for 
interspecific competition (assuming 
food is limited) and enable large 
populations of these species to coexist 

TABLE 1. Food items collected from Agkistrodon piscivorus and Nerodia sipedon from the 
Chattahoochee, Choctawhatchee, Yellow, Escambia, Alabama, Tombigbee, Pascagoula, Pearl, and 
Mississippi river systems. 

A. piscivorus (N = 84 snakes) N. sipedon (N = 23 snakes) 
Categories Prey (N) % of total Prey (N) % of total 

Caudata 
Ambystomatidae 

Ambystoma talpoideum 1 1.0 0 0 
Amphiumidae 

Amphiuma means 1.0 0 0 
Plethodontidae 

Desmognathus fuscus 0 0 1 3.8 
Desmognathus spp. 2 1.9 1 3.8 
Eurycea cirrigera 0 0 1 3.8 

Unidentifiable to genus 1 1.0 3 11.5 
Proteidae 

Necturus sp. 0 0 1 3.8 
Unidentifiable to family 1 1.0 1 3.8 

Anura 
Bufonidae 

Bufo spp. 0 0 4 15.3 
Hylidae 

Acris sp. 0 0 I 3.8 
Hyla cinerea 1 1.0 0 0 
Hyla sp. 1 1.0 0 0 

Ranidae 
Rana catesbeiana 3 2.9 0 0 
Rana clamitans 0 0 2 7.7 
Rana sphenocephala 6 5.8 2 7.7 
Rana spp. 11 10.7 2 7.7 

Unidentifiable to family 3 2.9 3 11.5 
Testudines 

Chelydridae 
Chelydra serpentina 2 1.9 0 0 

Emydidae 
Trachemys scripta 1.0 0 0 

Kinosternidae 
Unidentifiable to genus 1 1.0 0 0 

Squamata: Lacertilia 
Anguidae 

Ophisaurus sp. 1 1.0 0 0 
Phrynosomatidae 

Sceloporus undulatus* 3 2.9 0 0 
Polychrotidae 

Anolis carolinensis 1 1.0 0 0 
Scincidae 

Eumeces fasciatus 3 2.9 0 0 
Eumeces inexpectatus 1 1.0 0 0 
Eumeces sp. 0 0 1 3.8 
Scincella lateralis 16 15.5 1 3.8 

Unidentifiable to family 1 1.0 0 0 
Squamata: Serpentes 

Colubridae 
Coluber constrictor* 2 1.9 0 0 
Diadophis punctatus* 3 2.9 0 0 
Elaphe obsoleta 1 1.0 0 0 
Nerodia cyclopion 1 1.0 0 0 
Nerodia sipedon 0 0 1 3.8 
Storeria dekayi 1 1.0 0 0 
Thamnophis sauritus 1 1.0 0 0 
Virginia striatula* 1 1.0 0 0 
Unidentifiable to genus 1 1.0 0 0 
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TABLE 1. Continued. 

A. piscivorus (N = 84 snakes) 
Prey (N) 	% of total 

N. sipedon (N = 23 snakes) 
Prey (N) 	% of total 

1 1.0 0 0 
2 1.9 1 3.8 

1.0 0 0 

2 1.9 0 0 
3 2.9 0 0 

3 2.9 0 0 
1 1.0 0 0 
1 1.0 0 0 
2 1.9 0 0 

2 1.9 0 0 
2 1.9 0 0 

103 100 26 100 

Categories 

Viperidae 
Agkistrodon piscivorus 

Unidentifiable to family 
Passeriformes 

Fringillidae 
Cardinalis cardinalis 

Paridae 
Baelophus bicolor* 

Unidentifiable to family 
Insectivora 

Soricidae 
Blarina carolinensis 
Ctyptotis parva 
Sorex longirostris 
Unidentifiable to genus 

Rodentia 
Muridae 

Mus musculus 
Unidentifiable to genus 

TOTALS 

TABLE 2. Simpson's diversity index (D) and Morisita's index of overlap (IM) values for respectively comparing 
diets within (first column) and between (third column) small (SVL < 50 cm) and large (SVL 50 cm SVL) 
specimens of Agkistrodon piscivorus and Nerodia sipedon. 

size class and species D 	size class and species 

over a large area of the Gulf coastal 
plain. 

Snakes may undergo ontogenetic 
shifts in diet for several reasons, which 
may be either environmentally or ge-
netically induced. More specifically, 
Mushinsky and Miller (1993) suggested 
that the high vulnerability of young 
snakes to predation may be a driving 
force in snake evolution because 1) 
"young individuals forage on different 
prey than [do] larger conspecifics", 2) 
the "young of species that are uniformly 
colored as adults often do not resemble 
their parents" (although this does not 
apply to N. sipedon, which is strongly 
patterned throughout life), 3) "relative 
to SVL, head width and length (ele-
ments associated with foraging capa-
bilities) are greater in smaller individu-
als than [in] larger conspecifics", and 
4) "relative to SVL, smaller individu-
als forage on larger prey (by mass) than 
[do] conspecific adults". Therefore, the 
food habits of young snakes often dif-
fer from those of adult conspecifics due 
in part to high predation pressure, which probably accounts for 
some of the dietary differences between small and large A. 
piscivorus (Himes, 2002, 2003). 

For example, compared to adults, young A. piscivorus spend 
more time foraging at the land-water interface than do adults 
(Savitzky 1992), thereby avoiding areas of open water where 
aquatic predators (including adult conspecifics) are more plenti-
ful and thus predation pressure is higher. This foraging strategy 
probably accounts for the large lizard component found in the diet 
of small snakes in this study. In addition, terrestrial foraging by 
juvenile A. piscivorus may serve several other purposes: 1) less-
ening intraspecific competition for food with other juveniles and 
adults, 2) lessening interspecific competition for food with juve-
nile N. sipedon, and 3) adding diversity to the diet (Himes 2002). 
The light-colored tail tip of juvenile A. piscivorus and other 
viperids, which generally darkens in subadults to match the re-
mainder of the body coloration, is twitched to attract small terres-
trial prey, particularly lizards (reviewed by Heatwole and Davison 
1976). Therefore, it appears that juvenile A. piscivorus are mor-
phologically specialized to exploit a food source that is not as fre-
quently utilized by the adults 
(see also Wharton 1969). 

By contrast, as overlap was 
extremely high between small 
and large N. sipedon, this 
species does not appear to 
undergo an ontogenetic shift in 
diet (Table 2). This small A. piscivorus 

relationship is particularly small N. sipedon 
evident when considering small / large A. piscivorus 

comprised over 50% of all 
fishes as prey, which large A. piscivorus / N. sipedon 

food items identified from both small and large snakes. Overlap 
of fishes by family was also very high between small and large 
snakes (Himes 2002, 2003). Additionally, unlike A. piscivorus, N. 
sipedon bears a similar coloration and pattern throughout life. Thus, 
if external morphology is related to or affects aspects of the life 
history of snakes such as habitat selection, which in turn may 
determine the available prey base and foraging opportunities, then 
snakes that do not undergo ontogenetic shifts in color or pattern 
(such as N. sipedon) may not exhibit a corresponding ontogenetic 
shift in habitat selection or diet. 

The results of this study support the findings of Clark (1949) 
and Kofron (1978) that A. piscivorus has a more diverse diet than 
do sympatric species of Nerodia in the Atchafalaya River Basin of 
south-central Louisiana (Clark 1949) and the hill parishes of north-
central Louisiana (Kofron 1978). They found that A. piscivorus 
consumed fishes, anurans, serpents, and mammals. However, un-
like the specimens of A. piscivorus examined in my study, lizards 
were absent from the diets of snakes. Although N. sipedon is ab-
sent from both areas, several other species of aquatic snakes may 
be sympatric with A. piscivorus: Nerodia cyclopion, Nerodia 

	

0.71 	large A. piscivorus 
	 0.67 

	

0.83 	large N. sipedon 
	 0.42 

	

0.59 	small A. piscivorus I N. sipedon 
	

0.92 

	

0.69 	small / large N. sipedon 
	 1.03 
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fasciata, and Nerodia rhombifer consumed only fishes (primarily) 
and anurans (secondarily), Nerodia erythrogaster consumed only 
anurans, and Regina grahamii and Regina rigida consumed only 
crayfishes. These findings, combined with those of numerous other 
studies (reviewed by Gloyd and Conant 1990; Savitzky 1992) in-
cluding my own, clearly indicate that the euryphagic feeding hab-
its of A. piscivorus are widespread throughout the range of this 
species. The finding of Sceloporus undulatus, Coluber constric-
tor, Diadophis punctatus, Virginia striatula, and Baelophus bi-
color adds to the list of food items reported for A. piscivorus; this 
is not surprising given the opportunistic feeding habits of A. 
piscivorus and availability of prey species. 

Unlike the specimens of N. sipedon examined in my study, snakes 
examined from northeastern Kansas consumed exclusively frogs 
(Fitch 1982), snakes from western North Carolina often contained 
crayfishes, and snakes from southwestern Kansas lacked non-fish 
vertebrates (Diener 1957). Although A. piscivorus is absent from 
all of these areas, N. erythrogaster is sometimes sympatric with 
N. sipedon in Kansas. However, the respective diets of N. sipedon 
and N. erythrogaster consist almost exclusively of fishes and 
anurans (Diener 1957), and thus snakes do not appear to compete 
for food. Also by contrast to the specimens of N. sipedon exam-
ined in my study, over 50% of the food volume of snakes from 
south-central Georgia consisted of salamanders, Necturus (Camp 
et al. 1980). However, similar to the results of my study, frogs and 
toads were the most abundant non-fish vertebrate food items in 
the diets of snakes from New York (Brown 1940) and Michigan 
(Meyer 1992). 

The results of experimental chemical tests indicate that N. 
sipedon has as innate preference for the scent of amphibians (and 
fishes), as exhibited by predatory behavior (Burghardt 1968; Dix 
1968), thereby accounting for its narrower prey preferences rela-
tive to A. piscivorus. Thus, the source of the more specific food 
habits of N. sipedon may be genetic, and not directly related to the 
presence or absence of A. piscivorus, although preferences may 
be subsequently environmentally modified (e.g., by potential com-
petitive interactions) (Dix 1968). 

I dissected snakes that were collected over a 48-year period and 
from nine different river systems associated with the Gulf of 
Mexico. The prey base available to snakes is unlikely to be the 
same between these drainages, especially with regards to poten-
tial prey fishes (Mettee et al. 1996; Ross 2002), and the composi-
tion of the prey base is subject to temporal changes (both seasonal 
and yearly) in response to hydrological changes in these river sys-
tems. Therefore, caution should be drawn when comparing the 
results of my study to those of other studies. Nonetheless, because 
the snakes from my study were collected over a wide area (includ-
ing all major river systems in the southern extremity of distribu-
tion of N. sipedon; Tennant and Bartlett 2000) and comprised a 
large sample, valid generalizations about the food habits of snakes 
can readily be made on a broader geographic scale, as well as for 
snakes in areas where A. piscivorus and N. sipedon occur in sym-
patty. 
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Caecilians are tropical, limbless, primarily fossorial amphib-
ians (Duellman and Trueb 1986). Although they may be fairly 
abundant in certain areas (Maur et al. 1987), their subterranean 
habits make them difficult to find and as a result, life histories are 
unknown for most of the 167 described species (for examples of 
studies that have documented caecilian life histories, see Gans 
1961; Parker 1936, 1958; Sanderson 1937; Sarasin and Sarasin 
1887-90; Taylor 1968; Wake 1980). Information on caecilian life 
histories is important not only for improving understanding of  

amphibian life history evolution, but also for developing manage-
ment strategies for conservation. For example, life history data 
can be used to conduct ecological sensitivity analyses to infer which 
human activities are most likely to negatively impact caecilian 
populations (Biek et al. 2002). 

Even such general information as reproductive mode remains 
unknown for many caecilian species (Wake 1992). Caecilians have 
a variety of reproductive modes including oviparity with aquatic 
larvae, oviparity with direct development, and viviparity (Wake 
1977, 1992; Wilkinson and Nussbaum 1998). A large percentage 
of caecilians are viviparous, although the exact percentage of vi-
viparous species remains controversial because of differences in 
opinion on which criteria are acceptable for inferring reproduc-
tive mode (Wake 1977; Wilkinson and Nussbaum 1998). 

The family Caeciliidae, the largest family of caecilians, con-
tains both oviparous and viviparous species (Gans 1961; Peters 
1874, 1875; Sanderson 1937; Wake 1977, 1992; Wilkinson and 
Nussbaum 1998). However, reproductive mode has not been re-
ported for any of the 33 described species in the genus Caecilia, 
the most speciose genus in the family Caeciliidae and one of the 
two largest genera in the entire order (AmphibiaWeb 2003). To 
date, evidence suggests that Caecilia species are oviparous or that 
some are oviparous and others are viviparous (Taylor 1968; Tschudi 
1839; Wake 1977). Wilkinson and Nussbaum (1998) reported ob-
serving an unspecified Caecilia species lay eggs in captivity. Ob-
servations of large ova and larvae with gill slits have also been 
used to infer that some Caecilia species are oviparous (Tschudi 
1839; Wake 1977, 1992). The presence of fetal teeth in other 
Caecilia species suggest that these species may be viviparous (Tay-
lor 1968). However, the only conclusive evidence for reproduc-
tive mode is documentation of parturition, laid eggs, aquatic lar-
vae, or oviductal fetuses for specific species. 

In January 2001, we began an inventory of the amphibians of 
Yanayacu Biological Station, Ecuador, located at approximately 
2100 m on the east side of the Cordillera Oriental of the Andes in 
Provincia Napo at 00°35'S 77°53'W. Yanayacu is surrounded by 
cloud forest with a 20-25 m high canopy as well as some pasture. 
On 16 January 2001, we found a clutch of Caecilia orientalis (Tay-
lor 1968) eggs (Fig. 1), an adult female, two adult males, and one 

FIG. 1. Clutch of Caecilia orientalis eggs found at Yanayacu Biologi-
cal Station near Cosanga, Provincia Napo, Ecuador (2100 m elev.). 
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TABLE 1. Body measurements and primary and secondary annular counts of adult Caecilia orientalis and number and length of ovarian ova found 
in dissected females. One female (QCAZ 21417) and the two males (QCAZ 21418-21419) were found with the clutch of eggs reported in this article 
at Yanayacu Biological Station near Cosanga, Provincia Napo, Ecuador (2100 m). Baeza is also located in Provincia Napo at an elevation of 1990 m. 

QCAZ Sampling 
location 

Month 
collected 

Sex 

Body measurements (mm) 

Annuli 
(prim / sec) 

Ova 

Total 
length 

Head 
length 

Width at 
mid-body 

Number Length (mm) 

2311 Baeza August F 400 10.7 10.5 116/ 139 120 < 1.5 

6987 Cosanga November F 363 9.9 9.4 118 / 96 30 1.5-2.5 

110 < 1.5 

6988 Cosanga November F 310 9.3 8.9 114 / 98 22 1.5-2.5 

115 < 1.5 

21417 Yanayacu January F 625 13.5 15.2 122 / 208 7 3.5-5.7 

110 < 1.5 

21418 Yanayacu January M 406 10.0 11.8 114/ 119 NA NA 

21419 Yanayacu January M 427 10.0 12.0 112/ 123 NA NA 

other individual that escaped capture underneath a large, highly 
decomposed log in pasture bordered by secondary cloud forest 
(Fig. 2). The clutch was almost certainly a C. orientalis clutch 
because no other caecilians have been documented at the site after 
two years of inventory work. All three captured adults were pre-
served as vouchers and stored at the Museo de Zoologla of the 
Pontificia Universidad Catolica del Ecuador in Quito, Ecuador 
(QCAZ; Table 1). The female (QCAZ 21417) was much larger 
than the two males (QCAZ 21418-21419) and the individual that 
escaped appeared to be a male based on its small size. The nest 
site was very wet and was several meters from a small 1 m wide 
creek. The female was found approximately 5 cm from the clutch 
and one of the males was approximately 5 cm from the female. 
The second male and the individual that escaped were found ap-
proximately 30 cm and 150 cm, respectively, from the other two 
adults. 

The C. orientalis clutch had a total of seven eggs (Fig. 1). The 
eggs were connected to each other by cords attached to both ends 
of each egg. The eggs were transparent so that embryos could be 
seen inside. Embryos had distinct dark eyes, feathery external gills, 
and creamy yellow yolk sacs and moved when the eggs were 
touched. The lengths and diameters of three of the eggs were mea-
sured. The lengths of these eggs were 10.6 mm, 10.3 mm, and 
10.2 mm (mean ± SE = 10.4 ± 0.1 mm) and the diameters in the 
same order were 8.8 mm, 8.3 mm, and 8.1 mm (mean ± SE = 8.4 
± 0.2 mm). Two of the seven eggs were preserved as vouchers on 
January 21, 2001 (QCAZ 21420). The remaining five eggs were 
given to Oscar Perez and Eugenia M. del Pino in the Department() 
de Ciencias Biolegicas at the Pontificia Universidad Catolica del 
Ecuador for study of the development of the embryos. 

The observation of a clutch of C. orientalis eggs clearly demon-
strates that this species is oviparous. Wilkinson and Nussbaum 
(1998) also report egg laying in a Caecilia species in captivity, but 
they do not specify which species was observed. Nonetheless, their 
observation and ours suggest that oviparity may be the predomi-
nant reproductive mode in the genus. Wake (1992) hypothesized 
that C. pressula and C. subnigricans are viviparous based on ob-
servation of fetal teeth. However, it has been suggested that fetal  

teeth are not a reliable character for inferring reproductive mode 
because some Siphonops possess what have been called fetal teeth, 
yet are known to be oviparous (Wilkinson and Nussbaum 1998). 

The observation that the clutch was found several meters from 
a small stream also suggests that C. orientalis has direct develop- 

FIG. 2. Site where Caecilia orientalis clutch, adult female, two adult 
males, and one other individual were found underneath a large, highly 
decomposed log at Yanayacu Biological Station. 
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ment with no aquatic larval stage. If C. orientalis had an aquatic 
larval stage, it seems more likely that the female would have laid 
the clutch directly adjacent to the stream to provide easy access to 
the water for recently hatched larvae as is the case in Ichthyophis 
glutinosus (Sarasin and Sarasin 1887-90). 

Our observation of a female C. orientalis by the clutch suggests 
that she was attending her eggs as has been documented for other 
oviparous species of caecilians (Breckenridge and Jayasinghe 
1979; Sanderson 1937; Sarasin and Sarasin 1887-90). However, 
we are unaware of any previous reports of male caecilians at nest 
sites. One possible explanation for why males were found at the 
nest site is that they were simply sharing a preferred microhabitat 
with the female. Another possibility is that the males were attempt-
ing to mate with the female. Finally, the male found closest to the 
female and closest to the eggs may have been the father of the 
eggs and may have also been attending them. This would be the 
first known case of biparental care in caecilians. 

We also dissected the female C. orientalis found with the clutch 
and three additional females previously collected as vouchers from 
Provincia Napo, Ecuador, to count and measure ovarian ova (Table 
1). All four females had large numbers of ova (mean ± SE = 129 ± 
6 ova). Most ova were small (< 1.5 mm), although the female 
found with the clutch (QCAZ 21417) contained seven ova rang-
ing from 3.5-5.7 mm long and two of the other females (QCAZ 
6987-6988) had 30 and 22 medium-sized ova, respectively, rang-
ing from 1.5-2.5 mm long. The different sizes of ova likely repre-
sent different stages of development as documented in Gymnopis 
multiplicata (Wake 1968) and Dermophis mexicanus (Wake 1980). 

The temporal sequence of ova maturation in the dissected fe-
males suggests that reproduction is seasonal in C. orientalis (Table 
1). The observation of female QCAZ 21417 with a laid clutch of 
eggs on January 16 shows that ovulation starts by January, the 
beginning of the rainy season at Yanayacu Biological Station 
(Harold Greeney, owner and Station Manager of Yanayacu, pers. 
comm.). The female found in August had only very small ova, 
suggesting reproductive quiescence during this dry period of the 
year. The two females found in November have medium-sized 
ova indicating that by this point, vitellogenesis is occurring. This 
seasonal reproductive pattern matches that reported for Dermophis 
mexicanus in which birth occurs at the beginning of the rainy sea-
son (Wake 1980). 

The observation that female QCAZ 21417 had mature ovarian 
ova at the same time she was guarding the reported clutch also 
suggests that C. orientalis is able to produce two clutches per rainy 
season. This conclusion is supported by the observation that C. 
orientalis females found after the rainy season (QCAZ 2311, 6987-
6988) do not have mature ova. Thus, female QCAZ 21417 likely 
would have laid her mature ovarian ova later during the same rainy 
season in which she was caught. This frequency of parturition is 
four times greater than that observed in Dermophis mexicanus 
which only gives birth once every other year (Wake 1980). The 
slower rate of parturition in D. mexicanus is likely due to the long 
gestation period observed in this viviparous species (Wake 1980). 
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Lizards in the genus Phrynosoma are, in general, dietary spe-
cialists on ants (Pianka and Parker 1975), with the ability to digest 
and detoxify their ant prey (Schmidt et al. 1989). While most 
Phrynosoma appear to be ant specialists, there may be flexibility 
and variability both among populations and among species. For 
example, Suarez et al. (2000) found that P. coronatum shift their 
diet away from ants in areas dominated by the invasive Argentine 
ant (Linepithema humile), which are not eaten and apparently elimi- 

nate palatable ant species. 
Much of the information on Phrynosoma diets comes from popu-

lations in the United States (e.g., Bott et al. 2001; Munger 1984a,b; 
Pianka and Parker 1975; Rissing 1981; Shaffer and Whitford 1981; 
Suarez et al. 2000; Whitford and Bryant 1979). Less is known 
about the diets of the Mexican species (e.g., Blackshear and 
Richerson 1999; Pianka and Parker 1975). We report on the diets 
of four species of Mexican Phrynosoma: P. asio and P taurus 
from Guerrero, and P cornutum and P modestum from Chihua-
hua. 

Phrynosoma asio were collected opportunistically from 1993 
to 1998 with nine collected from May to August, and one col-
lected in January from the Callon del Zopilote (600 m elevation; 
ca. 17°33'N, 99°30'W), north of Chilpancingo, Guerrero, and 14 
km south of Mezcala. Phrynosoma asio is abundant on the hills 
on both sides of Rio Zopilote, a tributary of the Rio Balsas. Domi-
nant vegetation at Callon del Zopilote includes a variety of cacti, 
including Neobuxbaumia sp.; several species of Bursera and Aca-
cia, Lysiloma tergemina, Mimosa benthamia, Ficus continifolia, 
F petiolaris, and Pithecellobium dulce. 

Phrynosoma taurus were collected opportunistically between 
1996 and 1998 with 11 collected in June and one in August. The 
study site (1200 m elevation; 17°38'10.9"N, 99°32'42.08"W) was 
3.25 km southwest of Zumpango del Rio, Guerrero. Phrynosoma 
taurus is rare at this site (pers. obs.), found only on steep hills in 
the middle of the morning. Dominant vegetation at Zumpango del 
Rio includes Bursera spp., Acacia spp., Pithecellobium dulce, and 

TABLE 1. Diet of Phrynosoma asio from Cation del Zopilote, Guerrero, Mexico (N = 10). 

Prey Taxon Number of Number of Percent of Total Volume Percent of Diet 
Stomachs Items Diet (cm3) by Volume 

Coleoptera 
Coccinelidae 1 1 0.12 
Curculeonidae 2 5 0.58 0.062 0.72 
Meloidae 1 2 0.23 0.042 0.49 
Scarabidae 1 4 0.47 0.079 0.92 
Tenebrionidae 5 13 1.52 0.493 5.71 
"Larvae" 2 4 0.47 0.166 1.92 

Hemiptera 
Pentatomidae 2 3 0.35 0.279 3.23 
Thyrecoridae 1 1 0.12 0.136 1.58 

Hymenoptera 
Formicidae 

Formycinae 
Camponotus 1 134 15.64 0.210 2.43 
Myrmicinae 
Acanthognathus 1 28 3.27 0.330 3.82 
Atta 1 46 5.37 0.580 6.72 
Messor 1 42 4.90 1.000 11.59 
Octostrurna 2 167 19.49 0.896 10.38 
Oligomyrmex 1 42 4.90 1.360 15.76 
Pogonomyrmex 1 114 13.30 1.680 19.47 
Perissomyrmex 1 2 0.23 0.014 0.16 
Tetramorium 1 8 0.93 0.15 1.74 

Isoptera 
Termitidae 1 240 28.00 1.020 11.82 

Orthoptera 
Acrididae 1 1 0.12 0.110 1.27 

Mineral 1 0.023 0.27 
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TABLE 2. Diet of Phrynosoma cornutum from Samalayuca, Chihuahua, Mexico (N = 10). 

Prey Taxon Number of Number of Percent of Total Volume Percent of Diet 
Stomachs Items Diet (cm3) by Volume 

Coleoptera 
Anobiidae 1 2 0.30 0.27 2.32 
Carabidae 1 2 0.30 0.42 3.62 
Curculeonidae 3 6 0.89 0.90 7.75 
Staphylinidae 1 1 0.15 1.00 8.61 
Tenebrionidae 3 8 1.18 0.24 2.07 

Hemiptera 
Coreidae 6 0.89 0.17 1.46 
Pentatomidae 1 0.15 0.33 2.84 

Hymenoptera 
Formicidae 

Dorilinae 
Nomamyrmex 84 12.44 0.5 4.30 
Formycinae 
Myrmelachista 1 0.15 0.042 0.36 
Myrmicinae 
Aphaenogaster 2 150 22.22 2.44 21.01 
Messor 1 250 37.04 2.67 22.99 
Octostruma 1 1 0.15 0.07 0.60 
Oligomyrmex 3 54 8.00 0.83 7.15 
Tetramorium 1 17 2.52 0.35 3.01 
Wasmania 1 84 12.44 0.54 4.65 

Vespidae 1 3 0.44 0.15 1.29 
Orthoptera 

Acrididae 2 2 0.30 0.24 2.07 
Grillidae 1 2 0.30 0.08 0.69 

Lizard Skin 1 1 0.15 0.37 3.19 

Mimosa sp. 
Phrynosoma cornutum and P modestum were collected at the 

Bolson Cabeza de Vaca, the extensive sand dune areas of northern 
Chihuahua (31°10' - 31°40'N, 106°13' -107°30'W). Both species 
were collected opportunistically in 1997 and 1998 in June or July 
(7 P modestum, 5 P cornutum), and October (5 P. modestum, 5 P. 
cornutum). This area is dedicated to livestock grazing and free of 
agricultural cultivation. Phrynosoma are abundant in the sand 
dunes, and most specimens were opportunistically caught cross-
ing gravel roads in late afternoon. 

Lizards were collected by hand, preserved shortly after collec-
tion (initially in 10% formalin, and finally in 70% ethanol; speci-
mens deposited in the Laboratorio de Ecologia of the Unidad de 
Biologia, Tecnologia y Prototipos), measured (snout-vent length 
[SVL] to the nearest mm), and dissected to examine stomach con-
tents. Diet items were identified to family where possible, and 
percent of prey volume for each taxa was calculated for each stom-
ach (estimated by volumetric displacement). 

Sample sizes were low (10 or 12 stomachs) for all species. In 
part this was because of the difficulty in collecting lizards, but 
also effort was made to minimize impacts on these populations. A 
recent rarefaction analysis suggests that samples of 10 can ex-
hibit > 90% of a species' prey items (Winemiller et al. 2001). 

The diet of P asio (10 stomachs examined; all contained prey) 
was dominated by ants, in particular Octostruma sp., Camponotus 
sp., and Pagomyrmex sp., but non-ant insects contributed substan-
tially to the diet (Table 1). Indeed, the most numerically important  

single prey item was termites because of one individual with 240 
termites in its stomach. The Simpson's Diversity Index for the 
diet of this species was 5.96, mean Simpson's index for individu-
als was 1.45 ± 0.29 (range = 1-4). The only other previous report 
on P asio diets found that about 75.3% of the diet numerically 
and 31.1% of the diet volumetrically were ants (Pianka and Parker 
1975), which is consistent with our results. 

The diet of P cornutum (10 stomachs examined; all contained 
prey) was also dominated by ants, in particular Messor sp. and 
Aphaenogaster sp. (Table 2). Non-ant insects contributed volu-
metrically to the diet although they were relatively unimportant 
numerically. We also found lizard skin in one stomach. The 
Simpson's Diversity Index for the diet of this species was 4.45, 
mean Simpson's index for individuals 1.42 ± 0.17 (range = 1-
2.7). Several previous studies on P cornutum have demonstrated 
that the vast majority of their diet is made up of ants and other 
hymenopterans, such as velvet ants (Mutillidae) (e.g., Barbault 
and Maury 1981; Blackshear and Richerson 1999; Manley and 
Sherbrooke 2001; Pianka and Parker 1975; Whitford and Bryant 
1979), as well as termites (Bott et al. 2001). 

The diet of P modestum (12 stomachs examined; one [8.3%] 
was empty) consisted almost exclusively of ants, in particular 
Camponotus sp., Octostruma sp., and Messor sp. (Table 3). Non-
ant insects contributed relatively little numerically and volumetri-
cally to the diet. We found lizard skin in one stomach, and nema-
todes (probably parasites) in another. The Simpson's Diversity 
Index for the diet of this species was 7.09, mean Simpson's index 
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TABLE 3. Diet of Phrynosoma modestum from Samalayuca, Chihuahua, Mexico (N = 12). 

Prey Taxon Number of 
Stomachs 

Number of 
Items 

Percent of 
Diet 

Total Volume 
(cm3) 

Percent of Diet 
by Volume 

Coleoptera 
Curculeonidae 1 1 0.17 0.01 0.12 
Meloidae 1 2 0.33 0.04 0.49 
Tenebrionidae 4 5 0.83 0.39 4.74 
"Larvae" 1 1 0.17 0.09 1.09 

Dermaptera 
Labiidae 1 0.17 0.09 1.09 

Hemiptera 
Coreidae 1 0.17 0.08 0.97 
Nabiidae 2 0.33 0.03 0.36 
Pentatomidae 3 0.50 0.18 2.19 
Thyrecoridae 10 1.67 0.09 1.09 

Hymenoptera 
Formicidae 
Dorilinae 

Chelyomyrmex 54 9.00 0.94 11.44 
Formycinae 

Camponotus 134 22.33 0.21 2.55 
Myrmicinae 

Acromyrmex 1 3 0.50 0.02 0.24 
Aphaenogaster 1 45 7.50 0.50 6.08 
Messor 1 103 17.17 1.27 15.45 
Octostruma 2 107 17.83 1.96 23.84 
Oligomyrmex 2 28 4.67 0.32 3.89 
Tetramorium 3 63 10.50 0.49 5.96 
Wasmania 1 30 5.00 0.16 1.95 

Ponerinae 
Leptogenis 1 0.17 0.09 1.09 

Vespidae 2 4 0.67 0.01 0.12 
Lepidoptera 
"Larvae" 1 0.17 0.02 0.24 

Lizard Skin 1 1 0.17 0.86 10.46 
Nematoda uncountable 0.37 4.50 

for individuals was 1.35 ± 0.13 if only lizards with prey are in-
cluded (range = 1-2.4), and 1.24 ± 0.16 if all lizards are included. 
Previous studies on the diets of P. modestum also found a diet of 
ants predominating (e.g., Barbault et al. 1978; Shaffer and Whitford 
1981), although this can vary seasonally (Barbault and Maury 
1981). 

The diet of P. taurus (12 stomachs examined; two [16.6%] were 
empty) consisted primarily of insects (Table 4). On the basis of 
the number of items consumed, Oligomyrmex sp. was the most 
important; however, this numerical dominance can be attributed 
to a single individual with 360 Oligomyrmex ants in its stomach. 
Without this one stomach, the most important prey items were a 
variety of insects, including lepidopteran larvae, calliphorid flies, 
and scarabid beetles. The Simpson's Diversity Index for the diet 
of this species was 1.74, mean Simpson's index for individuals 
was 1.79 ± 0.35 if only lizards with prey are included (range = 1-
4.5), and 1.49 ± 0.35 if all lizards are included. Pianka and Parker 
(1975) reported that, in P. taurus, ants made up 47.4% of the diet 
numerically and 56.5% of the diet volumetrically. 

As expected, ants are an important food for all four species of 
Phrynosoma we studied. All species appeared to take other in- 

sects opportunistically, and in P taurus other insect groups ap-
peared to be at least as important as ants. Indeed, if one looks at 
the proportion of prey items that are ants (either numerically or 
volumetrically) as an index of specialization on ants, P taurus has 
the least specialized diet, followed closely by P asio. Both P. 
cornutum and P modestum have very specialized diets, with about 
95% of all prey items being ants. This relative ranking of ant spe-
cialization among these four species is generally consistent with 
results presented in Pianka and Parker (1975), although the use of 
ants in the diets are consistently higher in our study. 

While at the species level numerous genera of ants were eaten, 
at the individual lizard level each stomach generally contained a 
single genus of ant. Such a result would be expected if horned 
lizards were foraging at ant colony openings or along foraging 
columns of ants (e.g., Munger 1984a) as opposed to haphazard 
encounters of single ants (e.g., Whitford and Bryant 1979). It ap-
pears that P asio will also forage at the openings of termite mounds, 
as one individual had 240 termites in its gut. Bott et al. (2001) 
recently observed P cornutum foraging on termite alates at the 
opening of a termite mound. 
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TABLE 4. Diet of Phrynosoma taurus from Zumpango, Guerrero, Mexico (N = 12). 

Prey Taxon Number of Number of Percent of Total Volume Percent of Diet 
Stomachs Items Diet (cm3) by Volume 

Coleoptera 
Curculeonidae 1 1 0.20 0.04 0.34 
Meloidae 1 1 0.20 0.05 0.42 
Scarabidae 2 27 5.38 1.17 9.82 
Tenebrionidae 3 5 1.00 0.81 6.80 
"Larvae" 1 2 0.40 0.06 0.50 

Diptera 
Calliphoridae 3 21 4.18 0.28 2.35 

Hemiptera 
Coreidae 1 1 0.20 0.05 0.42 
Cydnidae 1 8 1.59 0.65 5.45 
Pentatomidae 2 7 1.39 1.01 8.47 
Thyrecoridae 2 5 1.00 0.53 4.45 

Hymenoptera 
Formicidae 
Mynnicinae 

Acromyrrnex 1 1 0.20 0.14 1.17 
Messor 1 22 4.38 0.68 5.70 
Octostruma 1 1 0.20 0.01 0.08 
Oligomyrmex 2 378 75.30 3.70 31.04 
Solenopsis 1 1 0.20 0.02 0.17 

Lepidoptera 
"Larvae" 4 17 3.39 1.66 13.93 

Orthoptera 
Acrididae 3 3 0.60 0.24 2.01 
Gryllacrididae 1 1 0.20 0.82 6.88 
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The leaf litter on the floor of tropical forests harbors a diversity 
of invertebrates and vertebrates, these latter being mainly small 
reptiles and amphibians (Vitt and Caldwell 1994). In these habi-
tats, the abundance and variety of food resources seem to influ-
ence the anuran community, as has been found for litter frogs in 
Panama and Peru (Toft 1980a,b). Several studies found a relation-
ship between body size and prey size of litter anurans, where the 
differential use of prey by individual species seemed to correlate 
with the snout-urostyle length (SUL) of frogs, thus favoring re-
source partitioning (Caldwell 1996; Lima and Moreira 1993; Toft 
1980b, 1981, 1995; Vitt and Caldwell 1994). Anurans do not chew 
their food and thus they are limited to eating prey 
that fits in their mouths, and this may cause a 
shift in prey size simply because the mean sizes 
of individual arthropod prey differ among orders 
(Lima and Moreira 1993). Based on her studies,  

has focused on morphology, systematics, or biogeography (Haddad 
and Sazima 1992; Heyer et al. 1990; Lynch 1976); no information 
is available on aspects of its ecology. In this study we analyzed 
the diet of E. parvus, specifically addressing the following ques-
tions: i) What is the diet composition of this species? ii) To what 
extent do males and females differ in their diets? and iii) What is 
the relationship between frog size and prey size? 

The study was carried out in a remnant of undisturbed Atlantic 
Rainforest at Ilha Grande (23°1 1 'S, 44°12'W; 240 m above sea 
level), Rio de Janeiro State, southeastern Brazil. This is the largest 
island (19,000 ha) on the Rio de Janeiro coast and is covered by 
Atlantic Rainforest in different levels of regeneration (Rocha et 
al. 2000). Annual rainfall in the area is ca. 1700 mm and the mean 
annual temperature is ca. 23°C (Rocha et al. 2001). 

Frogs were collected monthly between August 1996 and Octo-
ber 1997, in 2 x 1 m plots, randomly established on the forest 
floor. Additional frogs were collected in the same area in 8 x 8 m 
plots, also randomly established (see Rocha et al. 2001, for a de-
tailed description of sampling methods). We recorded snout-uro-
style length (SUL) and jaw width (JW) to the nearest 0.1 mm us-
ing a caliper. Difference in SUL between sexes was tested using 
one-way ANOVA (Zar 1999). 

Diet composition and trophic diversity were analyzed in 62 in-
dividuals (44 females, 18 males) using a stereomicroscope and 
based on prey found in the stomachs. The prey items were identi-
fied to the taxonomic level of Order or Family (in the case of 
Formicidae), counted, and measured in three dimensions with a 
digital caliper (0 1 mm precision) to estimate their volume 
(Schoener 1967). All insect larvae were grouped as a single prey 
category. The mean length of the five longest items and the mean 

TABLE 1. Frequency (number and % of frogs containing a particular prey type), N (total 
number and % of each item found in the frog stomachs), and volume of prey types (mm 3  and 
% of total volume) found in the stomachs of Eleutherodactylus parvus (N = 62) in the Atlantic 
Rainforest area of Ilha Grande, RJ, Brazil. 

Toft (1980a,b) categorized leaf-litter 
leptodactylid frog species as "non-ant special-
ists" because their diets consisted predominantly 
of soft-bodied, mobile arthropods such as crick-
ets and large spiders. 

The anuran genus Eleutherodactylus, family 
Leptodactylidae, is the most speciose (over 500 
species) among amphibians (Lynch 1996). These 
frogs are common inhabitants of the leaf litter 
floor in tropical forests of Central and South 
America and the West Indies (Lynch 1996). 
Eleutherodactylus species typically are carnivo-
rous, feeding mainly on arthropods (Duellman 
1978; Ovaska1991; Toft 1980a,b). 

Eleutherodactylus parvus occurs in forest floor 
litter communities in the Atlantic Rainforest of 
the states of Rio de Janeiro and Sao Paulo in 
southeastern Brazil (Haddad and Sazima 1992). 
In the litter anuran community in the Atlantic 
Rainforest of Ilha Grande, south of Rio de Janeiro 
State, E. parvus is one of the most common spe-
cies found (Rocha et al. 2001). Despite being a 
common species, previous research on E. parvus 

Item 

Orthoptera 
Collembola 
Hymenoptera 

Formicidae 
Diptera 
Blattaria 
Coleoptera 
Homoptera 
Hemiptera 
Insect Larvae 
Isopoda 
Araneae 
Acari 
Pseudoescorpionida 
Diplopoda 
Chilopoda 
Arthropod remains 
TOTAL 

Frequency (%) N (%) Volume (%) 

6 (9.7) 6 (3.1) 39.5 (10.4) 
7 (11.3) 11(5.6) 2.1 (0.6) 
1 (1.6) 1 (0.5) 0.2 (0.1) 
26 (41.9) 97 (49.5) 45.6 (12.0) 
2 (3.2) 2 (1.0) 4.1 (1.1) 
2 (3.2) 2 (1.0) 32.4 (8.5) 
4 (6.4) 4 (2.0) 8.5 (2.2) 

1 (1.6) 1 (0.5) 14.4 (3.8) 
4 (6.4) 5 (2.5) 9.5 (2.5) 
8 (12.9) 10 (5.1) 8.0 (2.1) 
11 (17.7) 12 (6.1) 61.9 (16.2) 
12 (19.3) 12 (6.1) 62.4 (16.4) 
13 (21.0) 26 (13.3) 3.4 (0.9) 
1 (1.6) 1 (0.5) 0.3 (0.1) 
3 (4.8) 3 (1.5) 13.2 (3.5) 
2 (3.2) 2 (1.0) 4.3 (1.1) 

71.4 (18.7) 
196 - 381.8 - 
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FIG. 1. Relationship between frog jaw width (in Log) and (a) mean 
volume of the five largest prey items (in Log) and (b) mean length of the 
five longest prey items ingested by Eleutherodactylus parvus (N = 62) at 
Ilha Grande, RJ, Brazil. (F,01. = 19.44 ; R 2  = 0.30; P < 0.001; y = 1.10 
+ 0.69x) (Flength = 25.14; R2  = 0.36; P < 0.001; y = 0.36 + 0.22x). 

volume of the five largest items were compared between sexes 
using the Mann-Whitney U test (Zar 1999). We calculated trophic 
diversity for adult males and females using Shannon-Wiener (H') 
index of diversity (Zar 1999) based on numeric percentages of 
prey types. Sexual differences in diet were compared using the t-
test of Hutcheson (Zar 1999). We considered as adult males those 
frogs larger than 15 mm, the smallest body size of four E. parvus 
found calling at Ilha Grande Rainforest (unpubl. data) and as adult 
females, those larger than 17 mm, the smallest body size we found 
for 13 reproductive females (unpubl. data). To evaluate if items 
consumed by these frogs were size-limited and influenced by sex, 
we related mean volume of the five largest items and mean length 
(both log-transformed) of the five largest prey items consumed by 
each individual to the frog jaw width (log-transformed) using 
simple linear regression (Zar 1999). 

Adults of E. parvus are sexually dimorphic in SUL, females 

(mean = 18.1 ± 0.6 mm, N = 13) being larger than males (mean = 
15.4 ± 0.2 mm, N = 6) (t = 15.48; df =18; P < 0.001). We found no 
significant (P > 0.05) difference in the mean length of the five 
largest items (U = 312.5) and mean volume of the five largest 
preys (U = 313.0) between males and females. Trophic niche di-
versity for males (H' = 0.747) and females (H' = 0.775) did not 
differ statistically (t = 0.317; df = 100; P > 0.05 ). For this reason 
we analyzed the diet for both sexes together. 

Thirteen of the 62 individuals analyzed had empty stomachs. 
We found 15 prey types in E. parvus diet (considering all insect 
larvae together; Table 1). The most frequent items were Hy-
menoptera-Formicidae (41.9% of the stomachs analyzed), Acari 
(21%), Araneae (19.3%), and Isopoda (11.7%). Ants and mites 
were the most numerous (49.5% and 13.3% of the total items found, 
respectively) prey types consumed. In terms of volume, the most 
representative items were Araneae (62.4 mm 3, 16.4%), Isopoda 
(61.9 mm3 , 16.2%) and Formicidae (45.6 mm 3, 12.0%). Plant re-
mains were found in only four (6.4%) of the frogs analyzed, being 
usually small fragments of dead leaves probably ingested inci-
dentally during the capture of prey. As a result, we did not include 
these items in the diet estimation. 

The relationship between jaw width and mean volume of the 
five largest items (R 2 = 0.30, F1,45= 19.44) and mean length of the 
five largest prey items (R 2 = 0.36, F1A5 = 25.14) were both statisti-
cally significant (P < 0.001; Fig. 1). 

At Ilha Grande, E. parvus fed exclusively on arthropods. Ants 
were the most frequent and numerous prey item and, together with 
mites, spiders, and isopods they seem to constitute important prey 
groups to maintain the E. parvus population at the studied area. 
Ants are common in the leaf litter arthropod community sampled 
in the same area (M. B. Vecchi, pers. comm.). Ant eating is known 
for several Eleutherodactylus species, in different frequencies 
(Duellman 1978; Ovaska 1991; Stewart and Woolbright 1996; Toft 
1980b; 1981). 

Spiders and isopods were the largest items found in the stom-
achs, and these prey types are relatively non-chitinous in relation 
to their body size, non-toxic, mobile, and cryptic (Toft 1980b) 
and, according to the categories created by Toft (1980b), E. parvus 

should be considered a "non-ant specialist" species, because of 
the ingestion of these prey types in large frequencies. But we have 
no data on selectivity of prey by E. parvus, and because ants were 
the most frequent item in the diet, we are not able to fit this frog 
into one of Toft's categories. 

Our data show that the SUL of E. parvus affects the size of the 
ingested prey (by prey volume and length). This result is expected 
for predators which do not chew their prey and are further limited 
by gape size (Lima and Moreira 1993; Van Sluys et al. 2001). 
Prey size increases with increasing frog body size, a trend also 
found for E. coqui and other anurans (Woolbright and Stewart 
1987 cited in Ovaska 1991). 

Considering the broad range of prey types, we conclude that E. 
parvus is a carnivorous predator in the leaf-litter microhabitat, its 
diet being composed exclusively by arthropods. 
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The genus Nyctibatrachus Boulenger 1882 (family Ranidae) is 
endemic to the Western Ghats mountain chain of southwestern 
India, and comprises ten described species (Dutta 1997; 
Krishnamurthi et al. 2001). Species of Nyctibatrachus are found 
mainly in the rocky streams of montane and submontane ever-
green and semi-evergreen forests. Apart from taxonomic descrip-
tions and distributional records there is little information on these 
frogs and the observations reported herein are the first accounts of 
natural history and reproductive behavior of any Nyctibatrachus 
species. 

I observed Nyctibatrachus cf. humayuni at various localities 
(elevational range 75-300 m) in the states of Goa and Karnataka 
in southern India, but mainly between Castle Rock and Dudhsagar 
(15.41°N, 74.33°E to 15.35°N, 74.3°E). Annual precipitation here 
is 3000-5000 mm. The main rainy season, resulting from a south-
west monsoon, is from June to September. There are a few show-
ers from a northeast monsoon in November and early December. 
The forest is semi-evergreen and evergreen, ca. 15-25 m tall, and 
undergrowth is thick. Numerous small streams cut through these 
forests, often forming steep rocky watercourses with abundant 
overhanging vegetation. These streams are the natural habitat of 
this frog and the overhanging vegetation provides oviposition sites. 

My observations span monsoonal seasons over a five-year pe-
riod (1997-2001). During my study I captured individual frogs on 
first sighting, recorded snout-vent lengths (SVLs) to the nearest 
0.1 mm using a vernier caliper, and noted sex. I marked each indi-
vidual by fixing a narrow, uniquely colored strip of balloon around 
the waist and released each frog at point of capture. Marking with 
balloon strips did not seem to harm the frogs or disrupt their ac-
tivities. Marked frogs neither abandoned their calling posts nor 
stopped vocalizing. Moreover, they seemed to attract females and 
fertilize eggs just as efficiently as they did before marking. I mea-
sured mating success of males (Fig. 3) over a period of 8 nights in 
the years 1998 and 2001 (total 16 nights). I considered only neigh-
boring males to make direct comparisons meaningful, and excluded 
very old egg-clutches from male territories for this analysis be-
cause they could have been fertilized by other males in cases of 
territory takeovers. During the nights of direct observations I 
counted new clutches fertilized by territorial males. Therefore, 
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although my measurements might be slight underestimates, they 
are corrected for temporal (number of days the males were ob-
served) and spatial (micro-spatial variation in mating success) bi-
ases. 

I collected all the marked frogs from 1998 and 1999 and pre-
served them in 10% formaldehyde solution when field observa-
tions were terminated. Hemant Ghate in the Department of Zool-
ogy, Modern College, Pune, is currently studying the taxonomic 
status of N. cf humayuni. Morphometric measurements and cer-
tain behavioral details pertaining to individual frogs observed in 
the field are described elsewhere (Kunte 2001). 

Sexual dimorphism. — Sexes in N. cf. humayuni are subtly di-
morphic. SVL of calling adult males was 42.08 ± 3.24 mm (range 
32-47 mm; N = 29) and that of adult females, 41.42 ± 2.61 mm 
(range 37-45.5 mm; N = 15). Males lack the nuptial pads which 
are present in many male anurans; I attribute their absence to the 
lack of amplexus. Only adult males had femoral glands colored 
pale orange to bright orange or pink. Males also had larger toe-
discs as compared to females. Toe-discs are known to offer firm 
hold on smooth substrates, such as leaves. Therefore, larger toe-
discs of males probably help them hold onto smooth leaves dur-
ing the extended vocalization periods. 

Vocalization. —Breeding activity commenced by the end of May 
or early June at the onset of the southwest monsoon and continued 
until mid-September. Thereafter, occasional rains and the north-
east monsoon triggered short spurts of breeding. Males vocalized 
throughout the breeding season. The vocalizations began at dusk. 
The call was a soft and melodious, prolonged note—OORRsss---- 
with an occasional faint "OA" preceding the call. Males vocal-
ized with an average frequency of 6 calls/min. They perched at a 
height of up to 1 m on leaves overhanging flowing water of forest 
streams. When overhanging vegetation was absent they positioned 
themselves on slanting moss-free faces of wet rocks flanking the 
streams. 

Vocalization continued until ca. 2130-2200 h. Then some of 
the males stopped vocalizing while others vocalized less frequently 
or occasionally. The males foraged afterwards, as evidenced by 
gut contents of males that had been vocalizing for as long as 8 
nights. After foraging, the males took refuge before dawn in crev-
ices or under rocks. 

Territoriality.—Males maintained large territories in which ovi-
position took place. An individual territory consisted of suitable 
calling posts on over-hanging vegetation or moss-free rock and 
the underlying portion of the stream. The average inter-male (be-
tween calling posts) distance was 7.92 ± 3.28 m (N = 32), with a 
mode at 5 m (N = 11). A minimum distance of 5 m was always 
maintained between two calling posts. The calling posts later served 
as oviposition sites. 

Territories were exclusive, in which only one calling male 
reigned. In two instances new males replaced the territorial males; 
in both occurrences larger males seemed to have dominated (Kunte 
2001). Adult males not engaged in reproductive activities were 
never seen close to territories of calling males. It is possible that 
these males have short non-reproductive spells of a few days or 
weeks during which they forage away from the territorial males, 
gain weight or mass and later replace territorial males My search 
for silent satellite males, which associate themselves with calling 
territorial male frogs and intercept gravid females (Arak 1988; 

Bourne 1993; Howard 1978), did not reveal any in N. cf humayuni. 
Egg- laying.— I observed seven complete egg-laying sequences. 

The following was a standard egg-laying process. Males vocal-
ized usually from leaves ca. 10-100 cm above flowing water 2-
30 cm deep. Observations on marked females revealed that fe-
males foraged in the territories of several males, which probably 
provided them time and opportunity to rank males and their terri-
tories. When a female was ready to lay a clutch of eggs she climbed 
to the spot from where a chosen male had been vocalizing. The 
male vocalized with slightly higher frequency of calling when the 
female approached. The male moved a few centimeters away from 
its calling post when the female approached but continued vocal-
izing. The female reached the exact original calling post and de-
posited eggs. If the female laid part of her clutch in another spot, it 
was always the second spot to which the calling male had shifted 
upon the female's arrival. Thus, the male, rather than the female, 
determined oviposition sites, with the female laying eggs exactly 
at the spot from where the male had been calling. There was no 
amplexus or any physical contact between the sexes (however, in 
another egg-laying sequence I observed `pseudo-amplexus: This 
preceded oviposition by 5 min and therefore did not serve the pur- 

Flu. 1. This figure shows oviposition behavior and lack of amplexus in 
Nyctibatrachus cf. humayuni. The female to the right was laying eggs 
without the male being in amplexus while another gravid female waited 
beside it (note the bulging abdomen). The male on the lower part of the 
leaf was waiting for the female to finish oviposition, it fertilized the eggs 
after the female left. Note the old clutch at an advanced stage of develop-
ment beside the male. Egg-clutches fertilized by a male are often clumped. 
Also note much larger toe-discs and thicker digits of male as compared to 
the females. 
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pose of fertilization [Kunte 2001]). Vocal communication on the 
part of the female was not perceptible. After laying its clutch, the 
female immediately entered the water and moved away. The male 
then stopped vocalizing and positioned itself over the eggs to en-
able fertilization. For the same purpose, sometimes the male also 
moved a little over the clutch, seemingly ensuring that all the eggs 
received sperm. When it had released semen the male resumed 
vocalization within a few minutes from a different post only a few 
centimeters away from the freshly laid eggs, often on the same 
leaf. On successive nights the male continued vocalizing from the 
new post until another female visited. Thus, eggs laid by different 
females but fertilized by the same male tended to be spatially 
clumped on the same leaf or on neighboring leaves on the same 
branch (Fig. 1). 

Clutch size, fertilization success, hatching success, and mul-
tiple clutching.—I observed a total of 1937 eggs comprising 85 
clutches. Egg diameter at the time of oviposition was 2.5-3 mm 
(N = 15, from 3 clutches). Clutch size ranged from 10 to 55 eggs, 
with a median of 21 and mean of 22.79 ± 8.84 eggs (Fig. 2). Fer-
tilization success in all 85 clutches was 100%. The length of the 
egg stage in the developmental process was approx. 12-15 days. 
When tadpoles were ready to hatch they wriggled violently in the 
egg-jelly, which burst, releasing the tadpoles. The ejected tadpoles 
fell in the flowing water below where they fed at the bottom close 
to the banks I did not observe any pre-hatching mortality; tad-
poles from over 700 eggs (ca. 30 observed clutches) ejected out of 
the jelly capsules successfully. 

Six females were dissected for ovarian examination. Females 
preserved 1-4 days post-oviposition had a new batch of eggs de-
veloping in their ovaries; these would have matured in 10-15 days. 
Females that were caught close to calling males had a batch of 
eggs ready to be laid and yet another batch developing, which 
would have been ready after 10-15 days. It is evident, therefore, 
that females lay a minimum of two clutches. Judging from the 
prolonged breeding season of this species and assuming that eggs 
are produced throughout the breeding season, females can poten-
tially produce as many as 6 egg-clutches per breeding season. 

Male mating success and sexual dimorphism.—Most of the call- 
ing males were successful in obtaining at least one but typically 
multiple matings (Fig. 3). As a consequence, variance in repro-
ductive success of male Nyctibatrachus might not be as high as in 
those species in which a few males monopolize all matings (Cherry 
1993; Table 3.3 in Duellman and Trueb 1986). Also, many indi-
vidual females possibly laid multiple clutches in a season. Hence, 
it would be interesting to work out reproductive success of both 
sexes in this species, which will perhaps be comparable. Thus, 
low variance in reproductive success of males and comparable 
fitness of both sexes may be the two reasons why sexes are similar 
in size, and only subtly dimorphic, in Nyctibatrachus. 

The reproductive biology of N. cf. humayuni has remarkable 
features. Of particular interest is the lack of amplexus. In anurans 
amplexus has been considered an adaptive behavior that facili-
tates juxtaposition of cloacae of male and female during oviposi-
tion, which is important for success in external fertilization 
(Duellman and Trueb 1986). The total lack of amplexus has so far 
been reported only in Central and South American arrow-poison 
frogs (family Dendrobatidae) (Crump 1972; Limerick 1980) and 
Darwin's frog (Rhinoderma darwinii) (Busse 1991). These frogs  
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FIG. 2. Clutch size in Nyctibatrachus cf humayuni. 

have a different set of reproductive behaviors and life history traits 
as compared to N. cf humayuni. For example, dendrobatids usu-
ally lay less than half a dozen eggs (some species, just one), and 
exhibit parental care unlike Nyctibatrachus. Darwin's frogs also 
have parental care. Interestingly, despite the evolutionary advan-
tages usually attributed to the presence of amplexus, 
Nyctibatrachus has achieved 100% fertilization success in its to-
tal absence. Loose, abbreviated, or otherwise crude forms of am-
plexus are reported in many anurans, e.g., in Discoglossus 
(Knoepffler 1962) and Madagascan Mantidactylus (Blommers-
Schlosser 1975) and Mantella (Arnoult 1966; Heying 2001). There-
fore, Nyctibatrachus is only the third anuran group in which am-
plexus is totally absent and the first record of such a frog from the 
Old World. 

Another notable feature of the breeding biology of this species 
is the nature of oviposition sites and clutch sizes. Nyctibatrachus 
is among the rare anurans that deposit eggs outside water—on 
ground or vegetation but not in a foam-nest, and whose larvae 
drop into water when they hatch (other examples in Duellman and 
Trueb 1986). Many of these species lay small clutches of large 
eggs. Central and South American glass frogs (family 
Centrolenidae) have similar breeding habits to Nyctibatrachus, 
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FIG. 3. Mating success of male Nyctibatrachus. Most males get at least 
one, typically multiple, matings. 
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although they have amplexus and parental care (Mc Diarmid 1978). 
Phyllomedusa and related genera (Kenny 1966; Vaira 2001) also 
have similar eggs, clutch sizes, and oviposition sites. It would be 
interesting to compare reproductive behaviors and mating success 
of these frogs. 
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An established and useful part of anuran descriptions is the 
webbing formula, which expresses the extent of the webbing be-
tween fingers and toes in a standardized manner. This formula 
enumerates those phalanges which are free of webbing, rather than 
those which are webbed; this obviates the problem of whether to 
include metacarpals and metatarsals in the count of "phalanges." 
The development of the formula for expressing interdigital web-
bing has an interesting history, and its origin has often gone unac-
knowledged. 

Many early authors used descriptors such as "1/4 webbed" or "1/2 
webbed." The major drawback to this system is that it requires a 
subjective assessment of the extent of the webbing, there being no 
clear, objective criteria upon which the fractions are based. 

Edwards (1974) developed a formula which enumerated the 
number of phalanges which are covered by webbing. This system 
was used to describe webbing in Colostethus by La Marca (1985, 
1997). 

Loveridge seems to have been the first to quantify the extent of 
the webbing by enumerating the phalanges that are free of web-
bing. Loveridge (1933, p. 90) described the toes of Glauertia 
[Uperoleia] russelli as: "...strongly webbed, at most a single joint 
free with the exception of the fourth which has three joints free...." 
This method was elaborated upon in later work; "...of its toes only 
the first has a single joint free, the second, third and fifth are webbed 
to the disks on at least one side, the fourth has one and a half 
(right) to 2 (left) joints free of web" (Loveridge 1941, p. 129). 
Loveridge used "joint" as the equivalent of phalanx. Although 
Loveridge's descriptive method is useful and objectively quantifi-
able, no notation formula was established. 

Rivero also described webbing using the number of free pha-
langes, but in his method "...the fingers and toes are placed close 
together and the extension of the webbing is determined by con-
sidering the middle, not the margins, of the membrane" (Rivero 
1961, p. 15). Although Rivero stated that "Loveridge's system of 
measuring the amount of webbing by giving the number of free 
phalanges has been adopted here...." (ibid, p. 15), Rivero's system 
departs from Loveridge's in that Loveridge measured webbing by 
counting the number of free phalanges ("joints") to the point of 
contact between web and digit, while Rivero counted free phalan-
ges to a point corresponding to the deepest emargination of the 
webbing between adpressed digits. An example of Rivero's nota-
tion is "...toes taken in order from first to fifth exhibit the follow-
ing phalanges free of web: 1%, 1, 11/2, 21/2 to 3, 1 to 11/4;..." (ibid, p. 
106). Although it is not explicitly stated, Rivero seems to offer a 
range of variation in the extent of the webbing, but makes no dis-
tinction between the inner and outer sides of the toes. 

Savage and Heyer (1967) established a formula similar to that 
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which is widely used today. The formula is based on a phalanx 
numbering system in which "...A notation of 0 indicates that the 
web reaches the base of the finger or toe disk, 1 indicates that the 
web reaches the base of the terminal phalanx" (ibid, p. 116). Sav-
age and Heyer clearly stated that "The position of the web was 
determined by the point of union with the digit, excluding narrow 
fleshy fringes on the digits..." The use of "+" and "–" in super-
script position, representing the proximal and distal ends of the 
subarticular tubercles respectively, was also premiered in this pa-
per. The following was used as an example of the formula (ibid, p. 
116): "I 2-2,5 II 2 --3-  III 2+-2-  IV 3-3-  V." The same technique 
was used in subsequent papers (e.g., Savage 1968; Savage and 
Heyer 1969), although fractions rather than decimals were used to 
indicate the number of free phalanges (i.e., 21/2 rather than 2,5). 

Myers and Duellman (1982) modified this notation somewhat, 
by combining Savage and Heyer's "0" and "1" notations into a 
single "1" representing the terminal phalanx, inclusive of the disc. 
The "0" was reserved "...for those frogs in which the webbing 
extends to the very tip of a digit...." (ibid, p. 6, footnote). This 
formula was further refined by Savage and Heyer (1997). Myers 
and Duellman also modified the Savage and Heyer formula by 
using boldface for the Roman numerals. Myers and Duellman also 
pointed out that "....there is an element of subjectivity. Determin-
ing degree of webbing sometimes amounts to assigning a point on 
a smooth curve, as when a deeply emarginate web curves up to 
join a fringed digit near its tip." (ibid, p. 6, footnote). When mod-
ern publications credit the technique of webbing notation formula, 
it is Myers and Duellman (1982) that is typically cited. 

However, a method to describe webbing by enumerating the 
number of phalanges which are free of webbing had been used 
previously by Guibe and Lamotte (1955a, 1957). In these publica-
tions the notation was not written on a single line of text, but as 
shown below (from Guibe and Lamotte 1957, p. 959): 

I 	II 
	

III 	IV 	V 

	

I 	I 
int. 	ext. 	int. 	ext. 	int. 	ext. 

2 	21/2 	1 
	

3 	1 	2 	2 	1 

The notation is accompanied by a drawing of the foot, showing 
that the system of numbering phalanges is the same as that used 
by Myers and Duellman (1982). The notation is accompanied by 
an explanation in the text, e.g.: "The webbing....leaves the follow-
ing numbers of phalanges free on each toe..." (Guibe and Lamotte 
1957, p. 959). 

There is no evidence that Guibe and/or Lamotte used the nota-
tion before 1955. In earlier papers (e.g., Guibe and Lamotte 1953) 
webbing was described in the text by listing the numbers of free 
phalanges on each toe in a fashion similar to that employed by 
Loveridge (1941). 

The webbing notation was used inconsistently in subsequent 
publications by Guibe and/or Lamotte. For example, Guibe (1960), 
Guibe and Lamotte (1955b), and Lamotte (1967) used the nota-
tion, but Guibe (1973) and Guibe and Lamotte (1958, 1960, 1961) 
provided only a verbal description of the extent of the webbing, 
with illustrations. One interesting modification was the adapta-
tion of the notation to compare the webbing of two or more taxa 
(Guibe and Lamotte 1955b, 1957; Lamotte 1967). 

Lescure (1975), in his description of Colostethus degranvillei, 
used a formula based on Guibe and Lamotte (1957). Lescure (1975) 
refined Guibe and Lamotte's notational system by condensing the 
information to a single line of text; "....I 1-2 II 11/2-3 III 2-4 IV 4-
2% V...." (ibid, p. 414). Lescure's use of the formula is very simi-
lar to the Myers and Duellman (1982) modification of Savage and 
Heyer (1967), the only difference being that the Roman numerals 
are not in boldface. Lescure (1975, p. 414) describes the webbing 
formula as: "... counting free phalanges, including the disc-bear-
ing [phalanx], on each side of the digits [which are] numbered in 
Roman numerals...." As well as citing Guibe and Lamotte (1957) 
as the source of this technique, Lescure also states that the method 
is "...preferable to that of Rivero (1961) which I have been using 
previously. Toes [of specimens], which are often adpressed and 
rigid, prevent the accurate determination of the height of the middle 
of the webbing membrane." (p. 414, footnote). Lescure also used 
the same formula in subsequent publications (e.g., Lescure 1981). 
At no time did Lescure or Guibe and Lamotte use the "+" and "–" 
modifiers to indicate the point of contact relative to the position of 
the subarticular tubercles; this usage must be attributed to Savage 
and Heyer (1967). 

Guibe and Lamotte have received little credit for the develop-
ment of their notational system. This might be because the semi-
nal paper was published in a journal which is not widely avail-
able. Furthermore, because even its originators did not utilize it 
consistently, it is perhaps not surprising that the scheme devised 
by Guib6 and Lamotte was not widely accepted. 

The system to describe interdigital webbing was devised as a 
notation by Guibe and Lamotte (1955a) and as a formula by Sav-
age and Heyer (1967), independently. The former was refined by 
Lescure (1975), the latter by Myers and Duellman (1982). Whereas 
the work of Savage and Heyer (1967), as refined by Myers and 
Duellman (1982) and Savage and Heyer (1997), has been widely 
used and cited, Guibe and Lamotte's work suffered from inconsis-
tent usage. Nonetheless, since Guibe and Lamotte (1955a) is the 
earlier date, this publication may be credited as the first use of a 
notation which enumerates free phalanges on either side of each 
toe. 
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Drift fences used with pitfall and/or funnel traps are a standard 
field technique used to sample amphibian and reptile communi-
ties (Campbell and Christman 1982; Corn 1994). Drift-fence sam-
pling is effective in collecting large numbers of animals in a rela-
tively short period of time (Gibbons and Semlitsch 1981; Rodda 
et al. 2001). 

A variety of materials have been used for drift fences, but alu-
minum flashing is the best choice for long-term studies because 
of its durability (Gibbons and Semlitsch 1981). Aluminum flash-
ing is expensive and often is not feasible for short-term inventory 
studies that do not have a large budget. Polyurethane has been 
used for drift fences to study amphibian reproductive biology by 
encircling breeding ponds (Douglas 1979). 

Enge (1997) proposed the use of silt fencing as an alternative. 
Silt fencing is a woven polypropylene material that is about one-
third the cost of aluminum flashing and is particularly desirable 
when sampling hydric environments. Silt fencing can also be used 
in terrestrial habitats. Zug et al. (2001) report the use of silt fenc-
ing for monitoring amphibian and reptile populations at a tropical 
site in Myanmar and one of us (JHM) has used silt fencing for 
short-term sampling (2-3 months) of herpetofaunal communities 
in the Edwards Plateau of Texas. 

In the tropics, where "common species are rare and rare species 
are common" (Forsyth and Miyata 1984), drift-fence sampling 
might be an effective technique to sample amphibian and reptile 
species, yet little data are available (but see Brown et al. 1996; 
Zug et al. 2001). In the United States aluminum flashing and silt 
fencing are both readily available, but elsewhere, particularly in 
the tropics, this may not be the case. Furthermore, the cost of im-
porting aluminum flashing or silt fencing via air carrier might be 
exceedingly high because of the weight of the material. Another 
problem with drift fencing in wet tropical forest is the high rate of 
treefalls (Brokaw 1996). Treefalls can destroy aluminum or silt-
based drift fencing and require considerable effort to repair (pers. 
obs.). Therefore, for drift fence sampling to be convenient and 
feasible in a tropical forest, the material must be available, afford-
able, and the drift fence should be repairable in a modest amount 
of time. As an alternative to aluminum flashing and silt fencing, 
we herein describe the use of polystyrene to construct drift fences 
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