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Roger Conant Grants-in-Herpetology  
Program 2013

 Proposals will be accepted for the 2013 SSAR Grants-in Her-
petology Program starting in September 2012. This program is 
intended to provide financial support for deserving individuals 
or organizations involved in herpetological research, educa-
tion, or conservation. In keeping with the Society’s goal of en-
couraging participation by the broadest possible community of 
applicants, preference may be given to individuals who might 
not have access to other funding sources.  Applications must be 
submitted by individuals only (but see special considerations for 
education categories below).
 Grant proposals will be considered in the following categories: 
 
1. CONSERVATION OF AMPHIBIANS AND REPTILES. Proposals 

should outline a conservation-oriented research project.  This 
project may focus on species endangered or threatened at the 
state, national, or international level, or address research on 
potentially threatened habitats or species, or on introduced 
injurious species.

2.  THE ANDREW H. PRICE FIELD RESEARCH GRANT IN HER-
PETLOGY. Proposals may address needs for field station fees or 
equipment and materials in field oriented projects, or the field 
work portions of broader studies. This might include in-situ 
behavioral studies, ecological, life history, or sexual selection 

studies. Survey work by individuals or regional societies may 
be submitted here or in TRAVEL below depending on how the 
funds are to be used. 

3.  LABORATORY RESEARCH. Proposals may address needs for 
equipment or materials in laboratory projects or laboratory 
portions of broader projects. This might include studies in 
behavior, biochemistry, molecular biology, biomechanics, or 
physiology.

4.  HERPETOLOGICAL EDUCATION. Proposals may address an 
educational project or start up support for an educational pro-
gram in a zoo, museum, park, nature center, regional herpeto-
logical society, etc. The project must focus on a herpetological 
topic. Note: Although proposals for institutional projects are 
accepted, education proposals must be submitted by an indi-
vidual (either sole applicant or principle contact person for the 
project).  Applicants need not be students or SSAR member.

5.  TRAVEL. Proposals may address support for travel to field 
study sites near or far, or to utilize distant collections or fa-
cilities. If funding is sought to get from one place to another, 
proposals should be submitted in the TRAVEL category. Pro-
posals normally submitted in the CONSERVATION or FIELD 
RESEARCH categories should be submitted here if travel fund-
ing is being sought.

6.  INTERNATIONAL. Proposals may address needs in any of the 
above five categories. The applicant must be a student, but 
not necessarily a SSAR member. Preference will be given to 

AbOut OuR cOveR: Uromastyx benti
 Bent’s Spiny-tailed Lizard (Uromas-
tyx benti, Agamidae) is part of a species 
complex that is found in northeastern 
Africa. It was described in 1894 by John 
Anderson, a leader in Arabian herpe-
tology, and named for British explorer 
and archeologist James Theodore 
Bent. This is a small species of Uro-
mastyx, belonging to the U. ocellata 
group (Wilms and Schmitz 2007. Zoo-
taxa 1394:1–23), and is found only in 
Yemen, southwestern Oman, and pos-

sibly in Saudi Arabia (Wilms and Böhme 2007. Fauna of Arabia 
23:435–468). 
 Bent’s Spiny-tailed Lizard prefers rocky, arid habitats, and 
unlike some of the larger Uromastyx species (e.g., U. aegyptia) 
that dig permanent, elaborate burrows in open gravel plains, 
this species lives in rock crevices and small burrows constructed 
under rocks. Like other Uromastyx, it is herbivorous. Listed as 
a CITES Appendix II species, U. benti is exported (largely from 
Yemen) for the pet trade. The magnitude of this export, as well 
as its effect upon local populations, is largely unknown. Fortu-
nately, the rocky habitat home to U. benti is under little threat of 
development and seems to be stable (CITES, Uromastyx benti. 
<http://www.cites.org/eng/com/ac/22/E22-10-2-A6b.pdf>).

 In Oman, this species was known only from the immediate 
vicinity of the coastal city of Mirbat (Seufer et al. 1998. Herpe-
tofauna 20:22–23). However, on an expedition to the area in July 
2011, Theodore Papenfuss and Todd Pierson discovered a pair 
near the Arabian Leopard Preserve at an elevation of 1410 m 
(Pierson and Papenfuss 2012. Herpetol. Rev. 43:491). 
 Todd Pierson recorded our cover image with a Canon EOS 
Digital Rebel XSi (450D) mounted on a tripod and using a Sigma 
10–20mm f/4-5.6 wide-angle lens. Natural lighting was supple-
mented with a bit of fill flash from a diffused Canon Speedlite 
430ex II mounted on camera (shutter speed of 1/200 second, 
f/13, and ISO 100). This large, col-
orful male was discovered basking 
on the rock over his burrow, which 
also held a smaller female. Pierson 
is an undergraduate in the Odum 
School of Ecology at the University 
of Georgia. He was awarded a schol-
arship at UGA that provided funding 
for international study, and during a 
three-year period, he has searched 
for amphibians and reptiles in Eng-
land, Italy, Guatemala, Honduras, 
Nicaragua, Costa Rica, Oman, the 
UAE, Korea, and China. 

Ph
o

To
 B

y 
T.

 J.
 P

a
Pe

n
fu

SS

SSAR buSineSS



Herpetological Review 43(3), 2012

362362



Herpetological Review 43(3), 2012

363363

students with limited access to research funds and in coun-
tries where herpetological research has historically been 
under-funded. Note Regarding Eligibility in the Interna-
tional Category: In late 2011, the current President of SSAR, 
the Grants-In-Herpetology Chair, and several members of the 
SSAR Board of Directors decided that proposals in this catego-
ry would only be accepted if they were submitted from institu-
tions OUTSIDE of the United States.  Proposals from students 
who are primarily affiliated with United States institutions are 
not eligible for this category.

 Submitting your proposal: All proposals must be submitted 
electronically to Joshua Kapfer (e-mail: kapferj@uww.edu) as 
a single PDF file named “lastname-category.pdf” no later than 
15 December 2012 to be considered (letter of support may be 
included with the proposal or sent separately). Exceptions to 
electronic submission and file format may be allowed for special 
cases with prior approval by SSAR-GIH Chair. Full details about 

the GIH program and proposal requirements are available on the 
SSAR website: http://www.ssarherps.org/pages/GIH.php

Grants-in-Herpetology Donor Information

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

Hobart Muir Smith Turns 100

 Hobart Smith will celebrate his centennial birthday on 26 September 2012. In appreciation of Hobart’s remarkable and unsur-
passed contributions to herpetology, we invited a few of his colleagues and former students to offer comments.

—R. W. Hansen, Editor

 Hobart: Over the years you have been 
kind, helpful, and generous. Sixty years ago 
when, as a student at Michigan, I visited Ur-
bana to examine Mexican specimens in your 
collection, you always welcomed me. You 
and Rozella were kind enough to take me 
into your home in St. Joseph. There, we all 
watched Gunsmoke, you and I talked into the 
wee hours, and I shared a room with Bruce. 
Your extensive experience with the Mexican 
herpetofauna was a great inspiration to me. 
You told me where to look for some species 
and how to catch some others. I found it dif-
ficult to believe you when, upon my asking 
about the location of Cuautlapan in Veracruz, 
you told me to take the road from Orizaba to 
Córdoba and turn right in the middle of the 
bridge! A few months later (March 1956) I 
travelled that road, and sure enough there 
was a narrow gravel road descending from 
the middle of the bridge. If that were not 
enough, upon parking the carryall under 
a tree we asked a man if we could scour his 
surroundings looking for herps. The man 
replied: “Conoce el Doctor Smith y el Doc-
tor Taylor?” [Do you know Dr. Smith and Dr. 
Taylor?] Standing before us was Carlos Cerón, 
who two decades earlier had guided you and 
Taylor in the area. 
 Over the years you have helped me in many ways, and I have 
learned much from you. But, most of all, I am proud to have 
developed a friendship over the past six decades. As you now 
have achieved a new apogee in your attainment of the century 

mark, you have set new goals for many of us 
“youngsters” who have come to respect and 
admire Hobart Muir Smith, a man whose per-
spicacity and generosity are exceeded only by 
his modesty.

William E. Duellman
University of Kansas, Lawrence, Kansas, USA

***
Almost 34 years ago I sent my first letter 

to Hobart Smith, in Spanish. I was asking for 
his help to obtain some publications that I 
was unable to find in Mexican libraries. His 
response was immediate. Since then, I have 
been corresponding with Hobart by letter 
and later by e-mail. Ten years after sending 
my first letter, I published a paper with Ho-
bart, but our collaboration and friendship 
had started since I first wrote to him in Au-
gust of 1978. 

My relationship with Hobart has been 
very open and friendly, even though we do 
not agree in many fields of biology. We have 
talked about subjects other than Mexican 
herpetology—about politics, conserva-
tion, general science, and of course, Mexico. 
Throughout the years my relationship with 
Hobart became closer, until one day he sent 

an e-mail communicating to me his decision to donate his li-
brary to Mexico, in particular to Museo de Zoología, at UNAM. 
I made the arrangements to move Hobart’s library, including lo-
gistic support, and raised the  necessary funds. Our adventures 

neWSnOteS

Hobart Smith with frogs in hand, 10 
miles S of Austin, Texas, while in the 
field with Howard K. Gloyd, 24 June 
1930.
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to move Hobart’s library to Mexico were subsequently chronicled 
(Flores-Villela 2006. Bull. Chicago Herpetol. Soc. 41:225–227).
 Although I did not study under Hobart’s supervision, I have 
always considered him a mentor. Still these days, after he has re-
tired from all professional activities, I e-mail him at least once 
a month, many times asking him about information regarding 
Mexican herpetology, or sending him manuscripts for his opin-
ion. Hobart has been a very important person in my professional 
life and I have always received advice and support from him, 
and I am only one of many Mexican herpetologists Hobart has 
helped and advised. His dedication to Mexico has been the en-
gine driving his many contributions to the study of Mexican spe-
cies of amphibians and reptiles. I once wrote that Hobart Smith 
was the architect of modern Mexican herpetology, a title that no 
one can challenge and a status that still stands.

Oscar Flores-Villela
Museo de Zoología, UNAM, Mexico City

***
 I had the good fortune of meeting Hobart when I came to do 
my graduate work at the University of Colorado (CU) in the late 
1970s. Hobart was my advisor through 1981, and subsequent 
years were filled with many wonderful interactions. Above all, I’ve 
been astounded by his cheerful generosity. Even outside normal 
office hours, his door was always partly open, an invitation to any-
one who might wish to talk with him. He always greeted visitors 
with a smile and enthusiastic welcome. It didn’t matter if it was an-
other faculty member, an undergrad, or a youngster bringing him 
a lizard or frog to identify. Seemingly, no visit was an intrusion or 
imposition. Later, when I came to Boulder to teach summer ses-
sion courses, he proactively made sure I had plenty of space in his 
office/lab/magnificent library, and he even put me up in a room 
in his home, where I saw a new side of him (e.g., he simultane-
ously used his exercise bicycle, read a book, and watched football). 
A very few may have abused his unqualified generosity and trust 
yet—as kindness is another of Hobart’s preeminent qualities—I 
never heard him utter a negative word about anyone.
 His prodigious and amazingly long publication record is well 
known. Considering that I am now in my early 60s, it astonishes 
me to realize that he was publishing papers when my parents 
were still little children! His writing seemed effortless. While I 

struggled for weeks with a paper, he could write a finished paper 
in one day. And his prose is unique, particularly when uncon-
strained, such as in a book review, tribute, or obituary. I got so 
I could recognize his wonderfully distinctive style in an instant, 
without needing to see who the author was. Many of us who co-
authored papers with him, with Hobart as a junior author, know 
a little secret. Once I confronted him with it: “Hobart, you wrote 
this paper, so why did you list me first and yourself second?” His 
response was that the discovery or idea was mine, so clearly I 
should be the senior author. I soon realized that almost all of 
those papers with Hobart listed as second or last author were in 
fact written by him.
 Several years ago I participated in a reptile workshop in Jalisco, 
where my modest herpetological accomplishments understand-
ably evoked only polite nods among the Mexican herpetologists. 
But when I happened to mention my connection with Hobart, 
faces instantly lit up with big smiles and exuberant testimonials. 
He quietly contributed to the endeavors of so many of us!
 Hobart’s era of maximum herpetological impact may have 
peaked before I met him, but not so his stature as a marvelous 
man and mentor. He never told me what to do or how to behave, 
but by example he showed the way. He engenders the affection 
of all who get to know him. During my years at CU, no one in the 
department was more beloved.

Geoff Hammerson
NatureServe.org

***
 Hobart’s influences over my academic/research develop-
ment were many. I began working with him as a junior in college 
(1962) and stayed a student until I had finished my MS (1965). 
Surely his greatest influence was to propel me at Eleutherodacty-
lus. He may have imagined that I would remain working on Mex-
ican frogs but my appetites were already looking toward Ecuador 
and South America. In many ways, he induced me to tackle Eleu-
therodactylus with his praise to the effect that I had a taxonomic 
eye. Fifty years and some hundreds of Eleutherodactylus descrip-
tions behind me, I must say that he was correct in his diagnosis.
 He always claimed to know “nothing” about frogs (although 
he had described several from Mexico) and tried to compare me 
with his own major professor (E. H. Taylor). He likewise instilled 

Smith outside his cabin at an archaeological site near Piedras Negras, 
Guatemala, May–June 1939.

Smith (left) and E. H. Taylor seining for Ambystoma salamanders in a 
pond about 12 miles NW of Toluca (Mex.), Mexico, September 1939. 
(This is from the only field trip to Mexico that Smith and Taylor made 
together.)
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in me a serious respect for all the literature 
and that respect of what had been pub-
lished has served me well these 50 years. 
We each delighted in detecting someone 
having read the literature superficially. 
 It is difficult, now 50 years later, to 
identify what other things he may have 
done, as a mentor, during those three 
years: for me, having encouraged me to 
tackle Eleutherodactylus and to respect 
(and to understand the context and to 
mine) the literature were his two greatest 
influences. During those three years, we 
published various things as coauthors and 
I learned much watching this dynamo at 
work and working directly with him. 
 Reflecting upon my career, I identify 
only a few professors playing crucial roles 
of raw encouragement: Hobart heads 
my list but is joined by George Byers (KU 
entomologist) and Philip Smith (herpe-
tologist and ichthyologist of the Natural 
History Survey of Illinois). Byers almost 
convinced me to study hemipterans, Phil 
Smith almost convinced me to work on fishes, and Hobart set me 
upon my long path that ended up in Bogotá, Colombia. 
 His influence over my career was indirect but decisive. I re-
call now a seminar group to which he invited me to participate. 
We were dissecting a book by Sneath & Sokal (Numerical Taxon-
omy). Hobart expressed surprise that I found the book partly in-
teresting while the other members of the seminar group thought 
it trash (for criticizing evolutionary taxonomy). Those debates 
led me to discover Willi Hennig and phylogenetic systematics; 
that discovery was crucial to my career development.

John D. Lynch
Instituto de Ciencias Naturales  

of the Universidad Nacional de Colombia
Bogotá, Colombia

***
 I had the great good fortune to be one of Hobart M. Smith’s 
many graduate students. Smitty, as most students and friends 
called him, was a fantastic doctoral mentor. Under his tutelage, 
I learned a lot about doing research and a lot about life. As a 
doctoral mentor, I have tried to follow his example with my own 
students; and with less success, I have tried to adopt his view 
towards life. Three recollections of my interactions with Smitty 
during my graduate school days come to mind.
 I was fascinated with vertebrate brains, particularly reptilian 
brains at the time, and I was trying to build a sizable collection of 
sectioned material. One day I went to Smitty and asked if there 
was any possibility of my obtaining one or two live tuataras. 
Amazingly, Smitty did not even ask what I wanted them for. Al-
most as surprising, in the context of today’s grant-obsessed and 
“PI-driven” university environment, he did not indicate that his 
co-authorship would be required on any papers emanating from 
these animals. Instead, he simply said, “I’ll see what I can do,” 
and about a month later, two beautiful tuataras showed up on 
my desk.
 On another occasion, I was in Smitty’s office, ranting about 
a fellow graduate student, someone I believed had limited 

research ability and an obnoxious person-
ality. Smitty listened patiently to my dia-
tribe, and when I had finished, he smiled 
and said, “Glenn, did you ever consider 
that people are like crystals? Some have 
four sides, others eight, and some are 
even more complex.” My first reaction 
was puzzlement: Why was Smitty talking 
about crystals? Finally, I realized I had just 
been taught an important lesson in life.
 One day, when I was working in 
my student cubicle, Smitty came in and 
handed me the newly published transla-
tion of Hennig’s Phylogenetic Systemat-
ics, with the comment that he thought I 
might be interested. As usual, he never 
asked what I thought of the book or made 
any attempt to discuss it. At the time, I did 
not know what to think of Hennig’s revo-
lutionary ideas, though I suspect Smitty 
had quickly discerned their heuristic val-
ue. It took me another few years to realize 
how critical phylogenetic systematics was 
to my own research, and even longer for 

Hennig’s ideas to dramatically change the direction of my own 
research.
 On the occasion of Smitty’s 100th birthday, I salute him as a 
wonderful mentor, a good friend, and a remarkable human be-
ing. I only wish that Mary Sue and I could be present to help 
celebrate this occasion with him and his former students and 
friends. Happy Birthday, Smitty!

R. Glenn Northcutt
Department of Neurosciences  

University of California, San Diego, USA

***
 Like many young herp enthusiasts growing up in the U.S., 
Hobart Smith’s Golden Nature Guide to reptiles and amphibians, 
written with Herbert Zim, was my first book on the subject. Even 
now a frayed copy sits in my home library, its iconic paintings 
burned into my memory from countless hours spent imagining 
my own encounters with those species. For a child growing up in 
Connecticut, the book’s vivid tableaux, such as Crotaphytus run-
ning beneath sandstone mesas and Farancia inhabiting cypress 
swamps, only heightened the allure of herpetology.
 Years later, as I was considering attending the University of 
Colorado, I learned by lucky coincidence that Hobart would be 
moving to CU the same year, following his early retirement from 
the University of Illinois. That news determined my choice of in-
stitutions, and shortly after my arrival in Boulder I arranged a 
meeting with Hobart. I immediately received his warm encour-
agement, as well as a key to his lab and his extraordinary herpe-
tological library. Over the ensuing four years I worked for Hobart 
and Rozella on their bibliography of Mexican herpetology, pur-
sued taxonomic projects with Hobart on Tantilla and Sceloporus, 
and joined the legion of students whom he encouraged to con-
duct field surveys in Mexico. I also took his comparative anato-
my course, which sealed my interest in comparative morphol-
ogy. Upon graduation Hobart encouraged me to attend his alma 
mater, the University of Kansas, and provided what I am told was 
the decisive letter, assuring my future graduate institution that I 

Portrait of Smith with a small snake in his 
hand, dated about 1980.
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was worth the risk, notwithstanding my undergraduate grades.
 I graduated from CU exactly 40 years ago, and although my 
interests have led me far from the taxonomy of Tantilla, my re-
search continues to be shaped by Hobart’s influence. Known 
by colleagues primarily for his faunistic and taxonomic works, 
Hobart has had a broad range of herpetological interests. I have 
recently had the satisfaction of turning my own attention to a 
keen observation Hobart published when I was five years old, 
the enlargement of adrenal glands in Heterodon. We now know 
that this intriguing condition occurs in several other toad-eating 
snakes, although its significance remains to be elucidated.
 More than his research itself, however, Hobart’s students 
know that his defining characteristic is his compassion, from 
which springs the encouragement he has given to several genera-
tions of young herpetologists. I am certain that many of Hobart’s 
former students, like myself, continue to find themselves guided 
in their professional lives by his exemplary mentorship.

Alan H. Savitzky
Department of Biology, Utah State University, Logan, Utah, USA

***
 I enrolled in comparative anatomy at the University of Illi-
nois in the spring of 1954 under Hobart. I received a “B” and 
was delighted. However, difficulties in English and algebra put 
me on probation. I volunteered for the draft that summer and 
entered the Army. Eventually I ended up at Fort Bliss in El Paso, 
Texas. I was visiting the Post library when I came across a copy 
of “Lizards of the United States” by a guy by the name of Ho-
bart M. Smith. I had the common childhood interest in reptiles, 
which had persisted, and thus I was intrigued by the book. I 
soon found that the El Paso area had numerous lizard species. 
I wrote Dr. Smith asking if he would be interested in specimens 
from the area and received a two-page reply indicating indeed 
he was, and since I was so close to Mexico why not explore the 
dunes south of Juarez. Needless to say I was ecstatic hearing 
from someone who had written a book and who had invited me 
to collect and come see him when I returned to Illinois. Thus 
began a long and cherished association with Dr. Smith. His pa-
tience with me in dealing with my poor writing skills and work-
ing my way to first a B.S. degree and then a M.S. at the Univer-
sity of Illinois were undoubtedly something no other professor 
would have done.
 In retrospect, he is one of two people who are responsible 
for me accomplishing my professional career. My wife would 
be the other, without whose support it never would have hap-
pened. There are others along the way who have improved and 
aided me, but there is no doubt in my mind had I not had the 
luck to “stumble across” Hobart my life would be dramatically 
different.
 In conclusion, I must mention that in a recent historical per-
spective on HMS (Chiszar et al. 2004. Copeia 2004[2]:418–424), 
I was dumbfounded to be mentioned with the likes of Glenn 
Northcutt and Karel Liem as the graduate students he was “in 
awe” of.

Kenneth L. Williams
Department of Biology, Northwestern State University,  

Nachitoches, Louisiana, USA

***
 Happy 100th, Dr. Smith! The year was 1960. I had transferred 
to the University of Illinois after two years at Millikin University 
in my hometown of Decatur, Illinois. By then, I had committed to 
working with ectothermic vertebrates, but began by developing 
an interest in fishes. It only took one course, however, under Dr. 
Hobart M. Smith, Comparative Vertebrate Anatomy, to shift my 
academic direction toward herpetology. It was his dynamism and 
outgoing nature that did the trick, as well as his production of a 
hugely significant body of work on the amphibians and reptiles 
of Mexico, that exotic land on the other side of the border. When 
I decided to pursue graduate education in herpetology, with my 
sights set on the American tropics, it was Hobart Smith who sug-
gested the schools to which I should apply. That act, surely so 
simple for him, was what set the stage for all that has followed 
and I credit him as my principal mentor during my career.
 With the onset of the 70s, our paths crossed professionally 
when I began to work on Tantilla. Smith’s seminal 1942 study 
on Mexican Tantilla is the beginning point for serious system-
atic study of these small snakes. Of the 63 currently recognized 
species in this genus, Smith is responsible for naming more than 
10% of them.
 In 1983, I had a chance to acknowledge my debt to Hobart 
Smith when I organized a symposium in his and Rozella’s honor 
held at the annual SSAR meeting. A number of prominent herpe-
tologists working in Mesoamerica participated in that event. The 
paper I co-presented then finally appeared in 1987.
 Hobart Smith’s influence is still felt in my recent work, espe-
cially in the book Conservation of Mesoamerican Amphibians 
and Reptiles (2010). The longest chapter in this book, written by 
Jerry Johnson and I, cites 14 papers authored or coauthored by 
him and his name sits in the Acknowledgments.
 I know I am only one of many people who are indebted to Dr. 
Smith in ways small and large. For me, however, his influence 
determined the direction of my career and, in a significant way, 
the nature of the contributions I have made to our field.

Larry David Wilson
Centro Zamorano de Biodiversidad

Escuela Agrícola Panamericana Zamorano, Honduras

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

 The Section of Herpetology is pleased to provide limited fi-
nancial aid—mostly to cover transportation and limited per 
diem expenses—to graduate students who wish to visit our col-
lections to support research on amphibians and reptiles.
 Proposals should include a short, one-page description of 
the research project, a budget, and a letter of support from the 
student’s faculty advisor.
 Applicants are encouraged to access the database of CAS am-
phibian and reptile holdings before writing their proposal. Access 
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to the database could be found at http://research.calacademy.
org/herp
 Proposals are due on 30 October 2012, with notification by 1 
December 2012. Grantees are expected to complete their Acade-
my visit by 30 September 2013. Please call 415-379-5277 or email 
mhoang@calacademy.org for further information.
 Send proposals—a single PDF document containing the 
proposal, budget, and letter of support— by email to mhoang@
calacademy.org.

IUBS Honors Marvalee Wake

 At the 31st General Assembly of the International Union of 
Biological Sciences, held in Suzhou, China in early July, 2012, 
Professor Marvalee H. Wake, of the University of California at 
Berkeley, was presented with the Inaugural IUBS Award “in rec-
ognition of her dedicated and meritorious contribution to the 
IUBS and to Biological Sciences.” Professor Wake began her as-
sociation with IUBS as a member, and then Chair, of the US Na-
tional Committee of IUBS.  She was elected Secretary-General 
of IUBS, located in Paris, in 1994 and served until 2000, when 
she was elected President, serving from 2000 to 2004.  She was 
Past-President from 2004 to 2007, and has remained active in the 
organization.  During her Presidency she inaugurated the scien-
tific program “Towards an Integrative Biology,” and she has been 
an articulate international spokesperson for development of in-
tegrative biology. She was the founding Chair of the Department 
of Integrative Biology at the University of California at Berkeley, 
starting in 1990.

Brett Stearns Award for Chelonian Research  
at the California Academy of Sciences

 The Section of Herpetology is pleased to provide limited fi-
nancial aid—mostly to cover transportation and limited per 
diem expenses—to researchers who wish to visit our collections 
to support their work in chelonian biology. Preference will be 
given to graduate students.

 Proposals should include a short, one-page description of the 
research project and a budget. In the case of graduate students, a 
letter of support from the student’s faculty advisor is required.
 Applicants are encouraged to access the database of CAS che-
lonian holdings before writing their proposal. Access to the data-
base could be found at http://research.calacademy.org/herp
 Proposals are due on 30 October 2012, with notification by 1 
December 2012. Grantees are expected to complete their Acade-
my visit by 30 September 2013. Please call 415-379-5277 or email 
mhoang@calacademy.org for further information.
 Send proposals—a single PDF document containing the pro-
posal, budget, and the letter of support in case of graduate stu-
dents— by email to mhoang@calacademy.org.

David J. Morafka  
Memorial Research Award 2013

 In honor and memory of Prof. David J. Morafka, distinguished 
herpetologist and authority on North American gopher tortoises, 
the Desert Tortoise Council, with the aid of several donors, has 
established a monetary award to help support research that con-
tributes to the understanding, management and conservation 
of tortoises of the genus Gopherus in the southwestern United 
States and/or Mexico:  G. agassizii, G. morafkai, G. berlandieri, 
and/or G. flavomarginatus.

Award Amount:  US $2,000 to be awarded at the Desert Tortoise 
Council’s Annual Symposium, depending on the availability of 
funding and an appropriate recipient.

Eligibility:  Applicants must be associated with a recognized 
institution (e.g., university, museum, government agency, non-
governmental organization) and may be graduate students, 
post-doctoral students, or other researchers.  They must agree 
to present a report on the results of the research in which award 
funds were used at a future symposium of the Desert Tortoise 
Council.

Evaluation Criteria:  Applications will be evaluated on the ba-
sis of the potential of the research to contribute to the biological 
knowledge of one or more of the above gopher tortoise species, 
and to their management and conservation.  Important consid-
erations are the significance and originality of the research prob-
lem, design of sampling and analysis, preliminary data support-
ing the feasibility of the research, and the likelihood of successful 
completion and publication.

Application Procedure:  
1.  Download an application form from the Desert Tortoise Coun-

cil’s website: www.deserttortoise.org.

2.  Provide all information requested on the application, includ-
ing a description of the research project in no more than 1,200 
words.

3.  Submit the completed application to grstewart@csupomona.
edu as a pdf attachment.

4.  Applications must be supported by three letters of recommen-
dation, one of which must be from the applicant’s research 
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advisor, supervisor, or a knowledgeable colleague.  Instruct 
the recommenders to submit their letters to grstewart@csupo-
mona.edu as pdf attachments.

5.  Completed applications and letters of recommendation must 
be received by December 3, 2012.  They will be evaluated by a 
committee of gopher tortoise biologists appointed by the Des-
ert Tortoise Council Board of Directors. 

6.  The research award recipient will be notified of his/her selec-
tion by January 18, 2013 and the award will be presented at 
the 2013 Desert Tortoise Council Symposium, February 15–17, 
2013.

New from PARC

 Partners in Amphibian and Reptile Conservation (PARC) 
is pleased to announce that the newest edition of our popu-
lar and award-winning series, the PARC Habitat Management 
Guidelines (HMG), is now available!  Habitat Management 
Guidelines for Amphibians and Reptiles of the Midwestern United 
States book is ~150 pages of full-color, practical, and proactive 
guidance for improving the compatibility of land management 
practices with these animals.  

• WHAT do the HMGs have to offer?
  These guides provide peer-reviewed, recommended manage-
ment practices for amphibians and reptiles, along with alterna-
tives when the ideal scenario is not possible.
 
• WHY are the HMGs useful? 
  They can inform individuals and agencies how to adapt their 
land management decisions to include herpetofauna, particu-
larly in cases where they are not sure how best to begin.  The 
HMGs are standardized in order to be applicable across regions.  

REMINDER: The Southeast, Northeast, and Northwest regional 
guides are still on sale at 50% off (US $5.00).  This price includes 
shipping, except to international destinations.  See our HMG 
page (http://www.parcplace.org/publications/habitat-manage-
ment-guidelines.html) for ordering information. All proceeds go 
to the production and printing of future HMGs and other PARC 
products such as these, never to operating expenses.
 Also, keep checking back for our Southwest HMG—the last 
in our US-based regional series—currently in progress; it can be 
pre-ordered at the regular price of US $10.00 per copy.

Southern California Association of  
Professional Herpetologists

 The first meeting of SCAPH (Southern California Association 
of Professional Herpetologists) occurred at the Desert Studies 
Center (a field station of California State University) in Zzyzx, 
San Bernardino County, California on 8–9 June 2012. After social-
izing and some road patrolling on Friday, Saturday was spent on 

introductions, short presentations by those who wanted to talk 
about their research, and a discussion of the future of the group. 
We thank Bill Presch and others at the Center for their hospital-
ity and Bobby Espinoza for spearheading organization of SCAPH 
and the trip.

Red Listing Central American Squamates

 Reptiles are conspicuously absent from the list of taxa that 
have been comprehensively assessed worldwide for extinction 
risk through the IUCN Red Listing process. Unassessed species 
are frequently overlooked in conservation planning exercises, 
and often ineligible for international assistance for conservation 
efforts. Although most North American reptiles have been as-
sessed, there are big gaps for the diverse Latin American fauna. To 
begin to rectify the situation, a group consisting of NatureServe, 
Universidad de Costa Rica, Organization for Tropical Studies, 
IUCN, Fundazoo, CBSG Mesoamerica, and independent scien-
tists co-convened a workshop to complete Red List assessments 
for Central American squamates. The goal was to review existing 
and create new Red List assessments for all species of Central 
American squamates, including threat category assignment, the 
compilation of supporting data, and the creation of range maps.
 The workshop took place 6–10 May 2012, and involved 34 in-
vitees, all either herpetologists with experience studying Central 
American reptiles in the field or scientists knowledgeable about 
the IUCN Red List criteria and database who served as facilita-
tors of working groups. Rather than hold the workshop at a hotel 
conference room or university setting, the organizers chose to 
bring the participants to the Palo Verde Biological Station, lo-
cated within Palo Verde National Park in Costa Rica. This tropical 

meetinGS

Back row (L to R): Kris Lappin,  Norm Scott, Greg Pauly, Glen Stew-
art, Jim Archie, Richard Etheridge, Todd Reeder, Brad Shaffer, Rulon 
Clark, Brad Hollingsworth, Bill Presch. Front row (L to R): Hilton 
Oyamaguchi, Ken Nagy, Erin Toffelmier, Genevieve Mount, Bobby 
Espinoza, Marion Preest, Julianne Goldenberg, Amanda Sparkman, 
Claire Forster, Morgan Hailey, Andrew Gottscho.
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dry forest location proved to be an exciting backdrop for a rather 
intense week of compiling data and assigning Red List criteria.
 The workshop began with an introduction to Palo Verde and 
the project, followed by a thorough review of Red List criteria and 
the sometimes non-intuitive terms used in the Red List docu-
mentation. The remaining 4.5 days were spent in small working 
groups, arranged geographically, reviewing the assessments for 
each species. The groups began by focusing on single-country 
endemics and gradually coalesced to address bi-national and re-
gional species. A separate group worked all week on widespread 
species in Central America. Thanks to heroic efforts, several late 
nights, and the lure of certain sugar cane-derived beverages as 
rewards at the end of each day, the assembled scientists suc-
ceeded in working through 468 currently recognized species of 
squamates native to Central America.
 The formal IUCN process requires external review (in fact 
herpetologists with knowledge of Central American species who 
did not attend can expect to be contacted shortly to contribute 
in this regard), so the workshop results are preliminary. Never-
theless, there is a strong indication that nearly a fifth of the Cen-
tral American squamate species are threatened with extinction. 
Many of these are endemic northern Central American lizards 
and snakes restricted to isolated cloud forests that are rapidly 
being destroyed by the advancing agricultural frontier. In many 
cases, personnel at designated protected areas simply do not 
have the wherewithal to hold the line against this onslaught of 
habitat destruction. Another observation made while looking 
around the room of assembled scientists is the paucity of female 
herpetologists working on the Central American reptile fauna. 
The field needs to diversify and actively attract women, especial-
ly Central American natives, to contribute to the considerable 
task of discovering, describing, and learning about the natural 
history and population status of these fascinating animals.
 Why the focus on squamates and not all reptiles? IUCN spe-
cialist groups for freshwater turtles, sea turtles, and crocodiles 
have already assessed species in their purview. For the squa-
mates, the viper, iguanid lizard, and anoline lizard specialist 
groups have made varying levels of progress at assessing species 
they cover, but none was complete for Central American species. 
The remaining lizards and snakes, making up the bulk of the rep-
tiles, are not covered by an existing specialist group. 
 The workshop coincided with the first rains of the rainy season 
at Palo Verde. Afternoon downpours brought out toads, many of 
which had been inactive underground for months, frogs, as well 
as snakes eager to dine on the batrachians. The assembled regi-
ment of herpetologists, some sacrificing measurable quantities of 
blood in the effort, succeeded in recording 24 reptile and 13 am-
phibian species during field forays organized around the margins 
of the meeting. Although the snake diversity and abundance was 
impressive, an emergence one evening of Rhinophrynus dorsalis, 
at the southern edge of its range in Palo Verde, stole the show for 
many.
 Now that the workshop is concluded, the facilitators will up-
load the assessments to IUCN’s central database, tie up any re-
maining loose ends on the accounts, and digitize the corrected 
range maps. The IUCN snake and lizard red list authority will 
then obtain two external reviews for each species account. After 
adjusting the accounts in accordance with the reviews and final 
quality control, they will be published on the IUCN Red List web-
site. GIS files for the range maps will be available for download 
on the same site. A summary manuscript of the results is also 
planned for submission to a scientific journal. Similar workshops 

are planned for 2013–2014 to work through assessments of the 
Caribbean and South American squamates. 
 The success of the workshop is due in equal parts to the con-
vening organizations and the scientists (including some who 
were not able to attend but sent observations and distribution 
maps nonetheless) who so cheerfully contributed their knowl-
edge, experience, and sweat to the project. Each organization 
contributed financially to the event, as did a National Science 
Foundation grant to NatureServe (DEB-1136586). The Palo Verde 

Fig. 2. This Leptophis mexicanus, assessed as Least Concern, was one 
of 24 reptiles recorded by participants when not in their working 
groups.

Ph
o

To
 B

y 
Ph

il
 B

o
W

le
S

Fig. 1. Participants at the Central American Squamate Red List Work-
shop, held 6–10 May 2012 at Palo Verde National Park, Costa Rica. 
Standing (left to right): Phil Bowles, Erick Ballestero, Joseph Vargas, 
Quetzal Dwyer, Ileana Luque, Joe Townsend, Guido Saborío, Jerry 
Johnson, Mahmood Sasa, Javier Sunyer, Bill Lamar, César Jaramillo, 
Yolanda Matamoros, Roberto Ibáñez, Marcelo Tognelli, Bruce Young, 
Randall Arguedas, Geoff Hammerson, Louis Porras, José Hernández. 
Kneeling (left to right): Abel Batista, Larry Wilson, Fabián Bonilla, Ge-
rardo Chaves, Daniel Ariano, Víctor Acosta, Jorge Rodríguez, Kirsten 
Nicholson, Oscar Flores, Alejandro Solórzano, Gunther Köhler. Not 
shown: Manuel Acevedo, Federico Bolaños, Neil Cox, Adrián García.
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Field Station was an ideal site for the event, combining com-
fortable facilities, delicious food, and interesting natural his-
tory observations right outside the meeting room doors (and 
sometimes even inside the doors). These contributions will help 
set the stage for stepped up efforts to conserve the remarkably 

diverse and sometimes critically threatened squamate fauna of 
Central America.

—Bruce E. Young, NatureServe, 4600 N. Fairfax Dr., Floor 7, 
Arlington, Virginia 22203, USA

Meetings Calendar

Meeting announcement information should be sent directly to 
the Editor (HerpReview@gmail.com) well in advance of the event.

4–6 October 2012—34th Annual Gopher Tortoise Council Meet-
ing, Bainbridge, Georgia, USA. Information: www.gophertor-
toisecouncil.org/events.php

24–27 October 2012—Southwest Partners in Amphibian and 
Reptile Conservation (SW PARC) annual meeting, Las Vegas, Ne-
vada, USA. Information: www.swparc.org/meetings.html

2–4 November 2012—Kansas Herpetological Society 39th annual 
meeting, Sternberg Museum of Natural History, Fort Hayes State 
University, Fort Hays, Kansas, USA. Information: http://cnah.
org/khs/AnnualMeetingInfo.html

6–9 November 2012—XII Reunión Nacional de Herpetología, 
Sociedad Herpetológica Mexicana, Tuxtla Gutierrez, Chiapas, 
Mexico. Information: http://www.sociedadherpetologicamexi-
cana.org/noticias/index.php

20–23 May 2013—World Crocodile Conference, 22nd Working 
Meeting of the Crocodile Specialist Group IUCN-SSC, Colombo, 
Sri Lanka. Information: www.csgsrilanka.com

Herpetological Review, 2012, 43(3), 370–375.
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In Memoriam: Andrew Hoyt Price (1951–2012),  
with Reflections from Colleagues and Friends

 On 16 January 2012, herpetology 
lost one of its most dedicated and ac-
tive professionals. Andrew Hoyt Price, 
age 60, succumbed to a long and cou-
rageous battle with multiple myeloma. 
He was born on 12 May 1951 in Brus-
sels, Belgium, to his parents, C. Hoyt of 
Arkansas (USA) and Rosemary Price of 
England. Andy’s father was a U.S. dip-
lomat, so he grew up mostly abroad in 
Belgium, Vietnam, and Switzerland, 
with rotations in and out of Washing-
ton, D.C. He is survived by two broth-
ers, Carl Price of Chandler, Arizona, 
and Roger Price of Pittsburgh, Penn-
sylvania. Andy’s son, Alexander Hoyt 
Price, lives with his wife and Andy’s 
two grandsons in Lovington, New Mexico. 
 Andy’s development as a biologist began with his Bachelor of 
Science in biology degree from the University of Miami in 1973. 
During 1973–1974, he spent a year in the sections of Mammal-
ogy and Amphibians and Reptiles at the Carnegie Museum of 

Natural History in Pittsburgh, Penn-
sylvania. His job was to conduct ver-
tebrate faunal surveys of the Allegheny 
County Regional Park System. At Carn-
egie, Andy found a life-long friend and 
mentor in C. J. (Jack) McCoy, curator of 
the herpetology section. 
 Although his academic interest was 
initially with mammals, Andy’s child-
hood fascination with reptiles soon 
took over. Like many herpetologists, 
his interest for reptiles started at a 
young age. “When we cousins were 
playing together at our grandparents’ 
farm, and someone yelled, ‘Snake!’ we 
all ran. The rest of us toward the house, 
Andy toward the snake.” (From the eu-

logy by his cousin, Rev. Robert Price). After Carnegie, Andy spent 
the following three years at New Mexico State University (NMSU) 
working on scent glands in Lampropeltis getula splendida for his 
Master of Science degree under his advisor, the late Joe LaPointe 
(Price 1978; Price and LaPointe 1981). He remained at NMSU and 
completed his Ph.D., focusing on competition and parthenogen-
esis in whiptail lizards (Cnemidophorus, now Aspidoscelis; Price 
1986a, Price 1992, Price et al. 1993). After graduating, he worked 
as a wildlife biologist with the U.S. Bureau of Land Management 
from 1980 to 1981. There he conducted herp, bird, mammal, 
and vegetation surveys of the Jornada Resource Area, Socorro 
District, New Mexico, as well as general surveys in other areas. 
In late 1981, he worked with the New Mexico Natural Heritage 

ObituARieS

Andy Price at the Texas Natural History Collections, 
Austin, 2009.
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Program to computerize plant speci-
men data in the university herbarium. 
Throughout his entire time in New 
Mexico, Andy served as the assistant 
curator of herpetology at NMSU.
 After completing his Ph.D. in 1986, 
he worked briefly for the Office of 
Quality Assurance at Holloman Air 
Force Base, New Mexico, where he was 
responsible for data auditing and study 
inspections to ensure compliance with 
FDA and EPA guidelines. His experi-
ence with the New Mexico Natural 
Heritage Program and knowledge of 
regulations helped him land a job as 
staff zoologist with the Texas Natural 
Heritage Program in Austin, Texas, in 
late 1986. Andy was often referred to as the “State Herpetologist” 
during his tenure at TPWD. His job required him to fulfill the usu-
al state bureaucratic obligations including wildlife and scientific 
permitting, but he was adamant that he would perform his job 
with scientific objectivity and continue active participation in 
research whenever possible. He was responsible for monitoring 
the rare and endangered fauna of Texas and planning, adminis-
tering, and conducting field surveys to determine their status. He 
doggedly pursued funding for these activities through Section 6 
of the Federal Endangered Species Act and any other resources 
he could find. He aided development and review of conservation 
policy for the state, including a database abstracting the eco-
logical characteristics of Texas vertebrates, conducted research, 
guided education, and provided technical guidance concerning 
the herpetofauna of Texas. His major research projects included 
long-term ecological monitoring, educational activities, and de-
velopment and implementation of a habitat conservation plan 
for the Houston Toad (Bufo houstonensis) (Price 2003; Hatfield et 
al. 2004); phylogenetic studies of turtles in the genus Trachemys; 
a status survey of the Texas Horned Lizard, Phrynosoma cornu-
tum (Donaldson et al. 1994); and the distribution, systematics, 
phylogeny, and conservation status of hemidactyliine plethod-
ontid salamanders (Chippindale et al. 1993, 1998, 2000; Chippin-
dale and Price 2005). 
 Andy’s scientific objectivity did not always agree with TPWD 
administrators. He began state employment at a time when con-
servation issues were increasingly challenged politically, and the 
economics of conservation decisions in Texas were influencing 
the biology and science of rare and endangered species. Con-
servation of the Barton Springs Salamander (Eurycea sosorum), 
which lives only in the center of Austin, was one project that 
showcased these challenges. Andy was assigned to work with a 
team of four scientists over several months. Their tasks included 
taking field trips to the springs and other localities of related sal-
amanders, conducting flyovers of the area, studying many docu-
ments from several agencies on water quality, regional hydrology 
and land use, and then combining it all into a comprehensive 
report. During this time period, the state dissolved Andy’s title as 
Endangered Species Biologist and also eliminated the state bio-
logical survey. The politics at federal, state, and local levels were 
intense and covered regularly in the Austin press. Real estate de-
velopers hired lobbyists, lawyers, and their own consultants to 
fight anything in the report that might curtail their plans along 
the Edwards Aquifer recharge and contributing zones, some of 
the most valuable and environmentally sensitive property in the 

state. Despite their efforts, the city ad-
opted the main recommendations of 
the scientific study team. Andy was in-
defatigable in his work on the project. 
His knowledge of the species’ biology, 
conservation issues, and commitment 
to what he saw as his job was truly pro-
fessional. The salamander was later 
listed as federally endangered (U. S. 
Fish and Wildlife Service 1997).
 Andy retired from TPWD in 2008 
after 22 years of state service. His first 
battle with multiple myeloma occurred 
while he was still employed. He was 
originally diagnosed in the summer of 
2006 and had a bone marrow trans-
plant in March 2007. He was in remis-

sion by the time he retired from TPWD and actively continued 
to work and fulfill professional obligations until it reappeared in 
mid-2010. During 2009–2010, he was a curatorial assistant in the 
Texas Natural History Collections at the University of Texas, Aus-
tin, and a part-time assistant professor of biology at Southwest-
ern University in Georgetown, Texas, where he taught environ-
mental science and ecology. From 2009 until his death, he was 
a scientific advisor for the Texas River Systems Institute, Texas 
State University. He also contracted with local biological consult-
ing companies to work with sensitive, rare, and endangered spe-
cies.
 In 1994, Andy received the George Miksch Sutton Award 
in Conservation Research by the Southwestern Association of 
Naturalists (SWAN) and, in 2008, a Lifetime Achievement Award 
from the Texas Herpetological Society, Horned Lizard Conserva-
tion Society, and Southwestern Partners in Amphibian and Rep-
tile Conservation. The Sutton Award from SWAN was for a paper 
he co-authored on the distribution and status of the Devils River 
Minnow, Dionda diaboli (Garrett et al. 1992). He was especially 
proud of his 26-year appointment as a research associate with 
the Section of Amphibians and Reptiles, Carnegie Museum of 
Natural History.
 Andy’s commitment to numerous state, national, and inter-
national professional societies reflected his dedication to the 
profession and love of natural history literature. At the time of his 
death, he was a member of 19 societies. Throughout his career, 
Andy served the professional herpetological societies in numer-
ous ways. Notably, he served as Associate Editor for the Journal 
of Herpetology (1994–1996), Treasurer for The Herpetologists’ 
League (1988–1993), Associate Editor of herpetology for Ameri-
can Midland Naturalist (1994–1997), and General Herpetology 
Editor for Copeia (1997–2000).
 Andy was a bibliophile and especially adept at uncovering 
literature on herpetological topics. His lifelong goal was to have 
a hard or electronic copy of every known publication on lizards. 
His love of the literature and dedication to herpetology were re-
flected by his 26-year tenure with the Catalogue of American Am-
phibians and Reptiles (CAAR) series published by SSAR. He was 
the Sauria and Amphisbaenia section editor beginning in 1987 
and editor-in-chief as well from 2005 until his death. He knew 
the literature so well that he frequently added citations to CAAR 
accounts missed by the authors. As Bob Powell noted, “It was a 
bit daunting when you thought you’d done everything only to 
have him send a list with another 10+ citations you hadn’t seen.” 
He authored or coauthored seven species accounts in this series 

Andy befriending a squirrel (from his high school 
yearbook, 1969).
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(Price 1980, 1982, 1986b, 1990; Price and Sullivan 1988; Bell et al. 
1996; Thompson et al. 1998). Andy’s last actions were to make 
recommendations to SSAR about the future of this publication 
series.
 Andy was able to produce a steady stream of contributions to 
herpetology while working a state job that did not require him to 
publish. Between 1978 and 2008 he presented or co-presented 
two dozen papers at annual herpetology meetings, Texas herpe-
tological societies, and in invited symposia. Andy’s co-authored 
book, Amphibians and Reptiles of New Mexico, with Bill Degen-
hardt and Charlie Painter (Degenhardt et al. 1996), is the defini-
tive treatise on this topic. Indeed, the authors received a South-
west Book Award for Literary Excellence in 1998 by the Border 
Regional Library Association (El Paso, Texas). Andy wrote two 
editions of a popular book on Texas snakes (Price 1998, 2009). At 
the time of his death, he was working on a compilation of litera-
ture on herpetological remains associated with Native American 
activities in North America and a summary of the conservation 
biology of the Houston Toad (Bufo houstonensis). Two field proj-
ects in which he was interested, taxonomy of salamanders in the 
genus Siren and distribution and ecology of the Rough-footed 
Mud Turtle (Kinosternon hirtipes) in Texas, were cut short by his 
untimely death. 
 Contributing substantially to one’s profession is hard enough 
while working at an academic institution where there are such 
expectations. Being active in professional societies and consis-
tently producing publications throughout one’s career while 
working for a state government agency is exceptionally rare. 
Andy will be remembered for his life-long dedication to and sup-
port of the science of herpetology.

Recollections of Andrew Price

 It has been my privilege to know Andy Price for several de-
cades, almost from the time he earned his Ph.D. His knowledge 
of and contributions to herpetology have been multiple, but with 
a focus on lizard systematics and natural history. Others have 
duly noted these aspects of his career in this tribute. Instead, I 
want to comment on his service contributions to herpetology.
 Every scientific society owes its existence to a relatively small 
handful of altruistic individuals who regard voluntary service to 
their profession as obligatory payback. Without them—the offi-
cers, editors, committee chairs, and meeting organizers—there 
would be no scientific societies, which are essential to the de-
velopment of any scientific discipline. SSAR is no different from 
other societies, but has been blessed with an unusually large 
number of such individuals. Andy Price is a prominent example. 
His service to SSAR began in the usual way—as a member of vari-
ous committees. In 1987, only a year after receiving his doctor-
ate, he became Section Editor of Sauria and Amphisbaenia for 
the Catalogue of American Amphibians and Reptiles, which was 
to become the primary focus of his service contribution to the 
herpetological community. With his unusually broad knowl-
edge of these reptiles, he was the ideal person to edit this sec-
tion because he knew the right people to choose as authors and 
reviewers, and he then improved their contributions with his 
painstaking and informed editing. In 2005, he was promoted to 
Editor-in-Chief of the entire Catalogue and continued the high 
editorial standards of his predecessor, Bob Powell.
 Through this editorship, Andy became fully invested in SSAR. 
He recognized that the success of his serial was dependent on 

the overall success of the society and was therefore an active par-
ticipant at meetings of the Board of Directors. He got involved in 
almost every discussion and on a wide range of topics. Because 
of the quality of his editorial work and his clear thinking on so 
many topics, he was highly respected around the table. He con-
tinued to edit the Catalogue and attend Board meetings even 
while suffering through his final illness. Last year, the officers 
and editors of SSAR presented him with a signed and framed 
“Certificate of Recognition” for his editorship of the Catalogue 
and his many years of service to the herpetological community. 
His devotion to his colleagues and his discipline set a very high 
standard, but Andy did it because he thoroughly enjoyed editing 
and his other work within SSAR. I think he regarded these activi-
ties among the crowning achievements of his professional life. I 
certainly do.

Kraig Adler
Cornell University

***
 I met Andy Price in the fall of 1989 when I was a new gradu-
ate student in David Hillis’ lab at UT Austin. Andy was the state 
herpetologist, and he and David had various collaborations in 
progress. Among these was a study of the enigmatic Texas cave 
and spring salamanders (Eurycea and what was then Typhlo-
molge). The group had been problematic for decades in terms of 
systematics and taxonomy, was rapidly becoming a major prior-
ity for conservation, and a molecular approach was essential to 
sort it all out. Until shortly before my arrival, David had a student 
who was working on this with him and Andy, but he suddenly 
and mysteriously disappeared (he briefly reappeared a few years 
ago, but that’s another story). Mystery and intrigue have been a 
longstanding part of the Texas Eurycea investigation that was so 
much a part of our lives.
 I had all sorts of ideas about Ph.D. projects, but David, al-
though wide-open to various possibilities, was especially eager 
to see me tackle this one. He and Andy and I dived into fieldwork 
almost immediately after I arrived, and I quickly became fasci-
nated with the group. There was no question that I’d pursue it, 
but I still had doubts as to whether this would be my major proj-
ect. I think it was Andy who finally cemented it in my mind; he 
told me that I’d be crazy to pass up the opportunity, that there 
was enough there for multiple dissertations, and that chances 
like this don’t come up every day. Initially I had found Andy a 
little distant and perhaps even cold, but nothing could be fur-
ther from the truth. He and I rapidly became not only close 
collaborators, but also close friends. He was an invaluable field 
companion who made possible access to many very difficult 
sites (springs and caves, including some of the most uncom-
fortable caves you can imagine). Andy also was key in helping 
to secure funding from Texas Parks and Wildlife Department, 
U.S. Fish and Wildlife Service, and National Science Foundation 
that allowed us to carry out this potentially daunting study on a 
major scale. And throughout, he was a major inspiration for my 
research.
 As my molecular results started rolling in, the situation turned 
out to be even more complex (and politically charged!) than I ever 
would have expected. I sometimes found this a bit overwhelm-
ing, but Andy’s usually calm and practical demeanor (simultane-
ously a complement, but also a contrast, to David’s boundless 
yet occasionally over-the-top enthusiasm) was a tremendous 
help. This was especially critical for me when Andy and I were 
involved in a tragic accident in which a military police officer who 
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was escorting us in a search for cave salamanders fell to his death, 
right in front of me. Andy’s support when it happened, and later, 
when I kept questioning whether there was something I could 
have done to prevent it, made a huge difference. In retrospect, 
things like this just happen sometimes, but back then, Andy really 
helped me come to terms with it, practically and emotionally.
 Andy, although often stoic and tough, also had his share of 
problems. He sometimes tried to do everything. I have no idea, 
for example, how many thousands of hours he put into his me-
ticulous, multi-year tracking studies of Houston Toads. He often 
became frustrated by the sheer volume of work, the politics, the 
bureaucracy of it all, yet he maintained his drive and enthusi-
asm, and dedication to study and conservation of amphibians 
and reptiles. I’m glad that, especially as I matured as a scientist 
and a person, I was able to provide support and reassurance to 
him as he did for me. Over the years, Andy became one of my 
closest and most trusted friends, and our respect and help for 
one another extended far beyond the scientific arena. He made a 
huge and permanent difference in my life.
 Even now, almost 23 years after I started as a Ph.D. student 
at Austin and first got to know Andy, others and I still use speci-
mens and samples that we collected, and refer to his field notes, 
morphological data, and other information, much of which 
would be unobtainable now. There’s still more work to be done, 
there are yet more species of Texas Eurycea to be described, and 
his contributions and insights are playing an integral role. Even 
though Andy is gone, he left an invaluable legacy, both scientific 
and personal, for so many of us and for preservation of the bio-
diversity that he loved.

Paul T. Chippindale
University of Texas at Arlington

***
 My remembrances of Andy go back to his graduate school 
days. He was much younger at the time, but a curmudgeon even 
then. While he was at New Mexico State University, he read one of 
my papers on the White Sands lizards and suggested I may have 
misidentified one of the species. One of my graduate students 
was also working on the same genus, and he and I thought we 
would play a joke on Andy without even knowing his personality 
(a mistake on my part). A letter was sent to Andy suggesting that 
he challenged my ability to recognize such a well-known species 
and he should get help from a local taxonomic expert about his 
own ability to recognize the species. This started a series of let-
ters between Andy and me. You have to remember there were no 
computers, and letters required about a two-week turnaround 
time. Andy’s third letter was so apologetic that I was afraid I had 
ruined his graduate career. I sent another letter apologizing for 
my original response, stating that I was trying to have some fun 
with him. We met later at a SWAN meeting and Andy and I had a 
laugh about it, but I realized that Andy was very serious about his 
science and I should tread lightly on this subject. 
 Following Andy’s graduation and his employment with 
TPWD, Andy and I became friends and colleagues. I made sev-
eral trips with Andy to Bastrop State Park, especially “ponds 9 
and 10,” where we marked a number of Houston Toads in the 
late 1980s. I also met several times with Andy in Presidio County 
where we met Dennie Miller at a study site for the Rough-footed 
Mud Turtle. Dennie and I always joked with Andy about his pas-
sion for obscure critters like Houston Toads and Rough-footed 
Mud Turtles. I finally found that Andy did have a dry sense of 
humor, but it took some time to bring it to the surface.

Andy weighing lizards for his doctoral research at his study sites in 
New Mexico.
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Andy collecting salamanders at Badweather Pit, Comal County, Tex-
as, in 1990 with colleagues. Above: Left to right: Paul Chippindale, 
David Hillis, Jim Mueller, and Andy Price on the surface after collect-
ing Eurycea tridentifera specimens. Below:  Andy collecting E. triden-
tifera underground.
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 I believe Andy was a curmudgeon from day one, and that was 
a part of his personality that we all learned to deal with. Andy 
would sometimes explode angrily, but if you listened and let him 
work it out of his system, he became the loveable curmudgeon 
we all enjoyed and admired. We all miss Andy, and especially the 
loveable part!
 James. R. Dixon

Texas A&M University

***
 I first met Andy when I was working at The Nature Conser-
vancy International (1986). I had to travel from Washington, D.C. 
to Austin, Texas, to spend a two-week internship with the local 
Natural Heritage Program where Andy worked. The first day I ar-
rived at the Texas Natural Heritage Program, we had an instant 
connection; we talked about the Carnegie Museum and how Jack 
McCoy, our mutual friend, had jump-started his career, as well 
as mine. We had a few beers after work. Since then we remained 
good friends. Andy was a different person, some people may 
even say a strange guy, but with a big heart. I have visited with 
him a few times over the years with my wife and children, and he 
used to say, “These guys are some of my favorite people.” He was 
one of our favorite people, too. I will remember Andy and will 
miss exchanging emails with him or having a beer.

Oscar Flores Villela
Museo de Zoología, UNAM

***
 I first met Andy Price at a Texas Herpetological Society meet-
ing in the fall of 1994. He was the state herpetologist and I, being 
a naïve, young, graduate student, was the proverbial fly-on-the-
wall bearing witness to a somewhat confrontational exchange 
initiated by several non-academic herpetologists about some 
rule or regulation about collecting long since forgotten. I re-
membered Andy as gruff, but holding his ground and arguing his 
point as much as helping the other side better elucidate theirs. 
He enjoyed giving that rough, stony persona as a first impres-
sion, but as my interactions with him increased when I moved 
to Austin for my Ph.D., I realized that was a bluff. He had a soft 
spot for students and for people genuinely interested in the or-
ganisms, but he had no patience for people using organisms to 
advance their politics or personal agendas. We became good 
friends, united by our passion for reptiles and amphibians (es-
pecially venomous snakes) and our mutual appreciation for her-
petological literature.
 To Andy, there was no gray literature, just literature he hadn’t 
found yet. Several times at annual herpetology conferences, he’d 
be sitting in the hotel room at late hours of the night gleaning 
“obscure” feeding records while perusing several favorite search 
engines and databases. He was ideal as an editor for the Cata-
logue of American Amphibians and Reptiles series because of his 
obsession for finding everything published and persistence in 
vetting every citation listed in submitted catalog accounts. He 
was a true bibliophile and relished his opportunity to share his 
latest acquisitions with interested parties. He was also generous 
in making sure others could enjoy and use historical works. More 
than once, he saw a nearly destitute graduate student at a book 
dealer’s table fondly gazing at a book important to the student’s 
line of study, but priced well beyond their means. Andy would 
slip in later, buy that volume and then give it to the student, sim-
ply saying it was an important work and the student needed to 
have his own copy. He was very quiet with this generosity.

 Following his cancer diagnosis, and with remarkable good 
humor, he persevered through many trials and tribulations dur-
ing the ensuing treatment, which inevitably bought him six more 
years. Andy retired from Texas Parks and Wildlife in 2008 and was 
hired as a curatorial assistant at the Texas Natural History Collec-
tions at The University of Texas from 2009 to 2010. Andy clearly 
thrived in the collections setting and relished the interactions 
with the staff and students. 
 When the disease became ferocious in October 2011, we be-
came much closer. I would visit him every other night following 
his hospitalization, and we talked for an hour or two about life. I 
took on the enabler role and smuggled in pints of chocolate chip 
ice cream. We talked turtles and toads, pushy relatives, and past 
relationships, academic and career choices, and the Pittsburgh 
Steelers. Even in the hospital, I would bring him his interlibrary 
loan requests, consisting of obscure archeological literature as he 
continued his search for the next missing citation for his project. 
He was determined that life should continue as uninterrupted as 
possible and that a return to a normal life was around the corner. 
I think of him often and I count our series of conversations over 
those last three months as some of the most meaningful interac-
tions I’ve ever had with another human being.
 I’ll never be able to match Andy’s dry, sardonic sense of hu-
mor, but his dogged pursuit of literature and his attention to 
detail as an editor are just two of the many things I’ve admired 
about him. His influence will live on as I continue to build my 
own library of reprints while at the same time reviewing litera-
ture cited sections with a critical eye for the erroneously cited 
page number.

Travis J. LaDuc
Texas Natural History Collection, University of Texas

***
 I remember the first day I met Andy Price. He was the gruff, 
bearded, reclusive member of the Natural Heritage Program, 
with the office at the far corner of the room, and I was the fresh-
faced young TPWD wildlife biologist on a mission to build bridg-
es and “have everyone get along.” Andy later told me he also 
remembered the day he met that naïve young addition to the 
program and decided that we would indeed eventually get along.
 “Learning to get along” happened in the best way possible—
in the dark woods of Bastrop State Park, where my pastel-clad 
friend allowed me to re-experience and relearn the joys of basic 
ecological research—through capturing, measuring, and mark-
ing hundreds of Houston Toads. Those evenings in the field 
might have kept both of us sane during a tumultuous period 
when our day-time duties were filled with endangered species 
controversy and stress.
 Eventually I chose to step back from the controversy and 
work with outreach and education, launching a citizen science 
program called Texas Nature Trackers (TNT). Andy served as a 
resource and encourager to TNT as we began to recognize the 
particular value of citizen scientists in monitoring reptiles and 
amphibians. His efforts with Wendy Hodges on the status sur-
vey for the Texas Horned Lizard provided the inspiration for 
Texas Horned Lizard Watch. He organized a statewide meeting 
on amphibian decline in 1998 that led to the development of 
Texas Amphibian Watch. He also wrote the background sections 
for the original Texas Amphibian Watch, Texas Horned Lizard 
Watch, and Texas Box Turtle Survey monitoring materials and in-
troduced potential volunteers to the joys of box turtle watching 
by recounting his own childhood experiences with the species. 
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Despite his own research load, Andy was always ready to share 
advice with us in his own wry manner. Even after his retirement 
from TPWD, Andy helped promote Texas Nature Trackers by in-
viting us to give guest presentations at Southwestern University.
 Though infamous for his gruff demeanor, Andy had a com-
passionate heart—one that my family experienced first-hand 
in 2006 when my daughter was hospitalized following an au-
tomobile accident. Andy himself was just recovering from his 
first rounds of treatment for multiple myeloma, but wanted to 
come and sit with my daughter in ICU so that our family could 
be together for a meal. In his final days, facing his own time in 
the hospital once again, he told my daughter how happy he was 
for her recovery. As the two of them shared a moment that only 
two individuals who have faced eternity could understand, I was 
very glad that I had braved that corner office and its curmudgeon 
with the secret soft heart back in 1990.

Lee Ann Johnson Linam
Texas Parks and Wildlife Department

***
 Andy Price was a unique individual, with an opinion and ex-
pertise in all things herpetological. He did not like the political 
realities of wildlife conservation and was outspoken on his feel-
ings. It was a great pleasure working with Andy on the Amphib-
ians and Reptiles of New Mexico. He understood the systematics 
of the genus Cnemidophorus (now Aspidoscelis) better than most 
herpetologists, so who better to write a section on the lizards of 
his beloved state, an area to which he had longed to return. He 
was a careful and knowledgeable editor and his expertise result-
ed in numerous books and manuscripts that were better after his 
touch.
 Cancer is tough, sometimes it wins the battle, thankfully not 
always! Andy fought a gallant fight and openly shared what he 
was going through. He had an extremely tenacious grasp on life; 
I am sure most individuals could not hang on as long as he did 
and I told him so often. Last time I saw Andy was in his precious 
New Mexico; my wife, Andy, and I each ordered a plate of enchi-
ladas and talked about New Mexico food, herpetology, and the 
Gila Wilderness that he loved and where he spent numerous days 
hunting for Tassel-eared Squirrels. When Andy passed on, the 
field of herpetology lost a great guy and someone with so much 
more to contribute. I will miss him, and I think of him often.

Charles W. Painter
New Mexico Department of Game and Fish
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The purpose of Current Research is to present brief summaries 
and citations for selected papers from journals other than those pub-
lished by the American Society of Ichthyologists and Herpetologists, 
The Herpetologists’ League, and the Society for the Study of Amphib-
ians and Reptiles. 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, Beck Wehrle or Ben Lowe; e-mail addresses may be found on 
the inside front cover. 
 A listing of current contents of various herpetological journals 
and other publications is available online. Go to: http://www.herplit.
com and click on “Current Herpetological Contents.”

Molecular and Morphological Analyses Reveal 
Two New Neotropical Highland Vipers

 Over the last decade, molecular studies have shed new light 
on Neotropical diversity within the family Viperidae. Vipers of 
the genus Cerrophidion occur in the high elevations of Central 
America. Recent work has winnowed this genus down to three 
species: a pair of species with small distributions in the Mexican 
states of Veracruz and Chiapas, respectively, and one species 
(C. godmani) discontinuously distributed from eastern Oaxaca 
through western Panamá. The authors of this study accumu-
lated morphological and mitochondrial DNA sequence data for 
Cerrophidion specimens throughout their distribution and con-
ducted molecular phylogenetic analyses to determine if there 
is cryptic diversity in this genus. These analyses demonstrated 
that C. godmani consists of at least three genetically divergent 
and geographically discrete clades: a northwestern clade occur-
ring from Oaxaca through central Guatemala, a central clade in 
Honduras and El Salvador, and a southern clade in Costa Rica. 
These clades are as genetically distinct from each other as they 
are from the other two Cerrophidion species, supporting the 
authors’ hypothesis that they represent undescribed species. In 
corroboration with previous studies of C. godmani, this study 
found no variation in hemipenial morphology and external 
morphological characters were found to exhibit a high degree 
of within-population morphological variation and an absence 
of strong differentiation between populations or regions. How-
ever, this and previous studies identified several morphological 
characters for which the recovered clades exhibit different mean 
values. The authors posit that the paucity of morphological di-
vergence between regions, further obscured by high within-
population variation, has prevented previous researchers from 
identifying cryptic diversity within this genus. The authors de-
scribe these three C. godmani clades as species (including a re-
defined C. godmani). This study enhances our understanding of 
Mesoamerican snake diversity and lays the framework for future 
studies that include analyses of morphological data explicitly 
testing hypotheses of morphological divergence and evolution, 
use of nuclear DNA data and recent molecular methods of spe-
cies delimitation and species tree estimation, and additional 
sampling in areas where these snakes do occur (e.g., Chiapas, 
Panamá, southeastern Guatemala) and where they may occur 
(e.g., Nicaragua).

Jadin, r. C., J. H. toWnsend, t. a. Castoe, and J. a. CaMPBeLL. 2012. Cryp-
tic diversity in disjunct populations of Middle American montane 
pitvipers: a systematic reassessment of Cerrophidion godmani. 
Zoologica Scripta (in press) doi:10.1111/j.1463-6409.2012.00547.x.
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Common Wall Lizards Shake a Leg  
to Discourage Predators

 
 Behaviors that could function to discourage predator pur-
suit, such as stereotyped tail movements, dewlap protrusion, 
and foot waving, have been documented for representatives of 
several squamate families. Although many instances of pred-
ator-deterrent behavior have been proposed, relatively few 
studies have sought to explicitly test this hypothesis against al-
ternative hypotheses (e.g., courtship, intraspecific aggression, 
thermoregulation). Members of the family Lacertidae have 
long been known to engage in various forms of foot-waving (in-
cluding a particular elliptical motion of the foreleg sometimes 
observed in lizards approached by humans), but whether this 
behavior ever functions in deterring predators has not been es-
tablished. The authors of this paper conducted field studies of 
Common Wall Lizards (Podarcis muralis) aimed at determining 
if foot waving in this species conforms to a pursuit-deterrent 
behavior. Researchers approached P. muralis and observed 
lizard responses (fleeing, moving to another location, foot 
waving, or some combination of these), noting the “predator” 
distance that initiated the behavior. Statistical tests were per-
formed to determine if the findings conformed to the following 
expectations of foot waving being a pursuit-deterrent behav-
ior: 1) adult males no more likely to engage in foot waving than 
any other category; 2) the foot waved is most frequently the one 
closest to the threat; and 3) the farther away the threat is, the 
more likely the lizard is to engage in foot waving. Of 484 lizard 
approaches, 22.5% resulted in foot shaking. The lizards used 
the leg closest to the researcher significantly more often than 
the other, and the probability of the leg shaking rather than 
moving was positively correlated with distance. The distance at 
which adult males responded to approach did not differ from 
adult females; however, at any given response distance adult 
males were more likely to move than leg wave (perhaps because 
of their relatively conspicuous coloration). Finally, most obser-
vations of leg shaking occurred sufficiently far from conspecif-
ics to rule out intraspecific signaling. Together, these findings 
provide support for this behavior functioning as a pursuit-
deterrent. Future research should determine whether this type 
of foot shake is also used in situations other than interactions 
with potential predators.

Font, e., P. Carazo, g. Pérez i de Lanuza, and M. KraMer. 2012. Predator-
elicited foot shakes in wall lizards (Podarcis muralis): evidence for 
a pursuit-deterrent function. Journal of Comparative Psychology 
126:87–96.
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Female Common Lizard Dispersal Patterns  
Coincident with Ventral Coloration

 Populations exhibiting multiple life history strategies serve 
as windows into how multiple phenotypes can be maintained in 
the face of drift and selection. Recent work on Common Lizards 
(Zootoca vivipara) in southern France has shown that in this re-
gion, female ventral coloration is polymorphic (orange, yellow, 
and mixed) and moderately heritable. These belly colors are cor-
related with the way litter size, breeding success, and sex ratio 
vary with different environmental and social conditions, indi-
cating that ventral colorations are tied to alternative life history 
strategies. Furthermore, it has been established that individual 
reproductive success is tied to the ratio of color morphs in the 
population, namely the frequency of yellow-bellied females has 
an inverse relationship with the average female reproductive 
success, with a disproportionately larger effect on mixed fe-
males. The authors of this paper conducted an experiment to de-
termine if the distance newborn female lizards disperse within 
populations is correlated with their ventral coloration (and thus 
strategy). They were also interested in the overall population’s 
female ventral color ratios, as it would be beneficial for young 
lizards to disperse farther if in a situation where their strategy 
is disadvantageous. In four isolated populations, two with high 
frequencies of orange and two with high frequencies of yellow, 
gravid females were collected in the early summer and allowed 
to give birth in captivity. The females and their offspring were 
marked and released in the late summer into populations were 
their belly color was in the minority. Surveys of the populations 
were conducted in the fall and spring. These procedures were 
repeated for three years; by the end of the experiment the pre-
vailing ventral color in each population had become a minority 
constituent and vice versa. These experiments revealed that as 
frequency of yellow females increased, offspring of orange and 
mixed (but not yellow) females dispersed less. Furthermore, as 
the frequency of orange females increased, the offspring of yel-
low females increased their dispersal distance, with offspring of 
orange and mixed showing no change. When dispersing, juve-
niles moved into areas with lower female densities. Offspring 
of orange and mixed females dispersed to areas with a higher 
proportion of yellow females, and the former also found areas 
with a lower proportion of orange females; all other compari-
sons were not significant. This finding seem to be at odds with 
the fact that females with yellow ventral coloration have been 
shown to be more aggressive than other females; the authors 
suggest that if they are superior competitors, yellow females in-
habit higher-quality areas, which are good areas for dispersing 
lizards to settle (especially since the areas to which juveniles are 
relocating have lower densities than their original point of re-
lease). This study sheds more light on an interesting system and 
paves the way for genetic and long-term demographic studies of 
these populations.

verCKen, e., B. sinervo, and J. CLoBert. 2012. The importance of a good 
neighborhood: dispersal decisions in juvenile common lizards 
are based on social environment. Behavioral Ecology (in press) 
doi:10.1093/beheco/ars075.
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Most Widely-Distributed Amphibian Evaluated 
with Respect to Bergmann’s Rule

 Bergmann’s Rule, which states that body size should increase 
with decreasing temperature (and therefore often increasing lati-
tude or elevation), has long been accepted for endothermic groups. 
However, whether the rule applies to ectotherms has been a topic 
of heated debate, with numerous studies supporting and rejecting 
this theory for various reptile and amphibian groups. Recent stud-
ies of Plethodon salamanders have found an inverse Bergmann’s 
pattern both within and between species, with the implication be-
ing that while thermoregulating ectotherms (animals that adjust 
body temperatures via behavior; e.g., frogs, turtles) may conform 
to Bergmann’s Rule, thermoconformers may not. The authors of 
this paper studied the world’s most widely distributed amphibian, 
Salamandrella keyserlingii (Hynobiidae), with the hopes of deter-
mining how life history and growth varied across the salamander’s 
distribution, and in particular if it conformed to Bergmann’s Rule. 
One population in Darhadyn, Mongolia (~51°N), was intensely 
studied through mark-recapture and skeletochronological (the 
study of patterns left by fluctuating bone growth activity to de-
termine animal age) techniques to elucidate within-population 
size statistics (e.g., sex-specific size at metamorphosis, sexual 
maturity, and maximum size). These data were then compared 
with results from a similar study from Kushiro, Japan (~43°N) to 
identify potential latitudinal/temperature differences. Addition-
ally, total length (TOL) and snout-vent length (SVL) maximum 
values were compared across 27 populations spanning 43° to 
69°N. While Darhadyn males had a smaller SVL than their Kushiro 
counterparts, no significant differences were detected for females 
or metamorphs. Males and females did exhibit smaller a TOL in 
Darhadyn than in Kushiro. Both sexes showed a much older age 
at maturity at Darhadyn (~5 years) than in Kushiro (~2–3 years). 
These results alone support an inverse Bergmann’s rule in this 
system. However, size data from across the distribution lead to a 
different conclusion. These data show that there is no correlation 
of SVL with temperature, latitude, or TOL. While TOL shows no sig-
nificant linear relationship with either latitude or temperature, a 
“U” shaped polynomial equation shows a better fit to the data, with 
TOL decreasing from 8° to –7°C mean annual temperature and 43° 
to 57°N latitudes and increasing from –7° to –15°C and 57° to 69°N; 
no such polynomial relationship was seen for SVL. The authors 
suggest that this fits the converse of “Terentjev’s Optimum Rule” 
(coined to describe some inverted U-shaped patterns of size varia-
tion across and environmental continuum, though no mechanism 
for this pattern has been proposed) rather than Bergmann’s Rule. 
They further suggest that the U-shaped size distribution perhaps 
indicates that different factors may be operating throughout the 
distribution; for instance, below a certain temperature threshold, 
size might become a secondary determinant of persistence, and 
instead a size-independent characteristic such as freeze tolerance 
takes over as the primary determinant.

HasuMi, M., and L. J. BorKin. 2012. Age and body size of Salaman-
drella keyserlingii (Caudata: Hynobiidae): a difference in altitudes, 
latitudes, and temperatures. Organisms Diversity and Evolution 
12:167–181.
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Complex Effects of Plant Material and Light 
Availability on Anuran Biomass Export

 Numerous studies have investigated the effect of nutrient 
availability on stream biomass export in the form of arthropods 
to surrounding terrestrial habitats; however, fewer studies have 
looked at the effects of nutrient availability on biomass export 
in lentic systems, or biomass export attributable to amphib-
ians. The authors of this study subjected water-filled cattle 
tanks to different plant material input treatments to determine 
the effects on amphibian biomass export. These tanks received 
varying amounts of sunlight, and either leaf litter, Prairie Cord-
grass (a wetland plant serving as a proxy for within-system veg-
etation), or no additional plant material. These tanks were then 
seeded with larvae of Wood Frogs (Rana sylvatica), American 
Toads (Bufo americanus), or Southern Leopard Frogs (Rana 
sphenocephala) (depending on year) and monitored for meta-
morphs. Prior to metamorphosis, the tanks were evaluated for 
numerous variables, including four the authors identified a 
priori as potentially important for amphibian biomass export: 
dissolved oxygen, net primary productivity (NPP; determined 
by monitoring daily dissolved oxygen fluctuations), predators 
(dragonfly larvae), and interspecific competitors (treefrog lar-
vae). Upon metamorphosis, animals were weighed and released. 
ANOVAs and path analyses were performed to identify and visu-
alize the importance of these variables for frog biomass export. 
Availability of sunlight was found to have a strong, positive effect 
on NPP and competitor density. While biomass export appeared 
to consistently decline with increased NPP across all species 
and plant material treatments, no species’ biomass export was 
found to be significantly affected by NPP alone. R. sylvatica and 
B. americanus showed a significant NPP by plant material treat-
ment interaction, with significant decreases in export as NPP 
increased in the cordgrass and no-input treatments. Biomass 
export in R. sphenocephala was found to be significantly affected 
by treatment (but not NPP or NPP x treatment interaction), with 
the highest export seen in the leaf litter treatments and the low-
est in the no-input treatments. In the path analyses, depending 
on the treatment and species, the four variables identified above 
combined to explain between 18% and 89% of the biomass ex-
port. These analyses revealed that NPP consistently had a strong, 
generally negative effect on anuran biomass export. Considering 
that NPP is indicative of algal densities, the authors suggest this 
negative effect of NPP on amphibian biomass export means that 
algae may not be as important for larval anurans as tradition-
ally assumed. This conclusion is supported by the general find-
ing that NPP had little effect on biomass export in the leaf litter 
treatments (indicating that the tadpoles were eating the leaves 
and associated microbes). The authors concede that this rela-
tionship may also be due to other effects of increased sunlight 
(which drives NPP) such as increased temperatures (which were 
monitored but not analyzed due to the non-independence of 
temperature and dissolved oxygen content).

earL, J. e., and r. d. seMLitsCH. 2012. Reciprocal subsidies in ponds: 
does leaf input increase frog biomass export? Oecologia (in press) 
doi:10.1007/s00442-012-2361-5.
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Diverse Male Reproductive Contribution  
Despite Female-Skewed Sex Ratios in Sea Turtles

 Marine turtles all exhibit temperature-dependent sex deter-
mination (TSD), with females developing at higher incubation 
temperatures; this could lead to dangerously skewed sex ratios 
with anticipated climate change. As these species are gener-
ally imperiled worldwide due, among other factors, to the loss 
of egg-laying habitat and to adult mortality from fishing indus-
try by-catch, the added impact of climate change could be too 
much for these species to overcome. To investigate potential 
consequences of a skewed sex ratio in marine turtles, the au-
thors of this paper studied Green Sea Turtles (Chelonia mydas) 
in the Mediterranean Sea, where the female offspring have been 
documented to greatly outnumber male offspring. In 2008, tis-
sue samples were taken at Alagadi beach, northern Cyprus, from 
20 of 22 females who laid clutches that year and from 15 to 23 
hatchlings from each successful female. All samples were geno-
typed for 14 microsatellite loci; these data were used to assign 
parentage and sibship to all of the offspring using parentage 
analysis software. While no molecular data on potential sires was 
collected, the nearly complete female and clutch sampling for 
the region allows maternal genetic contribution to be accounted 
for, leaving the remainder of the offspring’s genetic signature to 
fathers. Finally, one adult male turtle was captured in the region, 
fitted with a satellite radio transmitter, released, and followed in 
order to shed light on male turtle movement patterns. Analyses 
of the hatching times revealed that the offspring were roughly 
95% female. Despite this extreme observed sex ratio, the geno-
type analyses revealed that while some female turtles laid mixed 
paternal clutches, no male contributed to more than one clutch. 
Taking into consideration the number of females and clutches, 
1.4 males reproduced for every one female. The satellite tracked 
male turtle revealed a possible explanation for this paradox. 
The turtle first swam north from the coast of Cyprus to Turkey; 
it then followed the coastline around the eastern edge of the 
Mediterranean Sea, ending along the Egyptian coast. This route 
passed in the vicinity of 58% of the Mediterranean C. mydas nest-
ing grounds. The authors suggest that the breeding behavior of 
males may buffer the species from skewed sex ratios expected to 
result from increased regional temperatures.

WrigHt, L. i., K. L. stoKes, W. J. FuLLer, B. J. godLey, a. MCgoWan, r. 
snaPe, t. tregenza, and a. C. BroderiCK. 2012. Turtle mating patterns 
buffer against disruptive effects of climate change. Proceedings of 
the Royal Society B 279: 2122–2127.
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Rampant Adhesive Toepad  
Gain and Loss in Gekkota

Once thought to be a derived character uniting crown geckos, 
recent molecular analyses of Gekkota have shown that adhesive 
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toepads likely have been acquired and lost independently mul-
tiple times in this group. To more rigorously test this hypothesis, 
the authors of this paper performed multilocus phylogenetic 
analyses using a dataset comprising 244 gecko species (107 of 
118 genera) and about 4,100 base pairs of sequence data per 
species. Using the preferred phylogenetic tree (or a set of trees 
from the posterior distribution of trees), data on adhesive toepad 
condition were used to perform ancestral state reconstruction 
analyses aimed at determining where in the phylogeny toepad 
condition has changed. Finally, in addition to an unconstrained 
ancestral state reconstruction, analyses were performed wherein 
(1) the speciation rates and/or extinction rates were constrained 
to be the same in both padded and padless lineages, and/or the 
two rates of switching between conditions were constrained to 
be the same, and (2) either the acquisition or loss of the trait were 
constrained to a single instance. The fit of these different con-
straint models were then compared to the unconstrained mod-
els via Akaike information criterion (AIC) scores. These analyses 
supported previous studies in failing to recover toepad-bearing 
geckos as monophyletic. Ancestral state reconstruction found 
evidence for roughly 20 character state changes, with about elev-
en gains and nine losses. Models forcing converse parameters to 
share the same value did not significantly reduce the fit of mod-
els to the data; indeed, the best-fitting models were not the un-
constrained model, but instead the models that constrained the 
rates of switching from one state to the other to be the same, and 
constrained either the extinction rates or the speciation rates 
to be the same. The two models that constrained either toepad 
gain or loss to a single event fared very poorly relative to all other 
models. While net diversification rates appeared to be higher 
in the padded lineages, this difference was not statistically sig-
nificant, implying that the presence of adhesive toepads alone 
does not explain broad patterns of diversification among geckos. 
The authors provide detailed accounts of unambiguous toepad 
gains and losses, chart the repeated evolution of the “leaf toed” 
character state, and discuss the anatomical underpinnings of 
adhesive toepads and how they might have allowed this derived 
character state to have evolved repeatedly in this clade.

gaMBLe, t., e. greenBauM, t. r. JaCKMan, a. P. russeLL, and a. M. Bauer. 
2012. Repeated origin and loss of adhesive toepads in geckos. 
PLoS ONE 7: e39429.
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Reconciling Desmognathus with Dollo’s Law

Since the discovery that salamanders in the genus Desmogna-
thus (“dusky salamanders”) with free-living aquatic larvae are 
highly nested within Plethodontidae and that, therefore, a bi-
phasic life history is very likely a derived condition in these sala-
manders, researchers have tried to reconcile this finding with 
Dollo’s Law, which states that once lost, complex traits do not 
reappear, and therefore must be re-evolved de novo. Radical 
changes to the hyobranchial apparatus occur in biphasic sala-
manders during metamorphosis, as the need for gill support and 
suction feeding is replaced with terrestrial feeding and the need 
for tongue protrusion. If the ability to form a functional larval 
hyobranchial apparatus is lost, it would need to be re-evolved for 

a direct-developing salamander to acquire a free-living larva. Re-
searchers studying direct-developing relatives of metamorphos-
ing Desmognathus have found some developmental differences, 
namely the absence of several features associated with a free-
living larval existence. In particular, these studies failed to find 
evidence of the fourth epibranchial cartilage, part of the hyo-
branchial apparatus present in biphasic Desmognathus, the ear-
ly-diverging plethodontid Hemidactylium, and non-plethodon-
tid salamanders. To more thoroughly investigate this question, 
the authors of this paper conducted a more detailed study of the 
development of Plethodon cinereus, a direct developing relative 
of Desmognathus that likely exhibits a developmental sequence 
similar to that of the most recent common ancestor of the two 
genera. They generated sectioned specimens and/or cleared 
and stained whole mounts for eleven developmental stages and 
scrutinized them for the appearance and development of hyo-
branchial features. The authors found a fleeting appearance of 
the fourth epibranchial during the early part of developmental 
stage 20. They posit that this vestigial feature was elaborated 
upon in the evolutionary branch leading to biphasic Desmogna-
thus. Furthermore, they observed the larval hyobranchial appa-
ratus initially forming and subsequently being replaced by the 
adult version, a developmental process previously thought to be 
restricted to metamorphosing plethodontids (as a study of the 
distantly related direct-developing Bolitoglossa subpalmata did 
not find evidence of this). While some features characteristic of 
biphasic plethodontids appear to have evolved independently in 
Desmognathus (such as the palatopterygoid bone), it seems that 
others were preserved in the larval stages of direct-developing 
species.

Kerney, r. r., d. C. BLaCKBurn, H. MüLLer, and J. HanKen. 2012. Do larval 
traits re-evolve? Evidence from the embryogenesis of a direct-de-
veloping salamander, Plethodon cinereus. Evolution 66:252–262.
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First Discovery of Fossil Vertebrates  
Engaged in Reproduction

It is exceedingly rare for a fossil to encapsulate behavior; how-
ever, such fossils have been found that formed while the animal 
was engaged in combat, feeding, and rearing offspring. The au-
thors of this paper describe a series of turtle fossils representing 
the first discovery of vertebrates to have died and been fossil-
ized in the act of reproduction. Over the last three decades, nine 
pairs of Allaeochelys crassesculpta (Carettochelyidae) have been 
unearthed in the Messel Pit Fossil Site south of Frankfurt, Ger-
many. The authors of this paper investigated these specimens for 
evidence of reproductive activity. They found that all the pairs 
consisted of one male and one female, seven of the nine were 
fossilized with the pair’s posterior regions in contact, and two 
of the males had their tails wrapped beneath the females. This 
site boasts the only complete fossil carettochelyid skeletons ever 
found. During examinations of these, the authors discovered 
that the females possessed a hinged plastron which is not pres-
ent in the species’ sole living relative, Carettochelys insculpta, 
but is present in some non-carettochelyid turtle species and is 
hypothesized to aid in egg-laying. The authors posit that as these 
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turtles likely respire through their scale-free skin (as their sister 
family Trionychidae does), they may have succumbed to a deox-
ygenation of the water (perhaps caused by a release of volcanic 
gas), which killed them during the act of reproduction.

JoyCe, W. g., n. MiCKLiCH, s. F. K. sCHaaL, and t. M. sCHeyer. 2012. Caught 
in the act: the first record of copulating fossil vertebrates. Biology 
Letters (in press) doi:10.1098/rsbl.2012.0361.
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Cane Toad Larvae Readily Consumed  
By Australian Insects

 Invasive populations of exotic species face different preda-
tors than populations in their native ranges, and to some degree 
their success can often be attributed to a release from predation 
pressures. Cane toads (Rhinella marina [Bufo marinus]) found 
Australia to be bereft of predatory vertebrates capable of toler-
ating the toad’s toxins. However, little research has focused on 
potential invertebrate predators and the impacts they may have. 
The authors of this paper investigated the degree to which three 
Australian invertebrate species (one predaceous water beetle 
and two belostomatid bugs) eat R. marina eggs and tadpoles. 
First, representatives of the species were fed R. marina eggs 
and tadpoles to verify that they could eat them and survive. In-
dividual insects were then offered two choices: R. marina eggs, 
hatchlings, or tadpoles, and an alternative (e.g., tadpoles of one 
of three native species, R. marina of a different developmen-
tal stage, small native fish). In a separate experiment aimed 
at testing the efficiency of these insect predators, individuals 
were placed in containers with a known number of R. marina 
tadpoles and six days later the surviving tadpoles were count-
ed. An additional, similar test was performed with the diving 
beetle wherein tadpoles of two additional frog species were also 

present, and vegetation was included to add complexity to the 
environment. Finally, R. marina tadpole swimming performance 
was evaluated with respect to four native anuran species. Ap-
propriate control treatments and replications were included for 
all experiments. These experiments revealed that indeed these 
three insects will consume immature R. marina and in doing so, 
experienced no significant increase in mortality. Differences in 
developmental stage preference were found, including the two 
belostomatid species preferring different tadpole stages, and 
only the beetle eating eggs. In the preference experiments, the 
beetle and smaller bug both preferred R. marina over any other 
offered prey items, while the larger bug preferred R. marina to 
fish but preferred tadpoles of two native frog species to toad 
tadpoles. The presence of all three insect predators significantly 
reduced survivorship of R. marina tadpoles, with the greatest 
impact observed in beetle treatments. In the complex environ-
ment experiment, R. marina experienced a fourfold increase in 
mortality when beetles were present; the effect on two native 
tadpoles present was negligible. In the swimming performance 
trials, R. marina were significantly slower than the four native 
species examined; toad tadpoles are much smaller and this fac-
tor largely explains the difference in speed. The authors suggest 
that the smaller size, slower speed, or some combination thereof 
could explain the insect species’ preference for R. marina tad-
poles, and that the lack of a coevolutionary history with Austra-
lia’s native arthropod predators may leave R. marina particularly 
vulnerable. The authors suggest future work should investigate 
the population dynamics of insect predators in areas of R. ma-
rina invasion.

Cabrera-Guzmán, e., m. r. Crossland, and r. shine. 2012. Predation on 
the eggs and larvae of invasive cane toads (Rhinella marina) by 
native aquatic invertebrates in tropical Australia. Biological Con-
servation 153:1-9.
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diagnostic classification of connective tissue encapsulating 
transmitters and data Acquisition units: evidence for not 
modifying a classic Surgical implantation method

Since the introduction of Reinert and Cundall’s (1982) pro-
cedure for the surgical implantation of radio transmitters, their 
paper has been cited extensively and has become the standard 
surgical implantation procedure for snakes (Table 1). However, 
a recent suggestion (Bryant et al. 2010) for modifying Reinert 
and Cundall’s (1982) procedure requires an additional step for 
suturing and anchoring a transmitter to a rib and its pre- and 
post-intercostal musculature. Such modification (in our opin-
ion) seems more invasive than necessary and might be avoided 
by simply revisiting the surgical implantation method and trans-
mitter preparation described in Reinert and Cundall (1982) and 
Reinert (1992).

 The suggested methodological modification stems from 
observations of implanted transmitters and other data acquisi-
tion units (e.g., iButtons®) migrating within (or being expulsed 
from) the body cavity of snakes (Bryant et al. 2010; Pearson and 
Shine 2002). However, numerous collaborations and extensive 
work with a diversity of snake taxa (Table 1), using Reinert and 
Cundall’s (1982) surgical protocol, have not typically presented 
the observations and concerns outlined in Bryant et al. (2010). 
Here, we revisit an important, but apparently overlooked, proce-
dural step presented in Reinert and Cundall (1982) and Reinert 
(1992) that aids in stimulating connective tissue encapsulation, 
thus circumventing the migration or expulsion of implants. 

Connective Tissue Encapsulation.—It is our conviction, from 
extensive observations, that the “1:1 mixture of paraffin and 
beeswax” used in potting transmitters (see Reinert and Cundall 
1982; Reinert 1992) causes a foreign body reaction—an impor-
tant immunological response that encapsulates a foreign body 
that cannot otherwise be digested by histiocytes (macrophages) 
(Anderson et al. 2008). Transmitter potting as suggested by Rein-
ert and Cundall (1982) is an important procedural step that may 
be ignored, particularly by researchers who do not build and pot 
their own transmitters. However, Reinert (1992) made a further 
recommendation that “Even if you purchase completely assem-
bled and potted units from a manufacturer, I suggest that you dip 
them in a 1:1 beeswax/paraffin mixture.” Commercially available 
transmitters are often encased with multiple layers of biologi-
cally inert compounds (e.g., silicones and Teflon) that prevent 
tissue reactions associated with immunological response. For 
example, surgical implantation of Holohil transmitters (Holohil 

Systems, Ltd., Ontario, Canada) in Cottonmouths (Agkistrodon 
piscivorous) by WIL (Roth 2005a,b) produced no tissue encapsu-
lations until transmitters were later coated with a 1:1 paraffin-
beeswax mixture.

Although this paraffin-beeswax coating was first suggested 
“to produce a non-abrasive, indigestible, tissue inert final pack-
age” (Reinert 1992), the adherence to this recommended proce-
dure (Reinert and Cundall 1982; Reinert 1992) by investigators 
may have produced the same fortunate and successful out-
comes of transmitter encapsulation that we now acknowledge. 
Herein we present histological images and provide a diagnostic 
classification of the tissues encapsulating iButton® temperature 
loggers resulting from immunological response and the foreign 
body reaction. 

Tissue Sampling, Histology and Microtechniques.—We sam-
pled tissues from four individual snakes (two Southern Copper-
heads, Agkistrodon contortrix, and two Western Cottonmouths, 
A. piscivorous) that were implanted with iButton® temperature 
loggers following the surgical procedure described for transmit-
ters by Reinert and Cundall (1982). All temperature loggers were 
coated with a 1:1 paraffin-beeswax admixture prior to implanta-
tion. After 56 days, the implants were removed using the same 
surgical procedure. A sample of the tissue sheath encapsulating 
each iButton® (Fig. 1) was biopsied and fixed in AFA (alcohol, 
formalin, and acetic acid). We used standard histological pro-
cedures (Hamason 1962) where tissues remained in AFA solu-
tion for 24 h after collection. Dehydration was initiated in 70% 
ethanol and continued at 1 h intervals through a graded series of 
ethanol washes, ending in two final washes with 100% ethanol. 
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Tissues were cleared to near transparency with three 1 h washes 
in histological grade xylene, permeated for 1 h in a 50:50 solu-
tion of melted paraffin and xylene, and transferred to melted 
paraffin to remove xylene residuum. We then cased tissues in 
paraffin molds utilizing standard blocking procedures. Tissues 
were sectioned at 7 µm thickness, floated in a warm water bath 
and mounted to slides with albumin adhesive (egg albumen 
and glycerol). Prepared tissue sections were stained in hema-
toxylin and counterstained in eosin. Stained sections were then 
dehydrated with ethanol through an ascending graded series, 
cleared in xylene and permanently mounted with Damar balsam 
mounting media. 

Examination of prepared tissue sections was conducted us-
ing an Olympus B-Max 41 compound microscope with 10x, 40x, 
and 100x universal planapochromatic objectives with either 
bright field or phase contrast condensers. Digital photographs of 
microscopic images were taken using an Olympus DP-12 digital 
camera.

Tissue Diagnosis.—The encapsulating tissue examined was 
dominated by irregular and densely packed collagen fibers (Fig. 
2). Two cell types were readily apparent within all planes of this 
encapsulating tissue. The small elongate cells responsible for se-
creting the collagen matrix are fibroblasts (Fig. 2; black arrows). 
Histiocytes (Fig. 2; white arrows) are responsible for initiating 
an immune response associated with engulfing foreign debris 
(Cline 1994; Leeson and Leeson 1979).

The Importance of the Paraffin-Beeswax Mixture in Potting 
Transmitters.—Anderson et al. (2008) outlined the inflammatory 
response following material implantation. Paraffin and bees-
wax, unlike inert coatings on some commercially potted trans-
mitters, initiate the foreign body response. This is an additional 
response within a series of immune reactions normal to wound 
healing, specifically occurring in the persistence of foreign par-
ticles or bodies that may otherwise hinder healing. Foreign body 
reactions are ultimately characterized by the encapsulation of a 
foreign body that cannot otherwise be phaged by immune cells. 
However, several steps must occur before the process of encap-
sulation begins. Monocytes, once signaled by chemoattraction, 
leave the vascular system and enter connective tissue and be-
come histiocytes. These histiocytes migrate by chemoattractive 
signals to the site of implantation (Anderson et al. 2008; Leeson 
and Leeson 1979) and begin adhering and interacting with the 
foreign body with the assistance of plasma and extracellular 
matrix proteins. Fusion of histiocytes results from their inability 
to phage the foreign body and become foreign-body giant cells 
which remain intimate with the surface of the foreign body (An-
derson et al. 2008; Dee et al. 2002; MacLauchlan et al. 2009). Dur-
ing this foreign body reaction, residuum histiocytes initiate the 
remodeling of the extracellular matrix by secreting proteins that 
modulate fibrosis. Fibrosis (rapid production of the fibrous cap-
sule) and the persistence of histiocytes are readily observed in 
Fig. 2A–B. Anderson et al. (2008) and MacLauchlan et al. (2009) 
discuss the benefits of effectively isolating the foreign body from 
host tissue. These benefits are easily realized in research efforts 
incorporating the surgical implantation of transmitters and data 
acquisition units where such units are encapsulated.

A More Recent and Related Implantation Issue.—Lentini et al. 
(2011) conducted histopathic and bacteriologic examinations 
of tissues resulting from the surgical implantation of transmit-
ters into the intracoelomic space of Eastern Massasauga Rattle-
snakes (Sistrurus catenatus catenatus). These transmitters were 
potted in a silicone coating, and the procedure of Reinert and 

Cundall (1982) was not followed reportedly because of prior dif-
ficulties with the technique (Lentini et al. 2011). After 14 months 
of implantation, transmitters were surgically examined in situ 
for tissue encapsulation, surgically removed and then swabbed 
for aerobic and anaerobic bacterial culture. The encapsulating 
tissues were also removed for histopathic examination. Both his-
topathic and bacteriologic findings were graded on a scale of 1 
to 4 based on adhesion properties of the capsule and bacteria 
cultures, respectively. Lentini et al. (2011) concluded that these 
transmitters caused extensive irritation to internal tissues result-
ing in high rates of inflammation and infection. However, we 
question the findings presented in Lentini et al. (2011) as their 
histological images (i.e., figure 2, Plates A–D) are inconsistent 
with tissue growth associated with a foreign body reaction. Len-
tini et al. (2011) ascertained that the histology of the capsules 
was characterized by loose vascular connective tissue and sim-
ple cuboidal epithelium with eosinophilic cytoplasm. However, 
connective tissue types are diagnosed by differentiating the pro-
portions of cells, fibers, and amorphous ground substance (Lee-
son and Leeson 1979).

Figure 2A in Lentini et al. (2011) clearly illustrates simple cu-
boidal epithelium. However, encapsulating connective tissue of 
a foreign body will not contain cuboidal cells which are special-
ized for secretion or absorption and thus predominate in glandu-
lar tissue. It is our conjecture that the glandular tissue presented 
in figure 2A by Lentini et al. (2011) may have been mistakenly 
isolated from the surrounding lumen or subcutaneous tissue 
(hypodermis) rather than the connective tissue encapsulation.

We further question the histological image described in their 
figure 2B as “loose connective tissue with scattered lympho-
plasmacytic cells, histiocytes, and rare heterophils” with “a fo-
cal small granuloma characterized by low numbers with a few 
histiocytes surrounding refractile foreign material” (Lentini et 
al. 2011). Despite the poor magnification of figure 2B (Lentini et 
al. 2011), it appears that this tissue is not characteristic of loose 
(areolar) connective tissue. Our assessment is that figure 2B 
(Lentini et al. 2011) actually shows dense irregular connective 
tissue with an imbedded neurovascular bundle containing ve-
nules, arterioles (containing red blood cells), and a nerve fascicle 
characteristic of subcutaneous tissue. Venules and arterioles are 
readily identified by endothelial cells surrounding their lumens 
and residuum red blood cells, suggesting that the authors have 
mistakenly isolated subcutaneous tissue rather than the connec-
tive tissue encapsulating the foreign body. Finally, the low quality 
and poor magnification of figures 2C and 2D (Lentini et al. 2011) 
render them unsuitable for detailed cellular level diagnostics.

Contrary to the results presented by Lentini et al. (2011), Tu-
cunduva et al. (2001) diagnosed the cells associated from the 
inflammatory processes following the subcutaneous implanta-
tion of cotton suture threads and circular coverslips in Boa con-
strictor. Their results are consistent with typical foreign body 
reactions and concur with our diagnostics presented here. The 
presence of histiocytes, foreign body giant cells, and various 
lymphatic cells are present in a matrix of dense irregular con-
nective tissue surrounding the foreign body.

Recommendations.—Although many commercially prepared 
transmitters are potted in a supposedly inert coating, we recom-
mend that researchers follow the procedures outline by Reinert 
and Cundall’s (1982) surgical method which includes coating 
or potting the transmitter for implantation with a 1:1 paraffin-
beeswax mixture. This ultimately allows for recognition and en-
capsulation of the transmitter following an immune response 
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and foreign body reaction. Such tissue reactions “wall-off” the 
transmitter, preventing its migration within the body cavity. HKR 
examined a dead Pine Snake (Pituophis melanoleucus) that was 
implanted by a veterinarian with a transmitter that did not have 
a paraffin-beeswax coating. The snake had reportedly been sed-
entary and lethargic for several months prior to its death. It was 
found that the transmitter and antenna had migrated anteriorly 
and subsequently lodged in the snake’s lung resulting in exten-
sive irritation, inflammation, and eventual death.

The paraffin-beeswax coating described by Reinert and 
Cundall (1982) is a non-abrasive but organic compound, thus al-
lowing it to be recognized by the body’s immune responses. As 
a result, it is rapidly coated with connective tissue forming an 
anchored pouch within the peritoneum that may be used for re-
peated replacement of transmitters (Fig. 3). We recommend that 
all transmitters be dipped in a paraffin-beeswax mixture prior to 
implantation regardless of their original coating. 

Although some snakes (e.g., Pythonidae) may have the ability 
to absorb and expel transmitters through the gut cavity (Pearson 
and Shine 2002) as documented in fishes (e.g., Rainbow Trout, 
Oncorhynchus mykiss), we assert that this problem in snakes and 
even fish may be circumvented with paraffin-beeswax coated 
implants (Helm and Tyus 1992). We also note that implants po-
sitioned in the “peritoneal” (Reinert and Cundall 1982) cavity 
are surrounded by the parietal peritoneum of the body wall and 
the visceral peritoneum of the surrounding internal abdominal 
organs. This placement of implants within the peritoneal mem-
brane and posterior to the stomach and other internal organs 
may help circumvent the potential expulsion of transmitters 
through the feeding induced proliferation and dramatic up-
regulation of the lumen demonstrated in Pythonidae (e.g., Secor 
and Diamond 2000). 

We and our colleagues have collectively performed Reinert 
and Cundall’s (1982) surgical procedure on hundreds of colubrid 
and viperid snakes over 40 years of combined research without 
the problems (e.g., high incidence of infection rates and trans-
mitter expulsion) described by Bryant et al. (2010) and Len-
tini et al. (2011). HKR has removed transmitters from Timber 

Fig. 1. Image of an iButton® encapsulated by a thin sheath of con-
nective tissue after 56 days of implantation in Agkistrodon piscivo-
rous. Thicker encapsulations are seen with longer periods of implan-
tation.

Fig. 3. A thick encapsulation and anchored pouch of connective tis-
sue associated with a twelve-month implantation of a transmitter 
within the peritoneum of Crotalus horridus.

Fig. 2. Photomicrograph of encapsulating tissue taken from Agkistro-
don piscivorous exhibiting the classic signs of a foreign body reaction. 
The dense irregular connective tissue consisting of tightly packed, 
irregularly woven collagen fibers is shown (A). Histiocytes in early 
stages of aggregation (white arrow) and small elongate fibrocytes 
(black arrow) are readily detected at 20x magnification. Histiocytes 
at 100x magnification (white arrow) and the tightly woven arrange-
ment of collagen fibers (black arrows) indicate granular connective 
tissue allowing for the successful encapsulation of the foreign body 
within the peritoneal cavity (B).
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Rattlesnakes (Crotalus horridus) that have been encapsulated 
within anchored pouches of connective tissue in the peritoneal 
cavity for more than 12 years without migration, expulsion, in-
flammation, or infection (Fig. 3). Recently, we have performed 
this surgical procedure (Reinert and Cundall 1982) on more than 
40 Boa constrictor (closely related to the Pythonidae). Similar to 
Crotalus horridus, these boas have shown no transmitter migra-
tion, expulsion, or detrimental inflammation, but rather connec-
tive tissue encapsulation, rapid healing, and long-term retention 
(up to 5 years). The utility of this surgical procedure has been 
employed and proven in a diversity of taxa (Table 1) including 
the Pacific Lamprey, Lampetra tridentate (Vella et al. 1999). Ad-
ditionally, the procedure can be practiced both under laboratory 
and field conditions (Hardy and Greene 2000) and is widely ac-
cepted by institutional animal and care and use committees (An-
derson and Talcott 2006). Consequently, we maintain that simple 
adherence to the original transmitter preparation recommenda-
tions and surgical procedure described by Reinert and Cundall 
(1982) will prove to be successful in most applications.
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Art  in  herpetology

“Cobra de Capello,” Plate VII from James Forbes’ Oriental 
Memoirs: Selected and Abridged from a Series of Familiar 
Letters written during Seventeen Years’ Residence in India: 
including Observations on Parts of Africa and South 
America, and a Narrative of Occurrences in Four India 
Voyages, published in four volumes by T. Bensley, London 
(1813). A second edition was published in two volumes 
by Richard Bentley in 1834. The hand-colored illustration 
(24 x 30.2 cm) depicts a Naja naja that was drawn in 1770 
based on a snake captured in Bombay (Mumbai) after it 
had bitten a woman at the market. Forbes (1749–1819) 
traveled to India in 1765 in the employment of the British 
East India Company and remained there until 1784, 
compiling 152 volumes (52,000 pages) of notes on the flora, 
fauna, architecture, religions, and indigenous cultures of 
India. When he returned to England, he assembled these 
notes into his Oriental Memoirs masterwork. The books 
contain 93 plates drawn by Forbes, of which 28 are hand-
colored. In addition to “Cobra,” three other plates depict 
herpetological subjects, but only the cobra is depicted 
by itself. Plate VIII is a sketch of a musician playing his 
flute to a swaying cobra as spectators look on (drawn 
in 1772); Plate XXV includes a Chamaeleo zeylanicus on 
a Neva Tree branch (1768 or 1772); Plate XC includes a 
“Malabar Spotted Frog” (Hylarana malabarica) on the 
ground with a Black and White Kingfisher in an aquatic 
plant above it (1784). The latter two plates also are hand 
colored. References to amphibians and reptiles are few 
in the text except for a detailed account of the effects of 
Naja snakebite on dogs. The book is still considered an 
exceptional source of information on India’s west coast 
in the late 18th Century, and its colored plates are highly 
valued. The plates can be viewed at the British Library 
Online Gallery (http://www.bl.uk/onlinegallery/index.
html).

—Contributed by C. Kenneth Dodd, Jr.  
e-mail: Terrapene600@gmail.com
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negative Oral Responses of a non-canid mammalian predator 
(bobcat, Lynx rufus; felidae) to Ocular-sinus blood-squirting  
of texas and Regal horned lizards, Phrynosoma cornutum  
and Phrynosoma solare

Horned lizards (Phrynosoma spp.) are noted for their commit-
ment to restriction of movements and apparent reliance on cryp-
ticity for avoiding detection by predators (Cooper and Sherbrooke 
2010a, b, c, 2012; Sherbrooke and Montanucci 1988), as well as a 
diversity of defensive responses to varied categories of predators 
once detected (Sherbrooke 1981, 2003). An ocular-sinus blood-
pressure system regulated by two pairs of sphincter muscles sur-
rounding major cranial veins is found in all lepidosaurs (Bruner 
1907; Heath 1966). Apparently from this system horned lizards 
have evolved a unique antipredator defense of squirting systemic 
blood from their tear ducts into the mouths of selected predators 
that may find the chemical-containing blood distasteful (Mid-
dendorf and Sherbrooke 1992; Middendorf et al. 2001; Sherbrooke 
and Mason 2005; Sherbrooke and Middendorf 2001, 2004). 

Reports of predators eliciting blood-squirting by horned liz-
ards have been limited to members of the canid family (Dogs, 
Canis familiaris; Coyotes, Canis latrans; and Kit Foxes, Vulpes 
macrotis) and to humans (Homo sapiens, low frequency) (Mid-
dendorf and Sherbrooke 1992; Sherbrooke and Middendorf 2001, 
2004; Hodges 2004; Sherbrooke and Mason 2005). Oral receptors 
for blood-borne chemicals eliciting strong negative behavioral 
responses in canids (Sherbrooke and Mason 2005) are apparent-
ly lacking in humans (Middendorf and Sherbrooke 1992, N = 4 
humans; WCS experienced subsequent personal observations of 

a lingering very-mild, barely-perceptible, acrid after-taste lasting 
30–45 min following tasting of freshly-squirted blood of Phry-
nosoma cornutum, N = 10+ lizards). This narrow taxonomic cat-
egory (canids) of potential predators known to elicit the behav-
ior persists in spite of testing of a broad variety of horned lizard 
species and a diverse spectrum of known predators (that either 
dismember or swallow prey whole). These include Greater Road-
runners (Geococcys californianus), Southern Grasshopper Mice 
(Onychomys torridus), Long-nosed Leopard Lizards (Gambelia 
wizlizenii), Western Diamondback Rattlesnakes (Crotalus atrox), 
and Coachwhips and Sonoran Whipsnakes (Masticophis flagel-
lum and M. bilineatus) (Sherbrooke 1990, 1991, 2008; Midden-
dorf and Sherbrooke 1992; Sherbrooke and Middendorf 2001, 
2004; Sherbrooke and Mason 2005; Sherbrooke and May 2008). 
Middendorf and Sherbrooke (1992) suggested that some non-
canid medium-sized mammalian carnivores might elicit blood 
squirting by horned lizards and respond negatively to the blood-
borne chemicals, and thus be deterred from further attack.

We carried out predator-prey trial encounters with two spe-
cies of horned lizards (Phrynosoma cornutum and P. solare) 
known to squirt blood defensively at canid predators and not at 
some other predators. We asked, “Might a threat by a distinctly 
different mammalian predator of another family (Felidae), a Bob-
cat (Lynx rufus), induce these lizards to utilize a blood-squirting 
defense?” We hypothesize that blood squirting induced by a 
bobcat threat would suggest that the lizards categorize canids 
and bobcats similarly when electing to utilize this antipredator 
defense. In addition we asked, “Do bobcats respond to ocular-
sinus blood-squirting by horned lizards with negative behaviors 
indicating that they have oral-cavity receptors capable of sens-
ing chemical compounds in the lizards’ blood that are distasteful 
to them (similar to canids)?”

MetHods

Texas Horned Lizards (Phrynosoma cornutum; 3 males, 83, 
87, 98 mm SVLs; Iguania: Phrynosomatidae) were road collected 
from Hidalgo Co., New Mexico, USA, on 21–24 May 2010 and 
fed crickets (Acheta domesticus) in captivity in Portal, Arizona 
(through 6 June; Southwestern Research Station), and crickets 
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plus some seed-harvester ants (Pogonomyrmex rugosus) in Tuc-
son, Arizona, prior to testing with bobcats at the Forever Wild 
Animal Rehabilitation Center in Tucson on 22 June 2010. Trials 
were video recorded (Sony 12x FullHD 1080), photographed, and 
notes were written following each trial. 

Analysis of video recordings involved focusing on defensive 
behaviors of the lizards: run, freeze, raise horns (Sherbrooke 
1987), dorsal shield (a behavior widely used with other preda-
tors; Sherbrooke 1990, 1991, 2003, 2008; Sherbrooke and May 
2008), tail raising (Middendorf and Sherbrooke 1992; Sherbrooke 
and Mason 2005; Sherbrooke and Middendorf 2004), flipping on 
back (Sherbrooke and May 2008), swelling of eyelids (as a pre-
cursor to blood-squirting; Middendorf and Sherbrooke 1992), 
and blood squirting or emitting blood from around eyelids. Also, 
the video analysis focused on bobcat investigative behaviors of 
lizards and negative reactions of the bobcats to squirted blood 
(or skin-surface adhering or pooling ocular-sinus blood exuded 
around the lizard’s eyes). These reactions by bobcats included 
retreating, lateral head-shaking, tongue extrusion and licking, 
lip licking, briefly rolling onto one body side on the ground, and 
salivation. 

The three Texas Horned Lizards were separately introduced 
between 0920–1100 h into a cage (chain-link wire; 3.7 x 7.6 m, 
3.7 and 3.85 m split height; with hardware cloth mesh wire along 
the lower 1 m) containing a surrogate mother and six sibling 
bobcats, 2–3 months old. On 27 June three recently collected (21 
and 25 June, Pima Co., Arizona) Regal Horned Lizards (P. solare; 
males, 89, 90, 96 mm SVLs) were introduced into the same enclo-
sure (0910–1005 h; 32°C) with the seven bobcats tested the previ-
ous week and responses were similarly recorded.

Trial times varied with bobcat and lizard behaviors. Due to 
cage arrangements some actions were difficult to interpret with 
certainty during video analysis by WCS. The adult female bobcat 
did not engage the horned lizards.

In 2011 six adult P. solare (males, 69, 72, 84, 87, 89, 97 mm 
SVLs) were collected southwest of  Tucson, Pima Co., Arizona. 
Lizards were generously fed local seed-harvester ants (Pogono-
myrmex rugosus), with some additional feedings of domestic 
crickets. The single female fifteen-month-old bobcat used in tri-
als was housed at the Southwest Wildlife Conservation Center in 
Scottsdale, Arizona. This bobcat had become very tame, allowing 
handlers and filming crew to work within its 6 x 12 m, 3 m high 
chain-link cage (with hardware cloth mesh wire along the lower 
1 m). The bobcat’s trial activities and video recording (recorded 
by AM; Red Epic M video camera; for real time 30 frames/sec and 
slow-motion 120 frames/sec; not continuous throughout the tri-
als; video reviewed by WCS) were largely confined to a single fo-
cused location. Trials on 23 June 2011 were in the late afternoon 
following the heat of day, 1648–1730 h. The durations of the three 
trials were approximately 12, 18, and 25 min. On 24 June five tri-
als were held in the early morning, 0720–0900 h and lasted 10, 
19, 40, 5, and 12 min. These trials included one lizard used on 
23 June, and one used twice on 24 June; thus a total of six Regal 
Horned Lizards were exposed to the bobcat. 

resuLts

Bobcats and Phrynosoma cornutum (2010).—In all three 
trials (2010) with Phrynosoma cornutum and seven bobcats in 
a single cage there were nearly continuous behavioral interac-
tions between individual juvenile bobcats that often appeared 
to involve control (possession) of the lizard. Bobcat behaviors 

included pawing the lizard and picking it up in the mouth while 
emitting growling threats and lateral tail wagging. The lizard was 
held across its body (side to side) in the bobcat’s mouth, usually 
from above, with the hindlegs, tail, forelegs, and head extending 
laterally to both sides, beyond the bobcat’s jaws. The lizards were 
never bitten, chewed, or picked up by the head or limbs. A lizard-
controlling bobcat often, but not always, caused other bobcats 
to retreat and then put the lizard down to be immediately held 
in place with a forepaw, talons not clearly extended. The lizard 
was often sniffed around the head and sometimes released and 
chased and recaptured under a forepaw. Extensive use of the 
forepaws in manipulating (“playing with”) the lizard was noted. 
This tactile manipulation occasionally led to release of addition-
al eye-sinus blood without a squirt projecting a stream of blood.

In the first trial (25 min) there was no swelling of eyelids or 
blood squirting by the lizard in response to the bobcat’s activi-
ties. One bobcat controlled the lizard, carrying it around in its 
jaws or pinning it to the ground with a paw. During persistent 
sniffing of the forehead of the lizard, the lizard raised its horns 
on two occasions and it briefly raised its tail to a vertical position 
twice, for a second each time. No dorsal shield defensive pos-
tures were seen.

In the second trial (15 min) the lizard squirted blood with-
in the first minute of the encounter resulting in several minor 
tongue-extention licks by the bobcat that was carrying it and 
had put it down. When the bobcat picked up the lizard in its jaws 
again the lizard squirted, leaving a streak of blood across fur on 
the lower left jaw of the bobcat. The lack of immediate reaction 
by the bobcat suggests that the squirted blood did not enter the 
bobcat’s mouth. Areas around both of the lizard’s eyes were al-
ready coated with blood prior to subsequent pawing by a second 
bobcat. The quantity of blood on the lizard’s head appeared to 
increase during this second-bobcat’s pawing, which may have 
involved a small squirt or oozing of blood from near the eyelids, 
which remained closed. The bobcat licked blood on the lizard’s 
head and then moved away while exhibiting a series of tongue 
extending and licking actions, and shaking its head laterally. 
While walking away from the lizard it widely opened and closed 
its jaws and extended its tongue (about once per second) and 
flexed it in multiple directions while turning its head from side 
to side. This lasted for one minute following which the bobcat lay 
down and rolled onto one side and then back onto its other side 
before returning to a four-footed stance. A fresh patch of blood 
appeared on the side of the lizard’s back (not an injury; prob-
ably due to a fresh blood-squirt not observed) and on the ground 
when the same bobcat returned to pawing the lizard. Investiga-
tion of the blood (licking and/or smelling) on the lizard’s head by 
another bobcat then led to it retreating and exhibiting similar, 
but not as exaggerated, lateral head-shaking and rolling onto its 
two sides. There were no tail raised, dorsal shield, or horns raised 
displays by this lizard.

In the third trial (20 min) a group of three or four bobcats be-
gan pawing the lizard immediately after it was placed in the cage. 
The lizard responded with swollen eyelids, raised horns, raised 
tail, and blood around both eyes. One bobcat licked its own lips 
during this encounter. Bobcats continued to sniff the lizard’s 
head and tentatively pawed it repeatedly for over five minutes 
before the actions of a single bobcat elicited a blood squirt from 
the lizard’s right eye. Subsequently a bobcat licked blood from 
the lizard’s head and this bobcat briefly shook its head and licked 
its open mouth. Both lizard eye areas were now blood-coated 
and the same bobcat returned to the lizard and during further 
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pawing and sniffing again shook its head laterally. As the bob-
cats repeatedly pawed the lizard and briefly walked away before 
returning, the lizard either relaxed its swollen eyelids, or on re-
contact, it reenacted the swollen-eye state, at the same time rais-
ing its horns (tilting its chin downward) and lifting its tail. No 
bobcat picked up the lizard in its mouth in this final trial. No dor-
sal shield displays were observed.

Blood squirting was observed in trials 2 and 3, but not in trial 
1. Negative reactions of three bobcats to the squirted blood oc-
curred in trial 2, and with at least one bobcat in trial 3 (possibly a 
bobcat that also reacted in trial 2).

Bobcats and Phrynosoma solare (2010).—In all three trials 
the bobcats’ behaviors seen in essentially continuous handling 
of Regal Horned Lizards were similar to those noted earlier with 
P. cornutum, including repeated pawing and chasing, paw hold-
ing, tapping of the lizards’ heads with fore-paws, and frequent 
sniffing of lizards’ heads. But the carrying of lizards crosswise 
through the bobcat’s mouth while growling only occurred during 
the first trial. Lizards failed to raise their tails, raise horns, inflate 
their bodies, or display a dorsal shield defensively. Lizards usually 
maintained eyelids open between repeated paw patting/striking 
of the head and body throughout the trials. Only two very brief 
instances of eyelid swelling were seen late in trials (trials 1 and 3). 
An apparently small blood-squirt, 1.5 min into the third trial (du-
ration 15 mins), resulted in a single lateral head-shake and nose-
lick response by the bobcat. In trials 1 (duration 15 mins) and 2 
(duration 10 mins) there were no indications of blood squirting 
by the lizards, in spite of continual manipulation. 

Bobcat and Phrynosoma solare (2011).— During trials with 
this single somewhat-older juvenile bobcat, lizards were not 
picked up and carried around in the bobcat’s mouth as was seen 
in 2010 with P. cornutum and P. solare when multiple bobcats 
were present. But similarly, the lizards were frequently “played 
with,” pawed by the bobcat. Investigations by the bobcat of the 
lizards were intermittent and frequently involved sniffing and 
licking, particularly of the head. 

On 23 July all three lizards exhibited swollen eyelids in re-
sponse to the bobcat’s investigation of the lizard and two of three 
lizards squirted blood during their trials. Following the first trial, 
in which no blood-squirting occurred, during the second trial the 
lizard squirted blood from its right eye. This resulted in the bob-
cat exhibiting multiple bouts of rapid lateral head-shaking with 
tongue extrusions, apparently trying to clear its mouth of the 
blood-borne chemical irritants. Late in the third trial the lizard 
was placed (by KS) on the bobcat’s side after it was lying down. 
Initially the bobcat exhibited no interest in the lizard, but then 
the bobcat reached back with its jaws and grabbed the lizard by 
its horns and gently tossed it off its back to the ground. During 
this procedure the lizard reacted by squirting blood from both 
eyes. As the bobcat revisited and licked the lizard’s head (now 
covered by a small increasing pool of blood), the bobcat reacted 
with violent bouts of lateral head-shaking (3 cycles/sec maxi-
mum) accompanied by tongue extrusions and contortions (Figs. 
1 and 2). Within minutes, copious amounts of salivary secretion 
resulted in drooling from both sides of the bobcat’s mouth (Figs. 
3 and 4). This viscous saliva hung and dangled from the bobcat’s 
jaws, swinging with the bobcat’s head motions, while a fluid drop 
accumulated at its lowest point. This fluid exhibited pinkish col-
oration, suggesting the accumulation of lizard-squirted blood 
within the saliva and its expulsion from the bobcat’s mouth (Fig. 
4). The duration of these immediate responses was about 1 min.

During the five trials on the second day (24 July), no lizards 
squirted blood, but at least one exhibited swollen eyelids. As 
in the first trial on 23 July, without a blood squirting event the 
bobcat did not exhibit lateral head-shaking, tongue extrusion or 
salivation.

During all eight trials no P. solare exhibited a dorsal shield dis-
play, but four displayed horns raised and four raised their tails, 
both reactions during encounters with the bobcat. In two trials 
the bobcat grabbed the lizard’s tail in its jaws and gently tossed it 
into the air, less than 50 cm above the ground and near the bobcat. 
In one of these encounters the tail-raise/tail-toss sequence was 

Fig. 1. A bobcat, reacting to ocular-sinus blood from a Regal Horned 
Lizard (Phrynosoma solare) contacting its oral tissues, exhibits mul-
tiple mouth opening-and-closings, eye closing, lip retraction, and 
contorted and varied tongue-extensions, all accompanied by vigor-
ous lateral head-shaking. 

Fig. 2. Bobcat reacting to ocular-sinus blood from a Regal Horned 
Lizard (Phrynosoma solare) contacting its oral tissue surfaces. Note 
that the bobcat’s eyes are closed, its tongue is extended in licking ac-
tions, there is a spot of horned lizard squirted-blood on its left chin 
hairs, and saliva strands are dangling from its lower fore-jaw on both 
right and left sides of its mouth.
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repeated three times within 1 min. In several trials the increase 
in eyelid bulging outward by the lizards was extensive, stage 3 or 
3+ (Middendorf and Sherbrooke 1992) and sequentially repeated. 
Throughout the trials this pre-blood-squirting response was usu-
ally initiated as the bobcat lowered its face to close proximity to 
the horned lizard’s head (often sniffing and sometimes licking). 
Eyelid swelling was reduced as the bobcat withdrew its head and 
then reinitiated on subsequent bobcat approach.

disCussion

In earlier studies it has often proven difficult to determine if 
a species of horned lizard does or does not squirt blood (“non-
blood squirting” species; Sherbrooke and Middendorf 2001) at a 
seemingly appropriate predator (dog bio-assays) or humans due 
to the difficulty in evaluating negative responses (Sherbrooke et 
al. 2004; Sherbrooke and Mendoza-Quijano 2005; Sherbrooke 
and Middendorf 2001; Sherbrooke and Rodriguez 2010). Never-
theless, a positive blood squirting response during exposure to 
canids by both Phrynosoma cornutum and P. solare is well es-
tablished (Middendorf and Sherbrooke 1992; Sherbrooke and 
Mason 2005; Sherbrooke and Middendorf 2001, 2004). Blood 
squirting elicited by bobcats in the two species of horned lizard 
in this study, similar to canids, contrasts with numerous studies 
that resulted in a lack of a blood-squirting response to threats 
from other predators (Sherbrooke 1990, 1991, 2008; Middendorf 
and Sherbrooke 1992; Sherbrooke and Middendorf 2001, 2004; 
Sherbrooke and May 2008). These data support a hypothesis 
that the lizards select a single category, or somehow linked cat-
egories, of predator recognition in utilizing a blood-squirting 
defense. 

Vital to the efficacy of a blood-squirting defense is a nega-
tive reaction by the recipient predator to chemical factors in the 
blood. Following five blood-squirting defenses by both P. cor-
nutum and P. solare during trials with bobcats (in which blood 
entered the oral cavity) the felids demonstrated somewhat 

consistent negative responses. Quantities of squirted-blood 
reaching bobcat oral surfaces during any squirting or licking of 
blood were probably highly variable (Sherbrooke and Midden-
dorf 2001). In all five cases the bobcat showed vigorous lateral 
head-shaking (of various duration), tongue extensions and re-
treat from the lizard. Following one blood-squirting defense by 
P. solare (2011) the bobcat showed excessive salivary production 
and extrusion of these fluids from the mouth, along with other 
vigorous responses. The consistency of negative gustatory be-
haviors following oral exposure to horned lizard squirted blood 
by at least five different bobcats demonstrates its potential utility 
as a defense against predatory threats by bobcats.

It is worth evaluating similarities and differences between 
reactions of bobcats to ocular-sinus blood-squirting by Phry-
nosoma cornutum and P. solare and reactions of kit foxes to P. 
cornutum blood squirting reported earlier (Sherbrooke and 
Middendorf 2004). Both kit fox and bobcat predators were juve-
niles with little or no pre-captivity experience in capture of live 
prey alone or with adults, thus their reactions were probably in-
nate. In trials in which squirted blood entered into the predators’ 
mouth both kit foxes and bobcats responded with lateral head 
shaking, mouth opening and closing sequences, closing eyes, 
and out-of-mouth tongue extensions (Sherbrooke and Midden-
dorf 2004; this study). Tongue extrusions were less pronounced 
in kit foxes than in bobcats, and salivary drooling was not seen 
in kit foxes. Kit foxes did not roll onto a side, but in one case, 
where grass was available, the fox repeatedly laterally wiped its 
muzzle on the grass. Bobcats appeared to sniff the heads of liz-
ards repeatedly, a behavior not consistently observed with kit 
foxes. The strong negative bobcat responses during licking of 
blood and their absence during bobcat sniffing of lizards’ blood-
coated heads suggest that, as in coyotes (Sherbrooke and Mason 
2005), the sensory receptors detecting antipredator compounds 
in the lizard’s blood are located in the oral cavity and the chemi-
cal agents are not volatile compounds detected, and reacted to 
negatively, via the olfactory system.

Fig. 3. Bobcat continues to react to ocular-sinus blood from a Regal 
Horned Lizard (Phrynosoma solare) contacting its oral tissues. Fol-
lowing its initial responses, the bobcat continues licking while its 
eyes open and its extensive salivary response transports some of the 
lizard’s squirted blood from its mouth cavity.

Fig. 4. Bobcat continues to react to ocular-sinus blood from a Regal 
Horned Lizard (Phrynosoma solare) contacting its oral tissues. At 
the tip of the strand of saliva dangling from the bobcat’s mouth is 
watery-fluid with its pinkish color apparently illustrating contained 
lizard blood being expelled from the bobcat’s mouth. 
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Middendorf and Sherbrooke (1992) suggested that vertical 
tail-raising, observed in Texas and Desert Horned Lizards (P. cor-
nutum and P. platyrhinos) during trials with dogs (Middendorf 
and Sherbrooke 1992; Sherbrooke and Middendorf 2001) and 
in P. cornutum with coyotes (Sherbrooke and Mason 2005) and 
kit foxes (Sherbrooke and Middendorf 2004), attracts attention 
away from a horned lizard’s head and may have survival value. 
Jaw grabbing of elevated tails resulted in the dog quickly lifting 
and tossing some lizards into the air, with subsequent difficulty 
in relocation. Vertical tail-raising was seen in two of three P. cor-
nutum bobcat trials (2010), but was not seen in 2010 P. solare tri-
als. But in 2011, with an isolated bobcat, Regal Horned Lizards 
raised their tails during some trials, and in several cases the bob-
cat responded by grasping the tail and tossing the lizard. Thus, 
the use of tail raising behavior (as a possible distractive defensive 
behavior), by P. cornutum and P. solare, was noted during threats 
by both bobcats and kit foxes. This tail-raising behavior is ab-
sent in encounters with a wide variety of other predators that 
are challenged during prey subjugation and ingestion events 
by their inability to dismember these lizards prior to ingestion 
(Sherbrooke 1990, 2003, 2008; Sherbrooke and May 2008). Thus, 
horned lizards may only utilize vertical tail-lifting, as with ocu-
lar-sinus blood squirting, with a certain category of mammalian 
carnivores capable of dismembering lizard prey. However, de-
tailed studies are needed to confirm this hypothesis.

Many horned lizards utilize size and spinyness enhancing 
displays, dorsal-shield, or flipping onto their back, during at-
tacks by predators that ingest their prey whole (Greater Road-
runners, whipsnakes, Long-nosed Leopard Lizards; Sherbrooke 
1990, 2003, 2008; Sherbrooke and May 2008) or that are relatively 
small mammalian predators facing difficulties in dismembering 
larger horned lizards as prey (Southern Grasshopper Mice; Sher-
brooke 1991). Size-enhancing behaviors have not been reported 
when horned lizards were attacked by canids, dogs or kit foxes 
(Middendorf and Sherbrooke 1992; Sherbrooke and Middendorf 
2001, 2004), or coyotes (Sherbrooke and Mason 2005). This lack 
of observations suggests that horned lizards may preferentially 
utilize these defensive behaviors with categories of predators 
lacking prey-dismembering abilities. Canids and felids may not 
normally elicit this behavior because as large carnivores capable 
of dismembering prey the size of horned lizards, and larger, a 
dorsal shield display would be a relatively ineffective defense. 
A horns-raised display not only thwarts whole-prey ingestion 
but also enhances spiny armament that can inhibit mammalian 
exploration of prey with sensitive mouth-area tissues. Matching 
defensive behaviors to specific categories and threats, venom-
ous and non-venomous predatory snakes, has been established 
with both species of horned lizards reported on in this study 
(Sherbrooke 2008; Sherbrooke and May 2008).

Here we present the first evidence of a non-canid mamma-
lian predator, that occasionally takes lizards (Bobcat, Lynx rufus; 
Delibes et al. 1997, Hoffmeister 1986; including Phrynosoma sp., 
Delibes and Hiraldo 1987), eliciting blood-squirting by Texas and 
Regal Horned Lizards and responding negatively to the lizards’ 
blood contacting oral receptors. This suggests a potential role for 
horned lizard blood-squirting as an antipredator defense against 
this felid, and (by implication) possibly other untested non-ca-
nid mammalian carnivores. Further efforts toward understand-
ing the categorization by horned lizards of appropriate predators 
for employing this blood-squirting defense and the responses by 
a diversity of potential predators to the blood would be instruc-
tive in further evaluating its survival value. 
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A novel Approach to counting Geckos: Phelsuma density  
in mauritian forests

Variation in the ability to detect individuals is a key issue 
when estimating and comparing the density of animals in dif-
ferent habitats over time (MacKenzie et al. 2002; Mazerolle et 
al. 2007; Pollock et al. 2002). One suitable methodology that es-
timates density, while accounting for detectability, is distance 
sampling through line and point count surveys (Buckland et 
al. 2001). Most reptile surveys that have utilized the Distance 
methodology have been conducted on terrestrial species along 
line transects (see the distance sampling bibliography: http://
www.ruwpa.st-and.ac.uk/distancesamplingreferences/). Dur-
ing a line transect survey an observer moves along a transect 
and records the perpendicular distance of each detected indi-
vidual from the center line. These distance measurements are 
used to model detectability from an absolute number of de-
tections at zero distance (Buckland et al. 2001). However, the 
detection of small arboreal reptiles from ground-based surveys 
in tall canopy forest is expected to be low and likely to violate 
the key assumption that all objects along the center line are de-
tected with certainty (Buckland et al. 2001). Failure to detect 
all individuals on the center line results in a negative bias of 
the abundance estimate (Anderson et al. 2001; Buckland et al. 
2001). To enhance the detection of canopy-dwelling reptiles 
it would be preferential to bring the center line closer to the 
canopy, but in most cases this would not be practical for line 
transect surveys. Another well known survey method that em-
ploys distance sampling is the point count survey, where the 
observer remains at a single location and records the distance 
to detected individuals in the surrounding area (Buckland et al. 
2001). While the assumption of absolute detection at zero dis-
tance still applies, detection from a stationary point is likely to 
be higher at zero distance as there will be greater search effort 
than at any one point along a transect line where the observer 
is moving. Another potential benefit of point count surveys of 
arboreal reptiles in tall canopy forest is that the observer can 
conduct the survey from a stationary elevated position closer 
to or within the canopy to enhance detection at the zero point. 

The purpose of this research was to investigate the feasibility 
of conducting point count surveys of arboreal geckos from el-
evated survey platforms within the native forests of Mauritius 
in the Indian Ocean. 

Despite the extinction of five endemic reptile species, Mauri-
tius still supports a rich diversity of reptiles (Arnold 1980; Cheke 
and Hume 2008). However, only five of the twelve described en-
demic and extant species can be found on mainland Mauritius; 
the others are now restricted to small offshore islands (Arnold 
1980; Cheke and Hume 2008; Cole 2009). Four of the endemic 
species not restricted to the smaller islands are arboreal day 
geckos: Phelsuma cepediana is a widespread and relatively com-
mon gecko; P. ornata is found in low to mid-elevation dry for-
est; P. guimbeaui is restricted to fragments of lowland scrub and 
dry to mid-humid forest in the west and southwest; P. rosagula-
ris is restricted to highland forests in the southwest and south-
east (Austin et al. 2004; Cole 2009; Vinson 1976). The Black River 
Gorges National Park (BRGNP), situated in southwestern Mau-
ritius, supports the most intact remnants of native forest cover 
and is the last location to support all four Phelsuma species (Fig. 
1; Cole 2009; Page and d’Argent 1997; Vinson 1976).

tARA imlAy1,2

RichARd dAle2

SteeveS bucklAnd2,3

cARl JOneS2,4

nik cOle2,4*

1  Wildlife Preservation Canada, RR#5, 5420 Hwy 6,  
Guelph, Ontario N1H 6J2, Canada

2  Mauritian Wildlife Foundation, Grannum Road,  
Vacoas, Mauritius, Indian Ocean

3  School of Biological Sciences, University of Bristol, Woodland Road,  
Bristol, BS8 1UG, UK

4  Durrell Wildlife Conservation Trust, Les Augrès Manor,  
Trinity, Jersey, British Channel Islands

*Corresponding author; e-mail: nik.cole@durrell.org



Herpetological Review 43(3), 2012

392      ARticleS

Although the general distribution of these Phelsuma species 
is fairly well known, there are very little data on local densities 
and no means to compare Phelsuma density between different 
regions of forest, or to determine population trends in relation 
to habitat degradation or restoration. This is not only important 
for the conservation of the Mauritian Phelsuma, but also for the 
conservation of other threatened species, such as the Mauritius 
Kestrel (Falco punctatus) that feeds almost exclusively upon 
Phelsuma at certain times of the year and endemic plants that 
are known to be reliant upon Phelsuma for pollination and seed 
dispersion (Burgess et al. 2009; Fox et al. 1985; Hansen 2006; 
Hansen and Müller 2009; Jones 1985; Temple 1987). 

Elevated point count surveys were conducted to determine 
the feasibility of obtaining relative abundance estimates of the 
Phelsuma species in the BRGNP and whether it differed signifi-
cantly between regions. We also investigated the influence of 
cloud cover, wind strength, observer height above ground, and 
the start time of the survey on the detection probability of Phel-
suma. We present our results and discuss the validity of using 
elevated point counts to offer suggestions for future monitoring.

Methods.—Point count surveys for Phelsuma were con-
ducted from December 2009 to February 2010 at five regions 
within the BRGNP (Fig. 1). Surveys were conducted in relatively 
intact native forest, often within Conservation Management 
Areas (CMAs). Point count locations were randomly selected, 
but spaced at least 20 m apart from each other, as Mauritian 
Phelsuma are rarely detected at a distance of more than 10 m 
within forest habitats (see Results). Sixteen point count locations 
were selected within the Beloquet and Fixon CMAs at Bel Om-
bre, 23 locations within the Brise Fer CMA, 16 locations within 
Dr Vaughan’s CMA and a recently weeded area of forest in Mac-
chabée, 21 locations within the Morne Sèche CMA, and 11 loca-
tions within forest at Petites Gorge (Fig. 1).

Within each of the forested areas, trees were identified for 
point count surveys based primarily on their height, so that an 
observation point could be selected within the average canopy 
height and allow a 360º view of the surrounding tree trunks and 
canopy. Young tall trees growing between mature trees were 
preferred as they were straight, relatively narrow and did not 
have substantial branching, which made them easier to climb. 
The observer wore a climbing harness and a tape was wrapped 
around the trunk to provide a foothold. A second tape was also 
wrapped around the tree and clipped to the harness with a cara-
biner to prevent the observer from falling. Additional tapes were 
required to climb over tree branches. Once in the canopy the 
observer selected a sturdy branch that provided a good view of 
the surrounding trees and branches from which to conduct the 
point count. From extensive observations of Phelsuma behav-
ior, the slow movement of an observer ascending a tree will only 
disturb geckos within the immediate vicinity of less than 2 m. 
However, if an observer has passed or remains motionless geck-
os will return to their original perch position or resume normal 
behavior within a short period of time. To account for potential 
disturbance and avoid underestimates of Phelsuma density, the 
observer waited immobile with eyes closed for a minimum of 10 
minutes after arriving at the observation point. Directly after the 
immobile period the point count was conducted over the fol-
lowing 20 minutes. These time durations were selected follow-
ing observations of Phelsuma behavior and the ability to thor-
oughly search the surrounding vegetation within a time period 
where climatic variables between the start and end of a survey 
would remain comparatively similar. At the start of each survey 

the time, percent cloud cover and wind strength (using the Beau-
fort scale) were recorded; observer height above ground was re-
corded after the point count. Point counts were not conducted 
during rain, as Phelsuma seek shelter and are hidden from view, 
and point count surveys occurred during hours of daylight be-
tween 0730 h and 1700 h when Phelsuma are known to be ac-
tive. During each survey, any Phelsuma observed were recorded 
with the time of the observation and distance from observer. An 
extendable measuring tape was used for measuring distance 
to the nearest cm, and binoculars (Pentax XCF 8 x 40) were oc-
casionally used to identify species. A minimum of 80 Phelsuma 
observations were recorded within each region. All observations 
and measurements at all of the sites were conducted by a single 
observer (T. Imlay). 

Distance measurements from all point counts were imported 
into Distance 6.0 and region was assigned as the stratification lay-
er to determine region-specific Phelsuma density and detection 
rate estimates (Thomas et al. 2010). Distance sampling utilizes a 
detection curve and abundance near the centerline to determine 
estimates of density (Buckland et al. 2001). The model assumes 
that all animals at a distance of zero are observed, animals are 
recorded at their initial position, and that distance measure-
ments are precise (Buckland et al. 2001). Incomplete detection 
during the count can lead to underestimates of abundance, such 
that estimates should be treated as relative, rather than absolute 
(Rodda and Campbell 2002). Hectares were used as the unit of 
measure in Distance to create an index of relative density (geck-
os/ha). Point count surveys were conducted once from each of 
the selected trees within each region and were therefore assigned 
an effort value of one, unless the survey was cut short due to in-
clement weather. In these cases, effort was adjusted to reflect the 
observation time spent during the survey. At Morne Sèche, point 
counts conducted after 1500 h were excluded from the analysis as 
Phelsuma were not observed at this site after this time. 

Fig. 1. Map of Mauritius and the Black River Gorges National Park 
(shaded green) with regions of native forest selected for point count 
surveys.
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Using the default settings, a detection curve was produced 
for each region to visually identify long right tails, which repre-
sent fewer gecko detections far from the observer. These outer-
most observations are difficult to model as they provide little 
information in estimating the density function at zero distance, 
which is the most critical part of the curve (Buckland et al. 2001). 
Long right tails were discarded by truncating the largest 10% of 
distances (Buckland et al. 2001). The multiple covariate distance 
sampling (MCDS) engine was used to include the covariates of 
time of day, percent cloud cover, wind strength and observer 
height above ground on all data stratified by region. Two models 
consisting of a key-function + series-expansion (half-normal + 
cosine and hazard-rate + simple polynomial) were fitted to the 
data. The most parsimonious model with the lowest Akaike In-
formation Criterion (AIC) value, a compromise between the 
number of parameters and model fit, was selected. At each stage 
of the analyses default Kolmogorov-Smirnov and Cramér-von 
Mises uniform and cosine weighted tests were examined to as-
sess the adequacy of the fitted models and to investigate any vio-
lations of the assumptions that underpin Distance methodology 
(Buckland et al. 2001; Thomas et al. 2010). Covariates were in-
cluded one at a time and the one that gave the best model fit (the 
lowest AIC value) was selected, upon which the other covariates 
were sequentially added following a forward stepwise procedure 
until there was no further decrease in the AIC value (Thomas et 
al. 2009). If the difference between the AIC values (ΔΔAIC) was less 
than two units then the models were considered to be of equal 
suitability (Burnham and Anderson 2002).

Density estimates and detection probabilities with respec-
tive percent coefficient of variances and 95% confidence inter-
vals were calculated for each region using the best-fitting model. 

An ANOVA followed by Tukey’s post hoc comparisons was used 
to determine significant differences in the Phelsuma density be-
tween the five regions. 

Results.—All four Phelsuma species were detected during 
the point count surveys. Phelsuma cepediana and P. rosagula-
ris were detected at Bel Ombre, Brise Fer, and Macchabée; the 
former species was also detected with P. guimbeaui and P. or-
nata at Morne Sèche and Petites Gorge. A total of 410 individual 
Phelsuma were encountered during the 87 point count surveys 
conducted in the BRGNP, with at least 80 observations made 
within each region (Table 1).

Using the MCDS engine the half-normal key was selected as 
the best fitting model with a right truncation of the largest 10% 
of distances for each region. For each region the goodness-of -fit 
tests demonstrated good model fit in each case (Table 2). The 
stepwise inclusion of the covariates produced three suitable 
models whose ΔΔAIC values were less than two units and were of 
similar weight; these models included the covariates of observer 
height above ground, wind strength, and start time (Table 3). The 
detection of Phelsuma was enhanced at lower positions with the 
canopy at Bel Ombre and Brise Fer, at higher positions at Petites 
Gorge and observer height above ground had little influence 
on detection at Macchabée and Morne Sèche (Fig. 2). Overall 
Phelsuma detection was greater when the wind strength was low 
(Fig. 2). Detection was greater during the morning at Bel Ombre, 
Brise Fer and Morne Sèche and greater around midday and early 
afternoon at Macchabée and Petites Gorge (Fig. 2).

The model that included all three covariates was used to cal-
culate the values of relative density for each region (Table 1). The 
relative density of Phelsuma was shown to differ significantly be-
tween the regions within the BRGNP (F = 38.713, df = 4,82, p < 

taBLe 3. Model selection results from the forward stepwise sequential addition of covariates on the half-normal detection model for all 
Phelsuma gecko distances stratified by region, where K is the number of parameters in the model and W is the Akaike weight.

Models K AIC ΔAIC W

Observation height and wind strength 15 5048.023 0.000 0.374

Observation height and start time  15 5048.067 0.044 0.366

Observation height, wind strength and start time  20 5049.030 1.007 0.226

Observation height 10 5053.025 5.002 0.031

Observation height and cloud cover  15 5058.134 10.111 0.002

Wind strength 10 5066.477 18.454 <0.001

Start time 10 5076.801 28.778 <0.001

Cloud cover 10 5078.625 30.602 <0.001

No covariates 5 5078.933 30.910 <0.001

taBLe 1. Summary of region specific Phelsuma density estimates (D) 
with percent coefficient of variance (CV) and 95% confidence inter-
vals (95% CI), where k is the number of point counts and n is number 
of observations pre- and post-truncation.

Region k n D  CV 95% CI

Bel Ombre 16 88-81 753 20.5 499–1136

Brise Fer 23 80-72 607 19.7 412–896

Macchabée 16 82-70 576 26.0 338–981

Morne Sèche 21 80-74 627 18.5 435–904

Petites Gorge 11 80-76 1314 30.2 699–2472

taBLe 2. Probability values for Kolmogorov-Smirnov (KS) and 
Cramér-von Mises uniform (W-sq) and cosine (C-sq) weighted 
goodness-of-fit tests for distance data stratified by region and fitted 
to a half-normal model.

Region KS W-sq C-sq

Bel Ombre p = 0.849 0.800 < p < 0.900 0.700 < p < 0.800

Brise Fer p = 0.433 0.400 < p < 0.500 0.400 < p < 0.500

Macchabée p = 0.850 0.600 < p < 0.700 0.600 < p < 0.700

Morne Sèche p = 0.353 0.600 < p < 0.700 0.500 < p < 0.600

Petites Gorge p = 0.705 0.500 < p = 0.600 0.500 < p < 0.600
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0.001). Post hoc comparisons demonstrated that relative Phelsu-
ma density was similar between Brise Fer, Macchabée, Morne 
Sèche, but significantly greater at Bel Ombre and highest at Pe-
tites Gorge (Table 1).

Discussion.—Ground-based distance sampling surveys of ar-
boreal lizards in tall canopy forest are unlikely to meet the key 
assumption that all individuals are detected on the zero point 
of observation with certainty (Buckland et al. 2001). Small liz-
ards can easily go undetected at the zero point if they are hid-
den within tree cavities, or obscured by complex branching and 
dense foliage of the canopy several meters above the observer on 
the ground. Violation of this key assumption would lead to vary-
ing underestimates of density, such that comparisons between 
regions would produce spurious results. Conducting point count 
surveys at elevated positions are likely to enhance detection and 
reduce bias. The selection of tall young trees with few cavities 
and limited branching within the interconnecting canopy of 
neighboring trees permitted a clear view above and below the 
observation point, as well as the surrounding vegetation. The 
results from the goodness-of-fit tests demonstrate that there is 
little evidence to suggest that observations, particularly the zero 
point, were under- or over-dispersed. Nevertheless, in situations 
where there is some uncertainty in the ability to detect all indi-
viduals at the zero point, the double-observer method is recom-
mended (Laake and Borchers 2004). In such cases the mark-re-
capture distance sampling (MRDS) engine can be used to relax 

the assumption that all objects are detected at the zero point 
(Thomas et al. 2010). Observer behavior on approach to the el-
evated observation point and the inclusion of the acclimation 
period are thought to have reduced responsive gecko movement 
permitting accurate measurements to be made of initial gecko 
locations during the survey period. This approach to counting 
geckos is considered to have met the other two key assumptions 
that objects do not move and measurements are accurate (Buck-
land et al. 2001). 

The ability to detect Phelsuma was shown to vary in relation 
to the height of the observer within the canopy, wind strength, 
and start time. Both Bel Ombre and Brise Fer contained the most 
continuous canopy of native plant species with dense foliage 
and intertwining branches of all five regions. Lower observation 
sites in these forested areas provided a better view of the sur-
rounding canopy. Petites Gorge contained the densest under-
story of invasive plant species and therefore, higher observation 
sites provided a better view of the surrounding vegetation. Sun 
penetration through the canopy at Bel Ombre, Brise Fer, and 
Morne Séche occurred earlier in the morning than Macchabée 
and Petites Gorge, providing excellent basking locations on tree 
trunks and branches. Dense understory vegetation at Maccha-
bée and Petites Gorge limited the number of basking loca-
tions, and Macchabée received less direct sunlight early in the 
morning due to the westerly aspect of the gorge. The aspect of 
the region in the gorges also influenced gecko presence at the 

Fig. 2. Distance histograms with half-normal detection curves and the influence of the covariates on Phelsuma detection stratified by region: 
(a) Bel Ombre, (b) Brise Fer, (c) Macchabée, (d) Morne Sèche, and (e) Petites Gorge. 
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northerly facing Morne Sèche which received very little daylight 
after 1500 h. Increasing wind strength resulted in the greater 
movement of vegetation within the canopy and this movement 
reduced gecko detectability. Wind strength may also be related 
to gecko activity, as during strong winds geckos tend to retreat 
to refuge sites. Regional and seasonal variation of other climatic 
variables, food availability and the presence of competitors and 
predators are also likely to influence Phelsuma activity and their 
use of refugia. The unavailability of individuals for detection can 
lead to a bias in the estimation of density (Rodda and Campbell 
2002; Smolensky and Fitzgerald 2010). Variables that influence 
Phelsuma activity and thus detection must be accounted for and 
not differ substantially between regions and periods of time for 
direct comparisons of relative density. We recommend that sur-
veys for Phelsuma within canopy forest are conducted on calm 
days when there is little wind, no rain and soon after sunlight 
first penetrates the canopy, when gecko activity and detection 
appears optimal. We also propose that an initial acclimation per-
iod of ten minutes is applied to account for disturbance related 
to reaching the observation point and tall young trees are select-
ed to conduct point counts from a height where a suitable view 
of the surrounding trees and branches in the canopy is gained.

The four species of Phelsuma on mainland Mauritius are 
roughly the same size and color, with an average total length 
of 10–14 cm (Cole 2009). However, the detection rate of similar 
gecko species can vary greatly (see Rodda and Campbell 2002). 
Moreover, Harmon et al. (2007) demonstrated that in sympatry 
the Mauritian Phelsuma species compete for space and cause 
shifts in microhabitat use as reflected in perch height and type. 
These shifts are likely to alter species-specific detection rates 
under different species combinations in different habitat types. 
Further research is therefore required to determine the detection 
rates of each Phelsuma species in the presence and absence of 
congeners. 

From this study we can tentatively suggest that Petites Gorge 
contained the highest density of geckos despite containing areas 
of relatively degraded forest in comparison to other sites (Page 
and d’Argent 1997). Phelsuma ornata was the most common 
species observed at Petites Gorge, which is dominated by boul-
ders and rocky outcrops, a habitat feature known to support a 
high density of P. ornata on offshore islands (N. Cole, unpubl. 
data).

Elevated point count surveys appear to be an effective meth-
od for monitoring Phelsuma populations in tall canopy forest 
to determine their geographical distribution and documenting 
potential changes in their regional density in relation to habitat 
degradation or restoration. However, further work is required to 
determine species-specific variation in detection and what af-
fects their activity to ensure surveys are conducted under appro-
priate conditions to remove potential bias. Elevated point counts 
may also be an effective method for monitoring other arboreal 
reptiles in tall canopy forest.
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the ecology of the mink frog, Lithobates septentrionalis,  
in the Adirondack park, new york, with notes on conducting 
experimental Research 
 The Mink Frog (Lithobates septentrionalis) is a cold-adapted 
amphibian widely distributed in Canada, but with limited distri-
bution in the U.S (Gibbs et al. 2007; Hedeen 1986; Moore 1952). 
This largely aquatic amphibian has its southern distributional 
limit at the highest latitude of any North American anuran, with 
evidence that more southern populations became extinct in the 
past century (J. Gibbs, pers. comm.). Its occurrence is linked to 
cold, well-oxygenated wetland breeding sites (Hedeen 1986), 
and as temperatures continue to increase, there is evidence that 
climate change has the potential to impact extant southern pop-
ulations, such as the ones in the Adirondack Park (AP), New York 
State (Gibbs et al. 2007; Popescu and Gibbs 2009).
 Despite the likely threat to this species, little research has 
been conducted and the species is receiving scant management 
attention in the southern part of its range. This lack of attention 
may be related to its cryptic nature: 1) it calls late in the night 
and is unlikely to be heard during regular anuran call surveys, 
which are often conducted during the early hours of the evening 
(Bevier et al. 2004; Bevier et al. 2006; Popescu and Gibbs 2009); 
and 2) eggs masses quickly sink to the bottom of the water col-
umn. It also resembles the more widespread Green Frog, Litho-
bates clamitans. The net result is that Mink Frogs can easily go 
undetected if present. This was confirmed by Popescu and Gibbs 
(2009), who investigated the effects of land cover, disturbance, 
and historic climate on pond occupancy in the AP and surround-
ings. Two important aspects that emerged from the study were 
the association of L. septentrionalis with beaver impounded wet-
lands and the potential effects of climate change on future dis-
tributions in the AP. However, at the time of model development, 

no information existed relating changes in water temperature to 
growth and survival of aquatic life-history stages. This informa-
tion is particularly relevant as the largely aquatic Mink Frog is 
known to be sensitive to water temperature, with previous stud-
ies suggesting that these conditions may determine patterns of 
occurrence (Hedeen 1986; Moore 1952). 
 In 2011 we conducted research combining field surveys and 
experimental habitat manipulations with the goal of under-
standing the potential implications of climate warming on Mink 
Frog ecology and future distribution. One of the most useful 
products we derived from this study was a greater understand-
ing of the ecology of this species. This information is of direct 
relevance to those wishing to conduct further research with an 
organism that may well be one of the most threatened species in 
the United States in regards to climate change.

MetHods

 This study was conducted in the Adirondack Park in New York 
State (44.052470°N, 74.401623°W). This ~6-million acre upland 
region comprises the largest protected area in the contiguous 
United States. Our field studies focused on 73 wetlands, includ-
ing both palustrine and lacustrine systems. These wetlands were 
selected to span a broad elevational (202–711 m) and latitudinal 
gradient (44.025293°N to 44.65734°N), with the goal of incorpo-
rating a range of climactic conditions.
 Surveys were conducted from 28 June to 17 August 2011. Field 
technicians used canoes to make visual observations of calling 
behavior at a subset of five wetlands, and capture animals for 
experimental research. Wetlands were visited at night between 
2200 and 0400 h, with observations being conducted over a 
minimum of a 2-h period. Each wetland was visited a minimum 
of four times during the survey period. Wetlands were also vis-
ited during the day on a sporadic basis during the survey period. 
Male frogs were almost always located from their calling, where-
as female frogs were found through systematic sweeps across the 
wetland using canoes. Early attempts to capture animals using 
nets were relatively unsuccessful, whereas hand-capturing using 
a stealthy approach in the canoe was found to be far more effec-
tive. All animals captured were identified to species (using calls, 
odor, and the presence of mottles running down the length of 
the rear legs), and sexed using a combination of tympanum size 
(larger than the eye = male) and calling (Gibbs et al. 2007). The 
snout to vent length (SVL) was also measured by allowing ani-
mals to stretch along a plastic ruler while holding the rear leg. 
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 In addition to the calling behavior assessed both in the field, 
we established breeding choruses in 3785-liter cattle tanks (~3 m 
diameter and 1 m deep). Although this aspect of the study was 
primarily for the purpose of obtaining eggs, it also allowed us to 
further evaluate calling. Cattle tanks had been previously filled 
with untreated water, with 100 liters of partially decomposed 
leaf-litter (~75% deciduous, 25% coniferous) added to each tank. 
We also placed a few lily pads and small branches in each tank to 
mimic natural conditions. We then placed ~10 Mink Frogs into 
each tank (approximately equal males and females). All of the 
frogs in a single tank were collected from the same wetland. Ob-
servations of calling males in cattle tanks were made anecdotally 
before looking for egg masses at night. Animals were not fed in 
tanks due to the abundance of natural food, and were released 
back to the point of capture within a week.
 To assess oviposition behavior and egg mass characteristics, 
we looked for eggs in the field. We also placed pairs of animals 
(both in amplexus and prior to amplexus) in 53-liter plastic con-
tainers in the lab. These containers were filled halfway with lake 
water with a stick placed to encourage oviposition. Animals were 
left for a maximum of three days in these containers and were 
not fed during this time. Additionally, we made observations of 
any egg masses deposited in cattle tanks. To assess the charac-
teristics of larvae we made observations of animals in the 53-liter 
containers and in cattle tanks. 
 

resuLts

 Calling Behavior.—Mink Frogs were heard calling throughout 
the study period and prior to the start of nocturnal surveying at 
a few sites. Calling was primarily nocturnal, although active cho-
ruses were heard on a few occasions throughout the day prior to 
the beginning of the survey period (early to mid June). A few in-
dividuals were also heard calling sporadically during the day in 
the survey period, but this represented a noticeable reduction in 
day-time calling compared to earlier in the season. Males were 
observed calling both while floating on the water’s surface and 
from on lily pads (Nymphaea odorata and Nuphar microphyl-
lum), with the latter calling behavior more prevalent in wetlands 
with high densities of lilies. When calling from lilies, males were 
partially in the water (front legs on the leaf, hind legs free). We 
did observe males sitting entirely on lily pads, but no calling was 
seen during these occasions. Males were typically spaced at least 
2 m apart, whereas males would call in closer proximity in cattle 
tanks (typically at least 0.5 m apart). The location of breeding 
choruses was clearly related to the location of floating vegetation, 
specifically lily pads. In wetlands entirely dominated by lily pads, 
Mink Frogs appeared to prefer to call away from the edges of the 
wetland. In wetlands where lily pads were not common/present, 
Mink Frogs were typically less aggregated (often with over 10 m 
between animals), with one or two males calling from each sub-
merged object such as a fallen tree nearer the shoreline. In one 
of our wetlands, both Green Frogs, L. clamitans, and American 
Bullfrog, L. catesbeianus, were also calling at the same time as the 
focal species. This beaver-created site was shallow (< 2 m deep) 
and dominated by lily pads across much of the water’s surface. We 
observed clear spatial segregation among these species, however, 
with Green Frogs calling from the wetland margins and Bullfrogs 
from an area of emergent vegetation away from the Mink Frog 
chorus. In the early part of the season (June and early July), female 
Mink Frog were hard to locate, and were typically found floating 
in the water around the edge of the breeding chorus. Later in July 

and August, female Mink Frogs were often found intermixed with 
males.
 Amplexus and adult size.—Amplexing pairs were rarely ob-
served in the wild (a single pair was located in amplexus, out of the 
many hundreds of animals observed in breeding choruses). Am-
plexus could be readily stimulated by placing males and females 
in small (~10 liter) containers; however, many of these amplexing 
pairs did not lay eggs (see notes on oviposition below). When com-
paring the SVL of Mink Frogs captured in the field, we found males 
to be significantly larger than females (mean SVL [mm] ± Std. Dev.: 
Males [N = 47] 53.1 ± 3.6; females [N = 52] 46.9 ± 10.7; two-tailed 
t-test, P <0.001). When comparing the SVL of Mink Frogs observed 
in amplexus, however (including animals that amplexed in the 
laboratory), we found males to be slightly smaller than females 
(males [N = 3] 54 ± 1.7; females [N = 6] 58.5 ± 6.74). 
 Oviposition.—Oviposition was observed in both the wild and 
under experimental conditions. Two egg masses were located 
during nocturnal surveys at a single site, Black Pond. Identifica-
tion of these egg masses to species was facilitated by compari-
son with egg masses deposited under laboratory conditions. The 
first of these clutches was located on 28 July. Although these eggs 
had hatched, early-stage larvae were still associated with the egg 
mass suggesting that it had been laid within the week prior to 
discovery. The second egg mass was found on 10 August and did 
not contain any larvae. Both clutches were found in water that 
was ~1.5 m deep. The first clutch was attached to a slim branch 
of a submerged tree, approximately 70 cm below the surface of 
the water. The second clutch was at a similar depth in the water 
column, attached to the stem of a yellow pond lily (Nuphar sp.). 
Four egg masses were deposited under experimental conditions. 
The first two of these clutches were both laid on 7 July 2011 in 
53-liter plastic containers filled approximately two-thirds full 
with pond water, with the remaining clutches laid in cattle-
tanks. In the case of the clutches laid in cattle tanks, one clutch 
was observed attached to the stem of a floating lily pad (i.e., on 
the surface). The second clutch was not detected until after the 
tadpoles had hatched.
 Time to hatching.—Egg masses laid in the 53-liter contain-
ers (water temperature 19.0°C) hatched within four days of being 
deposited. Initially, larvae remained motionless on the bottom 
of the container, with the first mobility observed eight days after 
hatching. The larvae in cattle tanks remained largely motionless 
during the day unless physically disturbed, but were observed to 
be active at night (observations conducted using flashlights).

disCussion

 Our results support earlier findings on the general ecology 
of Mink Frogs. Specifically, we found Mink Frogs to be noctur-
nal breeders, with breeding aggregations closely associated with 
floating vegetation (Bevier et al. 2004; Bevier et al. 2006; Hedeen 
1971; Leclair and Laurin 1996; Popescu and Gibbs 2009). We also 
found egg masses to be associated with submerged vegetation 
and to hatch rapidly. Beyond confirming existing information, 
however, we were also able to expand our knowledge of the focal 
species. Based on our results, Mink Frog breeding ecology differs 
from that of explosive breeders such as the Wood Frog, Litho-
bates sylvaticus (Gibbs et al. 2007). The explosive breeding strat-
egy is portrayed as overwhelming potential predators through 
high number of breeding adults, eggs, and larvae concentrated 
in space and time such that predators can have little effect on 
population success. Mink Frogs, conversely, may “underwhelm” 
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predators, with a prolonged breeding season during which eggs 
and larvae are widely dispersed in wetlands and thus likely hard 
to find, making the cost of predation not worth the effort. The 
oviposition strategy of Mink Frogs also differs from the sympat-
ric Green Frogs and American Bullfrogs, both of which deposit 
floating rafts of eggs on the water’s surface (Gibbs et al. 2007).
 We can offer two explanations for the fact that male Mink 
Frogs captured in the field were larger than females, whereas 
females were larger than males when considering amplexing 
animals only. The first is that juvenile males were misidentified 
as females in the field. We did observe juvenile animals during 
the course of this study; these animals were clearly much smaller 
than any of the animals associated with breeding choruses and 
occupied different habitat to calling animals (open pond mar-
gins during the day). None of these smaller animals was ob-
served during nocturnal call surveys. We were also readily able to 
sex male animals associated with choruses during surveys (us-
ing clear differences in tympanum size and calling). The animals 
identified as females began entering the chorus some time after 
it had started (initially we only captured males); it is hard to think 
of a reason for a cadre of immature males to enter the chorus 
at the same time as reproductively active females, particularly if 
they themselves are not yet able to breed. The second explana-
tion is that all of the animals identified as females were females, 
and only the larger females present in choruses may be repro-
ductively mature.
 Our results also have direct implications for researchers wish-
ing to conduct experimental studies with the Mink Frog. We 
found that it was relatively challenging to acquire eggs and thus 
larvae for experimental purposes (~50 person hours in the field 
yielding four egg masses obtained prior to hatching). The most 
productive approach was to hand-capture breeding adults in 
the field (reaching out of a canoe and grabbing the animals be-
ing more effective than dip-nets) and to confine them to aquatic 

enclosures for oviposition observations. Even with this approach, 
it is unlikely that large numbers of egg masses can be obtained. 
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Reducing predation of freshwater turtle nests  
with a Simple electric fence
 The current vulnerability and widespread declines of non-
marine turtles are increasingly becoming a focus of conservation 
concern, adding to the decades-long attention paid to marine 
species (Gibbons et al. 2000). Various anthropogenic factors have 
increased the populations and ranges of certain medium-sized 
predators across much of North America (e.g., Larivière 2004; 
Oehler 1995).  These changes are widely believed to have ele-
vated turtle nest predation pressures and to have contributed to 
recent declines of many populations (Browne and Hecnar 2007; 
Garrott et al. 1993; Reynolds and Tapper 1996; Temple 1987).
 While recognizing that ongoing efforts to reduce adult mor-
tality will be essential for long-term turtle conservation success 
(e.g., Heppell 1998), turtles are limited in their ability to respond 

to increased mortality at any life stage, including the nest stage 
(e.g., Congdon et al. 1993). Lack of adequate recruitment causes 
changes in turtle community size and age structure (Jackson 
1988; Rubin et al. 2004; Thompson 1983), sometimes to the point 
of species extirpation (e.g., Browne and Hecnar 2007). Thus, ef-
forts to counter anthropogenic nest predation may augment 
overall conservation measures by enhancing recruitment of 
juveniles into local populations. As an alternative to currently 
practiced nest protection methods—largely nest screening—
the present study investigated the nest protection potential of a 
novel electric predator exclusion fence designed to concurrently 
allow the safe and unhindered passage of almost all North Amer-
ican chelonians. 

MetHods

 Site descriptions.—Two traditional turtle nesting areas were lo-
cated using satellite imagery of the lower Wisconsin River corridor 
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(http://www.weather.com/weather/map/interactive/; accessed 
25 October 2007) to remotely survey likely habitat, followed by on-
site inspections to confirm previous nesting activity via destroyed 
nests. Both areas are on level terraces on the south bank of the 
Wisconsin River within 10 km of Spring Green, Sauk County, Wis-
consin. Site A is 52 m from the river and is bordered by mesic to 
dry-mesic, open woodlands. Site B, 7.3 km distant from Site A, is 
15 m from the river, adjacent to an open sand beach. Both sites 
have bunch grasses (primarily switchgrass, Panicum virgatum) 
and various low, xerophytic herbaceous plants (primarily pepper-
grass, Lepidium sp.) covering approximately 20% of the substrate, 
with the remainder being open sand.     
 Study design and implementation.—At each study site two 
treatment (fenced) and two control (unfenced) areas were des-
ignated in areas of similar apparent historical nesting concen-
tration as indicated by remains of destroyed nests. For practi-
cality, treatments were located within nesting areas such that 
their combined area could be enclosed by one fence. Controls, 
typically adjoining treatments, were chosen such that apparent 
nesting density, distance to nearest water, topography, and veg-
etational composition aspects were similar between control and 
treatment areas.   
 Each of the control and treatment areas was monitored by 
a separate trail camera (combinations of Reconyx Silent Imag-
eTM RM30 and Reconyx HC600 HyperFireTM), with the sizes of 
both treatment and control areas delimited by the useful size of 
camera field of view (FOV):  approximately 58 m² per camera. 
Treatment camera FOVs also included some area immediately 
external to fence peripheries. Cameras were mounted on poles 
in protective boxes at heights of approximately 2.5 m, topped 
with an inverted 10-cm-diameter plastic funnel, into which was 
inserted a sharpened dowel to discourage perching by American 
Crows (Corvus brachyrhynchos). Cameras were programmed to 
take continuous time-lapse (TL) images at one-minute intervals 
and sequential rapid-fire series when triggered by motion (MT). 
 Nest predation rates (calculated as the proportion of initial 
camera-documented nests excavated by aboveground predators 
from deposition through hatchling emergence) were compared 
between control and treatment areas. Nests excavated by preda-
tors during a given nest’s emergence period that contained only 
non-predated eggshells upon inspection were conservatively 
designated as “fate unknown” because undocumented preda-
tion on pre-dispersed hatchlings may have occurred.      
 Fence description.—Fences incorporated one electrified wire 
(hereafter referred to as the “hot” wire) of 17-gauge fencing wire 
25.4 cm above the substrate and two non-electrified strands of 
4-mm-diameter, green vinyl clothesline (containing a wire core 
to reduce rabbit [Leporidae] damage) 15.2 cm and 20.3 cm above 
the substrate (Fig. 1). A solar-powered charger (Parmak DF-SP-
LI, 1.4 joules) energized the top, electrified strand. Each fence 
enclosed approximately 72 m² with a 35-m perimeter.  
 Before fence installation, the perimeter was cleared of 
coarse vegetation by a metal garden rake, leveled as needed us-
ing a 91-cm length of lumber, and tamped by foot. A light wire 
fence (12-gauge, 71-cm-wide Red Brand® Poultry and Rabbit 
fence) was then laid on this prepared perimeter (hereafter re-
ferred to as the “screen ground”) in order to provide an effective 
electrical ground. (The xeric sand and sandy loam substrates 
often used by nesting turtles are generally non-conductive.) 
The screen ground was rolled out with the smaller mesh to the 
outside such that it sprang up, not down, during installation to 
facilitate a closer attachment to the substrate and was secured 

Fig. 1. Bait station and fence strand array.
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Fig. 2. Two Ouachita Map Turtles (Graptemys ouachitensis) entering 
fenced area.
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to the substrate with wire “staples,” approximately 30 cm in 
length, made from coat-hanger wires bent into a narrow U-
shape. Fencing wire was used to sew together adjoining pieces 
of the screen ground to ensure a continuous electrical ground 
connection. On occasion, broom sweeping or gently raising 
and lowering the screen ground was necessary to re-expose it 
after heavy rainfall.
 Fences were constructed using standard metal support 
rods and plastic insulators and were positioned over the screen 
ground 36–41 cm in from the outside edge. Fencing rods were 
placed at varying distances (0.5–4.0 m) as required to maintain 
consistent ground-to-fence strand clearances. Rods at corners 
and significant bends in the perimeter were supported by stan-
dard metal T-posts using short loops of fencing wire to allow sig-
nificant hand tensioning of the strands. Further tensioning was 
provided via a screwdriver placed into these loops and rotated 
(a restorative method also used in subsequent maintenance vis-
its). The T-post at the terminus of the fence near the charger was 
also used as a tie-off for the rope strands. Both the fence and the 
screen ground were connected to a 2.5-m galvanized ground rod 
using insulated hook-up cable. Electric fence warning signs were 
attached to fencing rods, one on each side of the fence, using 12-
mm binder clips.
 The fence was baited with pouches 25 cm2 in area made of 
folded 3-mm galvanized hardware cloth containing bait (dry, 
fish-flavored cat food or commercial skunk paste bait, i.e., 
“Grubstake;” Jameson’s Ultra Blend, Daisytown, Pennsylvania, 
USA), and wrapped vertically with a 19-mm-wide strip of alumi-
num foil (serving as a potential visual attractant). The foil strips 
were wound around bait pouches such that approximately 2.5 
cm of excess provided a sheltering roof suspended over the 
applied bait. The pouches containing cat food alternated with 
empty wire pouches with approximately 1.25 cm3 of the paste 
bait applied to the foil wrapping under the overhanging flap 
(Fig. 1).  
 Pouches were attached to the hot wire by a short length of 
fencing wire routed 2.5 cm away from the fence rod at the top 
insulator to prevent shorting and threaded through outside 
holes (already present) in the three insulators holding the fence 
strands. Another insulator positioned immediately below these 
three, at 10 cm above the substrate, served as a backing for the 
bait pouch and prevented electrical shorting. Bait pouches were 
attached to the connecting leads using 12-mm binder clips at 
approximately 3- to 4-m intervals and positioned close to the 
outside surfaces of the backing insulators.
 Study timelines and schedules.—Sites were monitored from 
2009 through 2011, following a pilot study in 2008. In all years 
but 2010 the treatment fences were enabled and baited and all 
areas were camera-surveyed from 10 May through 10 October—
a few weeks before anticipated nesting activity to beyond the 
end of the typical emergence period. June floods in 2008 and 
2011 allowed for at least partial nest survival and continuance of 
site monitoring, whereas a mid-July 2010 flood caused the loss of 
all nests and early termination of monitoring activities. 
 Sites were visited 2–3 times a week to change camera data 
cards. Baits were changed out at two-week intervals, regardless 
of intervening weather. Vegetation was usually removed from the 
screen ground by hand weeding to ensure optimal fence ground-
ing conditions and to prevent electrical shorting by strand/bait 
station contact. On the uncommon occasions when hand weed-
ing was impractical, glyphosate herbicide (Round-Up®, Monsan-
to Co., St. Louis, Missouri) was applied to problem areas. 

resuLts

 Turtle use of study sites and interaction with fences.—Ouachi-
ta Map Turtles (Graptemys ouachitensis) (N = 70), along with one 
Northern Map Turtle (G. geographica) and other unidentifiable 
Graptemys (N = 27), made up the nesting community. Grapte-
mys also made up 90% (N = 77) of the transient turtles (moving 
through, but not nesting on monitored areas) identified to spe-
cies on the study sites along with Snapping Turtles (Chelydra 
serpentina; N = 6), softshells (Apalone spp.; N = 3), and unidenti-
fied transient turtles (N = 37), most or all of which likely were G. 
ouachitensis. 
 Turtles displayed no aversion to traveling under the fence 
strands, as evidenced by counts of nesting and transient females 
on control and treatment areas (79 individuals exclusively in 
controls vs. 142 with presence in treatments for all years and 
sites combined) and the lack of route-diverting behaviors noted 
(Fig. 2). In total, 39 and 59 nests were constructed in control and 
treatment areas, respectively, during the study period.
 Predator community.—Both TL and MT image counts were 
used to generate site visitation frequency indices for each preda-
tor species for the full season years of 2009 and 2011 (10 May–10 
October). A separation criterion of 0.5 h was used to designate 
separate on-site occurrences. Raccoons were the most common 
predator at both sites by a wide margin (Table 1) and were the 
only species documented to destroy turtle nests. 
 Effect of electric fence exclusion on nest predation rates.—The 
fence exclusion efficiency for each predator species was assessed 
using ratios of treatment versus control area image counts (as 
above, but with breaches counted as separate events regardless 
of intervening time; Table 1).  Lower values thus indicate greater 
exclusion effectiveness. 
 The fences were successful in reducing predation rates on tur-
tle nests (89% for 37 control nests vs. 15% for 53 treatment nests; 
one-tailed Fisher’s exact test, P < 0.001 for all years and both sites 
combined (Table 2)—primarily by fence effectiveness in reducing 
nest-focused raccoon access to treatment areas (Table 1). 
 Interaction of predators with fences.—Images from both the 
study itself and from supplemental off-site tests show that rac-
coons generally approach and investigate fences rather deliber-
ately, enhancing the potential for teaching shocks. The 15.2-cm 
lowest strand setting requires considerable body flexing of adult 
raccoons attempting breaches under the fence, motivating most 
individuals to eventually try an over-the-top entry. While some 
raccoons receive shocks at their first interaction with the fences, 
others have successful breaches over several days before effec-
tive contact with soft tissue or lightly furred areas is made.       
 Five observations of adult raccoons being shocked were via 
hand touch of the hot wire and three were via bait pouch contact. 
Additional instances of raccoons inspecting bait pouches (N = 
10) but lacking images of consequent effects indicate that bait 
contact may have been responsible for many undocumented 
shocks. However, off-site tests using non-baited fences demon-
strated complete raccoon exclusion within a few days of first en-
counters, showing that adult raccoon exclusion is possible with-
out fence baiting. Dry cat food appeared at least as attractive to 
raccoons as commercial skunk paste bait (eight vs. four images 
of bait inspection, respectively). 
 Low-positioned baits were used in this study primarily as 
a possible breach deterrent for smaller predators such as sub-
adult raccoons, skunks (Mephitis mephitis), and opossums (Di-
delphis virginiana) that would not be vulnerable to shock from 
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hot wires placed well above substrate level. However, skunks and 
opossums routinely breached the fences (Table 1), with limited 
documented interest in either cat food or commercial skunk bait 
as presented. Regardless, skunks and other small predators were 
not documented to depredate turtle nests during this study, even 
though surviving treatment and control nests were available at 
hatching time, when these predators were most often pres-
ent on-site. (Two nests were excavated by skunks: one after the 
typical hatchling emergence interval [at 19 days; considered not 
depredated], and another at four days after first hatchling emer-
gence [considered “fate unknown”]).
 Although infrequent (mean 3.5 per year/site; Table 3), fence 
breaches by raccoons occurred in every study year. Chance vari-
ables, such as the number of recently constructed nests inside 
the fence at a given predator breach, can significantly influ-
ence the protection rate in a given year. For example, seven of 
the eight depredated treatment nests during this study were de-
stroyed during a single breach event. Raccoons often travelled 
along fence perimeters, suggesting that they would quickly ex-
ploit any newly available opportunities for entry.  
 Estimated costs.— Approximated yearly fencing costs (amor-
tized over a projected 15-year fence life) for various-sized exclo-
sures are presented in Table 4. Fencing costs reflect the sum of 
fixed costs (e.g., solar fence charger units) and variable inputs 
that scale with perimeter length (e.g., fencing rods and bait 
stations). Fencing costs per unit area decrease with increasing 
area protected (Table 4), since expenses either remain the same 
(fixed costs) or increase linearly (variable costs), while the area 
enclosed increases exponentially. The number of theoretically 
protected nests is based on 75% nest protection efficiency—less 
than that realized in this study as a conservative measure—ap-
plied against a mean study nest density of approximately one 
nest per 9.3 m². Labor rates ($19.57/h) are based on the 2010 
starting base wage and benefits rate for a Wildlife Technician, 
Wisconsin Department of Natural Resources. 

disCussion

 Management implications.—The overall increase in turtle 
nest survival (74 percentage points) via fence-reduced raccoon 
access to nests in this study compares well with the performance 
of electric fences that have been used to protect the nests of 
ground-nesting birds (e.g., mean 34 percentage points, range 
16–64%, N = 8, from Table 1 in Jimenez et al. 2001). In contrast 
to the traditional use of electric fencing to enhance nest success 
of game species, its use involving turtles (and other reptiles) is 

taBLe 1. Relative frequency and fence exclusion ratio by predator spe-
cies for both sites combined. (See text for details.)

Species Relative Image Countsb Exclusion
 Frequency (N)a Controls Treatments Ratio

Raccoons 92.3 (518) 680 21 0.031

Skunks 4.1 (23) 14 9 0.643

Opossums 2.1 (12) 7 7 1.000

Coyotes 1.4 (8) 10 0 0.000

a Based on full-season years of 2009 and 2011.
b Based on all years (2009–2011).

taBLe 2. Number (%) of depredated and not depredated turtle nests 
for control and treatment areas by year.

 Controls Treatments
Year Depredated Not Depredated Depredated Not Depredated

2009 13 (81%) 3 (19%) 0 (0%) 9 (100%)

2010a 11 (92%) 1 (8%) 7 (39%) 11 (61%)

2011 9 (100%) 0 (0%) 1 (4%) 25 (96%)

Totals 33 (89%) 4 (11%) 8 (15%) 45 (85%)

a Not subject to late-season predation.

taBLe 3. Number (%) of raccoon fence breaches by period and year. 
(N = number of raccoons per period) (10 May–10 October in all years)

 Pre-nesting Nesting Post-nesting Breach  
    Count

Site A  N  N  N

 2009 0 (0) 7 1 (2) 58 1 (3) 39 2

 2010a 0 (0) 4 3 (3) 93 1 (3) 33 4

 2011 2 (15) 13 1 (1) 91 3 (2) 123 6

Site B

 2009 2 (18) 11 1 (3) 38 1 (3) 36 4

 2010a 1 (6) 16 0 (0) 3 1 (3) 34 2

 2011 0 (0) 10 0 (0) 47 3 (7) 45 3

a Post-nesting season truncated by flooding.

taBLe 4. Approximated cost per protected nest for electric fencing under various theoretical inputs.

Nesting area Theoretical Nests Time Inputs Materials Labor Materials
 (m2) initial number initial weekly site total cost per total  cost per and Labor
  number protected set-up (h) visits (min) cost ($) nest ($) cost ($) nest ($) per nest ($)

 83.6 9 7 3.00 20.6 27.58 3.94 171.89 24.56 28.50

 148.6 16 12 3.75 22.8 31.80 2.65 190.81 15.90 18.55

 232.3 25 19 4.50 24.5 34.01 1.79 205.65 10.82 12.61

 522.6 56 42 6.00 29.5 42.84 1.02 248.38 5.91 6.93

 929.0 100 75 7.00 34.5 51.00 0.68 290.45 3.87 4.55

 2090.3 225 169 8.00 44.0 67.60 0.40 369.22 2.18 2.58

Based on a 25-week management period, 15-minute travel time for 1x week site visit, one minute to inspect 61 m of perimeter, and one minute to bait each station 
(based on field experience). See text for additional details.
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relatively unexplored. As such, the development of a successful 
fence for this purpose appears unique in published literature 
and represents an addition to the currently small array of meth-
ods commonly used to protect turtle nests.  
 Electric fencing is frequently more cost effective than other 
methods for protecting nesting areas of various wildlife species 
(Jimenez et al. 2001). While it entails relatively high initial ma-
terial costs, ongoing labor demands are relatively low (although 
paid labor remains the largest cost input by a considerable mar-
gin; Table 4). Additionally, materials costs can be amortized over 
several years, as turtles often use the same nesting areas year 
after year (e.g., Tucker 2001). Once fencing is installed, manage-
ment is reduced to periodic fence inspections, low-level mainte-
nance, and bi-weekly baiting, without the need to actively moni-
tor turtle activity and search for nests several times a week (nest 
screening) or regularly trap and euthanize or translocate preda-
tors (predator removal). 
 Fencing also circumvents some of the potential detractors 
of turtle management common in alternate methods, including 
incomplete nest detection (e.g., Burger 1977; Burke et al. 2005; 
Nelson 2004) and potential disturbance of nesting females under 
nest screening (e.g., Burger 1977; Jackson and Walker 1997), and 
the possible ecosystem disruption (e.g., Barton and Roth 2007; 
Ratnaswamy et al. 1997; Ratnaswamy and Warren 1998; however, 
see Hecht and Nickerson 1999) and controversy (e.g., Hecht and 
Nickerson 1999) of predator control.
 However, while the fences were effective overall, some of the 
breaches that did occur resulted in nest loss, suggesting the need 
for further context-dependent experimentation with strand arrays 
and baiting regimes. For example, lowering the bottom strand to 
12.7 cm above the substrate may reduce under-the-fence breaches 
by raccoons while still allowing generally unimpeded turtle transit 
(including most Snapping Turtles; G. Geller, unpubl. data). In all 
situations the design should encourage over-the-fence predator 
breach attempts, rather than under—enhancing likelihood of hot 
wire contact with hands and other lightly furred areas—while still 
providing unhindered, safe passage of nesting turtles. Improve-
ments seem particularly needed in the exclusion of skunks and 
other small predators, possibly by experimentation with different 
baits and bait replacement intervals. The possibility that non-bait-
ed fences would significantly exclude adult raccoons would reduce 
material and labor costs. However, the resultant potential for in-
creased predation from young raccoons and other small predators 
without baiting is unknown and likely context-dependent.  
 The species composition of the local predator community, as 
well as the timing of their on-site presence, will influence pro-
tection results. For example, protection levels in this study may 
have been different if skunks had been commonly present dur-
ing the nesting season per se, rather than later in the year as was 
found here. Likewise, predation by feral pigs (Sus scrofa), arma-
dillos (Dasypus novemcinctus), foxes (e.g., Vulpes vulpes), Fish 
Crows (Corvus ossifragus) and other species (and size-differing 
geographical races) not encountered in this study may also pro-
duce different results, again prompting locally tailored modifica-
tions of the fencing scheme.
 Implementation caveats.—Longer perimeters increase the 
chances for predator breaches due to increased chances for in-
consistencies in strand height-to-substrate spacing, electrical 
shorting via fallen branches, etc., and thus require more atten-
tion to maintenance. Smaller, well-protected nesting areas are 
preferred to larger, less-protected ones, unless due stewardship 
can be ensured. In many cases it may be more productive to 

protect large nesting areas by using several smaller enclosures, 
all connected to one charger. 
 The positioning of the hot wire at 25.4 cm above the substrate 
in this fencing scheme greatly reduces the likelihood of electrical 
contact for all non-marine North American turtle species except 
Alligator Snapping Turtles (Macrochelys temminckii). It is thus 
important to employ this method only where the absence of this 
turtle (as well as marine species, Chelonioidea) can be reason-
ably expected given site history, or where effective approach-
blocking mechanisms (e.g., size-filtering barrier fences) can be 
installed.    
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predation on Spotted Salamanders (Ambystoma maculatum)  
by the Red-shouldered hawk (Buteo lineatus)

 Snakes and mammals are commonly suggested predators of 
metamorphic and adult ambystomatid salamanders (e.g., Ben-
eski et al. 1986; Ferguson 1961; Huheey and Stupka 1967; Liner 
1954; Madison 1997; Nussbaum et al. 1983), although direct 
evidence is often lacking. The limited data are not surprising be-
cause mole salamanders occupy tunnels in the forest litter for 
all except a few days of the year during the breeding season. In-
formation for the Spotted Salamander, Ambystoma maculatum, 
is no exception, and despite radio tracking of animals into the 
tunnel systems, just a few cases of predation by shrews (Blarina), 
garter snakes (Thamnophis), and weasels (Mustela) have been 
recorded (Madison 1997).
 Among potential avian predators of adult ambystomatid 
salamanders during the breeding season are owls and hawks 
(Errington and Breckenridge 1938; Granzinolli and Motta 2007; 
York et al. 2002). The Red-shouldered Hawk, Buteo lineatus, may 
be a frequent predator because it favors deciduous woodlands 
and flood plain forests (Dykstra et al. 2008; Portnoy and Dodge 
1979; Scheffers et al. 2006), which are also favored by ambysto-
matid salamanders (Petranka 1998). The two species also begin 
breeding activity in early spring when many other potential prey 
of raptors (e.g., snakes, toads, frogs, many song birds) are not yet 
available, or like the meadow vole, Microtus pennsylvanicus, are 
at post-winter population lows (Taitt and Krebs 1985).
 Reports of Red-shouldered Hawk predation on salamanders 
exist (Ernst 1945; Errington and Breckenridge 1938; Howell and 
Chapman 1998; Rathburn and Murphy 1996; Scheffers et al. 2006; 
Stewart 1949), but no study specifically reports that ambysto-
matid or any other salamander species may at times be promi-
nent in the diet of this hawk species. This contrasts with reports 
of frog species having the greatest biomass in the pellets of the 
Red-shouldered Hawk (e.g., Howell and Chapman 1998). Here we 
report evidence of the yearly exploitation of a local breeding pop-
ulation of Spotted Salamanders by the Red-shouldered Hawk.
 Methods.—We made observations at a private, woodland res-
idence 8 km E of Ithaca, Tompkins Co., New York, USA (42.7°N, 
76.85°W) from late March to early May 2006–2009. We placed a 
Swarovski™ ST80 (20x–60x) telescope inside a window of an iso-
lated residence overlooking a 380 m2 man-made, fishless pond, 

which began 10 m S of the residence. The pond was constructed 
in 2000 with a steep bank and a plastic liner. The steepness of the 
sides and the depth of 4 m at the center are not favorable for the 
growth of aquatic plants, yet several amphibian species readily 
adopted the pond for breeding. Our vantage point allowed iden-
tification of vertebrate prey captured and eaten by a Red-shoul-
dered Hawk as it perched on various objects around the pond, 
including the roofs of three 1.6 m high bird nest boxes about 4 m 
from the pond edge. Mixed northern woodlands (beech/birch/
maple/oak/hemlock), typical throughout the region, immedi-
ately surrounded the house and pond.
 Observations in all four years began near the end of ice melt 
in March with the disappearance of the earlier breeding Jeffer-
son’s Salamander (Ambystoma jeffersonianum) and the concur-
rent appearance of breeding Spotted Salamanders (adults 15–25 
cm total length; 14–33 g; Bishop 1941) and at least one Red-shoul-
dered Hawk (referred to as RSHA). We believe the same individual 
hawk was responsible for all the observations because we no-
ticed a unique patch of white feathers on its face whenever we 
had a frontal view of the hawk and were not focusing on other 
predation details. In addition, we never observed more than one 
Red-shouldered Hawk at the pond at a time. We will present the 
data as if only one hawk was involved, but we cannot say this for 
certain. We ended observations in early May when Spotted Sala-
manders and RSHA were no longer observed. We scanned the 
pond frequently weekdays between 0645 to 0830 h and after 1830 
h, and on some weekends at various times throughout the day. 
During 2006, the number of foraging attempts and successful 
kills was not documented, but predation was observed on several 
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occasions, and abandoned carcasses were collected and frozen 
for later identification. During 2007–2009, we left prey carcasses 
in the field, but documented the dates and times of foraging ac-
tivity. Recordings began whenever the hawk was first noticed at 
the pond, sometimes perched on a nest box, sometimes trans-
porting a kill, and sometimes eating a captured prey at a perch. 
 Results.—In the 2006 breeding season, we observed numer-
ous predation events, photographed one (Fig. 1), and retrieved 
six abandoned carcasses from the tops of the nest boxes, all of 
which were Spotted Salamanders (Table 1). Two carcasses con-
sisted of just the tail, three included the pelvic girdle along with 
the tail, and one had just the head removed. Swollen egg masses 
were occasionally observed on top of the nest boxes along with 

carcasses indicating that some prey were gravid females. As the 
eggs require water to swell up, these females were probably tak-
en from the pond surface because water was only observed to 
drain off the legs of RSHA (onto the tops of the nest boxes and 
any exposed eggs) after pond surface attacks.
 RSHA foraging and predation attempts were recorded con-
tinuously for 3 to 84 minutes during 1.8 h of observation in 2007, 
6.3 hrs in 2008, and 0.3 hrs in 2009, with recording sessions be-
ginning when RSHA was noticed at the pond (Table 1). Success-
ful predation by RSHA on Spotted Salamanders was observed, 
but not documented, during the same salamander breeding pe-
riod prior to 2006 and in 2010. In 2011, RSHA was not observed 
during the spring breeding period, but an unidentified Red-
shouldered Hawk was observed eating frogs at the pond in early 
June of 2011 after adult A. maculatum had emigrated.
 During the 15 days RSHA was seen at the pond from 2007 to 
2009, we recorded 8.4 h of foraging activity during which RSHA 
was seen perched 39 times on various objects around the pond 
and made 35 descents to the ground or water surface in an at-
tempt to capture prey or to feed on previously captured prey. De-
scents included 12 instances of swooping down and breaking the 
pond surface with the talons and lower legs, 19 attempts to cap-
ture prey at various locations on the ground (grass, pond bank), 
and 4 successful attacks when the observer did not record the 
strike location but recorded prey retrieval and consumption (Ta-
ble 1). Included in the 19 known ground attacks were several in-
stances where, upon landing, RSHA would search through leaves 
or 0.03 m high grass or reeds at the pond edge for a few seconds 
to two minutes until the prey was found. One of the 12 known 
pond surface attacks was successful, while 13 of the 19 known 
ground attacks were successful (Table 1). Of the 24 prey record-
ed over the four years, 20 were A. maculatum, three were ranid 
frogs, and one was a small mammal (“a mouse”). Of the 14 Spot-
ted Salamanders observed killed in 2007–2009, 10 were eaten 
whole or in part at the pond with any remains being abandoned 
(Table 1). Of these 10, 3 were completely eaten, and 7 were eaten 
to various degrees down to the pelvic girdle (similar to the six 
partial carcasses collected in 2006). Of the 4 remaining A. macu-
latum kills, one was eaten in the grass without identification of 
the body parts consumed, one was carried away without being 
eaten at the pond, and two were partially eaten before being car-
ried away. Those carried away were captured 19 March, and 4 
and 7 April, before B. lineatus eggs hatch in New York State (Cro-
coll and Parker 1989). We had no evidence of RSHA transporting 
or eating egg masses, although some eggs may have been eaten 
when RSHA fed on gravid females. 

Fig. 1. Red-shouldered Hawk with either an Ambystoma jeffersonia-
num or A. maculatum in its talon on one of the nest boxes around 
the study pond immediately after successful predation, 6 April 2006.

taBLe 1.  Predation tries and successes by an observed Red-Shouldered Hawk on various prey from the surface of the study pond (W) or from 
various locations on the ground nearby (G) over 4 years near Ithaca, New York.  

 From water (W) From ground (G) Other* Overall performance 
  Tries Successes Tries Successes  Tries Successes #  Total

Year Hrs obs. # # % # # % # # A. mac Rana sp. Rodent Total %

2006 0 - - - - - - 6 - 6 0 0 6 -

2007 1.8 2 0 0 4 2 50 1 7 2 0 1 3 43

2008 6.3 10 1 10 13 9 63 3 26 10 3 0 13 50

2009 0.3 0 0 0 2 2 100 0 2 2 0 0 2 100

2007–09 8.4 12 1 8 19 13 68 10 35 14 3 1 18 51

*Not known if from W or G
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 On 6 April 2008, another observer in a bird blind monitored 
the pond from 0900 to 1000 h and observed six unsuccessful wa-
ter surface attempts by RSHA, probably directed at Spotted Sala-
manders because these were the only animals noticed at that 
time (we frequently noted them surfacing from the depths in the 
clear pond water, presumably to gulp air).
 Discussion.—Our observations of the Red-shouldered Hawk 
foraging around a small, man-made pond supporting an am-
phibian breeding population indicated that (1) the Red-shoul-
dered Hawk killed and ate mostly A. maculatum at the site at the 
time of the study, (2) the anterior portion of the body of A. macu-
latum was preferred, and (3) foraging by the hawk was more suc-
cessful on land-based prey than prey at the pond surface. 
 Factors that may have facilitated RSHA predation on Spot-
ted salamanders at our study pond were the scarcity of pond 
vegetation and the depth of the pond. The scarcity of plants and 
fallen branches could have forced salamanders to be more ex-
posed at the pond edge or to retreat to deeper water from which 
they had to surface frequently to gulp air because of possible 
anoxic conditions and the failure of cutaneous respiration to 
provide adequate oxygen in recently ice-covered, winter/spring 
ponds (Barcia and Mathias 1979). Both of these conditions 
would make the salamanders more vulnerable to hawk preda-
tion during the day.
 Predator avoidance of the posterior body parts of A. macula-
tum has also been reported by Beachy (1991), who identified just 
the tail and pelvic girdle of 21 A. maculatum carcasses around 
a breeding pool in North Carolina. The avoidance of posterior 
body parts is consistent with toxic skin glands in this and other 
salamander species, particularly in the tail (Barach 1951; Brodie 
1971; Brodie et al. 1979; Howard 1971). Eating few toxic prey, or 
the less-toxic portions of prey, are counter strategies of predators 
and herbivores to chemical defenses in their food (e.g., Karban 
and Agrawal 2002). Eating just the non-toxic portions of prey 
could easily increase the number of prey needed for food by the 
hawk, and concurrently increase the hawk’s impact on the local 
A. maculatum breeding population. Because RSHA ate the entire 
salamander in 3 of the 10 observed eating events, our observa-
tions suggest that RSHA moderated its consumption of a moder-
ately toxic defense chemical.
 The greater success of prey capture on land than from the 
pond surface is consistent with the higher frequency of A. macu-
latum captures during the start of the post-breeding emigration 
when spotted salamanders take up temporary refuge in pond 
edge refuges (Madison 1997), as was apparent in the grass/reeds 
of our study pond. It is also consistent with mostly terrestrial 
prey in the diet of B. lineatus (Dykstra et al. 2008). 
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Survival blood Sampling in Small frogs using  
“keyhole cardiac puncture”

As research animals, frogs are notoriously hard to collect 
blood from, particularly when compared to their mammalian 
counterparts. Studies relating to osmoregulation and water bal-
ance in amphibians frequently require the analysis of body flu-
ids, as do studies on stress responses, exercise physiology, im-
mune function, and freezing tolerance. Double-pithing followed 
by blood extraction from the heart is a common but lethal tech-
nique (Costanzo and Lee 2008; Edwards et al. 2000; Irwin and 
Lee 2003). Some workers obtain blood from major blood vessels 
like the ventral abdominal vein, the inguinal vein, or the femoral 
artery (Busk et al. 2000; Wright and Whitaker 2001; Zimmerman 
et al. 2007), from the orbital sinus (Lynch and Wilczynski 2008), 
or collect lymph (Reynolds et al. 2009). However, the most com-
monly used non-lethal method used to sample blood from larger 
(> 20 g) anurans has been standard percutaneous cardiac punc-
ture (Daló et al. 2007; Tyler 1999; Wright and Whitaker 2001). Per-
cutaneous cardiac puncture involves inserting a needle through 
the chest wall to withdraw blood from the ventricle. However, a 
number of problems can arise when using this method to sam-
ple blood from smaller anurans (body length < 5 cm; weight < 
10 g). Due to its small size, the heart can be hard to locate with 
a needle, particularly since the position of the ventricle can vary 
relative to external landmarks (Tyler 1999), increasing the risk 
of inadvertent damage to other organs. Needles are dulled if the 
heart is not located on the first attempt, making the heart harder 
to puncture. The blood volumes that can be obtained from small 
anurans using percutaneous cardiac puncture often vary sub-
stantially and may be contaminated by lymph or other tissues 
(Rexer-Huber 2009; Wright and Whitaker 2001). The probability 

of failing to obtain any blood when using percutaneous cardiac 
puncture appears relatively high and may be affected by treat-
ments that decrease heart rate/blood flow such as anaesthetic 
use or cold exposure (Cakir and Strauch 2005; Maniero and Carey 
1997).

It is therefore unsurprising that smaller anurans (< 5 cm and/
or < 10 g) are often killed to obtain blood volumes sufficient for 
analysis (Edwards et al. 2000; Jenkins and Swanson 2005; Marler 
and Ryan 1996). However, terminal blood sampling is frequently 
not ideal, for example if sequential sampling is required, and 
may not be possible in small populations and/or endangered 
anuran species. We developed a nonlethal procedure for blood 
sampling from small anurans with the aim to minimize the risk 
of serious injury without causing unnecessary stress to animals. 
The study species Litoria ewingii Duméril and Bibron 1841 is a 
small frog species (adult length 3–5 cm, weight 1.5–7 g; Rexer-
Huber 2009) of the family Hylidae, native to southern Australia 
and introduced to New Zealand. 

The aim of this study was to develop a method to sample 
blood from small anurans that is easy to perform, reliable in 
terms of quantity and quality, and survivable. Here, we report on 
anaesthesia induction and recovery and describe the details of 
obtaining blood by keyhole cardiac puncture (k.c.p.) in L. ewingii.

MetHods

Animal collection and housing.—Litoria ewingii (N = 75) were 
wild-collected from around ephemeral ponds in Central Otago, 
New Zealand. Life history stages from recently metamorphosed 
to mature adult were included, with frog body weight 1.37 ± 0.2 
g (mean ± s.e.m.) and snout–vent length (SVL) 2.13 ± 0.09 cm. 
Adult L. ewingii weighed 1.02–7.39 g (SVL 2.21–4.93 cm), while 
juveniles weighed 0.53–1.00 g (SVL 1.82–2.42 cm). Metamorphs 
weighed 0.33–0.48g (SVL 1.51–1.81 cm). Within 5 h of collection, 
frogs were transferred to a well-ventilated 20°C incubator (MTR-
153, Sanyo Electric, Japan) at 80–90% humidity and a 12:12 h 
light:dark photoregime, and sampled as soon as possible. L. 
ewingii were not acclimated to standard conditions before the 
study, since the aim of this study was to assess the utility of k.c.p. 
in field acclimatized frogs. 

Following sampling, frogs recovered in individual plastic vi-
varia (10 x 11 cm height x diameter; 19–22°C, 12:12 h light:dark, 
80–90% humidity) on damp paper towels, and were fed with 
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Drosophila and small locusts Locusta migratoria every second 
day. Because immune parameters recover from cardiac blood- 
sampling within a week (Maniero and Carey 1997), frogs were 
moved into group vivaria (35 x 23 x 22 cm length x width x 
height) one week post-sampling. Group tanks contained veg-
etation, stones and small ponds of filtered aged tap water and 
housed a maximum of five adult or eight juvenile L. ewingii. 
Frogs were fed weekly with Drosophila, locusts and houseflies 
Musca domestica.

Anaesthesia.—MS-222 (tricaine methanesulfonate) is a water-
soluble anaesthetic commonly used for ectotherms (Wright and 
Whitaker 2001). Drug delivery is simple and non-invasive: frogs 
immersed in a solution of MS-222 absorb it across the skin, pro-
ducing reversible general anaesthesia (Busk et al. 2000; Cakir and 
Strauch 2005; Tyler 1999). A pilot study indicated that MS-222 did 
not affect the blood volume that could be obtained or levels of 
plasma metabolites (glucose and glycerol) (Rexer-Huber 2009), 
so all frogs were anaesthetized using the following protocol. A 
fresh 0.1% MS-222 (Sigma-Aldrich, St. Louis, USA) solution was 
prepared each day and neutralized to pH 7.2 with 0.1 M NaOH 
(pH adjustment facilitates diffusion across lipid membranes, de-
creasing induction times; Cakir and Strauch 2005). Frogs were 
immersed in a 0.5 cm-deep MS-222 bath and monitored for in-
duction of surgical anaesthesia. Surgical anaesthesia was defined 
as the loss of all three of gular respiration (the visible under-chin 
respiratory movement due to pulmonary breathing), the right-
ing reflex and the withdrawal reflex. Loss of the withdrawal reflex 
is a standard method for diagnosing a level of deep surgical an-
aesthesia in frogs (Tyler 1999; Wright and Whitaker 2001). Loss of 
pulmonary breathing (seen externally as gular respiration) is not 
an acute lethal event in frogs because cutaneous respiration can 
occur (Duellman and Trueb 1986). Once gular respiration and 
neuromuscular reflexes had ceased, frogs were transferred from 
the bath onto a MS-222-soaked surgical pad to prevent drying 
of the skin and ensure anaesthesia was maintained during sam-
pling. Heart rate was monitored visually throughout anaesthesia.

Frogs recovered from anaesthesia in a dish of frog Ringer 
solution (pH 7.2; in g/L solution: 6.8 NaCl, 0.09 KCl, 0.11 CaCl

2
, 

0.23 NaHCO
3
) and were assessed for recovery signs. Recovery 

was checked every 15 min for the first 6 h post-sampling, then 
twice daily for five days thereafter. Frogs were considered recov-
ered when they presented at least three of the following recovery 
criteria: a) heartbeat externally visible through the thoracic wall; 
b) gular breathing; c) withdrawal reflex (limb retraction within 1 
sec of extension); d) righting reflex (righting within 2 sec of being 
placed on dorsum); e) spontaneous movement; and/or f) alert 
‘head-up’ posture.

Blood sampling landmarks.—The anatomical landmarks for 
blood sampling in L. ewingii were examined by dissection. As in 
all amphibians, the heart was generally located on the ventral 
midline just posterior to the pectoral girdle, under the mesoster-
num (Fig. 1). However, in L. ewingii the heart was able to move 
around the thoracic cavity more than expected, making it diffi-
cult to locate and puncture using standard percutaneous cardiac 
puncture.

Keyhole cardiac puncture.— K.c.p. was developed as a refine-
ment to minimize the risks associated with standard percutane-
ous cardiac puncture. The procedure is described below.

Frogs were measured for SVL, weighed and the maximum 
blood volume that could be safely removed calculated as 20% of 
the total amphibian blood volume (95 ml/kg) (Diehl et al. 2001; 
Hawk and Leary 1999).

Frogs were anaesthetized (immersion in 0.1% MS-222) to a 
surgical plane of anaesthesia.

To maintain surgical anaesthesia and prevent desiccation, 
frogs were transferred to a surgical pad soaked with MS-222.

Under a dissection microscope at 9x magnification, a small 
incision (0.2–0.4 cm, depending on animal size) was made in the 
skin with fine dissecting scissors along the ventral midline up to 
the base of the pectoral girdle to expose the mesosternum (Fig. 
1, Fig. 2A). 

Using forceps to raise the mesosternum, a small hole was cut 
in the connective tissue just under the mesosternum, making 
the heart visible (Fig. 2B). 

Blood was sampled from the exposed ventricle with a 30 G 
needle (0.3 ml insulin syringe; BD Ultra-Fine II, Franklin Lakes, 
USA) (Fig. 2C), ensuring that the maximum safe volume was not 
exceeded. This type of needle was used since a) the needle hub 
is attached directly to the syringe, minimising wastage of blood 
entrapped in the hub; b) the hub rotates, allowing the needle to 
consistently be used bevel-up; and c) sample volume estimates 
read from the syringe are highly accurate.

After blood collection, the incision margins were opposed 
with a sterile cotton bud, drying fluids from the surrounding skin 
and applying pressure to the incision, before the incision was 
closed with a superglue droplet (Gorilla UltraBonder, Hamilton, 
New Zealand) (Fig. 2D).

 After a 2–4 min period for the glue to partially dry, frogs 
were transferred to frog Ringer solution on their backs to regain 
consciousness. The skin was moistened regularly with Ringer to 
facilitate respiration during recovery, and 1–3 drops of MS-222 
dispensed from a pipette were used for post-operative analgesia 
once frogs were alert.

Fig. 1 Cardiac landmarks of Litoria ewingii. Unbroken lines indicate 
the position of the pectoral girdle (p) and arrows show the ventral 
midline (vm). The positions of the mesosternum (m; dotted line); 
and heart (h, dashed line) are indicated. Scale bars 1 cm.
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Each frog (N = 66) was only bled once for this study. Sampling 
instruments were cleaned thoroughly, disinfected in 70% alcohol, 
and rinsed with Ringer before use, and all efforts were made to 
maintain aseptic conditions during the k.c.p. procedure.

Recovery was monitored every 15 min (following the criteria 
for anaesthesia recovery) until normal behavior was regained, 
usually within an hour of completing sampling. Frogs were then 
transferred to recovery vivaria and twice-daily checks performed 
for a week, with twice-weekly checks thereafter. Frogs were eu-
thanized (killed by decapitation, in accordance with University 
of Otago Animal Welfare Office euthanasia guidelines) if they 
failed to show any recovery signs after a maximum of two days 
monitoring. Frogs were monitored for up to 11 months to deter-
mine survival and ensure that there were no long-term adverse 
effects of k.c.p. Following this work, frogs were maintained in the 
University breeding colony.

Terminal sampling.—To determine the blood volume that 
could be obtained by terminal sampling, N = 9 frogs were killed 
by decapitation. The thoracic cavity was opened immediately to 
expose the heart and blood sampled from the tip of the ventricle 
with a 30 G needle (0.3 ml syringe; BD Ultra-Fine II, USA).

Sample volumes were compared among groups by t-test 
(SPSS 17.0) and the effect size statistic (r) calculated for each 

comparison. Results are reported as mean ± s.e.m. and signifi-
cance is accepted at P < 0.05.

resuLts

Plasma volume.—Blood could be sampled quickly and eas-
ily using k.c.p., requiring around 5 min per animal. Blood was 
reliably obtained from all 66 animals, with > 4 µl obtained in 
most cases (92%, 54/60). The number of samples differs from the 
number of animals as some samples were lost during centrifu-
gation. Plasma volumes obtained by dissection fell within the 
range of volumes obtained from k.c.p. (Table 1).

Recovery and survival.— Frogs’ normal postures and behav-
iors usually recovered within an hour of completing sampling. 
The small ventral incision healed rapidly and was completely 
closed when the glue patch dropped off after 4–6 days, and all 
frogs had resumed feeding (active capture of live prey) and def-
ecation within that period. 

Overall, 37 out of 40 juvenile and adult frogs sampled (93%) 
recovered from k.c.p. and survived with no adverse effects for at 
least 11 months. Healing progressed rapidly and the minimal 
scarring became undetectable within 2 months of k.c.p. Recov-
ery rates were lower in metamorphs: seven of 26 metamorphs 

Fig. 2. Keyhole cardiac puncture in Litoria ewingii. A) Midline incision up to base of pectoral girdle. B) Tissue under mesosternum (arrow) 
cleared to reveal heart. C) Blood collection directly from ventricle with fine-gauge needle. D) Incision closed with small superglue droplet.
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recovered from k.c.p. (27%) and only three (12%) survived for 
over four months. 

Since the technique is reliable (plasma samples > 4 µl ob-
tained from 92% of frogs, no sampling failures) and non-lethal 
(93% of juvenile and adult frogs survived k.c.p.), it can be con-
cluded that k.c.p. is a valid technique for sampling blood from 
small adult and juvenile anurans ranging from 0.5 to 7.4 g (~ 
1.8–4.9 cm body length). Of the three juvenile and adult animals 
that died, two frogs had abnormal posture (head down, intermit-
tent hind-leg twitch) before anaesthesia, suggesting that other 
unknown issues may have complicated recovery from k.c.p. 
The third case of mortality was most likely due to operator error 
during the procedure since hemorrhage occurred as tissue was 
cleared from under the mesosternum. As discussed above, mor-
tality among metamorphs appears to be size-related. In all cases 
where none of the recovery criteria was observed, animals were 
considered moribund and euthanized. 

disCussion

Blood can easily be obtained from small anurans via key-
hole cardiac puncture. The technique is nonlethal to adult and 
juvenile frogs and is reliable, with blood collected from every 
animal sampled unlike conventional percutaneous cardiac 
puncture (Maniero and Carey 1997). Volumes from k.c.p. were 
comparable to those obtained from similarly-sized frogs using 
terminal dissection (Croes and Thomas 2000; Layne and Rice 
2003; Marler and Ryan 1996) or survival surgery (orbital sinus 
puncture, Lynch and Wilczynski 2008), so k.c.p. does not limit 
the sample volumes obtainable. In addition, plasma volumes 
were large enough for analysis of various parameters including 
glucose (2 µl) and glycerol (4 µl) concentrations (Rexer-Huber 
et al. 2011). Recovery was prompt in juvenile and adult frogs, 
with rapid healing and no long-term adverse effects observed. 
External scarring could not be detected after two months, nor-
mal reproductive development and behaviour continued and 
growth appeared stable. 

Metamorphs were sensitive to the sampling. This is some-
what puzzling since the “safe maximum” for one-off blood 
sampling (20% of total blood volume, i.e. 19 ml/kg; Hawk and 
Leary 1999) was followed. The major changes that take place 
over metamorphosis include changes in systemic blood supply 
(Duellman and Trueb 1986), so perhaps cardiac stability and/or 
venous return to the heart may still be sensitive in metamorphs. 
In addition, the needle is larger relative to the heart of a meta-
morph than it is to an adult’s heart, which presumably results in 
relatively more pericardial and ventricular damage. Combined 
with the high mortality rate naturally seen in metamorphosing 
frogs (Duellman and Trueb 1986), these factors might explain 

why metamorphs did not cope with the physiological challenge 
of blood sampling by k.c.p.

K.c.p. addresses some of the limitations of standard percu-
taneous cardiac puncture by increasing precision, minimising 
the risk of inadvertent secondary damage that can complicate 
recovery. In addition, factors that influence heart contractility 
and blood pressure and may limit the success of standard per-
cutaneous cardiac puncture (e.g., general anesthesia, cold expo-
sure; Cakir and Strauch 2005; Maniero and Carey 1997) does not 
affect blood removal by k.c.p. (Rexer-Huber et al. 2011), making 
the technique useful in a broader range of studies.

Blood glucose increase is a well-known response to stress 
(Costanzo et al. 2006; Storey and Storey 1988) and hyperglycemia 
can be used as an index of how much various blood sampling 
techniques stress animals (Christensen et al. 2009). Glucose was 
measured from samples obtained by k.c.p as part of a separate 
study (Rexer-Huber et al. 2011). Plasma glucose levels of 0.03–6.84 
mmol/L (range, N = 45) were measured, within the range seen 
when blood was sampled by terminal dissection (Costanzo and 
Lee 2008; Layne and Stapleton 2009), arterial cannulation (Rocha 
and Branco 1998) or puncture of the inguinal vein (Zimmerman 
et al. 2007). This suggests that k.c.p does not induce a hypergly-
cemic stress response. In future work, it would be interesting to 
confirm these observations within a single species by comparing 
glucose levels in equal numbers of frogs sampled by k.c.p. or via 
dissection (no stress response possible). In such a study, corticos-
terone could also be used as an index of acute stress.

This work provides a new and effective alternative to termi-
nal blood sampling in anurans ranging from a body size of 1.8 
to 4.9 cm (SVL; weight 0.5–7.4 g). Keyhole cardiac puncture is 
easy to teach and learn, good-quality samples are reliably ob-
tained and sampling-induced stress is kept to a minimum, with 
no adverse effects detected during recovery or during long-term 
monitoring of survival.
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evaluation of a Simple method of externally Attaching  
Radio-transmitters to the texas Alligator lizard,  
Gerrhonotus infernalis
 Radio-telemetry has been applied as a tool to study the ecol-
ogy of a variety of lizards (Fisher and Muth 1995; Germano 2007; 
Goodman 2005). Different techniques of placing radio-trans-
mitters have been proposed (Fisher and Muth 1995; Goodman 
2005; Goodman et al. 2009; Knapp and Owens 2005; Warner et 
al. 2006), but these techniques are not suitable for all lizards. 
Gerrhonotus infernalis morphology is particularly problematic 

because of the slender body, smooth scales, slender and short 
limbs, and lateral abdominal folds (Smith 1979), making exter-
nal radio-transmitter attachment difficult. Herein we describe a 
simple, inexpensive, and suitable technique of attaching trans-
mitters to G. infernalis in a controled situation in the laboratory 
and under natural field conditions. This technique is adapted 
from that proposed by Madrid-Sotelo and García-Aguayo (2008) 
for the snake Oxybelis aeneus.
 Materials and methods.—From November 2008 to May 2009, 
Gerrhonotus infernalis (10 males and 10 females) were captured 
in Parque Ecológico Chipinque (PECh), part of Parque Nacional 
Cumbres de Monterrey, Nuevo Leon, Mexico. Lizards were trans-
ported to the Laboratory of Herpetology (Facultad de Ciencias 
Biológicas, Universidad Autónoma de Nuevo León), placed in 
individual terrariums (1 x 1 x 1 m) with leaf litter as substratum, 
and fed every three days on domestic crickets (Acheta domes-
tica); water was supplied ad libitum, and rocks were provided 
as refuge sites. Laboratory temperature was maintained from 
20–23°C with a 12:12 light-dark cycle. 
 Each lizard was attached with a radio-transmitter (TXB-003G 
by Telenax) in a manner similar to that described by Madrid-
Sotelo and García-Aguayo (2008) for snakes. Each lizard was 

mARGARitA GARcíA-bAStidA*
Laboratorio de Herpetología, Facultad de Ciencias Biológicas,  
Universidad Autónoma de Nuevo León, A.P. 513, San Nicolás de los Garza, 
Nuevo León, México, C.P. 66450
cARlOS A. mAdRid-SOtelO
Estación Biológica Chamela, Instituto de Biología Universidad Nacional 
Autónoma de México, A.P. 21. San Patricio,  
Melaque La Huerta, 48980 Jalisco, México
dAvid lAzcAnO
Laboratorio de Herpetología, Facultad de Ciencias Biológicas,  
Universidad Autónoma de Nuevo León, A.P. 513, San Nicolás de los Garza, 
Nuevo León, México, C.P. 66450

Corresponding author; e-mail: magaba28@hotmail.com



Herpetological Review 43(3), 2012

techniqueS     411

immobilized by hand, carefully holding the head to avoid bites, 
and stimulated to inflate the abdomen in order to expand its lat-
eral folds. Immediately, the transmitter was attached onto the 
lizard’s dorsum, 3 cm anterior to the tail base and then wrapped 
with Micropore® tape (1 cm wide) (Fig. 1) pressing down softly 
to ensure adhesion to the skin. Unlike Madrid-Sotelo and García-
Aguayo (2008), we did not use Tuck® but rather Micropore® tape, 
we did not use glue to cover the tape, and we adapted the Micro-
pore® tape to the lizard’s folds to avoid abdominal constriction. 
After attachment, each lizard was returned to the terrarium. 
 To assess the suitability of the technique, once per day over 
a month-long period, we registered time of attachment per indi-
vidual, number of immobile individuals, causes of immobiliza-
tion, and number of individuals with skin abrasions. Lizard mass 
ranged from 23.7–53.0 g (mean = 34.8 g); snout–vent length (SVL) 
ranged from 120–155 mm (mean = 130.6 mm). Once laboratory 
trials ended, every lizard was released at the site of capture. 
 From November 2009 to October 2010, G. infernalis (13 males 
and 10 females) were captured in PECh, attached with radio-
transmitters as in the laboratory, and then released at the site of 
capture. Lizards were relocated 3–4 days per week with a receiver 
and 3-element Yagi antenna, registering the date and observa-
tions on any radio-transmitter attachment difficulties. Lizard 
mass ranged from 29.0–60.0 g (mean = 44.3 g); SVL ranged from 
109–152 mm (mean = 139.9 mm). In both laboratory and natural 
field condition trials transmitters weighed less than 7.5% of the 
individual mass, as suggested by Knapp and Abarca (2009) for 
lizards.
 Results.—Time of attachment for radio-transmitters in labo-
ratory conditions varied from 1–30 days (mean = 6.5 ± 1.8; N = 
20) while under natural field conditions it varied from 1–60 days 
(mean = 11.8 ± 3.5; N = 23). In the laboratory, 20% of transmitter 
detachments occurred with shedding. Problems noted were: a) 
early detachment; b) immobile individuals; c) lizards becoming 
entangled among vegetation or rocks; d) lizards getting stuck in 
crevice; and e) presence of skin abrasions (Table 1). Time of at-
tachment in natural field conditions varied throughout the year 
and was longer during spring and summer (Table 2). 
 Discussion.—The technique we describe herein, similar to 
that proposed by Madrid-Sotelo and García-Aguayo (2008) for a 
small and slender snake species, can be adapted to Gerrhonotus 
infernalis because of its morphology. Advantages of the modifica-
tions we describe are: the tape can be adjusted to account for an 
individual lizard’s morphology; when detached, transmitters can 
be recovered and reattached; and method of attachment causes 
minimal interference on behavior or lizard activity. Some disad-
vantages we noted were: early transmitter detachment, principal-
ly caused by the tape unraveling or by shedding; immobilization 
of individuals, caused by the adhesion of the hind limbs to the 
tape; entangled individuals among vegetation or rocks; and the 
presence of skin abrasions. Madrid-Sotelo and García-Aguayo 
(2008) and Goodman (2009) reported that this technique did not 
result in changes in behavior, activity, or health of their study ani-
mals. When a lizard was snagged by the presence of the attached 
transmitter, it was able to get free after less than 10 minutes of 
struggle, what means the technique caused minimal interference 
with its activity. We did not test for behavioral differences associ-
ated with this transmitter fixation method; however, behavior of 
test lizards did appear to be normal. 
 It is important to mention that difficulties presented with the 
technique were occasional, so we suggest that this technique 
can be improved covering the tape with glue, as described by 

Madrid-Sotelo and García-Aguayo (2008). This technique seems 
especially promising during dry weather and in less structurally 
complex habitats. We suggest that the technique we propose is 
simple, inexpensive, low-risk, and suitable for species sharing 
morphological features with Gerrhonotus infernalis. It should 
be applicable in small species, as well as juveniles or neonates, 
where other techniques are inappropriate.
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Fig. 1. Attached radio-transmitter on Gerrhonotus infernalis.

taBLe 1. Difficulties in external attachment technique in Gerrhonotus 
infernalis in laboratory and natural field conditions, number of events 
(percentage).

Event Laboratory Natural field
 conditions conditions
  (N = 20)  (N = 23)

Immobilized individual limbs  5 (20 %) 0 

Entangled individuals 3 (15%) 2 (9%)

Stuck individuals in crevice 0 1 (4 %)

Presence of skin abrasions  0 1 (4 %)

taBLe 2. Season, number of individuals with transmitter attached, 
time of attachment (days, mean ± standard deviation), number of 
relocations in each season (days, mean ± standard deviation).

Season Number of  Time period Relocations
 individuals  of attachment in days
 M / F in days (mean ± SD) (mean ± SD)
  

Spring 1 / 5 7–38 (24.0 ± 14.4) 1–16 (9.4 ± 7.3)

Summer 7 / 4 1–60 (14.0 ±19.0) 1–11 (3.3 ± 3.2)

Fall 2 / 3 3–25 (10.2 ± 9.4) 1–5 (3.4 ± 1.7)

Winter 0 / 1 1–22 1–15
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construction and use of Artificial Shelters to Supplement 
habitat for hellbenders (Cryptobranchus alleganiensis)

Hellbenders (Cryptobranchus alleganiensis) are large, aquat-
ic salamanders found in moderate to swift-flowing streams and 
rivers in the eastern United States (Petranka 1998) with two 
subspecies currently recognized; the Eastern Hellbender (C. 
a. alleganiensis) and the Ozark Hellbender (C. a. bishopi). Both 
subspecies are found in the Ozark highlands of Missouri and are 
listed as critically imperiled and state endangered in Missouri 
(NatureServe 2011). Both subspecies have experienced severe 
population declines throughout much of their geographic range, 
especially in Missouri (Briggler et al. 2007; Wheeler et al. 2003), 
and recently the Ozark Hellbender was added as an endangered 
species under the U.S. Endangered Species Act (USFWS 2011). 
In addition, there has been a shift in age structure of Hellbender 
populations in Missouri, with larger, mature individuals being 
most prevalent and younger age classes being virtually absent 
(Wheeler et al. 2003; J. Briggler, unpubl. data). Causes of Hell-
bender declines are mainly linked to habitat degradation and 
alteration (e.g., impoundments, water quality, sedimentation, 
and disturbance), commercial exploitation, predation, and dis-
eases (Briggler et al. 2007; Briggler et al. 2010; USFWS 2011). 
This species inhabits cavities under large rocks and crevices or 
holes in bedrock on the river bottom (Smith 1907). Snorkel div-
ing coupled with turning rocks has been and continues to be the 
most successful method for capturing Hellbenders for research 
(Nickerson and Krysko 2003), but careful attention to placement 
of the rock back into its original position is important for con-
tinued use by Hellbenders. Therefore, changes in such habitat 
due to modification by land use practices (e.g., sedimentation 
and gravel loading of existing habitat) or increase human distur-
bance (e.g., careless rock turning and flipping) can change the 
microhabitat of the preferred rocks used for shelter and nesting, 
thus, rendering such sites less suitable (Briggler et al. 2007). 

Over the past several years, government agency biologists in 
Missouri (Department of Conservation, Department of Transpor-
tation, and Fort Leonard Wood Military Base) have augmented 
large rocks (approximately 1.2 x 0.91 m surface area with an av-
erage thickness of 20–25 cm) for mitigation measures in several 
rivers. These augmented rocks have been used by Hellbenders 
for shelter purposes, but they have not been successful in egg 
deposition. Only a limited number of nests have been found in 
the wild in Missouri (Nickerson and Mays 1973; Nickerson and 
Tohulka 1986; Peterson 1988), but it appears that specific features 
(e.g., tight narrow entrance, chamber for eggs in rear, etc.) of such 
nesting rocks are necessary for suitability for spawning and male 
guarding of nests (Alexander 1927; Bishop 1941; Kern 1984; Nick-
erson and Mays 1973; Smith 1907). Although the mechanisms for 
low recruitment (e.g., lack of breeding, high larval predation, dis-
ease, etc.) are unclear, biologists recognized the need to artificial-
ly propagate this species to sustain and restore populations while 
addressing the cause of the decline (Briggler et al. 2010). Part of 
these efforts is to collect egg clutches from the wild to head-start 
larvae and juveniles at propagation facilities for future releases 
and other research needs. With limited success in locating eggs in 
the wild and need to supplement habitat in the wild, we designed 
artificial shelters that can be used by Hellbenders to meet their 
biological needs (e.g., shelter, nesting, etc.), thus, making eggs 
easier to find and harvest for propagation efforts.

The use of artificial structures for ecological needs (e.g., nest-
ing, shelter, overwinter, roosting, etc.) by birds, bats, and mam-
mals have been well documented (Barclay 2008; Bellrose et al. 
1964; Dawson 1967; Kibler 1969; Lambrechts et al. 2010; McComb 
and Noble 1981a; Purcell et al. 1997; Stebbings and Walsh 1988). 
Such structures have also been designed for some herpetofauna, 
especially arboreal amphibians and reptiles, alligators, and giant 
salamanders (Andrias spp.) (Boughton et al. 2000; Campbell and 
Mazzotti 2004; Kuwabara et al. 1989; McComb and Noble 1981b). 
Breeding habits of the Japanese Giant Salamander (A. japonicus) 
and Chinese Giant Salamander (A. davidianus) are similar to 
those of the North American Hellbender. Biologists have been 
successful in constructing artificial nesting structures used by 
these species for breeding in the wild (Kuwabara et al. 1989; L. 
Gang, pers. comm.). Therefore, we wanted to determine the fea-
sibility of constructing such a structure for Hellbenders in North 
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America. To our knowledge, this is the first attempt to produce 
artificial shelters, especially for breeding purposes, for Hellbend-
ers. For an endangered species that is in need of a “safety net” 
(collecting eggs and head-starting young), it was our hope that 
such artificial shelters would not only be used by Hellbenders 
in the wild, but also provide the necessary features for spawning 
and nesting to occur. The use of artificial shelters may advance 
our understanding of breeding behavior of this species similar 
to the knowledge gained for artificial cavities for birds. Herein 
we present a novel technique to designing artificial shelters for 
a habitat specialists and the use of such shelters by Hellbenders. 

Material and methods.—The artificial shelter was construct-
ed from hex netting (i.e., poultry or chicken wire) wire (61 cm 
height, 2.5 cm mesh, 20-gauge wire), hardware cloth (61 cm 
height, 0.6 cm mesh, 23-gauge wire), cable ties (9.6 cm), and a 
concrete mixture (1 part sand:1 part concrete mix:1 part quick-
crete). A 91–102 cm length of hex netting wire was cut to make 
the appropriate size artificial shelter and was formed to the de-
sired shape (Fig. 1a). Next, hardware cloth was inserted to the 
interior of the hex netting wire frame (Fig. 1b) and secured with 
cable ties to increase stability of the frame and for concrete mix-
ture to adhere to wire frames. Approximately a 17 x 10 cm section 
was removed for the lid prior to adding concrete mixture (Fig. 
1b). Next, concrete mixture was applied to the various sides of 
the artificial shelter wire frame and shaped accordingly (Fig. 1c). 
We were careful to smooth all interior surfaces prior to drying to 
eliminate rough edges or bumps that could injure a Hellbender. 
Once completely dry, the lid and associated handle of the arti-
ficial shelter was constructed (Fig. 1c) to allow accessibility to 
the inside chamber. Next, 3 small holes (4 to 5 mm) were drilled 
slightly above the centerline on the back portion of the shelter to 
allow a small amount of water to seep into the shelter chamber. 
We further experimented with the artificial shelter by removing 
some of the bottoms (~23 x 15 cm) to allow the river bottom to be 
the substrate of the shelter as recommended by Japanese biolo-
gists working with Japanese Giant Salamanders (Kuwabara et al. 
1989; K. Kuwabara pers. comm.). Finally, we soaked the shelter 
in water for at least 30 days in an outside container to allow for 
leaching of concrete chemical residue and begin weathering of 
the shelter prior to installing in the wild. Contact the authors for 
a detailed photographic guide to the construction of these arti-
ficial shelters.

In the winter of 2007/2008, three experimental prototypes 
(boot, two-opening and duplex designs) were constructed with 
wire mesh netting and covered with concrete (Fig. 2). Two of 
each prototype (N = 6) were installed in the Eleven Point River, 
Oregon County, Missouri on 15 July 2008. These 6 shelters were 
installed at a location with relatively good Ozark Hellbenders 
numbers (18 Hellbenders tagged since 2002) and limited rock 
habitat to increase our odds of use by Hellbenders. Installation 
included 1) digging a hole in the gravel substrate, 2) placing and 
positioning the shelter in the hole with entrance located down-
stream of water flow, 3) filling the outside edges of the shelter 
with gravel/cobble to the rim of the lid, 4) depositing 2 to 3 L 
of sand inside the shelter chamber, and 5) placing a large rock 
on top to reduce light penetration and to conceal from human 
disturbance. Although a couple of the prototypes (boot and du-
plex) each attracted a female Hellbender, many modifications 
were made between 2007 and 2009 (e.g., longer and narrower 
tunnels, sealing the original camera hole in lid and smaller 
drilled holes for water flow) due to excessive light penetration 
and sedimentation. We believed that Hellbenders used the 

prototype shelters occasionally but such shelters were likely un-
suitable for egg laying. Based upon our knowledge of the species 
and male breeding behavior, we made these important modifi-
cations for male Hellbenders to inhabit and use such a shelter 
for nesting purposes. The new and current design was modeled 
from the boot prototype and had a larger, open chamber with a 
longer, narrower tunnel entrance with a tightly secured lid, and 
smaller drill holes in the back of the shelter (Fig. 1c).

In the winter of 2009/2010, seven new artificial shelters 
(modified boot design) were constructed for placement in the 
wild in 2010 (Fig. 1c). An additional 20 artificial shelters were 

Fig. 1. Modified boot design showing hex netting frame (A), hex net-
ting and hardware cloth frame (B), and completed artificial shelter (C).
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constructed in the winter of 2010/2011 for placement in two ar-
tificial outdoor raceways (10 in each raceway; approximately 12 
m length by 1.3 m width with a water depth ranging from 0.5 to 
1.3 m) at the Saint Louis Zoo for adult Ozark Hellbender breeding 
stock previously collected from Current and Eleven Point rivers 
in the summer of 2009, 2010 and 2011 for captive propagation ef-
forts. The seven (four open and three enclosed bottoms) artificial 
shelters were installed on the Eleven Point River on 24 June 2010 
while the other 20 shelters (10 open and 10 enclosed bottoms) 
were installed in the outdoor raceways at the Saint Louis Zoo on 
23 August 2011. These shelters were installed into the gravel sub-
strate of the raceways similar to the river; however, no large rocks 
were necessary to conceal the shelters from human disturbance. 
Adult breeding stock previously collected from the wild were 
moved into the outdoor raceways in September 2011.

Results.— Twenty-seven artificial shelters were constructed 
for use in the river (N = 7) and at two outdoor raceways at the 
Saint Louis Zoo (N = 20; Table 1). Although dimensions (e.g., 
entrance size, tunnel length, chamber size, etc.) of the artificial 
shelters are very similar, no two are exactly alike (Table 1). 

On 27 July 2010, we checked the seven shelters on the Eleven 
Point River by use of an Aqua-Vu camera (manufactured by Out-
door Insight Inc.) to minimize disturbance to the animals. Two 
of the shelters (No. 9 and 13) had a Hellbender present (Table 
2). Since the primary goal of these shelters was to obtain eggs 
for head-starting efforts, we decided to not disturb the shelters 
again until breeding season was completed. Upon our return on 
03 November 2010, two male Hellbenders were captured in shel-
ters 7 and 8 with a male guarding a clutch of 182 eggs well into 
development (Table 2; Fig. 3). These shelters were not checked 
again until the end of the following year breeding season on 31 
October 2011, and a male Hellbender was present in shelter 12 
and 13 (Table 2), but no eggs were present this time. Six Hell-
benders were observed using 5 of the 7 shelters with shelter 
number 13 being occupied in both 2010 and 2011 (Table 2).

Artificial shelters installed in the outdoor raceways at 
the Saint Louis Zoo were checked approximately weekly (C. 
Schuette, pers. comm.). Minimum human disturbance was used 
due to breeding season, but many of the shelters were occupied 
by the adults. On 18 October 2011, eggs were discovered in an 
open bottom shelter with an attending male Hellbender. No ad-
ditional eggs were found in the other 19 artificial shelters.

Discussion.—Declining numbers and lack of recruitment in 
the wild of both Ozark and Eastern Hellbenders in Missouri has 
necessitated a focused recovery effort, especially propagation 
and head-starting efforts to ensure long-term recovery (Brig-
gler et al. 2010). The utilization of these artificial shelters to 
supplement habitat for adult Hellbenders is important, but the 
success of using such shelters for breeding and egg laying in the 
wild and at the Saint Louis Zoo propagation facility is extremely 
promising for future recovery efforts. The observations docu-
mented here were the first fertilized clutch of eggs found in the 
wild in the Eleven Point River, and the first clutch of eggs to be 
conceived in a captive propagation facility via use of artificial 
shelters. Current trends show that the shelters with the bottoms 
removed are utilized more often, especially for spawning and 
egg laying. However, this trend is based on a small sample size 
of Hellbender use and egg laying, and thus it remains to be seen 
if this trend will continue in the future. We strived to recreate 
habitat that would attract Hellbenders to spawn, but also pro-
duce such a shelter for males to defend from natural predators. 
Male guarding behavior of the nest is vital to the protection of 

eggs and subsequent hatchling from conspecifics and other 
predators (Nickerson and Mays 1973). Therefore, we created an 
artificial shelter with an entrance size similar to natural nests 
to ensure male control of the shelter from other natural preda-
tors. The male guarding the artificial shelter with eggs from the 
Eleven Point River aggressively defended (camera lens bitten) 
the entrance of the nest when we approached and apparently 
had successfully guarded this nest from natural predators for at 
least 4 weeks since egg laying based upon developmental stage 
of the eggs. To date, these few shelters have provided supple-
mental habitat for Hellbenders in the rivers, as well as reduced 
researcher disturbance (rock turning and flipping) of the natu-
ral rock utilized by Hellbenders. However, caution and conceal-
ment is warranted to discourage illegal poaching and distur-
bance of animals utilizing these artificial shelters in the wild.

With the success already achieved, we initiated the construc-
tion of an additional 60 artificial shelters to be used throughout 

Fig. 2. Three experimental artificial shelter designs (A = boot; B = two-
opening; C = duplex). Boot design has one entrance and one cham-
ber. Two-opening design has two entrances on one side and one 
chamber. Duplex design has two entrances on opposite sides with 
two chambers inter-connected inside. Original designs had holes in 
the lid for potential use with camera, but were removed in recent de-
signs due to concerns (i.e., increase light, flow and sedimentation).

Fig. 3. A clutch of fertilized Ozark Hellbender (Cryptobranchus al-
leganiensis bishopi) eggs found in artificial shelter number 8 in the 
Eleven Point River, Missouri on 03 November 2010.
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Missouri’s rivers for both Ozark and Eastern Hellbender popula-
tions. The use of such artificial shelters will likely advance the 
knowledge and understanding of breeding behavior and phenol-
ogy of this species not only in the wild, but also in captive propa-
gation programs. We believe that these artificial shelters will play 
a vital role in the recovery of this species in Missouri and may be 
of benefit rangewide.
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toad trackers: Amphibians as Gateway Species to  
biodiversity Stewardship
 In the nationally recognized book, Last Child in the Woods 
(2005), author Richard Louv articulated a phenomenon based on 
a growing body of evidence that children are becoming increas-
ingly disconnected from nature. He coined the term “nature defi-
cit disorder” and proposed this divide may be the cause of many 
physical and mental maladies found in today’s youth. Likewise, 
the failure to create broad-based support for the conservation of 
biodiversity may also be a function of the separation of people 
from nature (Miller 2005) and environmental psychologist Peter 
Kahn (2002) concluded “that the genesis of estrangement from 
nature lies in childhood and it is there that we must begin to ad-
dress the problem” (quoted in Miller 2005). 
 In 2004, the Society for Conservation Biology set educa-
tion as one of the most important goals for the protection and 
restoration for biological diversity. These conservation literacy 
guidelines propose that education programs should 1) develop 
in people a deeper understanding of the importance and tools 
of conservation biology; 2) provide direct experience which will 
further develop knowledge, skills, and attitudes; 3) utilize con-
servation biologists who have a unique set of knowledge, skills, 
and concerns to share with others (Trombulak et al. 2004). 
 One of the great challenges for environmental educators is 
how to link personal meaning to the abstract concept of biodi-
versity, and how to include it in a context in which a student can 
become physically and psychologically involved (Van Weelie and 
Wals 2002). To achieve this, ecological lessons often deal with 
easily accessible and immobile organisms outdoors such as in-
vertebrates and plants because amphibians, reptiles, mammals, 
birds, and fish can be difficult to observe in a natural setting 
(Killermann 1998). With the support and expertise of the herpe-
tological community, amphibians might serve as a more acces-
sible vertebrate group to offer hands-on experiences due to their 
relative abundance, proximity to both urban and rural settings, 
and their benign nature with appropriate safety precautions. 
 A Houston Zoo Conservation Department-launched educa-
tion program, Toad Trackers, is utilizing professional herpetolo-
gists to offer expertise and capacity building both in Texas and in 
international environmental eco-literacy programs. Toad Track-
ers provides opportunities for youth to engage in interactive dis-
coveries with wild amphibians, explore science-related careers, 
and provide gateways to deeper investigation and personal 
meaning with the natural world. Research demonstrating the 
effectiveness of the use of amphibians in outdoor education is 
limited, although at least one recent study did find that students 

encountering living amphibians in field programs performed 
better on achievement tests, expressed increased well-being, and 
showed lower incidence of anger, anxiety, and boredom (Randler 
et al. 2005). Other surveys, focused on gathering information 
about school children attitudes regarding amphibians, conclude 
that importance should be placed in education programs that 
provide direct experience to positively affect their knowledge, at-
titudes, and feelings about them (Tomažič 2008, 2011). Through 
further development and evaluation of the Toad Trackers pro-
gram, we hope to gain additional insight on the effectiveness of 
early encounters with amphibians in helping engender lifelong 
biodiversity stewardship and conservation action.
 The Toad Trackers program has two overarching goals: 1) to 
generate an appreciation and conservation ethic for amphib-
ians, the world’s most imperiled vertebrate class; and 2) to in-
troduce youth to the tools and research methods used by wild-
life biologists to study animal populations, hopefully generating 
some enthusiasm for future careers in biology or conservation. 
The program is primarily managed for youth ranging from 8 
to 18 years old, and has additionally been used with groups of 
adults such as formal educators, zoo docents, staff, and college 
interns. Since 2010, 172 participants have completed the course. 
Through a combination of classroom workshops and hands-on, 
field-based experiences, participants cover topics including am-
phibian adaptations, ecological roles, native frog diversity, and 
current conservation issues in an engaging atmosphere. Ranging 
in complexity based on the audience age, students also learn as-
pects of data collection, amphibian population monitoring, spa-
tial analysis, and demography. All of this information is taught 
within the context of global amphibian declines with an empha-
sis on why monitoring local populations of “common” amphib-
ians is important for detecting declines in our own region. Time 
during the course is balanced between the classroom and the 
field. Studies have shown that a combination of classroom activ-
ities designed to enhance knowledge prior to a field trip, paired 
with an involved outdoor activity, may be more effective for stu-
dent retention of information than participating only in a novel 
field program (Falk 1983; Falk et al. 1978; Morgan 1992; Randler 
et al. 2005). 

cOnSeRvAtiOncOnSeRvAtiOn

RAchel e. ROmmel
Amphibian Ark, c/o 1034 Alexander Street, Houston, Texas 77008, USA
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 In the classroom portion of Toad Trackers, a general overview 
of amphibians and special topics are covered, they meet and be-
come familiar with a live Gulf Coast Toad (Incilius nebulifer) and 
learn to properly handle and collect morphometrics (mass, snout–
urostyle length, and head width) utilizing rubber toads. They per-
form a rubber toad scavenger hunt during the day to learn Global 

Positioning System (GPS) and practice protocols used in the field 
portion of the course to ensure accurate data collection and the 
safety of students and the toads. The majority of the techniques 
for handling live amphibians were adapted from Fellers et al. 
(1994) and Kast and Hanna (2012). Further safety protocols were 
developed by the primary investigators to mitigate inherent risks 

Fig. 1. Students measure an Incilius nebulifer.
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Fig. 2. Students observe a Houston Zoo amphibian biologist micro-
chip a toad.
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Fig. 3. Amplectant pair of Common Rain Frogs, Breviceps adspersus, 
outside of Hwange National Park, Zimbabwe.
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Fig. 4. Zimbabwe students learn how to measure and weigh rubber 
toads in the classroom.
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of a lay audience working outdoors and with live animals.  Coop-
eration among team members is emphasized to reduce holding 
time, minimize stress on the toads, and reduce risks of injury or 
trauma due to participants stepping on, or dropping animals. 
Complete methods and protocols for the Toad Trackers program 
will be submitted for publication at a future date.

 The culmination of the Toad Trackers classroom activities re-
sults in teams of well-trained students embarking on an evening 
field expedition on Zoo grounds to gather environmental data, 
and to search for, and collect, as many I. nebulifer that can be 
found. The latitude and longitude of every toad collected is re-
corded using a Garmin 60CSx hand held receiver, and behavioral 
observations, microhabitat, and canopy cover information is re-
corded by the students. Under close supervision of conservation 
staff and trained volunteers, students handle toads to determine 
gender, as well as take and record morphological measurements 
utilizing appropriate equipment (Fig. 1). A trained staff member 
inserts a passive integrated transponder or PIT tag (Single Use 
Disposable Syringe, AVID Identification Systems, Inc. Norco, 
California) into each newly collected toad (Fig. 2).
 The students name their toad and then release it at the point 
of capture. Subsequent toad round-ups during the same or fol-
lowing year provide valuable data through the ability to individ-
ually recognize toads, enabling the zoo staff as well as students 
to monitor individual growth rates and movement patterns of 
the toads on zoo grounds. Once the field portion is finished, stu-
dents complete a post survey evaluation, and download Google 
Earth 3-D images of the locations where the toads were cap-
tured/recaptured on their field evening. Students complete the 
evaluation using basic arithmetic, data interpretation, and the 
knowledge acquired through the course to successfully com-
plete a series of short answer, essay, and conservation discussion 
questions. The evaluation component of the program is an op-
portunity for students to see the compiled data from all of the 
teams and to be able to communicate valid conclusions based 
on their findings.  Through this post survey we are also able to 
evaluate overall student competency, experience, understand-
ing of the material, and receptiveness for conservation action. 
Survey results showed that 95% of Toad Trackers participants 
were able to list and discuss human activities that might have 
negative effects on amphibian populations, answers including, 
but not limited to, broad scale pesticide and fertilizer use, high-
way mortality, habitat loss and fragmentation. All (100%) partici-
pants were able to identify and discuss simple ways they could 
help amphibians, with answers including organic gardening, re-
cycling, water conservation, helping with habitat restoration and 
protection, volunteering for FrogWatch USA or similar citizen 
science programs, as well as educating others. After the program 
is complete, students may stay connected to the activity of our 
tagged toads and ongoing Houston Zoo amphibian conserva-
tion efforts via social media outlets, enrollment in future classes, 
and/or workshops for state amphibian citizen science monitor-
ing programs.  
 Toad Trackers has recently expanded its scope to an inter-
national conservation project in Zimbabwe. The Houston Zoo 
partnered with Painted Dog Conservation (PDC; http://www.
painteddog.org/) just outside of Hwange National Park to pilot 
a new science education program as part of their youth bush 
camp.  This bush camp has provided essential conservation edu-
cation opportunities to thousands of local children with the goal 
to inspire a deeper connection with the local ecosystem. PDC 
hopes to provide additional opportunities to teens that have 
been through the bush camp to work closely with biologists to 
further engage them in explorations of the local flora and fauna. 
The study of amphibians and the methodology used in Toad 
Trackers was a good fit for a pilot program as frogs are abundant 
in the area and make great model organisms to explore further 
concepts in biology and ecology. A four-person team consisting 

Fig. 5. Zimbabwe students engage in a field activity and a rubber toad 
scavenger hunt.
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Fig. 7. Deliverables from the course included personal journals and 
the creation of an amphibian field guide, which served as  take-home 
resources for students.
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Fig. 6. Students observe tadpole behavior at a pond in Hwange Na-
tional Park.
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of a bat biologist, the PDC founder, the PDC educator director, 
and I conducted a three-day camp and workshop for eleven 
14-year-old students and two teachers from a local village pri-
mary school, the education staff from PDC, a university student 
intern, and a game warden from Hwange National Park. 
 In preparation for the program, nightly visual and audio 
searches were conducted to document the presence of amphib-
ians and to become familiar with local species. A Song Meter 
SM2+ “Froglogger” (Wildlife Acoustics, Inc. Concord, Massachu-
setts) was deployed at a pond close to the bush camp to record 
vocalizations for ten minutes every hour throughout the day and 
night. Approximately 2,000 minutes were recorded and 16 spe-
cies of amphibians were documented either through vocaliza-
tions or visual encounters (Fig. 3).
  In addition, the Houston Zoo representatives accompanied 
PDC education staff and community coordinators to local vil-
lages and schools to visit community gardens and PDC conser-
vation clubs. Ideas were generated as to how conservation action 
for amphibians could be implemented by teachers and students 
to provide refuge for insectivores in order to help reduce crop 
pests. Discussions also focused on how to retrofit water features 
to allow frogs to escape entrapment. Compared with urban resi-
dents and affluent societies, traditional people and subsistence 
farmers, whose livelihoods depend directly on the benefits of 
ecosystem services, are threatened more severely by the effects 
of biodiversity loss (Millennium Ecosystem Assessment 2005). 
We had personal communication with several community 
members and PDC staff that noted frogs are generally killed by 
throwing salt on live individuals. Reasons cited for exterminat-
ing amphibians in this area included uncertainty as to the am-
phibians’ motives, their strange behavior and physical features, 
especially when they are found in or around their residences. As 
such, and with many potentially dangerous animals and limited 
or unavailable emergency care, community members felt it was 
safer to eliminate these perceived threats around their homes. 
Therefore, education related to amphibian behavior, safety pre-
cautions, and their potential benefits to humans was provided. 
In particular, anecdotal evidence, and some research, suggests 
that amphibian larvae prey upon, or compete with, mosquito 
larvae (Blaustein and Chase 2007; Hagman and Shine 2007; Mo-
kany and Shine 2003). Possible links between decreased insecti-
vore populations and higher rates of malaria (the primary cause 
of human mortality in the area) were discussed with students, 
teachers, and community members.
 The classroom portion of the workshop focused on natural 
history, adaptations, ecological roles, and services amphibians 
and bats provide to humans and specific ways students can help 
insectivores in their villages. Through several interactive field 
activities and exercises, students learned how biologists detect 
and monitor animal activity, and its relevance to research and 
conservation (Figs. 4, 5). Journal assignments (Q&A, drawings, 
labeled diagrams, discussion) throughout the course provided 
insight into “pre” and “post” understanding of material and 
concepts discussed throughout the duration of the program. 
Students spent two field evenings with biologists to assist in the 
capture, identification, and data collection of all amphibians en-
countered (Fig. 6). In addition, students listened to frog calls and 
noted activity utilizing the amphibian call index value (Weir and 
Mossman 2005).  
 A final project, an amphibian field guide (Fig. 7), was as-
sembled by the students to present to their classmates and 
headmaster for use at their school. By the end of the course, all 

of the students were comfortable handling or touching an am-
phibian, and showed remarkable transformation in their knowl-
edge, understanding, and appreciation of amphibians through 
verbal questioning, drawings, and journaling. For example, one 
pre-survey question requested students draw what they thought 
amphibians needed to survive in their habitat. All students il-
lustrated less than one basic habitat need, usually a water body. 
Upon asking the same question in the post survey, students il-
lustrated multiple needs ranging from aquatic and terrestrial 
vegetation and habitats, microhabitats, breeding sites for mul-
tiple reproductive modes, and a diverse diet. In pre-journaling, 
students did not believe amphibians were important to humans, 
were undecided, or left the question blank. In post-journaling, 
all students believed that amphibians were important to their 
own lives and were supportive of their conservation around their 
schools and villages.
 Graduating students, now self-proclaimed ambassadors for 
amphibians and other insectivores, were tasked with coming up 
with specific ways their school could implement conservation 
efforts. Although continued evaluation for this particular pro-
gram may prove challenging, PDC staff continues to follow up 
and engage students who went through the program, and have 
added some amphibian content and activities learned through 
the workshop into their existing curricula for new students. Edu-
cation staff report there is continued interest from graduating 
pupils who have been raising awareness, through original po-
etry, to fellow students at their school and their villages about 
the importance of amphibians (W. Nsimango, pers. comm.).
 We are continuing to develop our stateside program and in 
2012–2013 hope to expand to audiences outside of the Hous-
ton city limits, specifically reaching rural youth residing in the 
current range of the endangered Houston Toad (Anaxyrus hous-
tonensis) with the intention to help garner appreciation for 
amphibians with educators, as well as current and future land-
owners in these counties. Future goals also include the addition 
of habitat restoration opportunities for youth who have been 
through the program and would like to engage in conservation 
action for the Houston Toad. Needs for assessing the long term 
effectiveness of the Toad Trackers program include the addition 
of student surveys prior to the Texas program and evaluation 
of content retention at designated timelines and assessment 
of any consequent conservation action, behavior change, and/
or continued interest of participants in herpetological or wild-
life education after completion of the course. Although further 
empirical evidence is necessary to quantify the program’s overall 
effectiveness, Toad Trackers has already shown great potential 
to provide deeper appreciation for amphibian and biodiversity 
conservation. One young Texan noted in her conservation dis-
cussion “each animal has a role in the community. Without frogs 
the food web would suffer, they also wouldn’t be able to help 
with medicines for humans. If these actions from careless hu-
mans keep going the toads might be in for extinction. We, in the 
future, will probably suffer the same fate.” An additional com-
ment noted “my favorite thing about being a Toad Tracker was 
being able to learn about the toads and to be able to understand 
what we can do to help save the species. I also enjoyed being 
able to go out and catch the toads and be able to see them in 
real life.”  In the short answer evaluation survey at the end of the 
Texas program, 80% of respondents noted that some variation 
of actually touching, holding, or measuring a toad was their fa-
vorite part of the program. We hope this may provide motivation 
for both professional and recreational herpetologists to reach 
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out to partnering conservation programs, formal and informal 
educators, to implement similar programming to build capac-
ity through their knowledge and field expertise to garner much 
needed support for herpetological conservation.
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chytrid fungus Screening in a population of common frogs 
from northern finland
 Recent studies suggest that many worldwide amphibian 
declines and die-offs could be attributed to an emerging infec-
tious disease caused by the pathogenic chytrid fungus Batra-
chochytrium dendrobatidis (Bd; Berger et al. 1998; Bielby et al. 
2008; Daszak et al. 1999; Lips 1999; Lips et al. 2006; Longcore et 
al. 1999; Schloegel et al. 2006; James et al. 2009; Duffus and Cun-
ningham 2010). Bd is widespread on all continents except Ant-
arctica, where amphibian hosts do not occur (Fisher et al. 2009). 
Bd infects over 350 amphibian species and has been implicated 
in driving the decline of over 200 of these by causing the disrup-
tion of cutaneous functions (Skerratt et al. 2007; Voyles et al. 
2009). Therefore, Bd is classified as an emerging infectious agent 
in amphibians (Daszak et al. 1999) and considered to be a pan-
demic pathogen (Pasmans et al. 2006) belonging to a historically 
important group of virulent multihost pathogens that have had 
profound effects on entire communities and ecosystems (Fisher 
et al. 2009). The World Organization for Animal Health (OIE) re-
cently listed Bd as a notifiable pathogen (OIE 2008), the first to be 
included for its threat to biodiversity (Voyles et al. 2011). 
 To assess the risks that Bd poses to European amphibians, 
scientists have gathered around the RACE (Risk Assessment of 
Chytridiomycosis to European Amphibian Biodiversity) project, 
which aims to develop tools and protocols to enable surveillance 
of Bd across Europe (http://www.bd-maps.eu/). Bd surveys are 
limited in northern Europe. To date, only samples from Denmark 
have been screened (Scalera et al. 2008), and additional infor-
mation is lacking from Fennoscandia, the area encompassing 

Norway, Sweden, Finland, Karelia, and the Kola Peninsula. 
Among amphibians present in this part of Europe, the one ex-
tending its distribution furthest to the north is the Common Frog 
(Rana temporaria), a medium-sized anuran with a wide Palearc-
tic distribution (Gasc et al. 1997). The aim of our study was to 
investigate the presence and the intensity of Bd on a population 
of Common Frogs in subarctic Fennoscandia where the species 
occurs at the margin of its distribution range.
 Our field survey was conducted during the Spring of 2011 in 
May, in Kilpisjärvi in Finnish Lapland (Fig. 1). The study pond 
(Tulli) is located in a mountain valley (ca. 69.0667°N, 20.7667°E) 
at an altitude of 480 m. The area is characterized hydrologically 
by brooks and wet meadows. The vegetation is characterized by 
low-growing shrubs and small Downy Birch (Betula pubescens 
czerepanovii) woodlands. The study area (ca. 680 m²) is bordered 
by a sand dune to the west, a parking lot to the south, a road to 
the east, and a customs station to the north (Alho et al. 2008). The 
Common Frog is an explosive breeder (sensu Wells 1977), which 
in our study site emerges from hibernation and migrates to the 
spawning sites in late May to early June, and breeding is usually 
finished by mid-June (Alho 2004). As revealed by skeletochronol-
ogy, metamorphosed males reach sexual maturity at 3–5 years 
old and females at 6–8 years old (Alho 2004; Patrelle et al. 2012; 
ter Schure et al. 2002). 
 To obtain samples, adult frogs (N = 30) were caught dur-
ing the breeding period using dip-nets. Because the frogs were 
tagged with individual PIT-tags, this ensured that each individu-
al was sampled only once. Latex gloves were used and changed 
every time a new specimen was handled in order to avoid cross 
contamination of individuals. Infection status was determined 
through a standardized swabbing protocol (Hyatt et al. 2007) in 
which each individual was swabbed on the ventral surface and 
between the toes on each forelimb and hindlimb, on each thigh, 
on each side of the ventral abdomen, and on the pelvic region. 
Swabs were then stored at 4°C in dry conditions. All frogs were 
released at the site of capture after swabbing. No physical abnor-
malities were detected, and there were no indications of unusual 
mortality in the pond sampled. Simple hygiene protocols were 
implemented to prevent the spread of Bd among amphibian 
populations. 
 DNA extraction and real-time PCR were performed following 
the protocol described in Boyle et al. (2004). Swabs were cut and 
the final portion was mixed with 30–40 mg of 0.5-mm diameter 
glass beads (Scientific Industries, Inc.) and 60 ml of PrepMan 
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solution (Applied Biosystems). The samples were homogenized 
for 45 s at 30 m/s in a QIAGEN TissueLyser II (Retsch Technology 
GmbH) and centrifuged for 30 s at 14000 g. The homogenization 
and centrifugation was repeated. Samples were then incubated 
at 100°C for 10 min, cooled for 2 min, then centrifuged at 14000 
g for an additional 3 min. Liquids were collected and stored at 
-20°C. Samples were diluted 10 times and then analyzed twice 
independently (two replicates) through two quantitative real-
time PCR (qPCR), with negative controls and standards on each 
plate. The PCR amplifications were performed in 25 µl reactions 
using IQ Supermix (BioRad) (instead of TaqMan Master Mix) and 
primers ITS-1 (forward): 5’-CCTTGATATAATACAGTGTGCCATAT-
GTC-3’ and 5.8S (reverse): 5’-AGCCAAGAGATCCGTTGTCAAA-3’. 
qPCR was performed using a Taqman assay with a Taqman MG 
probe 5’-CGA GTC GAA CAA AAT-3’ (Applied Biosystems). Ther-
mal cycling parameters were an initial denaturation step at 95°C 
for 3 min followed by 60 cycles of denaturing at 95°C for 15 s, an-
nealing/synthesis at 60°C for 1 min (Boyle et al. 2004). 
 The 30 samples from Kilpisjärvi that we screened were all 
negative for Bd infection. Hence, the presence of Bd in this re-
gion of Lapland could not be confirmed, while the sample size 

was large enough to detect a 5% prevalence of infection (DiGia-
como and Koepsell 1986; Skerratt et al. 2008). 
 In Europe, the first report of Bd was from Germany in 2000 
from imported animals from South America and from captive-
bred individuals from both Germany and Belgium (Mutschmann 
et al. 2000). In the wild, the fungus was first reported in 2001 
from Peñalara Natural Park in central Spain on recently meta-
morphosed Common Midwife Toads (Alytes obstetricans; Bosch 
et al. 2001). To date, the presence of Bd has been confirmed in 
multiple localities in Western Europe (Denmark, Italy, Spain, 
Portugal, France, UK, Switzerland, Belgium, Germany; Bosch 
et al. 2001; Cunningham et al. 2005; Garner et al. 2005; Scalera 
et al. 2008; Ohst et al. 2011). This is the first screening for Bd in 
Finland (The Finnish Food Safety Authority, pers. comm). This 
does not of course mean that Bd is absent from Finland or even 
from northern Fennoscandia: our sample size was quite small, 
and confined to individuals from one particular population. 
However, our results agree with those of Chestnut et al. (2009), 
who observed no occurrence of Bd in Wood Frogs (Lithobates 
sylvaticus) from interior Alaska, within the boreal zone. Moreo-
ver, our results are in accord with Ron (2005) who modelled the 

Fig. 1. a) Location of the site in Kilpisjärvi (Finnish Lapland) screened for Batrachochytrium dendrobatidis (Bd). b) Predicted distribution in 
Fennoscandia of the fundamental niche of Bd according Ron (2005) in his bioclimatic modelling. The darkest shading noted “> 70” are those 
where Bd niche presence was predicted by more models (i.e., overlap index 1 means that ten out of ten models predicted presence; overlap 
index 0 means that none of ten models did), regions noted “70” are predicted by 70% of models, regions noted “30” are predicted by 30% of 
models, and white are regions without Bd presence. 
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fundamental niche of the chytrid fungus in the world, predicting 
a high risk of Bd presence in southern and western Finland, but 
low probability of occurrence elsewhere in the country (Fig. 1b). 
Nevertheless, other studies from similar latitudes have detected 
the presence of Bd in disagreement with predicted distributions 
based on niche models (e.g., Reeves 2008; Reeves and Green 
2006; Schock et al. 2010; Slough 2009). Bd prevalence varies 
with many biotic and abiotic factors such as time of the season 
(Berger et al. 2004), altitude, rainfall, and temperatures (Collins 
et al. 2003), and climatic factors limit the extent and impact of Bd 
infections in amphibian populations (Pounds et al. 2006; Muths 
et al 2008). Hence, the apparent absence of Bd in the Common 
Frogs that we sampled from Kilpisjärvi could be also linked to 
variation in local environmental conditions and spatially as well 
as temporally more representative sampling is needed to verify 
its absence from Northern Fennoscandia.
 In conclusion, our results suggest that if the pathogenic fun-
gus Bd occurs in common frogs from Kilpisjärvi, the only am-
phibian species present in Lapland, the prevalence is less than 
5% during the breeding season. To better assess the risks for am-
phibians of the northern Europe, it seems important to screen 
for the prevalence of Bd throughout all Fennoscandia, especially 
in southern Finland where more amphibian species are present 
(Gasc et al. 1997), and to identify the potential Bd lineage pre-
sent at the northern range of Bd distribution. As in the rest of 
the world, the importance of simple hygiene protocols needs to 
be emphasized to prevent the human-mediated spread of Bd, 
especially potentially novel virulent forms, among amphibian 
populations. 
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Ranavirus infection in native Amphibians at la Selva biological 
Station, costa Rica: first Report of Ranavirus in central America

Ranaviruses are a globally widespread group of iridoviruses 
capable of causing mass mortality events in amphibian popula-
tions (Gray et al. 2009; Green et al. 2002), and are acknowledged 
to be a significant threat to amphibian populations in many parts 
of the world. Central America hosts a diverse, unique, and highly 
threatened amphibian fauna (Whitfield et al., in press), yet there 
have been only modest efforts to detect and characterize rana-
viruses in the region. No information exists on impacts of rana-
viruses to amphibian hosts or populations in the Neotropics—a 
significant gap in knowledge that may inhibit effective conserva-
tion planning. 

Speare (1991) reported an iridovirus, likely a ranavirus, from 
Rhinella marina in Costa Rica. Picco and Collins (2007) tested 
41 amphibians from Monteverde, Costa Rica and 43 amphibians 
from Las Cruces, Costa Rica but did not detect ranavirus at ei-
ther site. Lips et al. (2006) assayed 38 amphibians during a mass 
mortality event at El Copé, Panama and detected no ranavirus. 
To our knowledge, there are only two reports of infection by 
ranaviruses anywhere in the American tropics: Galli et al.(2006) 
reported ranavirus infections in cultivated, non-native American 
Bullfrogs, Lithobates catesbeianus, in Brazil; and Zupanovic et al. 
(1998) reported infection by “Guatopo Virus”—a novel strain of 
ranavirus similar to frog virus 3 (FV3)—from wild frogs in Vene-
zuela. Here, we provide the first robust evidence for the presence 
of ranavirus in amphibians in Central America.

We conducted this study at La Selva Biological Station, a 16 
km2 private biological reserve in the northeastern lowlands of 
Sarapiquí, Heredia Province, Costa Rica (10.433°N, 83.983°W) 

with a very well-known herpetofauna (Guyer and Donnelly 2005; 
Whitfield et al. 2007). We collected toe clip tissue samples from 
amphibians between July 2006 and May 2008 in association with 
a mark-recapture study using 19 study plots within primary for-
est. Our sampling for this study was focused on forest-floor am-
phibians, the majority of which are direct-developing species 
with no free-living tadpole stage. Toe clips were stored in 70% 
ethanol until we performed laboratory analyses. 

We haphazardly selected 104 of these toe clip samples for mo-
lecular detection of ranavirus using quantitative real-time PCR 
(qPCR). We extracted nucleic acids from toe clips with Qiagen 
DNeasy spin columns, and used the extract to perform qPCR fol-
lowing the standard ranavirus protocol (Kerby and Storfer 2009). 
We used 13µL reactions containing 2µL of extracted DNA tem-
plate, 900-nmol forward primer, 900-nmol reverse primer, 250 
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nmol probe, and 2X Taqman Fast Universal Master Mix (Applied 
Biosystems, Foster City, California). We ran plates for one cycle 
of 95°C (20 sec) and 50 cycles of 95°C (3 sec) and 60°C (20 sec) on 
a StepOnePlus qPCR machine (Applied Biosystems, Foster City, 
California) in a molecular core facility at the University of South 
Dakota. Each plate included a negative control and a standard 
curve of 1 x 103 – 1 x 107 copies of the complete major capsid pro-
tein sequence of FV3 (Mao et al. 1997), 3900bp in length, derived 
from a bacterial plasmid (pCRII) obtained from V. G. Chinchar. 
All samples were run in triplicate and samples with two or more 
positive wells were considered positive. Samples with only one 
positive well were rerun and designated as positive if further wells 
were positive and negative if further wells were negative. 

We used DNA from one positive sample to sequence a 407-
bp portion of the MCP gene with primers MCP4 and 5 (Mao et 
al. 1997) in 20µL reactions of Qiagen (Valencia, California) mul-
tiplex master mix following the manufacturer’s instructions (no 
Q additive and annealing temperatures of 54.5° and 50.5°C). We 
cleaned PCR products by polyethylene glycol (Rosenthal et al. 
1993), cycle sequenced with Applied Biosystems (Carlsbad, Cali-
fornia) BigDye v3.1, and sephadex cleaned (Zoon 1987) prior to 
sequencing on an Applied Biosystems 3500 instrument. 

Of the 104 individuals from 12 species and 5 families, four 
individuals tested positive for ranavirus, all from a single species: 
Craugastor bransfordii. All four individuals were determined to 
be adults on the basis of body size. Infected animals were de-
tected in April 2007, May 2007, September 2007, and April 2008. 
Viral loads for infected animals averaged 5.16 x 106 viral copies 
(range 1.10 x 105 to 1.70 x 107). These are seemingly high con-
centrations—for comparison Brunner and Collins (2009) found 
~105 plaque forming units (each of which almost certainly rep-
resents many copies of the viral genome) per nanogram of DNA, 
and Kerby and Storfer (2009) found ~106 viral genomes in Ambys-
toma tigrinum larvae that died of ranavirus infection—but we 
did not notice apparent symptoms of ranaviral disease in any of 

these infected individuals. The sequence produced in this study 
was identical to basepairs 205 to 611 of seven FV3 strains from 
Genbank.

This study provides strong evidence of infection by ranavirus 
in wild native amphibians in the lowlands of Costa Rica. Preva-
lence of infection among all species at La Selva was relatively low 
(3.8%; 95% CI 1.1–9.5%), although prevalence in the one species 
in which we detected infections, Craugastor bransfordii, was 
considerably higher (14.2%, 95% CI: 4.0–32.6%). We noted no ob-
vious symptoms of ranaviral disease in these frogs, but have no 
data available to determine whether infections have any adverse 
effect on individuals or populations. Our genetic characteriza-
tion of this FV3 strain is currently insufficient to assess whether 
this represents a strain native to Central America or a strain re-
cently introduced from other areas.

This study represents the first report of ranavirus infection 
in amphibians from Central America, and one of very few re-
ports from the hyper-diverse Neotropical region. Other studies 
from Central America have failed to detect ranaviruses (Lips et 
al. 2006; Picco and Collins 2007; but see Speare et al. 1991), but 
were based on small sample sizes (each <100 samples) and used 
traditional PCR for pathogen detection, which is less sensitive 
than the qPCR used in this study. We suspect that the absence 
of reports of ranaviruses from tropical regions is likely a result 
of limited sampling rather than a true absence of these patho-
gens. We expect that further studies of ranavirus in tropical re-
gions are very likely to increase the known distribution of these 
pathogens. It will be important to determine how the ranavirus 
we detected is related to other ranaviruses, whether this strain 
is endemic or introduced, and whether it presents a risk to the 
neotropical amphibian assemblages already decimated by chy-
tridiomycosis-associated declines. 
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Batrachochytrium dendrobatidis and Ranavirus in Anurans 
inhabiting decorative koi ponds near minneapolis,  
minnesota, uSA

Evidence of widespread chytrid infection in North American 
amphibian populations has been documented (Longcore et al. 
2007; Ouelett et al. 2005; Woodhams et al. 2008) and Batracho-
chytrium dendrobatidis (Bd) has been reported from several lo-
cations in Minnesota (Rodriguez et al. 2009; Sadinski et al. 2010; 
Woodhams et al. 2008). Ranaviruses also have been linked to 
mass amphibian die-offs in North America (Daszak et al. 1999; 
Gray et al. 2009; Greer et al. 2005; Jancovich 2005), including 
Minnesota (Green et al. 2002; Vandenlangenberg et al. 2003). The 
geographic distribution of these pathogens in Minnesota is still 
unknown, however, and additional observations will aid assess-
ment of the threat to local amphibian populations.

We report the presence of ranavirus and Bd in anurans in-
habiting four decorative koi ponds in Burnsville, Minnesota, a 
suburb of Minneapolis (Fig. 1). The ponds were closely observed 
for indications of pathogenic activity following the discovery of 
dead Wood Frogs (Lithobates sylvaticus) floating on the surface 
during the last week of August 2011. Selected specimens were 
tested for Bd and ranavirus.

These four rubber-lined ponds were typical of those con-
structed by koi- and water-gardening enthusiasts. Their com-
bined surface area was approximately 30 m2 and their maxi-
mum depth was 1.05 m. Koi and goldfish were held in the ponds 
throughout the year. Total fish biomass was roughly 3.3 kg. The 
largest fish measured approximately 0.35 m, total length. Water 
was circulated through three of the four ponds by a pump con-
nected to a simple filtering system employing fiberglass batting 
as filter material. A similar system was used to filter water in the 
fourth pond. Water lost via evaporation was replaced by precipi-
tation and partial refilling from a tap connected to a chlorinated 
city water line. 

The ponds were situated within a 260 m2 area separated from 
a 970 ha park reserve by a short (100–150 m) strip of undevel-
oped land. The distance to the nearest permanent body of water 
was approximately 112 m. 

From 25 August to 4 September 2011, three dead Wood Frogs 
were recovered from the ponds. All three specimens were fresh 
and exhibited significant reddening of the ventral surface. No 
signs of traumatic injury were observed and disease was deter-
mined to be a likely cause of death. 

We visited the ponds daily from 7 September to 24 October 
2011, following the initial frog deaths. During each visit, the 

ponds and immediate surroundings were visually surveyed for 
amphibians. Observations of dead and dying individuals were 
recorded and dead specimens were collected for examination, 
condition permitting. Anurans exhibiting unusual behavior were 
photographed. 

Our daily visits produced 202 sightings of six species (Table 
1). Two dead Wood Frogs, one dead Green Frog (Lithobates clam-
itans), and two dead American Toads (Anaxyrus americanus, for-
merly Bufo americanus) were recovered from 7 September to 24 
October 2011. Most of the dead specimens were retrieved from 
the ponds. The lone exception was an American Toad found with-
in 0.25 m of a pond. Detailed examination of the Green Frog and 
one of the toads was precluded by advanced decomposition. The 
other toad was recovered in very good condition and transported 
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Fig. 1. Location of koi ponds in Minnesota, USA where frogs were 
found infected with Batrachochytrium dendrobatidis and ranavirus. 
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to the United States Geological Survey’s National Wildlife Health 
Center (NWHC) in Madison, Wisconsin (USA). Chytrid infection 
was confirmed in this immature female by histological examina-
tion. The two dead Wood Frogs were observed during the final 
24 h of life and photographed. Both were unusually sluggish and 
unresponsive to stimulation of the hindquarters. They were first 
observed in exposed locations, more than one meter from wa-
ter. One of these frogs exhibited obvious sloughing of the epi-
dermis bordering the mouth (Fig. 2). The other rested with the 
legs splayed out posteriorly (Fig. 3). The former specimen was 
found dead approximately 24 h after first being observed. The 
latter specimen was collected for observation and placed in a 
300-gallon livestock-watering tank with moist soil and leaves. It 
died within 5 h of first being observed. Reddening of the ventral 
surface and legs was apparent in both specimens.

Over a four-day period, beginning on 24 October, the ponds 
were drained to inhibit possible pathogen dispersal to a nearby 
wildlife refuge. All anurans encountered in the process of drain-
ing the ponds were collected for examination. This included 27 
Green Frogs and two Northern Leopard Frogs (Lithobates pipi-
ens). Sixteen of the Green Frogs exhibited significant reddening 
of the ventral skin consistent with ranavirus and/or Bd infec-
tion. One adult Leopard Frog, seven adult Green Frogs, and five 
immature Green Frogs were submitted to the NWHC for rana-
virus testing via PCR using 4/5 capsid protein primers (Mao et 
al. 1997). The Leopard Frog tested negative, but one immature 
and one adult Green Frog tested positive, as did a single pooled 
sample from two adult Green Frogs.

After draining, the ponds were partially refilled at various in-
tervals by precipitation. We continued visiting the ponds on an 
irregular basis through the end of December. On 4 December, 
one dead Spring Peeper (Pseudacris crucifer), two dead Green 
Frogs, and two dead Wood Frogs were collected from several 
inches of water in one partially frozen pond. Their appearance 
followed an 11-day stretch of relatively warm weather (e.g., mean 
high 6.1°C) accompanied by approximately 8 mm of precipita-
tion. None of the frogs showed signs of traumatic injury. One 
of the Wood Frogs was in particularly good condition and skin 
from the legs and groin was removed for electron microscopy. Bd 
infection was confirmed by the presence of zoosporangial dis-
charge tubes (Fig. 4). 

Bd has been reported in Minnesota anurans, but we believe 
this is the first confirmed report of Bd and ranavirus in a Min-
neapolis/St. Paul suburban area and the first report of Bd and 
ranavirus in decorative koi ponds. 

Decorative koi ponds and water gardens, which are ex-
tremely simplified ecosystems, may be especially conducive to 
Bd propagation and viral transmission. Cladocerans and other 
grazers, which have been shown to significantly reduce zoospore 
densities (Buck et al. 2011; Hamilton et al. 2012; Woodhams et al. 
2011), are likely to be absent from simple koi ponds and water 
gardens. The water in koi ponds and water gardens is seldom re-
placed during the summer and zoospores are very unlikely to be 
removed by the filtration systems popular with hobbyists. 

It is clear from our observations that anuran densities in 
rubber-lined koi ponds and water gardens can be impressive 
and certainly adequate to facilitate disease transmission. We 
recorded an anuran density of approximately 1.04 frogs/m2 
of pond surface at the time of draining. In addition to creating 
conditions that might facilitate the transmission of important 
anuran pathogens, koi enthusiasts and water gardeners may be 
fostering the spread of Bd and ranavirus by importing infected 

Fig. 4. Scanning Electron Microscope image of skin removed from 
the groin of a dead Wood Frog (Lithobates sylvaticus) collected from 
a koi pond in Burnsville, Minnesota, USA. Arrows indicate the pres-
ence of zoosporangia of Batrachochytrium dendrobatidis. 

Fig. 2. Wood Frog (Lithobates sylvaticus) observed near koi ponds in 
Burnsville, Minnesota, USA, during the final 24 h of life. Arrows indi-
cate sloughing of the epidermis bordering the mouth.

Fig. 3. Wood Frog (Lithobates sylvaticus) observed near koi ponds in 
Burnsville, Minnesota, USA, during the final 24 h of life.



Herpetological Review 43(3), 2012

     AmphibiAn diSeASeS     429

pond organisms. Bullfrogs (Lithobates catesbeianus), for ex-
ample, are marketed to koi enthusiasts and water gardeners to 
control algae (https://www.pondmegastore.com/shop/home.
php?cat=322; accessed 2 April 2012) and have been linked to Bd 
and ranavirus dispersal (Daszak et al. 2004; Garner et al. 2006; 
Miller et al. 2007). Water hyacinth was introduced to the ponds 
surveyed in this study from a company that advertises that its 
plants are grown organically, and that tadpoles are used to con-
trol algae (http://stores.ebay.com/HELENS-PERENNIAL-WA-
TER-GARDENS/BIO-ECO-FRIENDLY-ORGANIC-GROWN.html; 
accessed 15 January 2012). Research clearly demonstrates that 
Bd can survive for several days in moist packing materials and 
it has been shown that the fungus can attach itself to plant ma-
terial (Johnson and Speare 2005). The possibility that koi ponds 
and water gardens serve as loci for Bd dispersal would seem to 
warrant greater attention.
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taBLe 1. Summary of koi-pond amphibian observations made 25 August to 31 December 2011 in Burnsville, Minnesota, USA. Live sightings = 
total observations of live animals among days, may count individuals multiple times; Minimum number of individuals was established by the 
number of specimens collected (B. americanus, L. clamitans, L. pipiens, L. sylvaticus) or the maximum number of unique individuals observed 
during a single observation period (Hyla sp., P. crucifer); Bd = Batrachochytrium dendrobatidis; Rv = Ranavirus. * One Ranavirus-positive ani-
mal came from a pooled sample, and one or both specimens from the pool could have been Ranavirus-positive.

Species No. live Minimum No. No. known No. specimens No. Bd-examined No. Rv-examined
 sightings individuals mortalities collected (No. (No. Bd-confirmed) (No. Rv-confirmed)
    Bd-symptomatic)

Anaxyrus (Bufo) americanus 4 2 2 2 (1) 1 (1) 0

Hyla sp. 7 4 0 0 0 0

Lithobates clamitans 174 30 3 30 (16) 0 12 (3-4)*

L. pipiens 6 3 0 3 (0) 0 1 (0)

L. sylvaticus 10 7 7 7 (7) 1 (1) 0

Pseudacris crucifer 1 1 1 1 (0) 0 0
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An Artificial nest chamber for captive Crotaphytus collaris that 
increases clutch Success and promotes natural behavior
 The Eastern Collared Lizard, Crotaphytus collaris, is a diur-
nal crotaphytid broadly distributed in the southwestern United 
States and northern Mexico that inhabits arid and semiarid en-
vironments (Ballinger and Hipp 1985). This wide-ranging spe-
cies is commonly associated with rocky outcrops and boulder 
fields, including artificial rocky places such as dams with rocky 
rip-rap (Baird et al. 1996; Braun et al. 2010). Collared lizards use 
boulders within rocky outcrops as lookouts to scan their territo-
ries for prey, intruders, or predators, and as refugia by squeez-
ing between and underneath the boulders to thermoregulate, 
spend the night, lay clutches of eggs, and hibernate (Baird et al. 
1996; Braun et al. 2010; Curtis and Baird 2008; Legler and Fitch 
1957; Santoyo-Brito and Fox, in press). Undoubtedly, the cavi-
ties formed under rocks play an important role during all the 
life phases of C. collaris. However, little has been reported about 
cavity characteristics and the way in which lizards use them as 
nesting sites, as well as the lizards’ nesting behavior. This lack of 
knowledge is true for C. collaris and most other saxicolous liz-
ards. Here, we report our experience with gravid C. collaris and 
their use of artificial chambers provided as nesting and refuge 
sites under laboratory conditions as part of a larger project.
 Materials and methods.—Gravid adult female lizards whose 
reproductive status was determined by palpation were caught 
from the Glass Mountains of Oklahoma, USA (36.3536°N, 
98.5848°W) from 15 May–28 July 2011. The lizards were trans-
ported to Oklahoma State University (OSU) where mass was 
determined with a Pesola spring scale and snout–vent length 
(SVL) and tail length measured with a ruler. At OSU, the lizards 
were maintained in a temperature and photoperiod-controlled 
laboratory and housed in large wooden cages (80 cm W x 120 
cm L x 40 cm H) with wood-framed metal-mesh fronts. Each 
cage was divided into three sections (80 cm L x 40 cm W x 40 
cm H each section), which were covered with a wood-framed 
metal-mesh lid (Fig. 1). Each section contained a single adult 
female. Clean gravel (approximately 0.5 mm in diameter) was 
used as the substrate. Lighting was from above using both 

100-watt incandescent household bulbs and 40-watt UV-B fluo-
rescent VitaLite tube lights. This setup allowed for behavioral 
thermoregulation by the lizards. Temperature gradients for the 
enclosures and UV-B wavelengths were not measured. The cage 
lights were set to a photoperiod of 12:12 h (light:dark), with the 
room lights turning on and off one hour earlier and later, re-
spectively. Lizards were provided crickets and superworms (Zo-
phobas sp.) ad libitum and the enamel-painted cage walls were 
sprayed with water each day. Each lizard was provided with an 
artificial chamber, which was designed to resemble some of the 
characteristics found in the natural hibernacula and refugia 
(Curtis and Baird 2007; Legler and Fitch 1957). Each chamber 
was built using five masonry bricks (20 x 10 x 5 cm), a sheet of 
black polyethylene plastic (30 x 30 cm), and a mixture of sand 
and peat moss. To form the chamber, one side of the wooden 
cage was used as the back wall, two of the bricks were placed 
as lateral walls (one brick per wall), two additional bricks were 
placed across these lateral walls (forming a roof), and the fifth 
brick was positioned at the entrance of the chamber (Fig. 2). A 
small opening between the roof and the fifth (front) brick al-
lowed the lizard to crawl into the chamber. The polyethylene 
sheet was used to cover the inside of the chamber and to hold 
the nesting substrate (sand and peat moss mixture) moistened 
every two days with tap water using a water mister. The humidity 
of the substrate was not measured. The chamber was filled with 
the substrate mixture to a depth of 5 cm, or to the height of the 
bricks. Chambers were checked twice a day to ensure rapid de-
tection and collection of eggs (eggs were collected no more than 
16 h after being laid). Eggs were developed in incubators set at 
different temperatures as part of a larger study. Following ovipo-
sition, all adult females were returned to their site of capture.
 Results.—A total of 17 gravid female lizards was used in the 
study. The lizards laid one clutch each for a total of 103 eggs. 
Clutch sizes ranged from 5 to 9 eggs (mean = 6). There was no 
statistical difference between any measured morphological char-
acter and the size of the clutch (Table 1). Of the 17 lizards, 12 
laid a total of 74 eggs (mean clutch size = 6.1) inside of the nest 
chamber. All of these eggs were found turgid, considered viable, 
and assigned to different incubation temperatures as part of the 
larger research project. Hatching success was 62% (N = 46 eggs) 
for this group (but this result is confounded by incubating con-
ditions). The remaining 38% (N = 28 eggs) had to be removed 
from the incubators at some point during their incubation due to 
mold or desiccation. Five females laid their clutches (mean clutch 
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size = 5.6, total of 29 eggs) on top of the roof bricks or outside 
the chamber. Of these, 23 were found desiccated and not consid-
ered viable. Six eggs were found turgid and were assigned to an 
incubator; however, mold developed on the shell during the first 
month of incubation for all of these eggs, and therefore they did 
not develop. In general, lizards were in captivity (first day in labo-
ratory to the day they laid eggs) for an average of 16 days. Lizards 
that laid eggs inside the chamber were kept in captivity for 14.6 

days on average and females that laid eggs 
outside the chamber were in captivity 19.5 
days on average (t = 2.37, df = 15, p = 0.031) 
(Table 1). These two groups of females were 
not different in other respects (Table 1).
 Females that laid eggs inside the 
chamber dug a depression where the eggs 
were deposited. This depression was always 
located at the end of the chamber opposite 
the small entrance, and was usually located 
in one of the chamber corners. Eggs were 
found clumped together and covered with 
substrate (Fig. 3); no eggs where found ex-
posed. Curiously, we observed that females 
often dug and occupied a second depres-
sion inside the nest chamber after laying 

their clutch. When found in this second depression, the lizard’s 
body was in a U-shape, with the tail tightly coiled (Fig. 4). After 
oviposition, all females had a slack and emaciated appearance 
(mass was not measured after oviposition), and were normally 
covered with wet substrate. No nest site defensive behavior was 
observed during egg removal. 
 Captivity seemed not to alter the period of activity of indi-
viduals. All lizards were active (out of refuge) and showed normal 

Fig. 1. Wooden cage divided into three sections.

Fig. 2. Top view of next chamber setup.

Fig. 3. Nest chamber opened revealing clustered eggs.

Fig. 4. Adult female Crotaphytus collaris in a second depression with-
in nest chamber.

taBLe 1. Descriptive statistical analyses.
 
 Inside group1 Outside group2 t-test

 mean SD N    mean SD N  t-value df p

SVL 82.59 6.51 12 81.60 9.76 5 0.24 15 0.80

TL 144.70 11.25 10† 140.60 10.71 5 0.00 13 1.00

Mass 26.54 5.75 12 26.50 8.34 5 0.01 15 0.99

Days in Captivity 14.67 4.20 12 19.60 2.96 5 -2.36 15 0.03

Clutch Size 6.17 1.46 12 5.80 0.83 5 0.51 15 0.61

SVL = Snout–vent length, TL = Tail length, † = two lizards were excluded due to tail break 
1Females that laid eggs inside the nesting chamber
2Females that laid eggs outside the nesting chamber
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behavior similar to that observed in the field. All individuals used 
the chambers as refugia to spend the overnight (dark) hours and 
were often found inside the chambers during the day (light) con-
ditions. When found in the chamber during the daylight condi-
tions, the lizard’s body and tail were often in a position similar 
to that found after oviposition. Individuals were also observed 
basking on the roof of the chamber. 
 Discussion.—By replicating a naturalistic cavity, the cham-
bers increased our ability to collect viable C. collaris eggs and 
allowed us to observe refuge and nesting behavior. A previous 
attempt to collect C. collaris clutches (also by bringing gravid 
females into captivity, but maintaining them in 5-gal glass ter-
raria) experienced low success rates (Anderson, unpubl. data). 
This first attempt did not replicate natural cavities as nest sites or 
refugia, and the available space was considerably less than with 
the large wooden cages used during the second attempt.
 Hatching success (62%) of the clutches deposited within the 
chambers starkly contrasts with the hatching success (0%) of 
clutches laid outside the chambers. Eggs laid outside or on top of 
the chambers did not develop. It is possible that the few females 
who laid eggs outside the nest chamber did so due to individual-
specific stress associated with captivity and their significantly 
longer time in captivity, which resulted in abnormal nesting be-
havior. This same possibility has been suggested by Warner and 
Andrews (2002) for Sceloporus undulatus. 
 The chambers presented several advantages: their construc-
tion was inexpensive, they allowed easy access to monitor the 
nesting substrate and gravid individuals (the top bricks acting as 
a removable roof), and they replicated the natural cavities used 
by lizards in the field. An additional advantage was the ease to 
manipulate nest substrate characteristics such as temperature, 
moisture content, depth, or composition, all characteristics 
that may influence nest site selection. Nest site selection is an 
important aspect of lizard life history that directly affects fitness 
(Burger 1993; Huang and Pike 2011; Warner and Andrews 2002). 
 Our results show that lizards quickly accepted the chambers 
not just as refuges and basking sites, but as nesting sites. Thus, 

we recommend these chambers, or similarly constructed cham-
bers, as a reliable technique to obtain viable clutches from C. col-
laris and as basking and refuge sites in a laboratory setting. The 
use of this chamber design may not be limited to use only with C. 
collaris; it is probable that species with similar nesting require-
ments would use the chambers as refuge and nesting sites.
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training a nile crocodile to Allow for collection of blood at the 
Wildlife conservation Society’s bronx zoo
 The Nile Crocodile (Crocodylus niloticus) of Africa is a wide 
ranging, large predator adapted to a variety of habitats. Crocody-
lus niloticus is a commonly kept crocodilian species in captivity; 
however their size and physiology creates many challenges to 

maintaining them in zoos. Like all crocodilians, the Nile Crocodile 
is able to spend long periods of time underwater and survive for 
months without food. Crocodiles can grow rapidly in artificial en-
vironments where food is readily available (Trutnau and Sommer-
lad 2006). In addition, these large crocodilians can be dangerous 
to zoo staff performing basic husbandry, particularly during peri-
ods of intense excitation such as feeding. Both of these problems 
can be exacerbated by small enclosures. In response to these chal-
lenges, we have utilized operant conditioning to alleviate many 
of the difficulties posed by keeping and breeding large crocodil-
ians in captivity (Augustine 2009, 2010). Operant conditioning is 
a method of learning in which animals modify their behaviors in 
response to outcomes produced by their actions (Ramirez 1999). 
Positive reinforcement during training encourages and conditions 
animals to perform desired behaviors on cue. 
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 We began work with an eight-year-old male Nile Crocodile by 
conditioning the bridge (in this instance a whistle), a reinforce-
ment tool that precisely indicates when an animal has correctly 
performed a requested behavior (Ramirez 1999). The bridge, or 
the whistle, is initially paired with a food reward, conditioning 
the animal to associate the whistle with food delivery. Once this 
association is established, crocodilian training programs at the 
Bronx Zoo progress by teaching targeting; a behavior by which 
an animal must touch the anterior portion of its snout to a pole 
with its mouth closed. After the crocodile targets reliably, station 
training is introduced whereby animals are expected to touch 
the station (a colored disk) with a closed mouth and remain in 
physical contact for a predetermined length of time. Trainers at-
tach a disk to the end of a broomstick that can be clipped onto 
various hooks throughout the enclosure, allowing for mobility 
once the animal has mastered the initial stationing behavior. 
Therefore, crocodiles focus on a specific object rather than a lo-
cation in their exhibit. The colors of the target sticks and stations 
are specific to each individual animal. Target and station training 
programs have been utilized with many of the crocodilians in the 
collection to increase safety and established a groundwork upon 
which more complicated behaviors are built.
 A veterinary procedure such as a blood draw, where croco-
diles are most commonly captured and restrained (Wise 1994), 
is a prime opportunity to apply positive reinforcement training. 
Crocodilians are good subjects for blood draw training as blood 
can be drawn from the caudal vein in the tail (Hernandez-Divers 
2006). The benefits of utilizing positive reinforcement training 
to perform medical procedures without restraint are clear and 
include a notable reduction in stress hormones (Dettmer et al. 
1996; Elvidge et al. 1976; Rheinhardt 2003) and stereotypic be-
havior (Priest 1991). It has been said that as a measure of safety 
crocodilians should only be captured when necessary (Wise 
1994). In this paper, we discuss an alternative to the capture and 
restraint of crocodilians by utilizing operant conditioning train-
ing to obtain a blood sample on an unrestrained male C. niloti-
cus at the Bronx Zoo.
 Methods.—An eight-year-old Nile Crocodile arrived at the 
Bronx Zoo from KwaZulu-Natal, South Africa on 25 April 2008 
with no previous training. A training program was initiated in 
May by conditioning the animal, while in the water, to a bridge. 
It took approximately one month for the animal to recognize the 
whistle as a precursor to feeding and begin looking for food at 
the sound of the whistle. On 3 June 2008, a black target pole was 
introduced to the animal for the first time; keeper staff would in-
troduce the target pole over the enclosure wall. It took five weeks 
for this crocodile to consistently perform the targeting behavior 
anywhere in the enclosure. A station (a black plastic disk on the 
end of a broomstick) was introduced on 17 July. Once the croc-
odile had mastered these basic behaviors in the water, we be-
gan opportunistically training the animal when he was on land. 
Throughout the summer, we began entering the enclosure to tar-
get the crocodile and eventually began to stand next to him while 
he stationed on land. It was mandatory protocol that three keep-
ers be present when entering the exhibit. The trainer would work 
the animal from the outside, while the other two keepers would 
enter the exhibit with guard sticks. On 2 September, we began 
touching the crocodile’s tail with a bamboo pole while standing 
beside him on the beach. The animal accepted human presence 
easily and a protocol for blood draw was developed in which the 
animal would station on land against the wall opposite the ac-
cess door of his enclosure, allowing trainers and veterinary staff 

to safely approach. This orientation allowed the crocodile to face 
his pool during the procedure for easy escape into the water. Al-
though he never fled into the pool, this position may have made 
the animal more comfortable. By 13 September we began gently 
poking between the scutes of his tail after the verbal cue “touch” 
was given by the primary trainer. We also installed two 4 x 4 
wooden posts grounded in 5-gallon buckets of cement that were 
buried in the sandy beach of the enclosure approximately 45 cm 
apart and one meter from the enclosure wall. The animal was 
trained to station between these posts and the enclosure wall, 
which prevents the crocodile from turning toward the keepers 
performing the “touch” cue. On 13 November, keepers began 
touching the animal with a dull probe to prepare him for the 
more focused touch that would precede a needle stick. At this 
time, trainers added the verbal cue “needle” prior to the poke. On 
25 November, the probe was replaced by a shortened 14-gauge 
needle. In addition, the “touch” cue was now accompanied by 
swabbing with alcohol to prepare the animal for the smell dur-
ing actual blood draws. On 4 December, approximately seven 
months after training was initiated, veterinarians performed the 
first full needle stick on this crocodile.
 Blood draw training was halted for exhibit maintenance on 
13 December 2008. At this time the animal was moved to an adja-
cent exhibit where target and station training continued, though 
the confines of the new enclosure prevented us from working 
with the animal on land or entering his enclosure. Exhibit main-
tenance was completed in six months and the animal was moved 
back into his primary enclosure. On 9 July 2009, we began sta-
tioning the animal on land once again, approaching him inside 
his enclosure and manipulating his tail with a bamboo pole. De-
sensitizing the animal to this procedure took roughly the same 
amount of time as it had before the enclosure move. On 10 Sep-
tember a trainer began touching the crocodile with her hands, 
followed shortly by touching between his scutes with a probe 
on 17 September. The crocodile was prodded with a shortened 
18-gauge needle on 1 October 2009. On 3 December, veterinary 
staff observed the training session and performed their first stick 
on 10 December. Veterinarians performed several unsuccessful 
sticks until 11 March 2010 when blood was successfully collected. 
 During the training, the crocodile would sometimes flick the 
end of his tail in response to pokes from both probes and needles, 
but few major movements occurred. He would occasionally back 

Fig. 1. Nile Crocodile demonstrating stationing behavior by main-
taining contact between his snout and the disc. This animal’s willing-
ness to station for long periods of time allowed trainers to advance to 
voluntary blood draws. 
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approximately 50 cm away from the station, but would immedi-
ately return to the station when called by the primary trainer even 
with a needle fully stuck in his tail. And although the crocodile 
had the ability to escape to the pool, he did not attempt this dur-
ing any blood draw sessions. Because this training was performed 
on a healthy animal, and sampling blood was not an imperative 
to his well-being, full needle sticks were performed no more than 
every other week. In addition, close attention was paid to the ani-
mal’s mood, and the session was discontinued if we determined 
he was likely to become aggressive or retreat to his pool.
 Training sessions were conducted two to three times a week 
and lasted approximately five minutes. The crocodile was given 
one minute to station on land, one minute to turn and station in 
between the wall and the posts, and the remaining minutes were 
for staff to enter the exhibit and the remainder of the blood draw 
procedure up to and including the “touch” command. Although 
stationing has a time limit of one minute, the crocodile rarely 
took the entire time to approach the disc, so typically the rest of 
the procedure took approximately three and half minutes.
 Discussion.—Sampling blood from captive animals has many 
benefits. Samples can be used to gather biochemical data (Busk 
et al. 2000; Seymour et al. 1985), determine the health of an ani-
mal, or perform genetic studies (Dever and Densmore 2001). 
Training to allow for the collection of blood samples might in-
crease staff and animal safety, and create an opportunity for 
mental stimulation in the animal.
 In addition, training may present an opportunity to reduce 
the stress that is normally associated with handling an animal. 
Handling can cause dramatic hormonal changes in reptiles 
(Lance 1992), while stress may cause immunosuppression in 
crocodilians, predisposing them to disease (Nevarez 2006). Ad-
ditionally, stress can lead to reduced growth, suppressed repro-
ductive activity and increased mortality from disease (Lillywhite 
and Gatter 1995). Therefore, handling procedures performed for 
routine health monitoring or other purposes might be harmful 
and on an already compromised animal might contribute to ill-
ness. Hernandez-Divers (2006) recommends relying on serial 
blood sampling to determine biochemical and hematological 
changes, for diagnostic purposes, rather than results from a sin-
gle collection. Ill crocodilians already desensitized to blood draw 
techniques through training might allow this procedure when 
needed as a diagnostic tool; also established blood levels from 
previous collections would improve diagnoses and treatments. 
This Nile Crocodile became so comfortable in close proximity to 
trainers that he allowed them to manipulate his feet using poles, 
making it possible that crocodilians habituated to blood draws 
might also be more likely to accept intramuscular injections 
(Priest 1991). 
 Seymour et al. (1985) discovered that exhaustive activity in 
laboratory crocodilians resulted in a significant decrease in 
blood pH and a significant increase in blood lactate levels. Lac-
tate levels remained high for 10-20 minutes after the cessation of 
forced exercise, implying that blood collected during a forcible 
restraint is inherently altered in chemistry. In addition, compul-
sory restraint in laboratory primates has been shown to affect 
levels of cortisol, progesterone, testosterone and FSH, white 
blood cell count, and glucose regulation (Reinhardt 2003). Simi-
lar data for crocodilians could be generated through comparison 
between blood drawn from unrestrained crocodilians and that 
of restrained crocodilians. 
 It is clear that crocodilians are capable of rapid learning 
(Bustard 1968); this can be utilized in a zoo setting to improve 

husbandry and engage animals. Training techniques in many 
taxa have been widely documented and shared by organizations 
such as the Animal Behavior Management Alliance (ABMA), and 
The International Marine Animal Trainers Association (IMATA), 
demonstrating an increasing awareness of the benefits of posi-
tive reinforcement training in zoos. Similar work has been pub-
lished by Weiss and Wilson (2003) in Aldabra Tortoises (Geoche-
lone gigantea) and reptile keepers everywhere actively create 
and utilize training protocols to possibly improve the welfare 
of their animals. Techniques such as those discussed above are 
likely to improve captive animal care and promote safe interac-
tions with potentially dangerous predators, in addition to veri-
fying the vast potential of crocodilians to respond to advanced 
training programs. We hope to encourage the dissemination of 
protocols that will further document the learning capabilities of 
captive crocodilians as well as other reptiles.

 Acknowledgments.—We acknowledge the efforts of past and 
present WCS Herpetology staff members Jennifer Pramuk, Bill Hol-
mstrom, Alyssa Borek, Brandon Casey, Paul Kmiotek, and Melissa 
Mohring. We also thank Pat Thomas, Don Boyer, Drew Foster, Valorie 
Titus, James B. Murphy, and Judith A. Block for providing valuable 
comments on an earlier version of this manuscript. In addition, this 
project would not have been possible without the efforts of Bronx 
Zoo veterinarians Drs. Paul Calle, Maren Connolly, Robert Moore, 
Jean Peare, Bonnie Rapheal, Jonathon Sykes, and Marc Valitutto. 
Lastly, we would like to recognize WCS Assistant Curator of Behav-
ioral Husbandry, Melissa Nelson, for her support and expertise on 
this subject.

Literature Cited

augustine, L. 2009. Husbandry training with an exceptional South Af-
rican crocodile. Anim. Behav. Manage. Alliance Wellspring 10:2–3.

———. 2010. Putting training to work in a large animal capture. 
Anim. Behav. Manage. Alliance Wellspring 12:36–37.

BusK, M., J. overgaard, J. W. HiCKs, a. F. Bennett, and t. Wang. 2000. Ef-
fects of feeding on arterial blood gases in the American alligator 
Alligator mississipiensis. J. Exp. Biol. 203:3117–3124.

Bustard, H. r. 1968. Rapid learning in wild crocodiles (Crocodylus po-
rosus). Herpetologica 24:173–175.

dettMer, e. L., K. a. PHiLLiPs, d. r. rager, i. s. Bernstein, and d. M. Fra-
gaszy. 1996. Behavioral and cortisol responses to repeated capture 
and venipuncture in Cebus paella. Am. J. Primatol. 38:357–362. 

dever, J. a., and L. d. desnMore iii. 2001. Microsatellites in Morelet’s 
crocodile (Crocodylus moreletii) and their utility in addressing 
crocodilian population genetics questions. J. Herpetol. 35:541–544.

eLvidge, H., J. r. g. CHaLLis, J. s. roBinson, C. roPer, and g. d. tHor-
Burn. 1976. Influence of handling and sedation on plasma cortisol 
in rhesus monkeys (Macaca mulatta). J. Endocrinol. 70:325–326.

Hernandez-divers, s. 2006. Diagnostic techniques. In D. R. Mader 
(ed.), Reptile Medicine and Surgery, 2nd ed, pp. 490–532. Saunders 
Elsevier, St. Louis, Missouri. 

LanCe, v. a. 1992. Evaluating pain and stress in reptiles. In D. O. Scaef-
fer, K. M. Kleinow, and L. Krulisch (eds.), The Care and Use of Am-
phibians, Reptiles and Fish in Research, pp.101–106. The Science 
Center for Animal Welfare. Bethesda, Maryland.

LiLLyWHite, H., and r. gatter. 1995. Physiology and functional anato-
my. In C. Warwick, F. Frye, and J. Murphy. (eds.), Health and Wel-
fare of Captive Reptiles, pp. 5–24. Chapman and Hall, London, UK.

nevarez, J. 2006. Crocodilian differential diagnosis. In D. R. Mader 
(ed.), Reptile Medicine and Surgery, 2nd ed, pp. 705–714. Saunders 
Elsevier, St. Louis, Missouri. 

Priest, g. M. 1991. Training a diabetic drill (Mandrillus leucophaeus) to 
accept insulin injections and venipuncture. Lab. Prim. News. 30:1–5.



Herpetological Review 43(3), 2012

heRpetOcultuRe     435

raMirez, K. 1999. Animal training: Successful animal management 
through positive reinforcement. Shedd Aquarium, Chicago, Illi-
nois. 578 pp.

reinHardt, v. 2003. Working with rather than against macaques dur-
ing blood collection. J. Appl. Anim. Welfare Sci. 6:189–197.

seyMour, r. s., a. F. Bennett, and d. F. BradFord. 1985. Blood gas tensions 
and acid-base regulation in the salt-water crocodile, Crocodylus po-
rosus, at rest and after exhaustive exercise. J. Exp. Biol. 118:143–159.

trutnau, L., and r. soMMerLand. 2006. Crocodilians. Their Natural 
History and Captive Husbandry. Edition Chimaira, Frankfurt am 
Main, Germany. 570 pp.

Weiss, e., and s. WiLson. 2003. The use of classical and operant con-
ditioning in training Aldabra tortoises (Geochelone gigantea) for 
venipuncture and other husbandry issues. J. Appl. Anim. Welfare 
Sci. 6:33–38.

Wise, M. 1994. Techniques for the capture and restraint of captive 
crocodilians. In J. B. Murphy, K. Adler, and J. T. Collins (eds.), Con-
servation Management of Amphibians and Reptiles, pp. 401–405. 
SSAR Contribution to Herpetology 11, Ithaca, New York.

Herpetological Review, 2012, 43(3), 435–437.
© 2012 by Society for the Study of Amphibians and Reptiles

captive breeding and husbandry of Scinax perpusillus at  
São paulo zoo: preliminary Action for ex situ conservation  
of Scinax alcatraz (Anura: hylidae)
 Scinax alcatraz (Lutz 1973) is a member of the perpusillus 
group (family Hylidae), which is characterized by species with 
a life cycle restricted to bromeliads (Peixoto 1987). This species 
is endemic to Ilha dos Alcatrazes off the coast of São Paulo, Bra-
zil, and is listed as “Critically Endangered” by the International 
Union for  Conservation of Nature (IUCN) Red List (Rodrigues 
and Cruz 2004). Due to a limited natural range (135 ha), S. alca-
traz is susceptible to threats that can easily decimate the popu-
lation, such as natural disasters or the introduction of new dis-
eases or predators. For this reason the establishment of an ex situ 
breeding program, as well as maintaining a viable population in 
captivity, has been deemed necessary (IUCN 2002; Zippel and 
Mendelson 2008). Moreover, what intensifies the urgency of this 
conservation program is the historical use of Ilha dos Alcatrazes 
as an artillery target by Brazilian Navy (Bataus and Reis 2011).
 Scinax alcatraz has never been maintained in captivity, so for 
that reason, we conducted a pilot study utilizing Scinax perpu-
sillus as a surrogate (Fig. 1). This species is common in Brazil’s 
mainland Atlantic forest and has a similar ecology to S. alcatraz 
(Alves-Silva and Silva 2009). Herein we present techniques uti-
lized at São Paulo Zoo to maintain and reproduce S. perpusillus 
successfully in captivity as a precursor to establishment of an ex 
situ population of the endangered S. alcatraz.
 Specimen Acquisition and Husbandry.—In March 2009, three 
adult males, one adult female, and six larvae of Scinax perpu-
sillus were collected at Boraceia Biological Station (23.6333°S, 
45.8667°W) (Cavarzere et al. 2010) in an area with abundant 
bromeliads. They were transferred to an isolation room (Pessier 
and Mendelson 2010) at São Paulo Zoo facilities, where they un-
derwent a quarantine period of five months for observation and 
clinical exams. Following the quarantine period, this facility was 
used to house this group permanently. 
 Adult S. perpusillus were maintained in glass enclosures 
measuring 70 cm x 30 cm x 45 cm with screen covers and no sub-
strate. One or two water dishes measuring 10 cm wide x 3 cm 
deep were placed in the enclosures. UVB lighting was provided 
with the use of a single 14 watt Exo Terra® Repti Glo 2.0 Compact 
Fluorescent bulb fixture in each enclosure. A 9 h on and 15 h off 
daily light cycle was maintained. 
 Initially, live potted bromeliads were used to offer a natural-
istic micro-habitat. However, monitoring of eggs proved difficult 

when they were deposited in the phytotelmata of the bromeli-
ads. For this reason, all bromeliads were replaced by Dracaena 
sp., which have broad leaves similar to bromeliads. These plants 
simulate the usual calling sites of males, but do not accumulate 
water. Small black plastic cups measuring 3 cm in diameter and 
5 cm in depth were placed in the tanks to serve as replacements 
for phytotelmata (Fig. 2). 
 Because São Paulo Zoo facilities are located within the natu-
ral range of S. perpusillus, no additional heat sources were pro-
vided. Temperatures were maintained from 11.5°C–27.1°C, with 
a 20.1°C median temperature. The enclosures were manually 
misted once or twice daily. The ambient humidity ranged from 
54–99%, with an 86.37% median.
 Adults were offered newly hatched crickets (Gryllus sp.) dust-
ed with Repashy Superfoods Calcium Plus ICB® vitamins twice 
weekly. The food was provided directly on the aquarium floor or, 
when the floor was inundated, crickets were offered in a glass 
dish to prevent drowning.
 Breeding.—Initially, the four adults were divided into two en-
closures: one housing a male/female pair and the other hous-
ing two males.  On 1 December 2009, all were placed into the 
same enclosure. After 10 days an ultra-sonic fogger was used to 
increase the nighttime humidity (Fig. 3). It was turned on three 
times weekly, for about 10 hours each night, until the first two 
breeding events on 22 January 2010 (50 eggs) and 10 February 
2010 (77 eggs). Following these breeding events two of the wild-
collected adult males died, however it was not possible to iden-
tify the reasons on necropsy. Three adults (gender unknown) 
that initially were collected as tadpoles were introduced into the 
enclosure, bringing the population number to 1.1.3. 
 The fogger was utilized again from September–November 
2010, with the same frequency of the first time. During this pe-
riod, eggs were obtained on 29 September (N = 30), 28 October 
(N = 4), and 18 November (N = 46).  
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For the first 28 months, oviposition only occurred during periods 
when the fogger was operating, although calling and amplexus 
were still observed without it. The main oviposition site was not 
in the small black cups as expected, but in water collected on 
the bottom of the enclosure (Fig. 4). Sometimes eggs were not 
deposited in water, but instead on leaf surfaces, enclosure walls, 

and even on the screened cover. These eggs failed to develop and 
quickly desiccated. Eggs were typically in clusters of 3–4, but iso-
lated single eggs and clusters of 8 eggs were also observed.
 After the first five breeding events, the fogger was no longer 
used, with the intention to repeat the process the following sum-
mer. However, three clutches were obtained without the use of 

Fig. 1. Adult Scinax perpusillus at Boracéia Biological Station. 

Fig. 2. Small black cups utilized as an attempt to serve as replace-
ments for phytotelmata.

Fig. 4. Eggs deposited in the decanted water produced by the fogger. 

Fig. 6. Tadpole during tail absorption period.Fig. 3. Fogger being utilized at the enclosure.

Fig. 5. Tadpole maintenance.
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the fogger on 15 July 2011 (18 eggs), 01 August (32 eggs) and 11 
August 2011 (18 eggs). In each of these three events eggs were 
deposited in the water dishes. 
 All eggs were maintained in the enclosure until hatching, 
which took from 6–8 days post-oviposition. From a total of 275 
eggs, 114 tadpoles hatched (Table 1). 
 Nearly all eggs were laid by the original wild-collected adult 
female. It was not observed which animal produced the 29 Sep-
tember 2010, 15 July 2011 and 11 August 2011 clutches. The 28 
October 2010 clutch was laid by one of the individuals that was 
originally collected as a tadpole in March 2009 and that complet-
ed metamorphosis in April 2009. 
 Care of Tadpoles, Metamorphs, and Juveniles.—Upon hatch-
ing, tadpoles of S. perpusillus measured approximately 20–23 
mm SVL and 58–76 mm TL. They were housed individually in 
plastic cups measuring 4 cm in diameter and 7 cm in depth (Fig. 
5) or communally in a glass enclosure with dimensions of 30 
cm x 20 cm x 20 cm. Each enclosure type was filled to a depth of 
2–4 cm with mineral water and no substrate. Alcon® Spirulina 
Flakes were mixed with water and offered daily each morning 
with any leftover food removed and water changed completely 
each afternoon. 
 Upon emergence of all four limbs, metamorphosing tad-
poles were transferred to a water dish with a small stone (Fig. 6) 
housed within a 30 cm x 20 cm x 20 cm enclosure with a screened 
cover. No substrate was provided and no food was offered dur-
ing the tail absorption period, which took 4–7 days. Time from 
hatching to metamorphosis ranged from 65–93 days (median of 
76.05 days), however two individuals took 143 and 244 days to 
complete metamorphosis. We believe this slower development 
was due to lower temperatures experienced in the facility with 
the onset of winter, which the minimum temperature recorded 
was 11.5°C. According to Ultsch et al (1999), lower tempera-
tures resulted in slower developmental rates and longer times to 
metamorphosis. Upon completion of metamorphosis, juveniles 
were maintained in groups of three or four individuals in similar 
enclosures to the one described above. Newly hatched crickets 
were offered daily dusted with Repashy Superfoods Calcium Plus 
ICB® vitamins. Post-metamorphic S. perpusillus measured ap-
proximately 107–123 mm SVL. 
 It was deemed essential to add a shelter (in this case a pot-
ted plant) to the enclosure housing post-metamorphic frogs, be-
cause it was observed that without this, the animals tried to hide 
in unusual places  (between the cover and the wall) and eventu-
ally died because they were trapped. 
 Conclusions and Implications for Conservation.—The high 
humidity produced by the fogger initially appeared to stimu-
late breeding activity for our captive population, as observed 
by Alves-Silva and Silva (2009) in nature, but was unnecessary 
after a period in captivity. Despite being a bromeliad-dwelling 
species, that specific oviposition site was not essential in captive 
breeding once the animals found a viable site that replaced the 
bromeliads, which was the water collected on the bottom of the 

enclosure. This substitute site for egg deposition was important 
to this project because it enabled us to observe and gain control 
of the clutches, which is very difficult to do in natural brome-
liads. Such observational capabilities and access to the eggs is 
important for an ex situ conservation program. 
 The husbandry and reproduction of Scinax perpusillus has 
proven successful in this pilot study. The skills acquired during 
this process (2 years and 6 months) can now be applied to the 
threatened species, Scinax alcatraz. When time allows, using a 
surrogate species to learn husbandry techniques which can later 
be applied to more threatened species is a beneficial course of 
action. 
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Gagliardo from Amphibian Ark for encouraging ex situ amphibian 
conservation initiatives in Brazil and the IUCN Amphibian Specialist 
Group for funding to initiate this project. Joe Mendelson and Robert 
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taBLe 1. Representation of clutches.

 Clutch 1 Clutch 2 Clutch 3 Clutch 4 Clutch 5 Clutch 6 Clutch 7 Clutch 8 Total
 22 Jan 2010 10 Feb 2010 29 Sep 2010  28 Oct 2010 18 Nov 10 15 Jul 2011 02 Aug 2011 12 Aug 2011

Eggs per clutch 50 77 30 4 46 18 32 18 275

Tadpoles hatched 16 17 0 1 34 11 26 9 114

Metamorphosed frogs 9 11 0 0 27 8 16 8 79
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cAudAtA – SAlAmAndeRS

AMPHIUMA MEANS (Two-toed Amphiuma). USA: VIRGINIA: 
dinWiddie Co.: Petersburg National Battlefield (PETE), Five Forks 
Battlefield, 6.4 km SW Sutherland (37.153581°N, 77.614917°W, 
WGS 84). 26 August 2003. J. C. Mitchell, C. T. Georgel, E. J. 
Lathum, C. A. d’Orgeix, J. D. Jeffries, and T. Blumenshine. Veri-
fied by Kenneth L. Krysko. Florida Museum of Natural History 
(FLMNH 167184). New county record. Extends the range of Am-
phiuma means into the Piedmont Physiographic Province ap-
proximately 17 km W of the Fall Line (Mitchell and Reay 1999. 
Atlas of Amphibians and Reptiles in Virginia. Virginia Dept. of 
Game and Inland Fisheries, Richmond, Virginia. Spec. Publ. 1. 
122 pp.). Six individuals were caught with minnow traps and re-
leased in a heavily vegetated beaver pond. 
 Field work was supported by a contract from the National 
Park Service and conducted by permits from the NPS (PETE-
2002-SCI-003). 

JOSeph c. mitchell, P.o. Box 2520, high Springs, florida 32655, 
uSa; e-mail: dr.joe.mitchell@gmail.com.

NOTOPHTHALMUS VIRIDESCENS (Eastern Newt). USA: 
INDIANA: duBois Co.: Ferdinand State Forest: (38.25047°N, 
86.74758°W; NAD 83). 22 February 2012. Sarabeth Klueh and 
Jason Mirtl. Verified by Chris Phillips, Illinois Natural History 
Survey (INHS 2012f). New county record (Minton 2001. Am-
phibians and Reptiles of Indiana. 2nd ed., revised. Indiana Acad-
emy of Science. vii-404 pp.). Martin Co.: Martin State Forest: 
(38.69599°N, 86.72240°W; NAD 83). 21 February 2012. Sarabeth 
Klueh and Jason Mirtl. Verified by Chris Phillips, Illinois Natural 
History Survey (INHS 2012b). New county record. (Minton 2001, 
op. cit.). 

SARAbeth klueh (e-mail: sklueh@dnr.in.gov) and JASOn miRtl, 
Wildlife diversity Section, indiana department of natural resources division 
of fish and Wildlife, 553 e. miller drive, Bloomington, indiana 47401, uSa.

PSEUDOEURYCEA MAXIMA (Southern Giant Salamander). 
MÉXICO: GUERRERO: MuniCiPaLity oF MaLinaLtePeC: Ejido Tres 
Marias (17.126583°N, 98.695111°W;  WGS 84), 2331 m elev. 16 June 
2006. Uri Omar García-Vázquez. MZFC 23207. Ejido Tres Marias 
(17.125722°N, 98.698028°W; WGS 84), 2255 m elev. 16 June 2006. 
Uri Omar García-Vázquez and Itzel Durán-Fuentes. MZFC 23173, 
23206. First records for Guerrero and new elevational expansion, 
extending its know distribution ca. 87.02 km (airline) NW from 
the type locality at 6 km S of Putla de Guerrero, Oaxaca (Parra-
Olea et al. 2005. Herpetologica 61:145–158). The salamanders 
were found under fallen tree trunks in pine-oak forest.

uRi OmAR GARcíA-vÁzquez (e-mail: urigarcia@gmail.com) and it-
zel duRÁn-fuenteS, museo de zoología, facultad de Ciencias, unam, 
a. P. 70-399, méxico d.f. 04510, méxico. 

SIREN INTERMEDIA (Lesser Siren). USA: LOUISIANA: aCadia 
ParisH: Maxie area, Long Point Gully, 0.8 mi W jct. Hwy 13 and 
Hwy 98 (30.3275°N, 92.4140°W; no datum available). 16 March 
2012. Jeremy Puissegur. Verified by Jeff Boundy. Louisiana State 
University Eunice Vertebrate Collection (LSUE 3546). New parish 
record. This record fills the gap between Allen and Cameron par-
ishes, as mapped by Dundee and Rossman (1989. The Amphib-
ians and Reptiles of Louisiana. Louisiana St. Univ. Press, Baton 
Rouge. 300 pp.). Single specimen recovered from a fish trap in 
Long Point Gully baited with dry dog food. 

AveRy A. WilliAmS, division of Sciences and mathematics, loui-
siana State university eunice, eunice, louisiana 70535, uSa; e-mail: awil-
liam@lsue.edu. 

AnuRA — fROGS

ANAXYRUS AMERICANUS (American Toad). USA: TENNESSEE: 
Maury Co.: Chickasaw Trace about 150 m N of the bridge that en-
ters the park (35.6351079°N, 87.0695661°W; WSG 84). 19 March 
2012. Nicole Foster and Michele Dillashaw. Verified by A. Floyd 
Scott. Austin Peay State University (APSUMZ 19206). New county 
record (Scott and Redmond 2008 [latest update: 08 November 
2011]. Atlas of Amphibians in Tennessee. The Center for Field Biol-
ogy, Austin Peay State University, Clarksville, Tennessee. Available 
at http://apsu.edu/amatlas/; accessed 19 March 2012). Found in 
the woods about 10 m from shallow stream.

nicOle fOSteR, department of Science math and Technology, Co-
lumbia State Community College, Columbia, Tennessee 38401, uSa (e-
mail: nfoster2@Columbiastate.edu); michele dillAShAW, nashville 
State Community College, nashville, Tennessee, 37209, uSa (e-mail: mdil-
lash@my.nscc.edu). 

CRAUGASTOR TARAHUMARAENSIS (Tarahumara Barking 
Frog). MÉXICO: SONORA: MuniCiPio BaCadéHuaCHi: Sierra de 
Bacadéhuachi, Rincón de Guadalupe, 16.5 km (by air) ENE of 
Bacadéhuachi, Arroyo Campo los Padres (Río Riito drainage). 
(29.844219°N, 108.977005°W; NAD27), 1680 m elev.  31 July 2011. 
George M. Ferguson, Dale Turner, Stephen F. Hale, and Robert 
Villa. Verified by Tom Van Devender. UAZ 57337-PSV. New munic-
ipality record and northernmost locality in the state, extending 
the range ca. 163 km (airline) N of the vicinity of Mesa del Cam-
panero, Municipality of Yecora (Enderson et al. 2009. Check List 
5:632Δ—672), and ca. 197 km (airline) NNW of the closest known 
site in Chihuahua from the vicinity of Basaseachi and Ocampo 
(UAZ 57338-PSV, 47237).  The frog was found during early evening 
after a thunderstorm near a pool of water in pine-oak forest. 

GeORGe m. feRGuSOn, department of ecology and evolutionary 
Biology, The university of arizona, Tucson, arizona 85721, uSa (e-mail: 
georgef@email.arizona.edu); dAle tuRneR, The nature Conservancy, 
1510 east fort lowell road, Tucson, arizona 85719, uSa; Stephen f. 
hAle, ecoPlan associates, inc. 701 W. Southern avenue, Suite 203, mesa, 
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arizona 85210, uSa; RObeRt villA, Tucson herpetological Society, P.o. 
Box 709 Tucson, arizona 85702, uSa (e-mail: cascabel1985@gmail.com); 
chip hedGcOck, department of neuroscience, The university of ari-
zona, Tucson, arizona 85721, uSa; eRik f. endeRSOn, drylands institute, 
PmB 405 2509 north Campbell avenue, Tucson, arizona  85719, uSa (e-
mail: erikenderson@msn.com). 

ELEUTHERODACTYLUS CYSTIGNATHOIDES (Rio Grande 
Chirping Frog). USA: LOUISIANA: CaLCasieu ParisH: Moss Bluff, 
Woodland Hills Drive area (30.3125°N, 93.1817°W; no datum 
available). 14 April 2012. Avery A. Williams, Avery J. Williams, and 
Kirk Manuel. Verified by Jeff Boundy. Louisiana State University 
Eunice Vertebrate Collection (LSUE 3547). New parish record 
(Dundee and Rossman 1989. The Amphibians and Reptiles of 
Louisiana. Louisiana St. Univ. Press, Baton Rouge. 300 pp.). Sin-
gle male collected from a chorus calling from a wooded area of 
dense thicket and briar. This species was presumably introduced 
to the area (Beck and Dobbs 2008. Herpetol. Rev. 39:105; Hardy 
2004. Southwest. Nat. 49:263–268).

AveRy A. WilliAmS (e-mail:awilliam@lsue.edu), AveRy J. Wil-
liAmS, and kiRk mAnuel, division of Sciences and mathematics, louisi-
ana State university eunice, eunice, louisiana, 70535, uSa.

ELEUTHERODACTYLUS CYSTIGNATHOIDES (Rio Grande 
Chirping Frog). USA: TEXAS: BastroP Co.: 146 Kaupo, Tahitian 
Village, Bastrop (30.084767°N, 97.2843167°W; WGS84; elev. 128 
m). 19 June 2012. Jake Jackson, G. Lappert, M. R. J. Forstner, J. R. 
Dixon. Verified by Toby J. Hibbits. Texas A&M University, Texas 
Cooperative Wildlife Collection (TCWC 95609). New county re-
cord (Dixon 2000. Amphibians and Reptiles of Texas. 2nd ed. Tex-
as A&M University Press, College Station, Texas. 421 pp.). An in-
dividual of this species was also detected by audio chorus survey 
for the first time in Bastrop County on 29 March 2012, 5 km ESE 
(30°03.93150N, 97°13.96386W) of the collection location above. 
Such chorus surveys have been conducted for Bastrop County in 
the area of the two locations irregularly since 1995, but annually 
since 2002. We consider this to be evidence of new occurrence 
documenting the continued expansion of this taxon outside its 
normal distribution in Texas. This specimen was detected during 
biological monitoring of recovery efforts from the Bastrop Com-
plex Fire.

JAke JAckSOn (e- mail: jake.jj1161@gmail.com), and m.R.J. fORSt-
neR (e-mail: mf@txstate.edu), department of Biology, Texas State universi-
ty, 601 university drive, San marcos, Texas, 78666, uSa; JAmeS R. diXOn, 
department of Wildlife and fisheries Sciences, Texas a&m university, Col-
lege Station, Texas, 77843-2258, uSa.

ELEUTHERODACTYLUS JOHNSTONEI (Caribbean frog). 
COLOMBIA:  TOLIMA: muniCipality oF mariquita: 5.250623°N, 
74.916608°W (WGS 84), elev. 466 m. 6 July 2011 and 3 May 2012. 
C. M. Montes and M. H. Bernal. Colección Zoológica de la Uni-
versidad del Tolima, Ibagué, Tolima, Colombia (CZA-UT 1259, 
1260). Frogs were found in residential areas, calling from veg-
etation of house gardens. Verified by M. Vejarano. This species 
is originally from the Lesser Antilles and known from the islands 
of St. Martin, Saba, St. Eustatius, St. Christopher, Nevis, Guade-
loupe, Montserrat, Martinique, Bequia, Anguilla, St. Lucia, St. 
Vincent, Barbados, Grenada, Mustique, Canouan, Carriacou, 
and introduced on Trinidad, Jamaica, Bermuda, Dominica, Ven-
ezuela, Panama, Colombia, Costa Rica, Curaçao, Guyana, coastal 
French Guiana, and likely on coastal Surinam (Frost 2011. Am-
phibian Species of the World: an Online Reference. Version 5.5. 

Electronic database accessible at http://research.amnh.org/vz/
herpetology/amphibia, accessed 9 May 2012; American Muse-
um of Natural History, New York). In Colombia, it has been re-
ported in the cities of Barranquilla (Ruiz et al. 1997. Rev. Acad. 
Colomb. Cienc. 20:365-415), Cali (Kaiser et al. 2002. Herpetol. 
Rev 33:290–294), and Bucaramanga (Ortega et al. 2001. Herpe-
tol. Rev 32:269), and now a fourth known locality for this species 
is reported, which is between Cali and Bucaramanga (575.8 km 
in straight line). As in the other Colombian cities, E. johnstonei 
was introduced for people who wanted to have this species in 
their gardens. According to Orlando Velásquez (forest guard from 
Mariquita), this species was brought from Barranquilla in 1980. 
The straight line distance from the new record, Mariquita, to Cali 
is 270 km (SW), Bucaramanga 291 km (NE), and Barranquilla 625 
km (N). 

clAudiA mARSelA mOnteS (e-mail: cmmontesr@ut.edu.co) and 
mAnuel heRnAndO beRnAl (e-mail: mhbernal@ut.edu.co), grupo de 
herpetología, eco-fisiología & etología, universidad del Tolima, Colombia, 
Calle 42 Barrio Santa elena, ibagué, Colombia.

ELEUTHERODACTYLUS PLANIROSTRIS (Greenhouse Frog). 
USA: FLORIDA: giLCHrist Co.: Trenton, 250 m NNE from the inter-
section of SE 25th Ave. and SE 100th St. (29.594233°N, 82.763778°W; 
WGS84). 2 February 2010. Cody G. Godwin. Verified by Kenneth 
L. Krysko. Florida Museum of Natural History (UF 157499). New 
county record (Krysko et al. 2011. Atlas of Amphibians and Rep-
tiles in Florida. Final report, Florida Fish and Wildlife Conserva-
tion Commission, Tallahassee. 524 pp.). Found in a hole in a Live 
Oak (Quercus virginiana) approximately 3.6 m above ground.

cOdy d. GOdWin, university of florida, gainesville, florida, 32606, 
uSa; e-mail: codydg1dwin@ufl.edu. 

ELEUTHERODACTYLUS VERRUCIPES (Bigear Chirping 
Frog). MÉXICO: GUANAJUATO: MuniCiPaLity oF san FeLiPe: Sier-
ra de Lobos, 25 km NE of León de los Aldama (21.318886°N, 
101.556811°W; WGS84), 2514 m elev. 20 June 2010. Rubén Alonso 
Carbajal Marquez, José Carlos Arenas Monroy, Christoph I. Grün-
wald, and Jason M. Jones. Verified by John D. Lynch. Colección de 
Vertebrados, Colección de Zoología, Universidad Autónoma de 
Aguascalientes (CVCZUAA 0342). First record for the state, ex-
tending the known distributional range for the species ca. 195 
km (airline) NW from 3.5 km S of San Juan del Río, Querétaro 
(Lynch 1970. Univ. Kansas Publ. Mus. Natl. Hist. 20:1–45). The 
specimen was found under a rock on a rocky hillside covered by 
oak savanna.

JOSÉ cARlOS ARenAS-mOnROy, universidad autónoma de aguas-
calientes, Ciudad universitaria, C. P. 20100, aguascalientes, aguascalientes, 
méxico (e-mail: jca_exe@yahoo.com.mx); RubÉn AlOnSO cARbAJAl-
mÁRquez, Centro de investigaciones Biológicas del noroeste, C. P. 23090, 
la Paz, Baja California Sur, méxico; chRiStiAn mARtin GARcíA-bAl-
deRAS, universidad autónoma de aguascalientes, Ciudad universitaria, 
C. P. 20100, aguascalientes, aguascalientes, méxico; chRiStOph i. GRÜn-
WAld, Carretera Chapala-Jocotepec oriente #57-1, Col. Centro, C. P. 45920, 
ajijic, Jalisco, méxico; JASOn m. JOneS, 16310 avenida florencia, Poway, 
California 92064, uSa.

FEJERVARYA ASMATI (Bangladeshi Cricket Frog). BANGLA-
DESH: DHAKA DISTRICT: University of Dhaka, Curzon Hall, 
Botanical Gardens (23.727711°N, 90.402622°E, WGS 84; 17.4 
m elev.). 4 May 2012. Collected by Md. Abdur Razzaque Sarker. 
Adult male and female (MHLB-FA03 and MHLB-FA04) depos-
ited in Museum of Herpetology Laboratory, Ichamati College, 
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Dinajpur, Bangladesh, also Kazi Zaker Hossain Zoological Mu-
seum, Department of Zoology, University of Dhaka, Bangladesh. 
Verified by Mohammad Sajid Ali Howlader. First record from 
Dhaka District, Bangladesh. Species described from Chittagong, 
Bangladesh (Howlader 2011. Zootaxa 2761:41–50), and also re-
corded from Nilphamari (Sarker 2011. Herpetol. Rev. 42:562). 
Current population < 200 km N of type locality. Adults collected 
on grassland. Habitat includes Cynodon dactylon plantations, in 
addition to Cocos nucifera, Lawsonia inermis, and Eichhornia sp.

md. AbduR RAzzAque SARkeR, herpetology laboratory’ Bangla-
desh, Society for research and development; house no. 28/5, Shonatan-
gar, Jigatola, dhanmondi, dhaka 1209, Bangladesh and department of zo-
ology, university of dhaka, dhaka, Bangladesh (e-mail: razzaqsciencebd@
gmail.com); pAnkOJ kumAR dAS (e-mail: pankojdas52@yahoo.com), 
and SuJOn kundu (e-mail: sujonkundu@gmail.com), department of zo-
ology, university of dhaka, dhaka, Bangladesh.

FEJERVARYA TERAIENSIS (Terai Cricket Frog). BANGLADESH: 
DHAKA DISTRICT. Sher-e- Bangla Agriculture University Cam-
pus (23.770853°N, 90.378167°E, 13.4 m elev.; datum WGS 84). 19 
June 2012. Collected by Md. Abdur Razzaque Sarker. Two adult 
males (MHLB-FT01, FT02), deposited in Museum of Herpetol-
ogy Laboratory, Ichamati College, Dinajpur, Bangladesh, also 
deposited in Kazi Zaker Hossain Zoological Museum, Depart-
ment Of Zoology at University of Dhaka, Bangladesh. Verified 
by Mohammad Sajid Ali Howlader. First record from Dhaka Dis-
trict, Bangladesh, and previously recorded from Chittagong (Ha-
thazari), Cox’s Bazaar (Himchari), Noakhali (Hatia Island), and 
Barisal (Sundargaon) southeastern Bangladesh (Rasel et al. 2007. 
Bannoprani- Bangladesh Wildl. Bull. 4:1–2). Current population 
< 7 km N of Dhaka and > 203 km NW of Chittagong (Hathazari), 
< 309 km NW of Cox’s Bazaar (Himchari), < 137 km NW of No-
akhali (Hatia Island), and < 377 km N of Barisal (Sundargaon). 
Adults collected beside paddy fields. Habitat includes Cynodon 
dactylon plantations.

md. AbduR RAzzAque SARkeR, herpetology laboratory Bangla-
desh, Society for research and development, house no. 28/5, Shonatan-
gar, Jigatola, dhanmondi, dhaka 1209, Bangladesh; and department of 
zoology, university of dhaka, dhaka 1000, Bangladesh; e-mail: razzaq-
sciencebd@gmail.com.

HYLA FEMORALIS (Pine Woods Treefrog). USA: VIRGINIA: din-
Widdie Co.: Petersburg National Battlefield (PETE), Five Forks Bat-
tlefield, 8.1 km SW Sutherland (37.14065°N, 77.62038°W, WGS 84). 
10 June 2003. J. C. Mitchell, C. T. Georgel, and E. J. Lathum. Verified 
by Kenneth Krysko. Florida Museum of Natural History (FLMNH 
167183). New county record; 20.4 km SSW of the nearest locality in 
Chesterfield Co. Extends the range of H. femoralis approximately 
16 km W of the Fall Line into the Piedmont Physiographic Prov-
ince (Mitchell and Reay 1999. Atlas of Amphibians and Reptiles in 
Virginia. Virginia Dept. of Game and Inland Fisheries, Richmond, 
Virginia. Spec. Publ. 1. 122 pp.). Three individuals calling in a ver-
nal pool in a mixed Loblolly Pine and hardwoods forest. 
 Field work was supported by a contract from the National 
Park Service and conducted by permits from the NPS (PETE-
2002-SCI-003). 

JOSeph c. mitchell, P.o. Box 2520, high Springs, florida 32655, 
uSa; e-mail: dr.joe.mitchell@gmail.com.

HYPSIBOAS CURUPI. BRAZIL: RIO GRANDE DO SUL: MuniCiPaL-
ity oF sertão: Parque Natural Municipal de Sertão (28.045665°S, 
52.214153°W, datum WGS84), 650 m elev. 14 December 2010. N. 

Zanella. Verified by Paulo C. A. Garcia. Coleção de Anfíbios da Uni-
versidade de Passo Fundo, Instituto de Ciências Biológicas, Uni-
versidade de Passo Fundo, Passo Fundo, Rio Grande do Sul, Brazil 
(CAUPF 2616, 2617, collected in mixed ombrophilous forest frag-
ment in the middle plateau region). Previously known from Misio-
nes, Argentina (Garcia et al. 2007. Copeia 2007:933–951), Paraguay 
(Brusqueti and Lavilla 2008. Check List 4[2]:145), Parque do Turvo, 
municipality of Derrubadas, Rio Grande do Sul (Iop et al. 2009. 
Check List 5[4]:860–862), and São Miguel do Oeste, Caxambú do 
Sul, Ponte Serrada and Concórdia, Santa Catarina (Lucas and Gar-
cia 2011. Check List 7[1]:13–16). Extends range ca. 193 km E from 
Derrubadas, Rio Grande do Sul and ca. 85 km S from Concórdia, 
Santa Catarina, Brazil, the closest previous records.

nOeli zAnellA (e-mail: zanella@upf.br); leOnARdO de SOuzA 
mAchAdO (e-mail: leonardo_machado@hotmail.com.br), and cARmen 
SilviA buSin (e-mail: carmen@upf.br), instituto de Ciências Biológicas, 
universidade de Passo fundo, Campus i, Bairro São José, Passo fundo, rio 
grande do Sul, 99001-970, Brazil.

INGERANA TENASSERIMENSIS (Tenasserim Eastern Frog). 
THAILAND: CHIANG MAI PROVINCE: oM Koi distriCt: Mae Tuen 
Subdistrict, Ban Si Bare, Doi Nu La (17.572222°N, 98.352777°E; 
1283 m elev.; datum WGS 84). THNHM 16981–16982. Y. Ch-
uaynkern and S. Makchai. 15 February 2010. Verified by Michael 
Cota. From small stream by day, hiding under gravel. First pro-
vincial record for Chiang Mai Province, ca. 300 km N of previ-
ous nearest locality (Thong Pha Phum District, Kanchanaburi; 
Khonsue et al. 2006. Amphibians of Western Thong Pha Phum. 
Biodiversity Research and Training Program, Bangkok. 64 pp.). 
Previously known from southern and western parts of Thailand, 
from Kanchanaburi, Nakhon Sri Thammarat, Phuket, Ratcha-
buri and Trang provinces (Chan-ard et al. 2011. The Amphibians 
of the Eastern Region, with a Checklist of Thailand. National Sci-
ence Museum, Pathum Thani. 160 pp.).

yOdchAiy chuAynkeRn (e-mail: ychuaynkern@yahoo.com); OR-
RAthAi SimnGAm (e-mail: orrathai555@hotmail.com); and SunchAi 
mAkchAi (e-mail: sunchai@nsm.or.th), Thailand natural history museum, 
national Science museum, Technopolis, khlong 5, khlong luang, Pathum 
Thani 12120 Thailand; chAntip chuAynkeRn, department of Biology, 
faculty of Science, khon kaen university, muang, khon kaen 40002, Thai-
land (e-mail: ichant@kku.ac.th); and pRAteep duenGkAe, department 
of forest Biology, faculty of forestry, kasetsart university, Jatujak, Bang-
kok 10900, Thailand, and Center for advanced Studies in Tropical natural 
resource, kasetsart university, Jatujak, Bangkok, Thailand (e-mail: prateep.
du@ku.ac.th).

LITHOBATES PALUSTRIS (Pickerel Frog). USA: TENNES-
SEE: davidson Co.: Tennessee Amphibian Monitoring Program 
(TAMP) Warner Parks, Burch Reserve East Stop 1, (36.06643°N, 
86.90338°W; WGS84). 21 March 2012. Kim Bailey. Verified by A. 
Floyd Scott. Austin Peay State University Museum of Zoology 
(APSU 19216 Audio). New county record (Redmond and Scott 
1996. Atlas of Amphibians in Tennessee. Misc. Publ. No. 12, The 
Center for Field Biology, Austin Peay State University, Clarksville, 
Tennessee. 94 pp. Hard copy and Internet versions, the latter 
[http://www.apsu.edu/amatlas/] accessed 31 December 2011). 

kim bAiley, 114 Pembroke ave., nashville, Tennessee 37205, uSa; e-
mail: kim.Bailey@nashville.gov.

LITHOBATES (= RANA) SPHENOCEPHALUS UTRICULARIUS 
(Southern Leopard Frog). USA: KANSAS: Lyon Co.: County  
Road 170, approximately 6.6 km E of Emporia (38.404933oN, 
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96.077000oW; WGS 84). 03 February 2012. Greg Sievert and An-
drew W. Coleman. Verified by Curtis J. Schmidt. Sternberg Muse-
um of Natural History, Fort Hays State University (FHSM 16382). 
New county record (Collins 2010. Amphibians, Reptiles, and Tur-
tles in Kansas. Sternberg Museum of Natural History, Fort Hays 
State University, Hays, Kansas. 312 pp.) Extends known range 
approximately 35 km W of the nearest known locality in Coffey 
Co. Specimen was crossing the road on rainy night. The south 
side of Road 170 is primarily agricultural, but the northern side 
is interspersed with lightly wooded areas with numerous small 
ephemeral pools. A second specimen (FHSM 163383) was also 
found in Lyon Co. Both specimens were collected under a State 
of Kansas Wildlife Collecting Permit (SC-094-2012).

GReG SieveRt (e-mail: gsievert@emporia.edu), and AndReW W. 
cOlemAn, department of Biological Sciences, emporia State university, 
emporia, kansas, 66801, uSa (e-mail: acolema1@emporia.edu).

LITHOBATES SYLVATICUS (Wood Frog). USA: WISCONSIN: 
green LaKe Co.: Princeton: White River Marsh State Wildlife Area: 
White River Road: ~2.7 miles NE of junction with County Road 
D (43.91216°N, 89.08668°W; WGS 84). 23 May 2012. Collected by 
Courtney H. Neumeyer and Stephanie C. Verjinski. UWSP 4231. 
Verified by Erik R. Wild. New county record (Casper 1996. Geo-
graphic Distributions of Amphibians and Reptiles of Wisconsin. 
Milwaukee Publ. Mus., Milwaukee, Wisconsin. 87 pp.). Other 
observations were made (UWSP Herp Photos 0159–0160). Fills a 
gap in the center of the range of the species in Wisconsin. Speci-
men collected under Wisconsin Department of Natural Resourc-
es Permit SCP-131-WCR-C-11.

cOuRtney h. neumeyeR (e-mail: Courtney.h.neumeyer@uwsp.
edu) and StephAnie c. veRJinSki, department of Biology, university 
of Wisconsin-Stevens Point, Stevens Point, Wisconsin 54481, uSa; (e-mail: 
Stephanie.C.verjinski@uwsp.edu).

PSEUDACRIS CRUCIFER (Spring Peeper). USA: ARKANSAS: Mis-
sissiPPi Co.: Blytheville at Elmwood Cemetery, N. Division and W. 
Willow Street (35.933565°N, 89.920067°W, WGS 84). 22 April 2012. 
H. W. Robison. Verified by S. E. Trauth. Arkansas State University 
Museum of Zoology, Herpetological Collection (ASUMZ 32126). 
New county record. Partially fills gap in northeastern Mississippi 
Alluvial Plain (Bottomlands Subdivision) east of previous record 
in Craighead Co. (Trauth et al. 2004. Amphibians and Reptiles of 
Arkansas. Univ. Arkansas Press, Fayetteville. 421 pp.). 

henRy W. RObiSOn, department of Biology, Southern arkansas uni-
versity, magnolia, arkansas 71754, uSa (e-mail: hwrobison@yahoo.com); 
chRiS t. mcAlliSteR, Science and mathematics division, eastern okla-
homa State College, 2805 ne lincoln road, idabel, oklahoma 74745, uSa 
(e-mail: cmcallister@se.edu).

PSEUDACRIS CRUCIFER (Spring Peeper). USA: ILLINOIS: Kane 
Co.: LeRoy Oaks Forest Preserve (41.927855°N, 88.346591°W; 
WGS 84) 3.5 km WSW of St Charles. 3 April 2012. T. G. Anton 
and M. J. Ignoffo. FMNH 281687. Verified by Alan Resetar. Single 
adult male of a large chorus collected at edge of small pond near 
access road. New county record (Phillips et al. 1999. Field Guide 
to Amphibians and Reptiles of Illinois. Illinois Natural History 
Survey, Urbana, Illinois. 282 pp.). This species had been heard 
calling from several localities in east-central Kane Co., but not 
documented with a photo or voucher specimen. Specimen col-
lected under Illinois Department of Natural Resources Scientific 
Collecting Permit A12.0132, with funding provided by the Forest 
Preserve District of Kane County.

thOmAS G. AntOn, division of amphibians and reptiles, The field 
museum, roosevelt road at lakeshore drive, Chicago, illinois 60614, uSa 
(e-mail tomanton@comcast.net); WilliAm h. GRASeR, forest Preserve 
district of kane County, 1996 South kirk road, Suite 320, geneva, illinois 
60134, uSa.

RHINELLA AZARAI (Azara’s Granulated Toad). BRAZIL: MATO 
GROSSO DO SUL: MuniCiPaLity oF Porto MurtinHo: Serra da Bodo-
quena National Park (21.214500°S, 56.766000°W; datum WGS 
84). 9 September 2005. Collected by F. L. Souza, M. Uetanabaro, 
and P. Landgref-Filho. Coleção Zoológica de Referência da Uni-
versidade Federal de Mato Grosso do Sul, Campo Grande, Mato 
Grosso do Sul, Brazil (ZUFMS AMP1188). Verified by P. Narvaes. 
Rhinella azarai exhibits a restricted geographical distribution 
in Argentina (Provincia Misiones), Paraguay, and Brazil (south-
west of Mato Grosso do Sul state) (Narvaes and Rodrigues 2009. 
Arq. Zool., S. Paulo 40[1]:1–73) associated with Chaco lowlands, 
with only two records outside this region (municipalities of Bela 
Vista and Maracajú, Mato Grosso do Sul state, Brazil; Narvaes 
and Rodrigues 2009, op. cit.). The present record extends the 
species distribution ca. 100 km N from municipality of Bela Vista 
(22.108296°S, 56.533480°W) and 170 km W from municipality of 
Maracajú (21.633333°S, 55.150000°W). 

JOSÉ luiz mASSAO m. SuGAi, Programa de Pós graduação em eco-
logia e Conservação, universidade federal de mato grosso do Sul, 79070-
900, Campo grande, mS, Brazil (e-mail: jlmassao@gmail.com); fRAncO 
leAndRO SOuzA, Centro de Ciências Biológicas e da Saúde, universi-
dade federal de mato grosso do Sul, CeP 79070-900 Campo grande, mS, 
Brazil (e-mail: franco.souza@ufms.br); mASAO uetAnAbARO (e-mail: 
masao.uetanabaro@gmail.com) and pAulO lAndGRef filhO (e-mail: 
paulograf@yahoo.com.br).

teStudineS – tuRtleS

APALONE MUTICA (Midland Smooth Softshell). USA: MIS-
SOURI: Livingston Co.: approx. 1.25 mi. SSW Chillicothe (U.S. 
Hwy 36) on Hwy 65, in Grand River (39.755047°N, 93.559124°W, 
WGS 84; elev. 205 m). 12 July 1977. Brian Hubbs. Los Angeles 
County Museum photo voucher LACM PC 1547. Verified by 
Neftali Camacho. New county record (Johnson 1997. The Am-
phibians and Reptiles of Missouri. Missouri Dept. of Conserva-
tion, Jefferson City, Missouri. 368 pp.; Missouri Herpetological 
Atlas Project. http://atlas.moherp.org/taxon/?Apalone_mutica; 
accessed 4 February 2012). The juvenile turtle was seen burying 
itself in sand at river’s edge.

bRiAn hubbS, P.o. BX 26407, Tempe, arizona 85285, uSa; e-mail: tri-
colorbrian@hotmail.com.

GRAPTEMYS GEOGRAPHICA (Northern Map Turtle). USA: IL-
LINOIS: Kane Co.: 50 m S of junction of Bolz and Williams Rd., 2.6 
km NW Carpentersville (42.139271°N, 88.277043°W; WGS 84). 4 
August 2011. Road-killed female collected by Matthew J. Ignoffo. 
FMNH 282759. Verified by Alan Resetar. Photos of another live 
nesting female at Les Arends Forest Preserve on the Fox River 
taken 3 June 2011 are on file with the Forest Preserve District of 
Kane County. New county record (Phillips et al. 1999. Field Guide 
to Amphibians and Reptiles of Illinois. Illinois Natural History 
Survey, Urbana, Illinois. 282 pp.) and northernmost record for 
the Fox River watershed. This species is regularly observed on 
the Fox River, but no photos showing diagnostic characters or 
voucher specimens had been collected to date. Specimen sal-
vaged under Illinois Department of Natural Resources Scientific 
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Collecting Permit A11.0132, with funding provided by the Forest 
Preserve District of Kane County.

thOmAS G. AntOn, division of amphibians and reptiles, The field 
museum, roosevelt road at lakeshore drive, Chicago, illinois 60614, uSa 
(e-mail tomanton@comcast.net); WilliAm h. GRASeR, forest Preserve 
district of kane County, 1996 South kirk road, Suite 320, geneva, illinois 
60134, uSa.

GRAPTEMYS PSEUDOGEOGRAPHICA kOHNII (Mississippi 
Map Turtle). USA: FLORIDA: giLCHrist Co.: Santa Fe River, 525 
m downstream from Rum Island (29.832739°N, 82.683775°W, 
WGS84; elev. 7 m). 4 May 2012. Gerald R. Johnston. Verified 
by Kenneth L. Krysko. Florida Museum of Natural History (UF 
167052). New county record (Krysko et al. 2011. Atlas of Amphib-
ians and Reptiles in Florida. Final report, Florida Fish and Wild-
life Conservation Commission, Tallahassee. 524 pp.). Female 
(straight midline carapace length = 176 mm, straight midline 
plastron length = 154 mm, mass = 687 g) captured by hand at 
1300 h while snorkeling along southern shore of Santa Fe River. 
The abundance of algae on the carapace (90% of surface area) 
suggests this is not a recently released captive.
 This is the second reported occurrence of G. p. kohnii in the 
Santa Fe River. Kail et al. (2011. Herpetol. Rev. 42:389) previously 
reported a female 3.4 km upstream in Alachua Co. This non-in-
digenous turtle may be in the early phase of an introduction that 
requires monitoring. In northern Florida, G. p. kohnii is com-
monly sold in pet stores and may replace the Red-eared Slider 
(Trachemys scripta elegans) as the frequently released non-indig-
enous pet turtle. Given its omnivorous diet and the similarity of 
the Santa Fe River to its native habitat in the lower Mississippi 
River drainage, G. p. kohnii could potentially thrive in the Santa 
Fe River. 

GeRAld R. JOhnStOn, department of natural Sciences, Santa fe 
College, gainesville, florida 32606, uSa (e-mail: jerry.johnston@sfcollege.
edu); JOSeph c. mitchell, P.o. Box 2520, high Springs, florida 32655, 
uSa (e-mail: dr.joe.mitchell@gmail.com); AuStin cAve (e-mail: cavediv-
er17@yahoo.com) and AdRienne dRennen (e-mail: adrenn1@gmail.
com), Santa fe College, gainesville, florida 32606, uSa; cOdy GOdWin, 
university of florida, gainesville, florida 32611, uSa (e-mail: codydg-
1dwin@ufl.edu).

kINOSTERNON SUBRUBRUM (Eastern Mud Turtle). USA: TEN-
NESSEE: MarsHaLL Co.: Chapel Hill, Moss Road (35.664579°N, 
86.753983°W; WGS84). 29 April 2012. Daniel Moss. Verified by A. 
Floyd Scott. David H. Snyder Museum of Zoology, Austin Peay 
State University (APSU 19222 color photographic voucher). New 
county record (Scott and Redmond 2008 [latest update: 16 May 
2012]. Atlas of Reptiles in Tennessee. Center for Field Biology, 
Austin Peay State University, Clarksville, Tennessee. Available at 
http://apsu.edu/reptatlas/; accessed 22 May 2012). Adult female 
observed near farm pond.

e. dAniel mOSS (e-mail: dmoss5@earthlink.net) and chinG li 
WAnG, 1028 iron Workers rd, Clarksville, Tennessee 37043, uSa.

MESOCLEMMYS GIBBA (Gibba Turtle). BRAZIL: RONDONIA: 
muniCipality oF ji-paraná: 10.1166°S, 61.9000°W (SAD69). Col-
lected in Jaru Biological Reserve, in a permanent tributary of the 
Machado River, in a baited hoop trap. 22 January 2009. E. S. de 
Brito, C. Strüssmann, M. T. Pignati. Coleção Zoológica de Verte-
brados do Instituto de Biociências da Universidade Federal de 
Mato Grosso, Cuiabá, Mato Grosso, Brazil (UFMT 9849). Verified 
by R. A. Kawashita Ribeiro. The species occurs in northern Brazil 

(states of Acre, Amazonas, Mato Grosso, Pará, and Tocantins), 
Colombia, Venezuela, eastern Ecuador, Peru, the Guianas, and 
on the island of Trinidad (Mittermeier et al. 1978. Herpetologi-
ca 34:94–100; Pavan and Dixo 2004. Humanitas 4–6:13–30; Vogt 
2008. Amazon Turtles. Biblos, Lima, Peru. 104 pp.; Avila–Pires et 
al. 2010. Bol. Mus. Para. Emílio Goeldi Cienc. Nat. 5[1]:13–112; 
Bernarde et al. 2011. Biota Neotrop. 11[3]:117–144; Brito et al. 
2012. Check List 8[2]:294–297). It is also found in Surinam (Me-
dem 1973. Salamandra 9:91–98). First state record. The nearest 
locality record to the east is about 276 km in Aripuanã, state of 
Mato Grosso, Brazil (Brito et al., op. cit.), and the nearest locality 
record to the southwest is about 811 km away in Cuzco Amazoni-
co Reserve, Peru (Duellman and Sallas 1991. Occ. Pap. Mus. Nat. 
Hist. Univ. Kansas 143:1–13).

elizÂnGelA SilvA de bRitO (e-mail: esbbr@yahoo.com.br) and cA-
milA kuRzmAnn fAGundeS, Programa de Pós-graduação em Biologia 
de Água doce e Pesca interior, instituto nacional de Pesquisas da amazônia, 
av. andré araújo, 2936, aleixo, manaus, amazonas, CeP 69060-001, Brazil (e-
mail: milakurzmann@yahoo.com.br); chRiStine StRÜSSmAnn, departa-
mento de Ciências Básicas e Produção animal, faculdade de agronomia, 
medicina veterinária e zootecnia, universidade federal de mato grosso, 
av. fernando Correia da Costa, 2367, Boa esperança, Cuiabá, mato grosso, 
CeP 78060-900, Brazil (e-mail: eunectes@terra.com.br); mARinA teÓfilO 
piGnAti, universidade federal do amapá, rod. Juscelino kubitschek, km 
02, Jardim marco zero, macapá, amapá, CeP 68902-280, Brazil (e-mail: mari-
nateofilo@yahoo.com.br); RichARd cARl vOGt instituto nacional de 
Pesquisas da amazônia, av. andré araújo, 2936, aleixo, manaus, amazonas, 
CeP 69060-001, Brazil (e-mail: vogt@inpa.gov.br).

PSEUDEMYS CONCINNA CONCINNA (Eastern River Cooter). 
USA: GEORGIA: JeFF davis Co.: 14.4 km NE Hazlehurst, Altamaha 
River at Bullard Creek Wildlife Management Area, 0.45 km S of 
Half Moon Landing (31.955318°N, 82.479412°W; NAD 83). 2 May 
2012. Josh Parker and Dirk Stevenson. Verified by John B. Jensen 
and Kenneth L. Krysko. University of Florida Museum of Natu-
ral History Herpetology collection (UF 166975, photo vouchers). 
New county record. Adult female found in Altamaha River.
 MontgoMery Co.: 13.9 km NE Hazlehurst, Altamaha River 
at Bullard Creek Wildlife Management Area, 0.53 km W of Half 
Moon Landing (31.956993°N, 82.486680°W, NAD 83). 2 May 
2012. J. Parker and D. Stevenson. Verified by John B. Jensen and 
Kenneth L. Krysko. University of Florida Museum of Natural His-
tory Herpetology collection (UF 166976, photo vouchers). New 
county record. Adult male found in Altamaha River.
 tattnaLL Co: 13.0 km SW Glennville, Big Hammock Wildlife 
Management Area, County Rte. 441, 0.29 km S of Watermelon 
Creek (31.846497°N, 82.016726°W, NAD 83). 25 March 2011. D. 
Stevenson. Verified by John B. Jensen and Kenneth L. Krysko. 
(UF 166978, photo voucher). Hatchling found alive-on-road. A 
second specimen (UF 166977 photo vouchers) was also found in 
Tattnall Co. 
 teLFair Co: 3.4 km SW Lumber City, Ocmulgee River at McRae 
Landing Road (31.903882°N, 82.699379°W, NAD 83). 3 July 2011. 
D. Stevenson.Verified by John B. Jensen and Lance D. McBray-
er. Georgia Southern University Herpetology collection (GSU 
24476, photo vouchers). New county record. Adult female found 
in Ocmulgee River. 
 The mainstem of the Altamaha River originates in the middle 
Coastal Plain of Georgia at the confluence of the Oconee River 
and the Ocmulgee River, which are Piedmont drainages. A ma-
jor Atlantic Coastal Plain waterway and a slow-moving alluvial 
stream, the Altamaha River flows undammed 219 km from its 



Herpetological Review 43(3), 2012

GeOGRAphic diStRibutiOn    443

origin to the coast, where it empties into the Atlantic Ocean at 
Darien, Georgia. Despite recognition as an international biore-
serve, the Altamaha River’s herpetofauna has never been system-
atically inventoried. With respect to Georgia drainages, recent 
species accounts for the stream-inhabiting Pseudemys concinna 
concinna have included the Coastal Plain portion of the Savan-
nah, Ogeechee, and Ohoopee Rivers (the latter an Altamaha 
River tributary) within the distribution of P. c. concinna, but have 
either not mapped the Altamaha River as within the suspected/
putative range (Ward and Jackson 2008. In A. J. G. Rhodin et al. 
[eds.], Conservation Biology of Freshwater Turtles and Tortoises: 
A Compilation Project of the IUCN/SSC Tortoise and Freshwater 
Turtle Specialist Group. Chelonian Research Monographs No. 5, 
Chelonian Research Foundation), or have mapped but a single 
record for the Altamaha River proper (Williamson and Moulis 
1994. Distribution of Amphibians and Reptiles in Georgia, Vol. 
2, Locality Data, Savannah Science Museum, Savannah, Georgia; 
Jensen et al. 2008. Amphibians and Reptiles of Georgia. Univer-
sity of Georgia Press, Athens. 575 pp. [specimen (Auburn Univer-
sity Museum 2185) from McIntosh Co., Georgia, 1.6 km upstream 
of Fort Barrington]).
 Our P. c. concinna records herein supplement a recently pub-
lished record for the lower Oconee River (Laurens Co., Georgia; 
Jensen et al. [2011. Herpetol. Rev. 42:250–255]) and include re-
cords from the lower Ocmulgee River and from the upper and 
middle sections of the Altamaha River mainstem. These records 
confirm the contemporary presence of P. c. concinna in the 
Coastal Plain section of the Altamaha River proper. Additionally, 
over the last eight years DJS has commonly observed moderate 
numbers of basking P. c. cf. concinna (of all size classes) scattered 
along the lower Ocmulgee River and the entire mainstem of the 
Altamaha River as far south as Fort Barrington, McIntosh Co., 
Georgia. 
 We thank John Jensen for reviewing the manuscript.

diRk J. StevenSOn, The orianne Society, indigo Snake initiative, 
414 Club drive, hinesville, georgia 31313, uSa (e-mail: dstevenson@ori-
annesociety.org); JOSh pARkeR, Clayton State university, department of 
natural Sciences, 2000 Clayton State Blvd., morrow, georgia 30260, uSa 
(e-mail: midgetfaded@snakedr.net); mARk p. WAllAce, SR., 784 kelsall 
drive, richmond hill, georgia 31324, uSa.

PSEUDEMYS NELSONI (Florida Red-bellied Cooter). USA: 
FLORIDA: Leon Co.: Lake Leon, Tom Brown Park, Tallahassee 
(30.4420°N, 84.2140°W, WGS84). 26 February 2011 and subse-
quent dates (below). Dale R. Jackson and Ghislaine C. Guyot. Ver-
ified by Kenneth L. Krysko. Florida Museum of Natural History, 
photographic voucher UF 167181. Lake Leon is a locally popular 
recreational site where wildlife, especially aquatic turtles, is read-
ily observed within a few meters from a boardwalk that traverses 
the lake’s shallow western end. The 1.76-ha eutrophic pond is an 
impoundment of a small stream that continues 1.15 km below 
the dam to the moderately large (767 ha) Lake Lafayette, a shal-
low lake-marsh-swamp basin. The natural emydid fauna of this 
and other area lakes consists of Trachemys s. scripta, Pseudemys 
floridana, and occasionally Deirochelys reticularia.
 On 26 February 2011, we observed a small male (ca. 200 mm 
CL) P. nelsoni (UF 167181) with developed secondary sex char-
acters (elongated foreclaws, enlarged tail) basking and subse-
quently feeding within a mixed group of turtles that included 
multiple Apalone ferox, T. s. scripta, and T. s. elegans. On 15–18 
March and 14–16 September 2011, this foraging group also in-
cluded a presumably immature female P. nelsoni (ca. 230 mm, 

vs. 280 mm for small mature females: Jackson 2006. In P. A. Mey-
lan [ed.], Biology and Conservation of Florida Turtles, pp. 313–
324. Chelonian Research Monographs 3) as well as one each of 
P. c. concinna, P. f. floridana, and Chrysemys picta bellii. The P. 
nelsoni, P. concinna, T. s. elegans, and C. picta clearly represent 
released animals stemming from the pet trade. Both P. nelsoni 
were still present 21 April 2012 following a winter pond resto-
ration project that removed tons of dredged sediment. Because 
the pond minimally supports at least one pair of P. nelsoni, and 
turtles potentially can access Lake Lafayette and the adjacent St. 
Marks River system simply by traveling downstream, it is impor-
tant to record this occurrence.
 Long regarded with uncertainty, the validity of P. nelsoni’s 
patchy occurrence in the Florida Panhandle has been confirmed 
(Jackson 2006, ibid.). However, there remains an undocumented, 
ca. 200-km gap that encompasses most of the area between the 
Suwannee and Apalachicola rivers (eastern Panhandle). Previ-
ous reports and purported specimens from within this gap all are 
vague or problematic. USNM 95765 (Lake Iamonia, Leon Co.) was 
based on incorrect association of a shell of P. nelsoni with a skull 
of P. floridana (Jackson 2006, ibid.); Pritchard’s 1980 (Chelono-
logica 1:113–123) statement that the species is common in Leon 
Co. between Tallahassee and St. Marks National Wildlife Refuge 
to the south (Wakulla Co.) was not specimen-based but stemmed 
from an anecdotal report almost certainly based on misidentifi-
cation; and the single remaining specimen (CRI-1455, formerly 
PCHP-1140, the record sized specimen described in Pritchard 
1980, ibid.; identity confirmed by us from photographs provided 
courtesy of Tim Walsh), though purportedly collected in 1979 
west of Tallahassee, Leon Co., is of unauthenticated origin and 
hence suspect. The Lake Leon record provides solid evidence of 
the occurrence, based on presumably released animals, of P. nel-
soni within this multi-county area.

dAle R. JAckSOn, florida natural areas inventory, florida State uni-
versity, 1018 Thomasville road, Suite 200-C, Tallahassee, florida 32303, 
uSa (e-mail: drjackson@admin.fsu.edu); GhiSlAine c. GuyOt, keiser 
university, 1700 halstead Boulevard, Tallahassee, florida 32309, uSa (e-
mail: gjackson@keiseruniversity.edu).

STERNOTHERUS ODORATUS (Eastern Musk Turtle). USA: IN-
DIANA: PiKe Co.: Patoka Township: 38.37329°N, 87.30590°W; 
NAD 83). 1 June 2009. Lindsey Landowski. Verified by Chris Phil-
lips. Illinois Natural History Survey (INHS 2012c). New county 
record (Minton 2001. Amphibians and Reptiles of Indiana. 2nd 
ed., revised. Indiana Academy of Science. vii + 404 pp.). 

SARAbeth klueh, Wildlife diversity Section, indiana department of 
natural resources, division of fish and Wildlife, 553 e. miller drive, Bloom-
ington, indiana 47401, uSa (e-mail: sklueh@dnr.in.gov); lindSey lAnd-
OWSki, uS fish and Wildlife Service, mingo national Wildlife refuge, 
24279 hwy 51, Puxico, missouri 63960, uSa (e-mail: lindsey_landowski@
fws.gov).

TERRAPENE CAROLINA (Eastern Box Turtle). USA: TENNES-
SEE: Maury Co.: Chickasaw Trace County Park on Santa Fe Pike 
at approximately trail mile 5 (35.6705604°N, 87.0894145°W; WGS 
84). 15 March 2012. Nicole Foster and Colleen Conway. Verified 
by A. Floyd Scott. Austin Peay State University (APSUMZ19204). 
New county record (Scott and Redmond 2008 [latest update: 08 
November 2011]. Atlas of Reptiles in Tennessee. The Center for 
Field Biology, Austin Peay State University, Clarksville, Tennes-
see. Available at http://apsu.edu/reptatlas/; accessed 15 March 
2012). On a small hill between two trails.
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nicOle fOSteR (e-mail: nfoster2@Columbiastate.edu) department 
of Science math and Technology, and cOlleen cOnWAy Columbia State 
Community College Columbia, Tennessee 38401, uSa (e-mail: cconway@
columbiastate.edu).

TERRAPENE CAROLINA TRIUNGUIS (Three-toed Box Turtle). 
USA: ARKANSAS: LinCoLn Co.: 7.8 km ESE Star City; AR State 
Hwy 293 (33.908656°N, 91.771477°W; WGS 84). 28 April 2012. 
M.B. Connior. Verified by S. E. Trauth. Arkansas State University 
Museum of Zoology Herpetology Collection (ASUMZ 32145). 
AOR. First county record filling a distributional gap between sur-
rounding Jefferson, Arkansas, Desha, and Drew counties (Trauth 
et al. 2004. The Amphibians and Reptiles of Arkansas. Univeristy 
of Arkansas Press, Fayetteville. 421pp.).

mAttheW b. cOnniOR, health and natural Sciences, South arkan-
sas Community College, 300 S. West avenue, el dorado, arkansas 71730, 
uSa; e-mail: mconnior@southark.edu.

SquAmAtA — lizARdS

ANOLIS BIPORCATUS (Neotropical Green Anole). MÉXICO: 
QUINTANA ROO: MuniCiPaLity oF BaCaLar: Instituto Nacional de In-
vestigaciones Forestales Agrícolas y Pecuarias, Sitio Experimental 
San Felipe Bacalar (SESFB), Zona 4 (18.784647°N, 88.485381°W; 
WGS 84), 37 m elev. 3 May 1993. Josué Barbosa-Heredia. Veri-
fied by J. Rogelio Cedeño-Vázquez. Herpetological collection of 
the Museum of Wildlife “Juan Nava Solorio” of SESFB, Quintana 
Roo (SESFB-H-109). New municipality record and second for the 
state, extending the known range ca. 61 km SW from the only pre-
vious state record, 17 km SE of Andrés Quintana Roo (Calderón-
Mandujano and Mora-Tembre 2004. Herpetol. Rev. 35:295–296). 
The adult male specimen was found in a seasonal forest.
  We thank J. Rogelio Cedeño-Vázquez and Jorge Ramírez-Sil-
va for assistance, and the staff of Sitio Experimental San Felipe 
Bacalar for logistics supporting project Mantenimiento de la In-
fraestructura de Investigación en la Colección de Fauna Silvestre 
de San Felipe Bacalar (652154A-SINCOPT).

 SeRGiO A. teRÁn-JuÁRez, instituto Tecnológico de Chetumal, av. 
insurgentes no. 330, a.P. 267, C.P. 77013, Chetumal, Quintana roo, méxico; 
teReSA AlfARO-ReynA, instituto nacional de investigaciones fores-
tales agrícolas y Pecuarias, Campo experimental Chetumal, C.P. 77000, 
Chetumal, Quintana roo, méxico (e-mail: alfaro.teresa@inifap.gob.mx); 
RAÚl G. cÁmARA-cAStillO, Benemérita universidad autónoma de 
Puebla, f.m.v. y z., C.P. 75482, Tecamachalco, Puebla, méxico; miGuel A. 
tun-XiS. instituto Tecnológico de Chetumal, av. insurgentes no. 330, a.P. 
267, C.P. 77013, Chetumal, Quintana roo, méxico.

ANOLIS SAGREI (Brown Anole). USA: TEXAS: aransas Co.: Rock-
port, Harbor Oaks (28.07855°N, 97.06405°W; WGS 84) and Rock-
port Country Club (28.08003°N, 97.05°W; WGS 84) neighbor-
hoods. 8 April 2012. Aaron R. Reed. Verified by Adam Cohen. 
Texas Natural History Collections (TNHC 85234, 85235). New 
county record (Dixon 2000. Amphibians and Reptiles of Texas, 2nd 
ed. Texas A&M University Press, College Station, Texas. 421 pp.).

AAROn R. Reed, 19 red Bud Trail, round rock, Texas 78665, uSa (e-
mail: aaronramon@gmail.com); tRAviS J. laduc, Texas natural history 
Collections, 10100 Burnet rd, PrC 176-r4000, The university of Texas at 
austin, austin, Texas 78758-4445, uSa.

ASPIDOSCELIS SEXLINEATA (Six-lined Racerunner). USA: 
ALABAMA: geneva Co.: Geneva State Forest Headquarters 
(31.11743°N, 86.16480°W; WGS 84). 29 April 2012. J. Newman, T. 

Robbins, and S. Graham. Verified by Craig Guyer. AUM AHAP-D 
505 (digital photograph file). New county record (Mount 1975. 
The Reptiles and Amphibians of Alabama. Auburn Printing Co., 
Auburn, Alabama. 171 pp.). 
 Funding for this research was provided by IOS-1051367 to T. 
Langkilde.

JilliAn c. neWmAn, department of Biology, northeastern univer-
sity, 413 mugar life Sciences, 360 huntington avenue, Boston, massachu-
setts 02115, uSa (e-mail: newman.ji@husky.neu.edu); tRAviS R. ROb-
binS (e mail: robbins.travis@gmail.com), and SeAn p. GRAhAm (e-mail: 
szg170@psu.edu), department of Biology, Pennsylvania State university, 
208 mueller laboratory, university Park, Pennsylvania 16802, uSa.

CNEMIDOPHORUS JALAPENSIS (Whiptail Lizard). BRAZIL: 
MATO GROSSO DO SUL: MuniCiPaLity oF Porto MurtinHo: MS-
467 road (22.147389°S, 57.547472°W; datum WGS84) and close 
to BR-267 road (21.723861°S, 57.447972°W; datum WGS84). 25 
March 2011. F. L. Souza and M. Uetanabaro. Coleção Zoológica 
de Referência da Universidade Federal de Mato Grosso do Sul, 
Campo Grande, Mato Grosso do Sul, Brazil (ZUFMS REP 2166, 
1320). Verified by G. R. Colli. Cnemidophorus jalapensis is a re-
cently described species known only from the Jalapão region 
(northern Cerrado), Tocantins state (Colli et al. 2009. Herpe-
tologica 65[3]:311–327; Recoder et al. 2011. Biota Neotrop. 
11[1]:263–282). This is the first species record outside the Jala-
pão region and extends its distribution ca. 1700 km southwest 
(10.3°S, 46.95°W; Colli et al. 2009, op. cit.). Both collected speci-
mens were associated with Chaco phytophysiognomy, with san-
dy and rocky soil, similar to the open cerrados of the type locality 
(Recoder et al. 2011, op. cit).

JOSÉ luiz mASSAO m. SuGAi, Programa de Pós graduação em eco-
logia e Conservação, universidade federal de mato grosso do Sul, 79070-
900, Campo grande, mS, Brazil (e-mail: jlmassao@gmail.com); fRAncO 
leAndRO SOuzA, Centro de Ciências Biológicas e da Saúde, universi-
dade federal de mato grosso do Sul, CeP 79070-900 Campo grande, mS, 
Brazil (e-mail: franco.souza@ufms.br); mASAO uetAnAbARO (e-mail: 
masao.uetanabaro@gmail.com) and pAulO lAndGRef filhO (e-mail: 
paulograf@yahoo.com.br).

COLOBOSAURA MODESTA. BRAZIL: CEARÁ: MuniCiPaL-
ity oF BarBaLHa: Floresta Nacional do Araripe (7.424°S, 39.296°W, 
WGS84; elev. 944 m). 2 August 2011. S. L. S. Muniz. Paleoherpeto-
logical and Herpetological Collection of the Laboratory of Herpe-
tology and Paleoherpetology of the Universidade Federal Rural 
de Pernambuco - UFRPE, Recife, Brazil (CHPUFRPE 955, 956). 
Verified by E. M. X. Freire. The species was known in the states of 
Minas Gerais (Morro da Garça: 18.542°S, 44.595°W, WGS84; type 
locality), Bahia, São Paulo, Goiás, Mato Grosso do Sul, Maran-
hão, Pará, and Ceará. Previous records from Ceará were from the 
northwestern (Borges-Nojosa and Caramaschi 2003. In Leal et al. 
[eds.], Ecologia e Conservação da Caatinga, pp. 463–505. Editora 
Universitária, Recife, Universidade Federal de Pernambuco) and 
western (Borges-Nojosa and Cascon 2005. In Araújo et al. [eds.], 
Suporte as Estratégias Regionais de Conservação, pp. 245–260. 
Ministério do Meio Ambiente. Editora Eduardo Freire, Brasí-
lia) parts of the state. New municipality record, increasing the 
known geographic distribution about 310 km E of Crateús city 
(Borges-Nojosa and Cascon, op. cit.), the nearest locality known.

SÉRGiO luiz dA SilvA muniz (e-mail: sergiomuniz86@gmail.com), 
eliAnA SOfiA fAJARdO veGA, leOnARdO dA SilvA chAveS, cA-
RinA cARneiRO de melO mOuRA, ednilzA mARAnhÃO dOS SAn-
tOS, and GeRAldO JORGe bARbOSA de mOuRA, universidade fed-
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eral rural de Pernambuco, ufrPe, Paleoherpetological and herpetological 
laboratory, rua dom manoel de medeiros, s/n, dois irmãos - CeP: 52171-
900 - recife/Pe , Brazil.

CORYTOPHANES CRISTATUS (Smooth-headed Helmeted 
Basilisk). MÉXICO: QUINTANA ROO: MuniCiPaLity oF BaCaLar: 
Instituto Nacional de Investigaciones Forestales Agrícolas y 
Pecuarias, Sitio Experimental San Felipe Bacalar (SESFB), Zona 
4 (18.802164°N, 88.489692°W; WGS 84), 30 m elev. 24 June 1988. 
Juan Nava-Solorio. Verified by J. Rogelio Cedeño-Vázquez. Her-
petological Collection of the Museum of Wildlife “Juan Nava 
Solorio” of SESFB, Quintana Roo (SESFB-H-126). This record ex-
tends the known range ca. 296 km S of Reserva El Eden and clos-
es the depicted gap between the northern and southern popula-
tions on the Yucatán Peninsula (Lee 1996. The Amphibians and 
Reptiles of the Yucatán Peninsula. Cornell Univ. Press, Ithaca, 
New York. xii + 500 pp.). The lizard was found in a seasonal forest. 
  We thank J. Rogelio Cedeño-Vázquez, Jorge Ramírez-Silva for 
assistance, and the staff of Sitio Experimental San Felipe Bacalar 
for logistics supporting the project Mantenimiento de la Infrae-
structura de Investigación en la Colección de Fauna Silvestre de 
San Felipe Bacalar (652154A-SINCOPT).

 eRGiO A. teRÁn-JuÁRez, instituto Tecnológico de Chetumal, av. 
insurgentes no. 330, a. P. 267, C.P. 77013, Chetumal, Quintana roo, méxico; 
teReSA AlfARO-ReynA, instituto nacional de investigaciones fores-
tales agrícolas y Pecuarias, Campo experimental Chetumal, C.P. 77000, 
Chetumal, Quintana roo, méxico (e-mail: alfaro.teresa@inifap.gob.mx); 
RAÚl G. cÁmARA-cAStillO, Benemérita universidad autónoma de 
Puebla, f.m.v. y z., C.P. 75482, Tecamachalco, Puebla, méxico; miGuel A. 
tun-XiS. instituto Tecnológico de Chetumal, av. insurgentes no. 330, a. P. 
267, C.P. 77013, Chetumal, Quintana roo, méxico.

EREMIAS INTERMEDIA (Medial Racerunner). IRAN: SEMNAN 
PROVINCE: 73 km SE of Delbar Field Station, near Ahmad Aabad 
village, Touran Biosphere Reserve (35.776771°N, 56.638698°E), 
966 m elev. 28 April 2012. Kamran Kamali. Aria Herpetological 
Studies Institute (ARIA0200, 0201: two adult males). Verified by 
Omid Mozaffari. Collected at 1100 h in sandy area with halophilic 
vegetation. Nearest reported localities along Iran-Afghan-Turk-
men border, 800 km E of previously published locality (Anderson 
1999. The Lizards of Iran. Society for the Study of Amphibians 
and Reptiles, Ithaca, New York. vii + 442 pp.). First record from 
Touran Biosphere Reserve as well as Semnan Province.

kAmRAn kAmAli, apt. #2, no.19, 7th alley, nima youshij St., Shahran 
Blvd., Tehran, iran, 14788-54818; e-mail: canis58@yahoo.com. 

HEMIDACTYLUS FRENATUS (Asian House Gecko). THAILAND: 
PHUKET PROVINCE: Ko Hay (Hay Island, also referred to as 
Coral Island; ca. 7.7333°N, 98.2667°E). 30 March 2012. O. S. G. 
Pauwels. Queen Saovabha Memorial Institute, Bangkok (QSMI 
1308). Verified by L. Chanhome. Adult male (SVL 49 mm, tail L 49 
mm, partly regenerated; 33 preanofemoral pores in a continuous 
series). Found active by day on boulders at edge between open 
secondary forest and beach, ca. 3 m elev., on northeasternmost 
part of island, along Banana Beach, 9 km off southeast coast of 
Phuket Island. First record for Ko Hay. Species previously record-
ed from nearby island of Phuket (Grossmann and Tillack 2001. 
Sauria 23:21–34). We thank Lawan Chanhome (QSMI) for work-
ing facilities.

OlivieR S. G. pAuWelS, département des vertébrés récents, institut 
royal des Sciences naturelles de Belgique, rue vautier 29, B-1000 Brussels, 
Belgium (e-mail: osgpauwels@yahoo.fr); mOntRi SumOnthA, ranong 

marine fisheries Station, 157 Saphanpla road, Paknam, muang, ranong 
85000, Thailand (e-mail: montri.sumontha@gmail.com).

HEMIDACTYLUS TURCICUS (Mediterranean Gecko). USA: 
GEORGIA: dougHerty Co.: 31.58472oN, 84.19737oW (WGS 84), 
elev. 62 m. 28 March 2012. Stephen C. Mitchell. Verified by John 
Jensen. UTADC 7492–7493. New county record (Jensen et al. 2008. 
Amphibians and Reptiles of Georgia. Univ. of Georgia Press, Ath-
ens. 575 pp.); previously documented in neighboring Baker Co. 
Hemidactylus turcicus is a non-native species that appears to be 
expanding its range in the state, although it seems to be restricted 
to urban areas. Multiple specimens were observed at ~2200 h on 
the side of a private residence, photographed, and left in situ. 

RObeRt l. hill, department of herpetology, zoo atlanta, atlanta, 
georgia 30315, uSa (e-mail: rhill@zooatlanta.org); Stephen c. mitch-
ell, 610 russell road, albany, georgia 31707, uSa.

HEMIDACTYLUS TURCICUS (Mediterranean Gecko). USA: 
TEXAS: Matagorda Co.: Two specimens (male and juvenile fe-
male) captured at the Clive Runnells Family Mad Island Marsh 
Preserve (28.645328°N, 96.103178°W; WGS 84). 28 April 2012. 
James R. Dixon. Verified by Toby Hibbits. Specimens deposited in 
the Texas Cooperative Wildlife Collection (TCWC 95597, 95598) 
at Texas A&M University − College Station. New county record 
(Dixon 2000. Amphibians and Reptiles of Texas. 2nd ed. Texas 
A&M Univ. Press, College Station. 421 pp.). The species was pre-
viously recorded in all surrounding counties: Jackson, Wharton, 
Brazoria, and Fort Bend (Dixon 2000, op. cit.).

ivAnA mAli, department of Biology, Texas State university-San mar-
cos, San marcos, Texas 78666, uSa (e-mail: im1040@txstate.edu); JAmeS R. 
diXOn, department of Wildlife and fisheries Sciences, Texas a&m univer-
sity, College Station, Texas 77843, uSa.

PHRYNOSOMA HERNANDESI HERNANDESI (Greater Short-
horned Lizard). USA: OREGON: MaLHeur Co.: Oregon Canyon 
Mountains, 0.4 km S of Mud Spring, upper Whitehorse Creek 
drainage (42.236442°N, 118.047632°W, NAD 83; elev. 2054 m). 15 
September 2011. A. St. John. Verified by Jens Vindum. California 
Academy of Sciences (CAS 249834). First vouchered specimen 
for this species in Oregon (Stebbins 2003. A Field Guide to West-
ern Reptiles and Amphibians. Houghton Mifflin Co., Boston, 
Massachusetts. 533 pp.; St. John 2002. Reptiles of the Northwest. 
Lone Pine Publishing, Renton, Washington. 272 pp.) Specimen 
was found basking on a dirt spur road along a SW slope below 
rimrocks. Habitat of sandy-pebbly soil with a mixed association 
of dense sagebrush, bitterbrush, rabbitbrush, bunchgrass, and 
patches of mountain mahogany
 Previously known in Oregon Canyon Mountains from casual 
observations during the late 1990s (D. Calvin); uncatalogued 
photographs taken during 2004 in Oregon Canyon Mountains 
and adjoining Trout Creek Mountains and Blue Mountain Pass 
(C. Tait); and genetic sampling verification in Trout Creek Moun-
tains during 2009 (A. Ambos and T. Jezkova).
 Nearest documented records are from the Santa Rosa Range, 
Nevada, 75 km to the SE (41.69°N, 117.51°W; NAD 83, Nevada 
Dept. of  Wildlife).

AlAn St. JOhn, 2132 nW Cascade view drive, Bend, oregon 97701, 
uSa (e-mail: stjohnnw@bendbroadband.com); dOuGlAS cAlvin, 
Branch of natural resources, Confederated Tribes of the Warm Springs 
reservation, P.o. Box 1345, Warm Springs, oregon 97761, uSa (e-mail: 
dcalvin@wstribes.org); cynthiA tAit, uSda forest Service, intermoun-
tain region, 324 25th Street, ogden, utah 84401, uSa (e-mail: ctait@fs.fed.
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us); AAROn AmbOS, Southern nevada Water authority, 100 City Parkway, 
las vegas, nevada 89106, uSa; teRezA JezkOvA, School of life Sciences, 
university of nevada las vegas, 4505 South Parkway, las vegas, nevada 
89154-4004, uSa (e-mail: jezkovat@unlv.nevada.edu).

PLESTIODON LATICEPS (Broad-headed Skink). USA: TENNES-
SEE: Maury Co.: Chickasaw Trace County Park on Santa Fe Pike at 
approximately trail mile 4.5 (35.66944°N, 87.09111°W; WGS84). 
28 March 2012. Nicole Foster and Colleen Conway. Verified by 
A. Floyd Scott. Austin Peay State University (APSUMZ 19214). 
New county record (Scott and Redmond 2008 [latest update: 07 
February 2012]. Atlas of Reptiles in Tennessee. The Center for 
Field Biology, Austin Peay State University, Clarksville, Tennes-
see. Available at http://apsu.edu/reptatlas/; accessed 28 March 
2012). Found under a fallen log in wooded region of the park.

nicOle fOSteR (e-mail: nfoster2@Columbiastate.edu), department 
of Science, math and Technology, and cOlleen cOnWAy, Columbia 
State Community College, Columbia, Tennessee 38401, uSa (e-mail: cco-
nway@columbiastate.edu). 

PLESTIODON OBSOLETUS (Great Plains Skink). USA: MIS-
SOURI: BuCHanan Co: Close to the junction of Commonwealth 
Drive and Commons Drive, near State Hwy A (39.71909°N, 
94.79218°W; WGS 84). 27 August 2011. Voucher photo placed in 
University of Kansas Herpetology Collection (KUDA 012253). 
Verified by Mark S. Mills. New county record (Johnson 2000. The 
Amphibians and Reptiles of Missouri, 2nd ed. Missouri Depart-
ment of Conservation, Jefferson City. 400 pp.). Partially fills gap 
in distribution in northwest Missouri. The adult male specimen 
was captured in a lumber yard and currently resides at MWSU.

leAh vOltmeR, missouri Western State university, department of Biol-
ogy, St. Joseph, missouri 64507, uSa; e-mail lvoltmer1@missouriwestern.edu.

SCELOPORUS LUNDELLI (Lundell’s Spiny Lizard). MÉXICO: 
QUINTANA ROO: MuniCiPaLity oF BaCaLar: Instituto Nacional 
de Investigaciones Forestales Agrícolas y Pecuarias, Sitio Ex-
perimental San Felipe Bacalar (SESFB), Zona 4, cuadrante 1 
(18.782442°N, 88.504444°W; WGS 84), 32 m elev. 18 June 1983. 
Juan Nava-Solorio. Verified by J. Rogelio Cedeño-Vázquez. Her-
petological collection of the Museum of Wildlife “Juan Nava Sol-
orio” of SESFB, Quintana Roo (SESFB-H-025). New municipal-
ity record, and third isolated locality for the state, extending its 
range ca. 249 km S and ca. 41 km W, respectively, from its closest 
known populations at Nuevo Xcan Village, Quintana Roo (Lee 
1996. The Amphibians and Reptiles of the Yucatán Peninsula. 
Cornell Univ. Press, Ithaca, New York. xii + 500 pp.) and Bahía de 
Chetumal (Cedeño-Vázquez et al. 2003. Herpetol. Rev. 34:393–
395). This record further closes the gap between the northern 
and southern populations on the Yucatán Peninsula. The lizard 
was found in tropical deciduous forest.
 We thank J. Rogelio Cedeño-Vázquez and Jorge Ramírez-Silva 
for assistance, and the staff of Sitio Experimental San Felipe Ba-
calar for logistics support as part of project Mantenimiento de la 
Infraestructura de Investigación en la Colección de Fauna Silves-
tre de San Felipe Bacalar (652154A-SINCOPT).

 SeRGiO A. teRÁn-JuÁRez, instituto Tecnológico de Chetumal, av. 
insurgentes no. 330, a.P. 267, C.P. 77013, Chetumal, Quintana roo, méxico; 
teReSA AlfARO-ReynA, instituto nacional de investigaciones fores-
tales agrícolas y Pecuarias, Campo experimental Chetumal, C.P. 77000, 
Chetumal, Quintana roo, méxico (e-mail: alfaro.teresa@inifap.gob.mx); 
RAÚl G. cÁmARA-cAStillO, Benemérita universidad autónoma de 
Puebla, f.m.v. y z., C.P. 75482, Tecamachalco, Puebla, méxico; miGuel A. 

tun-XiS, instituto Tecnológico de Chetumal, av. insurgentes no. 330, a.P. 
267, C.P. 77013, Chetumal, Quintana roo, méxico.

SCINCELLA LATERALIS (Little Brown Skink). USA: TENNES-
SEE: Maury Co.: Chickasaw Trace, 5 m N of the entrance bridge 
(35.6684040°N, 87.0806313°W; WGS 84). 20 March 2012. Nicole 
Foster and Michele Dillashaw. Verified by A. Floyd Scott. Aus-
tin Peay State University (APSUMZ 19209). New county record 
(Scott and Redmond 2008 [latest update: 01 November 2011]. At-
las of Reptiles in Tennessee. The Center for Field Biology, Austin 
Peay State University, Clarksville, Tennessee. Available at http://
apsu.edu/reptatlas/; accessed 21 March 2012). Found in wooded 
area next to a branch of the Duck River.

nicOle fOSteR, department of Science math and Technology, Co-
lumbia State Community College, Columbia, Tennessee 38401, uSa (e-
mail: nfoster2@Columbiastate.edu); michele dillAShAW, nashville 
State Community College, nashville, Tennessee 37209, uSa (e-mail: mdil-
lash@my.nscc.edu). 

STROBILURUS TORQUATUS (Amazon Lava Lizard). BRAZIL: BA-
HIA: MuniCiPaLity oF Mata de são João: Fazenda Nossa Senhora da 
Paz (12.46194444°S, 38.23361111°W, WGS 84; elev. 93 m). 01 May 
2011. M. S. Tinôco and others. Setor de Herpetologia, Coleção 
Herpetológica de Referência do Centro de Ecologia e Conserva-
ção Animal, Universidade Católica do Salvador, Salvador, Brazil 
(CHECOA 002609; survey license SISBIO Nº 23355-1; SVL = 69.6 
mm, TL = 62.1 mm, HL = 16.7 mm). The species was previously 
recorded from Pernambuco to Rio de Janeiro and Minas Gerais 
(Jackson 1978. Arq. Zool., S. Paulo 30[1]:1–79; Rodrigues et al. 
1989. Rev. Brasil. Genet. 12[4]:747–759); however, in Bahia it was 
only recorded from the southern portion of the state, concern-
ing Baixo Sul extension (Rodrigues et al. 1989, op. cit.). Two lizards 
were sighted resting on a trunk in an Atlantic rainforest fragment, 
only one lizard was captured. Range extension, filling the distribu-
tional gap in northeastern Brazil. The known records from Bahia 
state are from the municipalities of Itabuna and Ilhéus in south-
ern Bahia and the nearest northern record is in the municipality 
of São Miguel dos Campos in Alagoas state. Our record is located 
approximately 500 km NNE from Itabuna and Ilhéus and around 
450 km SW from São Miguel dos Campos. 

ÉRicA fOnSecA, Centro de ecologia e Conservação animal – eCoa, 
universidade Católica do Salvador – uCSal, avenida Prof. Pinto de agu-
iar, 2589, Pituaçu, 41740-090, Salvador, Bahia, Brazil (e-mail: biol.ericafon-
seca@yahoo.com.br); mOAciR SAntOS tinôcO, School of anthropology 
and Conservation, department of anthropology and Conservation - diCe, 
marlowe Building, the university of kent at Canterbury, kent, ct2 7nz, 
england (e-mail: mst8@kent.ac.uk); RicARdO mARqueS, universidade 
estadual de Santa Cruz – ueSC, Campus Soane nazaré de andrade, km 16 
rodovia ilhéus-itabuna, ilhéus, Bahia, Brazil (e-mail: rcdmarquess@gmail.
com); henRique cOlOmbini bROWne-RibeiRO, universidade federal 
da Bahia – ufBa, rua Barão de Jeremoabo, s/n, CeP 40.170-115, ondina, 
Salvador, Bahia, Brazil (e-mail: henriquebrowne@gmail.com); cecil peR-
GentinO fAzOlAtO, Centro de ecologia e Conservação animal – eCoa, 
universidade Católica do Salvador – uCSal, avenida Prof. Pinto de agu-
iar, 2589, Pituaçu, 41740-090, Salvador, Bahia, Brazil (e-mail: fazolato.cp@
gmail.com).

SquAmAtA — SnAkeS

AGkISTRODON PISCIVORUS (Cottonmouth). USA: FLORIDA: 
Bay Co.: 0.63 km E of Hwy 79 and Gumlock Cemetery Road in-
tersection in Pine Log State Forest (30.39001°N, 85.86674°W; 
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WGS84). 31 December 2006. Verified by Kenneth Krysko. Florida 
Museum of Natural History photo voucher (UF 167074). New 
county record. Fills a distributional gap in the Florida panhandle 
(Krysko et al. 2011. Atlas of Amphibians and Reptiles in Florida. 
Final report, Project Agreement 08013, Florida Fish and Wildlife 
Conservation Commission, Tallahassee, Florida. 524 pp.). Juve-
nile was captured in a funnel trap on the perimeter of an ephem-
eral wetland during drift fence studies by the Florida Fish and 
Wildlife Conservation Commission. 
 We thank Fred Robinette and Bethany Harvey for assistance 
in locating GIS data. 

kiRSten A. hecht-kARdASz, florida museum of natural history, 
university of florida, gainesville, florida 32611, uSa (e-mail: kirstenkar-
dasz@gmail.com); AndReA n. dRAyeR, eastern kentucky university, 
richmond, kentucky 40475, uSa (e-mail:andrea_drayer@mymail.eku.edu); 
JOhn G. himeS, florida fish and Wildlife Conservation Commission, Pan-
ama City, florida 32409, uSa (e-mail: john.himes@myfwc.com).

CARPHOPHIS AMOENUS (Eastern Wormsnake). USA: GEOR-
GIA: WHitFieLd Co.: Dalton State College Trail (34.77635°N, 
85.00620°W; WGS 84). 21 April 2012. C. Manis, D. DesRochers, 
and J. K. Adams. Dalton State College Museum of Natural His-
tory (DSC Digital Collection-R001). Verified by John Jensen. New 
county record (Jensen et al. [eds.] 2008. Amphibians and Rep-
tiles of Georgia. The University of Georgia Press, Athens. 575 pp.). 
One adult male captured during Dalton State College campus 
bioblitz survey.

 chRiS mAniS (e-mail: cmanis2@daltonstate.edu), dAvid deSRO-
cheRS, and JAmeS k. AdAmS, department of natural Sciences, dalton 
State College, 650 College drive, dalton, georgia 37020, uSa.

CARPHOPHIS AMOENUS (Eastern Wormsnake). USA: TEN-
NESSEE: MarsHaLL Co.: Henry Horton State Park along Hickory 
Ridge Trail, 11 m NNE of the Black Walnut information post 
(35.5932502°N, 86.7073202°W; WSG 84). 31 March 2012. Nicole 
Foster. Verified by A. Floyd Scott. Austin Peay State University 
(APSUMZ 19218). New county record (Scott and Redmond 2008 
[latest update: 08 November 2011]. Atlas of Reptiles in Tennes-
see. The Center for Field Biology, Austin Peay State University, 
Clarksville, Tennessee. Available at http://apsu.edu/reptatlas/; 
accessed 31 March 2012). Snake’s head had been crushed. 

nicOle fOSteR (e-mail: nfoster2@Columbiastate.edu), department 
of Science math and Technology, and lAuRA bROWn (e-mail: lbrown14@
Columbiastate.edu), Columbia State Community College, Columbia, Ten-
nessee 38401, uSa.

CARPHOPHIS VERMIS (Western Worm Snake). USA: AR-
KANSAS: HoWard Co.: 4.0 km NW of Athens off St. Hwy. 246 
(34.334294°N, 94.015288°W; WGS 84). 9 May 2012. H. W. Robison. 
Verified by S. E. Trauth. Arkansas State University Herpetologi-
cal Museum (ASUMZ 32155). New county record partially filling 
distributional gap among Hempstead and Polk counties (Trauth 
et al. 2004. Amphibians and Reptiles of Arkansas. Univ. Arkansas 
Press, Fayetteville. 421 pp.). 

henRy W. RObiSOn, department of Biology, Southern arkansas uni-
versity, magnolia, arkansas 71754, uSa (e-mail: hwrobison@yahoo.com); 
chRiS t. mcAlliSteR, Science and mathematics division, eastern okla-
homa State College, 2805 ne lincoln road, idabel, oklahoma 74745, uSa 
(e-mail: cmcallister@se.edu).

CLONOPHIS kIRTLANDII (Kirtland’s Snake). USA: TENNES-
SEE: Henry Co.: TN Hwy 69 at Terrapin Creek (Obion River 

drainage) just south of the TN/KY border (36.4986°N, 88.4900°W; 
NAD 84). 15 May 2009. Dave F. Frymire. Verified by Chris Gienger. 
David H. Snyder Museum of Zoology, Austin Peay State Univer-
sity (APSU 18970). Female (225 mm total length) found dead on 
a paved road after dark. Another specimen (subadult) was found 
in the same area on 2 June 2006 and released at the capture site. 
The specimen in the APSU Museum of Zoology represents the 
first specimen-vouchered record of the species from Tennessee 
(Scott and Redmond 2008. Atlas of Reptiles in Tennessee. The 
Center for Field Biology, Austin Peay State University, Clarksville, 
Tennessee. Available at http://apsu.edu/reptatlas/ [latest update 
16 May 2012; accessed 29 May 2012]). Extends the range south-
ward down the Terrapin Creek drainage into Henry Co., Tennes-
see. The nearest published locality for the species is in neigh-
boring Graves Co., Kentucky, where the first specimen from the 
Jackson Purchase was found in 1997 (Shupe and Zimmerer 1998. 
Herpetol. Rev. 29:53).

dAve fRymiRe, 1607 locust St., murray, kentucky 42071, uSa (e-mail: 
cheng_li_haung@yahoo.com); A. flOyd ScOtt, department of Biology 
and Center of excellence for field Biology, austin Peay State university, 
Clarksville, Tennessee 37044, uSa (e-mail: scotta@apsu.edu).

COLUBER CONSTRICTOR (North American Racer). USA: TEN-
NESSEE: MarsHaLL Co.: side yard of 1300 Chunn Road, Lewisburg 
37091 (35.6465110°N, 86.7733246°W; WSG 84). 21 March 2012. 
Michael Williams and Nicole Foster. Verified by A. Floyd Scott. 
Austin Peay State University (APSUMZ 19212). New county re-
cord (Scott and Redmond 2008 [latest update: 07 February 2012]. 
Atlas of Reptiles in Tennessee. The Center for Field Biology, 
Austin Peay State University, Clarksville, Tennessee. Available 
at http://apsu.edu/reptatlas/; accessed 21 March 2012). Found 
among fallen logs and old leaves.

michAel WilliAmS (e-mail: mwilliams35@Columbiastate.edu), and 
nicOle fOSteR (e-mail: nfoster2@Columbiastate.edu), department of 
Science, math and Technology, Columbia State Community College, Co-
lumbia, Tennessee 38401, uSa.

COLUBER FLAGELLUM FLAGELLUM (Eastern Coachwhip). 
USA: FLORIDA: osCeoLa Co.: northeast of Road 11 in the Three 
Lakes Wildlife Management Area (27.9936°N, 81.0663°W,  
WGS84). 5 December 2007. Ashleigh Blackford and Christina 
Hannon. Florida Museum of Natural History photographic 
voucher (UF 155696). Verified by Kevin M. Enge. New county re-
cord (Ashton and Ashton 1988. Handbook of Reptiles and Am-
phibians of Florida. Part One: The Snakes. Windward Publ., Mi-
ami, Florida. 176 pp.). Juvenile captured under a cover board in 
scrub habitat.

chRiStinA hAnnOn, florida fish and Wildlife Conservation Com-
mission, 1231 Prairie lakes road, kenansville, florida 34739, uSa; e-mail: 
tina.hannon@myfwc.com.

CONIOPHANES MICHOACANENSIS (Michoacán Black-Striped 
Snake). MÉXICO: GUERRERO: MuniCiPaLity oF ziHuataneJo: 7 km 
NE of Vallecitos (17.9432°N, 101.2802°W; WGS84), 800 m. elev. 27 
July 2008. William H. Mertz and Jackson Shedd. Verified by Eric 
N. Smith. UTADC 6909. First record for Guerrero, and only the 
second known sample of the species; the other being known 160 
km E at El Farito, Michoacán, the type locality (Flores-Villela and 
Smith 2009. Herpetologica 65:404–412). The snake was found in 
tropical deciduous forest. 

WilliAm h. meRtz, ave la Playa, Troncones, la union, guerrero, 
mexico 39270 (e-mail: Crotalus_mx@yahoo.com); JAckSOn d. Shedd, 
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The nature Conservancy, P.o. Box 1117, los molinos, California 96055, uSa 
(e-mail: jshedd@tnc.org); JAcObO ReyeS-velAScO, department of Bi-
ology, university of Texas at arlington, 501 S. nedderman dr., arlington, 
Texas 76019, uSa (e-mail: jacobo@crotalus.com); chRiStOph i. GRÜn-
WAld, Casa mexico real estate, ajijic Plaza #1, ajijic, Jalisco, mexico (e-
mail: cgruenwald@switaki.com).

CORALLUS HORTULANUS (Amazon Tree Boa). BRAZIL: BAHIA: 
MuniCiPaLity oF Lauro de Freitas: 12.88449167°S, 38.329575°W, WGS 
84; elev. 25 m). 15 September 2011. P. Amorin. Setor de Herpeto-
logia, Coleção Herpetológica de Referência do Centro de Ecologia 
e Conservação Animal, Universidade Católica do Salvador, Salva-
dor, Brazil (CHECOA 002801; survey license SISBIO Nº 23355-1; 
female, SVL = 1140 mm, TL = 310 mm, HL = 35.6 mm, 280 g). The 
species occurs in Costa Rica, Panama, Trinidad and Tobago, Gui-
anas, Venezuela, Colombia, Ecuador, Peru, and Bolivia. In Brazil 
it is distributed in Acre, Amazonia, Minas Gerais, São Paulo, Rio 
de Janeiro, Bahia, Alagoas, and Ceará (Argôlo 2004. As Serpentes 
dos Cacauais do Sudeste da Bahia. Editus, Ilhéus, Bahia. 260 pp.; 
Bernarde and Machado 2010. Herpetol. Rev. 41[1]:89; Bernarde et 
al. 2011. Biota Neotrop. 11[3]; Henderson 1997. Carib. J. Sci. 33[3-
4]:198–221; Martins and Molina 2008. In Machado [ed.], Livro 
Vermelho da Fauna Brasileira Ameaçada de Extinção, pp. 327–
334. Ministério do Meio Ambiente/Fundação Biodiversitas, v.2, 
Brasília/Belo Horizonte; Salles and Silva-Soares 2010. Biotemas 
23[2]:135–144; Silva et al. 2006. In Moura [ed.], A Mata Atlântica 
em Alagoas, pp. 65–76. Ed. Universidade Federal de Alagoas, Ma-
ceió). First record for Lauro de Freitas, filling the gap between Itu-
berá, southern Bahia (152 km SW) and Coruripe in Alagoas (400 
km NE).

RicARdO mARqueS, universidade estadual de Santa Cruz – ueSC, 
Campus Soane nazaré de andrade, km 16 rodovia ilhéus-itabuna, ilhéus, 
Bahia, Brazil (e-mail: rcdmarquess@gmail.com); henRique cOlOmbini 
bROWne-RibeiRO, universidade federal da Bahia – ufBa, rua Barão de 
Jeremoabo, s/n, CeP 40.170-115, ondina, Salvador, Bahia, Brazil (e-mail: 
henriquebrowne@gmail.com); mOAciR SAntOS tinôcO, School of 
anthropology and Conservation, department of anthropology and Con-
servation - diCe, marlowe Building, the university of kent at Canterbury, 
kent, ct2 7nz, england (e-mail: mst8@kent.ac.uk); cecil peRGentinO 
fAzOlAtO, Centro de ecologia e Conservação animal – eCoa, universi-
dade Católica do Salvador – uCSal, avenida Prof. Pinto de aguiar, 2589, 
Pituaçu, 41740-090, Salvador, Bahia, Brazil (e-mail: fazolato.cp@gmail.
com); huGO e. AlmeidA cOelhO, uniJorge, rua dr. José Peroba, 123, 
edf. empresarial Sagarana (Campus Stiep), CeP: 41.770-235, Salvador, 
Bahia, Brazil (e-mail: hugoeacoelho@gmail.com); pRiScillA AmORin, 
união metropolitana de ensino e Cultura, CeP 42700-000, lauro de freitas, 
Bahia, Brazil (e-mail: priscillaamorin@hotmail.com).

DRYMARCHON MELANURUS (Central American Indigo Snake). 
MEXICO: ZACATECAS: muniCipality oF mezquital del oro: 4 km W 
Malacate (21.146556°N, 103.393083°W; WGS 84), 1630 m elev. 25 
March 2011. Iván T. Ahumada-Carrillo. UTADC 6963, 6964. Rio 
Mezquital, Mezquital del Oro (21.214483°N, 103.363990°W; WGS 
84), 1200 m elev. 31 July 2011. Iván T. Ahumada-Carrillo and Oc-
tavio Vázquez- Huizar. UTADC 6965. El Malacate (21.147224°N, 
103.426136°W; WGS 84), 1375 m elev. 31 July 2011. Iván T. Ahu-
mada-Carrillo and Octavio Vázquez-Huizar. UTADC 6966. All 
verified by Jacobo Reyes-Velasco. First records for Zacatecas 
that bridge a distributional gap between western populations, 
ca. 12 km NE from Río Grande de Santiago River, Jalisco (Mc-
Cranie 1980. Cat. Am. Amphib. Rept. 267:1–4), and eastern popu-
lations, ca. 105 km from Calvillo, Aguascalientes (Vázquez Díaz 

and Quintero Díaz 2005. Anfibios y Reptiles de Aguascalientes. 
CONABIO/CIEMA. 318 pp.). All snakes were found in tropical 
deciduous forest.

 ivÁn t. AhumAdA-cARRillO (e-mail: lepidus320@hotmail.com.) 
and OctAviO vÁzquez-huizAR, Centro universitario de Ciencias Bi-
ológicas agropecuarias, universidad de guadalajara, Carretera a nogales 
km. 15.5, las agujas, nextipac, zapopan, Jalisco, méxico.

FARANCIA ABACURA REINWARDTII (Western Mudsnake). 
USA: TENNESSEE: Henry Co.: Hwy 69 where it traverses the wet-
land along Terrapin Creek (Obion River drainage) just south of 
the TN/KY border (36.5008°N, 88.4892°W; NAD 84). 12 May 2011. 
Dave F. Frymire. Verified by Chris Gienger. David H. Snyder Muse-
um of Zoology, Austin Peay State University (APSU 19131). Found 
near death on a paved road at ca. 2100 h in an area adjacent to 
a wetland dominated by Bald Cypress (Taxodium distichum). 
Henry Co.: Red Top Hill Road at Blood River Bridge (36.4732°N, 
88.1956°W). 1 June 2011. Heather Moore. APSU 19238. Other 
specimens have been observed dead and alive in the immediate 
area. These records extend the range in Tennessee ca. 64 km E 
from the nearest record in Obion Co. and represent the first re-
cords for Henry Co.; also, the Blood River record is the first report 
of the species from the Tennessee River Drainage in Tennessee 
(Scott and Redmond 2008 [latest update: 16 May 2012]. Atlas of 
Reptiles in Tennessee. The Center for Field Biology, Austin Peay 
State University, Clarksville, Tennessee. Available at http://apsu.
edu/reptatlas/ [accessed 23 May 2012]).

dAve fRymiRe, 1607 locust St., murray, kentucky 42071, uSa (e-
mail: cheng_li_haung@yahoo.com); tim c. JOhnSOn, department of 
Biological Sciences, murray State university, murray, kentucky 42071, uSa 
(e-mail: tim.johnson@murraystate.edu); A. flOyd ScOtt, department of 
Biology, austin Peay State university, Clarksville, Tennessee 37044,uSa (e-
mail: scotta@apsu.edu).

LAMPROPELTIS GETULA (Common Kingsnake). USA: ALA-
BAMA: CrensHaW Co.: U.S. Hwy 29 (31.48897°N, 86.37473°W; 
WGS 84). 10 June 2012. J. Newman and S. Graham. Verified by 
Craig Guyer. AUM 39870. New county record (Mount 1975. The 
Reptiles and Amphibians of Alabama. Auburn Printing Co., Au-
burn. 171 pp.). Found dead on road. Mount (op. cit.) illustrated 
a putative hybrid zone between L. getula and L. g. holbrooki (i.e., 
L. nigra sensu Pyron and Burbrink 2009. Zootaxa 2241:22–32) in 
Crenshaw Co., however this specimen shows no morphological 
evidence of hybridization. 
 Funding for this research was provided by IOS-1051367 to T. 
Langkilde.

JilliAn c. neWmAn, department of Biology, northeastern universi-
ty, 413 mugar life Sciences, 360 huntington avenue, Boston, massachusetts 
02115,uSa (e-mail: newman.ji@husky.neu.edu); SeAn p. GRAhAm, de-
partment of Biology, The Pennsylvania State university, 208 mueller labo-
ratory, university Park, Pennsylvania 16802, uSa (e-mail: szg170@psu.edu).

LAMPROPELTIS TRIANGULUM (Milksnake). USA: TENNESSEE: 
MarsHaLL Co.: 1360 Mooresville Road, Culleoka (35.547448°N, 
87.017658°W; WSG 84). 21 March 2012. Michael Williams and Ni-
cole Foster. Verified by A. Floyd Scott. Austin Peay State Univer-
sity (APSUMZ 19211). New county record (Scott and Redmond 
2008 [latest update: 25 July 2011]. Atlas of Reptiles in Tennes-
see. The Center for Field Biology, Austin Peay State University, 
Clarksville, Tennessee. Available at http://apsu.edu/reptatlas/; 
accessed 21 March 2012). Found in an overgrown field 300 m 
from Duck River.
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michAel WilliAmS (e-mail: mwilliams35@Columbiastate.edu), and 
nicOle fOSteR (e-mail: nfoster2@Columbiastate.edu), department of 
Science, math and Technology, Columbia State Community College, Co-
lumbia, Tennessee 38401, uSa.

LAMPROPELTIS TRIANGULUM (Milksnake). USA: TENNESSEE: 
Maury Co.: Chickasaw Trace at about trail mile 7.1 (35.6693083°N, 
87.0808592°W; WSG 84). 04 March 2012. Nicole Foster and Col-
leen Conway. Verified by A. Floyd Scott. Austin Peay State Univer-
sity (APSUMZ 19220). New county record (Scott and Redmond 
2008 [latest update: 08 November 2011]. Atlas of Reptiles in Ten-
nessee. The Center for Field Biology, Austin Peay State University, 
Clarksville, Tennessee. Available at http://apsu.edu/reptatlas/; 
accessed 04 March 2012). Found in a wooded area along Knob 
Creek.

nicOle fOSteR (e-mail: nfoster2@Columbiastate.edu), department 
of Science math and Technology, and cOlleen cOnWAy (e-mail: ccon-
way@columbiastate.edu), Columbia State Community College Columbia, 
Tennessee 38401, uSa).

LAMPROPELTIS TRIANGULUM SYSPILA (Red Milksnake). 
USA: ARKANSAS: neWton Co.: 0.5 km NE of Fallsville off St. 
Hwy. 16 (35.789595°N, 93.459631°W, WGS 84). 28 April 2012. C. 
T. McAllister. Verified by S. E. Trauth. Arkansas State University 
Museum of Zoology, Herpetological Collection (photographic 
voucher ASUMZ 32125). New county record partially filling gap 
in northcentral Ozarks among Searcy (Connior 2010. Herpetol. 
Rev. 41:380) and Washington counties (Trauth et al. 2004. Am-
phibians and Reptiles of Arkansas. Univ. Arkansas Press, Fayette-
ville. 421 pp.). 

chRiS t. mcAlliSteR, Science and mathematics division, eastern 
oklahoma State College, 2805 ne lincoln road, idabel, oklahoma 74745, 
uSa (e-mail: cmcallister@se.edu); henRy W. RObiSOn, department of 
Biology, Southern arkansas university, magnolia, arkansas 71754, uSa (e-
mail: hwrobison@yahoo.com).

MYRIOPHOLIS NARIROSTRIS (Serpent-ver de Peters). GUIN-
EA: forest gallery of Dakakoura (10.884°N, 13.608°W; 440 m elev.). 
23 February 2011. Laurent Chirio (MNHN 2012–0215). Verified 
by Jean-François Trape. First record for Guinea, and western-
most record for Africa. Not included in herpetofauna of Guin-
ea (Böhme et al. 2011. Bonn Zool. Bull. 60:67–71). Myriopholis 
narirostris was confused for a long time with M. boueti, which ap-
pears to be a different species (Adalsteinsson et al. 2009. Zootaxa 
2244:1–50). All the other localities mentioned for M. narirostris 
in West Africa appear to refer to M. albiventer, M. boueti, and M. 
rouxestevae (Trape and Mané 2006. Guide des serpents d’Afrique 
occidentale - savane et désert. I.R.D. Editions, Paris. 226 pp.). 
Westernmost locality known for M. narirostris is in Aledjo, Togo 
(Trape, pers. com.). Extends range in Sudan Savanna, 1650 km 
WNW from this westernmost locality. Vegetation of coastal re-
gion of northwest Guinea is characterized by mosaic of savannas 
and forest galleries.

lAuRent chiRiO, BP 20150, libreville, gabon; e-mail: lchirio@hot-
mail.com.

NERODIA FASCIATA (Southern Watersnake). USA: TEXAS: Hays 
Co.: A. E. Wood Fish Hatchery (29.86609°N, 97.92969°W; WGS 
84). 17 May 2012. Drew R. Davis. Verified by Travis J. LaDuc. 
Texas Natural History Collections (TNHC 85171). New county 
record along the western edge of this species’ known range in 
Texas (Dixon 2000. Amphibians and Reptiles of Texas. Texas A&M 

University Press, College Station. 421 pp.). This specimen was 
collected from the edge of an earthen retention pond at night. 
Voucher specimen collected under a Texas Parks and Wildlife 
Scientific Collecting Permit (SPR-0511-126) to DRD.

dReW R. dAviS, Texas State university, department of Biology, 601 
university drive, San marcos, Texas 78666, uSa (e-mail: drewdavis@txstate.
edu); diAnA S. kim (e-mail: sonyoung@uwm.edu) and dAnny p. nee-
lOn (e-mail: dpneelon@uwm.edu), university of Wisconsin-milwaukee, 
department of Biological Sciences, Po Box 413, milwaukee, Wisconsin 
53201, uSa

OPHEODRYS VERNALIS (Smooth Greensnake). USA: ILLINOIS: 
Kane Co.: Fox River Shores Forest Preserve, 9 km NW Carpenters-
ville (42.127590°N, 88.286300°W; WGS 84). 8 May 2009. T. G. Anton 
and W. H. Graser. (FMNH 277114). Verified by Alan Resetar. Adult 
male collected under tin sheet in sedge meadow. New county re-
cord (Phillips et al. 1999. Field Guide to Amphibians and Reptiles 
of Illinois. Illinois Natural History Survey, Urbana, Illinois. 282 
pp.). Fills gap among Cook, Du Page and De Kalb counties. This 
snake has been reported from several widely separated localities 
in Kane Co., but had not been documented with photos or speci-
mens. Specimen collected under Illinois Department of Natural 
Resources Scientific Collecting Permit A09.0132, with funding 
provided by the Forest Preserve District of Kane County.

thOmAS G. AntOn, division of amphibians and reptiles, The field 
museum, roosevelt road at lakeshore drive, Chicago, illinois 60614, uSa 
(e-mail tomanton@comcast.net); WilliAm h. GRASeR forest Preserve 
district of kane County, 1996 South kirk road, Suite 320, geneva, illinois, 
60134, uSa.

PANTHEROPHIS ALLEGHANIENSIS (Eastern Ratsnake). USA: 
GEORGIA: HaLL Co.: Elachee Nature Center (34.245842°N, 
83.832004°W; WGS 84). 16 October 2011. Daniel Thompson. Veri-
fied by Elizabeth McGhee. Georgia Museum of Natural History 
(GMNH 50155 photo voucher). New county record (Jensen et al. 
2008. Amphibians and Reptiles of Georgia. University of Georgia 
Press, Athens. 575 pp).

dAniel thOmpSOn,  Chestatee high School, gainesville, georgia, 
30506, uSa; e-mail: 703thompson@bellsouth.net.

PANTHEROPHIS EMORYI (Great Plains Ratsnake). USA: TEXAS: 
Fayette Co.: TX Hwy 95, 2.57 rd. km S jct. TX FM 2237 (29.80004°N, 
97.20096°W; WGS 84). 18 June 2012. Drew R. Davis. Verified by 
Travis J. LaDuc. Texas Natural History Collections, TNHC 85172. 
A second specimen (TNHC 85173) was also found on the same 
day. These two specimens represent new county records along 
the eastern edge of this species’ known range in Texas (Dixon 
2000. Amphibians and Reptiles of Texas. Texas A&M University 
Press, College Station. 421 pp.)
 Specimens collected under a Texas Parks and Wildlife Scien-
tific Collecting Permit (SPR-0511-126) to DRD.

dReW R. dAviS (e-mail: drewdavis@txstate.edu), and dOminic l. 
deSAntiS, Texas State university, department of Biology, 601 university 
drive, San marcos, Texas 78666, uSa (e-mail: dd1298@txstate.edu).

PITUOPHIS MELANOLEUCUS MUGITUS (Florida Pinesnake). 
USA: FLORIDA: osCeoLa Co.: Captured at intersection of Road 
9 and Road 10 in the Three Lakes Wildlife Management Area 
(27.8437°N, 81.1533°W; WGS84). 26 March 2012. Emily Rushton 
and Cliff Rushton. Florida Museum of Natural History photo-
graphic voucher (UF 166579). Verified by Kevin M. Enge. New 
county record (Krysko et al. 2011. Atlas of Amphibians and 
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Reptiles in Florida. Florida Fish and Wildlife Conservation Com-
mission, Tallahassee. 524 pp.).

emily RuShtOn (e-mail: emily.rushton@myfwc.com) and cliff 
RuShtOn, florida fish and Wildlife Conservation Commission, 1231 Prai-
rie lakes road, kenansville, florida 34739, uSa.

REGINA SEPTEMVITATTA (Queensnake). USA: TENNES-
SEE: Maury Co.: boat ramp at Chickasaw Trace (35.6627842°N, 
87.0934791°W; WSG 84). 04 April 2012. Nicole Foster and Colleen 
Conway. Verified by A. Floyd Scott. Austin Peay State University 
(APSUMZ 19219). New county record (Scott and Redmond 2008 
[latest update: 08 November 2011]. Atlas of Reptiles in Tennes-
see. The Center for Field Biology, Austin Peay State University, 
Clarksville, Tennessee. Available at http://apsu.edu/reptatlas/; 
accessed 04 April 2012).

michAel WilliAmS (e-mail: mwilliams35@Columbiastate.edu), and 
nicOle fOSteR, department of Science, math and Technology, Colum-
bia State Community College, Columbia, Tennessee 38401, uSa (e-mail: 
nfoster2@Columbiastate.edu).

RAMPHOTYPHLOPS BRAMINUS (Brahminy Blind Snake). 
THAILAND: PHUKET PROVINCE: Ko Hay (Hay Island, also re-
ferred to as Coral Island; ca. 7.7333°N, 98.2667°E). 30 March 2012. 
O. S. G. Pauwels. Queen Saovabha Memorial Institute, Bangkok 
(QSMI 1307). Verified by L. Chanhome (QSMI). Found by day un-
der stone in leaf litter in open secondary forest, ca. 7 m elev., in 
northeasternmost part of island, above Banana Beach, 9 km off 
southeast coast of Phuket Island. First record for Ko Hay. Species 
previously recorded from nearby island of Phuket (Grossmann 
and Tillack 2001. Sauria 23:21–34). We thank Lawan Chanhome 
(QSMI) for working facilities.

OlivieR S. G. pAuWelS, département des vertébrés récents, institut 
royal des Sciences naturelles de Belgique, rue vautier 29, B-1000 Brussels, 
Belgium (e-mail: osgpauwels@yahoo.fr); mOntRi SumOnthA, ranong 
marine fisheries Station, 157 Saphanpla road, Paknam, muang, ranong 
85000, Thailand (e-mail: montri.sumontha@gmail.com); vAn WAllAch, 
4 Potter Park, Cambridge, massachusetts 02138, uSa (e-mail: serpentes1@
comcast.net).

SCAPHIODONTOPHIS ANNULATUS (Guatemalan Neckband 
Snake). MÉXICO: QUINTANA ROO: MuniCiPaLity oF BaCaLar: In-
stituto Nacional de Investigaciones Forestales Agrícolas y Pecu-
arias, Sitio Experimental San Felipe Bacalar (SESFB), Zona 2, 
Módulo (18.758472°N, 88.349064°W; WGS 84), 11 m elev. 10 May 
1991. Juan Nava-Solorio. Verified by J. Rogelio Cedeño-Vázquez. 
Herpetological collection of the Museum of Wildlife “Juan Nava 
Solorio” of SESFB, Quintana Roo (SESFB-H-113). New munici-
pality record, extending its known range in the state ca. 60 km 
NE from the closest known locality at the Kohunlich Archeologi-
cal Site (Cedeño-Vázquez et al. 2003. Herpetol. Rev. 34:393–395), 
and closes the gap between the northern and southern popula-
tions on the Yucatán Peninsula.
  We thank J. Rogelio Cedeño-Vázquez and Jorge Ramírez-Silva 
for assistance, and the staff of Sitio Experimental San Felipe Ba-
calar for logistics support as part of project Mantenimiento de la 
Infraestructura de Investigación en la Colección de Fauna Silves-
tre de San Felipe Bacalar (652154A-SINCOPT).

 SeRGiO A. teRÁn-JuÁRez, instituto Tecnológico de Chetumal, av. 
insurgentes no. 330, a.P. 267, C.P. 77013, Chetumal, Quintana roo, méxico; 
teReSA AlfARO-ReynA, instituto nacional de investigaciones fores-
tales agrícolas y Pecuarias, Campo experimental Chetumal, C.P. 77000, 
Chetumal, Quintana roo, méxico (e-mail: alfaro.teresa@inifap.gob.mx); 

RAÚl G. cÁmARA-cAStillO, Benemérita universidad autónoma de 
Puebla, f.m.v. y z., C.P. 75482, Tecamachalco, Puebla, méxico; miGuel A. 
tun-XiS, instituto Tecnológico de Chetumal, av. insurgentes no. 330, a.P. 
267, C.P. 77013, Chetumal, Quintana roo, méxico.

STORERIA DEkAYI (Dekay’s Brownsnake). USA: INDIANA: 
PiKe Co.: Pike State Forest (38.35704°N, 87.15107°W; NAD 83). 26 
March 2009. Michael J. Lodato. Verified by Chris Phillips. Illinois 
Natural History Survey (INHS 2012d). New county record for In-
diana (Minton 2001. Amphibians and Reptiles of Indiana, 2nd ed., 
revised. Indiana Academy of Science. vii + 404 pp.). 

SARAbeth klueh, Wildlife diversity Section, indiana department of 
natural resources division of fish and Wildlife, 553 e. miller drive, Bloom-
ington, indiana 47401, uSa (e-mail: sklueh@dnr.in.gov); lindSey lAnd-
OWSki, u.S. fish and Wildlife Service, mingo national Wildlife refuge, 
24279 hwy 51, Puxico, missouri 63960, uSa (e-mail: lindsey_landowski@
fws.gov); michAel J. lOdAtO, 925 Park Plaza drive, evansville, indiana 
47715, uSa (e-mail: mikelodato@wowway.com).

THAMNOPHIS RADIX (Plains Gartersnake). USA: MINNESOTA: 
MoWer Co.: private residence 2.95 km SW of Rose Creek, Min-
nesota (43.591131°N, 92.863899°W; WGS 84). 7 April 2012. Pri-
vate landowner hit specimen while mowing lawn, photographic 
record was deposited in the James Ford Bell Museum (JFBM 
P448). Verified by Kenneth H. Kozak and Christopher E. Smith. 
First vouchered specimen for Mower Co., Minnesota (Oldfield 
and Moriarty 1994. Amphibians & Reptiles Native to Minnesota. 
Univ. Minnesota Press, Minneapolis. 237 pp.). Oldfield and Mori-
arty (op. cit.) list no museum record for this species in Mower Co. 
but do plot its occurrence with a symbol representing sighting or 
literature records. 

dOn beckeR, 6510 mosswood ln ne, Cedar rapids, iowa 52402, uSa; 
e-mail: psyon@psyon.org.

THAMNOPHIS SIRTALIS (Common Gartersnake). USA: TEN-
NESSEE: MarsHaLL Co.: front yard of 1151 Crigger Road in Lew-
isburg, Tennessee (35.4051707°N, 89.9459573°W; WSG 84). 21 
March 2012. Michael Williams and Nicole Foster. Verified by A. 
Floyd Scott. Austin Peay State University (APSUMZ 19210). New 
county record (Scott and Redmond 2008 [latest update: 26 July 
2011]. Atlas of Reptiles in Tennessee. The Center for Field Biolo-
gy, Austin Peay State University, Clarksville, Tennessee. Available 
at http://apsu.edu/reptatlas/; accessed 21 March 2012). 

michAel WilliAmS (e-mail: mwilliams35@Columbiastate.edu), and 
nicOle fOSteR, department of Science, math and Technology, Colum-
bia State Community College, Columbia, Tennessee 38401, uSa (e-mail: 
nfoster2@Columbiastate.edu).

THAMNOPHIS SIRTALIS (Common Gartersnake). USA: TEN-
NESSEE: Maury Co.: creek off of Chickasaw Trace at about mile 
6.8 (35.6714714°N, 87.0820265°W; WSG 84). 19 March 2012. Ni-
cole Foster and Michele Dillashaw. Verified by A. Floyd Scott. Aus-
tin Peay State University (APSU19205). New county record (Scott 
and Redmond 2008 [latest update: 26 July 2011]. Atlas of Reptiles 
in Tennessee. The Center for Field Biology, Austin Peay State Uni-
versity, Clarksville, Tennessee. Available at http://apsu.edu/rep-
tatlas/; accessed 19 March 2012). Shallow creek in wooded area.

nicOle fOSteR, department of Science, math and Technology, 
Columbia State Community College, Columbia, Tennessee 38401, uSa 
(e-mail: nfoster2@Columbiastate.edu; michele dillAShAW, nashville 
State Community College, nashville, Tennessee 37209, uSa (e-mail: mdil-
lash@my.nscc.edu).
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new distributional Records for the herpetofauna of mexico
 Although distributional studies on the herpetofauna of Mex-
ico have received much attention in recent years (reflected in 
Wilson and Johnson 2010), the actual number of amphibian and 
reptile species living in many geographic areas remains poorly 
known. Herein, we report on new records and significant range 
extensions of amphibians and reptiles in several states of Mexico.  
 During the years 2005 through 2010, we conducted herpeto-
logical surveys in the Mexican states of Colima, Guerrero, Jalisco, 
Michoacán, Nayarit, San Luis Potosí, and Veracruz. From those 
surveys, a total of 12 species are documented for the first time in 
several of those states, and significant range extensions are re-
ported for five other species. We also discuss the validity of a sin-
gle previous record of Pituophis lineaticollis in Jalisco. Voucher 
photographs of the specimens were placed in the Digital Collec-
tion, University of Texas at Arlington (UTADC). Coordinates and 
elevations of localities were taken with a GPS device using map 
datum WGS84. Common names are those proposed by Liner and 
Casas-Andreu (2008).

AnuRA — fROGS
 
ELEUTHERODACTYLUS NIVICOLIMAE (Nevado de Colima 
Chirping Frog). JALISCO: muniCipality oF quitupan: 21 km SE 
of Mazamitla, on road to Manuel M. Dieguez (19.74352°N, 
102.92755°W), 2180 m. elev. 13 July 2010. C. I. Grünwald, I. Ahu-
mada-Carillo, and J. Reyes-Velasco. Verified by Eric N. Smith. 
UTADC 6933. Only the third known locality for the species, first 
for the east side of Nevado de Colima, and a range extension of 
75 km W from the other side of Nevado de Colima (Dixon and 
Webb 1966); the other reported locality is from near Autlán, Jalis-
co (Lynch 1970). The frog was found in pine-oak forest. 

PLECTROHYLA BISTINCTA (Mexican Fringe-limbed Treefrog). 
JALISCO: MuniCiPaLity oF san seBastian: 8.3 km S of La Estancia, 
Mascota – Puerto Vallarta Hwy (20.71023°N, 104.88474°W), 1580 
m. elev. 5 July 2010. C. I. Grünwald and J. M. Jones. Verified by 
Jonathan A. Campbell. UTADC 6839, 6840. The records fill a dis-
tribution gap of 330 km between Santa Teresa, Nayarit, and 25 
km SE of Autlán, Jalisco (Duellman 2001). The frogs were found 
at night on a road passing through pine forest.

PTYCHOHYLA LEONHARDSHULTZEI (Shultze’s Mountain 
Stream Frog). GUERRERO: MuniCiPaLity oF teCPan de gaLeana: 5.7 
km W La Laguna, on road to San Luis (17.5106°N,100.777°W), 
1700 m. elev. 8 September 2009. J. Reyes-Velasco and C. I. Grün-
wald. Verified by Jonathan A. Campbell. UTADC 6250. First mu-
nicipality record, extending its range 53 km NW from the closest 
known locality, 1.6 km SW of San Andres de la Cruz, Guerrero 
(Duellman 2001). It is likely that this species occurs in the Sierra 
Coalcomán in southern Michoacán. Several of these frogs were 
found calling from low shrubs on humid nights in pine forest. 

SquAmAtA — lizARdS 
 
COLEONYX ELEGANS (Elegant Banded Gecko). MICHOACÁN: 
MuniCiPaLity oF CHiniCuiLa: road from Aquila to Coalcomán, 30 km 
SW of Coalcomán (18.692670°N, 103.333941°W), 1360 m elev. 9 

July 2005. J. M. Jones and C. I. Grünwald. UTADC 6936. Verified 
by Robert W. Bryson, Jr. First record for the state, extending the 
range 70 km NE of the closest known localities at Hacienda Paso 
del Río, Colima and 420 km NW of 4–5 miles (6.4–8 km) N of Aca-
pulco, Guerrero (Klauber 1945). The lizard was found in an eco-
tone between oak and tropical deciduous forests.

GERRHONOTUS LIOCEPHALUS (Texas Alligator Lizard). 
MICHOACÁN: muniCipality oF aquila: 1.9 km E of Maruata 
(18.270758°N, 103.331923°W), 45 m elev. 10 November 2010. J. 
M. Jones, C. I. Grünwald, and L. Roman. Verified by Robert W. 
Bryson, Jr. UTADC 6935. New municipality record, second for the 
state, and first for the Pacific coastal region. Closest localities are 
from ca. 330 km NE at Zitácuaro, Michoacán (Alvarado-Díaz and 
Sanchez-Beltran 2008), and from 120 km NW from the vicinity of 
Colima, Colima (Good 1994). The locality coordinates reported 
by Alvarado-Diaz and Sánchez-Beltrán (2008) are probably in 
error, as they place the record in the state of México, not Micho-
acán. The lizard was found DOR in tropical deciduous forest.

PHRYNOSOMA ORBICULARE (Mountain Horned Lizard). 
NAYARIT: MuniCiPaLity oF eL nayar: Sierra del Nayar, 2 km WNW 
Linda Vista, 13 km SW Santa Teresa (22.4001°N, 104.844°W), 
2148 m elev. 30 August 2008. C. I. Grünwald. Verified by Robert 
W. Bryson, Jr. UTADC 6845. First record for Nayarit, and range 
extension from the closest known localities, 125 km SE at Bola-
ños, Jalisco, and 120 km NE at Rancho Las Margaritas, Durango 
(Montanucci 1981). The lizard was found basking during the 
morning on a rocky hillside in pine-oak forest.

XANTUSIA SANCHEZI (Sanchez’s Night Lizard). JALISCO: Mu-
niCipality oF mezquitiC: Sierra de Los Huicholes, 7 km W La Tab-
erna (22.2339°N, 103.846°W), 2226 m elev. 5 October 2008. C. 
I. Grünwald and J. M. Jones. Verified by Oscar Flores-Villela. 
UTADC 3711. New municipality record, extending its range 124 
km NW from the closest known record near the type locality at 
Moyahua, Zacatecas (Bezy et al. 1999). The lizard was found un-
der a rock on a hillside in pine-oak forest.
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SquAmAtA — SnAkeS
 
CROTALUS AQUILUS (Queretaran Dusky Rattlesnake). VE-
RACRUZ: MuniCiPaLity oF HuayaCoCotLa: La Selva (20.5769°N, 
98.5176°W), 1950 m elev. 11 September 2010. C. I. Grünwald and 
J. M. Jones. Verified by Robert W. Bryson, Jr. UTADC 6910. First 
confirmed record for Veracruz (Campbell and Lamar 2004), with 
the closest known locality being from 3 km W at Carpinteros, 
Hidalgo, based on a specimen misidentified as C. triseriatus by 
Camarillo and Casas-Andreu (1998). Several authors have men-
tioned the possibility that this species occurs in Veracruz, but 
until now, these suggestions have not been confirmed. A speci-
men deposited in the collection at the University of Illinois Mu-
seum of Natural History (UIMNH 60804) was catalogued as C. 
triseriatus aquilus from Cofre de Perote, Veracruz, but that speci-
men is in fact a C. triseriatus triseriatus. 

CROTALUS PRICEI (Twin-spotted Rattlesnake). JALISCO: Mu-
niCipality oF mezquitiC: Sierra de Los Huicholes, 4 km NE Bajio 
de Los Amoles (22.093°N, 103.876°W), 2823 m elev. 1 Novem-
ber 2008. C. I. Grünwald and J. M. Jones. Verified by Robert W. 
Bryson, Jr. UTADC 3703, 3704. New state record, filling about 
a 270 km distributional gap between Rancho Las Margaritas, 
Durango (140 km NW; Armstrong and Murphy 1979) and Sierra 
Fría, Aguascalientes (130 km E; Klauber 1972). The snakes were 
found basking during the morning on a rocky hillside in pine-
oak forest. SAN LUIS POTOSÍ: MuniCiPaLity oF reaL de CatorCe: 
Sierra Real de Catorce, hills above Real de Catorce (23.69°N, 
100.87°W), 2950 m elev. 16 April 2010. J. M. Jones, J. T. Fisher, 
and M. S. Price. UTADC 6841. New state record, filling a ca. 270 
km distributional gap between the closest known localities at 
Sierra Fría, Aguascalientes (240 km SW; Klauber 1972) and 
Miquihuana, Tamaulipas (110 km E; Gloyd 1940). The snake was 
found basking during the morning in an open field surrounded 
by desert thornscrub.

CROTALUS PUSILLUS (Tancitaran Dusky Rattlesnake). COLI-
MA: MuniCiPaLity oF CoMaLa: 3.5 km ENE of La Yerbabuena on Vol-
cán de Colima (19.48°N, 103.65°W), 1850 m elev. 23 August 2008. 
C. Forbes and N. Varley. Verified by Robert W. Bryson, Jr. UTADC 
6837, 6838. First record for the state (Campbell and Lamar 2004). 
The closest known localities are from 14.4 and 20.9 km W of At-
enquique, Jalisco, on Nevado de Colima (Armstrong and Murphy 
1976). The snakes were found in cloud forest.

HYPSIGLENA JANI (Texas Night Snake). JALISCO: MuniCiPaL-
ity oF oJueLos: Vaquerias (21.790982°N, 101.658222°W), 2451 
m elev. 27 August 2007. C. I. Grünwald. Verified by Daniel G. 
Mulcahy. UTADC 6934. First record for the state, with the clos-
est known localities being from the city of San Luis Potosí, San 
Luis Potosí, city of Guanajuato, Guanajuato, and Tupátaro, Mi-
choacán (Tanner 1944). The snake was found in semidesert 
grassland.

MICRURUS BROWNI (Brown’s Coral Snake). MICHOACÁN: 
muniCipality oF aquila: 27 km S Maruata on Hwy 200 (18.2302°N, 
103.2°W), 227 m elev. 10 September 2009. J. Reyes-Velasco 
and C. I. Grünwald. Verified by Eric N. Smith. UTADC 6429. 
First record for the state, and a range extension of 380 km 
NW of the closest known locality at Acapulco, Guerrero (Roze 
1967). The snake was found DOR in tropical deciduous forest. 

MICRURUS PROXIMANS (Nayarit Coral Snake). JALISCO: Mu-
niCiPaLity oF CasiMiro CastiLLo: 11 km WSW from Puerto Los Masos 
on Hwy 80 (19.6815°N, 104.423°W), 736 m elev. 29 July 2007. J. 
Reyes-Velasco. Verified by Eric N. Smith. UTADC 6918. First veri-
fied published record for the state, and a 130 km range extension 
SE of the closest known locality, an unpublished record (LACM 
125380), from Boca de Tomatlán, Jalisco. The species was report-
ed from Jalisco by Campbell and Lamar (2004) because of refer-
ence to a paper by Ponce-Campos and Smith, cited as “in press” 
but in fact was never published. The snake was found in an eco-
tone between oak and tropical deciduous forests. COLIMA: Mu-
niCipality oF minatitlán: Agua Fría (19.3012°N, 104.0670°W), 783 
m elev. 10 July 2008. C. I. Grünwald. UTADC 6917. 3.7 km W of 
Rastrojitos (19.4152°N, 104.012°W), 1108 m elev. 6 March 2010. 
J. Reyes-Velasco and I. Orozco-Corona. Verified by Eric N. Smith. 
UTADC 6836. First record for the state, extending the distribu-
tion of the species 50 km SE from closest known locality near the 
Casimiro Castillo, Jalisco record reported above.

PITUOPHIS LINEATICOLLIS (Middle American Gopher Snake).
JALISCO. Ponce-Campos and Ustach (2004) reported on a speci-
men of P. lineaticollis supposedly caught by J. A. Campbell, W. 
W. Lamar, and D. M. Hillis (UTA R 25959) on 21 June 1983 near 
Tapalpa, Jalisco; it was the first record for the state at that time. 
The closest locality for P. lineaticollis to Tapalpa was said to be 
about 150 km NE at Dos Aguas, Michoacán. We recently had the 
opportunity to examine the information accompanying that 
particular snake, which mentioned only that the specimen died 
in captivity in 1989. There was no reference to the collector or 
to the locality where it was found. Because the Tapalpa record 
cannot be verified by any information accompanying the speci-
men, there is no substantiated evidence that it actually came 
from that region. Therefore, P. lineaticollis should be removed 
from the known herpetofauna of Jalisco until additional records 
become available.

TANTILLA CEBORUCA. COLIMA: MuniCiPaLity oF CuaHutéMoC: 
10 km by air NW of Queseria, on Volcán de Colima (19.4564°N, 
103.6444°W), 1700 m elev. 24 November 2004. A. Hermosillo-
Lopez, J. Reyes-Velasco, and C. I. Grünwald. Verified by Eric N. 
Smith. UTADC 6931, 6932. First record for the state, extending 
the known distribution of the species 200 km SE from the only 
known locality on Volcán Ceboruco, Nayarit (Canseco-Marquez 
et al. 2007). The snake was found in oak forest.

teStudineS — tuRtleS

kINOSTERNON OAXACAE (Oaxaca Mud Turtle). GUERRERO: 
muniCipality oF juChitán: 2.7 km NE of Juchitán on Hwy 200 
(16.6395°N, 98.6011°W), 170 m elev. 28 August 2009. J. Reyes-
Velasco, C.I. Grünwald, and C. Rodriguez. Verified by John B. 
Iverson. UTADC 6248. First record for the state, extending the 
range 47 km W from the closest known locality at Cacahuatepec, 
Oaxaca (Iverson 1986). The turtle was found during the morning 
crossing a road surrounded by tropical deciduous forest.
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new county Records of Amphibians and Reptiles in Georgia, uSA
 The publication of Amphibians and Reptiles of Georgia (Jen-
sen et al. 2008) has encouraged many herpetologists and natu-
ralists in Georgia to submit verifiable records of county-undoc-
umented herpetofauna to the Georgia Department of Natural 
Resources and a variety of regional natural history museums. 
Herein, we report 88 new county records collected by, or provid-
ed to, us. Unless otherwise noted the GPS datum referenced is 
WGS 84. All records were corroborated using Jensen et. al. 2008. 
All records were verified by Lance D. McBrayer (GSU) or Kenneth 
L. Krysko (UF) except as otherwise noted.

cAudAtA — SAlAmAndeRS

AMBYSTOMA MACULATUM (Spotted Salamander). teLFair Co.: 
State Hwy 117 at Lampkin Branch, 3.7 km SE Jacksonville 
(31.799975°N, 82.943231°W). 18 April 2011. D. Stevenson. GSU 
18984.

AMPHIUMA MEANS (Two-toed Amphiuma). JeFFerson Co.: 1.8 
km W Wadley (32.866880°N, 82.423912°W). 14 February 2012. D. 
Stevenson. GSU 24849. Adult under log in seepage-fed stream. 

EURYCEA CIRRIGERA (Southern Two-lined Salamander). 
MontgoMery Co.: 6.0 km WNW Normantown (32.317319°N, 
82.431436°W) 18 November 2011. D. Stevenson. GSU 24851. 

EURYCEA GUTTOLINEATA (Three-lined Salamander). Put-
naM Co.: Oconee WMA at State Hwy 16 and Wallace Dam Rd. NE 
(33.33996°N, 83.15679°W). 31 March 2012. D. Stevenson and C. 
Camp. UF 166611. 
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HEMIDACTYLIUM SCUTATUM (Four-toed Salamander). 
WiLKinson Co.: Clear Creek Church, 0.15 mi NW State Hwy 18 and 
Cedar Creek Road (32.81441°N, 83.32525°W) 24 December 2011. 
C. Camp.UF 164365. 

NOTOPHTHALMUS VIRIDESCENS (Eastern Newt). JeFF davis 
Co.: Bullard Creek Wildlife Management Area at State Hwy 221 
(31.965610°N, 82.482357°W). 28 February 2011. D. Stevenson. 
GSU 18986.

PLETHODON GLUTINOSUS (Northern Slimy Salamander). La-
Mar Co.: St. George’s Episcopal School, 103 Birch Street, Milner 
(33.11747°N, 84.19838°W). 29 March 2010. T. Muise. UF 157430. 

PLETHODON GROBMANI (Southeastern Slimy Salamander). 
eCHoLs Co.: 16.2 km SW Fargo (30.603047°N, 82.708070°W). 23 
December 2011. D. Stevenson and K. Briggs. GSU 24855. 

PSEUDOTRITON RUBER (Red Salamander). WHeeLer Co .: Lit-
tle Ocmulgee State Park, 3.1 km NNE McRae (32.095575°N, 
82.895263°W). 7 March 2012. D. Stevenson. GSU 24858. Adult 
under log in bay swamp seepage area. 

SIREN LACERTINA (Greater Siren). BrantLey Co.: Basin Lake, 9.5 
km NW Waynesville (31.279691°N, 81.871341°W). 8 July 2010. J. 
Bryan. GSU 18988. From oxbow lake on the east side of Satilla River.

AnuRA — fROGS

ANAXYRUS TERRESTRIS (Southern Toad). PierCe Co.: 9.8 km 
ESE Patterson (31.360627°N, 82.040587°W). 21 March 2012. D. 
Stevenson. GSU 24850.

HYLA CINEREA (Green Treefrog). CHeroKee Co.: 219 Jeffrey Drive, 
Woodstock (34.164634°N, 84.446162°W). 13 September 2010. V. 
Deloach. UF 165421. MitCHeLL Co.: Private residence at 5009 State 
Hwy 97, Camilla (31.2075°N, 84.3135°W). 30 April 2012. H. Butler. 
UF 166970.

HYLA GRATIOSA (Barking Treefrog). eLBert Co.: 0.71 km NW of 
jct. Chastain Road and River Road (33.99162°N, 82.76158°W). 
25 June 2011. R. McCarthy. UF 165502. Wayne Co.: Madray 
Springs Road just SW of jct. with Dent Road, S of Madray Springs 
(31.71750°N, 81.98694°W). 16 May 2009. G. Greer. UF 161250.

LITHOBATES CLAMITANS (Green Frog). MusCogee Co.: 0.55 km 
W jct. Chattahoochee Riverwalk and S Lumpkin Road (32.4028°N, 
84.9613°W). 26 April 2012. H. Butler. UF 166997.

SCAPHIOPUS HOLBROOkII (Eastern Spadefoot). JeFFerson Co.: 
5895 U.S. Hwy 221 N (33.28777°N, 82.38232°W). 22 January 2012. 
H. Butler. UF 166459.

teStudineS — tuRtleS 

APALONE SPINIFERA (Spiny Softshell). CoWeta Co.: Line Creek 
at State Hwy 16 (33.25667°N, 84.49739°W). 13 July 2011. J. Jensen. 
UF 165535. Fayette Co.: Line Creek at State Hwy 85 (33.319204°N, 
84.52237°W). 13 July 2011. J. Jensen. UF 165536. gordon Co.: 
Oostanaula River at Reeves Station Road SW (34.45115°N, 
85.02849°W) 9 August 2011. J. Jensen and K. Sorensen. UF 165653. 
Heard Co.: Chattahoochee River near Franklin (33.29083°N, 

85.0986°W; NAD 83). 31 May 2012. J. Jensen and G. Greer. UF 
167178.

CHELYDRA SERPENTINA (Common Snapping Turtle). La-
Mar Co.: Community House Road 0.27 km E Leverette Road 
(32.993428°N, 84.105045°W). 2 May 2012. C. Muise. UF 166980. 
PauLding Co.: Silver Comet Trail ~100 m S of crossing with Willow 
Springs Road (33.933333°N, 84.909722°W). 6 June 2009. G. Greer. 
UF 161278. Warren Co: State Hwy 12 1.58 km W of Camak Road 
(33.42292°N, 82.60606°W; NAD 83). 14 March 2012. J. Jensen and 
C. Camp. UF 166570. 

DEIROCHELYS RETICULARIA (Chicken Turtle). turn-
er Co.: State Hwy 107, 16.4 km ENE Ashburn (31.720526°N, 
83.480243°W). 24 February 2011. D. Stevenson. GSU 18991. 

kINOSTERNON BAURII (Striped Mud Turtle). teLFair Co.: 
State Hwy 117 at McRae Landing Road, 3.2 km SW Lumber City 
(31.908739°N, 82.702435°W). 16 April 2011. D. Stevenson. GSU 
18992. tooMBs Co.: State Hwy 1 at Altamaha River, 10.1 km SE Ce-
dar Crossing (31.945504°N, 82.354663°W). 25 March 2012. D. Ste-
venson. GSU 24868. 

kINOSTERNON SUBRUBRUM (Eastern Mud Turtle). JasPer Co.: 
Charlie Elliott Wildlife Center (33.46281°N, 83.73348°W). 1 June 
2012. J. Jensen. UF 167175. tattnaLL Co.: State Hwy 196 (Baxter 
Durrence Road) at CR 313, 8.8 km SW Glennville (31.881028°N, 
81.995218°W). 26 September 2011. D. Stevenson. GSU 24475. 

PSEUDEMYS CONCINNA CONCINNA (Eastern River Coot-
er). CoWeta/sPaLding Cos.: Line Creek (which forms the bor-
der between these two counties) at State Hwy 16 (33.256649°N, 
84.497273°W). 21 July 2011. J. Jensen. Verified by Sean Graham. 
AHAP-D 318. Grady Co.: Ochlockonee River, 1 km E State Hwy 
93 (30.79530°N, 84.15196°W). 16 May 1997. J. Jensen and M. 
Frick. UF 166460. Heard Co.: Chattahoochee River near Franklin 
(33.29083°N, 85.0986°W; NAD 83). 31 May 2012. J. Jensen and G. 
Greer. UF 167176.

PSEUDEMYS CONCINNA FLORIDANA (Florida Cooter). Can-
dLer Co.: State Hwy 129, 7.0 km S Metter, and 0.6 km S of Ca-
noochee River bridge crossing (32.333241°N, 82.062463°W). 
6 March 2011. D. Stevenson. GSU 18994. JeFF davis Co.: Union 
Springs Church Road, 0.4 km NNE Snipesville (31.764765°N, 
82.750594°W). 13 March 2012. D. Stevenson. GSU 24859. turner 
Co.: 17.6 km E Ashburn (31.704733°N, 83.465215°W). 24 Febru-
ary 2011. D. Stevenson and W. Taylor. GSU 18995.

STERNOTHERUS MINOR (Loggerhead Musk Turtle). aPPLing 
Co.: Altamaha River at Falling Rocks boat landing, 18.3 km NNW 
Baxley (31.941324°N, 82.374909°W). 26 June 2011. D. Stevenson 
and M. Wallace. GSU 24852. BrooKs Co.: Withlacoochee River at 
Clyattville-Nankin Road, 7.8 km WSW Clyattville (30.674589°N, 
83.394334°W). 18 April 2012. D. Stevenson. Verified by Kenneth L. 
Krysko. UF 166884. JeFF davis Co.: Bullard Creek Wildlife Manage-
ment Area at State Hwy 221 (31.956723°N, 82.479082°W). 3 July 
2011. D. Stevenson. GSU 24853. 

STERNOTHERUS ODORATUS (Common Musk Turtle). tooMBs 
Co.: State Hwy 1 at Altamaha River, 10.1 km SE Cedar Crossing 
(31.945504°N, 82.354663°W). 25 March 2012. D. Stevenson. GSU 
24867. 
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TERRAPENE CAROLINA (Eastern Box Turtle). JeFF davis Co.: 8.4 
km WNW Hazlehurst (31.881520°N, 82.681194°W). 13 March 
2012. D. Stevenson. GSU 24860. 

TRACHEMYS SCRIPTA SCRIPTA (Yellow-bellied Slider). Heard 
Co.: Chattahoochee River near Franklin (33.29083°N, 85.0986°W; 
NAD 83). 31 May 2012. J. Jensen and G. Greer. UF 167177. MusCo-
gee Co.: 0.55 km W jct. Chattahoochee Riverwalk and S. Lumpkin 
Road (32.4028°N, 84.9613°W). 26 April 2012. H. Butler. UF 166996. 
PierCe Co.: 5.0 km NE Offerman (31.442451°N, 82.074991°W). 21 
March 2012. D. Stevenson. GSU 24861.

SquAmAtA — lizARdS

ANOLIS SAGREI (Brown Anole). CHatHaM Co.: 8 Jamaica Run 
Drive, Whitemarsh Island (32.01414°N, 81.01701°W). 5 May 2012. 
R. Groves. UF 167045. Multiple individuals of this non-native 
species were observed.

HEMIDACTYLUS TURCICUS (Mediterranean Gecko). BiBB Co.: 
2720 Riverside Drive, Macon (32.876067°N, 83.665652°W; NAD 
83). 24 March 2012. K. Stohlgren and E. Schlimm. UF 166825. 
Found on wall in parking lot of Holiday Inn Express. tiFt Co.: 
714 E. 44th Street, Tifton (31.487180°N, 83.496511°W). 25 March 
2011. C. Bargeron. UF 165870. 

OPHISAURUS VENTRALIS (Eastern Glass Lizard). sCreven Co.: 
4145 Buttermilk Road, Sylvania (32.821735°N, 81.722428°W). 3 
April 2012. G. Lanier. UF 166803.

PLESTIODON INEXPECTATUS (Southeastern Five-lined Skink). 
MitCHeLL Co.: 0.95 km SE jct. State Hwy 65 and Old Thomasville 
Road (31.207320°N, 84.313376°W). 26 March 2012. H. Butler. UF 
166591.

PLESTIODON LATICEPS (Broad-headed Skink). PeaCH Co.: 15 
Greer Road, Fort Valley (32.599814°N, 83.911775°W). 14 April 
2012. B. Bond. UF 166906.

SCINCELLA LATERALIS (Little Brown Skink). MitCHeLL Co.: 
0.74 km SW jct. Pipeline Road and Richards Lane (31.213696°N, 
84.315368°W). 27 March 2010. H. Butler. UF 166496.

SquAmAtA — SnAkeS

AGkISTRODON PISCIVORUS (Cottonmouth). PierCe Co.: State 
Hwy 121/15 2.3 km SE Blackshear (31.291794°N, 82.224631°W). 
12 March 2012. D. Stevenson. GSU 24862. Warren Co.: Rocky 
Comfort Creek, 0.43 km SE CR 75 (33.31401°N, 82.64934°W). 31 
March 2012. A. Higdon. UF 166878. 

CEMOPHORA COCCINEA (Scarlet Snake). aPPLing Co.: Morris 
Landing Road 17.5 km NNE Baxley (31.924819°N, 82.281841°W). 
26 June 2011. M. Wallace and D. Stevenson. GSU 24854. 

COLUBER CONSTRICTOR (North American Racer). taLBot Co.: 
0.55 km NW jct. State Hwy 41 and Lucile Drive (32.54724°N, 
84.57292°W). 11 April 2009. D. Olive. UF 165273.

COLUBER (= MASTICOPHIS) FLAGELLUM (Coachwhip). 
MitCHeLL Co.: 0.24 km SE jct. of Evergreen Road and Flats Road 
(31.196583°N, 84.283626°W). 19 May 2010. H. Butler. UF 166497.

CROTALUS ADAMANTEUS (Eastern Diamond-backed Rattle-
snake). taLBot Co.: 0.55 km NW jct. State Hwy 41 and Lucile Drive 
(32.54724°N, 84.57292°W). 10 October 2008. D. Olive. UF 165272.

DIADOPHIS PUNCTATUS (Ring-necked Snake). Lanier Co.: State 
Hwy 221 at Grand Bay Creek, 6.7 km NW Naylor (30.951006°N, 
83.127624°W). 23 December 2011. D. Stevenson and K. Briggs. 
GSU 24863. PierCe Co.: Riggins Road at State Hwy 121/15, 7.3 km 
SSE Blackshear (31.251025°N, 82.198686°W). 12 March 2012. D. 
Stevenson. GSU 24864. taLBot Co.: 1.48 km E jct. State Hwy 355 
and Tree Farm Road (32.54520°N, 84.58547°W). 2 March 2012. D. 
Olive. UF 166536. 

FARANCIA ERYTROGRAMMA (Rainbow Snake). WHeeLer Co.: 
13.0 km NE Lumber City (31.979278°N, 82.554633°W). 25 April 
2011. D. Stevenson. GSU 24480. 

HETERODON PLATIRHINOS (Eastern Hog-nosed Snake). 
HanCoCK Co.: State Hwy 15, 0.3 km N jct. with State Hwy 22 
(33.314442°N, 82.968872°W; NAD 83). 17 October 2011. K. Stohl-
gren. UF 166824. JeFF davis Co.: Check Station Road, Bullard Creek 
Wildlife Management Area, 13.9 km NE Hazlehurst (31.951999°N, 
82.478673°W). 8 May 2011. D. Stevenson. GSU 24481. PierCe Co.: 
11.4 km W Blackshear (31.297081°N, 82.360755°W). 21 March 
2012. D. Stevenson. GSU 24856. taLBot Co.: Old Mauk Road 0.1 
km NW CR 128, Almo Plantation (32.583542°N, 84.453669°W). 3 
April 2012. M. Elmore and P. Howard. UF 166814. turner Co: 17.6 
km E Ashburn (31.704733°N, 83.465215°W). 24 February 2011. D. 
Stevenson and W. Taylor. GSU 18997.

HETERODON SIMUS (Southern Hog-nosed Snake). taLBot Co.: 
0.55 km NW jct. State Hwy 41 and Lucile Drive (32.54724°N, 
84.57292°W). March 2008. D. Olive. UF 165215.

LAMPROPELTIS ELAPSOIDES (Scarlet Kingsnake). BLeCK-
Ley Co.: Magnolia Road at Shellstone Creek, Ocmulgee Wild-
life Management Area, 11.8 km NW Cochran (32.452995°N, 
83.451994°W). 29 November 2011. D. Stevenson. GSU 24865. Pu-
LasKi Co.: 3.4 km NW jct. Coley Road and Upper River Road, Oc-
mulgee Wildlife Management Area (32.36968°N, 83.48926°W). 10 
May 2012. J. Sylvest. UF 167090.

LAMPROPELTIS GETULA (Common Kingsnake). LuMPKin 
Co.: State Hwy 19, 0.5 km N of Olympic Drive, N of Dahlonega 
(34.58176°N, 83.97047°W). 30 March 2012. D. Stevenson and C. 
Camp. UF 166612. uPson Co.: On bank of Flint River (32.823888°N, 
84.407777°W). 31 May 2009. G. Greer. UF 161272.

NERODIA ERYTHROGASTER (Plain-bellied Watersnake). JeFF 
davis Co.: Bullard Creek Wildlife Management Area at State Hwy 
135, 8.7 km S Uvalda (31.956736°N, 82.516942°W). 25 March 
2012. D. Stevenson. UF 166815. PeaCH Co.: 15 Greer Road, Fort 
Valley (32.599814°N, 83.911775°W). 13 April 2012. B. Bond. UF 
166901.

NERODIA SIPEDON (Northern Watersnake). taLBot Co.: Flint 
River (32.851111°N, 84.468611°W). 31 May 2009. G. Greer. UF 
161264.

NERODIA TAXISPILOTA (Brown Watersnake). MontgoMery Co.: 
State Hwy 221 at the Altamaha River (31.958062°N, 82.516793°W). 
8 May 2011. D. Stevenson. GSU 24483. WHeeLer Co.: 13.0 km NE 
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Lumber City (31.979278°N, 82.554633°W). 27 April 2011. D. Ste-
venson. GSU 24482.

OPHEODRYS AESTIVUS (Rough Greensnake). oConee Co.: 1341 
Ashland Drive, Statham (33.90332°N, 83.58516°W). 13 July 2011. 
A. Yellin. UF 165532. tattnaLL Co.: Mac Phillips Road, 13.0 km SW 
Glennville (31.846338°N, 82.016486°W). 8 October 2011. D. Ste-
venson and B. Willis-Stevenson. GSU 24484. 

PITUOPHIS MELANOLEUCUS (Pinesnake). irWin Co.: Lentile 
Tract (31.49841°N, 83.37635°W; WGS 84). 24 March 2011. K. Main-
or. UF 165275. PierCe Co.: 11.4 km W Blackshear (31.297081°N, 
82.360755°W). 8 March 2012. D. Stevenson and M. Wallace, Sr. 
GSU 24857. One of two individuals found in xeric sandhills on 
the east side of the Satilla River.

REGINA SEPTEMVITTATA (Queen Snake). JasPer Co.: White 
Oak Creek ~100 m downstream of State Hwy 212 E (33.29836°N, 
83.66247°W). 29 March 2012. J. Jensen. UF 166580. taLBot Co.: 
Flint River near State Hwy 36 bridge (32.838055°N, 84.422777°W). 
31 May 2009. G. Greer. UF 161270.

STORERIA OCCIPITOMACULATA (Red-bellied Snake). MitCHeLL 
Co.: State Hwy 97, 0.21 km NE Sassafras Tea Road (31.201647°N, 
84.326957°W). 10 September 2011. H. Butler. UF 166514. taLBot 

Co.: 0.55 km NW jct. State Hwy 41 and Lucile Drive (32.54724°N, 
84.57292°W). 11 April 2009. D. Olive. UF 165274.

TANTILLA CORONATA (Southeastern Crowned Snake). taL-
Bot Co.: Entrance to Brown Sand Company, Wittichen Plant 
(32.572222°N, 84.441944°W). 25 May 2009. G. Greer. UF 161255.

THAMNOPHIS SAURITUS (Eastern Ribbonsnake). JasPer Co.: 
John Tillman Road at Falling Creek (33.195919°N, 83.691385°W). 
31 March 2011. J. Jensen. UF 165422. MitCHeLL Co.: Flats Road 
0.05 km N Wiregrass Road (31.179128°N, 84.286300°W). 10 Sep-
tember 2011. H. Butler. UF 166513.

THAMNOPHIS SIRTALIS (Common Gatersnake). CoLuMBia Co.: 
6686 Wrightsboro Road, Harlem (33.49057°N, 82.39546°W). 17 
March 2012. H. Butler. UF 166807.
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new county Records for Amphibians and Reptiles in tennessee
 Here we report new county records for amphibian and rep-
tile species across the state of Tennessee, USA. Despite having 
a diverse herpetofauna and an active herpetological commu-
nity there are several regions, such as the Ridge and Valley and 
the Southeastern Plain and Hills ecoregions, that lack reports of 
many common and widespread species (Niemiller and Reynolds 
2011; Redmond et al. 1990; Redmond and Scott 1996; Scott and 
Redmond 2008). These records contribute to the documented 
distributions for 15 species in the state. 
 All specimens reported herein were found opportunistically 
by visual encounter surveys and road cruising. All specimens 
were photographed on site and immediately released. Photo-
graphic vouchers were deposited into the Austin Peay State Uni-
versity (APSU) David H. Snyder Museum of Zoology. All records 
were verified by A. Floyd Scott. Geographic coordinates are in 
decimal degrees, datum WGS 84. 

cAudAtA — SAlAmAndeRS

NOTOPHTHALAMUS VIRIDESCENS LOUISIANENSIS (Central 
Newt). MCnairy Co.: adult found under a log in a mature forest 
in Big Hill Pond State Park ca 0.25 km S of Big Hill Pond Lake 
(35.04033°N, 88.73370°W). 24 April 2011. APSU 19177. 

PSEUDOTRITON RUBER RUBER (Northern Red Salamander). 
grainger Co.: recent metamorph, with gill remnants present, 
found on Lea Lake Road ca 1.36 km NNW of junction with Rut-
ledge Pike (36.18416°N, 83.69471°W), at night in heavy rain. 27 
April 2011. APSU 19173. 

AnuRA — fROGS

ANAXYRUS AMERICANUS AMERICANUS (Eastern American 
Toad). grainger Co.: adult found on Lea Lake Road ca. 0.22 km 
NW of junction with Rutledge Pike (36.17751°N, 83.68544°W), at 
night in heavy rain. 27 April 2011. APSU 19172.

PSEUDACRIS CRUCIFER (Spring Peeper). grainger Co.: adult 
found on Lea Lake Road ca 2.71 km NNW of junction with Rut-
ledge Pike (36.19483°N, 83.69282°W), at night in heavy rain. 27 
April 2011. APSU 19171. 
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Department of Forestry, Wildlife and Fisheries, University of Tennessee 
Knoxville, Tennessee 37996, USA; e-mail: snelso24@utk.edu
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SquAmAtA — lizARdS
 
ANOLIS CAROLINENSIS CAROLINENSIS (Northern Green 
Anole). MCnairy Co.: adult male found basking on a fallen pine 
log adjacent to an active railroad track in Big Hill Pond State Park, 
ca. 0.40 km W of Big Hill Pond (35.03530°N, 88.73091°W). 24 April 
2011. APSU 19175.

SquAmAtA — SnAkeS

COLUBER CONSTRICTOR CONSTRICTOR (Northern Black 
Racer). union Co.: adult found basking on a sidewalk in a ru-
ral subdivision ca. 0.20 km N of Satterfield Road (36.18091°N, 
83.86079°W). 20 April 2011. APSU 19178.

DIADOPHIS PUNCTATUS EDWARDSII (Northern Ring-necked 
Snake). union Co.: adult found dead on road ca 0.20 km N of Satter-
field Road (36.18065°N, 83.86060°W). 19 April 2011. APSU 19121. 

OPHEODRYS AESTIVUS (Rough Greensnake). union Co.: adult 
found dead on Satterfield Road ca. 0.08 km NW of junction with 
Graves Road (36.18039°N, 83.87147°W). 20 July 2011. APSU 19181.

PANTHEROPHIS GUTTATUS (Red Cornsnake). union Co.: adult 
found dead on Ailor Gap Road (State Highway 144), ca. 0.01 km 
SSW of junction with Bull Run Road (36.20024°N, 83.82998°W). 
07 May 2011. APSU 19180.

PANTHEROPHIS SPILOIDES (Gray Ratsnake). union Co.: adult 
female found dead with eggs on Satterfield Road ca. 0.30 km E 
of junction with Graves Road (36.17990°N, 83.86718°W). 07 July 
2011. APSU 19179.

STORERIA DEkAYI (Dekay’s Brownsnake). union Co.: adult 
found dead on Satterfield Road ca. 0.38 km SE of junction 

with Maynardville Highway (State Highway 33) (36.18843°N, 
83.88692°W). 01 August 2011. APSU 19182.

STORERIA OCCIPITOMACULATA OCCIPITOMACULATA 
(Northern Red-Bellied Snake). MCnairy Co.: Big Hill Pond State 
Park just S of Big Hill Lake (35.04598°N, 88.73254°W). 24 April 
2011. APSU 19176.

teStudineS — tuRtleS

CHELYDRA SERPENTINA (Snapping Turtle). union Co.: adult 
found dead on Ailor Gap Road (State Highway 144), ca. 0.28 km 
S of junction with Bull Run Road (36.19816°N, 83.82989°W). 08 
May 2011. APSU 19183. 

STERNOTHERUS ODORATUS (Eastern Musk Turtle). MCnairy 
Co.: adult found attempting to cross railroad tracks just S of Big 
Hill Pond in Big Hill Pond State Park (35.03418°N, 88.72602°W). 
24 April 2011. APSU 19174. 
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tin Peay State University, Clarksville, Tennessee. Accessed 11 De-
cember 2011 at http://www.apsu.edu/repatlas. 



Herpetological Review 43(3), 2012

458    nAtuRAl hiStORy nOteS

cAudAtA — SAlAmAndeRS

AMBYSTOMA ANNULATUM (Ringed Salamander) and AMBYS-
TOMA MACULATUM (Spotted Salamander). CLIMBING BE-
HAVIOR. Climbing behavior is well documented in plethodontid 
salamanders and likely serves a variety of functions. While some 
members of the genus Aneides are truly arboreal (Spickler et al. 
2006. Herpetol. Conserv. Biol. 1:16–26), climbing behavior by 
terrestrial species has been associated with olfactory orientation 
and homing (Madison and Shoop 1970. Science 168:1484–1487), 
periodic foraging (Jaeger 1978. Copeia 1978:686–691), and pred-
ator avoidance (Roberts and Liebgold 2008. Behav. Ecol. 19:621–
626). For ambystomatid salamanders, however, observations of 
climbing behavior have not been previously reported. This may 
be because most observations of ambystomatid salamanders are 
of aquatic larvae or adults arriving at or leaving breeding ponds. 
Observations of juveniles emerging from their natal wetland and 
moving into novel terrestrial habitats are much less common. 
During this vulnerable time, juvenile ambystomatid salaman-
ders must orient and navigate, while attempting to select micro-
habitat for best avoiding desiccation or predation (Rothermel 
and Semlitsch 2006. Can. J. Zool. 84:797–807). 
 In May through August of 2009 and 2010, while 
conducting enclosure experiments and fluorescent 
powder-tracking at Daniel Boone Conservation Area, in 
Warren Co., Missouri, USA, we observed juvenile Am-
bystoma annulatum and A. maculatum climbing on 
vegetation and the walls of plastic silt fence enclosures. 
We observed juvenile salamanders (N = 20) climbing 
small saplings, grass clumps, and stumps, as well as the 
trunks of large trees (Table 1). Ringed Salamanders may 
climb more readily than Spotted Salamanders (7.1% of 
powder-tracked Ringed Salamanders climbing, com-
pared to 3.2% climbing in Spotted Salamanders; Pitt-
man, unpubl. data). We observed Ringed Salamanders 
climbing to a maximum height of 152 cm (mean: 66.5 ± 
9.59 SE) and Spotted Salamanders climbing to a maxi-
mum height of 100 cm (mean: 61.7 ± 8.72 SE). In ad-
dition to these observations, juveniles readily climbed 
over downed logs (ca. 20 cm in diameter) and where ob-
served crawling out of pitfall traps (45 cm deep plastic 
plant pots) during wet conditions. 
 The observed climbing behavior in juvenile ambys-
tomatids likely has two principle functions. Individuals 
climbing over downed logs may be attempting to main-
tain their current movement trajectory by traversing 
over obstacles in their path. Climbing over an obstacle 
may require less energy than moving around it. In con-
trast, individuals climbing up herbaceous vegetation or 
tree trucks were not climbing over obstructions in their 
path, but appear to have selected those structures spe-
cifically for the purpose of elevating themselves off the 

ground. Given high desiccation risk, it seems likely that juvenile 
ambystomatid salamanders moving through novel terrestrial 
habitats would possess behavioral mechanisms for efficiently 
locating suitable microhabitats. The orientation hypothesis for 
climbing behavior in Plethodon jordani, offered by Madison and 
Shoop (1970. Science 168:1484–1487), might also apply to juve-
nile ambystomatid salamanders. On the occasions where we di-
rectly observed individuals on vegetation, their posture (nose up, 
forelegs and neck extended) suggested that they were attempt-
ing to increase their sensory perceptual range. It is possible that 
by elevating themselves, juveniles may access less-obstructed air 
currents, thereby broadening their range of olfactory perception 
and possibly increasing detection of visual cues as well. 
 Climbing in ambystomatids is probably a much more com-
mon behavior than the scant documentation would suggest. We 
recommend that climbing behavior be considered when design-
ing experiments. Depending on the nature of the experiment, it 
may be necessary to add lips angled inward to enclosures, drift 
fences, and pitfall traps to obstruct ambystomatid climbing. Be-
cause our observations were of juveniles, we cannot confirm if 
climbing behavior is as prevalent in adults. 

taBLe 1. Observations of juvenile ambystomatid salamander climbing behavior.

Date Structure Height Observation

Ambystoma annulatum 

5/11/2009 Grass clump 50 cm Visual observation

5/14/2009 On leaf of sapling 30 cm Visual observation

5/26/2009 White Oak stump 60 cm Fluorescent powder trail

5/29/2009 On Sassafras sapling leaf 75 cm Visual observation

6/10/2009 Plastic silt fence 100 cm Visual observation

6/11/2009 Dead White Oak trunk 50 cm Found under bark

6/14/2009 Downed woody debris 70 cm Visual observation

6/14/2009 Branch of young tree 152 cm Fluorescent powder trail

6/18/2009 On leaf of sapling 30 cm Visual observation

6/18/2009 Grass clump 40 cm Fluorescent powder trail

6/1/2010 Plastic silt fence 100 cm Visual observation

7/10/2010 Sapling 25 cm Fluorescent powder trail

7/26/2010 Persimmon tree trunk 49 cm Fluorescent powder trail

7/27/2010 White Oak trunk 100 cm Fluorescent powder trail

Ambystoma maculatum 

6/14/2009 Grass clump 100 cm Visual observation

6/20/2009 Grass clump 50 cm Fluorescent powder trail

6/20/2009 Grass clump 40 cm Fluorescent powder trail

6/28/2009 Tree stump 60 cm Fluorescent powder trail

7/7/2009 Tree stump 50 cm Fluorescent powder trail

7/7/2009 Grass clump 70 cm Visual observation

nAtuRAl hiStORy nOteSnAtuRAl hiStORy nOteS
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 We thank the Missouri Department of Conservation for con-
tinued cooperation and support.

 michAel S. OSbOuRn (e-mail: msodkc@mail.missouri.edu), ShAn-
nOn e. pittmAn, dAnA l. dRAke, and RAymOnd d. SemlitSch, 
university of missouri, division of Biological Sciences, 105 Tucker hall, Co-
lumbia, missouri 65211-7400, uSa.

AMBYSTOMA OPACUM (Marbled Salamander). UNUSUAL 
LARVAL DEATH. Ambystoma opacum breed in autumn, and fe-
males typically deposit eggs in dry wetland basins or margins, 
and embryos develop to hatching stage (Scott 2005. In Lannoo 
[ed.], Amphibian Declines: The Conservation Status of United 
States Species, pp. 627–632. Univ. California Press, Berkeley). 
When the wetlands fill, embryos hatch immediately from eggs 
and begin development as free-swimming larvae. This occurs 
prior to the presence of other amphibian eggs or larvae in these 
wetlands. Here I report the unusual death of a free-swimming 
larval Marbled Salamander.
 On 7 Feb 2012 while surveying ridge-top wetlands in the 
Daniel Boone National Forest, Morgan County, Kentucky, USA, 
I observed a larval A. opacum that had died and was located 
within the egg mass of a Wood Frog, Lithobates sylvaticus (Fig. 
1). The egg mass was on the edge of a small cluster of eight egg 
masses. The larva was either attempting to eat the embryos, was 
inactive near the eggs as the jellies swelled, or was attempting 
to move through egg mass and was trapped. Larval A. opacum 
primarily eat macrozooplankton and other invertebrates (Scott 
2005, op. cit.), so this was apparently not a predatory attempt. To 
my knowledge, this is the first report of a larval salamander being 
entrapped in an amphibian egg mass.

Stephen c. RichteR, department of Biological Sciences, eastern 
kentucky university, richmond, kentucky 40475, uSa; e-mail: stephen.
richter@eku.edu.

DESMOGNATHUS FOLkERTSI (Dwarf Black-Bellied Salaman-
der). NEST. On 22 July 2010, I uncovered two nests of Desmogna-
thus folkertsi in Habersham Co., Georgia, USA. Eggs were early in 
development and attached to the underside of small, flat rocks in 
a first-order stream. Both nests were guarded by female D. folk-
ertsi. The nest that was photographed contained 29 eggs. Upon 
returning on 28 Aug 2010, I flipped the same rocks and found 
the hatched larvae underneath, and the females had moved out. 
This is the first record of nesting behavior of D. folkertsi.

tOdd pieRSOn, odum School of ecology, university of georgia, ath-
ens, georgia 30609, uSa; e-mail: twpierso@uga.edu.

EURYCEA CIRRIGERA (Southern Two-Lined Salamander). 
OVIPOSITION SITE. For most oviparous species, female ovipo-
sition site selection can impact reproductive fitness by dictating 
offspring survival and phenotype, juvenile performance, as well 
as potential survival of the ovipositing female. Thus, oviposi-
tion-site choice is a life-history trait of critical importance (Ber-
nardo 1996. Amer. Zool. 36:83–105; Refsnider and Janzen 2010. 
Ann. Rev. Ecol. Evol. Syst. 41:39–57; Resetarits 1996. Amer. Zool. 
36:205–215). 
 We document oviposition by a female E. cirrigera inside a 
leaf litterbag sampling device, in Decatur Co., Georgia, USA 
(30.791667°N, 84.625°W). In February 2004, we retrieved a leaf 
litterbag containing a female E. cirrigera (3.7 cm SVL) tending a 
clutch of eggs on the underside of a curled leaf (Fig. 1). We es-
timated 30 eggs in the clutch, including ca. 6 eggs that fell into 
the stream upon retrieval. Leaf litterbags are a passive sampling 
device that mimic natural leaf packs in streams, serving as both 
refugia from predators and sources of prey substrate (Fraser 
1976. Ecology 57:459–471; Waldron et al. 2003. Applied Herpetol. 
1:23–36).
 This oviposition observation was made during a study exam-
ining the effectiveness of leaf litterbags versus dipnetting (Tal-
ley and Crisman 2007. Env. Monitor. Assess. 132:505–519). We 
constructed leaf litterbags by gathering the corners of 30 x 30 cm 
squares of heavy gauge plastic mesh to form pockets we filled 
with litter debris from stream edges. We placed 12 litterbags in 
each survey stream at locations where debris naturally accumu-
lated (e.g., channel bends, pools, and incised banks). Following 
a 30-day incubation period, where salamanders can freely move 
in and out of the litterbag, we remove litterbags from the stream 
to inspect the interiors. 

Fig. 1. Larval Marbled Salamander, Ambystoma opacum, found dead 
within the egg mass of a Wood Frog, Lithobates sylvaticus.

Fig. 1. Female Desmognathus folkertsi found with her early-stage 
nest underneath a small rock in a headwater stream.



Herpetological Review 43(3), 2012

460    nAtuRAl hiStORy nOteS

 
 Eurycea cirrigera typically breed December through March 
in the southern US, so that eggs are typically present January 
through April. The female deposits ca. 15–100 eggs per clutch, 
remaining with them until they hatch (1–2 months). Females 
typically attach eggs singly beneath submerged rocks or logs in 
slow-moving water, or to submerged vegetation when sufficient 
rocks are unavailable (Brimley 1896. Amer. Nat. 30:500–501; Jen-
sen et al. 2008. Amphibians and Reptiles of Georgia. Univ. Geor-
gia Press, Athens and London. 575 pp.; Mitchell and Gibbons. 
2010. Salamanders of the Southeast. Univ. Georgia Press, Athens 
and London. 324 pp.).
 The current observation supports the documented timing 
of oviposition in the southern populations of E. cirrigera men-
tioned above, and suggests the efficacy of salamanders to occupy 
leaf litterbags because they mimic the natural microhabitat. We 
may have found additional salamanders with egg clutches if 
we had checked the contents more frequently during breeding 
months or if we had placed them in microhabitats better suited 
for attracting adults (i.e., at stream edges where rocks are more 
available and litterbags are not fully submerged).
 We thank Southlands Experimental Forest of International 
Paper in Bainbridge, Georgia for site support and availability. 
Funding for this research was kindly provided by the National 
Fish and Wildlife Foundation and National Council for Air and 
Stream Improvement. Special thanks to Bill White for assistance 
in the field. This work was completed while the authors were at 
the University of Florida. 

bROOke l. tAlley, department of zoology, Southern illinois uni-
versity – Carbondale, Carbondale, illinois 62901, uSa (e-mail: bltalley@siu.
edu); thOmAS l. cRiSmAn, department of integrative Biology, univer-
sity of South florida, 4202 e. fowler avenue, Tampa, florida 33620, uSa.

PLETHODON CINEREUS (Eastern Red-backed Salamander). 
MORPHOLOGY. Plethodon cinereus is one of the most common 
salamanders in the Maritime Provinces of eastern Canada (Cook 
1984. Introduction to Canadian Amphibians and Reptiles. Na-
tional Museum of Natural Sciences, Ottawa; Conant and Collins 
1998. A Field Guide to Reptiles and Amphibians of Eastern and 
Central North America. Houghton-Mifflin Co., Boston, Massa-
chusetts. 616 pp.). There are three commonly recognized color 
morphs: a deep red-striped back with black sides referred to as 
red-backed, a black pigmented back and sides, referred to as 
lead-backed, and the rarest of the three morphs, red with varying 

degrees of black mottling referred to as erythristic. Far less com-
mon across its range is the leucistic morph, which lacks pigmen-
tation but has the regular black eyes and hence not considered 
albino. Across its range, three leucistic individuals have been 
reported from Maryland (Mitchell and Mazur 1998. Northeast. 
Nat. 5[4]:367–369), one each from West Virginia (Pauley 1974. 
The Restart 42:104), New York, and Massachusetts (Mendyk et al. 
2010. Herpetol. Rev. 41[2]:189–190), two from Nova Scotia, one 
from Quebec (Moore and Gilhen 2011. Can. Field Nat.125:58–60) 
and one from Ontario (Rye 1991. Can. Field Nat. 10:573–574). 
The individual from New Brunswick, Canada was discovered 
10 May 2009 at the UNB Woodlot in Fredericton (45.927841°N, 
66.65769°W; WGS 84) under a rock next to a gravel road. This is 
the first confirmed record for New Brunswick. The individual 
was not collected; however John Gilhen (Nova Scotia Museum) 
verified that the individual was leucistic based on photographs.

GReGOR f. m. JOnGSmA, 366 george Street, apt. 1B, fredericton, 
new Brunswick, Canada; e-mail: gregor.Jongsma@gmail.com.

SALAMANDRA SALAMANDRA GALLAICA and SALAMANDRA 
SALAMANDRA EUROPAEA (Fire Salamander). AGONISTIC 
BEHAVIOR. Rival combat between male salamanders has been 
described in a central European population of Salamandra 
salamandra (Kästle 1986. In Z. Roçek [ed.], Studies in Herpe-
tology, pp. 525–528. Societas Eurpaea Herpetologica, Prague), 
as well as in other salamander species including S. algira tingi-
tana (Bogaerts and Donaire-Barroso 2005. Zeitschrift für Feld-
herpetologie 12:137–141), S. lanzai (Andreone 1992. Bull. Brit. 
Herpetol. Soc. 39:31–33), S. atra (Häfeli 1971. Rev. Suisse Zool. 
78:235–293), Plethodon cinereus (Jaeger 1984. Copeia 1984:309–
314; Gabor and Jaeger 1995. Anim. Behav. 49:71–79), and Ensa-
tina eschscholtzii (Wiltenmuth and Nishikawa 1998. Anim. Be-
hav. 55:1595–1606). Herein we report this behavior in two Iberian 
subspecies of Salamandra salamandra. 
 On 11 Oct 2011, GV-A observed and filmed this behavior in S. 
s. gallaica (http://youtube.com/watch?v=qJPmSTwTBCM; Bueu, 
NW Spain, 42.286°N, 8.758°W). XB filmed the same behavior in 
S. s. europaea on 27 Oct 2011 (http://youtu.be/ULD_v1-2Q_k; 
Les Preses, NE Spain; 42.135°N, 2.460°E). Our observations agree 
with the combat sequence reported in S. salamandra (Kästle 
1986, op. cit.) and lasted more than 10 minutes. Our field obser-
vations provide evidence of male combat in other lineages of S. 
salamandra and extend this behavior across its wide range. Male 
combat in natural populations of Salamandra is difficult to ob-
serve (Kästle 1986, op. cit.; Bogaerts and Donaire-Barroso 2005, 

Fig. 1. Female Eurycea cirrigera tending egg clutch.

Fig. 1. Leucistic Plethodon cinereus found in Fredericton, New Bruns-
wick, Canada in 2010.
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op. cit.) and our experience agrees with field observations in oth-
er lineages since this behavior has been observed only twice in 
S. s. gallaica (first observation on 24 Oct 1998 in Parque Natural 
das Fragas do Eume, NW Spain, 43.418°N, 8.103°W) after numer-
ous field surveys during the last 20 years. In S. s. europaea it has 
been observed four times in Les Preses (twice on 23 Dec 2007 
and twice on 27 Oct 2011) and twice in La Vall d’en Bas (on 3 Nov 
2011 in Espai d’Interès Natural Puigsacalm-Bellmunt; 42.162°N, 
2.412°E). However, due to the scarcity of male-male agonistic be-
havioral observations in S. salamandra, whether these observa-
tions correspond to mistaken matings or rival male combat to 
defend their territory remains unclear.

GuilleRmO velO-AntÓn, CiBio - Centro de investigação em Bio-
diversidade e recursos genéticos da universidade do Porto, instituto de 
Ciências agrárias de vairão, r. Padre armando Quintas, 4485-661 vairão, 
Portugal (e-mail: guillermo.velo@mail.icav.up.pt); pedRO GAlÁn, depar-
tamento de Bioloxía animal, Bioloxía vexetal e ecoloxía. facultade de Cien-
cias. universidade da Coruña. Campus da zapateira, s/n. 15071-a Coruña, 
Spain (e-mail: pgalan@udc.es); XAvieR bÉJAR, delegació de la garrotxa 
de la institució Catalana d’història natural, fontanella 3, 17800 olot, Spain 
(e-mail: xevi.bejar@gmail.com).

AnuRA — fROGS

ANAXYRUS FOWLERI (Fowler’s Toad). HABITAT. Anaxyrus fowl-
eri is endangered in Canada where it reaches its northern range 
limit (COSEWIC 2010). Fowler’s Toads at Long Point Ontario 
breed almost exclusively within a large complex of wetlands on 
the leeward side of Lake Erie shoreline beach dunes (Green 1989. 
Can. Field Nat. 103:486–496). After the breeding season has end-
ed males and females return to the beaches and sand dunes for 
the remainder of the active season. During the post breeding pe-
riod these toads spend their evenings foraging along the beach 
and shoreline. Daylight hours are spent buried in the sand, typi-
cally within the eroding face of dunes (Boenke, unpubl. M.Sc. 
Thesis). The daytime habits of toads during the breeding season 
have not been previously reported.
 During the breeding season on 29 May 2010, we attached a 
radio-transmitter (BD-2N manufactured by Holohil) to a call-
ing male in the back-dune wetlands of Long Point (UTM 17N, 
552007N, 4714034E) at 2355 h. The following day at 0900 h we 
tracked this radio-transmitter to a vegetation mound (UTM 17N, 
552029N, 4714051E) near the attachment location within the 
same wetland. Unfortunately we were unable to visually confirm 
the presence of the toad and assumed the transmitter had been 
shed. On 9 June 2010, at 2344 h, well after the breeding season 
had ended, the same toad was found on the beach (UTM 17N, 
551723N, 4713877E) wearing the same radio transmitter as con-
firmed by its serial number.
 We interpret this as the first documented evidence of Fowler’s 
Toads making use of daily refuge sites in wetlands or vegetation 
mounds. Previous to this it was unclear if during the breeding 
season toads returned to the sandy beaches between each night 
of calling or took refuge within the wetlands. Different toads may 
employ different refuge seeking strategies and further research 
into this behavior is needed. 

mORGAn bOenke (e-mail: morgan.boenke@mail.mcgill.ca) and 
dAvid m. GReen, redpath museum, mcgill university, 859 Sherbrooke 
Street West, montréal, PQ, h3a 2k6, Canada.

CORYTHOMANTIS GREENINGI (Greening’s Frog). REPRO-
DUCTION. Some anuran species are known by their short 

breeding activity, which occurs during a few weeks or days when 
it is possible to observe large reproductive choruses of individu-
als (Kopp et al. 2010. Iheringia 100:192–200; Wells 1977. Anim. 
Behav. 25:666–693). During spatial and temporal overlap in spe-
cies reproductive activities, interspecific mating interactions 
are known to occur (Grogan and Grogan Jr. 2011. Herpetol. Rev. 
42:89–90; Streicher et al 2010. Herpetol. Rev. 41:208). Herein we 
report an interspecific amplexus between individuals from two 
different species and families: Hylidae and Cycloramphidae. On 
11 Nov 2006 at ca. 2000 h during the rainy season we found 12 
anuran species in reproductive activity at a stream with small 
ponds in a transition area between Atlantic and Cerrado do-
mains, near the city of Grão Mogol, Jequitinhonha River Basin, 
state of Minas Gerais, southeastern Brazil (16.5716°S, 42.7734°W, 
599 m elev.). These species were: Proceratophrys renalis, Odon-
tophrynus carvalhoi, O. cultripes, Corythomantis greeningi, 
Dendropsophus minutus, Hypsiboas crepitans, Phyllomedusa 
burmeisteri, P. gr. hypochondrialis, Scinax gr. catharinae, Lep-
todactylus mystacinus, L. troglodytes, and Physalaemus cuvieri. 
We observed amplexus between an adult male Corythomantis 
greeningi and a female Proceratophrys renalis (Fig. 1A, B) on 
rocks at the stream margin. The pair remained in amplexus and 
did not move while being observed for ca. 10 min. In the same 
chorus we observed conspecific amplexus of adult P. renalis (Fig. 
1C) and C. greeningi (Fig. 1D). Although interspecific amplexus 
in anurans has been reported by numerous authors, amplexus 
between different families of anurans is only rarely observed.
 LBN was supported by Fundação de Amparo à Pesquisa de 
Minas Gerais (FAPEMIG).

ROnAld R. cARvAlhO JR., Sapiens Soluções ambientais ltda, 
30220-260, Belo horizonte, minas gerais, Brazil (e-mail: ronald.sapiens@
gmail.com); luciAnA b. nAScimentO, Programa de Pós graduação 
em zoologia de vertebrados and museu de Ciências naturais, Pontifícia 
universidade Católica de minas gerais, minas gerais, Brazil (e-mail: luna@
pucminas.br).

DUTTAPHRYNUS MELANOSTICTUS (Asian Common Toad). 
PARASITISM. Duttaphrynus melanostictus is a common toad 
throughout South Asia. Although there have been reports of par-
asitism of D. melanostictus by endoparasites such as nematodes 

Fig. 1. A-B) Male Corythomantis greeningi in amplexus with female 
Proceratophrys renalis, from Minas Gerais, Brazil. C) Conspecific am-
plexus of Proceratophrys renalis from Minas Gerais, Brazil. D) Con-
specific amplexus of Corythomantis greeningi from Minas Gerais, 
Brazil. 
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(Walton 1933. J. Parasitol. 20:1–32) and parasitoids such as dip-
teran larvae (Roy and Dasgupta 1977. Proc. Indian Acad. Sci. 
86B:207–209), reports of this species being parasitized by leeches 
could not be found. On 30 May 2011 at 2048 h we observed a 
leech attached to the lower back near the urostyle of an adult 
female D. melanostictus in Tai Po Kau Nature Reserve, New Ter-
ritories, Hong Kong, China (22.43°N, 114.19389°E). The leech 
was identified as Tritetrabdella taiwana, and was deposited in 
the Zoological Collection of Kyoto University (KUZ Z196). Its COI 
sequence was deposited in GenBank (AB685259).
 Tritetrabdella taiwana is only recorded in East and South 
East Asia (Lai et al. 2011. ZooKeys 139:1–22). This species in-
habits moist forests in mountains of low to middle-elevation 
and attaches to substrates like leaf litter, grasses, and bushes 
on the ground (Lai et al. 2011, op. cit.). A detailed description 
of this species is limited to a few publications from Taiwan 
(Lai and Chan 2010. Leech Fauna of Taiwan. National Tai-
wan University Press, Taiwan. 118 pp.; Lai et al. 2011, op. cit.). 
Amphibians are believed to be the primary host of this ter-
restrial blood-sucking leech as this species has usually been 
recorded to parasitize anurans in Taiwan (Lai et al. 2011, op. 
cit.). Duttaphrynus melanostictus is a newly reported host for 
this leech species. 

yAn-linG yuen, School of Biological Sciences, kadoorie Biological 
Sciences Building, university of hong kong, hong kong, China (e-mail: 
elaineyuen2003@yahoo.com.hk); tAkAfumi nAkAnO, department of 
zoology, graduate School of Science, kyoto university, kyoto 606-8502, 
Japan (e-mail: nakano@zoo.zool.kyoto-u.ac.jp).

ECNOMIOHYLA MIOTYMPANUM (Small Eared Treefrog). 
PREDATION. Numerous aquatic insects have been reported as 

anuran predators (Duellman 2001. The Hylid Frogs of Middle 
America, 2nd ed. SSAR Contributions to Herpetology, No. 18. 
Lawrence, Kansas. 1159 pp.; Duellman and Trueb 1994. Biology 
of Amphibians. Johns Hopkins Univ. Press, Baltimore, Maryland. 
670 pp.). Ecnomiohyla miotympanum is endemic to Mexico, and 
inhabits pine-oak and cloud forest in the Sierra Madre Oriental 
from the states of Nuevo León and Chiapas to Veracruz (Du-
ellman 2001, op. cit.). On 16 March 2008 during fieldwork at Ran-
cho Badillo (20.73°N, 98.81°E; WGS84; elev 1930 m), Municipality 
of Eloxochitlan, Hidalgo State, at 2030 h, we observed an adult 
E. miotympanum (CIB 3040, Centro de Investigaciones Biológi-
cas, Universidad Autónoma del Estado de Hidalgo) being preyed 
upon on by a giant water bug of the family Belostomatidae (33.5 
mm length; 1.4 g). The frog (44.0 mm SVL; 5.2 g;) was caught in 
the middle of the water body (Fig. 1). This is the first report of 
predation on E. miotympanum by an aquatic insect in the state 
of Hidalgo, México. We thank Diversidad Biológica del Estado de 
Hidalgo and FOMIX-CONACYT- HIDALGO 43761, 95828, and 
S52552-Q for funding our fieldwork.

uRiel heRnÁndez SAlinAS (uhernndez3@gmail.com), AuRe-
liO RAmíRez bAutiStA (aurelior@uaeh.edu.mx), luiS m. bAdillO 
SAldAÑA (luismbadillosal@hotmail.com), and dAniel lARA tufiÑO 
(hidra127@hotmail.com) Centro de investigaciones Biológicas (CiB), uni-
versidad autónoma del estado de hidalgo, a.P. 1-69 Plaza Juárez, C.P. 
42001, Pachuca, hidalgo, méxico.

EUPHLYCTIS CYANOPHLYCTIS (Indian Skipper Frog). PRE-
DATION. Many vertebrates, invertebrates, and carnivorous 
plants prey on amphibians, which are generally small to mod-
erate in size and have soft skin (Duellman and Trueb 1994. Bi-
ology of Amphibians. John Hopkins University Press, Balti-
more, Maryland. 670 pp.). During the breeding season, adults, 
tadpoles, and metamorphosing young are concentrated and 
are easily acquired meals for predators (Duellman and Trueb 
1994, op. cit.). Many authors suggest that the breeding strate-
gies of anurans expose them to potential predation (Pough et al. 
1992. In M. E. Feder and W. W. Burggren [eds.], Environmen-
tal Physiology of the Amphibians, pp. 395–436. University of 
Chicago Press, Chicago, Illinois; Toledo 2003. Phyllomedusa 
2:105–108). Water bugs, (Lethocerus spp.) are known predators 
of larval and adult frogs (De-Andrade et al. 2010. Herpetol. 
Notes 3:53–54; Toledo 2003, op. cit.). Reported herein is the 
first record of predation of Euphlyctis cyanophlyctis by Letho-
cerus indicus.
 Euphlyctis cyanophlyctis is widely distributed in Sri Lanka 
and occurs up to 1710 m elev. (Manamendra-Arachchi and 
Pethiyagoda 2005, 2006. Sri Lankawe Ubhayajeeven “Am-
phibian Fauna of Sri Lanka.” Wildlife Heritage Trust of Sri 
Lanka). Lethocerus indicus and E. cyanophlyctis are common 
inhabitants of seasonal ponds in the Mihintale Sanctuary 
where E. cyanophlyctis are known to breed (Dissanayake et al. 
2011. Diversity, Abundance, and Distribution of Amphibians 
in the Mihintale Sanctuary, Sri Lanka. 16th International For-
estry and Environment Symposium 2011. 43).
 On 12 Oct 2011 at 2245 h, we observed an adult L. indicus (71 
mm total length) feeding on an adult male E. cyanophlyctis (32 
mm SVL) on the margins of a seasonal pond located at Mihintale 
Sanctuary (8.34968°N, 80.50449°E; 117.6 m elev.), in the region 
of Anuradhapura, Sri Lanka. The E. cyanophlyctis was already 
dead, with the L. indicus biting its right side just below the head 
region (Fig. 1). The frog was strongly held by the forelimbs of the 
L. indicus. This observation lasted 20 minutes and occurred at 

Fig. 1. Ecnomiohyla miotympanum being predated by Giant Water 
Bug (Belostomatidae) in the locality of Municipality of Eloxochitlan, 
Hidalgo State, México.
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the beginning of the rainy period immediately after a drought 
season of about five months.
 The effect that predation has on amphibian populations in 
Sri Lanka is not well studied. Therefore, further studies should be 
conducted in this area. We thank L. J. Mendis Wickramasinghe 
for valuable comments, and K. G. D. de. A Abeysinghe and C. 
Hassapakis who enriched this work.

dumindA S. b. diSSAnAyAke (e-mail: duminda.rusl@gmail.com), 
S. m. WellApuli-ARAchchi, and c. S. v. pAthiRAnA, department of 
Biological Sciences, faculty of applied Sciences, rajarata university of Sri 
lanka, mihintale, Sri lanka.

HYPEROLIUS DISCODACTYLUS (Disc-fingered Reed Frog). 
PARACHUTING. Several species of frogs are capable of a con-
trolled aerial descent (for definition see Dudley et al. 2007. Ann. 
Rev. Ecol. Evol. Syst. 38:179–201) which includes gliding flights 
and parachuting. Traditionally, a gliding flight has been char-
acterized by a descent angle of less than 45° to the horizontal 
whereas in parachuting, the descent angle is more than 45° (Oli-
ver 1951. Am. Nat. 85:171–176). The most famous of these spe-
cies are probably the Southeast Asian flying frogs of the genus 
Rhacophorus, but controlled aerial descent is also known from 
several other Asian members of the Rhacophoridae, a number 
of New World hylids, a single member of the Eleutherodactyli-
dae (Eleutherodactylus coqui), and a single member of the Hy-
peroliidae (Hyperolius castaneus) (Dudley et al. 2007, op. cit.; 
Mendelson et al. 2008. J. Herpetol. 42:750–759; Stewart 1985. J. 
Herpetol. 19:391–401). During field work in Rwanda in October 
2010, I tested the aerial performance of Hyperolius discodactylus, 
a species endemic to the montane forests of the Albertine Rift in 
Central Africa. I collected four individuals in Nyungwe National 
Park in southern Rwanda in October 2010 and transported them 
to a laboratory in the city of Butare. To test their ability to per-
form parachuting flights, I positioned them at a height of ca. 2 m 
above the floor and made them jump to the ground by touching 
their back. Subsequent to the initial leap, the frogs flexed their 
limbs, spread the fingers and toes and held hands and feet in 
the frontal plane of the body, which was oriented parallel to the 
ground (Fig. 1). They remained in this stable posture until they 
landed on the ground. This posture is known from other species 
of frogs during controlled aerial descent and has been shown to 
be best suited for maneuvering in the air (Emerson and Koehl 
1990. Evolution 44:1931–1946). Two of the frogs were released in 

the air upside down in a second test. In the air, the frogs turned 
their bodies by rapid movements of the limbs and quickly as-
sumed the parachuting posture described above. Because the 
frogs always landed within a horizontal distance of 2 m from the 
starting point, I choose the term parachuting for the kind of the 
aerial descent reported here. 
 Currently, 129 species of Hyperolius are considered valid 
(Frost 2011. Amphibian Species of the World: an Online Ref-
erence. Version 5.5 [31 January, 2011]. Electronic database 
accessible at http://research.amnh.org/vz/herpetology/am-
phibia/. American Museum of Natural History, New York). 
Many of these species live in the canopy layer and show 
morphological characteristics—such as extensive webbing 
between fingers and toes—that suggest an ability to perform 
controlled aerial descents. Therefore, controlled aerial de-
scent might be more widespread within Hyperolius than cur-
rently known.

J. mAXimiliAn dehlinG, institut für integrierte naturwissen-
schaften, abteilung Biologie, universität koblenz-landau, univer-
sitätsstraße 1, 56070 koblenz, germany; e-mail: megophrys@gmail.com. 

ISTHMOHYLA PSEUDOPUMA (Meadow Treefrog). PREDA-
TION. Likely predators of Isthmohyla pseudopuma include 
mammals, birds, snakes, aquatic insects, and even conspecif-
ics (tadpole cannibalism) (Duellman and Trueb 1994. Biology 
of Amphibians. John Hopkins University Press, Baltimore, 
Maryland. 670 pp.; Pounds 2000. In N. M. Nadkarni and N. T. 
Wheelwright [eds.], Monteverde: Ecology and Conservation 
of a Tropical Cloud Forest, pp. 149–177. Oxford Univ. Press, 
New York; Savage 2002. The Amphibians and Reptiles of Costa 
Rica: A Herpetofauna Between Two Continents, Between Two 

Fig. 1. Predation of Euphlyctis cyanophlyctis by Lethocerus indicus 
observed at Mihintale Sanctuary, Sri Lanka.

Fig. 1. Parachuting adult male Hyperolius discodactylus from Rwanda.
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Seas. Univ. Chicago Press, Chicago, Illinois. 934 pp.). Crus-
tacean predation of anurans has been documented during 
the pre-hatching, tadpole, and adult stages of life (Gutsche 
and Elepfandt 2007. Herpetol. Rev. 38:198–199; Hayes 1983. 
Biotropica 15:74–76; Heather and John 2000. Crustaceana 
73:1023–1025); however, this is the first predation account in 
which a freshwater crab (Epibolocera sinuatifrons) was found 
preying on an adult I. pseudopuma.
 Isthmohyla pseudopuma use lentic water such as small 
ponds, puddles, and water filled depressions for egg depo-
sition (Savage 2002, op. cit.). It was in such a puddle in the 
Monteverde Cloud Forest Biological Reserve, Puntarenas, 
Costa Rica (Sendero Camino trail; 6.679519°N, 81.223459°E; 
ca. 1600 m elev.) that we observed presumed predation of I. 
pseudopuma. On 1 June 2011 at 0900 h we encountered an 
E. sinuatifrons (39.5 mm carapace width) clutching the up-
per torso of an adult I. pseudopuma (33.3 mm SUL) in its left 
cheliped. From this observation we assume predation and 
consumption of the anuran. The puddle had been visited 
previously and found to contain two E. sinuatifrons and four 
clutches of I. pseudopuma eggs. Based on the absence of the 
I. pseudopuma corpse the previous night, the lack of decom-
position (Fig. 1), and the observation of chorusing males and 
amplectic pairs the previous evening, we suggest the crab 
predated the frog during the breeding chorus. The puddle 
was minimally covered by about 40% canopy and was ap-
proximately 1 m x 0.3 m x 0.1 m deep. This observation docu-
ments yet another predation risk for I. pseudopuma.

JOy m. WARRinGtOn (e-mail: jwarrington@nnu.edu) and JOhn O. 
cOSSel JR., department of Biology, northwest nazarene university, 623 
South university Boulevard, nampa, idaho 83686, uSa.

LEPTOBRACHIUM PULLUM (Vietnam Spadefoot Toad). SITUS 
INVERSUS. On 24 May 2009 a Leptobrachium pullum tadpole 
was collected from the Nui Ong Nature Reserve in Binh Thuan 
Province in Southern Vietnam (11.0657°N, 107.7360°E). Upon 
later examination of the preserved specimen (AMS R 173274; 
Gosner Stage 29 [Gosner 1960. Herpetologica 16:183–190], to-
tal length = 79.5 mm), it was observed to have a reversal in the 
position of external morphological characters including a dex-
tral spiracle and sinistral vent tube. All other Leptobrachium 

tadpoles examined from this site and others throughout Viet-
nam and Cambodia (N = 46) had a sinistral spiracle, common to 
most tadpoles, and dextral vent tube, characteristic of the family 
Megophryidae (McDiarmid and Altig 1999. Tadpoles: The Biol-
ogy of Anuran Larvae. Univ. Chicago Press, Chicago, Illinois. 444 
pp.). Further examination also found that the internal gut coil 
was reversed and ran in a clockwise direction and that the kid-
ney and associated fat bodies were larger on the left side. Most 
tadpoles have right-left asymmetry in the size of the kidneys and 
associated fat bodies, being larger toward the dextral side of the 
body (Malashichev and Wassersug 2004. BioEssays 26:512–522). 
This reversal of major asymmetric viscera is a relatively rare con-
genital disorder known as situs inversus.

lAkShmi SundeRASAn, School of Biological Sciences, The univer-
sity of Sydney, nSW 2006, australia (e-mail: lsun7424@uni.sydney.edu.au); 
JOdi J. l. ROWley, australian museum, 6 College St, Sydney, nSW 2010, 
australia (e-mail: jodi.rowley@austmus.gov.au).

LEPTODACTYLUS LATRANS (Caçote Frog). PREDATION. Lep-
todactylus latrans is a euryphagous anuran that feeds on small 
frogs, arthropods, fish, mollusks, and annelids (Meneyro et al. 
2004. Iheringia, Sér. Zool., Porto Alegre 94[1]:57–61; Sanabria et 
al. 2005. Rev. Peruana Biol. 12[3]:472–477; Solé et al. 2009. Herpe-
tol. Notes 2:9–15; Teixeira and Vrcibradic 2003. Cuad. Herpetol. 
17[1-2]:111–118). On 24 Nov 2011, at 2230 h, in the “Sítio Pinhei-
ros” (7.364°S 39.342°W, WGS84; 693 m elev.), district of Caldas, 
Barbalha City, Ceará, Brazil, we captured a Leptodactylus latrans 
(79.5 mm SVL) attempting to consume a Hypsiboas raniceps (66 
mm SVL) (Fig. 1). Although there are records of small frogs in the 
diet of L. latrans, this event is significant because of the size of 
prey in relation to the predator and because this is the first report 
of H. raniceps in the diet of L. latrans. Additionally, these two spe-
cies are generally found in different ecological niches (Silva and 
Santos 2011. Herpetologia no Estado de Pernambuco. 1:211–Δ217. 
IBAMA, Brasília). The specimens were deposited in the Herpeto-
logical and Paleoherpetological collection of Federal Rural Uni-
versity of Pernambuco - UFRPE, Recife, Brazil (CHPUFRPE 981 
Leptodactylus latrans; CHPUFRPE 982 Hypsiboas raniceps). This 
field work was authorized by ICMBio, Permit No. 27143-1.

leOnARdO dA SilvA chAveS (e-mail: l_schaves@yahoo.com.br), 
eliAnA SOfiA fAJARdO veGA (e-mail: sofi.fajardo@gmail.com), cA-
RinA cARneiRO de melO mOuRA (e-mail: carinacarneiro@yahoo.com.
br), SÉRGiO luiz dA SilvA muniz (e-mail: sergiomuniz86@gmail.com), 

Fig. 1. Corpse of an Isthmohyla pseudopuma (Meadow Treefrog) that 
was observed in the cheliped of an Epibolocera sinuatifrons (Fresh-
water Crab) as it fed on the dead frog. Note the limited amount of 
decomposition, suggesting predation and not scavenging.

Fig. 1. Predation of Hypsiboas raniceps by Leptodactylus latrans in 
Barbalha, Ceará, Brazil.
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and GeRAldO JORGe bARbOSA de mOuRA (e-mail: geraldojbm@
yahoo.com.br), universidade federal rural de Pernambuco, Paleoherpe-
tological and herpetological laboratory, ufrPe, rua dom manoel de me-
deiros, dois irmãos - CeP: 52171-900, recife, Pe, Brazil.

LEPTODACTYLUS MYSTACEUS (Basin White-lipped Frog). 
PREDATION. Anurans are known to be preyed upon by a vari-
ety of vertebrates and invertebrates (Toledo et al. 2007. J. Zool. 
271:270–277). Herein we here report predation by the amblypy-
gid Heterophrynus sp. of an adult Leptodactylus mystaceus. This 
species is a medium-sized anuran (males 43–50 mm, females 
47–60 mm) (Lima et al. 2006. Guia de Sapos da Reserva Ducke 
– Amazônia Central / Guide to the Frogs of Reserva Adolpho Du-
cke – Central Amazonia. Áttema Design Editorial, Manaus, Bra-
zil. 168 pp.) known from Colombia, Venezuela, French Guiana, 
Guyana, Suriname, northeastern and central Brazil, Ecuador, 
Peru, and Bolivia (Frost 2011. Amphibian Species of the World: 
an Online Reference. Version 5.5 [31 January 2011]. Electronic 
database accessible at http://research.amnh.org/vz/herpetolo-
gy/amphibia/. American Museum of Natural History, New York). 
It inhabits primary and secondary tropical rainforests, forest 
edge, and savannah enclaves in forest, flooded, and open envi-
ronments. It lives on the ground around temporary ponds and 
other water bodies. It is somewhat adaptable to human modi-
fication of its habitat (Heyer and Rodrigues 2010. In IUCN 2011. 
IUCN Red List of Threatened Species. Version 2011.2). 
 On 23 Nov 2011 at 2030 h, we found an adult L. mystaceus 
being preyed upon by an adult Heterophrynus sp. at the edge of 
a temporary stream on the forest floor in the proximity of Cave 
Planaltina, Brasil Novo – Pará, Brazil (3.3761°S, 52.5761°W). The 
size relationship observed in this predation event is consistent 
with Toledo et al. (2010. Herpetol. Rev. 41[3]:340–341), where 
solitary, venomous invertebrate predators generally eat prey that 
are a little shorter or equal to their own size.

emil JOSÉ heRnÁndez-Ruz (e-mail: emilhjh@yahoo.com), el-
ciOmAR ARAuJO de OliveiRA (e-mail: ramoiclebio@yahoo.com.br), 
clAudiA liz bAiA teleS, mARcOS diOneS feRReiRA SAntAnA, 
and kleitOn RAbelO de ARAÚJO, laboratório de zoologia, faculdade 
de Ciências Biológicas, universidade federal do Pará, Campus de altamira, 
rua Coronel José Porfírio, 2515 - CeP 68.372-040 - altamira – Pa, Brazil.

LIMNONECTES PALAVANENSIS (Smooth Guardian Frog). AB-
ERRANT COLORATION. Limnonectes palavanensis is a primary 
forest leaf litter dwelling anuran (Inger and Stuebing 2005. A 
Field Guide to the Frogs of Borneo, 2nd ed. Natural History Pub-
lications [Borneo] Sdn. Bhd. Kota Kinabalu. 201 pp.; Malkmus 
et al. 2002. Amphibians and Reptiles of Mount Kinabalu [North 
Borneo]. A.R.G. Gantner Verlag K.G. Ruggell. 424 pp.) that can 
be found from near sea level to 1502 m elev. (Kueh et al. 2011. 
Herpetol. Rev. 42:261) in Palawan of the Philippines, and Borneo 
(Sabah and Sarawak of Malaysia, Brunei Darussalam, and Kali-
mantan of Indonesia) (Das 2007. A Pocket Guide: Amphibians 
and Reptiles of Brunei. Natural History Publications [Borneo] 
Sdn. Bhd. Kota Kinabalu. 200 pp.; Inger 2007. Systematics and 
Zoogeography of Philippine Amphibia. Natural History Publica-
tions [Borneo] Sdn. Bhd. Kota Kinabalu. 370 pp.). Limnonectes 
palavanensis is a small (to 40 mm SVL) anuran, which is recog-
nizable by a characteristic reverse v-shaped ridge in the middle 
of its smooth and reddish to chocolate brown back with two 
thin, unbroken dorsolateral groin folds, several posterior dorso-
lateral dark spots, limbs with dark brown crossbars, as well as 
unmarked orange yellow chest, abdomen, and undersides of legs 

(Inger 2005. The Systematics and Zoogeography of the Amphibia 
of Borneo. Natural History Publications [Borneo] Sdn. Bhd. Kota 
Kinabalu. 402 pp.; Malkmus et al. 2002, op. cit.). Herein we report 
an aberrant color morph of L. palavanensis.
 Two aberrantly colored adult L. palavanensis were collected 
on 27 June 2008 (36 mm SVL; 5.5 g) and 2 Dec 2008 (32 mm SVL; 
2.9 g), between 1900 and 2200 h, from among dead leaves be-
tween a forested hill slope (Geludu Hill) and a gravel village road 
(Kinasaraban-Bundu Tuhan Road) (5.9989°N, 116.5377°E; 1280 
m and 1319 m elev.), Bundu Tuhan, Ranau District, West Coast 
Division, Sabah, Bornean Malaysia. The frogs had a dark green-
ish brown back with a white vertebral stripe, limbs with dark 
greenish crossbars, and a fine white line on the upper surface of 
each shin, besides the typical posterior dorsolateral dark spots 
and ventral coloration of L. palavanensis (Fig. 1). The anurans 
were void of the reverse v-shaped ridge on the back. The two 
frogs were found together with typically colored individuals at 
a high frequency of 0.29 for the occurrence of the aberrant color 
morph in that population, and hence, excludes the causal fac-
tor of rare variation or random mutation. Further studies on the 
factors and advantages of such a color morph in L. palavanensis 
by revealing the form and microgeographical range of all color 
morphs would be informative. Blackburn and Droissart (2008. 
Herpetol. Rev. 39:208–209) suggested that color polymorphism 
in anurans contributes towards crypsis, mimicry, and even apo-
sematism. The two specimens (27 June 2008: HEP00541, and 2 
Dec 2008: HEP00759) were deposited in BORNEENSIS, the Bor-
nean reference collection of the Institute for Tropical Biology 
and Conservation, Universiti Malaysia Sabah.
 We are grateful to Indraneil Das for species verification of the 
anurans. We thank A. J. Lintanga for field assistance, P. Abas for 
field transportation, and the Haleluyah Retreat Centre for lodg-
ing. Sampling was conducted under permission granted by the 
Jawatankuasa Pemegang Amanah Hutan Simpanan dan Tanah 
Perumahan Bumiputera Kg. Bundu Tuhan, Ranau to KBH. We 
also thank the Institute for Tropical Biology and Conservation, 
Universiti Malaysia Sabah for support.

kueh bOOn-hee (e-mail: kbhkelvin@hotmail.com), elAnGkumA-
RAn S/O SAGtiA SiWAn (e-mail: ela_jeevan@yahoo.com), nORASmil iS-
mAil (e-mail: norasmilismail@yahoo.com.my), JuelbeR AlbeRt (e-mail: 

Fig. 1. An aberrant color morph of Limnonectes palavanensis (left) 
compared to a typically colored morph (right), Bundu Tuhan, ranau, 
Sabah, Malaysia.
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juelberalbert@gmail.com), cindy lAu en ShinG (e-mail: cindyenxi@ho-
tmail.com), and vyneR bAyAnG AnAk nGindAnG (e-mail: peace87fe@
yahoo.com), institute for Tropical Biology and Conservation, universiti ma-
laysia Sabah, Jalan umS, 88400 kota kinabalu, Sabah, malaysia.

LITHOBATES BERLANDIERI (Rio Grande Leopard Frog), 
DRYMOBIUS MARGARITIFERUS (Speckled Racer), and PAN-
THERA ONCA (Jaguar). SCREAM-CALLING. Scream-calling 
in non-social vertebrates (outside of reproductive behavior) is 
a behavior exhibited by prey that can 1) startle a predator into 
releasing the prey (startle response), and/or 2) attract a second-
ary predator (P2) causing the primary predator (P1) to release 
the prey. Scream-calling has been reviewed in neotropical frogs 
(Hödl and Gollman 1986. Amphibia-Reptilia 7:11–21) and the P2 
condition has been tested in leopard frogs (Lithobates pipiens) 
being predated by gartersnakes (Thamnophis sirtalis) under 
the premise that snakes cannot hear the higher frequency pitch 
of a distress call and thus will not release a prey based on the 
call (Schuett and Gillingham 1990. Bull. Chicago Herpetol. Soc. 
25:137–142).
 Schuett and Gillingham (1990, op. cit.) listed three condi-
tions that must be met to validate the presence of scream-
calling: 1) a scream call attracts P2; 2) P1 releases the prey 
upon arrival of P2; and 3) prey escapes predation. Critical 
to the second condition is that P1 releases the prey prior to 
physical contact with P2 and exhibits defensive behavior to-
wards P2, presumably distracting possible further predation 
to the calling prey. Schuett and Gillingham (1990, op. cit.) 
noted that a secondary, minimal startle response could be in-
duced from vibrations created by the scream of the captured 
prey item. They suggested further testing was warranted in 
neotropical and temperate regions and with predators of 
both the prey and P1.
 Compared to sympatric large felids, the diet of wild Jag-
uars (Panthera onca) is diverse, with amphibians and reptiles 
comprising a noticeable portion throughout its range (Brown 
and López González 2001. Borderland Jaguars: Tigres de la 
Frontera. Univ. Utah Press, Logan. 170 pp.). In this regard, 
chelonians appear to be favored (Emmons 1989. J. Herpe-
tol. 23:311–314) followed by iguanas, crocodilians, and large 
boids. Brown and González (2001, op. cit.) mention a Jaguar 
taken in southern Arizona whose stomach contained numer-
ous frogs of undetermined identity.
 On 24 March 2001, a distress call was heard in the Jaguar 
exhibit at the Belize City Zoo, Belize. The source was deter-
mined to be a Lithobates berlandieri that had been captured 
by the hind leg by a Drymobius magaritiferus near a pool 
of water. At this point a video recorder was used to film the 
frog and snake. The Jaguar became aware of the scream-calls 
and made its way to within about 1.2 m of the outstretched 
frog and snake. A crowd of people then gathered and the 
Jaguar retreated. At this point the recording stopped. After 
a short while, the frog then struggled free from the snake 
before escaping the lunge of another D. margaritiferus and 
retreating into the pool with other frogs. A video record-
ing of this event is available at: http://www.youtube.com/
watch?v=y38UN6TUl-4.
 Although it appears the snake did not release the frog 
in response to the arrival of the Jaguar, the event involves 
the appearance of a potential predator of the prey and the 
P1 after hearing the scream-call of the prey as described by 
Schuett and Gillingham (1990, op. cit.).

JOe fuRmAn, 2511 roy Circle, houston, Texas 77007, uSa (e-mail: 
wart.hog@comcast.net); RObeRt A. villA, 811 n. 10th ave., Tucson, ari-
zona 85705, uSa (e-mail: cascabel1985@gmail.com). 

LITORIA MOOREI (Motorbike Frog). TEMPERATURE. Many 
anurans have some form of resistance to evaporative water loss 
through the skin (see Tracy et al. 2010. Comp. Biochem. Physiol. 
A 150:102–108). Very high resistances occur in many burrowing 
species that form cocoons (Withers 1998. Aust. J. Zool. 46:405–
418) but resistances are also relatively high in arboreal frogs 
(Litoria species) in northern Australia from seasonally arid, hot 
environments (Tracy et al. 2010, op. cit.). Litoria species from 
cooler areas generally have lower resistance but there are excep-
tions: e.g., Litoria adelaidensis from south-western Australia has 
a resistance approximately ten times that of the co-occuring and 
co-distributed Litoria moorei (Tyler and Doughty 2009. Field 
Guide to Frogs of Western Australia. Western Australian Muse-
um, Perth; Withers 1998, op. cit.).
 On 28 Dec 2011 we noticed a Litoria moorei in a curled piece 
of bark suspended in a passion fruit vine growing over two dead 
shrubs about 2.2 m above the ground in a suburban garden in 
Perth, Western Australia (31.93259°S, 115.81463°E). The frog was 
in the classic water conserving posture and stayed in that posi-
tion from when it was first observed at 0830 h until it was last seen 
at 1911 h. We measured air temperature in the shaded section of 
the folded bark, ≈ 0.5 cm above the frog. Temperatures ranged 
from 34.1° to 40.7°C, averaging 37.7°C over 7 measurements made 
roughly hourly from 1130 to 1900 h. From about 1300 to 1900 h 
the left side of the head and body were in direct sun with about 
1/3 of the upper body surface exposed for most of that time. At 
the Swanbourne climate station (31.96°S, 115.76°E, ca. 6 km SW 
of the observation site), shade temperatures peaked at 39.1°C 
and in the observation period (0830 to 1930 h) averaged 34.4°C 
(23.3° to 39.1°C), relative humidities averaged 21% (10–34%) and 
wind speeds 4.5 m.s-1 (1.9–6.7; data from http://www.bom.gov.
au/products/IDW60901/IDW60901.94614.shtml sites accessed 
29 Dec 2011). These represent extreme conditions for Australian 
frogs (Tracy et al. 2010, op. cit.) and are close to or above Criti-
cal Thermal Maxima for many frog species from eastern Australia 
(Brattstrom 1970. Comp. Biochem. Physiol. 35:69–103).
 The cutaneous resistance to water loss in L. moorei is the sec-
ond lowest reported in Australian tree frogs (0.5 s.cm-1; Tracy et 
al. 2010, op. cit.) and based on predicted patterns of water loss 
for frogs at air temperatures of 30°C, this species (a comparable 
sized frog captured that night weighed 28.69 g) would be at 70% 
of fully hydrated body mass in about 1 hour (Tracy et al. 2010, 
op. cit.). Main and Bentley (1964. Ecology 45:379–382), reported 
that weight losses of 31–45% were lethal for Litoria moorei (as 
Hyla moorei). If water was evaporating freely from the skin, this 
frog should have suffered extreme water loss leading to lethal 
levels of dehydration. That it did not, might indicate a facultative 
capacity to alter skin resistance not detected in the conditions 
used by Withers (1998, op. cit.). It is impossible to reliably esti-
mate body temperature but if this was close to air temperatures 
then this frog must also have been close to its anticipated critical 
thermal maximum (mid 30s to low 40s °C for species from warm 
to hot locations (Tracy et al. 2008, op. cit.; 36.2°C for a closely re-
lated species, Litoria aurea, from eastern Australia, acclimated at 
30°C, Brattstrom 1970, op. cit.).
 Murray et al. (2011. J. Appl. Ecol. 48:163–173) reported chytrid 
fungus infections in Litoria moorei at several locations across 
south-western Australia and predicted a broad occurrence of 
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chytrid in south-western Australia. But, there is no evidence of 
chytrid induced, population decline in L. moorei or any other 
frogs species in this area (Hero et al. 2006. Pacific Cons. Biol. 
12:315–320). This may be because frogs often voluntarily expose 
themselves to high temperatures: coincidentally, or, deliberately, 
eliminating chytrid fungus infections (Puschendorf et al. 2011. 
Cons. Biol. 25:956–964; Woodhams et al. 2003. Dis. Aquat. Org. 
55:65–67).
 Chance observations of frog behavior might give us useful in-
sights into field capacities for frogs not determined by laboratory 
trials and should also caution us against rash conclusions about 
impacts of climate change on temperate faunas—frogs might be 
tougher than we think!

beveRley p. RObeRtS and J. dAle RObeRtS (e-mail: dale.roberts@
uwa.edu.au), School of animal Biology m092, university of Western austra-
lia, 35 Stirling highway, Crawley, Wa, 6009, australia.

PELOBATES CULTRIPES (Western Spadefoot Toad). DEPREDA-
TION. One factor in the decline of amphibian populations is the 
presence of invasive alien species. In addition to invasive alien 
species, there are examples of native species that have experi-
enced significant population growth and negatively impacted 
amphibians. The Wild Boar (Sus scrofa), native to Europe, as well 
as domestic varieties descended from it, forming feral popula-
tions in various parts of the world, and is considered one of the 
“100 world’s worst invasive species” (Lowe et al. 2004. 100 of 
the World’s Worst Invasive Alien Species. A Selection from the 
Global Invasive Species Database. The Invasive Species Special-
ist Group. Species Survival Commission. IUCN. 12 pp. www.issg.
org/booklet.pdf). In Spain, as in many other European countries, 
Wild Boar populations have increased rapidly in recent decades 
(Rosell et al. 2001. Galemys 13:1–25), leading to an increase in 
damage to meadows by the rooting activities of the animals. The 
negative impact on the natural environment is well known (Mas-
sei and Genov 2004. Galemys 16:135–145) and their detrimental 
effect on native herpetofauna has been documented (Jolley et al. 
2010. J. Mammal. 91:510–524).
 Traces of the rooting activities of the wild boar have become 
evident in recent years in the Natural Park of Corrubedo (Ribeira, 
A Coruña, Spain), making this activity a clear threat to amphib-
ian populations, as observed throughout Galicia. Furthermore, 
in this natural area lives one of the few surviving Galician popu-
lations of Pelobates cultripes, considered the most endangered 
amphibian of Galicia (Galán et al. 2010. Bol. Asoc. Herpetol. Esp. 
21:90–99), and listed as vulnerable by regional legislation (Xunta 
de Galicia 2007. Diario Oficial de Galicia 89:7409–7423).
 On 23 Feb 2011, the remains of four adult P. cultripes were 
found around the periphery of one of the ponds where this spe-
cies breeds (Vilar Pond, Natural Park of Corrubedo; 42.5567°N, 
9.0228°W). These remains were found in a heavily rooted area 
showing numerous wild boar tracks, which covered nearly the 
entire periphery of the pond and nearby areas. The remains con-
sisted of the heads of four adult P. cultripes, two of which had ad-
herent pieces of skin (Fig. 1). Along with the heads were remains 
of the viscera. This date coincides with the breeding period of 
the species in the area, suggesting these individuals were likely 
breeding adults.
 In the same pond in 2008 several adult P. cultripes were found 
depredated, but with signs of having been eaten by the American 
Mink (Neovison vison), from the marks left on the bodies (Ga-
lán and Ferreiro 2010. Bol. Asoc. Herpetol. Esp. 21:30–34). In the 
present case, however, the many tracks of Wild Boar found near 

the remains, together with the almost total consumption of the 
toads, suggest that the predator was the Wild Boar. During March 
2008, a group of five Wild Boars were seen on the shore of the 
pond, rooting in the ground.
 Vilar Pond is one of the few areas in the Natural Park of Cor-
rubedo where P. cultripes still breeds, but this area has shown a 
sharp decline of this species in recent years (Galán 2006. Guía 
dos Anfibios e Réptiles. Parque Natural do complexo dunar de 
Corrubedo e lagoas de Carregal e Vixán. Xunta de Galicia. Dir. Xe-
ral Conservación Natureza, A Coruña. 91 pp.), as has the whole 
of Galicia. In recent years an attempt has been made to quantify 
the number of P. cultripes in this area by counting larvae in the 
months of their maximum presence in aquatic environments 
(February to April). Samples were taken using a hand net, both at 
Vilar Pond in the southern part of the Park, where the adult toads 
were found depredated, and at five ponds in a sandy area located 
in Olveira in the northern part of the Park. In Olveira there was 
a notable presence of Wild Boar footprints, wallows, and rooting 
activities. The sampling results were expressed as the number 
of larvae captured by hand net passes (number of larvae/num-
ber of passes of hand net). During 2006 to 2011, the hand net 
was passed 100–150 times at each pond, making a similar sam-
pling effort between years and different areas. At Vilar Pond, the 
number of larvae per pass of the hand net was: 2006: 1.71; 2007: 
2.28; 2008: 0.12; 2009: 0.04; 2010: 0.07; 2011: 0.03. In the ponds of 
Olveira, the number of larvae per pass was: 2006: 0.65; 2007: 0.19; 
2008: 0.18; 2009: 0.04; 2010: 0.04; 2011: 0.03.
 According to these data, after a relatively high number of 
larvae during 2006 and 2007, especially in the Vilar Pond, the 
number decreased markedly, remaining low or very low during 
2008–2011. Although quantification of the presence of Wild Boar 
during these years was not possible, the presence of tracks, trails, 
and rooting was much lower during 2006 and 2007 than in the 
following years. The number of observations of Wild Boar in the 
Park also increased during that time.
 During these years, in the Natural Park of Corrubedo there were 
no other environmental changes that might account for the ob-
served decline in the number of P. cultripes larvae, with the excep-
tion of the presence of the invasive alien species Neovison vison.
 The European Wild Boar eats several amphibian species, 
such as anurans (Kuzmin 1999. The Amphibians of the Former 

Fig. 1. Adults of Pelobates cultripes devoured by Wild Boar (Sus scro-
fa) in the Natural Park of Corrubedo (Galicia, Spain). These remains 
were found among an intensely impacted rooting area at the periph-
ery of an amphibian breeding pond.
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Soviet Union. Pensoft Publishers, Sofia, Bulgaria. 538 pp.) or Fire 
Salamanders (Carretero and Rosell 1999. Herpetol. Rev. 30:161). 
Consumption of European spadefoot toads by boars has been re-
ported in P. fuscus (Nöllert 1984. Die Knoblauchkröte. Pelobates 
fuscus. A. Ziemsen Verlag, Wittenberg Luthersadt, Germany. 103 
pp.), and P. cultripes, even in the Iberian Peninsula (Recuero 
2010. Pelobates cultripes. Enciclopedia Virtual de los Vertebra-
dos Españoles. Museo Nacional de Ciencias Naturales, Madrid. 
www.vertebradosibericos.org). However, the most comprehen-
sive study on the effect of Sus scrofa (the feral domestic form) 
on North American Scaphiopus and Spea is that of Jolley et al. 
(2010, op. cit.). They examined the stomach contents of 68 Wild 
Boars from the southern United States, and highlighted the vul-
nerability of Scaphiopus holbrookii to depredation by the wild 
pig because of their terrestrial habits and massive displacements 
during migrations to breeding ponds (behavior similar to P. cul-
tripes). For example, a single wild pig had eaten 49 S. holbrookii. 
This spadefoot was the most prominent of all species of amphib-
ians consumed by pigs (21.4% of amphibians and reptiles and 
4.4% of total prey consumed).
 Studies similar to those of Jolley et al. (2010, op. cit.) have not 
been carried out in Galicia or Spain, but in view of the obser-
vations made at Corrubedo Natural Park the predation exerted 
by the wild boar may be a serious factor threatening this endan-
gered amphibian.

pedRO GAlÁn, departamento de Bioloxía animal, Bioloxía vexetal e 
ecoloxía, facultade de Ciencias, universidade da Coruña, Campus da zapa-
teira, s/n, 15071-a Coruña, Spain; e-mail: pgalan@udc.es.

PHYSALAEMUS ALBONOTATUS (Menwig Frog). PREDATION. 
Anurans are commonly predated by several species of verte-
brates and invertebrates (Toledo et al. 2007. J. Zool. 271:170–
177). Among the invertebrates, water bugs (Hemiptera: Belosto-
matidae) and spiders (Araneae) are the main predators of frogs 
in and out of water, with an important role in population control 
(Toledo 2005. Herpetol. Rev. 36[4]:395–400). Physalaemus al-
bonotatus occurs in the states of Mato Grosso and Mato Grosso 
do Sul in Brazil, and regions of Chaco in Paraguay, Bolivia, and 
Argentina, adapting well to human disturbances (Aquino et al. 
2004. IUCN Red List of Threatened Species. Ver. 2011.2. http://
www.iucnredlist.org/). The only published predation of this 

species was by birds (Rodrigues and Arruda 2006. Herpetol. Rev. 
37[2]:212). 
 On 17 March 2011 at 1709 h in a Cerrado area in central-
western Brazil, we recorded an adult P. albonotatus being preyed 
upon by a spider of the family Lycosidae (Fig. 1). The event was 
observed at the margins of a swamp surrounded by exotic grass 
(Urochloa sp.), in the county of Vincentina, state of Mato Grosso 
do Sul (22.4841°S, 54.3946°W). Although this event is the first re-
cord of spider predation on P. albonotatus, spiders are considered 
an important predator of small frogs, with several records in the 
Neotropical region (Menin et al. 2005. Phyllomedusa 4[1]:39–47).

JOSÉ luiz mASSAO m. SuGAi (e-mail: jlmassao@gmail.com), mAu-
RíciO neveS GOdOi (e-mail: mauricioecologia@hotmail.com), feR-
nAndO ibAnez mARtinS (e-mail: fimquelonio@gmail.com), and huGO 
bORGhezAn mOzeRle (e-mail: hugobio_ha@hotmail.com), Pós gradu-
ação em ecologia e Conservação, universidade federal de mato grosso do 
Sul, Cidade universitária, Caixa Postal 549, CeP 79070-900, Campo grande, 
mS, Brazil.

PHYSALAEMUS CUVIERI (Cuvier’s Foam Froglet). ALBINISM. 
Physalaemus cuvieri is a small, nocturnal frog that occurs in Bra-
zil and other portions of South America (Haddad et al 2008. At-
lantic Forest Amphibians. Neotropica Press, São Paulo. 243 pp.; 
Frost 2011. Amphibian Species of the World: an Online Refer-
ence. Version 5.5 (31 January 2011). Electronic database acces-
sible at http://research.amnh.org/vz/herpetology/amphibia/. 
American Museum of Natural History, New York). Herein we 
report an albino adult male P. cuvieri (23.8 mm SVL; Fig. 1) col-
lected during the rainy season on 19 Nov 2010 in a little stream 
associated with a swamp in a transitional area with Atlantic 
Forest fragment, near the city of Morro do Pilar, near Serra do 
Cipó National Park, state of Minas Gerais, Brazil (19.1417°S, 
43.3935°W, 724 m elev.). This specimen was observed in a noc-
turnal chorus on wet ground and was associated with conspecif-
ics and 10 additional anuran species: Dendropsophus branneri, 
D. elegans, D. minutus, Hypsiboas albopunctatus, H. pardalis, 
Scinax eurydice, S. fuscovarius, Phyllomedusa burmeisteri, Lepto-
dactylus fuscus, and L. labyrynthicus. The specimen had opaque 
eyes, a roseate coloration of the body, and blood vessels visible 
through the skin. Albinism in anurans has been reported in tad-
poles, e.g., Hypsiboas semilineatus (Santos et al. 2010. Herpetol. 

Fig. 1. Spider of the Lycosidae family preying on a juvenile Pyhsalae-
mus albonotatus, in the municipality of Vincentina, state of Mato 
Grosso do Sul, Brazil. Fig. 1. Adult male albino Physalaemus cuvieri from Minas Gerais, Brazil.
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Rev. 41:474), and adults, e.g., Tomopterna cryptotis (Wojnowski 
et al. 2010. Herpetol. Rev. 41:482). Sazima and Di Bernardo (1991. 
Mem. Inst. Butantan 53:167–173) suggested that albinism should 
be more frequent in nocturnal and cryptic species, but this hy-
pothesis is difficult to evaluate in anurans (Toledo et al 2011. 
Herpetol. Notes 4:145–146). The specimen was deposited in the 
herpetological collection of Museu de Ciências Naturais da Pon-
tifícia Universidade Católica de Minas Gerais (MCNAM 15022), 
Belo Horizonte, Minas Gerais, Brazil.

ROnAld R. cARvAlhO JR. (e-mail: ronald.sapiens@gmail.com), 
SARA ROdRiGueS ARAÚJO (e-mail: sarararaujo@yahoo.com.br), and 
libiA keniA peReiRA (e-mail: libiajp@hotmail.com), Sapiens Soluções 
ambientais ltda, 30220-260, Belo horizonte, minas gerais, Brazil.

RHINELLA GRANULOSA (Common Lesser Toad), XENODON 
MERREMII. PREDATION. Anurans are important prey for nu-
merous taxa, and are predated in all life stages from eggs to 
adults (Duellman and Trueb 1994. Biology of Amphibians. Johns 
Hopkins University Press, Baltimore, Maryland. 670 pp.; Wells 
2007. The Ecology and Behavior of Amphibians. Univ. Chicago 
Press, Chicago, Illinois. 1148 pp.). Toads from the genus Bufo (= 
Rhinella) are described as the preferred prey of Xenodon mer-
remii, which is immune to their cutaneous toxins (Vanzolini et 
al. 1980. Pap. Avul. Zool. 34:1–9). This diurnal snake is widely 
distributed in South America, occurring from the Guianas to 
Argentina, mainly in open areas (Hoogmoed 1985. Zool. Meded. 
8:79–88; Marques et al. 2001. Serpentes da Mata Atlântica - Guia 
Ilustrado. Editora Holos. Ribeirão Preto, São Paulo. 184 pp.; Van-
zolini et al. 1980, op. cit.). Rhinella granulosa is distributed in 

northeastern Brazil, predominantly in the Caatinga domain, in 
the states of Minas Gerais, Bahia, Espírito Santo, Alagoas, Ceará, 
Paraíba, Pernambuco, Piauí, Rio Grande do Norte, and Sergipe 
(Narvaes and Rodrigues 2009. Arq. Zool. 40[1]:1–7). Here we re-
port predation of an adult R. granulosa by X. merremii.
 On 21 Aug 2011 at ca. 1500 h, at Mata do Olho D’água in 
the municipality of Macaíba in Rio Grande do Norte, Brazil 
(93.24142°N, 224.8828°W, WGS84; elev. 40 m), we observed a X. 
merremii on the edge of a trail, under direct sunlight on exposed 
soil. This snake grabbed a R. granulosa by its forelimbs with the 
ventral region facing upwards (Fig. 1). After the snake totally 
consumed its prey, both were collected and taken to the labora-
tory and deposited together in the Herpetological Collection of 
the Department of Botany, Ecology and Zoology at the Federal 
University of Rio Grande do Norte, Brazil (CHBEZ 3779). This is 
the first report of the predation of R. granulosa by X. merremii in 
the Northeastern Atlantic Forest.

mAtheuS meiRA RibeiRO (e-mail: matheusbiologia@gmail.com), 
and elizA mARiA XAvieR fReiRe (e-mail: elizajuju@ufrnet.br), labo-
ratório de herpetologia, departamento de Botânica, ecologia e zoologia, 
Centro de Biociências, universidade federal do rio grande do norte, Cam-
pus universitário, lagoa nova, 59072–970, natal, rio grande do norte, 
Brazil.

RHINELLA JIMI (Cururu Toad). DIET. Rhinella jimi is a euryph-
agous toad that feeds on centipedes, insects, spiders, frog, small 
snakes, small rodents, and bats (Gouveia et al. 2009. Herpetol. 
Rev. 40:210; Peña et al. 1996. Rev. Biol. Trop. 19[5]:702; Santos 
et al. 2010. Biotemas 23[2]:215–218). On 10 May 2011 at 1830 h 
we captured an adult Rhinella jimi (143.5 mm SVL; 340.0 g after 
prey removal) in Área do Horto Florestal Olho D´água da Bica 
(6.5°S, 36.73°W, WGS84; 667 m elev.), City of Cuité, Paraíba, Bra-
zil. Upon dissection, we found a Rhinella granulosa (37.0 mm 
SVL, 5.1 g) in the R. jimi stomach; the prey had been ingested 
head-first. Small frogs are infrequent in the diet of adult R. jimi 
(Peña et al. 1996, op. cit.). This is the first report of R. granulosa 
in the diet of R. jimi. The frogs were deposited in the Herpeto-
logical Collection of the Paleoherpetological and Herpetological 
Laboratory of the Universidade Federal Rural de Pernambuco 
- UFRPE, Recife, Brazil (CHPUFRPE 979 R. jimi and CHPUFRPE 
980 R. granulosa). This research was authorized by the ICMBio, 
permit number 23024-1.

mÁRciO fRAzÃO chAveS (e-mail: marciochaves@ufcg.edu.br) and 
JeAn cARlOS dAntAS de OliveiRA (e-mail: jeancarlosdo@hotmail.
com), universidade de Campina grande, ufCg, Campus de Cuité, Centro 
de educação e Saúde, s/n, CeP: 58175-000, Cuité, PB, Brazil; GeRAldO 
JORGe bARbOSA de mOuRA, universidade federal rural de Pernambu-
co, Paleoherpetological and herpetological laboratory, ufrPe, rua dom 
manoel de medeiros, dois irmãos - CeP: 52171-900, recife, Pe, Brazil (e-
mail: geraldojbm@yahoo.com.br). 

RHINELLA MARINA (Cane Toad). DIET. Rhinella marina is an 
opportunistic predator that “will apparently eat almost every an-
imate object it can catch” (Zug and Zug 1979. Smithson. Contr. 
Zool. 284:1–58). In both its native and introduced range, the diet 
of non-larval R. marina is primarily composed of a wide range of 
terrestrial invertebrates (Lever 2001. The Cane Toad. The History 
and Ecology of a Successful Colonist. Westbury Academic and 
Scientific Publishing, Otley, U.K.), especially beetles, ants, and 
termites (Murray and Lampo 1996. J. Herpetol. 30:73–76; Strüss-
mann et al. 1984. J. Herpetol. 18:138–146;  Zug and Zug 1979, 
op. cit.). Except for the consumption of smaller conspecifics 

Fig. 1. A) Adult Rhinella granulosa being predated by an adult Xen-
odon merremii, in a fragment of the Atlantic Forest in the municipal-
ity of Macaíba, Rio Grande do Norte state, Brazil; B) View of the snake 
and toad after regurgitation.
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(Pizzatto and Shine 2008. Behav. Ecol. Sociobiol. 63:123–133), 
and the suggestion that Cane Toads actively prey on chicks of 
Australian ground-nesting bee-eaters (Boland 2004. Biol. Con-
serv. 120:53–62, but see opposing results in Beckmann 2011. Im-
pacts of the Invasive Cane Toad on Australia’s Native Birds. PhD 
thesis, Univ. Sydney, Sydney), there are few cases reporting small 
vertebrates in the stomach contents of R. marina.
 During the course of our studies on R. marina in tropical 
northern Australia we recorded 10 Ramphotyphlops sp. (Typh-
lopidae) in the guts or feces of ten individual toads (Table 1, Fig. 
1). The snakes were identified by L. Pizzatto and R. Somaweera 
using Cogger (1992. Reptiles and Amphibians of Australia, 5th ed. 
Reed Books, Chatswood, NSW, Australia) as a guide. Specimens 
that were preserved in ethanol were deposited in the Museum 
and Art Gallery of the Northern Territory, in Darwin. Our results 
show that toads in northern Australia consume native Rampho-
typhlops unguirostris and R. guentheri and introduced R. brami-
nus. However the frequency of predation of blindsnakes by Cane 
Toads may be trivial (only 0.6% of the dissected Cane Toads from 
Lake Argyle contained blindsnakes). The 10 records reported 
herein are out of > 3,000 Cane Toads collected between 2008 and 
2011 that we have dissected to examine gut contents or collected 
and kept overnight for other studies.
 In the Philippines, snakes of the genus Typhlops were also 
found in very low numbers in the stomach contents of R. ma-
rina (19 out of ca. 5,000 stomachs examined; Rabor 1952. Co-
peia 1952:281–282). Most of our records of Cane Toads ingesting 
typhlopids occurred during the wet season (December to April) 

or early dry season (May), possibly as a result of flooding which 
induces fossorial snakes to move to the soil surface, rendering 
them susceptible to predation. In record 10 (Table 1), an entire, 
undigested R. braminus was found in the intestine of a Cane 
Toad, and in two other cases (records 1 and 3, Table 1) undigested 
R. braminus and R. guentheri were found in the feces. We specu-
late that these burrowing snakes were probably ingested alive, 
moved through the toad stomach, and found their way to the in-
testines, where they died from anoxia rather than succumbing to 

Table 1. Typhlopid snakes preyed on by Cane Toads (Rhinella marina) in northern Australia. TL = total length, SUL = snout–urostyle vent. NT = Northern 
Territory, WA = Western Australia.

# Record Date Prey species Prey TL Location Comment Toad SUL Toad sex

 1 28 Feb 2009 Ramphotyphlops 94 Darwin, NT In feces recovered from — —
   braminus  12°24'S, 130°51'E calico bag in which toads
      were kept overnight

	 2	 2	Mar	2009	 Unidentified	typhlopid	 105	 Adelaide	River,	NT	 In	the	stomach;	snake	head	 147.2	 F
     12°14'S, 130°06'E was digested (without
       the head)

 3 4 Mar 2009 R. guentheri 225 Beatrice Hill, NT As for #1 (Fig. 1) — —
	 	 	 	 	 12°37'S,	131°18'E	

 4 Nov 2009 R. braminus 108 Palmerston, NT  In the stomach of a road-killed  90 M
     12°30'S, 130°59'E toad

 5 12 Feb 2010 R. guentheri	 76	 Mary	River	National	 Regurgitated	live	 80	 M
     Park, NT
     12°54'S, 130°39'E 

 6 24 Feb 2010 R. braminus	 105	 Palmerston,	NT		 In	the	stomach;	snake	head	 105.7		 M
     12°29'12"S,  was partially digested (without 
	 	 	 	 	 130°57'59"E	 	 the	head)

	 7-8	 Nov	2010	 2	unidentified	typhlopids	 —	 Eastern	Lake	Argyle,	 In	the	intestines	of	2	out	of	 104.7,	122.6	 F,	F
	 	 	 	 	 WA	 314	toads	from	same	locality;
	 	 	 	 	 16°29'S,	128°75'E	 partially	digested	
 
 9 Apr 2011 R. unguirostris 212 Kununurra, WA  Regurgitated live  120 F
     15°39'S, 128°42'E 

 10 2 May 2011 R. braminus 101 Middle Point, NT  In the intestine (Fig. 1) 123 F
     12°34'S, 130°18'E 

Fig. 1. Whole Ramphlotyplops braminus (left; record 9: TL = 101 mm) 
and R. guentheri (right; record 3: TL = 225 mm), recovered from the 
intestines and feces of Cane Toads (Rhinella marina) in northern 
Australia.
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the toad’s digestive secretions. The predominance of the exotic 
R. braminus in our samples might reflect local abundance, the 
relatively smaller body size facilitating consumption, or perhaps 
specific behavior that facilitates predation.

liGiA pizzAttO (e-mail: ligia.oceanica@gmail.com), RuchiRA SO-
mAWeeRA (e-mail: ruchira.somaweera@gmail.com), cRyStAl kele-
heAR (e-mail: crystal.kelehear@hotmail.com), and GReGORy p. bROWn 
(e-mail: gp_brown@bigpond.com), School of Biological Sciences a08, uni-
versity of Sydney, Sydney, nSW 2006, australia. 

RHINELLA MARINA (Cane Toad). CROCODILE PREDATION. 
Rhinella marina has had great success in invading new habitats 
and is considered one of the world’s top 100 most invasive spe-
cies. There are few recorded successful predators of the large, 
highly toxic adults in its introduced range. Because R. marina 
possess large parotid glands that produce bufotoxins, toxic skin 
secretions which cause cardiac distress when consumed, it is as-
sumed that few potential predators can safely consume the adult 
toads (Toledo and Jared 1995. Comp. Biochem. Physiol. A. 111:1–
29). There are limited reports of successful predators of adult 
and large juvenile R. marina in the toad’s native range of Central 
and South America (Zug and Zug 1979. Smithson. Contr. Zool. 
284:1–58). In Australia, where introduced R. marina has attained 
particularly high adult densities, populations of reptilian anu-
rophagous predators have experienced notable declines (Shine 
2010. Q. Rev. Biol. 85:253–291). While some native Australian 
snake species have begun to evolve morphologies that prevent 
the ingestion of R. marina (Phillips and Shine 2004. Proc. Natl. 
Acad. Sci. USA 101:17150–17155), Freshwater Crocodiles (Croco-
dylus johnstoni) continue to be negatively affected by R. marina 
consumption (Letnic et al. 2008. Biol. Conserv. 141:1773–1782). 
Herein we provide evidence that the American Crocodile (Croco-
dylus acutus) found in the native range of R. marina is an active 
predator of adult R. marina.
 In late June through early July 2011, we observed two juvenile 
C. acutus (~1 m long) around a pond in the Santa Cruz area of 
Gamboa, Panama. These juveniles were consistently observed 
around the same pond three to four nights a week for two weeks. 
On the evening of 1 July 2011, we observed one of the juvenile 
C. acutus with an adult male R. marina in its mouth (Fig. 1). Al-
though the fate of the toad is unknown, we did not locate the 
body of the dead toad on the following day and assume that it 

was killed and eaten by the juvenile C. acutus. After observing the 
juvenile C. acutus with the R. marina in its mouth, we continued 
to see the same two juvenile C. acutus around the same pond 
during the following week, suggesting that ingestion of the adult 
R. marina was not fatal to the crocodile. This observation sug-
gests that, unlike their Australian congeners, C. acutus can safely 
consume adult R. marina; however, this apparent difference in 
the ability to consume R. marina deserves further study.

lynne beAty, department of Biological Sciences, Texas Tech uni-
versity, lubbock, Texas 79409, uSa (e-mail: lynne.beaty@ttu.edu); SAlly 
beAty, livonia Central School district, livonia, new york 14487, uSa.

SCINAX FUSCOMARGINATUS (Brown-bordered Snouted Tree-
frog). AMELIA. Scinax fuscomarginatus is a small tree frog be-
longing to the S. ruber clade (Faivovich 2002. Cladistics 18:367–
393; Faivovich et al. 2005. Bull. Am. Mus. Nat. Hist. 294:1–240.). 
This species occurs from southeastern Brazil to eastern Bolivia, 
Paraguay, and northwestern Argentina, inhabiting open areas 
such as those of the Pantanal and Cerrado biomes (Brasileiro 
et al. 2005. Biota Neotrop. 5[2]:93–109; Toledo and Haddad 
2005a. J. Herpetol. 39[3]:455–464; Toledo and Haddad. 2005b. J. 
Nat. Hist. 39[32]:3029–3037). On 12 Feb 2011 at 1900 h, we ob-
served a S. fuscomarginatus froglet without hind legs developed 
(MZUFV 11193; Fig. 1). The observation occurred in a swampy 
area (16.1118°S, 45.5451°W, 532 m, SAD 1969) in the rural zone 
of the municipality of Riachinho, Minas Gerais state, Brazil. The 
specimen had emerged from the water and was crawling on the 
grasses at the margin of a permanent pond.
 Amphibians are often exposed to agents that cause malfor-
mations because they have permeable skin and shell-less eggs 
whose contents are directly exposed to the environment and 
readily absorb substances (Blaustein and Johnson 2003. Front. 
Ecol. Environ. 1[2]:87–94). Malformations that include the par-
tial or total absence of limbs have rarely been reported in Bra-
zilian amphibians (Vizotto et al. 1977. Naturalia 3:35–43). Some 
studies suggest that selective predation may be sufficient to ac-
count for the vast majority of deformities in natural populations 
of amphibians (Ballengée and Sessions 2009. J. Exp. Zool. 312B: 
1–10). This observation occurred in an area highly disturbed by 
livestock activity.
 We thank Agroflor Engenharia e Meio Ambiente for financial 
and field support.

Fig. 1. Juvenile Crocodylus acutus with an adult male Rhinella marina 
in its mouth. Photo taken on the evening of 1 July 2011 in the Santa 
Cruz area of Gamboa, Panama.

Fig. 1. Scinax fuscomarginatus (MZUFV 11193) collected in the mu-
nicipality of Riachinho, Minas Gerais state, Brazil.
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RenAtA mAGAlhÃeS piRAni (e-mail: renatampirani@ gmail.com) 
and mÁRiO RibeiRO mOuRA, universidade federal de viçosa, departa-
mento de Biologia animal, museu de zoologia João moojen, 36570-000, 
viçosa, mg, Brazil.

TRACHYCEPHALUS NIGROMACULATUS (Black-spotted 
Casque-headed Treefrog). PREDATION. Snakes are well-known 
predators of frogs (Greene 1997. Snakes The Evolution of Mys-
tery in Nature. Univ. California Press, Berkeley, California. 366 
pp.). On 20 Jan 2008 at 1750 h, we observed a Trachycephalus 
nigromaculatus being consumed by the snake Bothrops leucu-
rus (Fig. 1) in the Atlantic Forest at Potiraguá Municipality, Ba-
hia, Brazil. When disturbed, the snake immediately regurgitated 
the frog. This is the first report of predation of Trachycephalus 
by Bothrops in Brazil. The T. nigromaculatus was verified by Ivan 
Nunes at Museu Nacional do Rio de Janeiro MNRJ, Rio de Janei-
ro, Brazil, and is deposited in the amphibian collection of Museu 
de Zoologia da UFBA, Universidade Federal da Bahia, Salvador, 
Brazil (MZUFBA 7825).

mARcO AntôniO de fReitAS, Programa de Pós-graduação em 
zoologia, ueSC (universidade estadual de Santa Cruz) CeP 46.500-000 
rodovia ilhéus/itabuna, ilhéus, Bahia, Brazil (e-mail: philodryas@hotmail.
com); tiAGO de OliveiRA limA, rua São Joaquim n 11, Sagrada família, 
CeP 31-700-000, Belo horizonte, minas gerais, Brazil (e-mail: tiagoboidae@
yahoo.com.br). 

TRACHYCEPHALUS TYPHONIUS (Milky Treefrog). PREDA-
TION. Trachycephalus typhonius is distributed from the lowlands 
of tropical Mexico south to northern Argentina (Frost 2011. Am-
phibian Species of the World. Electronic database accessible at 
<http://research.amnh.org/vz/herpetology/amphibia/>, Amer-
ican Museum of Natural History, New York). Species of this genus 
are known to emit a noxious skin secretion when handled, which 
is extremely irritating to mucous membranes and has been re-
ported as being an antipredator defense (Leary and Razafind-
ratsita 1998. Amphibia-Reptilia 19:442–446; Savage 2002. The 
Amphibians and Reptiles of Costa Rica: A Herpetofauna Between 
Two Continents, Between Two Seas. Univ. Chicago Press, Chica-
go, Illinois. 934 pp.). Probably due to this strategy, few predators 
have been reported. Two species of snakes, Leptophis ahaetulla 
(Prado 2003. Herpetol. Rev. 34:231–232) and Liophis poecilogyrus 

(Albuquerque and Di-Bernardo 2005. Herpetol. Rev. 36:325; Silva 
Jr. et al. 2003. Herpetol. Rev. 34:69–70) have been reported to prey 
upon adult T. typhonius.
 On 27 Oct 2011 at 2000 h, we observed predation of T. typho-
nius by Leptodactylus labyrinthicus (Fig. 1) along the margin 
of the Arigolândia stream, Urucum plateau, in the city of Co-
rumbá, Mato Grosso do Sul State, central Brazil (19.198427°S, 
57.635756°W, WGS84). After predation, the L. labyrinthicus was 
observed for one hour to check for any ill effects, and we noted 
none. This is the first report of predation on T. typhonius by an 
anuran.

pAulO lAndGRef-filhO, Centro de Ciências Biológicas e da Saúde, 
universidade federal de mato grosso do Sul, laboratório de zoologia, CeP 
79070-900, Campo grande, mS, Brazil (e-mail: paulograf@yahoo.com.br); 
mASAO uetAnAbARO, inARA keikO mORi, dAiene l hOkAmA, and 
cAmilA AOki, Programa de Pós graduação em ecologia e Conservação, 
universidade federal de mato grosso do Sul, Cidade universitária, s/n, 
Bairro universitário, CeP 79070-900, Campo grande, mS, Brazil. 

UPEROLEIA RUGOSA (Wrinkled Toadlet). BEHAVIOR. Upero-
leia rugosa is a small (20 mm) myobatrachid, native to semi-arid 
inland areas of New South Wales, Australia. During the breeding 
season, frogs congregate around temporarily flooded grasslands 
and semi-permanent ponds. Male territoriality and fighting be-
havior has been recorded (Robertson 1986. Anim. Rev. 34:763–
772). Since then, however, this genus has undergone several revi-
sions and the population for which this behavior was originally 
recorded is now recognized as a different species (Uperoleia lae-
vigata, Davies and Littlejohn 1986. Trans. Royal Soc. South Aus-
tralia 110:111–143). Here I report on male aggression and fight-
ing behavior for a population currently recognized as U. rugosa, 
several hundred kilometers from the Robertson study site. 
 On the 29 and 30 Nov 2010, 48 mm of rain fell over the Mac-
quarie Marshes, a semi-permanent wetland, in the arid zone of 
northern central New South Wales. This was the first significant 
rainfall for three months. This rainfall filled a grassy depression 
(30.8619°S, 147.4793°E; GDA 94) on the edges of a Black Box (Eu-
caplyptus largiflorens) woodland to a depth of ca. 5 cm. From 
2200–2300 h on 30 Nov, I observed over 20 male-male aggressive 
interactions and physical combat (air temp. 23°C). The observed 
behavior was as described in Robertson (1986, op. cit.). A call-
ing male would emit a call different from its usual advertisement 

Fig. 1. Trachycephalus typhonius being preyed upon by Leptodactylus 
labyrinthicus in Corumbá, Mato Grosso do Sul State, Brazil.

Fig. 1. Trachycephalus nigromaculatus being consumed by Bothrops 
leucurus in Potiraguá, Bahia, Brazil.
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call, and start to move toward another male who had started to 
call near it. The first male would locate the second with touch, 
and engage in a wrestling bout (Fig. 1). The males could fight 
for up to 5 min, throwing each other numerous times. The loser 
of the battle, the one which was thrown last, would move away 
and the winner would resume normal calling. Robertson (1986, 
op. cit.) supposed the males to be defending a calling site large 
enough to prevent acoustic interference from other males, as the 
territories contain no resources and are not oviposition sites. 
 I thank D. Herasimtschuck, S. Meredith, and A. Soltysiak for 
their assistance in the field.

JOAnne f. OcOck, australian Wetlands and rivers Centre, School of 
Biological, earth and environmental Sciences, univ. new South Wales, Syd-
ney 2052, australia; e-mail: joanne.ocock@unsw.edu.au.

teStudineS — tuRtleS

CARETTA CARETTA (Loggerhead Sea Turtle). REPRODUC-
TION. Caretta caretta eggs are classified as either normal or odd 
shaped. Normal eggs are typically about 4.0 cm long, weigh on 
average 36 g, and are spherical in shape with slightly flexible 
shells (Van Buskirk and Crowder 1994. Copeia 1994:66–81). Odd 
shaped eggs (e.g., dumbbell, elliptical, and pear-shaped) have 
previously been documented, some with multiple yolks en-
closed within varying levels of tapered uninterrupted shell and 
others without yolk (Miller 1985. In C. Gans et al.  [eds.], Biol-
ogy of the Reptilia, Vol. 14A, pp. 269–328. Wiley-Interscience, 
New York; Miller 1999. In K. L. Eckert et al. [eds.], Research and 
Management Techniques for the Conservation of Sea Turtles, pp. 
124–129. IUCN/SSC Marine Turtle Specialists Group Pub. No. 4). 
Irregularly shaped eggs result from a malfunction within the ovi-
duct (Solomon and Baird 1979. Oceanography and Marine Biol-
ogy Annual Review 17:347–361). 
 Herein, we provide documentation of irregularly large (i.e., 
2x–3x larger than average) C. caretta eggs of varying shape, and 
length in one nest in northeastern Florida. Three irregular eggs 
with lengths of 9 cm (122.05 g), 12 cm (156.63 g), and a third, 
which appeared as though it had hatched, was 15.2 cm long 
(with a dry weight of 13.59 g) (Fig. 1), were collected from a single 
C. caretta nest deposited on 20 June 2010 and located 16 km N 
of the St. Augustine Inlet within the Guana-Tolomato-Matanzas 
National Estuarine Research Reserve, Florida, USA (30.0477°N, 
81.3288°W; datum WGS84). Along with these three larger, oddly-
shaped eggs, the nest was found to contain 86 hatched eggs, 
2 dead hatchlings, 3 pipped (partially hatched) dead, and 65 

whole, unhatched, undamaged eggs for a total clutch count of 
154 eggs. The clutch depth was 56 cm, measured shortly after 
oviposition. Hatchlings emerged on 13 August 2010 and the nest 
was evaluated for reproductive success on 16 August 2010.

ScOtt f. eAStmAn, guana-Tolomato-matanzas national estuarine 
research reserve, 505 guana river road, florida 32082, uSa (e-mail: Scott.
eastman@dep.state.fl.us); cAtheRine b. eAStmAn eastman environ-
mental, 924 Windward Way, florida 32080, uSa (e-mail: Catherineeast-
man@gmail.com).

GOPHERUS AGASSIZII (Agassiz’s Desert Tortoise). SCUTE DYS-
ECDYSIS / SCUTE SLOUGHING. Tortoises have been observed 
with damaged or missing scutes, sometimes penetrating deep 
enough to expose the bone of the carapace or plastron. Sug-
gested causes for such damage include disease (e.g., bacterial 
infection) or toxicosis (Jacobson et al. 1994. J. Zoo Wild. Med. 
25:68–81; Seltzer and Berry 2005. Science of the Total Environ-
ment 339:253–265, Rose et al. 2001. J. Wildl. Dis. 37:223–228), 
although in many cases no direct cause has been confirmed. 
Shell necrosis in aquatic turtles can be caused by algae, fungi, 
and later stages of bacterial infection (Hunt 1958. Herpetologica 
14:45–46). In many instances dysecdysis in tortoises may be sec-
ondary to trauma or infection of the integument (Jacobson 1994. 
J. Zoo Wildl. Med. 25:2–17). 
 Desert ttortoises of the southwestern U.S. are exposed to nu-
merous detrimental impacts, both natural and anthropogenic. 
Fire has been documented to cause injuries and mortalities wi-
thin natural populations of tortoises in the Mojave Desert (Ho-
mer et al. 1998. J. Wild. Dis. 34:508–523; Lovich et al. 2011. Fire 
Ecol. 7:75–87; Woodbury and Hardy 1948. Ecol. Monogr. 18:145–
200) and in the Sonoran Desert (Esque et al. 2002. In T. R. Van 
Devender [ed.], The Sonoran Desert Tortoise: Natural History, 
Biology, and Conservation, pp. 312–333. University of Arizona 
Press & Sonoran Desert Museum, Tucson, Arizona; Esque et al. 
2003. Southwest. Nat. 48:103–111). Herein, we document two 
instances of tortoise scute injury/ regrowth and dysecdysis due 
to natural and fire-related damage.
 In July 2005, wildfire consumed 2767 ha of Mojave Desert 
habitat in southern Nevada ~75 km NW of Las Vegas. In 2006, we 
found 15 tortoises residing within the burned habitat, including 
two tortoises with fire-related injuries. One adult male tortoise 
(266 mm midline carapace length) in particular had suffered 
severe burns, including damage to the scutes and bone of the 

Fig. 1. Three large irregularly-shaped Caretta caretta eggs documen-
ted in a single nest in northeast Florida. 

Fig. 1. Two male Uperolia rugosa engaged in a wrestling bout, Mac-
quarie Marshes, Australia.
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carapace and to the foreleg where scales appeared to have been 
melted and fused together (Fig. 1A, B). However, the tortoise’s 
muscle tone and mass appeared to be normal. We attached a 
radio transmitter and GPS logger to the costal scutes in order 
to monitor the tortoise’s health progress and movements. This 
tortoise was monitored monthly for the next 3 years. It exhibited 
annual home-range sizes and movements similar to tortoises that 
had not been burned but still resided in the same area. Prior to 
being lost in July 2009 due to transmitter detachment, this tortoise 
was observed with the bone on its right side becoming depressed 
and appearing to grow an opaque keratinaceous tissue over the 
previously exposed bone similar to the scars depicted in Lovich et 
al. (op. cit.), although no evidence of mortality was found.
 In a second instance, we documented the sloughing of entire 
scutes from a tortoise under natural circumstances in Rock Val-
ley, Nevada National Security Site, Nye Co., Nevada, USA, where 
long-term studies of Gopherus agassizii have been ongoing (Me-
dica et al. 1975. Copeia 1975:630–643; Turner et al. 1987. Copeia 
1987:974–979; Medica et al. In press. J. Herpetol.). In 2003, an adult 
male tortoise known to be 40 years old was observed with 4 cos-
tal scutes (number 2 and 3 on the right and left) that apparently 
had been sloughed from the lower keratinized fibrillar connecti-
ve tissue layer. This sloughing of costal scutes exposed a smooth 
mottled layer very similar to that exhibited by the burned tortoise 
described above. Subsequently, the 2003 tortoise was recaptured 
in 2006 at 43 years of age with what appeared to be the initiation 
of the 3rd and 4th vertebral scutes beginning to slough along their 
anterior edges (Fig. 2A, B). The cause of the delaminating condi-
tion of this tortoise’s scutes was not determined.
  We thank the Bureau of Land Management for funding and 
the U.S. Department of Energy, National Nuclear Security Ad-
ministration for continued access to the Rock Valley study area. 

These studies were conducted under Fish and Wildlife Service, 
U.S. Threatened Species Permits TE-759747 and TE-030659 and 
Nevada Division of Wildlife Permits S-21692, S-24391, S-28154, 
and S-33762 issued to (PAM and TCE). We thank P. Greger, M. 
Walden, B. Jacobs, and A. Chaney for assistance in the field and 
with photographs, and S. Jones and J. Ackerman for review of this 
manuscript.

k. kRiStinA dRAke (e-mail: kdrake@usgs.gov), philip A. medicA, 
tOdd c. eSque, and kenneth e. nuSSeAR, u.S. geological Survey, 
Western ecological research Center, 160 n. Stephanie Street, henderson, 
nevada 89074, uSa. 

MACROCHELYS TEMMINCkII (Alligator Snapping Turtle). 
GROWTH RATE. Macrochelys temminckii is the largest fresh-
water turtle in North America, but little is known about rates of 
growth and ages at maturity in the wild (Ernst and Lovich 2009. 
Turtles of the United States and Canada. Johns Hopkins Univer-
sity Press, Baltimore, Maryland. 827 pp.; Pritchard 2006. The Al-
ligator Snapping Turtle: Biology and Conservation. Krieger Publ. 
Co. Malabar, Florida. 152 pp.). Studies of specimens collected 
by commercial harvesters in Louisiana, Arkansas, and Missis-
sippi (Dobie 1971. Copeia 1971:645–658; Tucker and Sloan 1997. 
Chelon. Conserv. Biol. 2:587–592) indicate these turtles require 
11–21 years of growth to achieve sexual maturity. Harrell et al. 
(1997. Herpetol. Rev. 28:128–129) also reported that recaptured 
subadults (approximately 240–270 mm straight midline cara-
pace length [CL]) in Louisiana grew a mean 13.3 mm CL per year. 
No known growth data have been published for M. temminckii 
from Florida. In this note, we provide data regarding growth rates 
of immature M. temminckii captured during a mark-recapture 
study in the upper Santa Fe River in northern Florida between 
August 2004 and October 2011. These turtles are part of the ge-
netically unique Suwannee River drainage population that oc-
curs at the southeastern edge of the species range (Roman et al. 
1999. Conserv. Biol. 13:135–142). 
 Five immature Macrochelys temminckii were captured mul-
tiple times with inter-capture time intervals that allow estima-
tion of growth rate (Table 1). Although absolute annual growth 
rates (CL) were similar among individuals, the annual percent 
increase in CL was negatively correlated with CL at first capture 
(Pearson Correlation, r = -0.965, p = 0.008). If this small sample 
is representative of the population in the upper Santa Fe River, 
approximately 19 years of growth would be required to reach se-
xual maturity by females (330 mm CL) and 22 years by males (370 
mm CL). These data suggest M. temminckii in the upper Santa 
Fe River may exhibit delayed sexual maturity at least as great as 
reported for individuals in Louisiana, Arkansas, and Mississippi. 

Fig. 1. A) Burned tortoise when first observed in 2006. B) Exposed 
bone and dermal tissue slowly being replaced with more keratina-
ceous tissue by 2009.

Fig. 2. A) Sloughed costal scutes first observed in 2003. B) Costal 
scutes in 2006 with vertebral scutes appearing to be loosened. 

taBLe 1. Growth rates (straight midline carapace length [CL]) of five 
immature Alligator Snapping Turtles (Macrochelys temminckii) in 
the upper Santa Fe River.
  
 CL (mm) CL (mm) Days Growth rate Growth rate Annual
(1st capture) (2nd capture) between (mm/day) (mm/yr) % increase
   captures   (mm)

 125 156 850 .036 13.3 10.6

 134 173 1035 .038 13.75 10.3

 194 215 401 .052 19.11 9.9

 241 258 341 .050 18.20 7.6

 290 313 445 .052 18.86 6.5
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Our estimates are based on a small sample and certainly need to 
be supplemented by additional growth data to determine whe-
ther they are representative of the Suwannee River drainage po-
pulation in general. However, the limited available data amplify 
the importance of continued conservation efforts directed at this 
genetically unique M. temminckii population.

GeRAld R. JOhnStOn, department of natural Sciences, Santa fe 
College, gainesville, florida 32606, uSa (e-mail: jerry.johnston@sfcollege.
edu); tRAviS m. thOmAS, florida fish and Wildlife Conservation Com-
mission, gainesville, florida 32601, uSa; AnthOny lAu, department of 
Wildlife ecology and Conservation, university of florida, gainesville, flor-
ida 32611, uSa.

MESOCLEMMYS TUBERCULATA (Tuberculate Toad-headed 
Turtle). BEHAVIOR. In general, chelonian movement patterns 
can be divided into two groups: intrapopulational (short-range) 
and extrapopulational (long-range) (Gibbons et al. 1990. Life 
History and Ecology of the Slider Turtle. Smithsonian Institu-
tion Press, Washington, D.C. 368 pp.). The first one is related with 
feeding, basking, courtship and mating, hiding, and dormancy, 
while the second one is linked with seeking food resources, 
nesting, mate seeking, migration, travel from nest by juveniles 
and departure from unsuitable habitats. Understanding these 
strategies is important for good conservation planning for these 
reptiles (Sutherland 1998. Anim. Behav. 56:801–809). However, 
opportunities for observing these behaviors under natural con-
ditions may be difficult and rare, thus observations made on cap-
tive animals may offer important insights. This study describes 
the climbing ability in M. tuberculata under captive conditions. 
In 2010 and 2011, a group of turtles from the state of Ceará were 
maintained at the Núcleo Regional de Ofiologia da Universidade 
Federal do Ceará (NUROF-UFC). At least three times per week, 
specimens were removed from their indoor enclosures and 
placed in an outdoor enclosure to allow better thermoregula-
tion. During these events, the turtles were able to move within a 
pool area with rough wall surfaces (2.7 m x 2.1 m x 0.3 m). Four 
individual M. tuberculata were observed climbing short and me-
dium vertical distances on two of the rough-textured walls. This 
behavior was initiated when the animals rapidly approached the 
obstacle and took a vertical stance, with the two front limbs on 
the vertical surface and the rear feet on the ground; they then 
started the climbing process. They used their sharp claws to gain 
purchase on the wall, moving upward with alternate limb move-
ments, until their rear limbs were placed over the top of the wall. 
In some cases vertical displacement was about four times the 
animal’s length (average carapace length [CL] = 6.2 cm). At times 
the animals would fall during the action, but would quickly re-
sume climbing again. Stress avoidance may have been an incen-
tive for this behavior. When a turtle was approached when near 
a wall, it would rapidly turn away from the “stresser” and begin 
trying to climb the obstacle. However, the M. tuberculata also 
climbed the wall in the absence of obviously stressful stimuli. 
The ability and willingness to climb vertical surfaces may offer 
these turtles a potential escape or dispersal method, and thus 
increased survivorship, in their natural environments. 
 We thank James Harding for comments on the manuscript. 

JOÃO fAbRíciO mOtA ROdRiGueS (e-mail: fabriciorodrigues303@
gmail.com) and divA mARiA bORGeS-nOJOSA (e-mail: dmbnojosa@
yahoo.com.br), Programa de Pós-graduação em ecologia e recursos nat-
urais, universidade federal do Ceará. núcleo regional de ofiologia da uni-
versidade federal do Ceará (nurof-ufC) Campus do Pici, Bloco 905, CeP 
60455-760, fortaleza-Ceará, Brazil. 

TRACHEMYS SCRIPTA ELEGANS (Red-Eared Slider). REPRO-
DUCTION. Female body size for slider turtles at sexual maturity 
has been investigated extensively through the use of oxytocin in-
duction, X-rays, or dissection of turtles to differentiate between 
mature and immature individuals based on the presence of eggs 
or sufficiently enlarged ovarian follicles. Geographic variation in 
female size at maturity is reported for populations of Trachemys 
scripta scripta where populations living in a thermally heated 
lake near a nuclear reactor matured at a plastron length (PL) of 
200 mm versus a PL of 160 mm for populations living in a natu-
ral habitat (Gibbons and Greene 1990. In J. W. Gibbons [ed.], Life 
History and Ecology of the Slider Turtle, pp. 124–134. Smithson-
ian Inst. Press, Washington, D.C.). Mature female T. s. scripta as 
small as PL 140–150 mm were reported, although a minimum PL 
of 160 mm was proposed as the smallest average size for repro-
ductive maturity (Gibbons and Greene 1990, op. cit.). Female T. s. 
elegans in Oklahoma were reported to reach maturity at PL 174–
193 mm (Webb 1961. Am. Midl. Nat. 65:193–214) and in Illinois, 
T. s. elegans reached maturity at a minimum PL range of 150–195 
mm (Cagle 1950. Ecol. Monogr. 20:31–54). Here, we report a suc-
cessfully completed nesting event by a T. s. elegans female with 
plastron length less than 150 mm.
 Populations of six species of turtles including T. s. elegans 
have been monitored since 1996 at Aquarena Center which bor-
ders Spring Lake in Hays Co., Texas, USA (Gaertner et al. 2008. J. 
Wildl. Dis. 44:519–526; Rose et al. 1996. Southwest. Nat. 56:61–
65; Rose et al. 1998. Texas J. Sci. 50:89–92). On 3 June 2011, we 
observed a small female T. s. elegans nesting on a golf course at 
Aquarena Center. Upon completion, the nest was excavated and 
clutch size consisted of one egg. Plastron length was measured 
to the nearest 1.0 mm (PL = 146 mm). This nesting event is rema-
rkable due to the small size of the mature female. Discounting 
this female, the PL range for nesting T s. elegans turtles at Aqua-
rena Center is 167–298 mm. The female was marked, measured, 
weighed, and released.
 We thank Francis L. Rose for permission to access the turtle 
nesting site, his expertise, and encouragement. 

bei devOlld (e-mail: bd1128@txstate.edu) and JOSeph c. flOReS, 
Texas State university, San marcos, Texas 78666, uSa.

cROcOdyliA — cROcOdiliAnS

ALLIGATOR MISSISSIPPIENSIS (American Alligator). DIET 
CORRECTION AND GROWTH RATE. In a note on the diet of Al-
ligator mississippiensis, Kim et al. (2011. Herpetol. Rev. 42:269) 
incorrectly identified an A. mississippiensis prey item as Regina 
rigida sinicola (Gulf Crayfish Snake). The snake is actually Nero-
dia cyclopion (Mississippi Green Watersnake), which is already 
suspected of being a prey item of A. mississippiensis (Rossi and 
Rossi 2003. Snakes of the United States and Canada. Krieger 
Publ. Co., Malabar, Florida. 520 pp.). To validate the earlier note, 
we submit here the first report of R. r. sinicola as a prey item of 
A. mississippiensis. We also include an estimate of the growth 
rate from the alligator harvested. The following observation took 
place at Gus Engeling Wildlife Management Area (GEWMA), Ten-
nessee Colony, Texas, USA.
 On 4 June 2011, a female alligator (total length = 1828.8 mm) 
was harvested during the first annual public alligator hunt at 
GEWMA (31.939647°N, 95.880145°W; datum WGS 84). After in-
spection at the hunter check station, the alligator was identified 
by notched tail scutes as a recapture from an earlier popula-
tion genetic study at GEWMA (Ryberg et al. 2002. J. Exp. Zool. 
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294:325–333). During that study, this alligator was first captured 
on 25 July 2000, approximately 1.8 km away from the harvest 
location (31.936580°N, 95.861038°W; datum WGS 84). The total 
length of this alligator in 2000 was 1125.0 mm. The alligator grew 
703.8 mm over the 10 year, 10 month, 10 day time period (~64.9 
mm/year). This growth rate is very similar to those published for 
wild female alligators of the same size in Louisiana (~60 mm/
year; Chabreck and Joanen 1979. Herpetologica 35:51–57). After 
the alligator was skinned, the stomach was removed and dissect-
ed. The only prey item identified was a large female R. r. sinicola 
(SVL = 595 mm; tail length = 149 mm; TCWC 95590; Fig. 1).
 We thank Tucker Slack and Jeff Gunnels at Texas Parks and 
Wildlife for allowing us to attend the first public alligator hunt at 
GEWMA.

WAde A. RybeRG (e-mail: waryberg@tamu.edu) and tOby J. hib-
bittS (e-mail: thibbitts@tamu.edu), department of Wildlife and fisheries 
Sciences, Texas Cooperative Wildlife Collection, Texas a&m university, Col-
lege Station, Texas 77845, uSa.

CAIMAN LATIROSTRIS (Broad-snouted Caiman). FLOATING 
NEST. The Broad-snouted Caiman (Caiman latirostris) is a Neo-
tropical crocodilian that occurs from northeastern Brazil to the 
Plata River basin in Argentina. Nests of the species are made 
with leaves and other organic matter taken from the soil, and are 
established next to marginal vegetation at the rivers and lakes 
banks. Like other crocodilians, nests of this species are even-
tually affected negatively by fluctuations of water levels, with 
the flooding of river margins and lakes leading to a decrease in 
hatching success (Campos and Magnusson 1995. J. Trop. Ecol. 
11:351–358). The nests of South American crocodilians are com-
monly attacked by several predators, such as tegu lizards (Tu-
pinambis spp.), carnivorous mammals (e.g., Nasua nasua, Procy-
on cancrivorous, and Cerdocyon thous), and ants (Campos 2003. 
Boletim de Pesquisa e Desenvolvimento, Embrapa Pantanal. 22 
pp.; Staton and Dixon 1977. U.S. Dept. of the Interior Fish. Wildl. 
Serv. Res. Report 5. 21 pp.), and the main protection strategy of 
the species usually consists of a constant vigilance of the nest 
by the female. However, this strategy is inefficient against small 

predators like ants, and is of no use at all to avoid fluctuations in 
water levels. 
 On 22 January, 2010, we found a nest of C. latirostris in a 
marsh (Fig. 1) at Lagoa do Rio Preto (25.753333°S, 48.713889°W, 
ca. 3 m elev.), municipality of Guaratuba, state of Paraná, south-
ern Brazilian coast. The area is subject to periodic increases in 
water level, and to deal with this an individual C. latirostris built 
its nest in a patch of floating vegetation of about 6 m in diam-
eter and that was >50 m from the surrounding upland margins. 
The nest consisted of a pile of Fuirena sp. (Cyperaceae) and 
Panicum mertensii (Poaceae) of about 1 m high, clustered in 
an area of about 4 m of diameter. Two weeks later, we found 
several hatchlings in the area. According to a local resident, C. 
latirostris was observed using nests in floating vegetation at the 
Lagoa do Rio Preto for several years. This represents the first 
record of a floating nest constructed by C. latirostris. Because 
floating marshes are not covered by water, including during 
rainfall (Reinert et al. 2007. Rev. Brasil. Ornitol. 15:493–519), 
we consider that the placement of a nest in floating vegetation 
represents an important nesting strategy, as it avoid the effects 
of fluctuating water levels and attack by predators that do not 
swim. 
 We thank Christoph Hrdina, Kitty Harvill, and David Wieden-
feld for help with field work, and Charles Wikler for the revision 
on the English language of the manuscript.

mARcOS RicARdO bORnSchein, Programa de Pós-graduação em 
ecologia e Conservação, universidade federal do Paraná, Centro Politéc-
nico, Jardim das américas, CeP 81531-990, and mater natura – instituto 
de estudos ambientais, rua lamenha lins 1080, CeP 80250-020, Curi-
tiba, Paraná, Brazil (e-mail: bornschein.marcao@gmail.com); RicARdO 
belmOnte-lOpeS, Programa de Pós-graduação em zoologia, dept. de 
zoologia, lab. de dinâmica evolutiva e Sistemas Complexos, universidade 
federal do Paraná, Caixa Postal 19073, CeP 81531-990, and mater natura 
– instituto de estudos ambientais (e-mail: rbelmonte.lopes@gmail.com); 
biAncA luizA ReineRt, mater natura – instituto de estudos ambien-
tais (e-mail: biancareinert@yahoo.com.br); SÉRGiO AuGuStO AbRAhÃO 
mORAtO, STCP engenharia de Projetos ltda., rua euzébio da motta, 450, 
CeP 80.530-260, Curitiba, Paraná, Brazil (e-mail: smorato@stcp.com.br).

Fig. 1. Regina rigida sinicola removed from the stomach of a harvest-
ed Alligator mississippiensis.

Fig. 1. Nest of Caiman latirostris on a floating “island” of marsh veg-
etation of about 6 m of diameter at Lagoa do Rio Preto, municipal-
ity of Guaratuba, state of Paraná, southern Brazil. Trees and marsh 
vegetation in the background of the photograph are not part of the 
floating island, being at ground level and covered by about 2 m of 
water column.
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AMEIVA BIFRONTATA (Cope’s Ameiva). ENDOPARASITES. 
Ameiva bifrontata is known from northern Peru, Colombia, Ven-
ezuela, Testigo Island, Dutch Leeward Islands, Margarita Island, 
Aruba, La Tortuga Island (Uetz and Hallermann 2012. The Rep-
tile Database, www.reptile-database.org, accessed 30 January, 
2012). To our knowledge there are no reports of helminths from 
A. bifrontata. The purpose of this note is to establish the initial 
helminth list for A. bifrontata.

Eighteen A. bifrontata were examined, collected in Novem-
ber 1968 from Bellavista, (5.6622°S, 78.6756°W, WGS84, elev. 195 
m), Cajamarca Region, Peru and deposited in the herpetology 
collection of the Natural History Museum of Los Angeles Coun-
ty (LACM ) as: LACM 76864, 76865, 76868, 76869, 76871, 76862, 
76874, 76877, 76878, 76880–76885, 76887–76889. A left lateral 
incision was made through the body wall and the digestive tract 
was removed. The esophagus, stomach, small and large intestines 
were opened longitudinally and searched for helminths utilizing 
a dissecting microscope. The body cavity was also searched. Hel-
minths were cleared in lactophenol, placed on a microscope slide, 
coverslipped and studied utilizing a compound microscope. 

Found were one species of Nematoda, Parapharyngodon 
riojensis (prevalence, number infected/number examined x 100 
= 56%, mean intensity, mean number infected lizards = 2.2 ± 
1.4 SD, range = 1–4), and one oligacanthorhynchid cystacanth 
(Acanthocephala) (prevalence = 6%). Helminths were depos-
ited in the United States National Parasite Collection, Beltsville, 
Maryland as P. riojensis (USNPC 105267) and oligacanthorhyn-
chid cystacanth (USNPC 105268).

Parapharygodon riojensis was described from Phymaturus 
punae from the province of La Rioja, Argentina by Ramallo et 
al. (2002. J. Parasitol. 88:979–982) and has been reported from 
Liolaemus buergeri and Phymaturus palluma from Argentina 
(Goldberg et al. 2004. Comp. Parasitol. 71:208–214) as well as Li-
olaemus boulengeri, L. rothi, L. umbrifer, Phymaturus antofagas-
tensis and P. zapalensis also from Argentina (O’Grady and Dear-
ing. 2006. Oecologia 150:355–361). Two South American species 
of Parapharyngodon (P. riojensis and P. senisfaciecaudus) have 
been described in which the ovaries are postesophageal. These 
two species are separated on the basis of egg morphology: egg 
shell thin and smooth in P. senisfaciecaudus, punctate and thick 
in P. riojensis. Our specimens possessed postesophageal ovaries 
and eggs with thick, punctate shells. Oligacanthorhynchidae is 
the only acanathocephalan family to possess robust, pseudoan-
nulate cystacanths, an obvious character of our cystacanth spec-
imen. Acanthocephalans utilize an arthropod intermediate host 
in which the cystacanth larval stage develops (Kennedy 2006. 
Ecology of the Acanthocephala. Cambridge University Press, 
New York. 249 pp.). Since development to the adult form does 
not occur in A. bifrontata, it is best considered as a paratenic (= 
transport) host. Ameiva bifrontata represents a new host record 
for Parapharyngodon riojensis and oligacanthorhynchid cysta-
canths. Peru is a new locality record for P. riojensis; however, un-
determined cystacanths have been reported from Peru (Bursey 
et al. 2001 Comp. Parasitol. 68:21–35). 

We thank Christine R. Thacker (LACM) for permission to ex-
amine A. bifrontata and Jeanette Arreola (Whittier College) for 
assistance with dissections.

Stephen R. GOldbeRG, Whittier College, department of Biology, 
Po Box 634, Whittier, California 90608, uSa (e-mail: sgoldberg@whittier.

edu); chARleS R. buRSey, Pennsylvania State university, Shenango 
Campus, department of Biology, Sharon, Pennsylvania 16146, uSa (e-mail: 
cxb13@psu.edu).

ANOLIS SAGREI (Brown Anole). SAUROPHAGY. Anolis sagrei is 
native to Cuba, the Isla de Juventud, the Bahamas, Swan Island, 
the Islas de la Bahia, Honduras (Schwartz and Henderson 1991. 
Amphibians and Reptiles of the West Indies: Descriptions, Distri-
butions, and Natural History. University of Florida Press, Gaines-
ville, Florida. xvi + 720 pp.). It also has been introduced to many 
parts of the world (Kraus 2009. Alien Reptiles and Amphibians: 
A Scientific Compendium and Analysis. Springer, [Dordrecht, 
Netherlands], 563 pp.), including Florida as early as 1887 (Gar-
man 1887. Bulletin of the Essex Institute 19:1–29). In Florida, 
Anolis sagrei is known to consume mostly insects (Meshaka et 
al. 2004. The Exotic Amphibians and Reptiles of Florida. Krieger 
Publ. Co. Malabar, Florida. 166 pp.), but it has also been docu-
mented consuming lizards such as smaller conspecifics (Cochran 
1989. Herpetol. Rev. 20:70) and native Green Anoles (A. carolin-
ensis) (Campbell and Gerber 1996. Herpetol. Rev. 27:200). In this 
note, we report A. sagrei preying upon a nonindigenous Red-sid-
ed Curly-tailed Lizard (Leiocephalus schreibersii) in Florida. 
 On 14 October 2011 at 1614 h, we observed an adult male 
Anolis sagrei at 24305 SW 142 Avenue, Homestead, Miami-Dade 
County, Florida (25.540744°N, 80.420585°W, WGS84; elev. 4 m). 

Fig. 1. Anolis sagrei consuming Leiocephalus schreibersii in Florida.
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This anole was ca. 1 m above ground on a wooden post facing 
downward and had a neonate Leiocephalus schreibersii in its 
mouth (Fig. 1). The event was observed for ca. 4–5 min, at which 
time concluded with the A. sagrei consuming the L. schreibersii. 
Photographic vouchers were deposited in the Florida Museum 
of Natural History (UF 166507). This is the first known preda-
tion event on L. schreibersii in Florida, but also might provide an 
example for invasional meltdown by which short-term obser-
vations of facilitatory interactions between two species might 
have long-term consequences (i.e., enhancing the impact and/
or probability of establishment and spread of the other) (Simber-
loff and Von Holle 1999. Bio. Invasions 1:21–32), as Florida has 
the most introduced and established herpetofaunal species in 
the world (Krysko et al. 2011. Zootaxa 3028:1–64). 
 We thank Todd S. Campbell for kindly reviewing a draft of this 
note. 

kenneth l. kRySkO, division of herpetology, florida museum of 
natural history, dickinson hall, university of florida, gainesville, florida 
32611, uSa (email: kenneyk@flmnh.ufl.edu); JOSeph A. WASileWSki, 
natural Selections, 24305 SW 142th avenue, homestead, florida 33032, 
uSa. 

ASPIDOSCELIS NEOTESSELATA (Colorado Checkered Whip-
tail). FRAGMENTED HABITAT. Valco State Wildlife Area 
(38.259361°N, 104.705824°W, WGS84; elev. 1445 m), managed 
by the Colorado Division of Wildlife, is immediately adjacent to 
the north side of Colorado Hwy 96 (i.e., Thatcher Avenue) in the 
western metropolitan area of the City of Pueblo, Pueblo Co., Col-
orado, USA. This small gem of reclamation, commonly known as 
Valco Ponds, receives numerous visitors in the modes of short 
rest stops from Hwy 96, day-use hiking and sightseeing, fishing, 
and birding. The ponds, wetlands, and wildlife areas are mostly 
reclaimed gravel pits and surroundings, two being no farther than 
~20–30 m from the south side of the Arkansas River, which were 
mined out by the Valco Cement Co. located immediately east of 
the ponds. Because the surroundings did not appear to include 
suitable habitat for whiptail lizards, my first visit to Valco Ponds 
during a herpetological expedition to southeastern Colorado in 
1999 was as a rest stop from the rigors of the day rather than the 
expectation of collecting lizards. However, I unexpectedly began 
to see hatchling lizards almost immediately after stopping there, 
all of which proved to be triploid Aspidoscelis neotesselata pat-
tern class A (Walker et al. 1997. Herpetologica 53:233–259). Sub-
sequently, using large rubber bands as projectiles, I obtained the 
following specimens of the species from Valco Ponds for study: 6 
September 1999 (University of Arkansas Department of Zoology, 
UADZ 6657–6667, N = 11); 7 September 1999 (UADZ 6668–6672, 
N = 5); 10 June 2000 (UADZ 6878–6883, N = 6). 
 This description of the occupancy of Valco Ponds by A. ne-
otesselata A is to show that a moderately large (maximum SVL 
~100 mm), triploid, hybrid-derived parthenogenetic species not 
only subsists in a highly fragmented metropolitan environment 
which is intensively used by humans, but it is represented there 
in surprisingly large numbers. Parts of the site that I reference 
herein include the paved parking lot, a 15–40 m wide grove of 
mainly Eastern Cottonwood (Populus deltoides) between the 
length of the north side of the lot and the south side of the Ar-
kansas River, a narrow riparian forest trail west of the lot along 
the river, a road/levee from east of the lot to the river, and two 
sections of roads/levees between the river and three Valco Ponds 
of 20, 15.5, and 10 acres stocked with game fish (see http://www.
cfo-link.org/downloads/pueblo1.pdf). On 6 September 1999, 

within minutes of arriving at Valco Ponds, I began to see young-
of-year (YOY) of A. neotesselata A as I walked along the ~120 m 
parking lot/Eastern Cottonwood interface. On one occasion I 
returned to the vehicle where I observed two lizards under it tak-
ing refuge from the sun. Lizards were also present along the ~3 
m wide forest trail of ~300 m in length running west from the 
parking lot along the Arkansas River. The only exposed substrate 
was that of the trail which was critical to the presence of lizards 
living in this narrow band of habitat where they were frequently 
forced to retreat from foraging and basking behaviors as humans 
walk on the trail. Lizards were also observed east of the parking 
lot on the ~80 m long road/levee north to the river along the west 
side of the first pond. However, the true extent of the abundance 
of A. neotesselata A at Valco Ponds only became apparent when I 
explored the elevated narrow road/levee separating the Arkansas 
River from two of the ponds. This barrier, which is only ~20–30 
m in width and 2-3 m above the river, extends eastward ~475 m 
where it bends northeastward for another ~300 m. Flooding of 
Valco Ponds by the river is largely prevented by the holding ca-
pacity of Pueblo Lake only ~2.05 km upstream to the northwest. 
The levee supports a complex assemblage of plants consisting of 
scattered trees (e.g., Populus deltoides; non-native Chinese Elm, 
Ulmus pumila; non-native Salt Cedar, Tamarix ramosissima, 
and juniper, Juniperus sp.), in addition to growths of grasses and 
shrubby/tall-growing plants (e.g., Kochia, Bassia sieversiana; 
Sandsage, Artemisia filifolia; and Rabbitbrush, Chrysothamnus 
nauseosus) bordering the unpaved road. Ample expanses of 
well-drained and exposed sandy/gravelly soil on the road, small 
adjacent areas cleared by ants, spaces among the plants, and go-
pher mounds provide opportunities for whiptail lizard activities 
such as foraging, basking, oviposition, and fleeing. A total of ~30 
YOY of A. neotesselata A, but no second year or older lizards, were 
observed as I walked back and forth along the levee on 6–7 Sep-
tember 1999. The road/levee is also frequently used by humans, 
and occasionally by official vehicles, but such interference with 
lizard activities would be much less severe than on the previous-
ly mentioned much narrower west-directed forest trail. During a 
return visit to Valco Ponds on 10 June 2000, I observed ~20 sec-
ond year and older individuals of A. neotesselata A in less than 2 
h (only six collected) on the aforementioned levee, including as 
many as four individuals in the same field of vision. These older/
larger lizards were much more easily approached and collected 
than were the YOY in the previous year, and the low number ob-
tained in 2000 (N = 6) was by choice. 
 The Valco State Wildlife Area west of Pueblo Boulevard in 
Pueblo is among the most dramatic examples of high levels of 
abundance in a fragmented habitat that I have observed in any 
parthenogenetic species of Aspidoscelis. The habitat available for 
lizards (which totals ~2.1 ha) and the resulting pattern of lizard 
distribution at the site can be appreciated by typing in “Valco 
Ponds, Colorado” on Google Earth and viewing the results. This 
enclave, which is situated between Pueblo Lake State Park (west), 
urban Pueblo (east), Arkansas River (north), and Colorado Hwy 
96 (south) certainly fits into the pattern of unusual/marginal 
habitats occupied by parthenogenetic whiptail species in the ab-
sence of gonochoristic species (i.e., Aspidoscelis sexlineata viridis 
which occurs elsewhere in the general area) that were discussed 
by Wright and Lowe (1968. Copeia 1968:128–138). Other nearby 
sites in the western metropolitan area of Pueblo where A. neotes-
selata A occurs in publicly owned areas extensively altered and 
used by humans, but not in a fragmented mosaic, also have been 
reported. Based on published records, the species is abundant 
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in the extensive surroundings of the Pueblo Raptor and Nature 
Center (38.270847°N, 104.676536°W; WGS84; elev. 1450 m) on 
the north side of the Arkansas River at 2.9 km (straight line, SL) 
east-northeast of Valco Ponds (Walker, op. cit.; Taylor et al. 2006. 
J. Herpetol. 40:294–304), but is not abundant at the type local-
ity of the species in the spacious Juniper Breaks Campground 
(38.276514°N, 104.755075°W; WGS84; elev. 1498 m) on the north 
side of Pueblo Lake, Pueblo State Park, at 4.5 km (SL) northwest 
of the ponds (Walker, op. cit.).
 Lizards were collected at Valco State Wildlife Area, Pueblo 
Raptor and Nature Center, and Juniper Breaks Campground in 
Pueblo County under authority of a permit from the Colorado 
Division of Wildlife. I am grateful to Tim Hogan who referred me 
to Dina Clark who identified plants in the photograph, and to 
Harry Taylor for constructive comments on the manuscript.

JAmeS m. WAlkeR, department of Biological Sciences, university of 
arkansas, fayetteville, arkansas 72701, uSa; e-mail: jmwalker@uark.edu.

ASPIDOSCELIS TESSELATA (Common Checkered Whiptail). 
NORTHERN LIFE HISTORY. Since 1988, we have studied life his-
tory attributes pertaining to the ecological success of Aspidosce-
lis tesselata (sensu Cordes and Walker 2006. Copeia 2006:14–26; 
Reeder et al. 2002. Am. Mus. Novitat. 3365:1–61; Taylor et al. 2005. 
J. Herpetol. 39:266–277; Walker et al. 1995. Copeia 1995:650–658; 
Walker et al. 1997. Herpetologica 53:233–259), a diploid par-
thenogenetic lizard of hybrid origin (Neaves 1969. J. Exp. Zool. 
171:175–184; Parker and Selander 1976. Genetics 84:791–805; 
Wright and Lowe 1967. Mamm. Chromo. Newslett. 8:95–96), in 
several areas of its vast latitudinal distribution area (Taylor et 
al. 1997. Copeia 1997:863–868; Taylor et al. 1999. Herpetol. Rev. 
30:205–207; Taylor et al. 2000. Herpetologica 56:45–54; Taylor et 
al. 2005. Southwest. Nat. 50:258–262; Taylor et al. 2006. J. Her-
petol. 40:294–304) extending from eastern-central Chihuahua 
State, México, to southeastern Colorado (Parker and Selander, 
op. cit.; Smith et al. 1963. Herpetologica 19:205–215; Zweifel 1965. 
Am. Mus. Novitat. 2235:1–49). This species is a member of many 
local guilds of whiptail lizards in Chihuahua, Texas, Oklahoma, 
New Mexico, and Colorado involving various combinations of 
four gonochoristic (A. gularis [including A. scalaris and A septem-
vittata; sensu Walker 1981a. Copeia 1981:826–849; Walker 1981b. 
Copeia 1981:850–868], A. inornata, A. sexlineata, and A. tigris [in-
cluding A. marmorata; sensu Dessauer et al. 2000. Bull. Am. Mus. 
Nat. Hist. 246:1–148]) and/or six parthenogenetic (A. exsanguis, 
A. dixoni, A. neomexicana, A. neotesselata, A. uniparens, and A. 
velox) congeners in a variety of arid and semiarid habitats, some 
severely degraded and frequently impacted by presence of hu-
mans, over a south-north straightline distance of ca. 1100 km. 
Latitudinally (i.e., from ca. 27.990227oN, 105.264668oW, datum: 
WSG84, in Chihuahua to ca. 37.717304oN, 103.514567oW, datum: 
WSG84, in Colorado; Taylor et al. 2000, op. cit.; Taylor et al. 2011. 
Southwest. Nat. 56:180–186), this is the most extensive natural 
range for any of the parthenogenetic species of Aspidoscelis. 
Here, we interpret the northern life history of pattern class E of 
A. tesselata (sensu Zweifel, op. cit.) based on specimens collected 
between 1996 and 2010 from in and adjacent to the town of Puer-
to de Luna (see Taylor et al. 2003. Am. Mus. Novitat. 3424:1–40), 
Guadalupe County, eastern-central New Mexico, where it ex-
ists in syntopy with triploid parthenogenetic A. exsanguis and 
A. velox. We include data on sample composition (number of 
generations represented in samples), life cycle (length of annual 
activity cycle, age at maturity, and life span), reproductive char-
acteristics (–x ± ΔSE and range for body mass [BM], SVL, clutch size, 

yolked ovarian follicle diameter, and oviductal egg diameter and 
length), and the relationship of clutch size to SVL and BM (of liz-
ards with tails) for A. tesselata E at Puerto de Luna. Females were 
weighed, fixed in formalin, stored in ethanol, and dissected to 
count and measure oviductal eggs and yolked ovarian follicles. 
Statistical operations for this study were performed using JMP® 
9 (SAS Institute Inc., Cary, NC), provided by a license to the Uni-
versity of Arkansas, with Δ set at 0.05.
 We examined 36 specimens of A. tesselata from the herpe-
tology collections of the University of Arkansas Department of 
Zoology (UADZ ) and 25 from Regis University (RU) obtained 
in and near the town of Puerto de Luna: site 1 (34.830833oN, 
104.620278oW, datum: WGS84 , elev. 1369 m) (18 August 1996 
[UADZ 5740–5741, N = 2]; 16 July 1997 [UADZ 5993–5994, N = 2]; 
10 June 2000 [RU 0048–0052, N = 5]; 11 June 2000 [RU 0053–0062, 
N = 10]; 12 June 2000 [RU 0064–0073, N = 10]; 19 August 2001 
[UADZ 7484, 7487, 7489–7495, 7497, N = 10]; 18 June 2010 [UADZ 
8648–8651, N = 4]; 19 June 2010 [UADZ 8658–8659, N = 2]; 24 June 
2010 [UADZ 8697–8703, N = 7]; 25 June 2010 [UADZ 8715–8721, 
N = 7]); site 2 (34.819167N, 104.613333oW, datum: WGS84, elev. 
1363 m) (24 June 2010 [UADZ 8704, N = 1]); site 3 on east side 
of Pecos River at highway crossing south of town (34.826634oN, 
104.625261oW, datum: WGS84, elev. 1359 m) (19 August 1997 
[UADZ 6008, N = 1]).
 At Puerto de Luna, most eggs of A. tesselata E hatch from late 
July–early August. This is the same time frame by which sub-
adults from the previous summer and adults, having attained 
adequate mass and fat reserves to carry them through hiberna-
tion, become inactive for the year. On 18 and/or 19 August 1996 
(N = 2), 1997 (N = 1), and 2001 (N = 10), all A. tesselata E either ob-
served or captured at Puerto de Luna were young-of-year (YOY). 
The 19 August 2001 sample of A. tesselata E consisting of 10 YOY 
with a 9 mm range of variation in SVL (39, 40, 41 [2], 43 [2], 45, 46, 
47, 48; –x = 43.3 ± 0.98 mm) obviously represents several hatch-
ing dates. A similar range of size variation persists as YOY grow 
rapidly to ca. 50–60 mm SVL as declining fall temperatures in 
October force them into inactivity for the year, after which these 
individuals with variable SVLs emerge for their second activity 
cycle in late April–early May. 
 Based on the 10–12 June 2000 sample of A. tesselata E, it is 
possible to conclude that sexual maturity is not attained in the 
second year of life at Puerto de Luna. One group in the sample 
comprises 19 non-reproductive (i.e., subadult) lizards, hatched 
the previous year (i.e., in their second activity cycle) with an 11 
mm range of variation in SVL (65 [2], 66 [2], 68 [2], 69 [3], 70 
[2], 72 [2], 73, 74 [2], 75, 76 [2]; –x = 70.4 ± 0.83 mm), which is 
similar to the magnitude of SVL differences among the 2001 YOY 
lizards. The second group comprises only six adults, all gravid, 
in their third or subsequent activity cycles with a 7 mm range of 
variation in SVLs (90 [2], 91, 95 ]2], 97; –x = 93.0 ± 1.24 mm). How-
ever, based on the 18–25 June 2010 sample of A. tesselata E from 
Puerto de Luna, collected ca. two to three weeks later in the an-
nual activity cycle than in 2000, we infer that some of the earli-
est hatchlings from 2009 had attained reproductive maturity in 
their second activity cycle. One subgroup in the sample com-
prises eight non-reproductive (i.e., subadult) lizards hatched 
the previous year and several months in their second activity 
cycle with a 12 mm range in SVLs (67, 72, 73 [2], 75, 77, 78, 79; –x = 
74.2 ± 1.37), and a 5.6 g range in BM (–x = 10.9 ± 0.73 g). The other 
subgroup from 2010 comprises 12 gravid females, some appar-
ently in the second activity cycle, others in their third, fourth, 
and/or fifth cycle, with a 20 mm range of SVLs (75, 76, 77, 79 [2], 
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82, 83, 90, 92 [2], 93, 95; –x = 84.4 ± 2.15 mm) and a 13.1 g range 
in BM (–x = 17.2 ± 1.42 g). In retrospect, using observations on 
the 2010 sample of A. tesselata E from Puerto de Luna, we infer 
that some of the larger juveniles in the 2000 sample could have 
attained reproductive maturity in their second season had they 
survived. 
 Gravid females in the early June 2000 sample (90–97 mm 
SVL) have clutches of 4–5 eggs (–x = 4.5 ± 0.22, N = 6), and appar-
ently represent year classes three, four, and perhaps five. Gravid 
females in the mid- to late June 2010 sample (75–95 mm SVL) 
have clutches of 2–5 eggs (–x = 3.5 ± 0.34, N = 12), and apparently 
represent year classes two through four and perhaps five. Pre-
ovulatory females (75–95 mm SVL) in this sample have yolked 
ovarian follicles of 5.5–11.5 mm in diameter (–x = 9.2 ± 1.04, N = 5); 
post-ovulatory females (79–92 mm) have oviductal eggs of 10.5–
12.5 mm in diameter (–x = 11.6 ± 0.28, N = 7) and 16.5–19.0 mm 
in length (–x = 17.8 ± 0.34, N = 7). For the period 10–11 June 2000, 
6 females with data had clutches (sample size in each category 
in parens) of 4 (3) and 5 (3). For the period 18–25 June 2010, 12 
females with data had clutches of 2 (3), 3 (3), 4 (3), and 5 (3). Us-
ing the pooled sample of gravid females of A. tesselata collected 
from Puerto de Luna in 2000 and 2010, we observed a strong re-
lationship between clutch size and SVL (based on adjusted r2 = 
0.61, P = 0.0001, N = 18). Surprisingly; however, one noteworthy 
outlier (UADZ 8719 from 2010) with a SVL of 77 mm and BM of 
13.4 g, apparently in only the second activity cycle, possesses two 
right and two left oviductal eggs. The egg number in this speci-
men approximates the maximum clutch of five in the largest 
available specimens of 90–97 mm SVL, some of which could be 
in the fifth year. Pooling 2010 subadults, some with large fat bod-
ies, and females with clutches of either ovarian or oviductal eggs 
confirmed the existence a strong relationship between SVL and 
BM in A. tesselata E (based on adjusted r2 = 0.94, P = 0.0001, N = 
20) from Puerto de Luna. 
 This study indicates that the composition of a single sample 
of A. tesselata E from Puerto de Luna could very well sway an in-
vestigator to conclude that the age at which first clutch is pro-
duced is a fixed attribute in the species at this site. For example, 
the RU sample from 2000 points to probable maturity in the 
third year; however, because hatching dates in the species span 
almost a month, the sample from 2010 indicates that the earli-
est hatchlings from the previous year likely produced clutches 
in the second summer, whereas the later hatchlings would likely 
produce their first clutch in the third summer.
 Puerto de Luna is one of several areas between Santa Rosa 
Lake, Guadalupe Co., and Sumner Lake, De Baca Co., where the 
parthenogenetic species A. exsanguis, A. tesselata, and A. velox 
are syntopic; A. tesselata E is by far the numerically dominant 
species at site 1. Based on observations between 1996 and 2001, 
the habitat here (e.g., sandy roadsides, a mesquite [Prosopis 
glandulosa] invaded hillside, and mequite anchored dunes) re-
ceived little in the way of unusual habitat disturbances. How-
ever, the dunes have since become heavily used by ATV enthusi-
asts. The abundance of both subadults and adults of A. tesselata 
E in the ATV tract, frequently criss-crossed by these vehicles, af-
ford a dramatic example of the adaptability of the life cycle of A. 
tesselata E to a highly disturbed area frequented by presence of 
humans.
 We thank the New Mexico Department of Game and Fish for 
licenses granted to each of us, which allowed independent col-
lection of A. tesselata E from Puerto de Luna between 1996 and 
2010.
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ASPIDOSCELIS TESSELATA (Common Checkered Whiptail). 
SOUTHERN LIFE HISTORY. Aspidoscelis tesselata (sensu Cordes 
and Walker 2006. Copeia 2006:14–26; Reeder et al. 2002. Am. 
Mus. Novitat. 3365:1–61; Taylor et al. 2005. J. Herpetol. 39:266–
277; Walker et al. 1995. Copeia 1995:650–658; Walker et al. 1997. 
Herpetologica 53:233–259) is a diploid parthenogenetic lizard 
of hybrid origin (Neaves 1969. J. Exp. Zool. 171:175–184; Park-
er and Selander 1976. Genetics 84:791–805; Wright and Lowe 
1967. Mamm. Chromo. Newslett. 8:95–96) having an extensive 
latitudinal distribution from ca. 27.990227oN, 105.264668oW, 
datum: WSG84, in eastern central Chihuahua, México, to ca. 
37.717304°N, 103.514567°W, datum: WSG84, in southeastern 
Colorado (Parker and Selander, op. cit.; Smith et al. 1963. Her-
petologica 19:205–215; Taylor 2000. Herpetologica 56:45–54; 
Taylor et al. 2011. Southwest. Nat. 56:180–186; Zweifel 1965. Am. 
Mus. Novitat. 2235:1–49). This species is a member of many local 
guilds of whiptail lizards in Chihuahua, Texas, Oklahoma, New 
Mexico, and Colorado involving various combinations of four 
gonochoristic (A. inornata, A. gularis, A. sexlineata, and A. tigris) 
and/or six parthenogenetic (A, exsanguis, A. dixoni, A. neomexi-
cana, A. neotesselata, A. uniparens, and A. velox) congeners in a 
variety of arid and semiarid habitats, some severely degraded 
and frequently impacted by presence of humans, over a north-
south straightline distance of ca. 1100 km. Latitudinally, this is 
the most extensive natural range for any of the parthenogenetic 
species of Aspidoscelis. Here, we contribute to interpretation of 
the life history of pattern class E of A. tesselata (sensu Zweifel, op. 
cit.; Parker and Selander, op. cit.) based on specimens collected 
by us in 1966, 1992, 1993, 1997, and 1998 from the southern ex-
tremity of the range in Chihuahua where it typically exists in syn-
topy with some combination of the parthenogenetic species A. 
exsanguis and gonochoristic species A. gularis (including A. sca-
laris and A. septemvittata; Walker 1981a. Copeia 1981:826–849; 
Walker 1981b. Copeia 1981:850–868) and A. tigris (sensu Des-
sauer et al. 2000. Bull. Am. Mus. Nat. Hist. 246:1–148). We include 
data on sample composition (estimated number of year classes 
represented in samples), life cycle (length of annual activity cy-
cle, age at maturity, and life span), reproductive characteristics 
(–x ± SE and range for body mass [BM], SVL, clutch size, yolked 
ovarian egg diameter, and oviductal egg diameter and length), 
and the relationships of clutch size to SVL and SVL to BM (of liz-
ards with tails) for A. tesselata E from Chihuahua. Females were 
weighed, fixed in formalin, stored in ethanol, and dissected to 
count and measure oviductal eggs and yolked ovarian eggs, and 
to subjectively evaluate the size of postcoelomic fat bodies. Sta-
tistical procedures for this study were performed using JMP® 9 
(SAS Institute Inc., Cary, NC), provided by a license to the Univer-
sity of Arkansas, with Δ set at 0.05.
 We examined 64 specimens of A. tesselata E from the her-
petology collections of the University of Arkansas Department 
of Zoology (UADZ) and 17 from the University of Colorado 
Museum of Natural History (UCM) obtained from these sites 



Herpetological Review 43(3), 2012

nAtuRAl hiStORy nOteS     481

in Chihuahua, Mexico: south side of Río San Pedro at Meo-
qui (28.269209oN, 105.480599oW, datum: WSG84, elev. 1148 
m) (15 June 1966 [UCM 37417, N = 1]); 21.1 km S of Cd. Deli-
cias (28.056279oN, 105.319368oW, datum: WSG84, elev. 1230 m) 
(16 June 1966 [UCM 37418–37426, N = 9]); 1.6 km S of Saucil-
lo (28.019581oN, 105.268201oW, datum: WSG84, elev. 1231 m) 
(16 June 1966 [UCM 37428–37429, N = 2]); 5.0 km S of Saucillo 
(27.990227oN, 105.264668oW, datum: WSG84, elev. 1231 m) (17 
June 1966 [UCM 37430–7434, N = 5]); vicinity of El Pueblito on 
west side of Río Conchos (29.102227oN, 105.113768 oW, datum: 
WSG84, elev. 976 m) (30 May 1992 [UADZ 4563–4564, N = 2]; 7 
June 1992 [UADZ 4593–4594, N = 2]; 12 June 1993 [UADZ 4841, 
4850, N = 2), 10 July 1997 [UADZ 5831–5839, 5842, N = 10]; 11 July 
1997 [UADZ 5846–5854, N = 9]; 12 July 1997 [UADZ 5856–5857, 
5860–5861, 5863, 5865, N = 6]; 13 July 1997 [UADZ 5866, 5874–
5875, 5878-5879, N = 5]; 14 July 1997 [UADZ 5888, N = 1]; 15 July 
1997 [UADZ 5891–5892, 5898, N = 3]; 30 July 1998 [UADZ 6105–
6114, N = 10]; 31 July 1998 [UADZ 6121–6126, N = 6]; 1 August 
1998 [UADZ 6127–6130, N = 4]; 2 August 1998 [UADZ 6153–6156, 
N = 4]). 
 The June 1966 sample of A. tesselata E includes six subadults 
(based on lack of developing eggs) with a 5 mm range of varia-
tion in SVL (sample size in each category in brackets) (66, 68, 69 
[2],70, 71; –x = 68.8 ± 0.70 mm), and 11 adults (based on small-
est to largest gravid individuals) with a 14 mm range of varia-
tion in SVL (77 [2], 78, 79 [2], 80, 81, 85, 88, 90, 91; –x= 82.3 ± 1.59 
mm). We infer that the subgroup of non-reproductive lizards and 
the smaller individuals among the reproductive individuals are 
younger (~66–71 mm SVL) and older (~77–81 mm SVL) cohorts 
of the 1965 year class, respectively. Individuals of ~85–91 mm 
SVL are likely third and perhaps fourth year individuals. We at-
tribute the absence of females of ~92–100 mm SVL in the sample 
to a life cycle of four years or less for most lizards of the species 
at the southern end of the range in Chihuahua, rather than an 
accident of sampling, based on paucity of this size class in the 
larger samples of A. tesselata E collected in Chihuahua in 1997 
and 1998. The June 1966 sample of A. tesselata E was apparently 
collected prior to the hatching of young-of-year (YOY) lizards.
 At El Pueblito near the Río Conchos, eggs oviposited by A. tes-
selata E begin hatching in early July. The emergence of hatchlings 
there is not accompanied by subadults from the previous sum-
mer and older adults starting to retire for the year for the winter 
inactivity period as was reported for pattern class E lizards which 
hatch in August at Puerto de Luna, eastern central New Mexico, 
by Walker et al. (2012. Herpetol. Rev., in press).The sample ob-
tained at El Pueblito on 10–15 July 1997 contains YOY, subadults, 
and adults, whereas samples with YOY collected in August Puerto 
de Luna never included other age classes of larger individuals. 
The 1997 sample of A. tesselata E includes eight YOY with a 7 mm 
range of variation in SVL (40 [2], 41, 42 [2], 43 [2], 47; –x = 42.3 ± 
0.80 mm), a 1.3 g range in BM (–x = 1.9 ± 0.15 g), and individuals 
from several hatching dates. Also present in the sample are five 
putative subadults (without developing eggs) with a 4 mm range 
of variation in SVL (73 [2], 76, 77 [2]; –x = 75.2 ± 0.92 mm) and a 5.3 
g range in BM (–x = 12.2 ± 0.90 g), and 19 adults (based on smallest 
to largest gravid individuals) with a 13 mm range of variation in 
SVL (78 [3], 79 [3], 80, 81 [4], 83 [2], 84, 87 [2], 88, 91 [2];–x = 82.6 ± 
0.98 mm) and a 14.8 g range of variation in BM (–x = 16.4 ± 0.70 g). 
Two live adults (UADZ 5891 and 5892) used in skin histocompat-
ibility experiments were not included in the preceding analyses. 
 We also report an interesting relationship between repro-
ductive status (e.g., not gravid, with developing ovarian eggs, 

and with oviductal eggs) and size of postcoelomic fat bodies in 
adults of A. tesselata E collected in 1997 in Chihuahua. That only 
nine (47.4%) adults from 1997 are gravid indicates that asyn-
chronous clutch production is characteristic of A. tesselata E at 
El Pueblito. This aspect of the life cycle could reflect production 
of a minimum of two clutches by some lizards; this would result 
in numerous hatching dates and subsequent maturity dates in 
ensuing years. None of the three females (81–91 mm SVL) with 
oviductal clutches possesses discernable fat bodies, whereas six 
females (78–91 mm SVL) with ovarian eggs have either small (N 
= 1) or large (N = 5) fat bodies. These observations suggest that 
clutch development is dependent upon stored resources in fat 
bodies that are depleted during egg growth. Four size-conditions 
of the fat bodies were observed among the 10 non-gravid adult 
females: absent (N = 2), small (N = 1), medium (N = 3), and large 
(N = 4). This variation points to presence of a refractory period, 
either between successive clutches or preceding fall hibernation, 
in which fat bodies are replenished after the last oviposition in 
southern groups of A. tesselata E.
 The composition of the sample of A. tesselata E obtained at El 
Pueblito on 30 July–2 August 1998 is quite unlike that of the sam-
ple obtained there approximately two weeks earlier in the year 
in 1997. The 1998 sample included only five non-reproductive 
lizards, one obvious YOY of 52 mm SVL likely hatched in early 
July and four lizards that could represent either older YOY or sec-
ond year juveniles, with a 6 mm range of variation in SVL (62, 66, 
67, 68; –x = 65.8 ± 1.32 mm). Nineteen adults in the sample (lower 
limit based on smallest gravid individual) have a 30 mm range 
of variation in SVL (70 [3], 72 [2], 73 [2], 74, 75, 77, 79, 81 [2], 84, 
87, 88, 90, 91, 100; –x =79.3 ± 1.98 mm) and a 23.3 g range of varia-
tion in BM (–x = 14.3 ± 1.31 g). These data necessitate substantial 
changes in our conclusions about reproduction in A. tesselata E 
from Chihuahua based on the 1966 and 1997 samples. Known 
minimum size at reproductive maturity is lowered from 77–78 
mm and 14.0 g BM to 70 mm SVL and 10.4 g BM, and maximum 
size attained is raised from 91 mm and 25.0 g to 100 mm SVL 
and 31.4 g BM. Also, based on the 1998 sample, it is likely that all 
lizards of 70 mm or greater in the 1966 and 1997 samples could 
have attained reproductive maturity had they survived. Only five 
(26.3%) of 19 lizards of adult size in the 1998 sample are gravid. 
Based on their size (70, 72, 74, 75, 77; –x = 73.6 ± 1.21 mm SVL 
and 10.4–16.5; –x = 12.6 g BM), we infer that they are late-season 
maturing individuals from late-season hatchings of 1997. Larger 
individuals in the sample had apparently ceased reproductive 
activity for the year. Dearth of lizards of greater than 90 mm SVL 
was apparent in each of the four years which could indicate that 
in Chihuahua A. tesselata E has a life expectancy that seldom 
exceeds three years. Of 81 specimens of A. tesselata E examined 
from the state, only five (6.2%) lizards exceed 90 mm SVL (91 mm 
for each) and only two (2.5%) were 100 mm SVL. 
 Gravid females (77–91 mm SVL) in the mid-June 1966 sample 
of A. tesselata E have clutches of 3–5 eggs (–x = 3.7 ± 0.29, N = 7), 
and likely represent year classes two, three, and perhaps four. 
Gravid females (78–91 mm SVL) in the early to mid-July 1997 
sample have clutches of 2–5 eggs (–x = 4.0 ± 0.37, N = 9), and likely 
also represent year classes two, three, and perhaps four. Pre-
ovulatory females (78–91 mm SVL) in this sample have yolked 
ovarian follicles of 3.7–11.5 mm in diameter (–x = 6.9 ± 1.14, N 
= 6); postovulatory females (81–91 mm) have oviductal eggs of 
10.0–10.5 mm in diameter (–x = 10.2 ± 0.17, N = 3) and 15.0–17.0 
mm in length (–x = 16.3 ± 0.67, N = 4). Gravid females (70–77 mm 
SVL) in the late July–early August 1998 sample have clutches of 
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only 2–3 eggs (–x = 2.6 ± 0.24, N = 5), and apparently represent 
only year class two. Preovulatory females (72–77 mm SVL) have 
yolked ovarian follicles of 4.5–8.5 mm in diameter (–x = 6.7 ± 1.17, 
N = 3); postovulatory females (74–75 mm) have oviductal eggs 
of 9.5–10.5 mm in diameter (–x = 10.0 ± 0.50, N = 2) and 17.0–17.5 
mm in length (–x = 17.3 ± 0.25, N = 2). 
 From 1966, seven females with data have clutches (sample 
size in each category in parens) of 3 (3), 4 (3), and 5. From 1997, 
nine females with data have clutches of 2, 3 (2), 4 (2), and 5 (4). 
From 1998, five females with data have clutches of 2 (2) and 3 (3). 
Using the pooled sample of gravid females of A. tesselata collect-
ed from Chihuahua in three different years, we found a strong 
relationship between clutch size and SVL (based on adjusted r2 
= 0.57, P = 0.0001, N = 21). We also report an even stronger rela-
tionship between BM and SVL (based on adjusted r2 = 0.86, P = 
0.0001, N = 58).
 Time of collection during the year strongly affects sample 
composition of A. tesselata E from the southern part of the range 
in Chihuahua. This accounts for the 1966 and 1998 samples be-
ing the only significantly different (P = 0.05) pair of means for 
clutch size. Date of collection apparently accounts for the find-
ing of synchronous clutch development in the June 1966 sample, 
but a finding of strongly asynchronous production in the later 
mid-July 1997 and late July-early August 1998 samples as second 
year lizards mature at different times. Minimally, clutch produc-
tion involves parts of three months (June, July, and August) re-
sulting in a variety of hatching dates and times at which lizards 
become reproductively mature. Based on an activity cycle from 
April to November, in Chihuahua, A. tesselata E matures in less 
than a calendar year at a SVL as small as 70 mm. 
 In the immediate vicinity of El Pueblito, on the west side of 
Río Conchos, there is a patchwork of agricultural plots, periph-
eral to and between which are islands of habitat used by whiptail 
lizards. Three species occur in the area: A. gularis (sensu Walker 
1981a, b, op. cit.), A. tigris (sensu Dessauer et al., op. cit.), and A 
tesselata E (sensu Zweifel, op. cit.). Visits to the area by JEC and 
FMQ in 1992 and 1993 resulted in collection of large numbers 
of A. gularis, and small numbers of A. tigris and A.tesselata E. In 
1997 and 1998, concentration of effort in disclimax areas along 
the periphery of fallow fields and pecan groves greatly increased 
the numbers of A. tesselata E observed/collected. As knowl-
edge of the variety of habitats occupied by whiptail lizards at El 
Pueblito increased, it became possible to maximize collection of 
any one of the three species present by careful choice of where 
to expend search efforts. On some occasions, all three species 
were collected in close proximity; however, in all cases one of 
the three species was numerically dominant. That A. tesselata is 
occasionally inseminated by a syntopic gonochoristic species at 
El Pueblito is indicated by our collection of a hybrid of the ge-
nealogy A. tesselata × A. gularis (UADZ 4852) from near the Río 
Conchos on 12 June 1993 (Walker et al. 2000. Southwest. Nat. 
45:527–533). 
 Live and preserved lizards imported from México by FMQ 
and JEC and referenced in this report were collected in Chi-
huahua under the authority of permits SEMARNAT 4295/97 
and SEMARNAT 7182/98 granted to FMQ by the government of 
México. We thank Wade C. Sherbrooke for providing the address 
of FMQ (deceased).
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CHALCIDES GUENTHERI (Güenther’s Cylindrical Skink). RE-
PRODUCTION. Chalcides guentheri is known from southern 
Lebanon, Israel, southwest Syria and northwest Jordan (Sindaco 
and Jeremcenko 2008. The Reptiles of the Western Palearctic. Ed-
izioni Belvedere, Latina, Italy. 579 pp.). It is reported to be vivip-
arous as are other congeners (Disi et al. 2001. Amphibians and 
Reptiles of the Hashemite Kingdom of Jordan. Edition Chimaira, 
Frankfurt am Main, Germany. 408 pp.). The purpose of this note 
is to provide information on the reproductive cycle of C. guen-
theri in Israel. 
 A sample of 27 C. guentheri consisting of 7 males (mean SVL = 
90.9 mm ± 7.4 SD, range = 82–103 mm) and 20 females (mean SVL 
= 120.7 mm ± 18.7 SD, range = 164–122 mm), collected 1944–1989 
in Israel (31.5°N, 34.75°E) and deposited in the Zoological Mu-
seum of the Department of Zoology. Tel-Aviv University (TAUM), 
Tel Aviv, Israel was examined TAUM: 758, 760, 766, 768, 773, 1069, 
1476, 2538, 2714, 2903, 3874, 3886, 4681, 5172, 5191, 5537, 5848, 
6080, 7438, 8456, 9511, 11107, 11108, 11437, 12867, 13309, 13787. 
  A cut was made in the lower abdominal cavity and the left 
testis or ovary was removed, embedded in paraffin, cut into 5 µm 
sections and stained with Harris hematoxylin followed by eosin 
counterstain. Enlarged follicles > 3 mm or oviductal eggs were 
counted. Histology slides are deposited in TAUM. 
  Three stages were noted in the testicular cycle: (1) recrudes-
cence, a proliferation of germ cells has commenced in the semi-
niferous tubules for the next period of sperm formation, primary 
spermatocytes predominate; (2) late recrudescence (just prior 
to sperm formation), secondary spermatocytes and sperma-
tids predominate; (3) spermiogenesis, lumina of the seminifer-
ous tubules are lined by sperms or clusters of metamorphosing 
spermatids. One male from December exhibited recrudescence; 
five males from March exhibited spermiogenesis; one male from 
April exhibited late recrudescence. The smallest reproductively 
active male (undergoing spermiogenesis) measured 82 mm SVL 
(TAUM 760). This is an approximation of minimum size for sex-
ual maturity as no males < 82 mm SVL were examined.
  Four stages were noted in the ovarian cycle (Table 1). The 
presence of one April female with oviductal eggs and concurrent 
yolk deposition for a subsequent clutch (TAUM 2538) indicates 
C. guentheri may produce multiple clutches. Mean clutch size (n 

taBLe 1. Monthly stages in the ovarian cycle of 20 Chalcides guentheri 
from Israel.

Month N Inactive Early  Enlarged Oviductal
   yolk follicles eggs
   deposition >3 mm

January 2 2 0 0 0

February 2 2 0 0 0

March 6 3 2 0 1

April 4 1 0 2 1*

May 2 0 1 1 0

June 1 1 0 0 0

September 1 1 0 0 0

October 1 1 0 0 0

December 1 1 0 0 0

* One female with oviductal eggs exhibited concurrent yolk deposition.
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= 5) was 5.8 ± 2.3 SD, range = 3–8. The smallest reproductively ac-
tive female (undergoing early yolk deposition) measured 85 mm 
SVL (TAUM 4881) and was collected in March. This is an approxi-
mation of minimum size for sexual maturity as no females < 85 
mm SVL were examined. 
 Reproduction of C. guentheri in Israel commences in the 
spring although I am unable to state how long it continues. Re-
production in the congener C. ocellatus similarly begins in the 
spring in Egypt with parturition occurring from April through 
September (Badir and Hussein 1965. Bull. Fac. Sci., Cairo Univ. 
39:179–185). 
  I thank Shai Meiri (TAUM) for permission to examins C. 
guentheri, Erez Maza for facilitating the loan and the National 
Collections of Natural History at Tel Aviv University for providing 
samples of C. guentheri for this study. 

 Stephen R. GOldbeRG, Whittier College, department of Biology, P.o. 
Box 634, Whittier, California 90608, uSa (e-mail: sgoldberg@whittier.edu).

CYCLURA CYCHLURA FIGGINSI (Exuma Island Rock Iguana). 
RODENT KILL. Rodents are proficient invaders on a global scale 
and have been implicated in the extinction and decline of en-
demic reptiles, particularly on islands (Case and Bolger 1991. 
Evol. Ecol. 5:272–290; Towns et al. 2006. Biol. Invasions 8:863–
891). Most studies (e.g., Towns et al. 2003. Conserv. Biol. 17:1361–
1371; Towns et al. 2006, op. cit.) have rightfully focused on the 
negative consequences of non-native rodents on insular reptiles 
while neglecting neutral or even potentially positive effects. 
Though unclear if neutral or positive, here we report an Exuma 
Island Rock Iguana (Cyclura cychlura figginsi) attacking and kill-
ing a non-native Ship Rat (Rattus rattus) on 13.6 ha Gaulin Cay 
(24.12270°N, 76.40679°W; datum WGS84) in the Exuma Islands, 
The Bahamas. 
 During the afternoon of 11 December 2011, one of us (BL) 
was photographing Exuma Island Rock Iguanas on the west-
ern beach of Gaulin Cay when an adult iguana (ca. 30 cm SVL) 
approached to within 2 m, stopped, turned its head, flicked its 
tongue, and then lunged its head rapidly under a loose aggrega-
tion of flat limestone rocks. A squeal was heard, and a Ship Rat 
could be seen thrashing before being extracted from beneath the 
rock. The iguana readjusted his grasp on the rat from the neck 
to mid-body before slowly walking back to the vegetation (Fig. 
1). While walking, other iguanas gave chase, perhaps to steal the 

rat, forcing the iguana further inland and out of sight. We cannot 
confirm that the iguana consumed the rat, though we suspect 
this to be the case as Cyclura iguanas have been documented 
killing birds (Hines et al. 2002. Herpetol. Rev. 33:306), and eating 
carrion (Gerber et al. 2002. Herpetol. Rev. 33:133–134). 
 Rock iguanas of the genus Cyclura feed almost exclusively on 
vegetation (Alberts [ed.] 2000. West Indian Iguanas: Status Sur-
vey and Conservation Action Plan. IUCN, Gland, Switzerland. 
111 pp.; Auffenberg 1982. In Rand and Burghardt [eds.], Iguanas 
of the World: Their Behavior, Ecology, and Conservation, pp. 
84–116. Noyes Publications, Park Ridge, New Jersey) with animal 
matter typically comprising less than 3% of their diet (Cooper 
and Vitt 2002. J. Zool. 257:487–517). Predation on vertebrates 
has been reported infrequently, with only birds reported being 
killed (Hines et al., op. cit.). To our knowledge, this is the first 
documented report of a Cyclura species attacking and killing a 
mammalian vertebrate in the wild. Rock iguanas and rats have 
been sympatric on Gaulin Cay since at least 1980 (Iverson, un-
publ. data) and the population has been under continuous study 
by CRK since 1997. The population is considered healthy both 
genetically (Malone et al. 2003. Conserv. Genet. 3:1–15) and de-
mographically (Knapp, unpubl. data). The extent to which rock 
iguanas kill or consume rats on Gaulin Cay, and whether such 
attacks are motivated by potential nutritional benefits, warrants 
further study. 

bAnff lutheR, 520 folly road, Suite P 313, Charleston, South Caro-
lina 29412, uSa (e-mail: sailpavana@gmail.com); chARleS R. knApp, 
daniel P. haerther Center for Conservation and research, John g. Shedd 
aquarium, Chicago illinois 60605, uSa (e-mail: cknapp@sheddaquarium.
org); dAniel u. GReene, florida fish and Wildlife Conservation Commis-
sion, fish and Wildlife research institute, 3911 hwy 2321, Panama City, 
florida 32409, uSa (e-mail: dan.greene@myfwc.com); SAndRA d. buck-
neR, P.o. Box n-8893, villa Capulet, montague foreshore, nassau, The 
Bahamas (e-mail: sbuckner@coralwave.com); JOhn b. iveRSOn, depart-
ment of Biology, earlham College, richmond, indiana 47374, uSa (e-mail: 
johni@earlham.edu). 

ELGARIA MULTICARINATA (Southern Alligator Lizard). OVI-
POSITION SITE AND EGG ATTENDANCE. Despite being wide-
spread and commonly encountered, observations of oviposi-
tion sites, egg attendance and parental care behaviors from wild 
Southern Alligator Lizards are lacking. Under captive conditions, 
Elgaria multicarinata has been reported to oviposit communally 
in sand under flat stones (Langerwerf 1981. Brit. Herpetol. Soc. 
Bull. 4:21–25) and 13 eggs were deposited in the side branch of a 
captive Ornate Box Turtle (Terrapene ornata) burrow in an out-
side enclosure (Fitch 1935. Trans. Acad. Sci. St. Louis 24:3–38). 
Other accounts (Gander 1931. Copeia 1:14–15; Burrage 1965. Co-
peia 1965:512) describe oviposition in captivity but lack physical 
descriptions of nest sites. Fitch (op. cit.) suspected that wild E. 
multicarinata laid eggs in rodent burrows such as Spermophilus 
and Thomomys, and a general account (Lemm 2006. Field Guide 
to Amphibians and Reptiles of the San Diego Region. Univ. Cali-
fornia Press. 326 pp.) stated that oviposition occurs in “burrows, 
rock crevices, and the burrows of rodents such as the pocket go-
pher (Thomomys bottae).” Egg attendance occurred in three cap-
tive E. multicarinata (Langerwerf, op. cit.), but parental care re-
mains undescribed from wild populations. Herein, we describe a 
natural oviposition site and egg attendance by E. multicarinata, 
and provide a representative thermal profile of the site.
 On 30 June 2010, an adult E. multicarinata (113 mm SVL; 306 
mm TL; 25.5 g) was discovered attending a clutch of eggs in a 

Fig. 1. Exuma Island Rock Iguana (Cyclura cychlura figginsi) walking 
immediately after killing a Ship Rat (Rattus rattus) on Gaulin Cay, 
Exuma Islands, The Bahamas.
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soil crack (approx. 2 cm wide, 20–23 cm depth) on a north-facing 
slope (approximately 14°) in grazed grassland near Los Vaque-
ros Reservoir, Alameda Co., California, USA (Fig. 1; 37.770617°N, 
121.737583°W; WGS84; 241 m elev.). The oviposition site was dis-
covered by investigating the soil crack using a shovel in an area 
proposed for excavation (approximately 2 m2) with heavy equip-
ment to expose a small portion of a buried natural gas pipeline. 
The adult lizard (assumed to be a female) was coiled around at 
least seven eggs (one measured 16.6 mm in length). Care was 
taken to minimize disturbance by gently replacing clods of dried 
soil (well-drained Altamont soil type; Nomad Ecology 2008. Wet-
land delineation and preliminary jurisdictional determination 
for the gas line 131 project; unpublished report prepared for Pa-
cific Gas and Electric Company, 53 pp.). The surrounding vegeta-
tion was composed primarily of non-native annuals including 
Brassica nigra, Bromus diandrus, B. madritensis, Carduus pycno-
cephalus, and Hordeum murinum leporinum as well as Malvella 
leprosa, a native perennial herb (Nomad Ecology, op. cit.). The 
oviposition site was located approximately 15 m southeast of a 
small permanent wetland supporting Distichlis spicata, Juncus 
cf. xiphioides, and Rumex crispus (Nomad Ecology, op. cit.).
 During two subsequent visits on 6, 7, and 12 July 2010, the 
adult was attending the eggs, using coils of its body to encircle 
them, and did not exhibit mouth gaping or attempt to bite. On 
7 July 2010, two temperature data loggers (HOBO Optic Stow-
Away®, Onset Computer Corporation) were placed at the surface 

of and within the soil crack, then removed on 12 July 2010. Air 
temperatures were obtained during this period from the Remote 
Automated Weather Station (RAWS) at Los Vaqueros (VAQC1; 
37.7883°N, 121.7347°W; 338 m elev.) located 2.0 km N of the ovi-
position site. Temperatures within the oviposition site (range = 
19.84–29.31°C; mean = 24.23°C; SD = 2.90) varied significantly less 
than air temperatures (range = 10.56–33.89°C; mean = 19.50°C; 
SD = 6.76; single-factor ANOVA, F

(1,241) 
= 3.88, P<0.0001) and sur-

face temperatures (range = 13.34–38.14°C; mean = 26.26°C, SD 
= 10.09; single-factor ANOVA, F

(1,241) 
= 3.88, P = 0.034) from 7–12 

July (Fig. 2). Surface temperatures during this period reached 
a maximum of 38.14°C (Fig. 2), likely due to the logger’s upper 
threshold for temperature measurements. Langerwerf (op. cit.) 
reported captive incubation temperatures ranging from 27–30°C 
with most hatching success at 27°C, which is several degrees 
higher than the average oviposition site temperature (mean = 
24.23°C).
 The adult and eggs were not present on 4 August 2010, sug-
gesting that egg attendance had occurred for at least 13 days (30 
June–12 July 2010). There were no eggshells in or around the site 
and two lizard fecal pellets were presumably left by the adult E. 
multicarinata. The absence of eggshells suggests that: 1) the eggs 
hatched and shells were subsequently displaced or ingested by 
the parent, or 2) the nest had been depredated. 
 This observation confirms that egg attendance occurs in wild 
E. multicarinata, a behavior which has apparently not been ob-
served from wild populations but would be expected consider-
ing parental care in related Elgaria kingii and many other anguid 
lizards (Greene et al. 2006. S. Amer. J. Herpetol. 1:9–19). 
 We thank Thomas Mulroy and Harry Greene for reviewing 
this note and providing helpful suggestions.

michAel d. mulROy, garcia and associates, 2601 mission Street, 
Suite 600, San francisco, California 94110, uSa (e-mail: mmulroy@gar-
ciaandassociates.com); kevin d. WiSemAn, garcia and associates, 2601 
mission Street, Suite 600, San francisco, California,  94110, uSa; depart-
ment of herpetology, California academy of Sciences, 55 music Concourse 
drive, golden gate Park, San francisco, California 94118, uSa (e-mail: 
kwiseman@garciaandassociates.com).

ENYALIUS CATENATUS. PREDATION. On 16 March 2008 a 
semi-arboreal Enyalius catenatus was predated by a young fe-
male Yellow-breasted Capuchin Monkey (Cebus xanthosternos), 
at about 10 m high at 1230 h. The predation event was observed 
at a secondary forest in Una Biological Reserve, Bahia, Brazil 
(39.050°W, 15.167°S; datum WGS84), one of the largest forest 
remnants in the Northern Atlantic Forest (~11,400 ha). A young 
male capuchin monkey begged for sharing, crying and staring at 
the lizard’s body at one meter from the female. Vertebrate flesh 
seems to be a craved food among primates, as sharing and beg-
ging events are common during the consumption of this type of 
food item (Canale and Lingnau 2003. Herpetol. Rev. 34:136; Perry 
and Rose 1994. Primates 35:409–415). The female monkey ate the 
head and all viscera of the lizard, leaving fore and hind limbs, 
dorsal muscles, and tail intact. Very few specimens of E. catena-
tus have ever been collected, having previously been restricted 
to Bahia and Pernambuco (Rodrigues et al. 2006. Phyllomedusa 
5:11–24). It is endemic to the northern Atlantic Forest, which is 
the most human-altered region within this biome (Ribeiro et al. 
2009. Biol. Conserv. 142:1141–1153).
 The lizard was collected and deposited in the Museum of Zo-
ology of the State University of Santa Cruz, Ilhéus, Bahia, Brazil 
(MZUESC 6552). 

Fig. 1. An adult Elgaria multicarinata attending a clutch of eggs in an 
exposed soil crack near Los Vaqueros Reservoir in Alameda County, 
California.

Fig. 2. Thermal profile of an Elgaria multicarinata oviposition site in 
relation to air and surface temperatures from 7 July–12 July 2010. 
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GuStAvO ROdRiGueS cAnAle, universidade do estado de mato 
grosso (Campus Tangaráda Serra), mT 358, km6, Jd. aeroporto, 78300-000, 
Tangaráda Serra, matogrosso, Brazil (e-mail: g.canale@cantab.net); mAR-
cO AntOniO de fReitAS, instituto Chico mendes de Conservação da 
Biodiversidade (iCmBio), rua maria da anunciação, 208, eldorado, Brasiléia, 
acre, Cep: 69-932-000, Brazil (e-mail: philodryas@hotmail.com). 

GEkkO JAPONICUS (Japanese Gecko). DEFORMITY. On 30 Au-
gust 2011, a free-living male Gekko japonicus was observed on 
a brick column in East Park of Fukuoka, Japan (33.604561°N, 
130.420542°E; datum WGS84). The gecko was found to have mul-
tiple abnormalities on the left side of its body. The left forelimb 
appeared to be hypoplastic, with the overall size of the limb be-
ing reduced, and the manus on the affected limb had only two 

complete digits with a partial third (Fig. 1.). The left eye of the 
gecko exhibited esotropic strabismus with very little pupillary 
light reflex (Fig. 2.). The gecko did not seem to have a full field 
of view on the affected side; it showed no response when ap-
proached from a left posterior angle. However, when approached 
from the left anterior side of its head, the gecko would readily 
bite fingers and conspecifics. The gecko ran noticeably slower 
than normal and was easily caught. Based on data presented by 
Tochigi (1984. Jap. J. Herpetol. 10:80–88), it is estimated that this 
gecko, with a SVL of 45 mm, was about one year old at the time 
of the observation. The presence of a hemipenial bulge, pre-anal 
pores, and thick cloacal spurs clearly indicated this was a male. 
The gecko lacked its original tail, but its replacement appeared 
to be in the latter stages of regeneration. After capture, the gecko 
was examined and released at the site a few hours later.
 In 2011, we observed at least 450 free-living G. japonicus in 
Fukuoka and this is the only specimen we observed with such 
significant deformities. Injury could account for lack of digits on 
the manus as well as the defects of the eye. However, although 
in anurans injury to tadpoles may result in limbs of reduced 
size (Ballengeé and Sessions 2009. J. Exp. Zool. [Mol. Dev. Evol.] 
312B:1–10), we are not aware of any report of injury resulting in 
overall reduced proportions in the limbs of reptiles. It has been 
observed that extreme ranges in viable incubation temperature 
of developing reptile embryos may result in various deformities, 
including malformation of the eyes as well as limb anomalies 
(Deeming and Ferguson 1991. Egg Incubation: its Effect on Em-
bryonic Development in Birds and Reptiles. Cambridge Univ. 
Press, Cambridge, UK. 448 pp.). It has also been suggested that 
environmental contamination might be linked to deformities 
in some reptiles (Khan and Law 2005. Proc. Pakistan Acad. Sci. 
42:315–323), including malformation of the eyes and limbs (Bell 
and Congdon 2006. Environ. Pollut. 142:457–465). Genetic deter-
mining factors are also known to be responsible for abnormali-
ties seen in reptiles (Olson et al. 1996. J. Evol. Biol. 9:229–242; 
Velo-Anton et al. 2011. PLoS ONE 6: e18714.doi:10.1371/journal.
pone.0018714). In this case, genetic or environmental factors are 
both plausible causes for the deformities observed in the gecko. 
Photographs of the G. japonicus were deposited in the University 
of Texas at Arlington Amphibian and Reptile Diversity Research 
Center’s digital slide library (UTADC 719–7193).

kent R. cAldWell, 1-22-8 205 yoshizuka, hakata-ku fukuoka-shi, 
fukuoka-ken 812-0041, Japan (e-mail: allosaurus.fragilis@gmail.com); Xi 
hOnG, 1-1301, Blding #5, Weibohao Jiayuan, Weigongcun, haidian dis-
trict Beijing, 10081, P. r. China.

GERRHONOTUS LIOCEPHALUS (Weigman’s Alligator Lizard). 
DEFORMITY. There are no previous reports of a wild adult Ger-
rhonotus liocephalus with deformities. Here we report an adult 
male observed on 18 July 2008, 453 m NW El Ocote (Aguascalien-
tes, México; 21.787596°N, 102.561382°W; WGS84; 1938 m. elev.) 
with six digits in each rear limb. We conducted 26 field trips to 
this location during 2008–2009, finding many individuals of this 
species, including adults and juveniles, but only this specimen 
exhibited a deformity. The specimen was deposited in the Her-
petological Collection of Universidad Autónoma de Aguascali-
entes (UAA-CV-00326).

RubÉn A. cARbAJAl-mÁRquez (e-mail: redman031@hotmail.
com), Centro de investigaciones Biológicas del noroeste, mar Bermejo 195, 
Colonia Palo de Santa rita, la Paz, Baja California Sur, 23090 méxico; zAi-
RA y. GOnzÁlez-SAucedO (e-mail: zayaglz@hotmail.com), universidad 
autónoma de Querétaro, facultad de Ciencias. av. de la Ciencias S/n, Col. 

Fig. 1. Gekko japonicus with multiple deformities found in Fukuoka, 
Japan.

Fig. 2. Deformed Gekko japonicus exhibiting esotropic strabismus of 
the left eye. 
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Juriquilla, C.P. 76230 Querétaro, Querétaro, méxico; GuStAvO e. quin-
teRO-díAz (e-mail: gequintmx@yahoo.com.mx), universidad autónoma 
de aguascalientes, Centro de Ciencias Básicas, departamento de Biología. 
Ciudad universitaria, C. P. 20131, aguascalientes, aguascalientes, méxico. 

GONATODES ALBOGULARIS (Yellow-headed Dwarf Gecko). 
PREDATION. The predation of frogs, lizards, and snakes by 
spiders in the tropics has been well documented (e.g., Ervin et 
al. 2007. Herpetol. Rev. 38:468; Jones et al. 2011. Herpetol. Rev. 
42:441; Lange 2007. Herpetol. Rev. 38:460; Riehl et al. 2008. Her-
petol. Rev. 39:77). In many cases, predatory species of arachnids 
specialize in capturing reptile and amphibian prey without the 
use of webs and instead utilize methods such as active foraging 
or ambush techniques (e.g., Dehling 2007. Herpetol. Rev. 38:444; 
Ervin et al. 2007. Herpetol. Rev. 38:185; Streicher et al. 2011 Her-
petol. Rev. 42:432). Herein we report arachnid predation on Go-
natodes albogularis by Nephila clavipes (Golden Silk Orbweaver 
Spider). Although spiders of the family Nephilidae (Nephila and 
Nephilengys) have been known to attack vertebrate prey (Peloso 
and Sousa 2007. Rev. Brasil. Ornitol. 15:461–463; Zippel and Kirk-
land 1998. Herpetol. Rev. 29:46), to the best of our knowledge this 
is the first account of predation on G. albogularis. 
 On 5 Sept 2011 at 1945 h, at Caño Palma Biological Station 
(Limon Province, Costa Rica, 10.3537°N, 83.31380°W, 11 m elev.) 
we observed an adult female Gonatodes albogularis in the web 
of a Nephila clavipes. The web was located on a building sur-
rounded by a Manicaria palm swamp (Myers 1990. In Lugo et 
al. [eds.], Ecosystems of the World 15: Forested Wetlands, pp. 
267–278. Elsevier Science Publishers, Amsterdam). Upon initial 
observation, the lizard was already subdued and located near 
the center of the web. The lizard’s tail was severed near the mid-
point, though the autotomized portion of the tail remained teth-
ered to the body by the Nephila’s silk. At this stage there were 
tears in the lizard’s skin, and extensive tissue damage to the left 
groin area, possibly indicating an envenomation site. There were 
also signs of previous mastication at the terminal end of the tail 
stub. We speculate that the exposed Gonatodes autotomy tissue 
would be the spider’s access point for consumption. At 1950 h, 

the Gonatodes had come loose from its original position and fell 
to the lower portion of the web, forming a pocket where it hung 
for the remaining duration of observation. Subsequent obser-
vations were made every 20 minutes from 1945 h until 2245 h, 
and then resumed on 6 Sept 2011 at 0500 h until 0600 h. At this 
stage the observations ceased due the lizard falling out of the 
web. With the exception of the 2100 h observation, the spider fed 
consistently on the lizard. By 0500 h most of the remaining tail 
stub and rear right leg of the Gonatodes had been devoured. The 
spider appeared to be consuming the lizard in a manner which 
created a widening shallow depression in the lizard’s flesh (Fig. 
1). It is interesting to note that with the prospect of such a large 
meal, the Nephila made no attempt to re-secure the prey once it 
shifted position, chancing the loss of such a valuable meal. This 
may indicate a correlation between energy expenditure from ap-
plying additional silk against the potential gain from the meal. 
The shift of the lizard’s position caused damage to the web’s 
structure, though the web was already in need of repairs in the 
lower portion. Although the initial capture was not observed, it 
should also be noted that the spider was missing one leg, which 
was located in the lower extremity of the web. This is possibly a 
sign of immediate additional energy expenditure on the part of 
the spider, in the form of limb regeneration and web repairs, thus 
demonstrating the spider’s motivation to conserve silk (Higgins 
1987. J. Arachnol. 15:401–417; Weissman and Vollrath 1999. Bull. 
Brit. Arachnol. Soc. 11:198–203). No kleptoparasitic activity was 
observed. 
  We thank the Canadian Organization for Tropical Education 
and Rainforest Conservation (COTERC) for permission to study 
at Caño Palma Biological Station, and Rachel Clarkin-Breslin for 
her helpful insight on the feeding methods and web structure of 
Nephila clavipes.

dOnAld filipiAk, 3161 nW 68th Street, fort lauderdale, florida 
33309, uSa (e-mail: asydabass@yahoo.com); tOdd leWiS, Caño Palma 
Biological Station, 8 km norte de Tortuguero, limon, Costa rica (e-mail: 
ecolewis@gmail.com).

GYMNODACTYLUS GECkOIDES. DEFENSIVE BEHAVIOR. 
The behavior of lifting up and curling the tail over the body is a 
strategy employed by some lizards to avoid predation attempts 
(Pianka and Vitt 2003. Lizards: Windows to the Evolution of Di-
versity. Univ. California Press. Berkeley. 333 pp.). There are two 
hypotheses on how this behavior might have evolved. The first 
assumes that the position adopted exposes the lizard’s tail to 
potential predators and this might result in tail autotomy if any 
predation attempt is made, distracting attention from the head. 
The second hypothesis is that the behavior constitutes Batesian 
mimicry, in which a harmless lizard species performs a display to 
appear as a harmful species.

Some authors have previously observed lizards that appear 
to be mimicking scorpions. The mimics include the geckos Co-
leonyx variegatus (Parker and Pianka 1974. Copeia 1974:528–
531) and Teratoscincus roborowskii (Autum and Han 1989. Chi-
nese Herpetol. Research 2:60–64). In Brazil there are reports of 
curling the tail over the back for Gymnodactylus amarali (Colli 
et al. 2003. J. Herpetol. 37:694–706), Coleodactylus brachys-
toma (Brandão and Motta 2005. Phyllomedusa 4:139–145), and 
Gonatodes humeralis (Costa et al. 2009. Herpetol. Rev. 40:221). 
Herein we report similar defensive behavior in another gecko 
species, Gymnodactylus geckoides, from a semi-arid area in 
Pentecoste municipality, state of Ceará, northeastern Brazil 
(3.81833°S, 39.33722°W). 

Fig. 1. Adult female Gonatodes albogularis being predated upon by the 
spider Nephila clavipes at Caño Palma Biological Station, Costa Rica.



Herpetological Review 43(3), 2012

nAtuRAl hiStORy nOteS     487

Gymnodactylus geckoides exhibits terrestrial and saxicolous 
habits, nocturnal and crepuscular periods of activity, and is dis-
tributed in the Caatinga (thorny deciduous tropical savanna) of 
northeastern Brazil (Vanzolini et al. 1980. Répteis das Caatingas. 
Academia Brasileira de Ciências. Rio de Janeiro. 162 pp.; Vitt 
1995. Occ. Pap. Oklahoma Mus. Nat. Hist. 1:1–29). 

During field work from January 2008 to June 2010 we cap-
tured 22 individuals of Gymnodactylus geckoides by time-con-
strained search and pitfall-trapping. The specimens collected 
were deposited in the scientific collection Coleção Herpetológica 
da Universidade Federal do Ceará (CHUFC). In the field, all liz-
ards (N = 22), including males, females and juveniles, displayed 
a tail-curling behavior after handling or simply provoked by the 
approach of other sympatric lizards (Ameiva ameiva, Cnemi-
dophorus ocellifer, Diploglossus lessonae, Hemidactylus agrius, 
Mabuya heathi, Phyllopezus pollicaris), when confined in the 
same enclosure with these species. During the displays, the liz-
ards lifted their tails and bent them over their bodies, exposing 
the ventral coloration of the tail consisting of contrasting light 
and dark bands (Fig. 1). 

We observed at least three abundant scorpion species in the 
study area, Bothriurus asper, Bothriurus rochai (Bothriuridae), 
and Rhopalurus rochae (Buthidae). We cannot disregard the 
possible effectiveness of tail exposition to predators, but five 
components of our observations support the hypothesis that 
the behavior represents mimicry of scorpions by Gymnodacty-
lus geckoides. First, the body shape of G. geckoides during the 
defensive display resembles that of a scorpion shape in defen-
sive situations. Second, the geckos and scorpions are similar in 
body size. Third, the banded ventral color pattern of the lizard 
tail and the tails of sympatric scorpions are similar. Fourth, there 
is a high abundance of scorpions living syntopically with the liz-
ards. Finally, G. geckoides shares the same activity period with 
the scorpions. 

We thank Célio Moura-Neto for the identification of the scor-
pions, and Michael Bull and Conrado Galdino for providing valu-
able suggestions on the manuscript. We also thank Instituto Chi-
co Mendes de Conservação da Biodiversidade (ICMBio) for grant 
the collecting permits (permanent license 10893-1, reg. 472138) 
that supported this search.

dAniel cunhA pASSOS (e-mail: biologodanielpassos@gmail.com), 
pAulO ceSAR mAttOS dOuRAdO de meSquitA (e-mail: pauloc-

mdm@gmail.com), and divA mARiA bORGeS-nOJOSA (e-mail: dmbno-
josa@yahoo.com.br), núcleo regional de ofiologia da universidade fed-
eral do Ceará (nurof-ufC), Campus do Pici, Centro de Ciências, Bloco 905, 
Pici, CeP 60.455-760, fortaleza, Ceará - Brazil.

HETERODACTYLUS IMBRICATUS. DIET. Heterodactylus im-
bricatus is a gymnophthalmid that occurs in southeastern Bra-
zil (Minas Gerais, Rio de Janeiro, São Paulo, and Espírito Santo 
states) in high altitude areas of the Atlantic Rainforest domain 
(Dixo and Verdade 2006. Biot. Neotrop. 6:1–20; Rodrigues et 
al. 2009. J. Herpetol. 43:605–611; Von Hering 1898. Proc. Acad. 
Nat. Sci. Philadelphia 50:101–109) and riparian forest associ-
ated with Cerrado (Novelli et al. 2011. Check List 7:30–31). This 
species is terrestrial with fossorial habits and lives in leaf litter 
or low vegetation (Marques et al. 2009. Biot. Neotrop. 9:1–12). 
Data on the feeding habits of this species are scarce and the 
few data reported on diet indicate that this species generally 
feeds on arthropods (Marques et al. 2009, op. cit.), but do not 
detail which groups of arthropods that compose the diet of this 
lizard species. Here we report the diet of H. imbricatus in detail 
from the analysis of stomach contents of eight adult specimens 
(five males and three females; CRLZ 000074, 000143, 000183, 
000185, 000191, 000238, 000289, 000314) that were deposited 
in the Coleção de Répteis do Laboratório de Zoologia, Centro 
Universitário de Lavras (CRLZ) – UNILAVRAS. These speci-
mens are from the Reserva Biológica Unilavras — Boqueirão 
(RBUB) (21.346389°S, 44.990833°W, datum WGS84; elev. 1250 
m) in riparian forest associated with Cerrado plant communi-
ties. Food items were identified according to Triplehorn and 
Johnson (2011. Estudo dos Insetos. Tradução da 7. Edição de 
Borror and Delong’s Introduction to the Study of Insects. Cen-
gage Learning, São Paulo. 809 pp.). All food items present in the 
stomach contents were identified as belonging to the following 
arthropod orders: Coleoptera (abdomen and parts of the abdo-
men, parts of the thorax, antennae, elytra, legs and leg pieces, 
and wings); Orthoptera (legs, abdomen, mandibles, antennae); 
Isoptera (wings, legs, parts of the abdomen); Hymenoptera 
(heads); Blattodea (legs and leg pieces). As many arthropod 
taxa were detected only as fragments, accurate calculations for 
percentage by number or volume could not be made. The lack 
of more detailed studies, such as dietary data, reflects the low 
population density of H. imbricatus. This report is the first de-
tailed record on the diet of H. imbricatus belonging to an area 
of Cerrado Biome in Brazil.

GlendA feRnAndA mORtOn (e-mail: mortongf@yahoo.com.br), 
feRnAndO AntôniO fRieiRO-cOStA (e-mail: ffrieiro@gmail.com) 
and iARA AlveS nOvelli (e-mail: iaranovelli27@gmail.com), núcleo de 
Pesquisa em Ciências Biológicas, Centro universitário de lavras, rua Padre 
José Poggel, 506, Centenário, CeP37200-000, lavras, minas gerais, Brazil.

IGUANA IGUANA (Green Iguana). PREDATION. The list of 
known Iguana iguana predators is extensive. It ranges from 
snakes, lizards, and crocodilians to mammals such as wild cats, 
coatis, tayras, and monkeys (e.g., Rivas et al. 1998. Herpetol. Rev. 
29:238–239; Savage 2002. The Amphibians and Reptiles of Costa 
Rica: A Herpetofauna Between Two Continents, Between Two 
Seas. University of Chicago Press, Chicago, Illinois. 934 pp.). This 
species is also known to fall prey to domestic animals such as 
cats and dogs (Meshaka et al. 2004. The Exotic Amphibians and 
Reptiles of Florida. Krieger Publ. Co., Malabar, Florida. 166 pp.) 
as well as being the target of human hunting (Savage 2002, op. 
cit.). The list of known avian predators is equally extensive with 

Fig. 1. Adult individual of Gymnodactylus geckoides exhibiting the 
defensive display and detail of the banded ventral pattern of the tail.
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raptors, falcons, herons, and toucans serving as a few examples 
(e.g., Rivas et al. 1998, op. cit.; Savage 2002, op. cit.). In the south-
ern part of Florida, USA, where the Green Iguana is an estab-
lished exotic species (Meshaka Jr. et al. 2004, op. cit.), there are 
reports of Burrowing Owls (Athene cunicularia) utilizing young 
Green Iguanas as a prey item (Meshaka et al. 2005. Florida Field 
Nat. 33:125–127). Herein we report predation by the Spectacled 
Owl (Pulsatrix perspicillata), which to the best of our knowledge 
has not been previously recorded.
 On 22 Aug 2011 at 2150 h at La Gamba Field Station (La Gam-
ba, Puntarenas Province, Costa Rica), we observed a Spectacled 
Owl consuming a sub-adult Iguana iguana. The iguana appeared 
to be decapitated, though we did not perform a closer inspection 
to see if the head had been completely removed (Fig. 1). Nota-
bly, although Iguana iguana utilize arboreal perches for sleep-
ing (Savage 2002, op. cit.), the location of consumption was on 
the ground next to a lagoon. This leads us to believe that either 
the iguana was captured on its perch and then consumed on the 
ground, or the lizard made an attempt to escape and dove from 
its perch, where it was then subdued by the owl. Another inter-
esting observation is the condition of the bird. The owl appears 
to be wet, however, the 11.5 mm of rain that fell on La Gamba 
Field Station that day ended before 1800 h. This might suggest 
that the iguana dove from its perch attempting to escape into the 
nearby lagoon, causing the owl to pursue its prey into the water. 
Upon returning to the site 30 minutes later, the owl was in the 
same location, still consuming the iguana. 
 We thank the University of Vienna for permission to study at 
La Gamba Field Station.

dOnAld filipiAk, 3161 nW 68th Street, fort lauderdale, florida 
33309, uSa (e-mail: asydabass@yahoo.com); GReGOR GeiSleR (e-mail: 
gregor_geisler@gmx.de); denniS kOllARitS (e-mail: dennis.kollarits@
gmail.com); chRiStiAn WAppl (e-mail: christian.wappl@live.at).

OLIGOSOMA CHLORONOTON (Green Skink). LONGEVITY, 
SITE FIDELITY. Ecologically, the reptile fauna of New Zealand is 
characterized by extended longevity and generally low reproduc-
tive rates, which make many species vulnerable to human dis-
turbance and introduced mammalian predators (Cree 1994. New 
Zealand J. Zool. 21:351–372; Daugherty et al. 1993. TREE 8:437–
442). Reptiles of New Zealand can also show extreme site-fidel-
ity (e.g., Lettink and Whitaker 2006. Herpetol. Rev. 37:223–224). 

Such knowledge of species biology and longevity is important for 
effective conservation management (Towns and Ferreira 2001. 
Biol. Cons. 98:211–222). However, general conclusions about 
the extended longevity and site fidelity in New Zealand lizards 
(currently estimated at ~100 known taxa and undescribed enti-
ties; Hitchmough et al. 2010. New Zealand J. Zool. 37[3]:203–224) 
are limited as few studies have followed individually identi-
fied lizards in the wild for the time required to trace individu-
als throughout their natural life span. Among those that have, 
considerable longevity and site fidelity are evident. For example, 
the gecko Woodworthia brunneus (as Hoplodactylus maculatus 
in Lettink and Whitaker, op. cit.) on Motonau Island can live for 
at least 42 years within 20 m2 (Lettink and Whitaker, op. cit.), and 
the diurnal skink O. lineoocellatum on North Brother Island can 
live for at least eight years, but probably no more than 14 years, 
and all without moving more than 15–60 m (Hoare et al. 2005. 
Herpetol. Rev. 36:181). Here I augment longevity and site fidelity 
information on New Zealand reptiles with a report for the rarely 
observed Green Skink (O. chloronoton).
 During mark-resight monitoring of critically threatened 
grand (O. grande) and Otago (O. otagense) skinks from a main-
land site at Macraes Flat, New Zealand (45.4400ºS, 170.4300ºE; 
elev. 520 m), sightings of O. chloronoton were also recorded. 
From 2006 to 2011 in January and February (austral summer) 
a 0.5 km2 area was visually searched on five fine-weather days 
spaced over 2–3 wks. The area searched consists of ~70 rock out-
crops within native tussock grassland, and includes some native 
scrub. All lizards of interest (those that are not common) were 
photographed from the nose to the foreleg region to provide 
high quality digital images of both lateral sides. The digital pho-
tographs can be compared accurately over long time frames to 
provide individual identification (much like fingerprints in hu-
mans) and this technique has been used successfully in many 
Oligosoma species (e.g., Gebauer 1999. Trapping and identifica-
tion techniques for small-scaled skinks (Oligosoma microlepis), 
Department of Conservation, Wellington, New Zealand. 24 pp.). 
Four adult-sized (max. 108 mm SVL; Gill and Whitaker 2001. New 
Zealand Frogs and Reptiles, David Bateman Ltd., Auckland, New 
Zealand. 112 pp.) O. chloronoton were seen during the five year 
survey and three were resighted at least once. All resighted O. 
chloronoton were within 20–40 m of their original location indi-
cating limited dispersal. One O. chloronoton was observed five 
years after first being sighted as an adult. As New Zealand skinks 
take at least three years to reach sexual maturity (Whitaker 1976. 
Forest and Bird 202:8–11), the most conservative estimate for 
longevity in the wild is eight years. The four O. chloronoton were 
all found on north facing slopes; none were observed on south-
facing slopes. All four individuals were seen on low rocks sur-
rounded by vegetation with two present on rocks occupied by 
both O. grande and O. otagense.
 Oligosoma chloronoton is part of a species complex (Greaves 
et al. 2007. Mol. Phylogen. Evol. 45:729–739), and is classed as 
“in decline” under the New Zealand Threat Classification system 
(Hitchmough et al. 2010, op. cit.). Yet, few data are available on 
its general biology, probably due to its cryptic nature and low 
capture/sighting rate. The finding that O. chloronoton live for at 
least eight years and have relatively high site fidelity in the wild 
agrees with data for other New Zealand skinks (e.g., O. lineoocel-
latum can live for 8–14 years within a 15–60 m area; Hoare et al., 
op. cit.), and further supports the suggestion that New Zealand 
lizards are relatively long-lived in comparison with other lizards 
(e.g., Read 1998. Aust. J. Zool. 46:617–629). The vulnerability of 

Fig. 1. A Spectacled Owl (Pulsatrix perspicillata) preying upon a sub-
adult Iguana iguana at La Gamba Field Station, Costa Rica.
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reptiles from New Zealand due to habitat loss and introduced 
predators, along with their low annual reproductive output, ex-
tended longevity and limited movement, emphasize the need for 
on-going and effective conservation management.
 Thanks to the New Zealand Department of Conservation 
(DOC) field staff and K.M. Hare for their assistance. This research 
was conducted in conjunction with the Grand and Otago Skink 
Recovery Programme, Department of Conservation, and fulfils 
DOC animal ethics policies.

Riki d. muleS, department of Conservation, otago Conservancy, Po 
Box 5244, moray Place, dunedin 9058, new zealand; e-mail: riki.mules@
visitzealandia.com).

POLYCHRUS MARMORATUS (Common Monkey Lizard). EN-
DOPARASITES. Polychrus marmoratus is known from Venezu-
ela, Trinidad and Tobago, the Guianas, Brazil, Amazonian Co-
lombia, Ecuador, and Peru (Ugueto and Rivas 2010. Amphibians 
and Reptiles of Margarita, Coche and Cubagua. Edition Chim-
aira, Frankfurt am Main, Germany. 350 pp.). There is one report 
of endoparasites from P. marmoratus; Guerrero (1971. Mem. Soc. 
Ciencias Nat. LaSalle 31:175–230) described the nematode Pseu-
dostrongyluris polychrus from P. marmoratus from Venezuela. In 
this note we present a new locality record for Pseudostrongyluris 
polychrus from P. marmoratus.
 Eight P. marmoratus (mean SVL = 103.5 mm ± 6.4 SD, range 
= 96–114 mm) were collected in June 1964 at Port of Spain 
(10.66666°N, 61.51667°N, datum WGS84; 0 m elev.), Trinidad and 
Tobago, and deposited in the herpetology collection of the Sam 
Noble Museum (OMNH), Norman, Oklahoma, USA as 31718–
31720, 32084–32088. Lizards were fixed in 10% formalin and 
stored in 70% ethanol. 
 The digestive tract was removed, opened, and the contents 
were examined under a dissecting microscope. One female 
and five (two males and three females) nematodes were found 
in the large intestines of OMNH 31719 and 31720, respectively. 
They were cleared in a drop of lactophenol on a microscope 
slide, cover slipped, studied under a compound microscope, 
and identified as Pseudostrongyluris polychrus. Prevalence 
(percent infected hosts/number hosts examined x 100) = 25%; 
mean intensity (mean number helminths ± 1SD = 3.0 ± 2.8 SD, 
range = 1–5). Voucher nematodes were deposited in the United 
States National Parasite Collection, (USNPC), Beltsville, Mary-
land, USA as USNPC 105607. Trinidad and Tobago is a new lo-
cality record for Pseudostrongyluris polychrus. Polychrus mar-
moratus remains the only known host for Pseudostrongyluris 
polychrus.
 We thank Jessa L. Watters (OMNH) for facilitating the loan. 

Stephen R. GOldbeRG, department of Biology, Whittier Col-
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chARleS R. buRSey, department of Biology, Pennsylvania State univer-
sity, Shenango Campus, Sharon, Pennsylvania 16146, uS (e-mail: cxb13@
psu.edu); lAuRie J. vitt, university of oklahoma, department of zool-
ogy, norman, oklahoma 73072, uSa (e-mail: vitt@ou.edu); JeAnette 
ARReOlA, department of Biology, Whittier College, Whittier, California 
90608, uSa (e-mail: jarreola@poets.whittier.edu).

PODARCIS MURALIS (Common Wall Lizard). SAUROPHAGY. 
Podarcis muralis maculiventris (Southern Alps lineage) is a me-
dium-sized European lizard from northwest Italy, southern Swit-
zerland, parts of Austria and one location in extreme southern 
Germany. It has also been introduced in Cincinnati, Ohio with 
satellite colonies in Kentucky and Indiana. Lacerta b. bilineata 

(Western Green Lizard) is a large-sized European lizard that has 
been introduced in Topeka, Kansas (Burke and Deichsel 2008. 
In Mitchell et al. [eds.], Urban Herpetology, pp.347-353. SSAR 
Herpetol. Conserv., Salt Lake City, Utah). The natural European 
range of L. bilineata is completely overlapped by P. muralis. Here 
we report on a Common Wall Lizard predating a Western Green 
Lizard in their natural range.

On 24 August, 2011, MA observed an adult Common Wall 
Lizard seizing and killing a young Western Green Lizard near the 
village of Carena in the Morobbia valley, Switzerland, canton of 
Ticino (46.1777778°N, 9.0977778°E, 967 m elev.) (Fig. 1). The prey 
individual was approximately two-thirds of the predator’s size, a 
remarkably large prey item. The wall lizard dragged its prey into 
a wall joint where it could no longer be observed. The only expla-
nation we can offer is that the wall lizard did so in order to eat it, 
or perhaps parts of it (e.g., the tail). To our knowledge, this is the 
first documented case of P. muralis predating a L. bilineata.

Podarcis siculus, a species closely related to P. muralis, was 
reported to be saurophagic; Capula and Aloise (2011. Acta Her-
petol. 6:11–14) documented two cases of P. siculus preying on 
small geckos (Hemidactylus turcicus). Grano et al. (2011. Biodiv. 
J. 2:151–152) and Burke and Mercurio (2002. Amer. Mid. Nat. 
147:368–375) each documented an adult P. siculus campestris 
eating young of its own species.

We conclude that the saurophagic feeding behavior of these 
Podarcis species should raise concern about possible negative 
impacts on native lizard species where they are introduced. For 
instance, Deichsel and Walker (2010. Herpetol. Rev. 36:228–229) 
reported that introduced P. muralis maculiventris (Southern Alps 
lineage) were replacing Plestiodon fasciatus from a habitat in In-
diana, and the return of the latter after removal of the introduced 
species. 

GuntRAm deichSel, friedrich-ebert-Str. 62, Biberach, germany 
de – 88400 (e-mail: guntram.deichsel@gmx.de); michel AnSeRmet, 
fondation du vivarium de lausanne, Chemin de Boissonnet 82, lausanne, 
Switzerland Ch – 1010 (e-mail: michel.ansermet@vivariumlausanne.ch).

SCELOPORUS COZUMELAE (Cozumel Spiny Lizard). REPRO-
DUCTION AND FEMALE COLORATION. There are few reports 
on the natural history of Sceloporus cozumelae, a Mexican spe-
cies restricted to coastal scrub habitat of the northern Yucatán 
Peninsula and associated islands (Lee 1996. Amphibian and 

Fig. 1. Podarcis muralis preying on a Lacerta bilineata.
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Reptiles of the Yucatán Peninsula. Cornell Univ. Press, Ithaca, 
New York. 500 pp.). Published data on breeding consists of fe-
male reproductive status (determined from dissection or palpa-
tion) and date of capture. Most females collected in the area of 
Progreso (Yucatán) in June and July had eggs, and three females 
captured in mid-December had shelled eggs “in the uterus” 
(Maslin 1963. Univ. Colorado Stud. Ser. Biol. No. 9, pp. 1–20). Fe-
males with vitellogenic follicles have been found in early Janu-
ary in Progreso (F. R. Mendez de la Cruz, pers. comm.). These 
data, in concert with scattered observations of hatchlings and 
juveniles, suggest that S. cozumelae has an extended breeding 
season (Lee 1996, op. cit.). Here I report observations that, while 
limited, nonetheless indicate that (1) individuals in popula-
tions of S. cozumelae on the eastern side of the peninsula are 
also breeding in late December and (2) females can exhibit an 
orange reproductive coloration. The eastern peninsula is more 
mesic than the western side where the above reports for this 
species were made, but northern storms produce a rainy period 
in December and January. 

Four sets of observations from Isla Contoy (21.4725°N, 
86.7891°W) on 27 Dec 2011 are consistent with winter breeding 
activity on the eastern side of the peninsula. I did not capture the 
lizards because Isla Contoy is a National Park. First, I observed a 
mating pair on the south end of the island in the middle of a san-
dy trail surrounded by dense coastal scrub vegetation (primarily 
Suriana maritima, Sea Lavender; Coccoloba uvifera, Sea Grape). 
The intromission, which was observed in its entirety, was rela-
tively short (<1 min.) and occurred at 1145 h (28.3°C, 0% cloud 
cover). Second, I observed three large, apparently adult females, 
and each had a distended abdomen. These females looked like 
similar-sized Sceloporus virgatus I have studied when this spe-
cies has late-vitellogenic follicles (e.g., Hews et al. 2004. Anim. 
Behav. 68:1201–1207). Third, I observed a large, apparently adult 
female with a pair of large, bright orange throat patches. Orange 
reproductive coloration has not been reported for S. cozumelae. 
Reproductive coloration probably is underreported for many 
species in this genus, and occurs in a number of phrynosoma-
tid lizards (Cooper and Greenberg 1992. In Gans and Crews 
[eds.], Biology of the Reptilia Vol. 18, Physiology E, Hormones, 
Brain and Behavior, pp. 298–422. Univ. Chicago Press, Chicago, 
Illinois). In S. virgatus females, throat patch size and intensity 
increases with ovarian stage, and late-vitellogenic and gravid 
females have the largest, most-colorful throat patches (Weiss 
2002. Ethology 108:793–813). These patches are highly conspicu-
ous against a pure white throat and chest and are easy to observe 
with binoculars when there is sufficient light and the throat can 
be viewed; these were the conditions under which I observed the 
orange patches of the S. cozumelae female. Fourth, most adult-
sized males viewed with binoculars had an enlarged ventral re-
gion at the base of the tail, consistent with enlarged hemipenes. 
In other Sceloporus this androgen-dependent swelling does not 
occur in subadult males, and regresses in non-breeding adult 
males (pers. obs. on S. undulatus and S. virgatus). I saw six males 
(all with enlarged hemipenes), four females and one juvenile (ca. 
40 mm SVL) in 120 min of observation time. Hence, all adult-
sized females were in reproductive condition (i.e. seen mating, 
or with apparently late-vitellogenic and/or with orange color), 
and all adult-sized males exhibited enlarged tail-base region.

Finally, on 28 Dec 2011, on the nearby mainland (21.291389°N, 
86.818889°W) along the coastal Isla Blanca road north of Punta 
Sam (Quintana Roo), I saw 20 S. cozumelae during 100 min of 
observation time spent in extensive coastal scrub habitat, under 

windy, overcast (ca. 85% cloud cover) but warm (27–28°C) condi-
tions between 1030 and 1210 h. Two S. cozumelae appeared to be 
the size of juveniles and the remainder appeared adult-sized. A 
number of apparently adult males were observed on conspicu-
ous elevated perches, consistent with breeding activity of males. 
Two such males were captured and both had enlarged hemi-
penes.

diAnA k. heWS, department of Biology, indiana State university, 
Terre haute, indiana 47834, uSa; e-mail: diana.hews@indstate.edu.

THECADACTYLUS SOLIMOENSIS. ENDOPARASITES. Theca-
dactylus solimoensis is known from parts of Ecuador, Peru, Bo-
livia, Brazil, and Colombia (Bergmann and Russell 2007. Zool. J. 
Linn. Soc. 149:339–370.). We know of no reports of helminths for 
T. solimoensis and the purpose of this note is to establish the ini-
tial helminth list for this species.
 A sample of 18 T. solimoensis (mean SVL = 104.0 mm ± 12.7 
SD, range: 76–106 mm) collected 1994 and 1998 from the her-
petology collection of the Sam Noble Museum (OMNH), Uni-
versity of Oklahoma, Norman, Oklahoma, USA were examined 
for helminths. Eleven (OMNH 36427–36437) were collected in 
Sucumbios Province, Ecuador; five (OMNH 37332–37336) were 
collected in Rondônia State, Brazil; two (OMNH 37635, 37636) 
were collected in Amazonas State, Brazil. Lizards were fixed in 
10% formalin and stored in 70% ethanol.
 The stomachs were not available for study. The intestines 
were removed, opened and the contents examined utilizing 
a dissecting microscope. Four nematodes were found in the 
large intestine of OMNH 37335, collected in Rondônia State, Rio 
Formoso, Parque Estadual, ca. 90.0 ± km N of Nova Mamoré, 
(10.38333°S, 65.38333°W; datum WGS 84, elev. ca. 147 m). The 
nematodes were cleared in a drop of lactophenol on a micro-
scope slide, cover slipped, studied under a compound micro-
scope and identified as one male and three females of Spau-
ligodon oxkutzcabiensis. Prevalence (percent infected hosts/
number hosts examined x 100) = 6%. Helminths were deposited 
in the United States National Parasite Collection (USNPC), Belts-
ville, Maryland, USA as USNPC 105345. 
 Spauligodon oxkutzcabiensis has been reported in lizards 
from Mexico, Central and South America see (Goldberg and 
Bursey 2009. Herpetol. Rev. 40:224). Infection presumably oc-
curs by exposure to eggs in fecal contaminated substrate as pos-
tulated for the congener Spauligodon giganteus (Goldberg and 
Bursey 1992. J. Parasitol. 78:539–541). Spauligodon oxkutzca-
biensis in T. solimoensis is a new host record.
 We thank Jessa L. Waters (OMNH) for facilitating our loan of 
T. solimoensis.

Stephen R. GOldbeRG, Whittier College, department of Biology, 
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zoology, norman, oklahoma 73072, uSa (e-mail: vitt@ou.edu). 

TROPIDURUS HYGOMI (Reinhardt’s Lava Lizard). PREDA-
TION. Predation is an important factor influencing ecological 
community structure (Morin 1983. Ecol. Monogr. 53:119–138). 
However, such events are rarely reported from natural interac-
tions within the environment due to the rarity of observations 
(Shepard 2007. Herpetologica 63:193–202). Snakes have very di-
verse diets, preying on a wide variety of invertebrates and verte-
brates (Greene 1997. Snakes: The Evolution of Mystery in Nature. 
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Univ. California Press, Berkeley. 365 pp.). Lizards are potential 
prey items of snakes in various environments (Silva and Araújo 
2008. Ecologia dos Lagartos Basileiros. Technical Books, Rio de 
Janeiro. 271 pp.).
 At 1032 h on 1 June 2008 we observed a Brown Vine Snake 
(Oxybelis aeneus) prey upon a Tropidurus hygomi (Fig. 1) in 
Parque Nacional Serra de Itabaiana, Sergipe, Brazil (10.7488889°S, 
37.3419444°W, datum SAD 69; 240 m elev.). The snake was an 
adult male measuring 910 mm (SVL) and the lizard was a juve-
nile measuring 40.2 mm (SVL). This took place at the edge of a 
Clusia sp. (Guttiferae) shrub in an area with white sandy soil.
 To our knowledge, this is the first report of predation of Tropi-
durus hygomi by O. aeneus or by any snake species. 

RAfAel AlveS dOS SAntOS (e-mail: ufsbio@gmail.com), dAniel 
OliveiRA SAntAnA, fRAnciS luiz SAntOS cAldAS, and RenAtO 
GOmeS fARiA, núcleo de Pós-graduação em ecologia e Conservação, 
universidade federal de Sergipe, 49.000-000, São Cristóvão, Sergipe, Brazil. 

UROMASTYX BENTI (Bent’s Spiny-tailed Lizard). MAxIMUM 
ELEVATION. After revisions to the Uromastyx ocellata group 
(Wilms and Schmitz 2007. Zootaxa 1394:1–23), U. benti is known 
from southeastern Yemen and neighboring southwestern Oman. 
In Oman, it is known only from the immediate vicinity of Mirbat 
(Seufer et al. 1998. Herpetofauna 20:22–23). Mirbat is a coastal 
town, and all of these records from the region are from low eleva-
tions (e.g., MVZ 242745: elev. 35 m, 17.00933°N 54.70283°E; WGS 
84). In Yemen, it is known from Makulla (e.g., NHMW 888:1 and 
NHMW 16174:1), Ayn Ba Ma’bad near Azzan (e.g., NHMW 21214: 
1–2), and Wadi Abr in Hadramaut (e.g., BMNH 1953.1.8.52). All 
documented localities in Yemen lack elevational data, but the 
approximate elevation of Makulla is 21 m, Ayn Ba Ma’bad near 
Azzan is 33 m, and Wadi Abr in Hadramaut is 3 m. Thus, all pre-
viously recorded localities of U. benti are coastal and at low el-
evations. We report an adult male and female (MVZ ObsHerp 
6 and MVZ ObsHerp 7 photo vouchers) observed basking on a 
rock at high elevation of 1410 m adjacent to the Arabian Leop-
ard Reserve at Jabal Samhan in the Mirbat Wilayat of the Dhofar 
Governorate of Oman (17.1337°N, 54.7376°E; WGS 84) on 02 July 
2011. This represents the highest elevational record for U. benti 
and may guide further explorations of the range of this poorly 
sampled species.

tOdd W. pieRSOn, odum School of ecology, university of georgia, 
athens, georgia 30609, uSa (e-mail: twpierso@uga.edu); theOdORe 
J. pApenfuSS, museum of vertebrate zoology, university of California, 
Berkeley, California 94720, uSa.

VARANUS PANOPTES (Yellow-spotted Monitor). DIET. Varanus 
panoptes is a large lizard (up to 1.5 m in total length) inhabit-
ing riparian areas and floodplains in tropical Australia (Cogger 
2000. Reptiles and Amphibians of Australia. Reed New Holland, 
Sydney. 808 pp.). It is a generalist carnivore, consuming mam-
mals, frogs, reptiles, fish, invertebrates, and the eggs of reptiles 
and birds (Blamires 2004. Copeia 2004:370–377; Christian 2004 
In Pianka and King [eds.], Varanoid Lizards of the World, pp. 423–
429. Indiana University Press, Bloomington and Indianapolis; 
Shine 1986. Herpetologica 42:346–360). Not surprisingly, snakes 
have been reported in its diet, including the Keelback Snake 
(Tropidonophis mairii), the Brown Tree Snake (Boiga irregula-
ris), and a file snake (Acrochordus sp.) (Blamires 2004, op. cit.; 
Shine 1986, op. cit.). Herein we report on V. panoptes feeding on 
two additional snake species in tropical northern Australia. We 
discuss the implications of one of these observations for trophic 
cascades induced by the invasive Cane Toad (Bufo marinus) via 
population declines in V. panoptes. 
 At 1629 h on 26 May 2001, four of us (SD, BG, DR, GD) 
discovered a V. panoptes eating a Water Python (Liasis fuscus) 
on a shaded sand bank along the Daly River, Northern Territory, 
Australia (13.939836°S, 131.183361°E). About 0.3 m of the tail 
of the approximately 1 m snake was hanging out of the mouth 
of the 1.3 m lizard. The monitor moved slowly away from us 
upon the approach of our boat, and appeared to be unable to 
swallow the remaining portion of the snake; it made no attempt 
to further swallow the snake. After 11 minutes of observation 
there was no change in the proportion swallowed, at which time 
we departed the site. The weather was clear and sunny with an 
air temperature of 26.8°C. Because the Water Python is nocturnal 
and the monitor diurnal, the snake was probably taken from its 
roost during the day (e.g., from within a hollow log). 
 At 1300 h on 17 October 2006, one of us (MH) observed a V. 
panoptes eating a Common Tree Snake (Dendrelaphis punctu-
lata) in riparian habitat lining the Adcock River at Morning-
ton Wildlife Sanctuary, Western Australia (17.537°S, 126.115°E). 

Fig. 1. Oxybelis aeneus preying upon a juvenile Tropidurus hygomi, 
Sergipe, Brazil.
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Fig. 1. A Yellow-spotted Monitor, Varanus panoptes, eating a Com-
mon Tree Snake, Dendrelaphis punctulata, from Mornington Wildlife 
Sanctuary, Western Australia.
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Upon discovery, approximately 20 cm of the snake’s tail was on 
the ground near the monitor as it gradually swallowed the snake 
from the head end (Fig. 1). Both the monitor and snake were >1 
m long, and ingestion took more than 6 minutes. The weather 
was hot and sunny. Like V. panoptes, D. punctulata is diurnal 
(Fearn and Trembath 2010. Aust. J. Zool. 58:384–389), suggesting 
capture during the active period.
 Varanus panoptes is one of three species of monitor lizards 
that suffer severe population-level declines, via lethal toxic in-
gestion, with the invasion of Cane Toads (e.g., 83–96%, Doody 
et al. 2009. Anim. Conserv. 12:46–53). Because V. panoptes is 
an apex predator, its marked reduction has been implicated 
in population or recruitment boosts in several species of its 
prey, including Gilberts’ Dragons (Amphibolorus gilberti), Pig-
nosed Turtles (Carettochelys insculpta), and Freshwater Croc-
odiles (Crocodylus johnstoni) (Doody et al. 2006. Wildl. Res. 
33:349–354; Doody et al. 2009, op. cit.; Webb and Manolis 2010 
In Manolis and Stevenson [eds.], Crocodiles. Status Survey and 
Conservation Action Plan, 3rd ed., pp. 66–70. Crocodile Special-
ist Group, Darwin, NT). Most recently, marked increases in 
annual counts of common tree snakes were attributed to the 
toad-induced decline in V. panoptes (Doody et al., in press), 
although published accounts of V. panoptes eating tree snakes 
were lacking. Our observation provides the “smoking gun” for 
that study by confirming the Common Tree Snake as a prey item 
of V. panoptes. Because this predation event likely reflects both 
tree snake population regulation by V. panoptes and a cascading 
effect of invasive Cane Toads in the tropical riparian vertebrate 
community, our observation reinforces the importance of pub-
lishing anecdotal accounts of diet. 

J. SeAn dOOdy, The orianne Society, 579 hwy 441 South, Clayton, 
georgia, 30525, uSa (e-mail: jseandoody@gmail.com); michelle hAll, 
department of zoology, university of melbourne, victoria, 3010, australia 
(e-mail: hall.m@unimelb.edu.au); dAvid Rhind, department of Sustain-
ability, environment, Water, Population and Communities, Po Box 787 
Canberra, aCT, australia, 2601 (e-mail: david.rhind@environment.gov.au); 
bRiAn GReen, institute for applied ecology, university of Canberra, aus-
tralian Capital Territory, 2601, australia (e-mail: bfigreen@gmail.com); Gil 
dRyden, department of Biology, Slippery rock university, Slippery rock, 
Pennsylvania 16057, uSa (e-mail: gildryden38@aol.com).

SquAmAtA — SnAkeS

BOA CONSTRICTOR (Boa Constrictor). DIET. Boa constrictor is 
a widely distributed species, ranging from Mexico to Argentina. 
This snake inhabits a remarkable range of habitats, from arid 
scrub to humid tropical forest, and feeds on lizards, birds and 
mammals, with endothermic animals comprising a large pro-
portion of the diet of adult specimens (Greene 1983. In Janzen 
[ed.] Costa Rican Natural History, pp. 380–382. Univ. Chicago 
Press, Illinois; Quick et al. 2005. J. Herpetol. 39:304–307; Pizzatto 
et al. 2009. Amphibia-Reptilia 30:533–544). On 9 March 2011 
an adult B. constrictor (CFL-CH-046; total length = 165 cm; 3.5 
kg) was captured in the Campus Florestal of the Universidade 
Federal de Viçosa, municipality of Florestal, Minas Gerais, Bra-
zil (19.87°S, 44.42°W, datum: SAD69; elev. 750 m), at the edge 
of a forest fragment near a marsh. In the snake’s stomach, we 
found several feathers, some bones, and both feet of an Arami-
des saracura (Slaty-breasted Wood-Rail; Aves: Rallidae). This is a 
locally common medium-sized rail (ca. 500 g) found in forests 
and woodlands near marshes and riparian habitats through-
out southeastern and southern Brazil, eastern Paraguay and 

northeastern Argentina (Taylor and Perlo 1998. Rails. Pica Press, 
Sussex). It is considered endemic to the threatened Atlantic For-
est (Brooks and Balmford 1999. Anim. Conserv. 2:211–222). 

leOnARdO eSteveS lOpeS (e-mail: leo.cerrado@gmail.com), mAR-
cOS cÉSAR GuRGel de OliveiRA and AnA cAROlinA StefAnO, 
laboratório de zoologia, universidade federal de viçosa – Campus flo-
restal, rodovia lmg-818, km 6, 35690-000, florestal, minas gerais, Brazil.

BOTHRIOPSIS BILINEATA SMARAGDINUS (Green Jararaca). 
REPRODUCTION. Little is known about the reproduction of 
Bothriopsis bilineata smaragdinus, a relatively small, arboreal, 
prehensile-tailed pitviper distributed in western Amazonia. In 
September 2011, a pregnant female B. b. smaragdinus was res-
cued from Santo Antônio Hydroelectric Plant, Porto Velho - RO 
(08.8022°S, 63.9720°W, datum: WGS84) and sent to the Labora-
tory of Herpetology at Instituto Butantan, São Paulo, Brazil. The 
snake was housed in a plastic cage and was fed two Rana catesbi-
ana tadpoles every 15 days. On 21 October 2011, the female (SVL 
= 600 mm; tail length [TL] = 90 mm; 87 g) gave birth to five neo-
nates (two males and three females). Measurements of the male 
neonates were 230 mm SVL, 40 mm TL, 4.1 g and 210 mm SVL, 45 
mm TL, 4.1 g; measurements of the females were 225 mm SVL, 
40 mm TL, 3.7 g; 215 mm SVL, 45 mm TL, 3.7 g; and 230 mm SVL, 
35 mm TL, 4.1 g. The post-partum mass of the mother was 56.5 g 
and the combined mass of the living neonates was 22.6% of the 
mother’s pre-partum mass. In previous studies, four eggs were 
observed in the oviduct of this species (Dixon and Soini 1986. 
The Reptiles of the Upper Amazon Basin, Iquitos Region, Peru. 
Milwaukee Publ. Mus., Wisconsin. 157 pp.).

kAthleen f. GReGO, WilSOn feRnAndeS, AnA pAulA cROce, 
dAnielA R. vAScOncellOS, SÁviO S. SAnt’AnnA, laboratório de 
herpetologia, instituto Butantan, av. vital Brazil, 1500, SP,05503-900, Bra-
zil; JuliAnO tupAn cORAGem, Santo antonio energia S.a., Porto velho, 
rondônia, Brazil.

COLUBER CONSTRICTOR (North American Racer), PANTHE-
ROPHIS ALLEGHENIENSIS (Eastern Ratsnake), and NERODIA 
FASCIATA (Southern Watersnake). GOLF CART MORTALITY. 
The benefit of golf courses as small-scale refugia and set-aside 
natural environments for herpetofauna within urban settings 
have been well documented (Hodgkinson et al. 2007. Biol. Con-
serv. 135:576–586). An important yet understudied aspect of golf 
courses is the potential for collisions between herpetofauna and 
golf carts. Although carts have been implicated in road mortality 
in at least one study (DeGregorio et al. 2010. Herpetol. Conserv. 
Biol. 3:441–448), direct evidence for golf cart induced mortality 
is absent. Here we present five cases in which golf cart collisions 
directly caused snake mortality on Bald Head Island, Brunswick 
Co., North Carolina, USA.
 On 7 June 2009, we observed a gravid female Coluber constric-
tor (SVL = 826 mm) being struck and subsequently dying from a 
single collision with a golf cart. We observed a second snake, an 
adult male Pantherophis allegheniensis (SVL = 653 mm), being 
hit and killed by a golf cart on 1 July 2009. On 29 July 2009, we saw 
a neonate C. constrictor (SVL = 235 mm) get hit on the road and 
it was presumed dead by the time we arrived, although the body 
was still twitching. On 10 August 2009, a neonate female Nero-
dia fasciata (SVL = 180 mm) was hit by a golf cart while cross-
ing a paved path on the golf course. Although the snake survived 
the initial collision, it died two hours later. The fifth observation 
occurred on 16 September 2009, when a juvenile C. constrictor 
(SVL = 361 mm) was hit by a single golf cart. As in the previous 
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observation, the snake survived the initial collision but died the 
following night. Although golf courses may provide benefits to 
many species of herpetofauna, the potential for increased mor-
tality due to collisions with golf carts should not be ignored.

eRic J. nORdbeRG, middle Tennessee State university, murfreesboro, 
Tennessee, 37132, uSa (e-mail: ericjnordberg@gmail.com); bRett A. de-
GReGORiO, university of illinois at Champaign - urbana, 1102 S goodwin 
ave, urbana, illinois 61801, uSa (e-mail: Baretta66@hotmail.com).

COLUBER (=MASTICOPHIS) FLAGELLUM FLAGELLUM (East-
ern Coachwhip). DIET. Coluber flagellum is known to be a wide-
ly foraging predator, actively preying upon lizards, amphibians, 
small mammals, and birds (Halstead et al. 2008. Herpetologica 
65:268–279; Secor 1995. Herpetol. Monogr. 9:169–186). On 30 
April 2010, at 1330 h, we observed a male C. flagellum (SVL = 
119 cm; tail length = 43 cm; 401 g) attempting to ingest an adult 
Columbina passerina (Common Ground Dove) in beach dune 
habitat within Guana Tolomato Matanzas National Estuarine 
Research Reserve (30.125753°N, 81.347092°W; datum: WGS84; 
elev. 3 m), South Ponte Vedra Beach, Florida, USA. The snake 
abandoned its prey and fled towards a nearby active Gopherus 
polyphemus (Gopher Tortoise) burrow upon our approach. To 
our knowledge this represents the first documented observation 
of C. flagellum preying upon C. passerina. 

AnthOny lAu, department of Wildlife ecology and Conservation, 
P.o. Box 110430, university of florida, gainesville, florida 32611, uSa (e-
mail: antlau1@gmail.com); JOSeph p. buRGeSS, florida department of 
environmental Protection, guana Tolomato matanzas national estuarine 
research reserve, 505 guana river road, Ponte vedra, florida 32082, uSa 
(e-mail: joseph.burgess@dep.state.fl.us).

EUNECTES MURINUS (Green Anaconda). DIET. Eunectes mu-
rinus is a generalist predator that ambushes its prey along the 
edges of aquatic habitats (Rivas 2000. Life History of the Green 
Anaconda [Eunectes murinus], with Emphasis on its Reproduc-
tive Biology. Ph.D. Thesis, Univ. Tennessee, Knoxville. 269 pp.). 
While there are several accounts of the diet of adult individuals 
there is little information about prey consumed by young ana-
condas in nature. Here we report two records of predation on 
diurnal birds by a juvenile E. murinus in central Brazil. 
 At 1715 h on 9 July 1999, we found a juvenile E. murinus 
(CHUNB 12799; total length = 1069 mm; 451 g) along a stream in 
gallery forest 10 km W of the city of Palmas, Tocantins State, Bra-
zil (10.1667°S, 47.4353°W, datum: WGS84; elev. 230 m). The snake 
was found under a dead log in a small backwater of the stream 
and was constricting a female Rhamphocelus carbo (Silver-
beaked Tanager; total length = 102 mm; 59 g). Upon dissection, 
we found that the snake had also recently consumed a female 
Claravis pretiosa (Blue Ground-dove; total length = 190 mm; 59 
g). The relative size of each prey item was 13% of the snake’s body 
mass and their combined relative mass (26%) was close to those 
previously reported for other aquatic snakes of comparable size 
(Andreadis and Burghardt 2005. J. Comp. Psychol. 119:304–310). 
Small birds may play an important role in the diet of young ana-
condas before they grow large enough to subdue and kill larger 
prey (Rivas, unpubl. data). 
 We thank Jesus Rivas for reviewing this note and sharing un-
published data.

mARcelO ARAÚJO bAGnO, departamento de zoologia, univer-
sidade de Brasília, Brasília-df, CeP 70910-900; ReubeR AlbuqueRque 
bRAndÃO, laboratório de fauna e unidades de Conservação, depar-
tamento de engenharia florestal, universidade de Brasília, Brasília – df, 

CeP 70910-900 (e-mail: reuberbrandao@yahoo.com.br); AyRtOn klieR 
pÉReS-JÚniOR, Seriema Serviços e estudos do meio ambiente. SCln 412, 
Bloco “B”, loja 40, Brasília – df, Brazil, CeP 70.867-520.

GYALOPION CANUM (Chihuahuan Hook-nosed Snake). PRE-
DATION. Gyalopion canum occurs in the southwestern United 
States into central New Mexico and west Texas southward into 
central Mexico in Zacatecas and San Luis Potosí (Tipton 2005. 
Snakes of the Americas: Checklist and Lexicon. Krieger Publ. 
Co., Malabar, Florida. xii + 477 pp.). Little is known regarding the 
predators of this species. During an examination of the stomach 
contents of a road-killed Kit Fox (Vulpes macrotis) collected 10 
April 1997 on Sycamore Street, Roswell, Chaves Co., New Mexico, 
USA (33.7027°N; 104.5683°W; datum: WGS84) a mostly intact 
adult G. canum was found. Habitat was a pecan orchard in an ag-
ricultural area on the outskirts of Roswell, generally surrounded 
by Chihuahuan Desert grasslands and shrublands.
 Cypher (2003. In Feldhamer et al. [eds.], Wild Mammals of 
North America, 2nd ed., pp. 511–546. John Hopkins Univ. Press, 
Baltimore, Maryland) lists snakes and lizards as a component of 
the diet of V. macrotis but does not provide details of the species 
involved. To our knowledge this is the first report of G. canum 
being preyed upon by V. macrotis. Both specimens are deposited 
into the University of New Mexico Museum of Southwestern Bi-
ology (V. macrotis, Division of Mammalogy MSB 231268; G. ca-
num, Division of Herpetology MSB 61425).

chARleS W. pAinteR, new mexico department of game and fish, 
1 Wildlife Way, Santa fe, new mexico 87507, uSa (e-mail: charles.painter@
state.nm.us); c. GReGORy Schmitt, P.o. Box 267, kirtland, new mexico 
87417, uSa (e-mail: dgsschmitt@earthlink.net); RObeRt l. hARRiSOn, 
department of Biology, university of new mexico, albuquerque, new 
mexico 87131-1091, uSa (e-mail: rharison@unm.edu).

HELICOPS ANGULATUS (Watersnake). PREDATION. There are 
few records of predation on aquatic snakes by invertebrates. 
Here we report a predation event on a young Helicops angulatus 
by an aquatic ant-lion larva (Corydalidae) in Cavalcante Mu-
nicipality, Goiás, Brazil (13.8122°S, 47.4342W, datum: SAD6984). 
At 2200 h on 10 October 2011, we found a neonate H. angulatus 
(CHUNB 67470; SVL = 114 mm) being seized and consumed by 
a large Corydalidae larvae (total length = 66 mm) under a sub-
merged rock along the margins of São Bartolomeu river. The lar-
va was holding the snake by the neck, while remaining attached 
to the underside of the rock. The larva held the snake motion-
less by seizing it with its limbs. When we lifted the rock, the larva 
released the snake, which attempted to swim away. The snake 
was collected alive, but subsequently died from a deep injury 
to its neck.

 Suelem muniz leÃO, Programa de Pós-graduação em Ciências 
florestais, departamento de engenharia florestal, universidade de Brasília, 
Brasília, distrito federal, Brazil, CeP 70910-900; ReubeR AlbuqueRque 
bRAndÃO, laboratório de fauna e unidades de Conservação, departa-
mento de engenharia florestal, universidade de Brasília, Brasília, distrito 
federal, Brazil, CeP 70910-900 (e-mail: reuberbrandao@yahoo.com.br).

HETERODON PLATIRHINOS (Eastern Hog-nosed Snake). HI-
BERNACULA SITE FIDELITY. Heterodon platirhinos is a wide-
ranging snake in the eastern United States and southern Canada 
that occurs in greatest densities in locales with well-drained, 
sandy soils. Heterodon platirhinos are believed to brumate in-
dividually in mammal burrows and self-excavated dens under 
rocks, in logs, or under artificial cover and are thought to retreat 
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to hibernacula late in the fall and emerge early in the spring rela-
tive to sympatric snake species (Ernst and Ernst 2003. Snakes of 
the United States and Canada. Smithsonian Institution Press, 
Washington D.C. 680 pp.). Aside from these generalities, there is 
limited information on H. platirhinos brumation or factors as-
sociated with hibernacula selection.
 We conducted a radiotelemetry study of H. platirhinos 
between April 2009 and April 2011 at Cape Cod National 
Seashore, Barnstable Co., Massachusetts, USA. The study 
area was located at the northern terminus of the Cape Cod 
peninsula in an approximately 1800 ha sand dune landscape 
known locally as the Province Lands. Among the 16 animals 
radiotracked was a female (SVL = 610 mm; total length = 745 
mm, 325 g) that was tracked to brumation in 2009 and 2010 
and was found to use the same hibernaculum in both years. 
The hibernaculum consisted of a network of mammal bur-
rows running through the root system of a stunted Pitch Pine 
(Pinus rigida). The snake was first documented underground 
at this location on 5 November 2009 and emerged between 
16 March and 18 April 2010. During the 2010 active season, 
the snake utilized a large area (17.8 ha minimum convex 
polygon) and was as far as 466 m from the hibernaculum. The 
snake returned to the hibernaculum in early October 2010 
and emerged between 3 April and 17 April 2011. Although 
Cunnington and Cebek (2005. Am. Midl. Nat. 154:474–478) 
documented inter-annual fidelity and clustering of ovipo-
sition sites in H. platirhinos, this is believed to be the first 
record of hibernaculum site fidelity in this species. Of three 
individuals tracked to hibernacula in consecutive years, this 
was the only instance of hibernaculum fidelity.
 Mortality associated with brumation in temperate popu-
lations of snakes suggests that hibernacula are a limiting 
resource and that selection of an appropriate site is critical 
for survival (Mullin and Siegel 2009. Snakes: Ecology and 
Conservation. Cornell Univ. Press, Ithaca, New York. 365 
pp.). Hibernacula site fidelity is well documented for species 
that brumate communally and is thought to be in response 
to limited availability of adequate brumation sites (Gibbons 
and Semlitsch 1987. In Siegel et al. [eds.], Snakes: Ecology and 
Evolutionary Biology, pp. 404–406. Macmillan, New York). For 
species that brumate individually (such as H. platirhinos), fi-
delity to successful overwintering sites would also seem to 
be advantageous, although the fact that they brumate indi-
vidually may suggest that these species are not as severely 
limited by hibernacula availability. Of 11 instances where we 
radiotracked snakes to hibernacula in the fall, all emerged in 
the spring, suggesting that overwintering mortality is low and 
that hibernacula are not a limiting factor for H. platirhinos in 
our study area.
 Work was carried out under scientific collecting permit 
#017.10SCRA issued by the Massachusetts Division of Fisher-
ies and Wildlife and scientific research and collecting permit 
#CACO-2011-SCI-0005 issued by the National Park Service. 
Work was approved by the Institutional Animal Care and Use 
Committee of Montclair State University (Ref #2009-01). 

ScOtt W. buchAnAn, department of Biology and molecular Biol-
ogy, montclair State university, montclair, new Jersey 07043, uSa (e-mail: 
buchanans1@mail.montclair.edu); bRAd c. timm, department of envi-
ronmental Conservation, university of massachusetts, amherst, massa-
chusetts 01003, uSa (e-mail: timm@eco.umass.edu); RObeRt p. cOOk, 
Cape Cod national Seashore, Wellfleet, massachusetts 02667, uSa (e-mail: 
robert_cook@nps.gov); RichARd cOuSe, department of environmental 

Studies, antioch university new england, keene, new hampshire 03431, 
uSa (e-mail: rcouse@antioch.edu).

LAPEMIS CURTUS (Short Seasnake). DIET. Lapemis curtus is 
widely distributed throughout tropical and subtropical Indo-
Pacific, including coastal habitats in the Persian Gulf, Indian 
Ocean, South China Sea, Straits of Taiwan, Indo-Australian Ar-
chipelago, the Philippines, and the Pacific Ocean (Minton 1975. 
In Dunson [ed.], Biology of Sea Snakes, pp. 233–249. University 
Park Press, Baltimore, Maryland). It is a dietary generalist, known 
to consume fish from 33 families and two species of marine in-
vertebrates (cuttlefish and amphipod; Lobo et al. 2005. Copeia 
2003:637–641; Voris and Voris 1983. Am. Zool. 23:411–425). In 
November 2011, I collected 5 dead male L. curtus from the by-
catch of a shrimp trawler in the coastal waters of Bandar Abbas, 
Persian Gulf, Iran. Dissection revealed that the stomachs of three 
snakes contained identifiable prey items. The first snake (Fig. 1; 
SVL = 72 cm, 331 g) contained a partially digested sardine (Sardi-
nella sp. [Clupeidae]) and a Sulphur Goatfish (Upeneus sulphu-
reus [Mullidae]; total length = 9 cm). The second snake (SVL = 74 
cm, 356 g) contained a Sardinella sp. (total length = 13 cm), and 
the third snake (SVL = 75 cm, 360 g) contained a U. sulphureus 
(total length = 9.5 cm) and an unidentifiable fish. This is the first 
record of fish in the family Mullidae as prey of L. curtus, though 
they have been reported as prey for Pelamis platurus (Yellow-
bellied Seasnake; Voris and Voris 1983, op. cit.). Fish in the family 
Clupeidae have been reported as the main prey of L. curtus along 
the western coast of India (Lobo et al., op. cit.). Both sardines and 
goatfish are active swimmers, but goatfish are primarily demer-
sal, whereas sardines are pelagic. Further, investigation feeding 
habits of L. curtus is the Persian Gulf is important because the 
Persian Gulf represents the western distribution limit for the 
species and presents unique environmental conditions (e.g., 
high salinity and high temperature) and fish assemblages.
 I thank the captain and seamen of the Tabas-9 for wel-
coming and supporting me on the ship during the fishing 
season.

mOhSen RezAie-AtAGhOlipOuR, department of marine Biology, 
faculty of Science, university of hormozgan, P.o. Box 3995, Bandar abbas, 
hormozgan, iran; e-mail: mohsenra@live.com.

Fig. 1. Partially digested sardine (Sardinella sp.) and a Sulphur Goat-
fish (Upeneus sulphureus) consumed by a Lapemis curtus in the 
coastal waters of Bandar Abbas, Persian Gulf, Iran.
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MICRURUS DECORATUS (Decorated Coralsnake). DIET. Coral-
snakes (Micrurus spp.) typically feed on elongated vertebrates, 
including amphisbaenians, snakes, legless lizards, and caeci-
lians (Campbell and Lamar 2004. The Venomous Reptiles of the 
Western Hemisphere. Vol. 1. Cornell University Press, Ithaca, 
New York. 476 pp.). The last have been reported as prey for sev-
eral coralsnake species (e.g., Campbell and Lamar, op. cit.; Horan 
et al. 2011. Herpetol. Rev. 42:294–295; Huber and Hödl 2010. 
Herpetol. Rev. 41:484; Saporito 2007. Herpetol. Rev. 38:199). The 
distribution of Micrurus decoratus is limited to the Atlantic For-
est of southeastern and southern Brazil, usually in mid-elevation 
montane areas (Campbell and Lamar, op. cit.; Marques 2002. 
Amphibia-Reptilia 23:228–232). The two published surveys on 
the diet of this species (Marques, op. cit.; Terribile and Silva Jr. 
2005. Herpetol. Rev. 36:457–458) reported only amphisbaenians 
and caecilians as prey. The latter were identified as Siphonops sp. 
in both studies. Here we report an additional case of M. decoratus 
feeding on a caecilian, and the first in which the caecilian prey 
was identified to species.
 On 12 September 2010, two of us (DV and CCS) recov-
ered a dead male M. decoratus (SVL = 510 mm; tail length = 
35 mm) from a road at Theodoro de Oliveira (22.373889°S, 
42.556667°W, datum: SAD 69; elev. ca. 1100 m), municipality 
of Nova Friburgo, state of Rio de Janeiro, Brazil. The snake’s 
body had been completely flattened by the passing of cars, 
but we noticed a piece of a small caecilian protruding from its 
ruptured venter. Later, we dissected the snake and recovered 
the remaining pieces of the caecilian, which was identified as 
a Siphonops hardyi. The snake and its prey were deposited in 
the reptile collection of the Museu Nacional, Rio de Janeiro 
(MNRJ 19859). Siphonops hardyi is a relatively widespread 
caecilian species in southeastern Brazil, being found both in 
lowland and in montane sites (Maciel et al. 2009. Check List 
5:919–921). To our knowledge, this is the first confirmed re-
port of S. hardyi as prey of a coralsnake.

dAvOR vRcibRAdic, departamento de zoologia, universidade 
federal do estado do rio de Janeiro, av. Pasteur 458, urca, 22240-290, rio 
de Janeiro, rJ, Brazil (e-mail: davor@centroin.com.br); cARlA dA cOStA 
SiqueiRA, universidade federal do rio de Janeiro, Programa de Pós-grad-
uação em ecologia, instituto de Biologia, av. Carlos Chagas filho 373 Bl. a, 
Cidade universitária, 21941-902, rio de Janeiro, rJ, Brazil (e-mail: carlac-
siqueira@yahoo.com.br); AdRiAnO limA SilveiRA, Setor de herpetolo-
gia, departamento de vertebrados, museu nacional / universidade federal 
do rio de Janeiro, Quinta da Boa vista, São Cristóvão, 20940-040, rio de 
Janeiro, rJ, Brazil (e-mail: biosilveira@yahoo.com.br); mARlOn AlmeidA-
SAntOS (e-mail: marlon_uerj@yahoo.com.br), and cARlOS fRedeRicO 
duARte ROchA, departamento de ecologia, universidade do estado do 
rio de Janeiro, rua São francisco Xavier 524, maracanã, 20550-011, rio de 
Janeiro, rJ, Brazil (e-mail: cfdrocha@uerj.br).

OXYBELIS FULGIDUS (Green Vinesnake). DIET. Oxybelis fulgi-
dus occurs from Mexico to Argentina and is common in the 
Brazilian Amazon. It is an arboreal ambush predator, feeding 
mainly on lizards and medium to small passerine birds (Mar-
tins and Oliveira 1998. Herpetol. Nat. Hist. 6:78–150; Scartoz-
zoni et al. 2009. S. Am. J. Herpetol. 4:81–89). On 19 May 2011, an 
O. fulgidus (ca. 2 m total length) was seen in a young avocado 
tree (Persea americana) in the Maracarana community, along 
the Uatumã river, south of the Balbina Dam, Brazilian Amazon 
(2.21°S, 58.83°W; datum NAD83/WGS84). The snake’s presence 
was noticed only after it caught a Sturnella militaris (Red-breast-
ed Blackbird) by the neck, causing the bird to emit loud alarm 

calls. The bird survived for approximately 5 min. and was subse-
quently consumed headfirst by the snake (Fig. 1). This is the first 
record of S. militaris in the diet of O. fulgidus.

JOÃO mARcOS G. cApuRuchO, Programa de Pós-graduação em 
ecologia, instituto nacional de Pesquisas da amazônia – inPa, av. andré 
araujo, 2936, aleixo, manaus, am, Brazil (e-mail: jmcapurucho@yahoo.
com.br); henRique cAldeiRA cOStA, museu de zoologia João moojen, 
universidade federal de viçosa, CeP 36570-000, viçosa, mg, Brazil (e-mail: 
ccostah@yahoo.com.br).

OXYBELIS FULGIDUS (Green Vinesnake). DIET. Oxybelis fulg-
idus is a diurnal arboreal snake that forages among the lower 
strata of trees and shrubs (Martins and Oliveira 1998. Herpe-
tol. Nat. Hist. 6:78–150). The diet for this species is known to 
consist primarily of birds and lizards (Beebe 1946. Zoologica 
31:11–52; Cunha and Nascimento 1978. Publ. Avul. Mus. Par. 
Emílio Goeldi 31:1–218; Dixon and Soini 1986. Milw. Publ. Mus. 
Milwaukee, Wisconsin; Scartozzoni et al. 2009. S. Am. J. Herpe-
tol. 4:81–89). At 1409 h on 1 March 2008, we observed an adult 
female O. fulgidus (INPA-H 21228; SVL = 1170 mm; 250 g) cap-
turing a Columbina passerina (Common Ground Dove; 35 g) in 
a fragment of terra firme forest, in the Parque Residencial Acari-
quara II, municipality of Manaus, Amazonas, Brazil (03.08433°S, 
59.96106°W; datum WGS 84). The snake was seen falling from 
a shrub with the bird in its jaws but remained anchored to the 
shrub by its tail, about 1 m off the ground. The snake remained 
holding the bird by the head for ca. 30 min, until it stopped mov-
ing. The long time being held could be associated with enven-
omation of the prey, a common behavior of opisthoglyphous 
snakes (Kardong 1982. Mem. Inst. Butantan 46:105–118). Soon 
afterwards, the snake began swallowing the bird head first (Fig. 
1). The available literature reports O. fulgidus preying on the 
bird genera Pipra, Thraupis, Volatinia, Dendrocincla, Carduelis, 
Elaenia, and Monasa (Martins and Oliveira, op.cit.; Scartozzoni 
et al., op.cit.). This is the first report of O. fulgidus preying on 
birds of the genus Columbina.

Fig. 1. Oxybelis fulgidus consuming its prey (Stunella militaris) head-
first after placing it on a horizontal branch.
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 We thank M. Cerqueira and M. S. Dias for bird identification. 
Specimens were collected under IBAMA permit 14032-1 to R. C. 
Vogt. R. de Fraga received financial support from FAPEAM.

RAfAel de fRAGA (e-mail: r.defraga@gmail.com), viniciuS t. de 
cARvAlhO, and RichARd c. vOGt, instituto nacional de Pesquisas 
da amazônia, Coleção de anfíbios e répteis, Coleções zoológicas, inPa 
– Campus ii. av. andré araújo, 2936, C.P. 2223, CeP 69.970-000, manaus, 
amazonas, Brazil.

PANTHEROPHIS EMORYI (Great Plains Ratsnake). DIET. Pan-
therophis emoryi feeds primarily on small mammals and birds, 
but may also consume lizards, snakes, and frogs (Ernst and 
Barbour 1989. Snakes of Eastern North America. George Mason 
Univ. Press, Fairfax, Virginia. 282 pp.). At 1015 h on 31 July 2008 
we collected a female P. emoryi (SVL = 53.7 cm; tail length = 10.2 
cm; 69.0 g) in a sandstone crack on the northeast side of a bed-
rock outcrop on the north side of Two Buttes Creek canyon at 
Two Buttes Reservoir Wildlife Management Area, Baca Co., Colo-
rado, USA. The snake was photo vouchered, with photos depos-
ited in the University of Northern Colorado Museum of Natural 
History (UNC-MNH 4612). The snake contained an obvious food 
bulge and was in a loose coil partially sun exposed, likely to fa-
cilitate digestion. Upon transport to the field house, the snake 
voluntarily regurgitated a partially digested mouse (Peromys-
cus sp.) that weighed 18.15 g and was consumed head first. The 
relative size of meal by mass was 26.3%. The only other previ-
ous report of relative meal size for P. emoryi was an adult female 
that consumed a Sceloporus olivaceus representing 35.5% of the 
snake’s mass (Ferguson and Dixon 2007. Herpetol. Rev. 38:340). 

Our report documents the first prey/predator weight ratio and 
the largest prey/predator weight ratio for a juvenile P. emoryi 
feeding on mammalian prey. In addition, our note documents 
only the third P. emoryi specimen from Two Buttes Reservoir SWA 
(Montgomery et al. 1998. Herpetol. Rev. 29:112). 
 We thank L. S. Ellis for assisting with prey identifica-
tion and the Colorado Division of Wildlife for permitting 
(#08HP950 and #08HP956) and logistical support.

AndReA m. GRelle, JAke bOlinG, JennifeR l. neWby, JOhn 
eSteS, Julie hASkenS, lAuRA k. GARey, tOny WilmeS, RORy 
mckee, micheAl i. kelRick, and chAd e. mOntGOmeRy (e-mail: 
chadmont@truman.edu), department of Biology, Truman State university, 
kirksville, missouri 63501, uSa. 

PHIMOPHIS GUIANENSIS (Troschel’s Pampas Snake). DIET. 
Phimophis guianensis is a xenodontine snake that is generally 
considered crepuscular or nocturnal. This species inhabits low-
lands up to 1200 m elevation in Panama and northern South 
America, including Colombia, Venezuela, the Guianas, and 
northeastern Brazil (Lancini 1982. Mem. Inst. Butantan 46:95–
103; Peters and Orejas-Miranda 1970. Catalogue of the Neotropi-
cal Squamata. Part I. Snakes. Bull. U.S. Nat. Mus. 297:1–347). 
Only a few confirmed diet records exist for snakes in the genus 
Phimophis: P. scriptorcibatus was documented feeding on lizards 
in the genera Calyptommatus and Vanzosaura (Rodrigues 1993. 
Pap. Avul. Zool. 38:187–198), P. guerini also feeds on lizards, ro-
dents, and amphibians (França and Araujo 2006. S. Am. J. Her-
petol. 1:25–36; Marques et al. 2005. Serpentes do Pantanal-Guia 
Ilustrado. Ed. Holos, Ribeirão Preto. 170 pp.; Yanosky et al. 1996. 
Herpetol. Nat. Hit. 4:97–110). Although P. guianensis has the wid-
est distribution in the genus, few data exist on its natural history, 
other than suggestions that it feeds on arthropods and lizards 
(Starace 1998. Guide des Serpents et Amphisbènes de Guyane 
Française. Ibis Rouge Edit. Guadeloupe-Guyane. 449 pp.).
 On 7 July 2004, during a field survey at Parque Nacional 
Cerro Saroche (10.154°N, 69.527°W, datum WGS84; elev. 765 
m), a xeric region in Lara state, Venezuela, we found an adult 
P. guianensis preying on an adult Ameiva bifrontata (Fig. 1). 
We apparently detected the snake just after it had captured 
the prey. After a few minutes, the movements of the lizard 
stopped, the snake slowly uncoiled without releasing the liz-
ard’s head, and proceeded to consume the lizard. Chippaux 

Fig. 1. Oxybelis fulgidus consuming a Columbina passerina (Com-
mon Ground Dove) in the Parque Residencial Acariquara II munici-
pality of Manaus, Amazonas, Brazil.

Fig. 1. Phimophis guianensis preying on Ameiva bifrontata in Parque 
Nacional Cerro Saroche, Lara state, Venezuela.
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(1986. Les Serpents de la Guyane Française. Éditions de 
l’Orstom XXVII. 165 pp.) found that in French Guiana P. gui-
anensis is most active in the late evening and at night. How-
ever, our observation suggests that this species may also for-
age actively during the day.
 We thank Robert C. Jadin, who generously helped us with 
the English translation, and Irene Zager who loaned us the 
camera.

JOSÉ AntOniO GOnzÁlez-cARcAcíA, laboratorio de Biología de 
organismos, Centro de ecología, instituto venezolano de investigaciones 
Científicas (iviC), Caracas, venezuela (e-mail: jagonzal@ivic.gob.ve); vic-
tOR p. ROmeRO, departamento de estudios ambientales, universidad 
Simón Bolívar, venezuela (e-mail: victor.romero@usb.ve); GilSOn RivAS, 
museo de Biología, facultad experimental de Ciencias, universidad del 
zulia, apartado Postal 526, maracaibo 4011, venezuela (e-mail: anolis30@
hotmail.com).

RHABDOPHIS SUBMINIATUS HELLERI (Red-necked Keel-
back). DEFENSIVE BEHAVIOR. Snakes in the genus Rhabdo-
phis, a widespread Asian genus, possess unique glands in the 
nape of the neck called nuchal glands (Hutchinson et al. 2007. 
Proc. Nat. Acad. Sci. 104:2265–2270). Mori and Burghardt (2008. 
J. Ethol. 26:61–68) examined several defensive behaviors associ-
ated with Rhabdophis species. Of the 18 behaviors they exam-
ined, three seemed to be closely associated with nuchal glands: 
1) dorsal-facing posture, in which the dorsal neck region is di-
rected toward the stimulus and elevated above the substrate; 2) 
neck arch, in which the chin is directed towards the substrate 
and the neck is bent upward; and 3) neck butt, in which the 
snake swings the arched neck so that it is butted up against the 
stimulus. On 4 August 2011, on Lantau Island, Hong Kong, we 
encountered an adult R. subminiatus in a hole on the side of a 
wall in a water conduit. Upon being extracted from the hole, the 
snake immediately arched its neck against our glove and began 
oozing secretions from the nuchal gland region (Fig. 1). This ac-
tive “transport” of the nuchal fluid is undocumented. In prior 
observations of nuchal gland secretion in Rhabdophis, physical 
pressure on the nuchal region was required to induce secretion. 
Our animal did not experience any physical pressure aside from 
the mid-body capture we made with a glove. During closer ap-
proach of the animal for photographs, the nuchal gland fluid 
was sprayed into the air, apparently towards the approaching 
photographer. Explanations for the ease with which the animal 
expressed the nuchal gland fluid may include thin membranes 

surrounding the nuchal glands, coupled with flexing of the ep-
axial muscles during the dorso-lateral flattening of the neck (A. 
Savitzky, pers. comm.).

kevin R. meSSenGeR, alabama a&m university, huntsville, alabama 
35762, uSa (e-mail: kevin.messenger@gmail.com); dAniel ROSenbeRG, 
kowloon, new Territories, 999077, hong kong (e-mail: cowyeow@yahoo.
com); kevin k. cAldWell, yuen long, new Territories, 999077, hong kong 
(e-mail: bemishk@netvigator.com); WilliAm l. SARGent, north Point, 
hong kong island, 999077, hong kong (e-mail: wsargent88@yahoo.com).

RAMPHOTYPHLOPS BRAMINUS (Brahminy Blindsnake). PRE-
DATION. Ramphotyphlops braminus is a Southeast Asian par-
thenogenic, typhlopid snake, probably indigenous to India and 
Sri Lanka (Wallach 2008. Bull. Chicago Herpetol. Soc. 43:80–82). 
Because of its small average size (total length = 130 mm), and 
ability to be anthropogenically transported in soil (especially in 
potted plants and mulch), R. braminus currently has the most 
widespread, near worldwide, nonindigenous distribution of any 
snake (Kraus 2009. Alien Reptiles and Amphibians: A Scientific 
Compendium and Analysis. Springer, New York. 563 pp.). In Flor-
ida, USA, R. braminus is rapidly expanding its distribution and 
is established in numerous counties (Krysko et al. 2011. Zootaxa 
3028:1–64). Predators of R. braminus in Florida include nonin-
digenous Rhinella marina (Cane Toad), nonindigenous Anolis 
cristatellus (Crested Anole), and endemic Lampropeltis extenu-
ata (Short-tailed Snake) (Meshaka 2011. Herpetol. Conserv. Biol. 
6:1–101).
 On 24 March 2011, a Dasypus novemcinctus (Nine-band-
ed Armadillo) was killed on the premises of the Division of 
Plant Industry (DPI), Florida Department of Agriculture & 
Consumer Services, 1911 SW 34th Street, Gainesville, Ala-
chua Co., Florida, USA (29.635175°N, 82.370844°W, datum: 
WSG84). I examined its stomach contents and discovered an 
intact adult R. braminus (total length = 152 mm, UF 166054) 
which I deposited in the Herpetology Collection, Florida Mu-
seum of Natural History (FLMNH), University of Florida. A 
population of R. braminus previously has been documented 
on the grounds of this facility (Somma 2007. Herpetol. Rev. 
38:355–356) and three additional specimens were collected 
in March and April 2011 (UF 166055–166057). 
 Dasypus novemcinctus, in Florida, is a nonindigenous, 
cingulatan mammal that has a primarily insectivorous diet 
but occasionally preys upon small vertebrates, including rep-
tiles (Carr 1982. Anim. King. 85[5]:40–44; McBee and Baker 
1982. Mamm. Species 162:1–9; Nowak 1999. Walker’s Mam-
mals of the World. Sixth Ed. Vols. I–II. Johns Hopkins Univ. 
Press, Baltimore, Maryland. 2015 pp.). In the U.S., D. novem-
cintus is implicated in zoonotic transmission of the 3I-2-v1 
strain of leprosy, Mycobacterium leporae (Truman et al. 2011. 
New England J. Med. 364:1626–1633). This is the first record 
of R. braminus in the diet of D. novemcinctus. Whether estab-
lished populations of R. braminus can subsidize populations 
of D. novemcinctus, R. marina, A. cristatellus, or other nonin-
digenous predators in Florida remains untested at this time.
 I thank Jeff Butler for providing the armadillo specimen.

lOuiS A. SOmmA, florida museum of natural history, university of 
florida, gainesville, florida 32611, uSa; e-mail: somma@ufl.edu.

THAMNOPHIS ELEGANS VAGRANS (Wandering Gartersnake). 
DIET. The feeding ecology of Thamnophis elegans is highly vari-
able, with some individuals or populations specializing on a nar-
row range of prey and others exploiting a wide variety of prey 

Fig. 1. Rhabdophis subminiatus neck arching and expressing nuchal 
gland toxins.
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(Rossman et al. 1996. The Garter Snakes: Evolution and Ecology. 
Univ. Oklahoma Press, Norman. 332 pp.). Overall, the species has 
one of the broadest diets of any North American snake, including 
aquatic leeches, desert lizards, noxious slugs, shrews and other 
small mammals, and even cooked bits of chicken (Arnold 1977. 
Science 197:676–678; Fitch 1941. California Fish Game 27:2–32; 
Rossman et al., op. cit.; Storm and Ferguson 1954. Herpetologica 
11:48). Here we document an additional case of shrew consump-
tion by T. elegans, and suggest that predation on shrews is not in-
cidental but likely represents a significant prey source for some 
T. elegans populations.
 On 3 June 2007, along Mink Creek in Caribou National For-
est, Bannock Co., Idaho, USA (42.734222°N, 112.407250°W; da-
tum: NAD 1983; elev. 1600 m), CRF observed an adult female 
T. elegans vagrans (SVL = 518 mm) foraging on the bank of the 
creek. The snake was carefully investigating holes in the soil of 
the well-vegetated bank ~0.5 m above waterline, probing each 
hole with its head before moving on to the next. Upon being 
seized, the snake immediately regurgitated a shrew (Sorex 
sp.), and subsequent palpation produced two additional 
shrews (Fig. 1). The aggregate mass of the prey (13.5 g) was 
27.6% of the mass of the snake (49 g), which was pregnant. 
Examination of tooth wear patterns on the prey suggests that 
all three shrews were old adults (but the amount of tooth wear 
prevented confident species identification).
 The apparent foraging behavior of the snake and the age 
of its three prey items suggest the snake acquired the shrews 
by deliberately hunting. Shrews are highly asocial and main-
tain separate territories (Churchfield 1990. The Natural His-
tory of Shrews. Cornell Univ. Press, Ithaca, New York. 183 
pp.), so it seems doubtful that the snake simply chanced 
upon three old shrews, or a group of shrews. Unlike the great 
majority of gartersnakes, some populations of T. elegans feed 
substantially on small mammals (Rossman et al. 1996, op. 
cit.) and the species has evolved at least one trait, constrict-
ing behavior (Gregory et al. 1980. Herpetologica 36:87–93), 
that is adaptive for feeding on such prey. These character-
istics of T. elegans make it all the more probable that the 
observed snake was deliberately hunting for shrews. The T. 
elegans and its contents were deposited in collection of the 
California Academy of Sciences (CAS 241911).
 We thank C. J. Bell and C. O. George for assistance identify-
ing shrews, and J. V. Vindum (CAS) for accessioning material.

chRiS R. feldmAn (e-mail: ophis@unr.edu) and AlAn de queiROz 
(e-mail: alandqz@yahoo.com), department of Biology, university of ne-
vada, reno, nevada 89557, uSa.

THAMNOPHIS EQUES MEGALOPS (Northern Mexican Garter-
snake). DIET AND MORTALITY. Thamnophis eques megalops 
are known to eat amphibians, fish, earthworms, leeches, and 
occasionally small mammals, lizards, and slugs (Ernst and Ernst 

2003. Snakes of the United States and Canada. Smithsonian In-
stitution Press. Washington D.C. 668 pp.). As part of a long-term 
monitoring project for the species at Bubbling Ponds Hatchery 
(Yavapai County, Arizona, USA), we observed T. e. megalops 
apparently attempting to prey on nonnative Chinese Mystery 
Snails (Cipangopaludina chinensis) on two separate occasions. 
 On 18 August 2008, at 1128 h, we encountered an adult 
T. e. megalops (SVL = 505 mm) which had been run over by a 
vehicle along a hatchery road (34.766°N, 111.896°W; datum 
NAD83) while apparently attempting to eat a C. chinensis. 
Similarly, on 23 June 2011, at 1920 h, we observed an adult 
female T. e. megalops (SVL = 760 mm; 124 g) out of the wa-
ter attempting to eat a large C. chinensis (Fig. 1; 34.766°N, 
111.893°W; datum NAD83). The snake’s upper jaw was inside 
the snail’s shell, and appeared to be pinned in that position 
by the snail’s closing operculum, prohibiting escape by ei-
ther individual. We captured the snake and therefore inter-
rupted the predation attempt. Although T. eques are known 
to occasionally consume slugs, they are not known to feed 
on shelled gastropods (Macias Garcia and Drummond 1988. 
J. Herpetol. 22:129–134; Manjarrez 1998. J. Herpetol. 32:464–
468). Wood et al. (2005. Herpetol. Rev. 36:328–329) reported 
a similar instance of mortality in T. validus celaeno, in which 
the snake died of starvation or exhaustion after being unable 
to extricate its lower mandibles from the shell of the snail 
Planorbella subcrenatum.
 We are unsure of why the snakes were attempting to eat 
the snails, but their lack of experience with this nonnative 
snail may have been a factor. Bubbling Ponds Hatchery pro-
vides a dense and varied T. e. megalops prey base of native 
and nonnative fishes, Anaxyrus woodhousii, Ambystoma ma-
vortium nebulosum, and nonnative Lithobates catesbeianus, 
so it is unlikely that food is limited. In both cases, the snake’s 
vision was completely obscured while it attempted to access 
the snail. The ease with which one snake was captured, cou-
pled with the road mortality, suggests that a shift in diet to 
include this nonnative prey item might be deleterious. 

meGAn e. yOunG (e-mail: megan.e.young00@gmail.com) and vAl-
eRie l. bOyARSki (e-mail: vboyarski@azgfd.gov), nongame Branch, ari-
zona game and fish department, 5000 W. Carefree highway, Phoenix, ari-
zona 85086-5000, uSa. 

Fig. 1. Three adult shrews (Sorex sp.) ingested by a single, pregnant 
Thamnophis elegans vagrans from Mink Creek, Bannock County, 
Idaho. 

Fig. 1. Adult female Thamnophis eques megalops from Bubbling 
Ponds Hatchery, Arizona, attempting to eat a nonnative Chinese 
Mystery Snail, Cipangopaludina chinensis. 
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TROPIDOLAEMUS SUBANNULATUS (Bornean Banded Pit-
viper). DIET. Tropidolaemus subannulatus is one of the most 
commonly encountered snakes in lowland rainforest in Borneo. 
Despite being a common species there is little information about 
its diet. It is known to prey on small rodents and birds (Das 2010. 
A Field Guide to the Reptiles of South-east Asia. New Holland 
Publishers, London. 376 pp.). On 25 September 2009, at 2230 h, 
we found an adult male T. subannulatus (total length ca. 50 cm) 
feeding on an adult female Polypedates leucomystax in Kubah 
National Park, western Sarawak, Malaysian Borneo. The snake 
had already swallowed the head and right arm of the frog (Fig. 1). 
After another 30 min it had completely devoured its prey.

J. mAXimiliAn dehlinG, institut für integrierte naturwissen-
schaften, abteilung Biologie, universität koblenz-landau, univer-
sitätsstraße 1, 56070 koblenz, germany (e-mail: megophrys@gmail.com); 
d. mAtthiAS dehlinG, Biodiversitäts- und klimaforschungszentrum 
frankfurt, Senckenberganlage 25, 60325 frankfurt am main, germany.

VIPERA BERUS (Common Adder). DEFENSIVE BEHAVIOR. 
Vipera berus is a well-studied and often common snake with a 
wide distribution reaching into the Arctic Circle (Stafford 1987. 
The Adder. Shire Publications. Aylesbury, U.K. 24 pp.). At 1107 
h on 23 April 2011 at Laughton Forest, North Lincolnshire, U.K. 
(53.4977°N, 0.7242°W, datum: WGS84), I witnessed a previously 
undocumented behavior by a small (209 mm total length) V. 
berus. The observation took place on a warm (25.6°C) sunny day 
and the adder was found basking on a patch of gorse (Ulex sp.) 
in a forest clearing with heath vegetation near a drainage ditch. 
Upon capture, the snake employed typical defensive tactics in-
cluding hissing, striking, voiding cloacal contents, and hiding 
its head under body coils (Mori and Burghardt 2008. J. Ethol. 

26:61–68). Prior to this, escape was attempted by moving quickly 
away. During these attempts the adder was observed to repeat-
edly tense its body in a corkscrew posture (helical rather than a 
coil) and then straighten out again in quick succession. The be-
havior was more intense when the individual was touched with 
a snake hook and superficially resembled the behavior of an 
earthworm when cut in two. Although this behavior was distinc-
tive and warrants recognition, I can find no reference to cork-
screwing in V. berus, although it may have been subsumed under 
more general categories in previous literature (such as Mori and 
Burghardt’s [op. cit.] “jerk”).
 There are two possible reasons for corkscrewing: a func-
tional antipredator mechanism or an aberrant behavior due 
to poor health. With regards to the latter, Funk (2006. In Mad-
er [ed.], Reptile Medicine and Surgery, 2nd ed., pp. 675–682. 
Saunders Elsevier. St. Louis) briefly described an undiag-
nosed neurological problem in a captive Lamprophis fuligi-
nosus (African House Snake). The snake would move normal-
ly until stimulated, at which point it “coiled into a series of 
loops and rolled across the substrate for 1 to 3 minutes.” The 
accompanying photo of the animal shows a posture similar to 
the corkscrewing observed here. Although the L. fuliginosus 
apparently held the posture for a few minutes, in contrast to 
the V. berus described herein, I cannot rule out a neurological 
problem as a cause of the corkscrewing behavior.
 Antipredator behaviors can function in a variety of ways. 
I can suggest three possible benefits of corkscrewing for 
V. berus. First, erratic movement in itself during escape, or 
“protean behavior,” is a well known defensive tactic among 
animals (Ruxton et al. 2004. Avoiding Attack. Oxford Univ. 
Press. Oxford, U.K. 249 pp.) and presumably makes the prey 
difficult to follow or subdue. Second, because of the micro-
habitat in which the adder was found, the act of corkscrew-
ing often resulted in it becoming tangled around vegetation, 
making it more difficult to extract. Third, the combination of 
the quick movements and the zigzag pattern may result in a 
motion dazzle effect. This has been shown using simulated 
prey on a computer screen and human predators to interfere 
with speed perception and make the prey more difficult to 
catch (Scott-Samuel et al. 2011. PLoS ONE 6:e20233; Stevens 
et al. 2008. Proc. Royal Soc. B 275:2639–2643). Despite this ev-
idence however, few empirical, real-life examples have been 
documented. Further observations and studies may help to 
establish how widespread corkscrewing in V. berus and per-
haps other snake species, and also shed light on the function 
of the behavior.
 I thank Nick Burgess for assistance in the field.

kevin ARbuckle, institute of integrative Biology, Biosciences Build-
ing, university of liverpool, Crown Street, liverpool, united kingdom, l69 
7zB; e-mail: k.arbuckle@msn.com.

Fig. 1. Adult male Tropidolaemus subannulatus feeding on adult fe-
male Polypedates leucomystax.
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the Wildlife techniques manual, 7th edition

edited by nova J. Silvy. 2012. Johns hopkins university Press (www.
press.jhu.edu). 2 volumes: xv + 686 pages, xii + 414 pages. hardcover. 
uS $150.00. iSBn 1-4214-0159-2.

JOhn J. mORiARty
Ramsey County Parks
2015 N. Van Dyke St., Maplewood, Minnesota 55109, USA
e-mail: frogs@umn.edu

The Wildlife Techniques Manual has been a mainstay of the 
wildlife profession for over 50 years. The 7th edition is the first 
edition that has not been published solely by The Wildlife Soci-
ety (TWS). The current incarnation of the Manual was published 
under a new partnership with Johns Hopkins University Press 
and, for the first time, it has appeared in two volumes.

Each subsequent edition of the Wildlife Techniques Manual 
has expanded its coverage to include new technologies and tech-
niques. The latest edition has 13 more chapters than the 6th edi-
tion (Braun 2005) and the number of contributors has increased 
to 109. These are all well-respected wildlife biologists and con-
servationists but unfortunately, none of them are members of 
the major herpetological societies.

The 37 Chapters are broken into nine sections. In the first vol-
ume, on research, there are two chapters on design and analyti-
cal techniques, five on capture and handling techniques, three 
on identification and marking techniques, five on measuring 

animal abundance, three on measuring wildlife habitat, and four 
on research on individual species. The second volume is geared 
toward management with three chapters on management per-
spectives, seven on managing landscapes for wildlife, and five 
on managing wildlife populations. The literature cited section, 
with 172 pages and approximately 7500 citations, highlights 
thoroughness of the chapters. 

The Wildlife Techniques Manual was originally aimed at bi-
ologists working with game species. The information presented 
was about deer, elk, pheasants, grouse, ducks, and other tradi-
tional wildlife species. While these are still important species, 
each additional revision has included a wider range of topics and 
species. In the new edition, reptile and amphibian studies are 
highlighted in eleven chapters. This parallels an overall increase 
in amphibian and reptile related papers in TWS publications 
(Cristoffel and Lepczyk 2012). The increasing crossover between 
herpetology and wildlife conservation is needed for robust am-
phibian and reptile conservation efforts. 

In addition to explicitly herpetofaunal material, any reptile or 
amphibian field study could benefit from chapters in the Manu-
al that cover topics ranging from research and experimental de-
sign, wildlife radio-telemetry and remote sensing, and modeling 
vertebrate use of terrestrial resources, to human dimensions of 
wildlife management, communication and outreach, and habi-
tat conservation planning.   

There are a few areas, however, where I feel reptile and am-
phibian interests were short-changed. In the marking section 
Ferner (1979) is cited, but not Ferner (2007), which is a more 
complete and up-to-date reference on marking techniques. In 
the habitat sections there is no mention of the Partners in Am-
phibian and Reptile Conservation (PARC) habitat guidelines 
(Kingsbury and Gibson 2002; Pilliod and Wind 2008), nor of any 
chapters from Urban Herpetology (Mitchell et al. 2008). These are 
important publications that provide habitat and conservation 
techniques for taxa beyond amphibians and reptiles and they are 
available and known to the wildlife community.  

TWS maintains a website for users of the Wildlife Techniques 
Manual that includes images of the all figures used in the book, 
powerpoint presentations of selected chapters, and potential 
questions and topics for instructors who may want to use this 
book as a text. This website will include additional materials that 
can be used with the book as they are developed.

The Wildlife Techniques Manual may not be the single re-
source for amphibian and reptile field researchers, but it defi-
nitely needs to be on their bookshelf next to Reptile Biodiversity 
(McDiarmid et al. 2012).  The partnership with Johns Hopkins 
will make this important book known to a wider circle of re-
searchers and managers beyond the traditional wildlifers.

bOOk RevieWSbOOk RevieWS
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the case of the Green turtle: An uncensored 
history of a conservation icon

alison rieser. 2012. The Johns hopkins university Press, Baltimore, 
maryland (www.press.jhu.edu). hardcover. xii + 338 pp. uS $45.00. 
iSBn 9781421405797.

c. kenneth dOdd, JR.
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e-mail: Terrapene600@gmail.com

In 1976, I joined the U.S. Fish 
and Wildlife Service’s Office of 
Endangered Species (OES) as 
staff herpetologist. My Ph.D. 
was on Neotropical salamander 
behavior, and sea turtles were 
little known to me, much less 
their complicated biology and 
premier position among reptiles 
in the gourmet and indigenous 
food trade. I was never involved 
in the listing of the Green Turtle 
(Chelonia mydas), as that was 
handled through its comple-
tion in 1978 by Dr. Ron Nowak 
of OES. Nevertheless, I worked 
closely with Ron with the under-
standing that I would handle all 
endangered species matters for 

Green Turtles once listed. I never dreamed of the controversy 
that was to ensue over the question of Green Turtle farming, nor 
how I would be thrust into it complete with attempts to fire me 

for “impeding” commerce in this species. As I was to learn over 
the course of eight years at OES, personal attacks were just part 
of the job. 
 The Case of the Green Turtle: An Uncensored History of a Con-
servation Icon by Alison Rieser is an examination of the history 
of Green Turtle research and conservation, from its beginnings 
with the work of Frank Moorhouse in Australia, Tom Harrisson 
and John Hendrickson in Southeast Asia, and Archie Carr and 
colleagues in the Caribbean, to the later research and indige-
nous-based ranching system of Robert Bustard in Australia, the 
sociological studies of Bernard Nietschmann on turtling along 
the Miskito Coast (Nietschmann 1979),  and the conservation 
advocacy of Wayne King, Frank Lund, David Ehrenfeld, and oth-
ers. Relationships among sea turtle researchers were not always 
amiable. After all, a biography of Tom Harrisson was entitled The 
Most Offending Soul Alive with apparent good reason (Heimann 
1998). Rieser is usually judicious in bringing tense interactions 
to light without casting aspersions upon character. She explains 
the origin of some of the long-standing personality clashes, a few 
of which were magnified considerably as Mariculture Ltd. and its 
successor, Cayman Turtle Farm, squared off in letters, court ap-
pearances, professional and private meetings, the press, and the 
scientific and popular literature, with federal officials charged 
with protecting the imperiled species.
 Green Turtle is composed of 16 chapters, an epilogue, two 
short appendices, and an extensive section of supporting notes 
and literature citations. The first part of the book traces the his-
tory of turtling worldwide before shifting to summaries of early 
research attempts and discoveries from Australia, Sarawak, and 
Costa Rica. This is the part of the book that herpetological and 
chelonian historians will particularly enjoy. Rieser’s writing style 
is crisp and clean, and she is adept at telling the human as well 
as the biological story of Chelonia and those who pursued it for 
subsistence, gourmet appetites, or for an understanding of its 
biological mysteries. I learned a number of interesting details, 
such as how John Hendrickson came across the idea of putting 
a cattle ear tag on sea turtles and how Tom Harrisson pilfered 
the idea (and much of Hendrickson’s original data); how actress 
Polly Bergen’s company was behind attempts to commercialize 
turtle oil in cosmetics; how initial protection of turtles in Austra-
lia was effected largely as a result of an anticruelty campaign in 
the early 1950s; and how the state of Florida consistently opted 
not to protect sea turtles, despite serious documented declines, 
in order to protect commercial interests (some things never 
change). I could not find anything in this section that I dis-
agreed with or that Reiser overlooked, including finding refer-
ence to the early studies of Green Turtles along the south Texas 
coast.
 The middle part of Rieser’s book is devoted to a history of 
turtle farming, first as a conservation option and later as a com-
mercial enterprise. She reiterates Archie Carr’s initially favor-
able attitude toward farming, which evaporated in time under 
a wave of new scientific findings on Green Turtle biology and 
the intense pressure exerted on him and others in the IUCN 
Marine Turtle Specialist Group to sanction Mariculture Ltd.  Ar-
chie never liked confrontation, and the more he was pushed 
the more he withdrew from conservation activism. Still, he was 
never shy about voicing his personal opinions based on the 
science as then understood. Rieser goes into extensive detail 
concerning all the various meetings and implications of clas-
sifying the Green Turtle as endangered or threatened, both 
from the IUCN’s point of view and that of Mariculture Ltd. This 
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distinction rested largely on projections of decline based on 
past and current population trends rather than present (1970s) 
status. Should (wide-ranging) species be protected as popula-
tions are currently, or as they likely are to become? This is a vex-
ing question even today. 
 Whether a species was listed as endangered or threatened 
in the United States had implications for commercial farming, 
since a threatened status could allow special regulations to 
exempt farmed products or at least allow their transshipment 
through US ports. If endangered, total protection from com-
merce would be automatic. Mariculture Ltd. wanted to open 
US markets to their Green Turtle products, or at least be able to 
ship the products through US ports to Europe. Rieser describes 
the history of Mariculture Ltd. and Cayman Turtle Farm (CTF) to 
give the reader a reasonably good understanding of the devel-
opment of these enterprises, how they changed through time in 
practice and philosophy, and the motivations behind the finan-
cial backers. For example, I never really thought Dr. Judith Mit-
tag (inventor of the OB tampon), the owner of CTF, desired the 
exploitation of this endangered species or the hornet nest she 
stepped into, but instead truly thought farming might help al-
leviate commercial pressure on the species; let’s just say, I think 
she received some very bad business advice. Others in this saga, 
however, were not so conservation minded. Curiously, Rieser 
never discusses other turtle farms and their potential to impact 
conservation, particularly CORAIL, a French Green Turtle farm 
operating in Reunion.
 The last half of Green Turtle is devoted to the political and 
legal maneuvering among the successive farms, sea turtle sci-
entists, conservation organizations, and various federal agen-
cies, especially the Fish and Wildlife Service (FWS) and National 
Marine Fisheries Service (NMFS). She touches upon the struggle 
between the conservation-oriented FWS and the commercially-
oriented NMFS, but I found this section somewhat incomplete. 
Perhaps this is because Wayne Witzell and I were the only gov-
ernment scientists Rieser contacted, as listed in the acknowledg-
ments. Other than for court and other public documents, Rieser 
gives little indication of the truly adversarial struggle between the 
agencies, the intense outside pressure put on government scien-
tists and administrators (e.g., Senator John Danforth of Missouri 
tried to have me removed from OES; the Danforth fortune came 
from Purina Foods, which supplied the turtle farms with their 
expensive turtle chow), or even the reasoning for the positions 
adopted by those agencies. In many respects, the listing of the 
Green Turtle and the philosophical positions thus adopted to-
ward protected species and commercial use set the subsequent 
direction of implementation of the federal endangered species 
program. How serious would the agencies be when confronted 
by severe legal challenges, and how effective would regulations 
be in protecting wildlife in the face of many uncertain and non-
biological factors, such as the effect of sanctioned trade?
 In terms of criticism from one who lived on the inside of the 
controversy, Rieser appears overly sympathetic to Mariculture 
Ltd., Cayman Turtle Farm, and some of those scientists (e.g., Leo 
Brongersma, Nicholas Mrosovsky) who supported turtle farming, 
perhaps relying too much on Fosdick and Fosdick (1994) pub-
lished by Irvin Naylor, president of Mariculture Ltd. I found that 
book to be self-serving and one-sided, and I noted that Rieser’s 
discussion frequently cites this book. Rieser also acknowledges 
the Fosdicks for their “meticulously researched and engrossing 
book.” Well, I suppose that’s a matter of opinion. Perhaps I re-
member a little too much of Mr. Naylor’s personality when he 

described me as “a pretty-far-left-of-center character,” “a phony 
‘scientist,’” and a “Dustin Hoffman look-alike, talk-alike, dress 
and manner” (letter from I. S. Naylor to Cecil Andrus, Decem-
ber 3, 1979; CKD files) in one of his many attempts to have me 
fired.  Naylor has since departed this life, so perhaps I should 
let it go. As a person with no background in sea turtle research, 
policy, or connection to anyone involved, the only approach for 
me and others to take was to read all the literature and hear all 
the arguments, then make a decision based on the evidence pre-
sented. To this day, I believe the agencies made the correct deci-
sion based on science (“the best available scientific information” 
as per the Endangered Species Act of 1973 [ESA]), not hunches 
based on personal philosophy.
 I have a number of other questions concerning Green Turtle. 
Perhaps it was beyond the scope of the author, but Rieser re-
ally never addresses the accuracy of biological claims of Mari-
culture Ltd. and CTF. Could they supply a superior product that 
would be easily identifiable in transshipments? Did they ever 
really attain a self-contained breeding population totally unreli-
ant on wild populations? Was the research conducted there so 
important as to justify worldwide distribution of turtle soup and 
stuffed juveniles? Rieser discusses Bernard Nietschmann’s work 
on the sociological effects of commercialization of a heretofore 
subsistence take, but never tackles the sociological implications 
of having a large European corporation take over the turtle trade 
from indigenous peoples. She never goes into the intense discus-
sions concerning definitions of ranching as opposed to farming. 
And finally, she sees the preparation of an Environmental Impact 
Statement (EIS) by NMFS concerning the listing C. mydas as a 
delaying tactic (which it was), although this was not the only rea-
son FWS opposed the EIS. Plainly speaking, the preparation of 
an EIS could have set a precedent for any listing proposal. Since 
FWS did nearly all federal listing under the ESA, it would have 
placed a tremendous burden on staff and resources, thus delay-
ing innumerable listing proposals.
 Rieser covers the turtle farming literature well, although she 
missed my paper rebutting Mrosovsky’s (1983) book advocating 
exploitation, including farming, as a conservation option (Dodd 
1985). She also had me as a “newly appointed herpetologist” in 
1979, although as noted earlier I had been in OES for 3 years by 
then. I will end my critique with two points. One, I am confused 
about the word “uncensored” in the subtitle of Green Turtle. No 
one was ever censored, as indicated by the voluminous corre-
spondence, Marine Turtle Newsletter editorials, and endless dis-
cussions on this topic. Because a policy was not adopted does 
not mean an idea was censored. Two, I am perplexed as to why 
Rieser puts such weight (in the introduction and the epilogue) 
on Judge George Mackinnon’s personal opinion (i.e., entered as 
a private note to the Chief Justice of the Court of Appeals) that 
“the logic of this [the government’s] case is appalling” while at 
the same time ruling in the Justice Department’s favor in uphold-
ing a ban on CTF products. Judge Mackinnon may have been en-
titled to voice his belief, but he was no biologist, sea turtle scien-
tist, or in the least bit familiar with the economics of exploitation 
of endangered species. The only thing that really matters is that 
he made a correct legal decision.
 Whereas Rieser’s final pages seem to say, “I guess we’ll never 
know” about whether mariculture could “save” Green Turtles, 
one can as easily speculate about the reality of trying to stop a 
well-backed multinational commerce if the supportive conser-
vation claims subsequently proved baseless, especially in to-
day’s political climate. While I recommend this book for readers 
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interested in sea turtle and herpetological history, it will also give 
readers with no knowledge outside of academia a glimpse into 
the world of policy and politics in the conservation of amphib-
ians and reptiles; few hardy souls wade into this arena. Whether 
or not we know the effect on wild populations if every supermar-
ket in the Western world stocked CTF Green Turtle soup, we need 
to remember that in conservation, first do no harm is more than 
a catchy phrase. Today, ecotourism to see sea turtles in the water 
or nesting brings tremendous economic value to the peoples of 
coastal waters throughout the tropics. If the Lord Mayor of Lon-
don (mentioned by Rieser several times) must forgo his gourmet 
turtle soup, so be it.
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Snakes are fascinating 
creatures to most people; 
Harry Greene’s (1997) popular 
and successful book with su-
perb photographs by Michael 
and Patricia Fogden is proof 
of that. To narrow the field of 
books for comparison to the 
book I will review here, Old 
World Vipers (hereafter OWV) 
by Tony Phelps, a few others 
come to mind. First and fore-
most, Campbell and Lamar’s 
(2004) opus on The Venom-
ous Reptiles of the Western 
Hemisphere. This two-volume 
book sets the standard—it is 
comprehensive, detailed, and 
of high quality. Mallow et al. 

(2003) published a book titled, True Vipers: Natural History and 
Toxinology of Old World Vipers. This book appears closest in 
scope to Phelps’ OWV (2011). The next two books fall partially 
within the scope of OWV. Spawls and Branch’s (1995) book on 
The Dangerous Snakes of Africa includes all vipers in Africa (and 
the Sinai Peninsula). The second book is Brodmann’s (1987) 
book on the venomous snakes of Europe and the genus Vipera 
(sensu lato) in Africa and Asia. It is written in German and stands 
out because of the large number of extraordinary photographs. 
The latter two books together review the majority of the snake 
species discussed in OWV. 

OWV is a medium format book with solid binding and print-
ed on high quality paper. For its 558 pages the book is heavy 
(1640 g)! When flipping through the pages the high number of 
large color photos and distribution maps is immediately appar-
ent. Photos and maps dominate the book. In the beginning of the 
book one learns that the title “Old World Vipers” is not defined 
by geography but rather refers to viperine snakes, sometimes re-
ferred to as true vipers, which only occur in the Old World. Inter-
estingly, the author includes the monotypic Azemiopinae and its 
only member, Azemiops feae, a seemingly rare snake restricted 
to a relatively small area in Asia. Molecular data thus far show 
it is not closely related to Viperinae. Recent phylogenies (Heise 
et al. 1995; Pyron et al. 2010; Vidal and Hedges 2002) all agree 
on the monophyly of Azemiops plus the subfamily Crotalinae 
(or pitvipers). Crotaline species are numerous in both the Old 
and the New Worlds. The choice to include Azemiops renders the 
focus group of OWV paraphyletic, which warrants a clear state-
ment of why this arrangement was chosen. Almost ten years ago, 
with less phylogenetic evidence available at the time, Mallow et 
al. (2003) chose to include Azemiops in their book on true vipers. 
Phelps mentions that Azemiops “is said to be the sister group 
with regard to the origins of the pitvipers”(p. 14). No reference 
is given and he continues “but it is a unique viper and described 
here as a true viper.”  This is confusing and inconsistent with the 
literature.

The book contains a foreword, seven chapters, a glossary 
and a bibliography. Chapter 1 is a general introduction to the 
vipers. The author goes through a number of typical viper char-
acteristics and explains them using examples. These examples 
often include pitvipers, which are not the focus of the book, but 
have been the subject of vastly more research. The author men-
tions that the serrated lateral saw scales and the related defen-
sive behavior in Cerastes and Echis evolved to conserve water. 
The anatomical-physiological mechanism of this is not obvious 
to me, thus a substantiating reference would have been desir-
able. The author goes on to mention that the systematics and 
taxonomy of vipers (and systematics and taxonomy in general) 
have witnessed a revolution over the past decades. This revolu-
tion is based on the emergence of molecular genetics and its now 
dominant role. Molecular systematics is superior to traditional 
morphological approaches as DNA-based phylogenies are less 
sensitive to homoplasy and allow for more or less accurate tim-
ing of evolutionary events. Nonetheless, the author declares tra-
ditional morphological approaches to be “just as relevant” (pp. 
36 and 40).

Chapter 2 is on the origins, biogeography and classification 
of vipers. A footnote for the genus Adenorhinos in Table 1 reads 
“can be included in Atheris.” Why is that? Again, a reference to 
understand the reasoning behind that statement would be most 
welcome. Table 2 compares changes in pitviper systematics from 
1980 to more recent, which seems to be outside of the book’s 
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focus. The legend for Table 2 refers to many new genera and spe-
cies being created. The choice of words is unfortunate as species 
are not created but evolve (!) and new species (to science) are 
discovered and described. On page 40 the loss of the rattle in the 
rattlesnake Crotalus catalinensis is linked to an arboreal lifestyle, 
which in other arboreal viper species has been related to feeding 
on birds. However, a recent study (Avila-Villegas et al. 2007) finds 
no such evidence of exclusive bird predation.

Chapter 3 deals with the viper’s environment and moves 
through the different habitat types in subsections. This chapter 
includes a multitude of informative photographs. They allow 
the reader to gain a good general impression of different snake 
habitats. The legend to Figure 55 fails to mention a country. Mul-
tiple photos show snakes in their habitat and, if taken in situ, 
indirectly provide additional information on the snakes’ life his-
tory (see Fig. 131, for example). On page 82 the author refers to 
three Atheris species and mentions that they are often found in 
papyrus and phragmites marshes where they eat small frogs. 
I find this very interesting and would like to follow up on this. 
The missing reference makes it hard to do so.  In the subsection 
on mountains, one of the few true high altitude African species, 
Montatheris hindii, is not included.

Chapter 4 deals with habits and behavior and includes sub-
sections on populations, activity cycles, reproduction, foraging 
and feeding, sympatry, predators, and survival and longevity. 
The nomenclature for the Great Basin Rattlesnake used is incon-
sistent: on page 122 Crotalus oreganus lutosus is used whereas 
the legend to Figure 137 states Crotalus lutosus. The meaning of 
the fifth paragraph on page 126 eludes me. It is not clear to me 
how radio telemetry can enhance the calculation of population 
densities. On page 140 the author introduces the Type IIFY fe-
male reproductive cycle for some North American pitvipers and 
provides references. However, not all readers have access to pri-
mary literature, which makes an explanation of technical terms 
like Type IIFY necessary (see review by Taylor and DeNardo 
2010). The term is not in the glossary. It is also surprising that 
reproductive strategies, such as multiple paternity/sperm com-
petition (Höggren and Tegelstrom 2002) and facultative parthe-
nogenesis (Schuett et al. 1997) are not mentioned. Results of re-
cent studies suggest that these strategies are more common and 
important than previously thought (Booth and Schuett 2011). 
The author repeatedly uses the term “inbred depression” (p. 177 
for examples) while inbreeding depression is the correct term to 
describe a decrease in fitness and vigor as a result of inbreeding. 
The term is missing from the glossary.

Chapter 5 is entitled “Working with vipers.”  A section on field 
studies gives a general overview of what needs to be taken into 
account when engaging in such an effort. The section on radio 
telemetry (p. 194) is short and does not reflect the importance of 
this technology for the study of extremely elusive species such as 
snakes. Without radio telemetry our knowledge on ecology and 
behavior of snakes would be vastly diminished. Scientific studies 
should use the appropriate technology available to provide for 
up-to-date datasets at competitive cost.  Labor is usually among 
the high cost budget items and modern technology such as radio 
telemetry allows us to use labor most efficiently. In snake field 
studies radio telemetry is an extraordinarily important tech-
nology. The author mentions that radio telemetry provides for 
environmental data which in reality is restricted to transmitter 
temperature (snake body temperature). He also mentions GPS 
radio transmitters, which is strange, as they, due to their large 
unit size, play no role in viper research. The section on vipers in 

captivity provides a thorough overview of husbandry of vipers. 
In the section on conservation I found it interesting that a bottle-
necked viper population with severe inbreeding depression was 
managed to increase genetic diversity through the introduction 
of additional males from a neighboring population with the ap-
propriate reference provided (p. 223, Madsen et al. 1999). How-
ever, it is strange that the follow-up publication by Madsen et al. 
(2004), in which the authors show the long-term effects of the 
time-restricted augmentation is not mentioned in the text (but 
listed in the bibliography). Table 6 provides a list of Old World 
snakes responsible for the majority of fatalities and morbidity. 
Information that relates to human health and medical planning 
should be based on thorough scientific standards. The reader 
has no possibility to check this and separate fact from fiction as 
no references or original data are provided.

Chapter 6 includes the species accounts and stretches over 
282 pages. The species accounts are in alphabetical order with 
the exception of Montivipera and Montatheris. The chapter pro-
vides a short introduction for each genus and includes common 
name, description, reproduction, diet, habitat, distribution, tax-
onomy, venom, and field notes for each species. The author con-
tinues to use the monotypic genus Adenorhinos, while he notes 
that Lenk et al. (2001) have shown that Adenorhinos is nested 
within Atheris. The use of this outdated taxonomy appears in-
consistent. The distribution maps for numerous species do not 
accurately represent the distribution described in the text. Ex-
amples are Atheris broadleyi and Atheris chlorechis. According 
to the Bitis cornuta species account, B. atropos and B. cornuta 
are syntopic in the southern part of the Cederberg range (p. 296). 
However, according to the distribution maps this is impossible, 
as their distributions do not overlap. Eleven Bitis gabonica were 
caught near the Zambian border in Tanzania in 1967 (Ionides, 
pers. comm. fide Phelps, p. 300). Unfortunately, the species’ dis-
tribution map does not reflect this as the only area of occurrence 
in Tanzania lies in the coastal area in the northeast (p. 299). In 
the species account for Echis jogeri the author states a distribu-
tion in western and central Mali, the distribution map shows 
central Mali, whereas the figure legends for figures 397 and 398 
state Bandafassi, Senegal. On page 327 the author writes that 
Causus is nested within Viperinae following Nagy et al. (2005) 
and Wüster et al. (2008). Based on the data in both publications 
the position of Causus within the Viperinae is not clear at all and 
mostly lacks statistical support. Therefore, the relationship of 
Causus to other viperine groups must be treated as unresolved. 
The mention of an undescribed species of Causus occurring in 
Cameroon and western Central African Republic without any 
further information seems far-fetched. The section on venom 
in the species accounts does not always match the information 
on envenoming in Chapter 7 (see Atheris chlorechis pp. 242 and 
515). Due to the date of publication the book does not include 
the newly described species Cerastes boehmei (Wagner and 
Wilms 2010) and Atheris matildae (Menegon et al. 2011), which 
are mentioned here for completeness.

David Warrell wrote on the envenoming by Old World vipers 
and adders in Chapter 7. This chapter is concise and focused and 
excellently explains the subject in appropriate depth. It includes 
a list of envenomings by individual taxa and contains treatments 
and outcomes. A number of excellent (and sometimes horrifying) 
pictures add to these accounts. The accounts, in combination 
with their references make this chapter a unique resource.

In the glossary the term congener is defined as being of the 
same species while, in biology, its definition is: being within the 
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same genus. A large number of technical terms found throughout 
the book such as evolutionary convergence, hemipenis, holotype, 
Miocene, terra typica, torpor, toxinology, and vitellogenesis are 
missing in the glossary and remain unexplained. 

In conclusion, this book has a large number of shortcomings. 
Some, but not all, are mentioned above. The book does not 
adhere to scientific standards as it is highly speculative or lacks 
references in many passages. For the non-scientist reader the 
book lacks a structured explanation and comprehensive and 
up-to-date treatment of methods and biological principles. 
New important fields of research and scientific progress are 
missing or mentioned too briefly. Some of the information 
is inconsistent, leaving the reader to wonder which species 
distribution, for example, is correct (text or map). David Warrell’s 
excellent chapter is the exception and I recommend it without 
reservation. The book does include many photographs of rare 
snake species which have not been widely published. Overall, 
I can recommend the book only to the reader who is willing to 
pay a relatively high price for many good photographs and the 
information on envenoming.  This is, however, unfortunate, 
especially because much of the criticism could have been 
avoided with a thorough review and editing process.

I thank Gordon Schuett for critical suggestions on the 
manuscript and my judgments.
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This remarkable little book is 
not just a field guide. Within its 
116 pages, one finds much more 
than characteristics for identi-
fication, range, and photos. In-
stead, by restricting himself to 
the venomous species of Texas, 
the author was able to expound 
upon many aspects of the biol-
ogy of each species, while main-
taining a convenient size for the 
pocket. With 15 recognized taxa 
(including subspecies), Texas 
has more venomous snake spe-
cies than any other state in the 
U.S. except Arizona. The focus 
of the book is clearly to provide 
a convenient reference that will 
be useful to both a general audi-
ence of outdoor enthusiasts and 
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the scientific community. Unlike many field guides that have text 
in brief, telegraphic style, or even just a list of symbols to indicate 
habitat, diet, etc., this is a very readable book and I recommend 
reading it from cover to cover.

The cover of the book is tough but flexible and features a 
photograph of a Texas Coralsnake, Micrurus fulvius tener (Mi-
crurus tener of some authors). The contents of the book are or-
ganized into three main sections beginning with 20 pages about 
snakebite, including prevention, symptoms and treatment.  The 
middle and largest section of text consists of 61 pages of detailed 
species accounts that deal with identification and biological 
characteristics of each species. The back end of the book (34 
pages) begins with a note about snake conservation, and then 
provides a number of reference sections including a glossary, 
bibliography, and index.

The introduction begins with a page on what snakes are and 
how they evolved. This brief introduction is surprisingly de-
tailed, including the relationship of snakes to lizards, the fossil 
record of the earliest snakes, and hypotheses about snake ori-
gins, including the fossorial origins hypothesis and the marine 
aquatic origins hypothesis. The remaining 19 pages of introduc-
tory material cover the topic of snakebite in great detail. This sec-
tion summarizes several studies of snakebite in Texas, providing 
details on the number of bites reported to given agencies dur-
ing specific time intervals, with the cases broken down by spe-
cies, gender, and ages of the victims, body parts bitten, season 
when bitten, symptoms, and treatment. An interesting table of 
the causes of human deaths in Texas from selected outdoor ac-
tivities, including automobile and boating accidents as well as 
hunting accidents and lightning strikes, shows mortality rates 
on a yearly basis from 1997 to 2005 (from Texas Department of 
Health). It reveals that snakebite deaths are much less common 
than lightning strike deaths in each of those years. In fact, if one 
of the original purposes of this book was to help alleviate peo-
ple’s fear of snakes, these data indicate that it would be far more 
rational to fear automobiles! This section also provides detailed 
information on how to differentiate venomous snakes from non-
venomous snakes (in general), what venom is and how it acts; 
Price offers the most detailed, step-by-step accounts of how to 
significantly reduce the risk of snakebite, and proper courses of 
action in the event of a snakebite that I have encountered any-
where. This section also provides a list of eight things not to do 
if bitten by a snake, including many of the home and field rem-
edies suggested in outdoor magazines and other places over the 
years, such as electroshock and cryotherapy. The section ends 
with a brief account of proper medical treatment for snakebite 
victims.

Each species account includes in its heading the common 
name of the species, as well as its scientific name (including 
author and date of publication). This is followed by a section 
labeled “Content” that gives the number of subspecies recog-
nized, and the number of these that occur in Texas, and then 
gives the common and scientific name of each Texas subspecies. 
“Content” is followed by “Description” in which a detailed de-
scription of external characteristics is provided, including size 
range, maximum size in Texas, and scutellation. This is followed 
by a description of color and pattern together with intraspecific 
variation. The description section also tells us how to distinguish 
among the recognized subspecies. This is followed by a section 
called “Differentiating Similar Species,” in which characters that 
differentiate the species as a whole from other snakes are re-
counted.

Each account has additional sections that deal with the biol-
ogy of the species, especially as it is known from studies in Texas. 
These include: “Habitat” with comments on general habitat and 
microhabitat; “Behavior” which may include comments on daily 
activity, seasonality, predatory behavior, defensive behavior, and 
preferred activity temperatures; “Reproduction” deals with not 
only reproductive behavior, but also age of first reproduction, 
sperm storage by females, season of oviposition or parturition, 
association between mother and young, and even male combat; 
a section on “Prey and Predators” deals with dietary records of 
the snakes and of animals known to have fed on them in Tex-
as, with records from nearby states added in some accounts. A 
section on “Venom Characteristics” offers information on such 
aspects as venom yield, toxicity based on LD50 studies in mice 
and lethality in humans, percentage of bites that result in hu-
man fatality, and functional characteristics such as hemolytic 
activity or neurotoxicity. A section on the fossil record includes 
references to Texas fossils and archeological remains identified 
as the species in question, giving the estimated age and county 
of occurrence. Finally, a “Remarks” section offers comments on 
lifespan, unusual records, and etymology. Each account also has 
one or more color photographs of each subspecies and a range 
map.  Some accounts also have pen-and-ink drawings of specific 
identifying features.

The photographs are mostly of high quality, showing a close-
up of an entire snake with background cropped to a minimum. 
Most of the photographs show an individual in a natural-looking 
coiled pose from a dorsolateral perspective with head and tail 
clearly visible. Most of the photos are well lit and crisp in detail, 
but a few examples appear slightly underexposed, such as fig-
ures 26 (Mojave Rattlesnake), 29 (Prairie Rattlesnake), and 31 
(Desert Massassauga). The pen-and-ink drawings are of vari-
ous types including simple line drawings, stipple drawings, and 
sketches of such things as head and body scutellation, skull char-
acteristics, dentition, and illustrations of male combat postures. 
The drawings are adopted from previous editions of the book 
and although most of them have reproduced well, one (figure 6) 
shows line breaks, and some others (figures 13 and 15) appear a 
bit smudgy from stipple-bleed, perhaps from repeated copying 
of the originals through the various editions. Despite these mi-
nor flaws, the illustrations, and especially the photographs, are 
quite good overall.

The range maps provided with each species account are of 
exceptional quality.  Each shows the entire state of Texas with 
each county outlined. The ranges of the species are indicated by 
coloring in each county of known occurrence. Although this is a 
crude method of indicating range in most states, the state of Tex-
as is large enough and divided into a sufficiently large number of 
counties that this method provides a fair degree of resolution of 
the range outlines without revealing exact localities. Where there 
are multiple subspecies of a given snake, each is shown on the 
map in a distinct, bright basic color with zones of intergrada-
tions clearly marked in a third color.

The species accounts are followed by a brief essay on con-
servation of rattlesnakes in Texas in which the author takes the 
position that rattlesnakes should be conserved as much as any 
other species. In general, though, the argument takes a middle 
ground position that rattlesnake roundups should not necessar-
ily be abolished, but that there has not been sufficient research 
to show how such harvest might be damaging to the populations 
of the state. He also takes a stand against the use of gasoline for 
flushing rattlesnakes from their dens because of the collateral 
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damage to other den inhabitants and because the effects of re-
peated use of gasoline on the habitability of dens in the long run 
has not been studied. In general, this discussion presents the 
idea that the more common species of rattlesnakes can be uti-
lized for a wide variety of purposes to satisfy the needs of a broad 
cross-section of the human populace, but that proper manage-
ment of rattlesnakes as a resource requires further study of the 
effects of current practices.

The remainder of the book consists of four reference sec-
tions. On pages 85 and 86 there is a list entitled “Useful Sources 
of Information” that consists entirely of the names, addresses, 
and phone numbers of poison centers and pharmaceutical 
companies. Clearly, “useful information” in this context means 
useful to those who have recently been, or are likely to be, bit-
ten by venomous snakes in the near future. This section could 
have been improved and expanded by including some websites 
that would refer the reader to information on snake systemat-
ics, ecology, and conservation and perhaps list some of the ma-
jor herpetological societies for the student who wants to learn 
more about snake biology. Pages 87–90 provide a brief glossary 
of terms including 65 entries. This section is replete with medi-
cal terminology and terminology related to the form and func-
tion of venom, with no fewer than 33 entries that fit into this 
category. Some of these are basic terms from organic chemistry 
like isoform and peptide. Yet, the glossary excludes such basic 
herpetological terms as pit organ and rattle (or shaker) that are 
used in the text. 

A curious feature of this book, and one of the most useful 
for the professional biologist, is the extensive bibliography, 
a feature that is not often emphasized in a field guide format. 
Entitled “References,” this section consists of a list of relevant 
literature that, presumably, served as source material during the 
writing of the book. The entries are varied, ranging from books 
and papers on snake biology, snake behavior, and the preda-
tors and prey of various venomous snakes, to papers on the ef-
fects of snake venom and the fossil and archeological record of 
snakes. At 24 pages and 314 references, this bibliography will be 
a valuable resource to anybody working with venomous snakes 
in Texas and to other herpetologists, both professional and hob-
byist. To the serious student of venomous snakes, it alone will 
be worth the price of the book. The book ends with a very brief 
index of two pages. Although it is simply titled “Index,” it is re-
ally only an index to snake names, both common and scientific. 
This is an unfortunate shortcoming because the book could be 
an invaluable quick reference to a wide variety of topics related 
to venomous snakes, but instead may require a little patience 
to find a specific topic of interest. For example, if the reader is 
interested in dry bites they must consult the Table of Contents 
to find the several sections where this could be a topic of discus-
sion, and then read or scan through the pages to find the topic. 
This done, they are amply rewarded with specific information 
about dry bites from venomous snakes in Texas (see page 14 un-
der the section titled “Venom” where one finds that 20–40% of 
bites to human victims may be considered dry bites where little 
or no venom is injected into the bite wound). Fortunately, there 
are eight blank pages at the end of the book where one may jot 
down the page numbers for useful sections of text such as this, 
and also take notes on one’s own field observations on venom-
ous snakes in Texas.
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This is the third book in the 
TERRALOG series that is devoted 
to the world’s venomous snakes, 
following Venomous Snakes of Asia 
and Venomous Snakes of Africa. 
Conceptually these are picture 
books with a large selection of good 
quality photos of nearly every spe-
cies known in the region covered. 
The better known species are rep-
resented by several pictures each. 
Regrettably, small maps give only 
a rough indication of the species’ 
distribution. Information on habi-
tat, ecology, life history, conserva-
tion and care in captivity is coded 
in pictograms. This means stan-
dardized information (e.g., eight types of habitats, representing 
general climatic zones). I could not find the pictogram “protect-
ed species” with any of the highly endangered and strictly pro-
tected species such as Vipera ursinii and Macrovipera schweizeri. 
This is a very regrettable mistake.

The text (bilingual, English and German) mainly concerns 
the adopted taxonomy. Given the ongoing debate about species 
delimitation in many viperid genera, this is of course more or 
less arbitrary and may invite some critique. Taxa described after 
2008, such as Cerastes boehmei Wagner and Wilms, 2010, Vipera 
altaica Tuniyev, Nilson and Andrén, 2010, and  Vipera renardi pu-
zanovi Kukushkin, 2009, are not listed (although some literature 
published in 2009 is cited). Some taxa are not recognized, such as 
Echis multisquamatus (not even as a subspecies) or Vipera trans-
caucasiana and V. nikolskii (only as subspecies), whereas gener-
ally the authors follow a ‘splitter’ mode of taxonomy, listing even 
species that have been rejected in the literature, such as Vipera 
magnifica and Vipera orlovi (see Joger and Stümpel 2005). Litera-
ture is not always correctly cited. For Montivipera “albizona” from 
Turkey and M. “albicornuta” from Iran, two doubtful species, the 
authors refer to Stümpel and Joger (2009), who allegedly con-
firmed their validity, but this is not so (see cited paper). Another 
doubtful taxon, Vipera aspis atra, is named V. a. aspis (form atra), 
whereas “Vipera pontica” is put into quotation marks and a dark 
Pseudocerastes from Syria is called P. cf. fieldii. Within the Afro-
tropical snake community in southwestern Arabia, Naja arabica 
is recognized as a separate species, whereas the Arabian popula-
tion of Bitis arietans is not even separated at the subspecies level.  
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There are also some erroneous maps. The Turkish mainland 
population of Macrovipera lebetina lebetina is shown as M. l. eu-
phratica, and the distribution of Vipera latastei in northern Af-
rica is not correctly shown. The ranges of Vipera b. berus and V. 
b. nikolskii are separated by a gap in the map, whereas in reality 
there is a broad zone of hybridization.

Overall, this is a recommendable picture book that gives a 
good overview of the venomous snakes of Europe and western 
and temperate parts of Asia, yet it does not give detailed infor-
mation on the species shown. 
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Deadline: 15 December 2012
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