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Change is coming quickly to SSAR. As I reported to you in 
March (“A Vision for SSAR’s Future,” HR 42: 1), SSAR is now 

undertaking sweeping changes in its publications and programs. 
I have just come from the society’s meeting in Minneapolis, held 
jointly with the American Society of Ichthyologists and Herpe-
tologists, Herpetologists’ League, and the American Elasmo-
branch Society (as the annual Joint Meeting of Ichthyologists 
and Herpetologists—”JMIH”). Several SSAR events of interest 
occurred during this meeting and I wanted to give our members 
the highlights (Society Secretary Marion Preest’s detailed report 
will appear in the December issue of this journal, 
as usual.) Responses to the dramatic changes in 
our two quarterly journals, Herpetological Review 
and Journal of Herpetology, have been overwhelm-
ingly positive and the editors, Robert Hansen, Erin 
Muths, and Gad Perry, received widespread and 
well-deserved congratulations in Minneapolis. 
The journals look great and mailing them together 
represents a real financial savings for the Society. 
  At the Plenary Session that opened the meet-
ing, I drew attention to the special events spon-
sored by SSAR to be held during the week, in par-
ticular those designed for students. I reminded 
students about our third-annual Student Social 
(co-sponsored with HL), which is designed spe-
cifically for students to meet senior herpetologists. (Nearly 200 
people attended, by the way.) James Hanken, director of the Mu-
seum of Comparative Zoology at Harvard University and Imme-
diate Past-President of ASIH, delivered a sobering address about 
the prospects for biological research funding and the future of 
biological societies. He said that the national trend over the past 
decade is that the memberships of the smaller societies have 
gone down as much as 40%, but he noted that SSAR was an ex-
ception. Over the last decade, SSAR has increased 20% in size. 
As of the end of 2010, it is now the largest of the JMIH societies. 
As I mentioned in my last message, these promising numbers 
should not allow complacency, rather they should act as an im-
petus to continue to improve and expand SSAR programs and 
benefits for members. 
 BOARD OF DIRECTORS MEETING: Although the society is 
in good financial condition, our plans exceed our current in-
come levels. The board took a bold step to make changes in its 
two journals last March, but to sustain full color imagery in HR 
and more color in JH (as well as other improvements to these 
serials), to remake and expand our website, to further enrich 
our meetings, and especially to provide more enhancements for 
students, we simply need to increase our revenue. Postage costs, 
both domestic and international, have dramatically increased. 
(The postage alone for overseas members now exceeds $31 per 
year!) We have not had a dues increase for several years. Accord-
ingly, the board decided to adjust fees and these will be noted 
in the renewal reminder that will be sent to you this fall. I think 
members will find the increases to be modest and we anticipate 
that our improved programs and publications will be well worth 
the minor change. There will be a small increase of $5 for student 
and zoo members, but a decrease of $20 for seniors over 70 years 
of age. As I anticipated in my March letter to you, the board voted 
to establish a new category of membership, Associate Member, 
a non-voting category that will receive HR only. Given the great 

reception of the newly formatted HR, we anticipate that this will 
be a popular membership option.
  Even at the new dues levels (which will be at or below those 
for our sister societies), we think that SSAR is still the best bar-
gain in herpetology, worldwide. All of our regular, senior, student, 
and zoo members receive two quarterly journals and are offered 
discounts on SSAR books and other publications. Students get 
substantially reduced fees at our meetings and have the oppor-
tunity to win research awards, travel awards, and prizes for their 
research at our meetings. Equally important, our members sup-

port everything that SSAR does to promote her-
petology in terms of research, conservation, and 
education. Nonetheless, we believe that SSAR’s 
potential is still only partly realized. With the ad-
justed dues schedule and an increase in member-
ship due to the many improvements, SSAR can do 
far more for the herpetological community, inter-
nationally, than it does today.
       Incidentally, the Board of Directors’ meetings, 
as for all SSAR-sponsored meetings, are always 
open to our members. We want our deliberations 
to be transparent and, indeed, we want feedback. 
And for those who wish to actively participate, we 
can find ways in which you can help to advance 
the goals of the society.

 LONG RANGE PLANNING COMMITTEE MEETING: Because 
the LRPC is leading the changes in SSAR, an open meeting was 
held to attract members to provide feedback to the committee. 
About 35 members attended and it was especially gratifying to 
see so many students present. The LRPC previewed current is-
sues under consideration: meeting venues, web page, electron-
ic-only memberships, and international reach. Historically, our 
meetings have been SSAR-only or SSAR/HL joint meetings on 
university campuses, but in recent years now they have been 
JMIH events in downtown conference centers. LRPC will dis-
cuss the possibility of alternating herp-only, campus venues 
with JMIH events at conference centers, and also the feasibility 
of sponsoring more meetings at non-USA sites. (SSAR has met 
in Mexico twice and in Brazil, Canada, and the UK once each.) 
There was an extensive discussion of SSAR’s current website and 
its limitations. Simply put, our website needs to provide a portal 
to all-things-herpetological, in order to serve both our member-
ship and the general public. We are not there yet, and the LRPC 
will be considering a complete makeover of the site, making it 
more interactive and greatly expanding its function. The dues 
increase is partly in anticipation of the major changes we wish 
to make in our web page that will require professional develop-
ment and maintenance. The assembled group, especially the 
younger members, was strongly in favor of getting their issues 
of JH and HR electronically. So, this will be a priority for SSAR to 
make this happen soon. Note that currently SSAR members can 
access entire electronic issues of HR via the ZenScientist web-
site. Finally, there was discussion of SSAR’s international status 
and how the society can be made more relevant and useful to 
overseas herpetologists. There was excellent feedback from the 
audience on all of these points and some good ideas, too!
  BUSINESS MEETING: I was very pleased to welcome near-
ly 200 members to the Business Meeting. Numerous reports 
were delivered by the relevant society officers and editors. Our 

further new developmentS in SSAr
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Treasurer, Kirsten Nicholson, noted that our budget has dramati-
cally increased from $263,500 in 2011 to $394,800 for 2012, al-
though the latter figure is inflated by about $75,000 because of a 
major, one-time publication project (see below). Many student 
prizes and awards were announced and these will be detailed in 
the full report of our annual meeting in the December issue of 
HR. A new category of prizes was instituted this year for Best Stu-
dent Poster, so that oral and poster presentations can now be ac-
corded equal importance. (We expect to announce a major new 
endowment to support the poster awards in the near future.) It 
was announced that SSAR will be making significant contribu-
tions to next year’s meeting at the 7th World Congress of Herpe-
tology, to be held on the spectacular Vancouver campus of the 
University of British Columbia in August. These include a con-
gress poster and several giveaway publications. SSAR will also 
run the auction, with all proceeds going to the congress. SSAR 
has long had a close relationship with the WCH and has provided 
gratis publications at each congress. (The WCH was founded at 
SSAR’s silver anniversary meeting in 1982.)
 It was officially announced at the Business Meeting that 
SSAR will be issuing a special set of volumes as its salute to next 
year’s world congress, the first to be held in North America. SSAR 
will publish a facsimile reprint of Duméril and Bibron’s classic 
work, “Erpétologie Générale” (1834–1854), one of the largest 
single works ever issued in herpetology and the greatest one in 
the French language. This consists of 10 volumes and an atlas, 
with over 7,000 pages of text and 120 color plates. Funding is now 
assured thanks to the generous support of Ronald Javitch, our 
long-time member and benefactor in Montreal. Duméril and 
Bibron’s volumes still are a key work for systematists today, and 
are especially needed in developing countries. An original copy 
today with colored plates costs $20,000, if you can find it at all, 
but SSAR is hoping to price this set at no more than $300. Full 
details will appear in HR next March.
  OTHER EVENTS IN MINNEAPOLIS: We hosted the best 
herpetological party of the decade, in the form of the Ernie 

Liner Mardi Gras auction (to develop an endowment to sup-
port, in Ernie’s words, “up-and-coming herpetologists”). 
The event was well attended and a lot of fun as bidders fu-
eled themselves with Hurricane beverages and competed for 
Mardi Gras beads. The auction items were all drawn from Er-
nie’s vast collection of books, art, and whimsical herp-related 
toys and nicknacks. On a more serious note Jaime Garcia-
Moreno and Phil Bishop of the IUCN Amphibian Survival Al-
liance were in attendance to network on behalf of that newly 
launched organization. The SSAR Board approved a resolu-
tion formally endorsing the organization.
 Finally, I would like to highlight two motions that the 
SSAR Board approved during our meeting, because I feel that 
these two gestures exemplify the inclusive attitude of our so-
ciety. From now on, all communications regarding students 
in our programs will be phrased “undergraduate and gradu-
ate students” in order to make explicit that we encourage 
participation from students at all stages of their career. One 
step further toward that notion is the new Board-approved 
program to offer a free 1-day registration fee for pre-bacca-
laureate (i.e., K–12) student (and an accompanying guardian) 
to attend our annual meeting. I can only imagine the thrill I 
would have felt had I had the opportunity to attend an SSAR 
meeting when I was in high school! These two gestures, ap-
proved by the Board, mean a lot to me as it helps me commu-
nicate that everyone is welcome at SSAR. We want your in-
put and we want you to join and contribute to our programs 
and broad family of publications as we expand the society’s 
programs and redirect them into areas relevant to where our 
field will be going during the 21st century.

Joseph R. Mendelson III, President

About our cover: OphiOmOrus nuchalis
 The “snake skinks” of the genus 
Ophiomorus are characterized by an 
elongated body and reduced append-
ages, fully absent in some species. 
The ten described species collectively 
range from Greece through south-
west Asia to northwestern India. Little 
is known of the ecology of this group, 
though several species occur in wind-

blown dune sand habitats. These sand specialist species display 
a suite of adaptations for life in the dunes: wedge-shaped snouts, 
lack of external ear openings, elongate morphology, extremely 
smooth imbricate scales, prominent ventrolateral edge, and 
small grooves into which forelimbs are folded during subsurface 
locomotion. Snake skinks are nocturnal, emerging onto the sur-
face after sunset to feed. Dune-dwelling species may be found by 
following their tracks.
 The Plateau Snake Skink (Ophiomorus nuchalis) is a rare liz-
ard, first described by Nilson and Andren based on two speci-
mens from the Kavir Desert, in north-central Iran (1978. Copeia 
1978:559–564). The type locality is a localized permanent spring 
in an otherwise hot, dry environment, and the population was 

presumed to be small. The species remained unrecorded until 
1999–2000, when two additional animals were found at the type 
locality. In 2009, a second population was discovered, about 120 
km distant from the first site and near the northern boundary of 
the Kavir Protected Region (Mozaffari et al. 2011. Russian Journal 
of Herpetology 18[1]:36–38), associated with loose soil under small 
desert shrubs. The recent discovery in a habitat that is common in 
desert regions of Iran’s Central Plateau suggests that O. nuchalis is 
probably more widely distributed than previously thought.
 Our cover image, depicting an adult male Ophiomorus nuch-
alis, was recorded by Iranian herpetologist Omid Mozaffari, in 
May 2010 near the village of Mo-
barakieh, Tehran Province, using 
a Fujifilm FinePix S9600 digital 
camera with fill flash. Mozaffari is 
one of the founding members of 
the Pars Herpetologists Institute 
(www.pars-herp.org), Iran’s first 
herpetological society, begun in 
2006. His field research is focused 
toward completing the Atlas of 
Reptiles of Iran project.
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Dean E. Metter Memorial Award for 2011

There were 27 proposals submitted this year for the Dean 
E. Metter Memorial Award. The proposals all had considerable 
merit; however, two stood out from the others and President 
Mendelson granted permission to make two awards.

The first award winner is Brandon Fessler, a student in the 
Department of Biological Sciences at Central Washington Uni-
versity in Ellensburg, Washington. He is an M.S. student who is 
studying the seasonal behavior, habitat use, and spatial ecology 
of Dicamptodon tenebrosus.  His graduate committee is chaired 
by Jason Irwin; other committee members are Daniel Beck and 
Marc Hayes.

The second awardee is Jessica Wood of the Division of Bio-
logical Sciences at the University of Missouri–Columbia. Jessica 
is a student of Carl Gerhardt’s and her proposal details a segment 
of her PhD dissertation and is entitled, “Behavioral Analysis of 
Signal Plasticity and Mate Recognition in Hyla femoralis.”

The Metter Award Committee extends its sincere thanks to 
all the students who submitted proposals this year.  We wish all 
of you the best and look forward to reading about the results of 
your graduate work in the herpetological literature.

Kennedy Student Award

The Kennedy Student Award Committee (Bill Lutterschmidt, 
Mark Paulissen, Terry Schwaner, Lynnette Sievert, Chair) has 
completed its work for Volume 44 of the Journal of Herpetology. 
The Committee has selected “New Loam-Swimming Skink, Ge-
nus Brachymeles (Reptilia: Squamata: Scincidae) from Luzon 
and Catanduanes Islands, Philippines” by Cameron D. Siler, co-
authored with Arvin C. Diesmos and Rafe M. Brown (vol. 44:49–
60). The Kennedy Award carries with it a cash prize of US $200 or 
the winner’s selection of any SSAR publications valued at twice 
that amount.
 The Committee invites all student members of the Society to 
submit their work to the Journal, and encourages regular mem-
bers who supervise the work of students to draw this award to 
the attention of those students.

SSAR Grants-in-Herpetology Program
Guidelines for Proposal Submission

 NOTE: In June 1999, the SSAR Board decided that past award 
recipients are not eligible for additional GIH awards.
 Proposals are now being accepted for the 2012 SSAR Grants-
in-Herpetology Program. This program is intended to provide 
financial support for deserving individuals or organizations in-
volved in herpetological research, education, or conservation. 
Grant proposals will be considered in the following categories: 

1. CONSERVATION OF AMPHIBIANS AND/OR REPTILES. 
Proposals should address research (particularly conserva-
tion biology) 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. Proposals must be accompanied by a letter 
of support from another member of the SSAR or a student’s 
major advisor or committee chairperson. 

2. FIELD RESEARCH. Proposals may address needs for field sta-
tion fees or equipment and materials in field oriented proj-
ects, 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 re-
gional societies may be submitted here or in TRAVEL below 
depending on how the funds are to be used. Proposals must 
be from individuals only and be accompanied by a letter of 
support from another member of the SSAR, the president of 
the sponsoring regional society (if applicable), or a student’s 
major advisor or committee chairperson. 

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

4. HERPETOLOGICAL EDUCATION. Proposals may address an 
educational project or start up support for an educational 
program in a zoo, museum, park, nature center, regional 
herpetological society, etc. The project must focus on a her-
petological topic. Proposals must be from individuals only 
and be accompanied by a letter of support from the herpe-
tological curator, the director of the facility, or the regional 
society president. Applicants need not be students or a 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 
funding is being sought. Proposals must be accompanied 
by a letter of support from another member of the SSAR or 
a student’s major advisor or committee chairperson, or the 
regional society president. 

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 
students with limited access to research funds and in coun-
tries where herpetological research has historically been 
under-funded. 

 In keeping with the Society’s goal of encouraging participa-
tion by the broadest possible community, preference may be 
given to individuals who might not have access to other funding 
sources. All applicants must be students AND members of the 
SSAR with the following exceptions: 1) those applying for sup-
port of regional herpetological society projects need not be SSAR 
members; 2) those applying for the International category must 
be students but need not be SSAR members; 3) those applying 
for the Herpetological Education category need not be a student 
or a SSAR member.

SSAr buSineSS
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 Membership dues must be paid (to SSAR Treasurer) no later 
than 15 December 2011 for proposals to be considered. Appli-
cants are limited to submission of one proposal in one category 
per year. Past recipients of an SSAR GIH award in any category 
are not eligible for future awards. Applicants must designate to 
which of the six categories their proposal is submitted (although 
the committee reserves the right to reassign proposals to catego-
ries). If proposals in any of the categories are not forthcoming, or 
judged not to be of sufficient quality, the funds in those catego-
ries may be transferred to other categories. Each proposal must 
include the following: 

(A) TITLE PAGE giving the title of the project, the name, mailing 
address, office and home telephone numbers and, if possible, 
fax number and e-mail address of the applicant. The title page 
should also include the following numerated items completed in 
this format on the bottom left corner of the Title Page: 

1) Category:
2) Word count:
3) Student status (give school): 
4) SSAR membership since:
5) SSAR budget portion (amount and brief description):
6)  a statement indicating that applicants “will comply 

with all applicable permit regulations, and adhere to 
all appropriate animal care guidelines in the course of 
conducting funded projects.”;

(B) BACKGROUND AND OBJECTIVES of the proposed project. 
(C) METHODS of carrying out the project. 
(D) COMPLETE PROJECT BUDGET (regardless of whether the 

SSAR grant will entirely cover expenses). Include an explicit 
explanation of how an SSAR award of $500 would be applied 
toward the objectives of the project (here as well as on Title 
Page), and provide a listing of all current and pending sup-
port for the project. 

(E) BRIEF RESUMÉ/CURRICULUM VITAE of the applicant or 
project coordinator.

(F) LETTER OF SUPPORT. 

 The proposal must be typed, double spaced, and must not 
exceed 1,200 words, excluding title page, literature cited, curric-
ulum vitae (resume), and budget. All proposals are to be submit-
ted electronically to kapferj@uww.edu as a single PDF file named 
“lastname-category.pdf” no later than 15 December 2011 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). Failure to meet these guidelines may result in 
elimination of a proposal from consideration. The awards will be 
announced in April/May 2012. 
 These guidelines are also available online at: http://www.
ssarherps.org/pages/GIH.php
 Successful applicants are encouraged to submit the results 
of their research for publication in the Journal of Herpetology or 
Herpetological Review, or to present their findings at the annual 
meeting of the SSAR. Submit proposals or questions regarding 
application procedures to: 

Joshua M. Kapfer 
Chair, SSAR Grants in Herpetology 
Department of Biological Sciences 
University of Wisconsin-Whitewater 
Whitewater, Wisconsin 53190, USA 
e-mail: kapferj@uww.edu

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 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 or-
ganization that will match donations made to nonprofit organi-
zations, please notify your employer that you have made a dona-
tion to the Grants-in-Herpetology Program.

newSnoteS
Amphibian Survival Alliance

The Amphibian Survival Alliance (ASA) is a new initiative esta-

blished by the International Union for the Conservation of Nature 

(IUCN) to coordinate and magnify conservation efforts to stop and 

reverse the ongoing crisis of global amphibian declines.  

In 2009, a coalition of organizations agreed to set up an inter-

institutional Amphibian Survival Alliance to oversee the imple-

mentation of the Amphibian Conservation Action Plan (ACAP) 

that was drafted in 2005—focusing initially on habitat destruc-

tion and climate change, the fungal disease chytridiomycosis, 

and over-harvesting. This is expected to promote synergies and 

facilitate communications both within the amphibian commu-

nity and with all the relevant stakeholders. IUCN has recently 

appointed Dr. Jaime García-Moreno and Dr. Phil Bishop to serve, 

respectively, as Executive Director and Chief Scientist of the Am-

phibian Survival Alliance. They will oversee the formation and 

coordination of a global network of partner organizations to 

facilitate implementation of research, conservation, and assess-

ment programs as outlined in the ACAP. 

 The ASA is supported by and will be working in collaboration 

with organizations such as Conservation International, the Zoo-

logical Society of London, the Detroit Zoological Society, the North 

of England Zoological Society, Wildlife Conservation Society, and 

Frankfurt Zoo, as well as related initiatives such as the Amphibian 

Ark and the Amphibian Specialists Group. Jaime García-Moreno 

will work from his office at EAZA (European Association of Zoos 

and Aquaria) and is based in the Netherlands, closely collaborat-

ing with the Zoological Society of London and other partners of 

the Alliance. Phil Bishop will remain based at the University of 

Otago in Dunedin, New Zealand. They may be contacted at: Jaime.

GarciaMoreno@iucn.org and Phil.Bishop@iucn.org.
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Amphibian Declines Teaching Module 
Available from Free Download

Now available, via the Network of Conservation Educators 
& Practitioners (NCEP;  a program of The American Museum of 
Natural History), is an outreach teaching module reviewing all 
aspects of the global crisis of amphibian declines and extinc-
tions. Module includes a thoroughly annotated and illustrated 
PowerPoint presentation, an overview synthesis monograph 
with extensive literature citations, as well as proposed in-class 
teaching exercises and solutions. The module is aimed toward 
university-level students (e.g., Conservation Biology, Herpetol-
ogy courses) but it is open-format so it can be edited and cus-
tomized to any particular need or audience. 

Link for free download: http://research.amnh.org/biodiver-
sity/ncep

Mendelson, J. R., III, and R. donnelly.  2011. The Crisis of Global Am-
phibian Declines: Causes, Consequences, and Solutions.  Network 
for Conservation Educators and Practitioners, American Museum 
of Natural History. CD-ROM. System requirements: IBM PC or 
Mac compatible. Windows 98 or higher. Also available electroni-
cally at: (PowerPoint Teaching Tutorial, plus associated pedagogi-
cal materials). 97+ pp.  

 The authors also are actively seeking K–12 and other educa-
tors to collaborate to prepare versions of this module appropri-
ate for non-university students and public audiences.   For more 
information, or copies of these materials, please contact Joe 
Mendelson:  jmendelson@zooatlanta.org

New Blog on Lizards of the Genus Anolis

 Anole Annals (http://anoleannals.wordpress.com/) is a new 
blog focused on all things Anolis. It aspires to be the clearing-
house for information, observations, and announcements of all 
matters involving anoles, including reports on new papers, de-
scription of natural history observations, information on ongo-
ing research projects and interests, anecdotes, photographs, and 

news on anoles in commerce, history, and philosophy. Posts are 
encouraged from all interested in matters anoline.

The Herpetologists’ League 
EE Williams Research Grant

The Herpetologists’ League is pleased to announce competi-
tive grants for graduate student research for 2012. These awards 
are named in honor of the late Ernest E. Williams, the first Dis-
tinguished Herpetologist of The Herpetologists’ League. This is 
a cash award of US $1,000 in each of five categories (Behavior, 
Conservation, Ecology, Physiology, Morphology/Systematics), 
with an entry deadline of 15 December 2011. Please consult the 
HL web site for application form, complete rules and details: 
www.herpetologistsleague.org/dox/eewilliamsgrant.pdf

The J. Larry Landers Student Research Award

The J. Larry Landers Student Research Award is a Gopher Tor-
toise Council competitive grant program for undergraduate and 
graduate college students. Proposals can address research con-
cerning Gopher Tortoise (Gopherus polyphemus) biology or any 
other relevant aspect of upland habitat conservation and man-
agement. The amount of the award is variable, but has averaged 
US $1,000 over the last few years. 

The proposal should be limited to four pages in length and 
should include a description of the project, a concise budget, 
and a brief resumé of the student.

This is an excellent opportunity for undergraduate and grad-
uate students to access funding for their projects.

The deadline for grant proposals each year is 15 September.
Submissions should be sent to:

Dr. Bob Herrington
Department of Biology
Georgia Southwestern State University
Americus, Georgia 31709, USA
Tel. 229/931-2331; e-mail: bherring@gsw.edu

Meetings Calendar

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

25–29 September 2011—Joint 16th SEH European Congress of 
Herpetology & 47th DGHT Deutscher Herpetologentag (annual 
meeting of the German Society for Herpetology and Herpeto-
culture, scientific part), Luxembourg. Information: http://www.
symposium.lu/herpetology

30 September–2 October 2011—47th DGHT-Nachzuchttagung 
(annual meeting of the German Society for Herpetology and Her-
petoculture, herpetocultural part), Trier, Germany.

3–7 January 2012—Symposium: New Frontiers from Ma-
rine Snakes to Marine Ecosystems. Society for Integrative and 

Comparative Biology annual meeting, Charleston, South Caro-
lina, USA. Information: http://www.sicb.org/meetings/2012/
symposia/marine.php

12–13 January 2012—California-Nevada Amphibian Population 
Task Force Meeting, Placerville, California, USA. Information: 
bradford.david@epa.gov

8–14 August 2012—World Congress of Herpetology 7, Vancouver, 
British Columbia, Canada (together with SSAR, HL, ASIH). Infor-
mation: http://www.worldcongressofherpetology.org/

2–7 September 2012—4th International Zoological Congress 
(IZC), Mount Carmel Campus, University of Haifa, Haifa, Israel. 
To receive the first and subsequent meeting announcements, 
contact the organizers at: izc2012@sci.haifa.ac.il.  

meetinGS
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The purpose of Current Research is to present brief summa-
ries and citations for selected papers from journals other than 
those published by the American Society of Ichthyologists and 
Herpetologists, The Herpetologists’ League, and the Society for 
the Study of Amphibians 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, Joshua 
Hale 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.her-
plit.com and click on “Current Herpetological Contents.”

Chytrid Assay for Formalin-fixed Specimens 
and Elucidation of an Amphibian

Extinction Wave

The fungus Batrachochytrium dendrobatidis (Bd) is a patho-
gen of amphibians and both histological and polymerase chain 
reaction (PCR) methods have been developed for establishing its 
presence. While the utility of using PCR assays on formalin-fixed 
museum specimens has long been noted, previous attempts 
have failed to devise a reliable method, leaving only time-con-
suming histological assays. The authors of this study describe a 
method for PCR assaying formalin-fixed specimens for Bd infec-
tion. This method entails thoroughly swabbing the skin of the 
specimen, extracting DNA from swabs using standard protocols, 
and real-time PCR amplification/quantification of a 146 base 
pair segment of DNA (mtDNA: ITS-1). To determine effective-
ness of this method, animals which had previously been assayed 
via the histological method were subjected to the PCR assay. This 
revealed that two or more PCR assays per specimen results in the 
same detection success as one histological assay. The authors at-
tribute the success of this method to the short length of the tar-
get DNA segment, multiple tests per animal (resulting in a test 
with acceptable error rates), and targeting of the skin (where Bd 
is expected to be most highly concentrated). As a case study to 
demonstrate the utility of these methods, the authors performed 
PCR-based Bd assays on a number of formalin-fixed specimens 
from Mexico, Guatemala, and Costa Rica. Cumulatively, these re-
sults strongly support Bd as a causal agent in the recent declines 
and extinctions of neotropical amphibians, with precipitous frog 
and salamander declines immediately following the detected 
emergence of the pathogen. Together with previous studies, these 
results suggest a wave of Bd originating in southern Mexico in 
the early 1970s, spreading south across Guatemala in the 1980s, 
reaching Monteverde, Costa Rica, in 1987, and central Panama 
in 2004. To further investigate the susceptibility of neotropical 
amphibians to Bd, individuals of two bolitoglossine salamander 
species and a hylid treefrog species were exposed to Bd in the 
laboratory (all frogs tested positive for chytrid at time of collec-
tion; some salamanders were left uninfected to serve as controls) 
and their condition was monitored for seven weeks. During the 
experiment, all infected salamanders rapidly increased in Bd in-
fection and died; all infected frogs maintained infection at low 

levels and did not exhibit disease symptoms. These studies indi-
cate the susceptibility of species to Bd is unpredictable and that 
species-specific laboratory-based experiments should be per-
formed when possible.

Cheng, T. l., s. M. RovITo, d. B. Wake, and v. T. vRedenBuRg. 2011. Co-
incident mass extirpation of neotropical amphibians with the 
emergence of the infectious fungal pathogen Batrachochytrium 
dendrobatidis. Proceedings of the National Academy of Sciences 
(in press) doi:10.1073/pnas.1105538108.

Correspondence to: dAvid wAke, museum of Vertebrate Zoology, univer-
sity of California, Berkeley, California 94720-3160, usa; e-mail: wakelab@
berkeley.edu

Patterns of Detectability and Site Occupancy 
among American Aquatic Snakes

Determining the detectability of species is important when 
trying to interpret presence-absence data. The authors of this 
study investigated the relationships between detectability, frac-
tion of sites occupied, and environmental variables in seven 
aquatic snake species. Capture-recapture data from repeated 
efforts using minnow traps was collected across twenty iso-
lated wetlands in the Savannah River watershed of South Caro-
lina, USA. Additionally, prey density (fish, crayfish, and aquatic 
salamander), distance from river, and water permanence were 
quantified and subjected to a principal components analy-
sis. Subsequently, the modeling program pResenCe was used to 
model detectability and number of sites occupied, allowing one 
to vary with one or both of the first two principal components 
while holding the other constant, or allowing both detectability 
and sites occupied to vary with the principal components. The 
authors discovered a wide range of detection probabilities and 
site occupancy fractions among the snake species, in harmony 
with studies of terrestrial snakes. Furthermore, many instances 
of strong correlation between detectability, site occupancy, and 
environmental variables were detected. For instance, the de-
tectability for one widespread and generally detectable species, 
Nerodia fasciata, was positively correlated with crayfish abun-
dance and negatively correlated with water permanence and 
fish and neotenic salamander abundance (principal component 
one; also correlated with population density). However, another 
widespread species, Agkistrodon piscivorus, exhibited the lowest 
detectability; the authors attributed this to the species’ reluc-
tance to enter minnow traps. These findings demonstrate the 
variable and generally low detectability of snake species and the 
importance of taking into account the potential correlates of de-
tectability when modeling site occupation.

duRso, a. M., J. d. WIllson, and C. T. WInne. 2011. Needles in haystacks: 
Estimating detection probability and occupancy of rare and cryp-
tic snakes. Biological Conservation 144:1508–1515.

Correspondence to: Andrew durSo, department of Biological sciences, 
eastern illinois university, Charleston, illinois 61920, usa; e-mail: amdur-
so@gmail.com

current reSeArch
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Many Potential Bd Mitigation
Methods on the Horizon

Much research of late has been directed toward stemming 
the tide of amphibian declines and extinctions due to the chy-
trid fungus, Batrachochytrium dendrobatidis (Bd). In an attempt 
to synthesize this body of work, the authors of this review pa-
per tackle the variety of methods currently used to control Bd-
triggered declines in amphibians. They demonstrate that most 
conservation strategies can be divided into three categories: 
large-scale prevention of the spread of Bd, establishment of cap-
tive “insurance” colonies, and in situ treatments aimed at pre-
venting or limiting Bd infection. The authors then briefly discuss 
a long list of potential Bd-fighting methods currently being ex-
plored. These include modifying habitats to be less hospitable to 
Bd, captive breeding of Bd-resistant lines for reintroduction, and 
the protection of “climatic refugia,” where Bd-susceptible spe-
cies persist with or without Bd present. While generally optimis-
tic about the potential of proposed Bd-mitigation strategies, the 
authors emphasize that amphibian density reduction measures 
(via culling) likely will have negative consequences. They urge 
people planning conservation efforts to prepare to take more 
active measures in combating Bd. Additionally, fundamentally 
different methods (i.e., habitat-based, medical) may need to be 
attempted before a remedy is found for any given situation. They 
conclude with a list of questions which if addressed, could prove 
indispensable to the global efforts to combat the Bd pandemic.

WoodhaMs, d. C., J. BosCh, C. J. BRIggs, s. CashIns, l. R. davIs, a. 
laueR, e. MuThs, R. pusChendoRf, B. R. sChMIdT, B. sheafoR, and J. 
voyles. 2011. Mitigating amphibian disease: strategies to maintain 
wild populations and control chytridiomycosis. Frontiers of Zool-
ogy 8:8.

Correspondence to: douGlAS woodhAmS, institute of evolutionary Bi-
ology and environmental studies, university of Zurich, winterthurerstrasse 
190, Ch-8057 Zurich, switzerland; e-mail: dwoodhams@gmail.com

Parthenogenic Lizard Lineage
Initiated in Laboratory

It is well understood that across evolutionary time, parthe-
nogenic lineages of North American whiptail lizards (Teidae: 
Aspidoscelis) have repeatedly formed as the consequence of hy-
bridization. However, this phenomenon has not been replicated 
in the laboratory and this failure has led some to conclude that 
the vast majority of hybridization events lead only to hybrid, 
sexual individuals, and that parthenogenic lineages have effec-
tively lost the ability to reproduce sexually. The authors of this 
paper report the first captive establishment of parthenogenic 
lizard lineages. Males of a sexual, diploid species (A. inornata) 
were paired with females of a parthenogenic, triploid species (A. 
exsanguis). These are not the parental species of any described 
parthenogenic species. Six eggs (the product of a single parental 
pair) were laid and resulted in the hatching of two males and four 
females. Quantification of nuclear DNA via flow cytometry re-
vealed the offspring to be tetraploid and DNA microsatellite data 
indicated that all progeny exhibited genetic contributions from 

both parental species. These four females have resulted in 25 sec-
ond-generation and 22 third-generation lizards, demonstrated 
via microsatellite analysis to be tetraploid clones. These findings 
follow studies in fish and amphibians, where naturally-occurring 
parthenogenic species have been recreated in the laboratory. 
However, asexual reproduction in those systems requires sperm 
contribution (but not necessarily DNA) from a sympatric, sex-
ual male. The authors close with a discussion of the taxonomic 
implications of creating a parthenogenic tetraploid Aspidoscelis 
lineage in the laboratory and urge people working in the area of 
sympatry of these species to look for lizards matching the pheno-
type of the laboratory-generated lineage.

luTes, a. a., d. p. BauMann, W. B. neaves, and p. BauMann. 2011. Lab-
oratory synthesis of an independently reproducing vertebrate spe-
cies. Proceedings of the National Academy of Sciences (in press) 
doi:10.1073/pnas.1102811108.

Correspondence to: peter bAumAnn, stowers institute for medical re-
search, 1000 east 50th street, Kansas City, missouri 64110, usa; e-mail: 
peb@stowers.org

Garter Snakes Direct Blood Flow
Depending on Temperature

Ability to control blood flow to various regions of the body 
is thought to be an important thermal management tool across 
the vertebrate spectrum. However, this ability has not been de-
finitively demonstrated in snakes. The authors of this paper 
aimed to investigate this phenomenon using Common Garter-
snakes (Natricinae: Thamnophis sirtalis) surgically outfitted for 
the aortic administration of blood plasma proteins labeled with 
a radioactive isotope (99mTc-MAA). Snakes were either cooled 
to ~7°C or heated to ~30°C, injected with 99mTc-MAA, and pho-
tographed using a gamma camera. Image analysis software 
was used to quantify the blood flow to the head and tail. These 
analyses demonstrated that common garter snakes do indeed 
direct blood toward their heads and away from their tails when 
subjected to cold temperatures. Furthermore, these snakes are 
capable of performing the opposite task when exposed to high 
temperatures. The authors propose that the non-essential nature 
of their post-cloacal anatomy afford these snakes the opportu-
nity to preserve heat by pulling blood cranially. Alternatively, un-
der hot conditions snakes can utilize the high surface-to-volume 
ratio of the tail to cool down as well as prevent overheating of the 
sensitive head. The authors encourage others to perform these 
experiments on representatives of other snake lineages and cau-
tion that these findings may not extend to snakes with tails of 
demonstrated function (such as marine snakes, arboreal snakes, 
and rattlesnakes).

aMIel, J. J., B. Chua, R. J. WasseRsug, and d. R. Jones. 2011. Tempera-
ture-dependent regulation of blood distribution in snakes. Journal 
of Experimental Biology 214:1458–1462.

Correspondence to: JoShuA Amiel, school of Biological sciences, The 
university of sydney, heydon-laurence Building (a08), science road, syd-
ney, Nsw 2006, australia; e-mail: jami3107@uni.sydney.edu.au
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Fox Snake mtDNA Discordant
with Current Taxonomy

The American fox snakes (Colubridae: Pantherophis vulpi-
nus and P.  gloydi) have had a tumultuous taxonomic history, first 
being treated as monotypic conspecifics, subspecies, and most 
recently distinct species (without universal acceptance). Despite 
being ecologically divergent and geographically disjunct popu-
lations, morphological evidence for considering them separate 
species is tenuous and molecular data have been lacking. To 
shed light on this system, the authors of this paper accumulated 
mtDNA (cytochrome b) sequences and morphological data from 
across the distribution of this group. Phylogenetic analyses re-
vealed mtDNA haplotype distribution discordant with described 
species, with populations west of the distributional break ex-
hibiting eastern haplotypes. Instead, the mtDNA clades largely 
corresponded to the east and west sides of the Mississippi River; 
this geographic feature is increasingly being recognized as an 
important barrier to gene flow for recently-diverged lineages. 
However, there appear to have been recent trans-river coloniza-
tions, blurring the line between the two mtDNA clades. Dorsal 
blotch count (the character originally used to define these spe-
cies) was found to show the same difference at the Mississippi 
River as it does across the distributional break. A molecular clock 
analysis places the divergence of the two mtDNA clades within 
the Pleistocene; this is in accordance with the fact that all of the 
fox snake’s current distribution was under ice at some point dur-
ing the Pleistocene. The authors conclude with possible explana-
tions for these incongruent lines of evidence, suggest a reassess-
ment of the distributions of these species, and discuss accompa-
nying nomenclatural repercussions.

CRoTheR, B. I., M. e. WhITe, J. M. savage, M. e. eCksTuT, M. R. gRahaM, 
and d. W. gaRdneR. 2011. A reevaluation of the status of the foxs-
nakes Pantherophis gloydi Conant and P. vulpinus Baird and Gi-
rard (Lepidosauria). ISRN Zoology 2011:436049.

Correspondence to: briAn crother, department of Biological sciences, 
southeastern louisiana university, hammond, louisiana 70402, usa; e-
mail: bcrother@selu.edu

Ancient Divergences at Stream Drainage  
Divides in Terrestrial Salamander

Researchers investigating the origins of biological diversity 
have long understood the effect river drainages have on fresh-
water organisms. However, water features can also serve to pre-
vent gene flow in terrestrial organisms. The authors of this paper 
sought to identify the phylogeographic structure and its poten-
tial hydrological underpinnings in a direct-developing salaman-
der species, Plethodon caddoensis (Plethodontidae), which is en-
demic to the sky islands of America’s Interior Highlands. mtDNA 
sequence data from across the distribution of this species and 
its two close relatives, P. ouachitae and P. fourchensis, were as-
sembled and subjected to phylogenetic analyses (including a 
time-calibrated analysis). DNA sequences were also analyzed 
in partial Mantel tests to probe for phylogeographic structuring 

due to geographic distance, watersheds, and their constituent 
stream drainages. Importantly, as these variables are correlated, 
these analyses were conducted using the molecular data and 
each variable, while controlling for the other variables. Finally, 
ecological niche model analyses were performed using the local-
ity data. These analyses were aimed at identifying the ecological 
variables that may be important in defining the distribution of 
this species. Furthermore, results from this analysis and analy-
ses conducted on P. ouachitae and P. fourchensis were included 
in a Principal Components Analysis (PCA) intended to discover 
how P. caddoensis differs ecologically from its close relatives. The 
phylogenetic analyses revealed P. caddoensis consists of four 
deeply divergent lineages, each comparable in age to the species 
P. ouachitae and P. fourchensis. These primary clades diverged 
in the Middle Miocene, a period marked by aridification and a 
general succession from deciduous forest to grasslands. Over-
all, the molecular data show strong correlations with distance, 
watershed, and stream drainage. However, the correlation be-
tween molecular and geographic distance disappears when only 
comparisons between mitochondrial clades are examined; the 
authors interpret this to mean distance has not been a contribu-
tor to major lineage diversification in this system. Nevertheless, 
the lineages do meet at divides between drainage basins, sug-
gesting the arid divides have served as barriers to dispersal while 
the streams within the drainages have not. The environmental 
niche modeling analysis found surface geology and wet season 
precipitation level to be the most important environmental vari-
ables for this species. Finally, the PCA revealed P. caddoensis to 
occupy a niche different from those of its close relatives and to 
be instead adapted to a warmer, wetter climate. This study ex-
poses more fine-scale, cryptic diversity in lungless salamanders 
and sheds light on the sources of this diversity.

shepaRd, d. B. and f. T. BuRBRInk. 2011. Local-scale environmen-
tal variation generates highly divergent lineages associated with 
stream drainages in a terrestrial salamander, Plethodon caddoen-
sis. Molecular Phylogenetics and Evolution 59:399–411.

Correspondence to: don ShepArd, university of minnesota, Bell mu-
seum of Natural history, 100 ecology, 1987 upper Buford Circle, saint Paul, 
minnesota 55108, usa; e-mail: dshepard@umn.edu

Continental Scale Climate Patterns
Affect Lizard Phenology

One important tool for understanding the potential de-
mographic effects of climate change is mechanistic modeling, 
where a species’ physiological requirements are determined 
(often under laboratory conditions) and are used to establish 
when and under what biotic and environmental conditions the 
species can be in a positive energy balance or engage in certain 
behaviors. The authors of this study created a phenology model 
for Side-blotched Lizards (Phrynosomatidae: Uta stansburiana), 
field-tested their predictions for seasonal activity and reproduc-
tive timing in the deserts of eastern Oregon, USA, and examined 
long-term phenological trends in this population. As a metric of 
cumulative thermal energy, the authors used degree-days—the 
sum of daily temperature average minus the minimum body 
temperature needed for activity. Previous work established 
that these lizards require air temperatures at or above 10°C to 



Herpetological Review 42(3), 2011

329

be active and have a preferred body temperature of 35°C, which 
the lizards can achieve through thermoregulation at air tem-
peratures in excess of 15°C. Furthermore, in laboratory com-
mon garden experiments, the authors found that these lizards 
require a minimum of 550 degree-days for egg yolk formation. 
These values adequately mirrored estimates obtained over six 
years of field studies. Then, using these phenological parameter 
values and atmospheric temperature data from the site, they cal-
culated beginning, end, and length of growing season and tim-
ing of reproduction for the past 70 years and performed linear 
regressions on the predictions. These estimated values were then 
included in a multiple regression analysis, where they were they 
were evaluated for correlations with two continental-scale cli-
mate phenomena: the El Niño-Southern Oscillation (ENSO) and 
Pacific Decadal Oscillation (PDO). As any given year’s ENSO or 
PDO status is not independent of its thermal and phenological 
status, the authors were particularly focused on the fit of mod-
els not including year but instead previous and next year’s ENSO 
and PDO status. The linear analysis of the 70 years of modeled 
phenological phenomena showed that growing seasons have 
shortened recently, both beginning later and ending sooner. Al-
though this may seem contrary to general climate change trends, 
other climate studies have shown that the Great Basin Desert 
has cooled while surrounding regions have warmed. They also 
showed that large variations in annual phenology make any 
given year’s pattern largely independent of climate fluctuations 
occurring at the scale of centuries or longer. The multiple regres-
sion analyses revealed shorter and earlier ending growing sea-
sons to be correlated with the previous year exhibiting PDO con-
ditions. Conversely, early timing of reproduction was found to 
be strongly correlated with ENSO conditions the previous year. 
Considering these two independent climate variables affect dif-
ferent phenological aspects of this lizard’s life history, the au-
thors posit that predicting future demographic changes in these 
types of systems may be difficult.

 
ZanI, p. a., and M. e. Rollyson. 2011. The effects of climate modes on 

growing-season length and timing of reproduction in the Pacific 
Northwest as revealed by biophysical modeling of lizards. Ameri-
can Midland Naturalist 165:372–388.

Correspondence to: peter ZAni, department of Biology, whitman Col-
lege, walla walla, washington 99362, usa; e-mail: zanipa@whitman.edu

Bd Correlated with Amount
of Surrounding Habitat Loss

With the fungal pathogen Batrachochytrium dendrobatidis 
(Bd) ravaging amphibian populations across the globe, under-
standing the correlates of infection is of great importance to 
conservation efforts. Many Bd-implicated amphibian extinction 
events have occurred at high elevations, which has been consid-
ered a consequence of Bd’s affinity for cool, moist habitats. The 
effect of habitat loss on Bd prevalence has not been determined, 
however, disturbed habitats generally are associated with in-
creased disease prevalence. To elucidate potential correlates of 
Bd infection, the authors of this study collected data on frogs 
from three regions known to harbor Bd: Craugastor fitzingeri in 
Costa Rica, Dendropsophus minutus in Brazil’s Atlantic Forest, 
and Litoria lesueuri in eastern Australia. Data were collected for 

habitat loss, frog species richness, elevation, latitude, as well as 
a large number of temperature and precipitation metrics. Addi-
tionally, using quantitative PCR, sites across these three regions 
were sampled for Bd prevalence (percent of animals infected) 
and intensity (zoospores per animal) (due to sample size re-
strictions, Costa Rica estimates limited to presence-absence); 
estimates of animal density were also determined where pos-
sible. These variables were then subjected to a series of regres-
sion analyses which explain (directly or indirectly) Bd presence, 
prevalence, and intensity. In all cases, habitat loss was found to 
be strongly correlated with Bd. Interestingly, this association was 
negative, with more Bd-infection in more pristine habitats. Ad-
ditionally, anuran diversity was found to be positively associated 
with Bd. According to the authors, these findings suggest that the 
lack of diversity and relative aridity exhibited by isolated patches 
of frog habitat make for suboptimal Bd environments. Further-
more, the authors detected a strong interaction between eleva-
tion and habitat with regard to Bd, which they took to mean that 
the observation that high elevation frog communities have dis-
proportionately suffered Bd-implicated declines is due in part 
to habitat loss being disproportionately a low-elevation phe-
nomenon. The authors warn that this should not be viewed as 
a consolation, as habitat loss has even more dire consequences 
than Bd. As this study has shown, conservation biologists must 
be cognizant of all potential factors triggering declines, as well as 
their possible interactions.

 
BeCkeR, C. g., and k. R. ZaMudIo. 2011. Tropical amphibian popula-

tions experience higher disease risk in natural habitats. Proceed-
ings of the National Academy of Sciences (in press) doi:10.1073/
pnas.1014497108.

Correspondence to: Guilherme becker, department of ecology and 
evolutionary Biology, Cornell university, ithaca, New york 14850, usa; e-
mail: cgb58@cornell.edu

Fish Implicated in Decline
of Salamander Species

Although fish can directly impact salamanders through pre-
dation, fish can also inhibit salamander activity by initiating de-
fensive behavior in the salamanders. The authors of this paper 
investigated the interactions between Long-toed Salamanders 
(Ambystoma macrodactylum) and a freshwater fish, the Lake 
Chub (Cyprinidae: Couesius plumbeus), in Alberta, Canada. 
Surveys were made of adult salamanders returning to the lake, 
larvae, and egg masses, and these figures were then compared 
with similar estimates made fifteen years earlier in an attempt 
to determine the salamander population size trajectory. In the 
laboratory, experiments were conducted to determine behavior 
and survivorship of salamander larvae in the presence of fish. 
Furthermore, although the salamanders are expected to engage 
in cannibalism, the frequency of this behavior in this system is 
not known, and therefore the authors also attempted to identify 
the correlates of this phenomenon. The population size esti-
mates showed the salamander population to be in a steep de-
cline. Indeed, in the two years of sampling, only a single larva 
was observed. The laboratory experiments revealed that larval 
salamander survivorship increased with size and when in the 
presence of fish, salamanders decreased their activity levels as 
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well as occupied areas away from the fish. Additionally, larger 
salamanders were more likely to engage in cannibalism. Interest-
ingly, salamanders were not observed engaging in anti-predator 
behavior when in the presence of a potentially cannibalistic con-
specific. The authors conclude that this salamander species may 
be negatively affected by the Lake Chub, both directly through 
predation and indirectly by initiating anti-predator behaviors, 
and that this fish may be the cause of population size decline in 
this system.

pagnuCCo, k. s., C. a. pasZkoWskI, and g. J. sCRIMgeouR. 2011. Wolf in 
sheep’s clothing: Effects of predation by small-bodied fish on sur-
vival and behaviour of salamander larvae. Écoscience 18:70–78.
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In Memoriam: 
Osvaldo Rodrigues da Cunha 

(1928–2011)

 Osvaldo Rodrigues da Cunha, retired researcher of the Museu 
Paraense Emílio Goeldi (MPEG), founder of the sector of herpe-
tology and of the herpetological collection of MPEG, tireless re-
searcher of Amazonian reptiles and also of its scientific history, 
especially of the MPEG and persons connected to it, died on 11 
March 2011 in Belém at the age of 82 years. The last three years 
he was plagued by weak health and loss of sight.
 Osvaldo Rodrigues da Cunha was born on 6 April 1928, in 
Belém do Pará, Brazil, as the eldest son of the Portuguese couple 
Carlos Pereira da Cunha and Ana Cerqueira Rodrigues da Cunha, 
who had one more son and two daughters. Osvaldo Cunha at-
tended primary school and gymnasium in Belém until 1946. He 
refused to follow university courses offered at that time because 
he considered them inadequate for the natural history studies 
that he wanted to do. His interest in natural history probably was 
instigated by frequent visits to the zoobotanical park of MPEG, 
close to his house. He preferred to prepare himself via practical 

work, initially in MPEG and later on in Museu Nacional (MN), in 
Rio de Janeiro, and Museu de Zoologia, in São Paulo (MZUSP), 
and by studying in the libraries of these institutions. With this in 
mind, he entered MPEG as a volunteer in the Zoology Depart-
ment in 1945, where he started studying butterflies and beetles 
from the area around Belém. Between September 1949 and Janu-
ary 1951 he was a volunteer in the Zoology Department of the 
MN in Rio de Janeiro, where he also attended courses in Biol-
ogy, Comparative Anatomy, Statistics applied to Biology, Practi-
cal Natural History, and General Biology. During this period in 
MN he met Antenor Leitão de Carvalho, who encouraged him to 
study reptiles. Finally, from September 1963 to December 1964 
Cunha was a volunteer with Paulo Emílio Vanzolini, director of 
the Museu de Zoologia de São Paulo and trained as a herpetolo-
gist in the USA. In MZUSP he could participate in scientific proj-
ects, talks, meetings, and seminars. During this stay in São Paulo 
he also met Alphonse Richard Hoge, chief of the herpetological 
section of the Instituto Butantan, with whom he later on (1980) 
published a paper. During this initial phase, besides his studies 
in natural sciences, Osvaldo Cunha already showed his interest 
in the history of science, writing several articles on the subject 
for newspapers in Belém. It is also from this time on that he start-
ed his own library, which grew considerably until his retirement.
 In MPEG, Osvaldo Cunha was appointed “Naturalist” on 17 
December 1953 and Zoological Researcher in 1966, at that time 
already focusing on reptiles. Between 1955 and 1962, however, 
due to institutional problems, he worked in the Geology Depart-
ment. Together with the geologist C. S. Ferreira he published dur-
ing this period a number of papers on paleontology, but at the 
same time he continued his studies on reptiles. The first small 
paper on lizards, in 1958, dealt with a new occurrence (of Bachia) 
in Amazonia, but the second, from 1961, dealt with the species of 
lizards then known from Brazilian Amazonia. It is the first paper 
on a South American group of lizards that covers a large area. 
The study was based only on material from the MPEG collec-
tion, but this pioneering paper formed the basis for other more 
encompassing studies on lizards (e.g., Avila-Pires 1995, which 
also took into account material from the principal European and 
U.S. museums). These first papers on lizards were followed by six 

obituArieS

mArinuS S. hooGmoed*
Pesquisador-colaborador, Museu Paraense Emílio Goeldi/CZO
tereSA c. S. AvilA-pireS
Pesquisadora, Museu Paraense Emílio Goeldi/CZO
Caixa Postal 399, 66017-970 Belém, Pará, Brazil

*e-mail: marinus@museu-goeldi.br

fIg. 1. Osvaldo Rodrigues da Cunha in 1991, with a specimen of  
Chironius carinatus (Linnaeus, 1758) of the MPEG collection.
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more in this series, up to 1981. Number IV of this series (Cunha 
1971) was the description of a new genus and species (Amapas-
aurus tetradactylus) from Amapá, based on two badly preserved 
specimens collected in 1960 and 1969. It was not until 2004 and 
2006 that more specimens were collected in Amapá (Tumuc Hu-
mac expedition of Conservation International), and in 2008 the 
species was also found in northern Pará (see Avila-Pires et al. 
2010 for a photo of this rare lizard).
 In June 1965 Cunha established the Herpetological section of 
MPEG, with a collection of 650 specimens (a number of speci-
mens before this period had gone to other institutions, either 
as donations or as loans that never returned). In 1965 Cunha 
started to train Francisco Paiva do Nascimento, who became his 
most important collaborator, in herpetological work. The results 
of this cooperation were very successful for the knowledge of the 
Amazonian reptile fauna, especially that of Pará, and for the her-
petological collection of MPEG. 
 In order to undertake an inventory of the herpetofauna of 
Pará, Cunha and Nascimento developed a simple, but effec-
tive system to obtain specimens for the collection, by enlisting 
the help of rural people in a number of localities in eastern and 
southern Pará and western Maranhão (see maps in papers of 
Cunha and Nascimento about snakes from these areas). In each 
locality they trained one person to fix specimens that were col-
lected by injecting formol 4% (one part formaldehyde, nine parts 
water) and preserving them in a barrel with alcohol 70–80%. 
About every month Cunha and Nascimento visited all localities 
and assembled the material that had been collected. In this way, 
specimens collected during daily activities (including preparing 
agricultural ground) could easily be collected and added to the 
collection, including species that were rare, or which, due to fos-
sorial habits or because of being very cryptic, are difficult to ob-
tain during normal herpetological fieldwork. The herpetological 
collection of MPEG thus increased rapidly in a short time. This 
system was especially effective for snakes, but also for amphis-
baenians and caecilians. It also yielded a large series of the lizard 
Stenocercus dumerilii (Steindachner, 1867), which until then was 
known from only a few specimens. This series formed the basis 
for a publication in which the species was redescribed (under 
the name Ophryoessoides tricristatus) and notes on its ecology 
and distribution were provided (Cunha 1981).
 The abundant material obtained during these collections 
formed the basis for the pioneering and seminal series “Ofidios 
da Amazônia” by Cunha and Nascimento and numbered I–XXII 
(number I was written by Cunha, number XII had A. R. Hoge as 
a co-author), which appeared between 1967 and 1991. Number 
X (“As cobras da região leste do Pará,” Cunha and Nascimento 
1978) is of special interest because it described the snake fauna 
of a large Amazonian area and became a classic for the study of 
Amazonian snakes. In 1993 a second book was published that 
was presented as a revised second edition of the 1978 version, 
but in reality it is a complement to the 1978 book. It contains ad-
ditional data and different photos (black and white), and it dealt 
with 87 species, 12 more than in the 1978 paper. This was the last 
publication in herpetology by Cunha (and also of Nascimento). 
The impact of the series of papers on lizards (1958–1981) and 
snakes (1967–1991) outside of Brazil was not optimal, because 
of distribution problems of the MPEG journals in which most 
papers were published; issues sometimes took years before they 
reached foreign libraries. Another problem was that Cunha was 
not very well connected outside Brazil and had little correspon-
dence with foreign colleagues (he wrote only in Portuguese). 

Possibly these papers on Amazonian lizards and snakes might 
have had a greater impact had they been written in English. 
However, within Brazil the importance of especially the series on 
snakes was well recognized and due to the large interest in it the 
1978 book soon was unavailable. The recognition of the value of 
the work by Cunha and Nascimento on Amazonian snakes was 
well expressed by Martins and Oliveira (1998), who dedicated 
their paper to “O.R. Cunha and F.P. Nascimento …………for their 
unparalleled contributions to the knowledge of Brazilian Ama-
zonian snakes, including natural history, and the immense col-
lection of snakes at the MPEG, an invaluable source of natural 
history information for years to come.” This statement is still 
very appropriate, as shown by the present use of the MPEG col-
lection by many students and researchers for taxonomic, ana-
tomical, and ecological studies.
 At the time of Cunha’s retirement, the herpetological collec-
tion contained 38,000 specimens, an increase of nearly 60 times 
compared with the number in 1965. It was the largest collection 
of Amazonian material and the third largest in Brazil. The herpe-
tological collection continued growing after Cunha’s retirement 
and at the moment contains approximately 86,000 specimens, 
now with amphibians forming the largest group, followed by liz-
ards and snakes. It ranks among the three largest in Brazil and 
the largest concerning Amazonian herpetofauna. 
 When in 1985 the herpetological collection was transferred to 
a new building at the Research Campus of MPEG at the Avenida 
Perimetral, on the outskirts of Belém, Osvaldo Cunha preferred 
to stay in his room at the Parque Zoobotânico of MEG, in the 
central part of Belém, and thus became separated from the her-
petological collection. This was an important decision, because 
after 1985 his herpetological work practically came to a stand-
still, and until 1993 only four herpetological papers were pub-
lished, in two of which he was third author.
 The publications on the herpetofauna of Amazonia by Cunha 
and Cunha & Nascimento constitute a good base for more elab-
orate studies on the reptiles of Amazonia, which are being de-
veloped by researchers of MPEG and more recently also of the 
Federal University of Pará, together with graduate and master’s 
students and doctoral candidates in herpetology. At least in 
part, Osvaldo Cunha was responsible for the presence of these 
researchers in these two institutions in Pará. Without his pio-
neering work and the herpetological collection that he built, the 
MPEG certainly would not be as attractive for herpetologists 
from other parts of Brazil and abroad as it is now.
 Osvaldo Cunha retired in 1990 at the age of 62 years, but con-
tinued working in another area that held his interest: the history 
of MPEG and of the scientists who worked there. One of the most 
interesting papers by Cunha prepared during that time (Cunha 
1991) was about the naturalist Alexandre Rodrigues Ferreira, 
who traveled in Brazilian Amazonia between 1783 and 1792. In 
this paper Cunha not only writes about Rodrigues Ferreira, but 
includes information about other naturalists who traveled in 
Amazonia during the 19th century, and maps of the trajectories 
covered by them. This publication is a rich source of information 
about the work of the traveling naturalists who collected the first 
data about fauna and flora of Amazonia. Unfortunately, the loss 
of sight prevented him from completing several biographies and 
other manuscripts. 
 Between 1954 and 1988 Cunha published many texts in 
Belém newspapers, both about zoology and about the history 
of science, indicating his interest in providing knowledge to the 
general public.
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 At first meeting, Osvaldo Cunha appeared to be a closed and 
difficult person, but those who had the opportunity to have more 
contact with him came to know him as an attentive person with a 
phenomenal memory, who could talk for hours about many sub-
jects, apart from herpetology. With the death of Osvaldo Cunha, 
the MPEG lost a great researcher and an interminable source of 
knowledge about the museum and its personnel. 
 This “In memoriam” was largely based on the biography of O. 
R. Cunha published in 1991 by Francisco Paiva do Nascimento in 
the Boletim do Museu Paraense Emilio Goeldi, Zoologia 7(1), a 
number dedicated to Cunha, as well as on our contacts and long 
conversations over the years. One of us (TCSAP) arrived in MPEG 
in 1983, with a Masters degree in Zoology, but without any expe-
rience with Amazonian herpetofauna. She worked with Cunha 
and Nascimento, a partnership that resulted in three joint publi-
cations, and, more than that in learning, friendship, and admira-
tion. The senior author (MSH) had regular correspondence with 
Osvaldo Cunha about the herpetofauna of the Guianan region, 
and in 1976 had the opportunity to meet him personally during 
a one week visit to the MPEG collections. After that, when he did 
more fieldwork in Brazil and finally when he moved there, the 
contacts became closer.
 In conclusion, we present a list of species described by O. 
R. Cunha, patronyms, honors he received, and a list of his most 
important herpetological publications. This list of publications 
was copied from Nascimento (1991 [see reference above]), with 
some alterations and additions, mainly of papers published after 
1990. Apart from the papers listed, Cunha participated as a co-
author in seven papers on chromosomes of Amazonian reptiles. 
A complete list of Cunha’s papers can be found in Hoogmoed et 
al. (2011).
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Taxa Described by O. R. da Cunha and Colleagues
(* indicates new genus)

reptilia, snakes:
Atractus albuquerquei Cunha & Nascimento, 1983
Atractus alphonsehogei Cunha & Nascimento, 1983 
Atractus flammigerus snethlagae Cunha & Nascimento, 1983 

[= Atractus snethlagae Cunha & Nascimento, 1983] 
Liophis carajasensis Cunha, Nascimento & Avila-Pires, 1985 
Mastigodryas bifossatus lacerdai Cunha & Nascimento, 1978 

[=Mastigodryas b. bifossatus (Raddi, 1820)]
Micrurus psiches [sic] paraensis Cunha & Nascimento, 1973 

[= Micrurus paraensis Cunha & Nascimento, 1973
Oxyrhopus melanogenys orientalis Cunha & Nascimento, 1993

Sibynomorphus mikani [sic] septentrionalis Cunha,  
Nascimento & Hoge, 1980 [=Sibynomorphus mikanii 
(Schlegel, 1837)]

reptilia, lizards:
*Amapasaurus tetradactylus Cunha, 1970
Arthrosaura amapaense Cunha, 1967  

[= Arthrosaura reticulata (O´Shaughnessy, 1881)]
Colobosaura landii Cunha, 1977  

[= Colobosaura modesta (Reinhardt & Lütken, 1862)]
*Colobosauroides cearensis Cunha, Lima-Verde & Lima, 1991
Gonatodes eladioi Nascimento, Cunha & Avila-Pires, 1987
Placosoma cipoensis Cunha, 1966

reptilia, Chelonia:
Kinosternon scorpioides carajasensis Cunha, 1970 

[= Kinosternon s. scorpioides (Linnaeus, 1766)] 

Patronyms

Amphisbaena cunhai Hoogmoed & Avila-Pires, 1991
Leposoma osvaldoi Avila-Pires, 1995
Typhlonectes cunhai Cascon, Lima-Verde & Marques, 1991 

[= Typhlonectes compressicauda (Duméril & Bibron, 1841)]

Honors Received

 Cunha was honored by INPA, the Brazilian Zoological So-
ciety, the MPEG, the Brazilian Herpetologiocal Society, and the 
Brazilian Paleontological Society. In 1991 he was nominated 
Commander in the Order of Merit of Grão Pará.

Publications of Osvaldo Rodrigues da Cunha

Cunha, o. R. 1958. I. Lacertílios da Amazônia. Sobre a ocorrência do 
gênero Bachia Gray, 1845, na Amazônia brasileira. Boletim do Mu-
seu Paraense Emílio Goeldi, nova série Zoologia 11:1–12.

–––––. 1961. II. Lacertílios da Amazônia. Os lagartos da Amazônia 
brasileira, com especial referência aos representados na coleção 
do Museu Goeldi. Boletim do Museu Paraense Emílio Goeldi, nova 
série Zoologia 39:1–189.

–––––. 1966. Sobre uma nova espécie de lagarto do Estado de Minas 
Gerais, Placosoma cipoense sp. n. (Lacertilia: Teiidae). Boletim Mu-
seu Paraense Emílio Goeldi, nova série Zoologia 61:1–9.

–––––. 1967. Lacertílios da Amazonia. III. O gênero ‘’Arthrosaura’’ 
Boulenger, 1885. (Lacertilia, Teiidae). Atas do Simpósio sobre a 
Biota Amazónica 5 (Zoologia):141–170. CNPq, Rio de Janeiro. 

–––––. 1967. Ofídios da Amazônia. I. A ocorrência de Bothrops biline-
atus bilineatus (Wied, 1825) nas matas dos arredores da cidade de 
Belém, Pará. Boletim do Museu Paraense Emílio Goeldi, nova série 
Zoologia 66:1–12.

–––––. 1968. Um teratódimo deródimo em gibóia (Constrictor cons-
trictor constrictor) (Linnaeus, 1966), (Ophidia; Boidae). Boletim do 
Museu Paraense Emílio Goeldi, nova série Zoologia 67:1–17.

–––––. 1970. Lacertílios da Amazônia. IV. Um novo gênero e espécie de 
lagarto do Território Federal do Amapá (Lacertilia: Teiidae). Bole-
tim do Museu Paraense Emílio Goeldi, nova série Zoologia 74:1–8.

–––––. 1970. Uma nova subespécie de quelônio, Kinosternon scorpio-
ides carajasensis da Serra dos Carajás, Pará (Testudinata: Kinos-
ternidae). Boletim do Museu Paraense Emílio Goeldi, nova série 
Zoologia 73:1–12.

–––––. 1971. Lacertílios dá Amazônia, V. Sobre Gonatodes annula-
ris Bou1enger e Neusticurus racenisi Roze, no Brasil. (Lacertilia: 
Gekkonidae). Revista Brasileira de Biologia 31(1):113–117.
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–––––. 1975. Sobre a ocorrência da Tartaruga de couro Dermochelys 
cariacea (Linnaeus, 1758) na foz do rio Amazonas (Che1onia: Der-
moche1ydae). Boletim do Museu Paraense Emílio Goeldi, nova 
série Zoologia 81:1–16.

–––––. 1977. Lacertílios da Amazônia. VI. Uma nova espécie de lagar-
to Colobosaura landii da região leste do Pará. (Lacertilia: Teiidae). 
Boletim do Museu Paraense Emílio Goeldi, nova série Zoologia 
86:1–13.

–––––. 1981.VII. Lagartos da região nordeste do Território de Rorai-
ma, Brasil. (Lacertilia: Gekkonidae, Scincidae e Teiidae). Boletim 
do Museu Paraense Emílio Goeldi, nova série Zoologia 107:1–25.

–––––. 1981.Lacertí1ios da Amazônia. VIII. Sobre Ophryoessoides tri-
cristatus Duméril, 1851, com redescrição da espécie e notas sobre 
a ecologia e distribuição na região leste do Pará (Lacertilia: Igua-
nidae). Boletim do Museu Paraense Emílio Goeldi, nova série Zo-
ologia 108:1–23.

–––––. 1991. O naturalista Alexandre Rodrigues Ferreira. Uma análise 
comparativa de sua Viagem Filosofica (1783–1793) pela Amazônia 
e Mato Grosso com a de outros naturalistas posteriores: 1–88. Co-
leção Alexandre Rodrigues Ferreira, MPEG, Belém.

–––––, J. s. lIMa-veRde, and a. C. M. lIMa. 1991. Novo genero e espe-
cie de lagarto do Estado do Ceara (Lacertilia: Teiidae). Boletim do 
Museu Paraense Emílio Goeldi, série Zoologia 7(2) 1991:163–176.

–––––, and f. p. nasCIMenTo. 1970. Ofídios da Amazônia. II. Liophis 
miliaris (Linnaeus, 1758) na Amazönia norte oriental (Território 
Federal do Amapá). (Ophidia: Colubridae). Boletim do Museu Pa-
raense Emílio Goeldi, nova série Zoologia 70:1–6.

–––––, and –––––. 1972. Ofidios da Amazônia. III. A ocorrência de 
Bothrops lichenosus Roze, 1958, no Brasil (Ophidia: Crotalidae). 
Revista Brasileira de Biologia 32(1):27.

–––––, and –––––. 1973. Ofídios da Amazônia. IV. As cobras corais (gê-
nero Micrurus) da regiào leste do Pará. (Ophidia: Elapidae) nota 
preliminar. Publicações Avulsas do Museu Paraense Emílio Goeldi 
20:273–286. 

–––––, and –––––. 1975. Ofídios da Amazônia. V. Bothrops lichenosus 
Roze, 1958, sinônimo de Bothrops castelnaudi Duméril, Bibron & 
Duméril, com nova descrição e comentários. Boletim do Museu 
Paraense Emílio Goeldi, nova série Zoologia 80:1–14.

–––––, and –––––. 1975. Ofídios da Amazônia. VI. Liotyphlops ternetzii 
(Boulenger, 1896) ofídio raro e de hábitos subterrâneos, na região 
leste do Pará. (Ophidia: Anomalepididae). Boletim do Museu Pa-
raense Emílio Goeldi, nova série Zoologia 82:1–8. 

–––––, and –––––. 1975. Ofídios da Amazônia. VII. As serpentes pe-
çonhentas do gênero Bothrops (jararaca) e Lachesis (surucucu) da 
região leste do Pará. (Ophidia: Viperidae). Boletim do Museu Para-
ense Emílio Goeldi, nova série Zoologia 83:1–42.

–––––, and –––––. 1976. Ofídios da Amazônia. VIII. A ocorrência de 
Rhinobothryum lentiginosum (Scopoli, 1785) nas proximidades 
de Belém, Pará. (Ophidia: Colubridae). Boletim do Museu Paraen-
se Emílio Goeldi, nova série Zoologia 84:1–6.

–––––, and –––––. 1976. Ofídios da Amazônia. IX. O gênero Liophis 
Wagler, 1830, na regiào leste do Pará. (Ophidia: Colubridae). Bo-
letim do Museu Paraense Emílio Goeldi, nova série Zoologia 85:1–
32.

–––––, and –––––. 1978. Ofídios da Amazônia. X. As cobras da região 
leste do Pará. Publicações Avulsas do Museu Paraense Emílio Go-
eldi 32:1–218.

–––––, and –––––. 1980. Ofídios da Amazônia. XI. Ofídios de Roraima 
e notas sobre Erythrolamprus bauperthuisii Duméril, Bibron & 
Duméril, 1954, sinönimo de Erythrolamprus aesculapii (Linnaeus, 
1758). Boletim do Museu Paraense Emílio Goeldi, nova série Zoo-
logia 102:1–21.

–––––, and –––––. 1981. Ofídios da Amazônia. XIII. Observaçoes sobre 
a viviparidade em ofidios do Pará e Maranhão. (Ophidia: Aniliidae, 
Boidae, Colubridae e Viperidae). Boletim do Museu Paraense Emí-
lio Goeldi, nova série Zoologia 109):1–20.

–––––, and –––––. 1982. Ofídios da Amazônia. XIV. As espécies de Mi-
crurus, Bothrops, Lachesis e Crotalus do sul do Pará e oeste do Ma-
ranhão, incluindo áreas de cerrado desse Estado. (Ophidia: Elapi-
dae e Viperidae). Boletim do Museu Paraense Emílio Goeldi, nova 
série Zoologia 112:1–58.

–––––, and –––––. 1982. Ofídios da Amazônia. XV. As espécies de Chi-
ronius da Amazônia oriental (Pará, Amapá e Maranhão). Memo-
rias do Instituto Butantan 46:139–172. 

–––––, and –––––. 1982. Ofídios da Amazônia. XVI. A espécie Uro-
macerina ricardinii (Peracca, 1897) na Amazonia oriental leste do 
Pará. (Ophidia: Colubridae). Boletim do Museu Paraense Emílio 
Goeldi, nova série Zoologia 113:1–9.

–––––, and –––––. 1982. Ofídios da Amazônia. XVII. Revalidação de 
Micrurus ornatissimus Jan, 1858) diferenciada de M. langsdorffi 
(Wagler, 1824) e distribuiçào geográfica das duas espécies (Ophi-
dia: Elapidae). Boletim do Museu Paraense Emílio Goeldi, nova 
série Zoologia 116:1–19.

–––––, and –––––. 1982. Ofídios da Amazônia. XVIII. O gênero Chi-
ronius Fitzinger, na Amazonia oriental (Ophidia: Colubridae). 
Boletim do Museu Paraense Emílio Goeldi, nova série Zoologia 
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In Memoriam: Bern W. Tryon 
(1947–2011)

 Bern W. Tryon, well known zoo herpetologist and Bog Turtle 
field researcher and biologist, died peacefully at home on 6 May 
2011 after a long battle with cancer. He was 64. Bern was the Di-
rector of Animal Collections/Herpetology at the Knoxville Zoo 
and Director of the Tennessee Bog Turtle Project based in east 
Tennessee. He was preceded in death by his parents Willard Wil-
liam and Helene Kish Tryon. He is survived by his daughter Kath-
erine Tryon and granddaughter, Sophia, of Richmond, Virginia. 
 Bern was born in Newburgh, New York, on 11 March 1947. 
The family moved to Terre Haute, Indi-
ana, where Bern’s childhood was happily 
spent collecting butterflies and searching 
for amphibians and reptiles, a hobby that 
became his life’s work. One of his fond-
est memories occurred at the age of 10, 
when his family took him to Florida, and 
they visited Ross Allen’s Reptile Institute 
in Silver Springs. He was thrilled to be able 
to talk to Ross Allen during the visit, and 
bought his first snake, an Eastern Indigo 
Snake, the first of many species he would 
care for over the next 54 years. Bern moved 
to Aiken, South Carolina, in 1969, and 
found work at the Savannah River Ecologi-
cal Laboratory under the tutelage of Whit 
Gibbons and I. Lehr Brisbin. It was during 
this period that he honed his “search im-
age” while collecting reptiles for the labo-
ratory, and visited the famed “Okeetee” 
area in Jasper Co., South Carolina, for the 
first time.
 In 1971, Bern received a BS in Biology 
from Gardner-Webb University in North 
Carolina. Upon graduating he began his 
illustrious zoo and herpetological career 
with the Atlanta Zoo (Zoo Atlanta), Atlanta, 
Georgia, as Reptile Keeper/Senior Reptile Keeper (1971–1974). 
His next zoo position was Assistant Supervisor/Supervisor of 
Reptiles at the Fort Worth Zoos (1974–1980), and then Supervi-
sor of Herpetology at the Houston Zoo (1980–1984). Bern moved 
to the Knoxville Zoo in 1984, where he held the following posi-
tions: Curator of Herpetology (1984–2009), General Curator 
(1994–1997), and Director of Animal Collections/Herpetology 
(2000–present). 
 Bog Turtles (Glyptemys muhlenbergii) became one of Bern’s 
major passions when he found his first in a Henderson Co., 
North Carolina, study site with long-time friend Dennis Her-
man in 1982. He continued to assist Herman in Bog Turtle field 
work after he moved to Knoxville in 1984. His decision to have 
the Knoxville Zoo become a leader in Bog Turtle captive propa-
gation and conservation came to fruition when he converted an 
old outdoor alligator exhibit into a world class Appalachian Bog 
ecosystem replete with live bog plants and a core breeding group 
of Bog Turtles. The spring of 1986 became an important time in 
his quest to further the zoo’s involvement in Bog Turtle conser-
vation when the first Bog Turtle ever reported in Tennessee was 

found (Herman and Warner 1986). Bern found his first Tennessee 
Bog Turtle three days after the first had been discovered, and he 
laid the groundwork for what was to become the most complex 
and extensive Bog Turtle study ever attempted. An offshoot of his 
Tennessee capture-mark-recapture study also took root in 1986 
when he decided to initiate a captive propagation, head-start-
ing, and release project in a Carter Co., Tennessee mountain bog. 
This large bog site was determined to be devoid of Bog Turtles 
after nearly 50 hours of intensive search during 1986 and early 
1987. There was initial skepticism and controversy from some 
quarters regarding the validity of such a project. Not to be de-
terred, and in single-minded fashion, Bern put together a coali-
tion of partners to support such an endeavor, the likes of which 
had never been attempted for Bog Turtles. This partnership con-
sisted of the Knoxville Zoological Gardens, American Association 

of Zoos and Aquariums (AZA), U.S. Fish 
& Wildlife Service, Tennessee Wildlife 
Resources Agency, and The Nature Con-
servancy. The first cohort of turtles was 
released in the site in 1991, with 167 re-
leased through 2011 (Fig. 1, 2). He began 
a radio tracking study and a trapping 
regime, with his project assistant Lynn 
Easton, to maximize recapture efforts 
of the released turtles. After years of 
collecting capture and movement data, 
and three years before he died, Bern ex-
perienced the thrill of finding the first 
neonates and nests in this artificially 
established population. He now had the 
evidence needed to validate this as a vi-
able option for Bog Turtle conservation. 
The lesson he would try to pass along to 
skeptics and supporters alike, was that 
these types of studies are long-term—
or life long, as he would say—and one 
should not expect instant results. 
 Bern’s zoo career spanned 40 years, 
during which time he wrote over 30 pa-
pers and articles relating to herpetologi-
cal techniques, reproductive biology, 
and conservation. Many of the species 

that were of special interest to Bern, as well as the places he fre-
quented for field work, were heavily influenced by the writings 
of Carl Kauffeld, former reptile curator of the Staten Island Zoo. 
Two of Carl’s books—The Keeper and the Kept and Snakes and 
Snake Hunting—were treasured by Bern and most of his con-
temporaries, and had significant impact on his herpetological 
pursuits. These books led him on many trips to the Trans-Pecos 
region of west Texas, the mountains of southeastern Arizona, and 
of course Okeetee, South Carolina. His most prolific publishing 
years were during his tenure at the Fort Worth Zoo (1974–1980) 
and reflected some of the Kauffeld influence. And though Bern 
was generally considered a turtle man, he was also a snake man 

denniS w. hermAn 
503 Whitehall Way, Cary, North Carolina 27511, USA
e-mail: southernbogturtles@nc.rr.com
rick hudSon
Fort Worth Zoo, 1989 Colonial Parkway, Fort Worth, Texas 76110, USA
e-mail: RHudson@fortworthzoo.org

fIg. 1. Bern Tryon tracking Bog Turtles in 2009 
at the Ripshin Bog, a privately owned property 
in Tennessee.  Over the past 20 years, 167 head-
started Bog Turtles from the Knoxville Zoo pro-
gram were released at this site. 
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par excellence with exceptional husbandry skills. He had a touch 
with snakes that was intuitive, almost instinctive, and was adept 
at enticing recalcitrant feeders. Many of his charges attained lon-
gevities unheard of at the time in captivity. He conducted some 
of the pioneering research on the reproductive biology of the 
Gray-banded Kingsnake (Lampropeltis alterna) and Ridgenose 
Rattlesnake (Crotalus willardi), both of which resulted in notable 
publications. Both species would become enduring passions of 
Bern’s, in fact he was so taken with C. willardi madness that he 
once attended a Halloween party with his face painted with the 
characteristic willardi flash markings. His fascination with L. al-
terna would also become an obsession, taking him on numerous 
trips to west Texas to search for the elusive quarry. It took nine 
trips before he bagged his first one, ironically by field collecting 
and not road riding as was the tried and true method. His papers 
on aquatic turtle husbandry and incubation of reptile eggs—
based on work at the Fort Worth Zoo—are considered classics, 
still referenced today, some 35 years after publication. His mag-
num opus was the 1980 publication on the reproductive biol-
ogy of the West African Dwarf Crocodile (Osteolaemus tetraspis), 
which still stands as one of the seminal papers on crocodilian 
parental behavior, and is widely regarded as one of the definitive 
works on that species. Evidence that the seeds were sown early 
for what was to later become his life’s work came in 1976 when 
he published a paper on breeding and rearing the Bog Turtle in 
captivity. During his tenure at Fort Worth, the zoo developed a 
reputation for designing some highly naturalistic herp exhibits. 
Bern had a keen eye for exhibit work, and several of his montane 
rattlesnake exhibits done in the late 1970s were still in use into 
the 1990s. Under Bern’s leadership, the Herpetology Department 
at the Fort Worth Zoo received two AZA Significant Achievement 
Awards for breeding West African Dwarf Crocodiles and Angel Is-
land Chuckwallas (Sauromalus hispidus). In 1985, during Bern’s 
tenure at the Knoxville Zoo, his department was honored with 
the prestigious AZA Bean Award for breeding the Papuan Python 
(Apodora papuana).
 Bern did not venture too far outside the U.S., but in 1984 ac-
companied Jonathan Campbell and Rick Hudson to Costa Rica, 
uniting three successive generations of Fort Worth Zoo Assistant 

Herp Curators on one expedition. A herpetological catastrophe 
was narrowly averted as the three were riding on the tailgate of 
a pickup when a driver nearly rear-ended their vehicle at high 
speed, swerving at the last second to miss them.
 He was affiliated with various professional organizations 
such as the AZA, Turtle Survival Alliance (TSA), IUCN Tortoise 
and Freshwater Turtle Specialist Group (TFTSG), and AZA Chelo-
nian, Crocodilian, and Snake Taxon Advisory Groups. He served 
as the Section Editor (Herpetological Husbandry) for Herpeto-
logical Review from 1979 to 1992. He was also on the Editorial Re-
view Board for Chelonian Conservation and Biology (1993–2005), 
and was elected to the SSAR Board of Directors for1992–1994). 
He was the Tennessee Director for Project Bog Turtle since 2003. 
 Bern’s hard work and perseverance paid off as he received 
numerous prestigious awards for his outstanding contributions 
to conservation and research for the bog turtle in the South-
east from the U.S. Fish and Wildlife Service, Project Bog Turtle, 
and the AZA. Then in 2010 he received one of the first Lifetime 
Achievement Awards for Turtle Conservation from the TSA and 
the TFTSG, in recognition of his long-standing commitment to 
the southern Bog Turtle. Bern believed that southern Bog Turtle 
work was under-funded compared to the northern form, and to 
help remediate this situation he bequeathed his substantial her-
petological library to the TSA to establish an endowment specifi-
cally for Bog Turtle work in southern states.
 Although only a handful of people had the opportunity to see 
the real Bern Tryon outside of his professional realm, the per-
sonal relationships that he cultivated from entry level keepers 
to executive directors were unmatched. Tradition dictates that 
keepers usually avoid their curators, or if the encounter looks 
imminent…look busy. Bern was quite the opposite. If there was 
a waft of blue pipe smoke in the air, then that was the queue 
to follow the smell to Bern, where the reward would be casual 
conversation ranging from rich herpetological history to cutting 
edge husbandry techniques. Bern recognized the value in these 
interactions and went to great lengths to keep that as a necessary 
part of the daily routine.
 Bern’s commitment to herpetological conservation was un-
compromising and with his passing the turtle community has 

fIg. 2. This memorial plaque was placed in honor of Bern Tryon by The Nature Conservancy at the Orchard Bog site in Tennessee.  Bern worked 
in this valley for 25 years helping to restore Bog Turtle populations to Tennessee. 
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lost one of its staunchest allies. He will forever be remembered 
for his dedication and passion for herpetology, his laid-back, 
easy-going personality, his wonderful sense of humor, and be-
ing a good father and grandfather. He never lost that sense of 
enthusiasm in the field, and we can still see that twinkle in his 
eyes whenever he found a Bog Turtle or a big Eastern Diamond-
back. He was a great friend to his herpetology buddies who met 
each spring for over 40 years to search for reptiles in the Okeetee 

area of South Carolina. He will be greatly missed by all those who 
knew him.
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 With at least 92 amphibian and 72 reptile species, North 
Carolina has long attracted the attention of herpetologists, in-
cluding such pioneers in early North American herpetology as 
John Edwards Holbrook, Edward Drinker Cope, and Emmett 
Reid Dunn (Martof et al. 1980; Beane et al. 2010). The herpeto-
logical richness of the state is attributed to its great diversity in 
topography, climate, and vegetation (Martof et al. 1980; Beane et 
al. 2010), and the herpetofauna consists of an admixture of tem-
perate northeastern U.S. and subtropical southeastern U.S. taxa. 
The significance of North Carolina’s herpetofauna is reflected in 
the amphibian and reptile collection at the North Carolina State 
Museum of Natural Sciences (NCSM), one of the largest and 
most complete regional collections in the United States.
 The collection was started in the late 1800s by North Caro-
lina naturalists and brothers Clement Samuel (C. S.) Brimley and 
Herbert Hutchinson (H. H.) Brimley. H. H. became the museum’s 
first full-time curator in 1895 and its first official director in 1928 
(Cooper 1979; Martin 2001). While C. S. was never officially em-
ployed by the museum, he collected or otherwise acquired many 
of the specimens that would later form the beginning of its am-
phibian and reptile collection. The oldest specimen known to be 
in the holdings, NCSM 431, is not a North Carolina specimen, 
but rather a Gulf Coast Toad (Bufo valliceps) collected in Waco, 
McLennan County, Texas, on 30 March 1895 and received by C. 
S. from an unstated collector (probably John K. Strecker, Jr., from 
whom he acquired several other specimens from that locality).
Most of the specimens have been accumulated since the 1960s, 
when William M. Palmer (Fig. 1) began caring for the fish, am-
phibian, and reptile collections. Palmer began working part-
time for the museum in 1951, and was hired full-time as Curator 
of Zoology in 1963. Prior to then, the amphibian and reptile col-
lection consisted of an assortment of uncatalogued specimens 
identified by museum accession numbers or associated data 
labels. In 1962, Palmer acquired archival catalog ledgers, fluid-
resistant specimen tags, and adequate storage containers, and 
on 15 December 1962 he designated NCSM 1 to a Necturus lewisi 
(the first 20 specimens catalogued were of this species, a North 
Carolina endemic described by C. S.), thus initiating the cata-
loguing system still used today.
 Alvin L. Braswell (Fig. 1) joined the staff in 1968, first as an 
intern, then as a part-time assistant. He became permanent staff 

in 1974 as Collection Manager of Lower Vertebrates, and then 
as Curator of Lower Vertebrates. Palmer and Braswell held joint 
positions as curators until Palmer retired in 1995. Palmer con-
tinues to work in the collection today in the supporting role of 
Emeritus Curator of Herpetology. Jeffrey C. Beane (Fig. 2) was 
hired in 1985 as a Research Technician and has held the position 
of Collection Manager of Herpetology since 1995. Most recently, 
Bryan L. Stuart joined the museum in September 2008 as Cura-
tor of Herpetology when Braswell moved into an administrative 
position as the museum’s Deputy Director. At the time of writing, 

inStitutionAl profile
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North Carolina State Museum of Natural Sciences, 
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the herpetology collection at the north carolina State 
museum of natural Sciences

fIg. 1. William M. Palmer (right) and Alvin L. Braswell (left) herping 
in 1969 in the Croatan National Forest, North Carolina. The van was 
a North Carolina State Museum vehicle. Palmer’s baseball cap stands 
for “Players’ Retreat,” a bar and restaurant in Raleigh that was found-
ed in 1951 and remains popular today.
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all four generations of herpetologists, representing at least 114 
person-years at the museum, are actively serving the institution 
(Fig. 3). Palmer, Braswell, and Beane have dedicated their careers 
to documenting the natural history, distribution, and conserva-
tion status of the amphibians and reptiles of North Carolina and 
adjacent states, and these three individuals have together built 
most of the collection. Stuart has added an interest in molecular 
systematics and species delimitation, as well as an international 
perspective (Southeast Asia and Central Africa), to herpetologi-
cal research at the museum.
 Despite the name similarity, the museum is not officially part 
of North Carolina State University, although the museum and 
university maintain a close association and many of the mu-
seum’s curators have adjunct faculty appointments at the uni-
versity. The institutional acronym of NCSM, used in cataloging 
specimens, is based on the earlier name of “North Carolina State 
Museum” (Leviton et al. 1985). The official name of the institu-
tion is now North Carolina State Museum of Natural Sciences, 
although the word “State” is often omitted from the institutional 
title for marketing purposes, such as on the museum’s website.
 As of June 2011, NCSM’s amphibian and reptile collection 
contains over 78,300 cataloged records consisting of approxi-
mately 200,000 specimens. Approximately 80% of the collection 
consists of North Carolina material, although at least 45 states, 
24 countries and 650 species are represented. Other states with 
substantial representation include California, Delaware, Geor-
gia, Florida, Louisiana, New Jersey, New York, South Carolina, 
Tennessee, and Virginia. Other countries with substantial repre-
sentation include Gabon, Laos, and Vietnam. The collection con-
tains paratypes of seven amphibian taxa (Eurycea chamberlaini, 
E. junaluska, Leptolalax aereus, L. bidoupensis, Leptobrachium 
leucops, Rana palustris mansuetii, and Rhacophorus vampyrus) 
and two reptile taxa (Ophisaurus mimicus and Nerodia sipedon 
williamengelsi), and the holotype of one amphibian (Leptobr. 
leucops). From the 1960s to the late 1980s, then-curator Palmer 
transferred additional types (including holotypes) to the Smith-
sonian Institution National Museum of Natural History and the 
American Museum of Natural History when the long-term per-
sistence of the collection appeared uncertain.

 Major acquisitions into 
NCSM’s amphibian and 
reptile collection include 
the collections of Duke 
University (the late Joseph 
R. Bailey et al.), Virginia 
Commonwealth Univer-
sity (Charles R. Blem et 
al.), State University of 
New York at Binghamton 
(Ted D. Murphy et al.), 
the University of North 
Carolina’s Institute of 
Marine Sciences (Frank J. 
Schwartz et al.), and the 
personal collections of 
the late Elmer E. Brown, 
Richard C. Bruce, Rufus W. 
Gaul, Jr., the late Julian R. 
Harrison III, and David L. 
Stephan. Numerous other 
individuals have made 
substantial contributions 

to the collection, often over many years; these include Stanley 
L. Alford, Rudolf G. Arndt, Michael E. Dorcas and students (Da-
vidson College), Richard R. Montanucci, L. Todd Pusser, Thomas 
J. Thorp, the late George Tregembo and family, and numerous 
members of the North Carolina Herpetological Society, an NCSM 
affiliate group.
 NCSM’s amphibian and reptile collection formed the basis 
for three significant books on the state’s herpetofauna. Amphib-
ians and Reptiles of the Carolinas and Virginia, first published by 
Martof et al. (1980) and recently revised by Beane et al. (2010), is 
a guide to all the amphibian and reptile species of the state (and 
South Carolina and Virginia), including color images and maps 
of species. Reptiles of North Carolina, published by Palmer and 
Braswell (1995), is a comprehensive volume on all aspects of the 
biology of the state’s reptiles. Other popular publications based 
heavily on the collection include a booklet on North Carolina’s 
venomous snakes (Palmer 1974; revised by Braswell et al. 2003), 
a book highlighting NCSM and its collections (Martin 2001), and 
a book and CD guide to North Carolina anurans and their calls 
(Dorcas et al. 2007). Innumerable scientific publications have 
extensively utilized the NCSM amphibian and reptile collection, 
among them many student theses, such as those by Davis (1968), 
Fedak (1971), Braswell (1977), Reynolds (1980), Williams (1983), 
Gaul (1996), and Mebert (2003).
 Since 1998, the amphibian and reptile collection has been 
housed at the museum’s Research Laboratory (Fig. 4), a 20,296 
square foot facility that was specifically designed for housing the 
museum’s “wet” collections (invertebrates, fishes, amphibians 
and reptiles, and some fluid-preserved birds and mammals). The 
“dry” collections (most birds and mammals, paleontology, and 
geology) are housed approximately six miles away, in the main 
museum building in downtown Raleigh, where exhibits and 
events open to the public are also located. The amphibian and 
reptile specimen range is a 4,709 square foot room maintained 
at a constant 20ºC (68ºF) and 45 ± 2% relative humidity, without 
windows and with ultraviolet light filters on overhead fixtures. 
A Honeywell MDA Scientific Midas alcohol gas sensor system 
in the range trips an alarm if alcohol is detected from a spill. 
The collection maintains fluid-preserved specimens, skeletons, 
skins, dry taxidermy mounts, stomach contents, photographic 
vouchers, and other materials, as well as supporting documen-
tation such as field notes, data sheets, and correspondences. 
Most amphibian eggs, amphibian larvae, and reptile hemipenes 
are stored in buffered 8-10% formalin; most other wet speci-
mens are originally fixed in formalin and subsequently switched 
to 70% ethanol for permanent storage. Most wet specimens are 
stored on open metal shelves in glass jars, vials, or crocks; some 
larger specimens (such as crocodilians, turtles, and snakes) are 
in stainless steel tanks on wheels or in plastic buckets or barrels. 
Dry materials, such as skeletons, skins, and taxidermy mounts, 
are housed in glass containers or archival-quality storage boxes 
with lids. Taxa are arranged phylogenetically by order and fam-
ily, and then alphabetically within family by genus, species, sub-
species, and county. Type specimens, catalog ledgers, and some 
original field notes and other records are stored in fireproof cabi-
nets. Adjacent to the range is a herpetology “wet lab” with a fume 
hood, microscopes, computers, and other equipment and sup-
plies needed for processing, curating, examining, and loaning 
specimens. Offices for herpetology personnel are in close prox-
imity to the wet lab and collection range. Tours of the facility are 
frequently conducted for interested individuals and groups such 
as university classes.

fIg. 2. Jeffrey C. Beane in 1987 with 
preserved Pine Snakes (Pituophis 
melanoleucus) in the amphibian and 
reptile collection at the North Caro-
lina State Museum. 
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 Two major initiatives are underway in the collection. The first 
is to develop genetic resources in the amphibian and reptile col-
lection to make tissues and DNA extractions available to users 
for molecular genetic analyses. The vouchered tissue collection 
has rapidly grown from a handful of tissues in 2008 to over 1,300 
tissues in June 2011, and tissues now account for a large percent-
age of loan requests from the scientific community. A National 
Science Foundation-funded project, incepted in April 2011, pro-
vides for storing these tissues in labeled and barcoded cryogenic 
vials in an ultra-cold (-80ºC) freezer to minimize thermal degra-
dation.
 The second major initiative is to database and georeference 
the catalog ledgers to allow rapid and remote access of the col-
lection’s holdings by researchers, resource managers, the public, 
and other user groups. The development and success of the mu-
seum’s database structure was extensively treated by Hogue and 
Raine (2006). At the time of writing, the amphibian and reptile 
collection database is online (http://collections.naturalsciences.
org), but only a portion of the collection is in the database. Users 
should be aware that this digitization effort is a work-in-prog-
ress, and curatorial staff should be contacted for a complete list 
of holdings. The museum is a participant in HerpNET (http://
herpnet.org), and plans are to have the digitized portion of the 
collection on the HerpNET portal by 2012. Readers are encour-
aged to consider utilizing the NCSM herpetological collection for 
their future research needs.
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 Although scientific names are the accepted means of refer-
ring to species in the scientific literature, common names con-
tinue to serve important functions in both scientific and popular 
communication. That fact is evident from the inclusion of both 
scientific and common names in checklists published by vari-
ous taxonomically specialized scientific societies (e.g., American 
Ornithologists’ Union 1998 [birds]; Baker et al. 2003 [mammals]; 
Crother et al. 2008 [amphibians and “reptiles”]; Nelson et al. 2004 
[“fishes”]). In this context, a relatively minor yet somewhat radi-
cal change concerning the use and formation of common names 
in a recent checklist of iguana species (Iguana Taxonomy Work-
ing Group 2011) deserves explanation. The change is minor in 
that it involves only a single letter, “s,” reflecting the plural in-
stead of singular nature of each name, but it is radical in that 
it affects the names of all species in the checklist and breaks a 
long-standing tradition. A description of the rationale for this 
change was outside of the scope of the checklist, and therefore 
I, as the instigator, am presenting the rationale here. I hope to 
convince herpetologists (and biologists in general) that the tra-
ditional use of singular common names as the equivalents of the 
scientific names of species is inconsistent with modern species 
concepts and the meanings of the words from which the names 
are formed, and therefore, that plural common names should be 
used instead. Although some may consider the inconsistency to 
be insignificant (and thus the proposed solution to be one to a 
“non-problem”), it reflects a fundamental and inappropriate as-
sumption about the basic nature of taxa.
 The term “common” (in “common name”) is used here to 
mean “ordinary” or “familiar” (as opposed to “widespread” or 
“general”) in the sense of being composed of ordinary or famil-
iar words; it is therefore roughly synonymous with “vernacu-
lar,” meaning “of the everyday language or dialect of a group of 
people.” The common names used by different groups of people 
can be distinguished by specifying a region, country, or language 
(e.g., “English common names”). Other properties of common 
names can also be conveyed by using appropriate adjectives 
(e.g., “standard English names” for English common names pro-
posed in an attempt to standardize usage). I will restrict consid-
erations in this commentary to English common names, though 
they likely apply to those of other languages. With one excep-
tion, I will also restrict my comments and examples to names of 
amphibian and reptile species, though they obviously apply to 
those of other taxa as well.

MODERN SPECIES CONCEPTS AND THEIR IMPLICATIONS 
FOR COMMON NAMES

 Although debate continues concerning the precise definition 
of the species category (reviewed by de Queiroz 1998; Mayden 
1997; Wilkins 2006), all modern species concepts equate species 
more generally with population level lineages—that is, with pop-
ulations or metapopulations (groups of connected populations) 
that extend through time as the result of ancestry and descent 
among their component organisms (de Queiroz 1998, 1999, 
2007). Implicit in this general concept of species is the view that 

the species category is a level in the hierarchy of biological or-
ganization (Brown 1995; de Queiroz 2011; Mayr 1982), which in-
cludes at least cells, organisms, colonies, and populations/spe-
cies, and perhaps entities at lower levels (e.g., genes) and higher 
levels (e.g., communities) as well. In this hierarchy of biological 
organization, entities at higher levels (e.g., species) are made up 
of those at lower levels (e.g., organisms). 
 In agreement with the recognition of a hierarchy of biological 
organization, different names are usually used for entities that 
occupy different hierarchical levels. For example, “Lonesome 
George” is the name of an organism that is part of the species 
named “Chelonoidis (formerly Geochelone) abingdonii.” The 
common names of species, however, are often used in a way that 
is inconsistent with such distinctions; that is, the same common 
names are often used to refer both to individual organisms and 
to the species of which they are parts. For example, it would not 
be unusual for someone to say, “I saw a zebra-tailed lizard near 
Pisgah Crater in the Mojave Desert,” using the name “zebra-
tailed lizard” to refer to an individual organism. It would also not 
be unusual for someone to say, “The zebra-tailed lizard occurs in 
the Mojave Desert,” using the same name, including the singular 
number, to refer to an entire species. This second use, however, 
is inconsistent with modern species concepts and the meanings 
of the words from which the common name is formed. 
 The common names of amphibian and reptile species are 
often formed by adding adjectives (e.g., “red-cheeked,” “So-
noran”), including participles (e.g., “barking”) and attributive 
nouns (e.g., “canyon,” “rat”), or possessive nouns (e.g., “Baird’s”) 
to base names. Those base names—words such as “frog,” “sala-
mander,” “turtle,” “lizard,” “snake,” and “alligator”—are common 
nouns in that they refer to the members of groups of organisms. 
Those groups are now commonly conceptualized as the classes 
or sets of organisms that make up particular clades, or some-
times paraphyletic groups (e.g., “lizards”). A snake, for example, 
is an individual organism; it is an individual member of the set 
of organisms making up the clade Serpentes or Ophidia. There-
fore, when we refer to a single organism in this set, we use the 
singular noun “snake” (e.g., “Amy anaesthetized a snake before 
performing surgery on it”), and when we refer to several such 
organisms, we use the plural noun “snakes” (e.g., “Steve has been 
radio-tracking 10 snakes at the same time”).
 When common names are formed using common nouns of 
the kind just described, it is inconsistent to use the singular form 
of those names as equivalents of the scientific names of species. 
The reason that this use is inconsistent is that singular common 
names properly refer to individual organisms, not to entire spe-
cies, whereas scientific names of species properly refer to en-
tire species, not to individual organisms. A zebra-tailed lizard, 
for example, is not a species; it is an organism that is a member 
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or part of a species (Callisaurus draconoides). Conversely, Cal-
lisaurus draconoides is not a lizard, zebra-tailed or otherwise; it 
is a species the organismal parts of which are (zebra-tailed) liz-
ards. Therefore, because species are almost always composed of 
more than one organism, the name “Callisaurus draconoides” is 
not equivalent to “[the] zebra-tailed lizard” but to “zebra-tailed 
lizards.” And thus, the incorrectly stated sentence “The zebra-
tailed lizard occurs in the Mojave Desert,” is correctly stated 
using either a singular species name: “Callisaurus draconoides 
occurs in the Mojave Desert,” or a plural common name: “Zebra-
tailed lizards occur in the Mojave Desert.” 
 Interestingly, the problem I am discussing is largely restrict-
ed to the common names of species. Analogous inconsisten-
cies involving the common names of higher taxa (clades) are 
rare to non-existent. For example, it is not customary to equate 
the name “Squamata” with “[the] lizard” but with “lizards.” Nor 
is it customary to equate “Phrynosoma” with “[the] horned liz-
ard” but with “horned lizards.” Nevertheless, it is customary to 
equate “Phrynosoma solare” with “[the] regal horned lizard,” 
though consistency dictates that we ought to equate it with 
“regal horned lizards.” All of the taxa just mentioned, whether 
clades or species, are composed of more than one organism. 

SCIENTIFIC NAMES AND COMMON NAMES OF SPECIES

 In contrast to English common names, the scientific names 
of amphibian and reptile species (as well as those of species in 
other clades) are commonly formed from Latin or Latinized 
words. Those words are often common nouns in their original 
language (e.g., “rana” is Latin for “frog”), but as scientific names, 
they are treated differently. In both popular and scientific dis-
course, the scientific names of species are commonly used in 
the singular, implying that they refer to species as wholes rather 
than to the organismal parts of species. In agreement with the 
treatment of scientific species names as singulars, several au-
thors have argued that the scientific names of species are proper 
nouns (e.g., Ghiselin 1974; Hull 1976). Proper nouns, by defini-
tion, refer to individual entities (in this case, particular species) 
and thus are necessarily singular. Given that scientific names are 
singular, it is correct to say “Plethodon petraeus has a restricted 
distribution” but incorrect to say “Plethodon petraeus have a re-
stricted distribution.” 
 The use of scientific names as proper nouns is perhaps most 
natural in languages that are relatively distantly related to Latin 
(e.g., English and German more so than Spanish and Italian). Be-
cause the Latin or Latinized words from which scientific names 
are formed are more likely to be unfamiliar to speakers of such 
languages, it is natural to treat them as proper nouns, that is, 
as words (names) that simply refer to individual things, rather 
than common nouns, which refer to sets or classes of individual 
things and therefore often describe properties possessed by the 
members of those sets or classes. Just as the name “Doris Co-
chran” simply refers to a particular person, the name “Apalone 
mutica” simply refers to a particular species. That the name 
“Doris Cochran” means “of the sea” and “red” or “crimson” and 
the name “Apalone mutica” means “soft” and “unarmed” is ir-
relevant to their functions of referring to an individual person or 
species. That is to say, scientific names can be (and perhaps of-
ten are) used to refer to particular species regardless of whether 
the users of those names know or care about the meanings of the 
Latin or Latinized words from which the names are formed. Con-
sequently, scientific names need not be descriptively accurate. 

For example, just as the name “George” works perfectly well for 
referring to a person who is not a farmer, the name “Coluber 
constrictor” works perfectly well for referring to a species whose 
members do not commonly constrict their prey.
 Like the scientific names of species, the common names of 
species are sometimes interpreted as proper nouns (e.g., Parkes 
1978; Potter 1984). That interpretation, however, is inconsistent 
with certain practices involving common names. Rather than 
simply referring to species, common names often describe one 
or more properties of species or their component organisms. 
This situation is reflected in changes in common names to im-
prove their descriptive accuracy, a practice that is expressly for-
bidden with scientific names. For example, the common name 
“poison arrow frog” was changed to “poison dart frog” (and “dart-
poison frog”), and the names ”Mexican hook-nosed snakes” and 
“plateau hooked-nosed snakes” were changed to “eastern hook-
nosed snakes” and “western hook-nosed snakes” (Crother et al. 
2008), in all cases to improve descriptive accuracy. In contrast, 
the name “Coluber constrictor” cannot be changed for the sake of 
improving descriptive accuracy. Although that rule is imposed by 
a formal system of zoological nomenclature, which does not ap-
ply to common names, the way that the system operates reflects 
the fact that the primary function of scientific names is simply 
for referring to taxa and not for describing the properties of their 
included organisms.  
 The interpretation of common names as proper nouns is also 
inconsistent with the meanings of the words from which they are 
formed. Because the base words from which common names are 
formed are common nouns (e.g., “gecko”), modifying them with 
descriptive adjectives (e.g., “banded”) and/or possessive nouns 
(e.g., “Switak’s”) creates names that are also common nouns. De-
claring them to be proper nouns or capitalizing them does not 
change that fact. Using them in the singular goes further toward 
making them function as proper nouns in that the species to 
which they refer are individual population level lineages; how-
ever, many uses of common names in the singular are incon-
sistent with their interpretation as proper names of species. For 
example, the statement “The Eastern Red-backed Salamander 
is a small species” is either incorrect or incorrectly stated. If the 
name “Eastern Red-backed Salamander” is the name of a spe-
cies, that species (Plethodon cinereus) is not small: It has an ex-
tensive geographic distribution (Highton and Webster 1976), and 
its component organisms are extremely abundant, resulting in a 
high species biomass (Burton and Likens 1975). Alternatively, if 
the statement is about the average body size of the salamanders 
that make up the species and not about the species as a whole, 
then the proper name of the species should not be used. That is, 
it would be more appropriate to say “Eastern red-backed sala-
manders are small animals.” Again, this confusion results from 
using a word that refers to a kind of organism as the name of a 
species. 

USE OF SINGULAR COMMON NAMES AS A HOLDOVER

 The likely explanation for the inconsistent but traditional 
use of singular common names for species is that it is a holdover 
from an earlier age. This practice originated in the pre-evolu-
tionary era (see Daudin 1802–03 and Shaw 1802 for French and 
English examples), when species were conceptualized at least 
partly as essences or types (e.g., Hull 1965; Mayr 1976, 1982). 
Species were also conceptualized as self-perpetuating groups of 
organisms (de Queiroz 2011); however, without the principle of 
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evolution, the similarity and reproductive compatibility among 
their members was explained by their being of the same essence 
or type in the mind of their creator (Darwin 1859). Under es-
sentialism, the name of a species is the name of an essence, an 
eternal, abstract Idea or Form of which living organisms are its 
concrete manifestations (Hull 1965). Under typology, a species is 
a type, a class or category of entities (i.e., a group defined by a set 
of shared characteristics) of which organisms are its instances or 
examples. In either case, the essence or type of a species consists 
of those properties that are necessary and sufficient for species 
membership, and traditionally, those properties took the form of 
organismal traits (de Queiroz 1992, 1995; Sober 1980). Thus, spe-
cies were conceptualized either as eternal, ideal organisms (es-
sentialism) or as categories of organisms (typology). Also associ-
ated with these views is the idea that any traits that vary among 
the members of a species are incidental or accidental, since they 
are not important to the essence or type of the species. 
 The perspective just described contrasts with modern spe-
cies concepts, according to which species are viewed not as es-
sences or types but as population level lineages. That is to say, 
species are viewed as entities at a level of biological organization 
above the level of organisms, rather than as kinds or categories 
of organisms (and nothing more). Thus, under modern species 
concepts, organisms are parts or components of species rather 
than examples, instances, or manifestations of them. In addi-
tion, the organisms of a species are not required to share any 
particular set of traits (though they often do), and traits that vary 
among them are not viewed as intrinsically any less important 
than those that happen to be fixed. Moreover, as entities at a 
higher level of biological organization, species possess proper-
ties unique to the population level (e.g., population structure) in 
addition to the properties of their component organisms (e.g., 
body size). These and related views have been termed “popula-
tion thinking” and are in contrast with those of essentialism and 
typology (e.g., Mayr 1959, 1976; O’Hara 1997; Sober 1980).
 The use of singular common names in situations that, un-
der modern species concepts, call for the use of plurals can be 
understood as a vestige of essentialist or typological species 
concepts. According to those doctrines, particularly when or-
ganismal traits are treated as the essential or defining characters, 
the name of a species (whether scientific or common) refers to 
a single organism: the single eternal, ideal organism of which 
tangible organisms are concrete manifestations, or the single 
concept of an organism possessing the properties that define the 
class of which actual organisms are examples or instances. To the 
extent that the essence or type of a species is conceptualized as 
an organism, it is appropriate to use singular common names, 
such as “the wood turtle,” to refer to essentialist or typological 
species. Thus, the inappropriate use of singular common names 
based on terms that refer to organisms (e.g., “frog,” “turtle,” etc.) 
can be explained as a holdover from an era in which species were 
conceptualized as essences or types.

THE COMMON NAMES OF HOMO SAPIENS

 Interestingly, people are less prone to using singular com-
mon names inappropriately when referring to our own species. 
Thus, we rarely, equate the scientific name “Homo sapiens” with 
the singular common names “[the] human” or “[the] human be-
ing;” instead, we use the plural common names ”humans” and 
“human beings.” For example, it would be normal to say, “Hu-
mans (Homo sapiens) are bipedal primates,” but it would sound 

archaic to say, “The human (Homo sapiens) is a bipedal primate.” 
Sometimes the singular common name “man” is used, though 
this practice is decreasing, presumably because it has inappro-
priate connotations with regard not only to number (singular 
versus plural) but also to gender. The singular common names 
“mankind” and “humankind” are also used. Those names, how-
ever, refer to the human species as a whole or the totality of 
human beings. Unlike the common names of amphibians and 
reptiles, they are never used to refer to individual people. For ex-
ample, although one might say, “Henry is a tuatara who became 
a father at the age of 111,” one would not say, “Leonard Stejneger 
was a mankind who published a monograph on the herpetology 
of Japan.” Because we have different common names for refer-
ring to our own species as a whole and the organisms of which 
it is composed, inappropriate use of the singular “human” to re-
fer to the human species as a whole is rare. In contrast, because 
humans have not developed separate common names for dis-
tinguishing between other species and their component organ-
isms, inappropriate use of singular common names is not only 
common, it is the norm. 
 These patterns of use suggest that humans are less typo-
logical when referring to our own species than when referring 
to other species. Perhaps the reason is that we grant more im-
portance to, or are more aware of, differences among individual 
humans than differences among the individual organisms of 
other single species. But regardless of the reason for this differ-
ence, the common names of other species, including those of 
amphibians and reptiles, ought to conform to the same stan-
dards that we adopt for the names of our own species. One way 
to achieve this would be to develop common names that clearly 
refer to other species as wholes rather than to their component 
organisms. For example, we could use names such as “the ma-
rine iguana species” or “marineiguanakind” for Amblyrhynchus 
cristatus. Up to the present time, however, such names have not 
been widely used for species other than Homo sapiens. As long as 
we continue to use common names that refer to kinds of organ-
isms (i.e., names formed from base words such as “toad,” “newt,” 
“tortoise,” “iguana,” “boa,” and “crocodile” without “species” or 
“-kind”) as equivalents of the scientific names of species, those 
names should be used in the plural. 

CAPITALIZATION

 The considerations about common names described above 
also bear on the issue of capitalization. Under the interpretation 
of the common names of species as proper names (e.g., Parkes 
1978; Potter 1984), those names are commonly capitalized. How-
ever, because common names are more appropriately interpret-
ed not as the names of species as wholes but as names of the 
sets of organisms of which species (as population lineages) are 
composed (de Queiroz 1995), common names are not, strictly 
speaking, the names of individual species. Therefore, they are 
not proper nouns and need not be capitalized (compare Atkins 
1983). This conclusion is consistent with the use of common 
names for the organisms comprising our own and other species 
(“humans,” “dogs,” “cats,” etc.), which generally are not capital-
ized. I am not arguing however, that common names should not 
be capitalized. There may be other reasons for capitalizing com-
mon names, such as distinguishing the common names of spe-
cies from general descriptions of organisms (e.g., “Green Frogs” 
versus “green frogs”) and ease of recognition while reading (Nel-
son et al. 2002; Parkes 1978). However, the act of capitalizing a 
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common name does not thereby by make it a proper noun any 
more than does capitalizing a word in a section heading or at the 
beginning of a sentence. 

CONCLUSION

 In summary, plural rather than singular common names 
should be treated as equivalent to the scientific names of spe-
cies. This practice is more consistent with modern species 
concepts and the meanings of the words from which common 
names are formed; it more clearly distinguishes between differ-
ent hierarchical levels of biological organization; and it elimi-
nates a vestige of typological or essentialist thinking. Moreover, 
although using plural common names for species may at first 
seem strange because it departs from a long-standing tradition, 
the change is relatively minor, it now has precedents in a check-
list (Iguana Taxonomy Working Group 2011) and a taxonomic 
revision (Torres-Carvajal et al. 2011), and it should not be par-
ticularly difficult to become accustomed to. 
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 Scientists and enthusiasts who have studied, kept, or ob-
served monitor lizards (Varanidae: Varanus) for extended peri-
ods of time usually recognize that monitors possess considerable 
intelligence when compared to other reptile groups. Scientific 
testaments to their “higher intelligence” date back more than a 
century, with both Ditmars (1902) and Werner (1904) recognizing 
monitors as the pinnacle of lizard intelligence. Since then, many 
herpetologists have followed suit in this claim (e.g., Burghardt 
et al. 2002; Mertens 1942; Phillips 1994; pianka and King 2004; 
Sweet and Pianka 2003), supported by research and behavioral 
observations of their own as well as a growing number of pub-
lished accounts describing unusual and insightful behaviors in 
the group (see reviews by horn 1999 and Krebs 2007). Formal 
research on the memory and learning capacities of monitors has 
also contributed to the general understanding of their intelli-
gence (loop 1976; Manrod et al. 2008).
 Despite numerous published accounts on monitor behavior, 
the insight and behavioral complexity of some species are better 
understood than others. It is not surprising, given their size and 
conspicuousness when compared to smaller tree-dwelling taxa, 
that large terrestrial species ( > 1.5 m in total length [TL]) account 
for most behavioral observations which have led to the idea of 
intelligence in monitors (horn 1999; Krebs 2007). Even captiv-
ity-based studies on learning and behavioral complexity have 
focused primarily on large terrestrial species (e.g., Burghardt et 
al. 2002; Firth et al. 2003; Loop 1976; Manrod et al. 2008). Thus, 
little is known about the problem-solving abilities and behavior-
al specializations of the more diminutive monitors, particularly 
arboreal taxa belonging to the subgenera Odatria and Euprepio-
saurus. 
 Within Euprepiosaurus, the Varanus prasinus complex is 
currently comprised of nine highly arboreal species (to ca. 100 
cm TL) endemic to tropical lowland environments of northeast-
ern Australia, New Guinea, and adjacent islands (Ziegler et al. 
2007). Behavioral observations on these species in the wild (e.g., 
Clarke 2004; Irwin 1994, 1996; Pattiselanno et al. 2007; Whit-
tier and Moeller 1993) and in captivity (e.g., Eidenmüller and 
Wicker 1992; Garrett and Peterson 1991; Hartdegen et al. 1999, 
2000; Irwin 1996; Kiehlmann 1999) are rather limited, but spe-
cific references to insightful behaviors are scant (Holmstrom 
1993). Krebs (1991) doubted the insight of V. prasinus, grouping 
it together with “less-specialized” monitor species on account 

of a presumed “lower specialized learning ability.” This was be-
fore several published reports describing diverse prey-handling 
tactics used by the V. prasinus complex (Hartdegen et al. 1999, 
2000; Kiehlmann 1999), which Greene (2004) later recognized as 
highly specialized behaviors. Here, we call special attention to 
the insight and behavioral complexity of the V. prasinus complex 
by describing a remarkable prey extraction behavior used by the 
Black Tree Monitor, V. beccarii (Doria, 1874), which demonstrates 
complex problem solving abilities, fine motor coordination, and 
skilled forelimb movements. 

METHODS
 History and husbandry of specimens.—An adult male (242 
mm in snout to vent length [SVL]) and female (270 mm SVL) 
Varanus beccarii of unknown ages and of wild-caught origin 
have been maintained for several years in the private collection 
of RWM. Both specimens are housed in separate terraria each 
measuring 90 x 60 x 180 cm (l x w x h). A 6 mm thick sheet of 
acrylic doubles as a viewing window and access door for each 
terrarium. Each terrarium is furnished with large tree limbs and 
the walls are covered with cork sheeting and virgin cork slabs. 
Live Pothos plants provide additional cover. A basking spot of 
ca. 49°C is provided in each terrarium by outdoor Sylvania®100 
watt halogen flood lamps, which also provide ambient lighting. 
Daytime ambient temperatures range in a vertical gradient from 
23.8°C at the floor to 40.6°C at the ceiling. Nighttime ambient 
temperatures drop to 30°C. A small access door connecting the 
terraria is periodically opened to allow the monitors access to 
one another for breeding. 
 Since their acquisition, both specimens have been fed a ro-
tating daily diet of Zophobas morio larvae, domestic crickets 
(Acheta domesticus), wood cockroaches (Nauphoeta cinerea), 
wax moth larvae (Achroia grisella), and frozen-thawed neonatal 
mice. Typical of many male monitor lizards in captivity, the male 
Varanus beccarii quickly developed a strong feeding response, 
and feeds aggressively from forceps. The female has remained 
timid with a weaker feeding response, and only occasionally 
accepts prey from forceps. Each specimen is fed at alternating 
locations throughout its terrarium to prevent habitual feeding 
locations and associated feeding aggression. 
 Beginning around April 2009, the male was infrequently of-
fered neonatal mice and Zophobas morio larvae through a per-
manent 15 mm gap which had formed in the upper left corner of 
its terrarium between the acrylic door and the door frame. The 
gap, created by the warping of the acrylic door over time, was 
large enough to pass prey items through using forceps, but not 
large enough for the monitor to fit its head through. 

OBSERVATIONS AND RESULTS
 Initial behavioral observations.—On 25 January 2010, the 
male Varanus beccarii was fed a neonatal mouse through the gap 
in the terrarium door. Following its consumption, the monitor 
showed continued interest in the gap, now scented with mouse 
odor, by repeatedly tongue-flicking the area. After ca. 15 seconds 
of tongue-flicking, the lizard extended its right forearm through 
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the opening, and began reaching around the outside frame of 
the terrarium with its forehand. The lizard retracted its arm back 
into the terrarium, then after another series of tongue flicks, it 
extended its left forearm through the opening, performing the 
same reaching arm movements as before, but reaching a farther 
extension than with the right arm. This sequence of behaviors 
was repeated several more times over the next minute until the 
monitor apparently lost interest.
 To determine if this behavior was intended to locate or re-
trieve prey, a neonatal mouse was held by forceps just outside 
the gap of the male’s terrarium, visible to the lizard. Once the 
monitor noticed the mouse and recognized its scent, it immedi-
ately extended its left forearm through the gap, and began reach-
ing and clawing at the mouse with its forehand. These efforts 
appeared frantic and were noticeably more coordinated than 
earlier attempts when a prey item was not present. After keep-
ing the mouse out of reach for several unsuccessful retrieval at-
tempts, it was moved within reach of the monitor. The Varanus 
beccarii hooked the prey with its claws using a grasping forehand 
movement, then quickly pulled it back into the enclosure where 
it was seized from the claws with the jaws and swallowed. Ad-
ditional trials were successfully repeated with both the male and 

female (through a gap created by partially-opening the female’s 
terrarium door), as well as with Zophobas morio larvae offered as 
prey (Fig. 1).
 It is important to note that these reaching and grasping fore-
arm movements involved highly coordinated wrist and digit ma-
nipulations (Fig. 1). A similar reaching behavior was observed at 
the base of the male’s terrarium door whenever Zophobas morio 
larvae would fall into a 7 mm wide, 30 mm deep channel running 
along the length of the door (56 cm) between the door, frame, 
and weather stripping. Alternating use of both forelimbs, the 
male was able to retrieve the prey by inserting its forearm into 
this groove then using a series of side-swiping arm movements 
until the prey became snagged on a claw or was able to be pulled 
upwards and out of the opening.
 Semi-natural experiments.—Following these initial trials and 
observations, a simple experiment was carried out to test the use 
of this behavior in a semi-natural situation. A series of four holes 
narrower than the width of the monitors’ heads measuring 15 x 
35, 15 x 65, 20 x 35, and 20 x 65 mm (width x depth) was drilled 
into one vertically-oriented and one horizontally-oriented tree 
trunk (trunks ca. 15 cm in diameter) in each terrarium. A variety of 
prey items, including Zophobas morio and Achroia grisella larvae, 

fIg. 1. Male Varanus beccarii using reaching arm movements to retrieve a Zophobas morio larva through a gap in the terrarium door. A) The 
forearm is extended through the opening, with the wrist angled back and the digits close together; B) the forearm reaches its furthest exten-
sion, with the wrist angled downward and the digits spread apart; C) contact is made with the prey item, and the digits are curled around the 
prey; D) the prey is pulled through the opening with the claws to be seized with jaws and swallowed. 
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neonatal mice, and Acheta domesticus were placed inside these 
holes during feedings to test whether each V. beccarii specimen 
was capable and willing to use its forelimbs to retrieve the prey. 
 Using coordinated forearm movements, both V. beccarii 
successfully retrieved all prey types from all four holes located 
in each tree trunk. Both individuals used identical extraction 
behaviors, including the same body positioning, reaching arm 
movements, and sequences of movements. 
 Prey is extracted from the holes in vertically-oriented trunks 
when the monitors are positioned either upright or inverted on 
the trunk. Once a prey item is detected in a hole either by sight 
(prey was seen as it was placed inside the hole) or smell, the 
monitor carefully inspects the hole with a series of tongue-flicks. 
After unsuccessfully attempting to enter the hole with its head, 
the forearm is skillfully inserted into the opening, all while main-
taining eye contact with the prey inside (Fig. 2). The prey is then 
either flushed from the hole or pulled out with the foreclaws, 
where it is seized with the jaws and swallowed. The same be-
haviors are used on horizontally-oriented trunks (Fig. 3), though 
when extracting prey, the monitor must lift the prey upwards 
and out of the hole, requiring slightly different muscular move-
ments and greater coordination, which appeared to take more 

concentration and effort than with holes in vertically-oriented 
trunks. Occasionally, prey items are impaled and extracted from 
the opening while still attached to the claws, where they are then 
seized with the jaws and swallowed. Both individuals regularly 
switch usage of each forelimb to maximize its depth of penetra-
tion into the hole, depending on its body positioning at the time.
 Additional specimens.—Once this behavior was observed in 
both Varanus beccarii specimens in RWM’s collection, another 
keeper of the species was asked to test for the usage of this be-
havior in an additional adult female (265 mm SVL). When of-
fered mice through a small (ca. 13 mm) opening in the terrarium 
door, the monitor repeatedly used the same reaching forearm 
movements described herein to successfully retrieve the prey (S. 
Sweet, pers. comm.). Likewise, this female also used its forearms 
to successfully extract mouse parts from a 15 mm x 70 mm deep 
hole drilled into a 15 cm thick, diagonally-oriented tree trunk 
(Fig. 4).

DISCUSSION
 Initial remarks.—Extractive foraging, the location and re-
trieval of food items from embedded matrices (Gibson 1986), 
is rarely performed by non-avian reptiles, limited mostly to 

fIg. 2. (left) Male Varanus beccarii using 
coordinated forelimb movements to ex-
tract a Zophobas morio larva from a hole 
in a vertically-oriented tree trunk. A) A 
tongue flick into the hole confirms the 
presence of prey; B) the monitor pulls 
its arm back; C) the digits are pulled to-
gether, rendering them and the forearm 
streamline for insertion into the hole; D) 
the forearm is inserted into the hole and 
jostled around to either flush out prey or 
snag prey with the claws; E) the forearm is 
retracted, pulling the prey out of the hole 
with the claws where it can then be seized 
with the jaws and swallowed.

fIg. 3. (above) Male Varanus beccarii us-
ing coordinated forelimb movements to 
extract prey from a hole in a horizontally-
oriented tree limb. 
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monitor lizards (e.g., Eidenmüller 1993; Gaulke 1989; Sweet 
2007). Similarly, skilled forelimb movements such as the abil-
ity to reach for and grasp food items are well-documented in a 
number of mammalian groups (Iwaniuk and Whishaw 2000), but 
few reptiles have the processing skills, motor coordination, and 
dexterity needed to perform such movements. As far as we can 
determine, this report is the first description of a reptile using 
coordinated forelimb movements to extract prey from narrow 
and otherwise inaccessible holes in trees. Often associated with 
primates (e.g., Erickson 1994), tree hole prey extraction provides 
further support for the idea that monitors share many biological 
similarities with mammals (e.g., Wood et al. 1977; see also Horn 
and Visser 1997; Sweet and Pianka 2007). Moreover, it specifically 
highlights the problem-solving abilities and behavioral com-
plexity of Varanus beccarii, thereby supporting Greene’s (2004) 
earlier statements regarding further behavioral specializations 
in the V. prasinus complex.
 Is forelimb-assisted extractive foraging learned or genetically-
fixed?—Given its apparent rarity among reptiles, the origin of this 
foraging behavior in Varanus beccarii– whether independently 
learned through insight, genetically-fixed, or some combination 
of the two, is of particular interest. Extracting food from embed-
ded matrices often requires complex problem solving skills (Gib-
son 1986). Monitors do not typically rely on extractive foraging 
because most prey is captured out in the open by dashing for-
ward and seizing it with the jaws. If successful, and if the prey is 
of sufficient size, it is immediately swallowed. However, in cases 
of embedded prey, the situation is complicated by the monitor’s 
inability to use conventional prey capture techniques. Unable to 
insert its head into a narrow opening to seize a prey item, the 
monitor must devise an alternate capture strategy otherwise the 
feeding opportunity may be lost. Here, in the case of V. beccarii, a 
conscious decision derived through insight is made to abandon 
use of the jaws and switch to an alternate technique that utilizes 
a completely different set of motor skills. The ambidexterity of V. 

beccarii while performing this behavior also 
exemplifies keen insight given that switching 
usage between forelimbs represents a fore-
sighted decision that will enable the monitor 
to reach deeper into a hole, thereby increas-
ing its foraging effectiveness. 
        Unlike the decision-making component 
of this behavior, we suspect that the skilled 
forelimb movements used by Varanus bec-
carii to extract prey are instinctive, rather 
than individually learned through insight. 
Because all three V. beccarii tested in the 
present study used the same reaching fore-
limb movements and body positioning while 
performing the behavior, and were capable 
of using them in different experimental situ-
ations, the most parsimonious explanation 
for these consistencies is that the movements 
have a genetic basis. Alternately, if the limb 
movements were independently learned, we 
would expect to have seen some individual 
variation in body positioning and the perfor-
mance of this behavior.
       Based on these interpretations, we con-
sider forelimb-assisted extractive foraging 
in Varanus beccarii to be a mutual interac-
tion between insight learning and instinct, 

and therefore expect it to occur in wild populations. However, 
the ability to learn and successfully perform this behavior might 
vary from individual to individual since monitors differ greatly 
in their intellectual abilities (Lederer 1933, 1942). Loop (1976) 
demonstrated that monitors are gifted with excellent memories, 
and can remember trained, food-oriented procedures even after 
several weeks of latency. Therefore, once learned by an individ-
ual and added to its behavioral repertoire, extractive foraging is 
unlikely to be forgotten if it reliably produces feeding opportuni-
ties. 
 Requisites for use in the wild.—If forelimb-assisted extractive 
foraging is to be a useful strategy for Varanus beccarii in the wild, 
we contend that several conditions must be met. First, V. beccarii 
would have to be an arboreal forager that feeds on tree-dwelling 
prey, and second, it must forage in environments where both ar-
boreal prey and tree holes are abundant and accessible.
 Scientific observations on the natural history of V. beccarii in 
the Aru Islands, Indonesia are lacking despite frequent collection 
for the live reptile trade (Pernetta 2009), and all that has been 
published on its occurrence to date appears to have originated 
through second-hand sources. Bennett (1995, 1998) reported 
that V. beccarii occurs in mangrove swamps whereas Sprackland 
(2009) claims that it inhabits lowland wet forests and swamps. 
Like all other members of the V. prasinus complex, V. beccarii is 
indeed highly specialized morphologically for an arboreal life-
style (Greene 1986, 2004), and behavioral observations of V. bec-
carii in captivity further suggest that it is a skilled tree-dweller 
(Hartdegen et al. 1999, 2000; Krebs, pers. comm; pers. obs.). 
 Dietary studies indicate that members of the Varanus pra-
sinus complex feed predominantly on arboreal arthropods 
(Greene 1986; Irwin 1994). Though not recovered from the single 
V. beccarii stomach analyzed by Greene (1986), we suspect that 
the soft-bodied larvae of some wood-boring beetles and bark-
dwelling caterpillars may make appropriate prey items for this 
particular foraging behavior in the wild. During experimental 

fIg. 4. Female V. beccarii using forearms to extract mouse parts from a hole in a diago-
nally-oriented tree limb.
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trials, soft-bodied prey such as neonatal mice and Achroia grisel-
la larvae (but also more rigidly-bodied prey such as Zophobas 
morio larvae and Nauphoeta cinerea) were easily extracted from 
tree holes when impaled by the claws. The sharp foreclaws and 
reaching forearm movements of V. beccarii may also be useful 
for retrieving nocturnal geckos, tree frogs, and insects that seek 
refuge in tree holes and crevices by day.
 When compared to other monitor lizards, members of the 
Varanus prasinus complex may possess the longest and slender-
est forelimbs in relation to body size (compare drawings by Bel-
lairs 1969). The long and slender forelimbs and elongated digits 
of V. beccarii clearly compliment tree hole extractive foraging 
well, and allow individuals to deeply penetrate narrow openings 
all the way up to the shoulder. This ability should enable V. bec-
carii to exploit an ecological niche that may not be utilized by 
many other predators within its range, and can potentially di-
versify the number of different prey items taken, maximizing the 
total number of foraging opportunities.
 Comparisons of arboreal foraging in Varanus.—Limited ob-
servations on arboreal species in the field prevent a thorough 
analysis of tree hole foraging tactics used by monitors. However, 
field observations on the foraging habits of Varanus glauerti in 
northern Australia (Sweet 1999) enable direct comparisons be-
tween V. beccarii and this similar-sized arboreal species. Like V. 
beccarii, V. glauerti will also seek out hidden prey within holes 
and crevices in trees (Sweet 1999); however, the strategies em-
ployed by each to retrieve prey from narrow openings are mark-
edly different. Once a prey item is discovered inside a tree hole 
that is too small to enter with the head, V. glauerti will attempt to 
widen the diameter of the opening by clawing at it margins until 
it is large enough for the head to enter, where the prey can then 
be seized with the jaws (Sweet 1999). Although captive V. beccarii 
will also enter holes to subdue prey if large enough for the head 
(pers. obs.), its use of the forelimbs to extract prey from smaller 
openings rather than attempting to widen them, distinguishes it 
behaviorally from V. glauerti as well as all other monitor lizards, 
as currently understood.
 Forelimb-assisted prey extraction in additional taxa?—Given 
that several monitor species occur in forested environments 
and might have arboreal habits and diets similar to those of 
Varanus beccarii, it is possible that forelimb-assisted extractive 
foraging might be used by additional taxa. Given their related-
ness, and the near-identical similarities in size, morphology, 
diet, and arboreality between V. beccarii and other members of 
the V. prasinus complex (Greene 1986; Sprackland 1991; Ziegler 
et al. 2007), we suspect that this behavior is also used by other 
members of the complex. Notably, Irwin (1996) reported see-
ing a wild V. keithhornei, sister taxon to V. beccarii (Ziegler et al. 
2007), “on the ground scratching with its forefeet in a rotting log, 
obviously foraging for food.” Whether this observation refers to 
the same prey extraction behavior reported here for V. beccarii is 
unclear; however, it necessitates the need for further investiga-
tion of forelimb-assisted extractive foraging in the V. prasinus 
complex. 
 It might seem obvious that the skilled forelimb movements 
described here for Varanus beccarii represent a specific behav-
ioral adaptation for use in trees. However, we cannot rule out 
the possibility that this foraging behavior might also occur in 
terrestrial species. The ability to extract prey from rock crevices, 
tree stumps and felled trunks, burrows, and other narrow open-
ings would benefit the foraging efficiency of terrestrial moni-
tors. Indeed, some terrestrial species have developed unique 

and insightful methods of extracting prey from rock crevices 
and burrows using coordinated tail movements (Eidenmüller 
1993; Gaulke 1989; Horn 1999). Use of the forelimbs in similar 
situations can be equally useful for extracting prey, and is per-
haps more feasible from a developmental standpoint given that 
many species are known to use the forelimbs in various capaci-
ties while foraging (e.g., Auffenberg 1981, 1988, 1994; Blamires 
2004) or handling and fragmenting prey (e.g., Auffenberg 1981; 
Hartdegen et al. 2000; Horn 1999; Kiehlmann 1999; Krebs 1979, 
2007, pers. comm.; Stanner 2010).
 Implications for future research.—Arboreal species offer 
unique opportunities for studying the insight and behavioral 
complexity of monitors, particularly because they inhabit com-
plex, three-dimensional environments (Greene 2004) and may 
require more advanced processing skills and finer motor coor-
dination than comparatively-sized terrestrial species. Studies 
on several mammalian groups have shown that brain sizes are 
positively correlated with arboreality (Budeau and Verts 1986; 
Eisenberg and Wilson 1981; Meier 1983). Because monitors 
vary considerably in habit from strictly terrestrial to largely ar-
boreal, and share many ecological and physiological affinities 
with mammals (Wood et al. 1977; Horn and Visser 1997; Sweet 
and Pianka 2007), it is of interest whether selective pressures 
have favored a similar evolutionary trend in monitors. Surpris-
ingly, the only direct study to compare relative brain sizes in 
monitors focused solely on the ecologically-dissimilar Varanus 
salvator complex and V. glebopalma, but did note distinct mor-
phological differences between the two (Andres et al. 1999). 
Similar comparative studies on monitor brain sizes which sam-
ple a greater diversity of taxa can provide a framework for un-
derstanding the evolution of encephalization and intelligence 
within the genus. 
 Further investigations of skilled forelimb movements and ex-
tractive foraging in monitor lizards are planned. When applied 
to current phylogenies (Ast 2001; Fitch et al. 2006; Ziegler et al. 
2007), confirmed usage of this behavior by additional taxa can 
allude to the evolution of skilled forelimb movements in moni-
tor lizards, but more broadly in tetrapods as well (Iwaniuk and 
Whishaw 2000). Additionally, observations of forelimb-assisted 
extractive foraging in the field can yield important details about 
its usage and importance to wild monitor populations which 
cannot be inferred from captivity.
 Finally, our observations have important implications for the 
management of Varanus beccarii in captivity. Given the impor-
tance of enrichment stimuli in the husbandry of monitor lizards 
(Burghardt et al. 2002; Manrod et al. 2008; Sunter 2008), replicat-
ing or modifying the drilled tree trunks described in this report 
and using them during feedings can provide a valuable source 
of behavioral enrichment for captive individuals. All specimens 
tested in the present study continue to show interest in the 
drilled tree trunks within their terraria, stopping to investigate 
holes and crevices as they are encountered through daily forag-
ing activity. Such an apparatus can potentially increase activity, 
reduce boredom and stereotypic behaviors, and improve the 
overall quality of life for specimens of V. beccarii and possibly 
other members of the V. prasinus complex maintained in zoos 
and other captive situations. 
 We welcome correspondence and encourage feedback from 
zoos, researchers, and private keepers working with monitor liz-
ards on the subjects of extractive foraging and skilled forelimb 
movements, as well as additional behavioral specializations in 
Varanus.
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urban Students and urban Serpents: the effects of hands-on 
learning in Student perception of Snakes
 Snakes and teenagers share a common negative stereotype 
and are often maligned or feared because of this reputation. 
Here, I present observations and an analysis of shifts in high 
school students’ perceptions of snakes after completing an in-
tensive eight-week course, including participation in field stud-
ies of urban garter snakes. These observations support the inclu-
sion of such experiential and in-depth programs in schools as 
means both to teach science and foster understanding and ap-
preciation of the natural world. Programs providing such oppor-
tunity can work to reverse negative public image of both snakes 
and teens.
 The involvement of non-scientists in scientific studies and 
conservation efforts has recently gained attention as a valu-
able, and even integral, component of such projects (Cooper et 
al. 2007). Wildlife education, specifically those programs which 
effect attitudinal change, can provide great benefit to conser-
vation efforts and are much needed (Adams and Thomas 1986; 
Mitchell and Jung Brown 2008; Wojnowski 2009). Attitudinal 
changes toward nature are most effective when they result from 
an increase in factual knowledge of the natural world, which in 
turn can lead to a more full participation in democratic society 
(Hendee 1972), a goal at the core of public education. Addition-
ally, Morgan and Gramann (1989) found that the most effective 
strategy to increase knowledge and improve attitudes toward 
snakes is a “full-treatment” approach, combining information-
based and experiential activities. Such programs in a variety of 
subject areas provide a depth of understanding that promotes 
the possibility for positive shifts in attitudes and actions (Hooks 
1994). Examples that have successfully integrated education and 
conservation can be found from Kenya (Wojnowski 2009) to Tex-
as (Sosa et al. 2010). Such efforts work toward the goals of both 
collecting scientific data and developing public empathy toward 
native herpetofauna that are likely to be incidentally encoun-
tered by community members. 

 Snake mythology permeates our culture, often leading to 
undue fear and misunderstanding (Gibbons 1983). Public edu-
cation about snakes and the roles they play in a variety of eco-
systems is lacking (Wojnowski 2009) and, when it does occur, is 
often conducted by those without proper knowledge themselves 
(Gibbons 1983). Recent studies have even postulated that the 
human fear of snakes has an evolutionary basis and is not af-
fected by direct experience (LoBue and DeLoache 2008). This 
analysis presents evidence to the contrary: that perception of 
snakes can shift as a result of educational experiences. Specifi-
cally, hands-on involvement of non-scientists in herpetological 
studies serves to increase both empathy and understanding, as 
well as benefits the collection of scientific data. 
 Materials and Methods.—From August to October 2010, I 
taught an interdisciplinary and hands-on class, “Snakes & Let-
ters,” at P.S. 1 Charter School in Denver, Colorado, USA. The 
eight-week class included curriculum in both science and Eng-
lish and was attended by 28 high school students (age range: 
13–19 yrs), though not all students participated for the duration. 
The school is racially diverse, with 85% of students categorized 
as “high-risk” for not completing high school, as defined by 
Colorado law (Colorado General Assembly 2010). Students en-
gaged in lectures, discussions, readings, demonstrations, and 
hands-on activities to develop their skills in the areas of scientif-
ic knowledge, use of scientific equipment, experimental design, 
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and writing. Students watched a presentation by a visiting biolo-
gist and photographer and visited the venomous snake labora-
tory at the University of Northern Colorado. Two live snakes were 
incorporated repeatedly into class activities and often handled 
by students, a Corn Snake (Elaphe guttata) and a Sonoran Moun-
tain King Snake (Lampropeltis pyromelana). Additionally, there 
were eight extended outings in which students visited urban 
sites and participated in field studies of the Western Terrestrial 
Garter Snake (Thamnophis elegans) and Plains Garter Snake (T. 
radix) designed to better understand the impact of urbanization 
on these species (Fig. 1).
 Snakes were located by broad-area visual survey, conduct-
ed by myself and the students, and hand captured. Because of 
variability in site size, student attendance, and scheduling con-
straints, surveys were conducted by fortuitous encounter and 

not standardized. Students participated in observing and record-
ing data, including habitat description, weather, length, mass, 
and GPS-based locality and movement data. After processing, 
all snakes were released at the point of capture. The four sites 
visited are situated along a gradient of size, urbanization, and 
anthropogenic impact: a 10-ha downtown city park, a 20-ha un-
improved watershed (12.0 km from downtown), a 50-ha nature 
preserve (13.7 km from downtown), and a 1050-ha suburban city 
park (31.2 km from downtown). While participating in these field 
studies, students encountered 14 live and two dead garter snakes 
and one live Racer (Coluber constrictor). Data were collected for 
all snake encounters, with one exception due to communication 
failure and release by students before measurements could be 
taken.
 On the first and last days of the class, students completed 
identical written questionnaires, largely modeled after those of 
Sosa et al. (2010). These questionnaires included two primary 
sections, analyzed here. The first section involved four self-as-
sessment questions, answered on a scale of 1–5, measuring stu-
dent knowledge and empathy. The second section contained a 
list of twelve adjectives, which students circled if they believed 
to be an apt descriptor of snakes. Before and after results were 
compared using a paired t-test with a level of significance a α= 
0.05 (Triola 2008).
 Results.—Because of variable attendance and course chang-
es, twenty students participated in the full curriculum and com-
pleted both the pre- and post-questionnaires. In the first section, 
students were asked to rank their response to questions on a gra-
dient of 1–5, with the attitudinal equivalent of the low and high 
values given. Students showed a significant increase in self-as-
sessed knowledge or empathy in the following questions: “How 
much do you know about snakes?” (1 = “I don’t know anything” 
to 5 = “I’m an expert”) (p < 0.0001); “Are snakes an important part 
of nature?” (1 = “Snakes don’t matter at all” to 5 = “Snakes are very 
important”) (p = 0.0375); and “Should snakes be protected?” (1 = 
“Snakes should never be protected” to 5 = “Snakes should defi-
nitely be protected”) (p = 0.046). An increase, though not statisti-
cally significant, was found in response to the question “What is 
your attitude toward snakes?” (1 = “I can’t stand snakes” to 5 = “I 
love snakes”) (p = 0.2) (Fig. 2).
 Statistically significant increases were found in students’ use 
of the adjectives “strong” (p = 0.005) and “curious” (p = 0.003) 
and increases, though not statistically significant, were also 
found in their use of the adjectives “smooth” (p = 0.56), “boring” 
(p = 0.33), “mysterious” (p = 0.49), “angry” (p = 0.3), “cute” (p = 
0.21) and “friendly” (p = 0.16). A statistically significant decrease 
was found in the use of the adjective “dangerous” (p = 0.0021) 
and decreases, though not statistically significant, were found in 
their use of the adjectives “slimy” (p = 0.2) and “scary” (p = 0.6) 
(Table 1).
 Discussion.—The results of these questionnaires demon-
strate an increase in student understanding of and empathy 
toward snakes, as shown by changes in student self-assessment 
and by the increased use of the positive descriptors “strong” and 
“curious” and a decrease in the use of the negative descriptor 
“dangerous.” The students’ belief that their knowledge increased 
was confirmed by classroom assessments, including quizzes, 
presentations, and written papers. Interestingly, the one survey 
question in the first section for which no significant increase 
was found (“What is your attitude toward snakes?”) was also the 
question that received the highest average score in the pre-class 
questionnaire. Generally speaking, students chose this class over 

fIg. 1. Students from P.S. 1 Charter School display the garter snakes 
they are studying at sites in Denver, Colorado, August to October 
2010.

fIg. 2. Average student responses to questions in pre- and post-
class questionnaires. Question #1: “How much do you know about 
snakes?” (1 = “I don’t know anything” to 5 = “I’m an expert”); Question 
#2: “Are snakes an important part of nature?” (1 = “Snakes don’t mat-
ter at all” to 5 = “Snakes are very important”); Question #3: “Should 
snakes be protected?” (1 = “Snakes should never be protected” to 5 
= “Snakes should definitely be protected”); Question #4: “What is 
your attitude toward snakes?” (1 = “I can’t stand snakes” to 5 = “I love 
snakes”). Error bars represent one standard error. Statistically signifi-
cant changes (p < 0.05) denoted with an asterisk.



Herpetological Review 42(3), 2011

ArticleS     351

four other such interdisciplinary project classes at the beginning 
of the term. It would be most revealing to conduct a similar study 
with students who were not self-selecting into a class explicitly 
studying snakes. Additionally, curriculum examining invasive 
snake species and their impact would offer students a more 
complex and realistic understanding of snake ecology.
 These results support the claim of Hendee (1972) that an 
increase in knowledge can lead to a shift in attitude as well as 
the findings of Morgan and Gramann (1989) that wildlife educa-
tion combining the presentation of information and hands-on 
experiences is effective in increasing student knowledge and im-
proving attitudes toward snakes. Unlike these previous studies, 
however, this was a much longer course in which students expe-
rienced snakes in their natural habitat.
 Scientific research can benefit from such student involve-
ment in a variety of ways. The number of potential snake cap-
tures is positively related to the number of searchers; more 
snakes were captured with students than would have been cap-
tured otherwise. Additionally, these students’ experience and 
knowledge make them better-suited for participation in citizen-
science programs and more aware of the workings of local eco-
systems. Even after the class had ended, students continued to 
inform me of other urban snake sightings. Moreover, students 
who are exposed to positive experiences in a particular field are 
more likely to pursue that path in their future education.
 That such a class increases student knowledge should not 
come as a surprise; such an increase is a fundamental objective 
of science classes. In order for such knowledge to become an ac-
tive part of students’ lives, a concomitant increase in empathy 
must also occur. This affinity, developed through personal ex-
periences, can allow students to recognize applications of class-
room material to their world and communities and to develop 
a personal interest in such topics, which in turn can serve their 
academic development (Hooks 1994). Attitudinal changes are 
especially valuable in terms of urban and suburban conserva-
tion, where public perception and participation are integral to 
the success of many programs (Cooper et al. 2007). An educa-
tional program such as this, which combines traditional class-
room techniques with hands-on experiential learning, can be 
successful in increasing student knowledge of the natural world, 
empathy for the organisms with which they share ecosystems, 
and confidence in their ability to understand both.
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Adjective # of students # of students Change
 selecting before class selecting after class

Slimy 4 1 -3
Cute  7 11 +4
Smooth 16 17 +1
Strong 12 19 +7*
Boring 0 1 +1
Curious 6 16 +10*
Mysterious  13 15 +2
Dangerous 15 7 -8*
Friendly 12 16 +4
Angry 0 1 +1
Scary 2 1 -1
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 The Rim Rock Crowned Snake (Tantilla oolitica; Telford 1966) 
is one of three species of small, burrowing snakes of the genus 
Tantilla found in Florida, USA. Restricted to extreme southeast-
ern Florida, its range traditionally has been defined as the east 
coast of Miami-Dade Co. extending south to the Middle Florida 
Keys of Monroe Co., with its presence in the Lower Keys remain-
ing uncertain (Campbell and Moler 1992). This area is highly de-
veloped and the rockland habitats this species has historically 
depended upon have been reduced to less than half their origi-
nal extent (Enge et al. 2003; Snyder et al. 1990). In addition to its 
restricted range, this species is elusive and only 35 individuals 

were officially recorded as of 2004 (Scott 2004). Tantilla oolitica 
has been on the State of Florida’s Threatened Species list since 
1975, yet there have been no dedicated range-wide field surveys 
for the species. Given the species’ increasingly limited habitat 
and apparently small population, a better understanding of its 
status and options for its conservation are needed. 
 Here I report the results of an extensive and intensive range-
wide survey for T. oolitica between 2007 and 2010. In addition to 
survey work, I conducted extensive reviews of the literature and 
museum records and undertook wide-ranging personal inter-
views. My goal was to create a comprehensive understanding of 
T. oolitica’s distribution and current status to suggest conserva-
tion implications for this species.
 Methods.—I conducted the study from 2007 to 2010 in south-
eastern Florida from northern Miami-Dade Co. through the 
Florida Keys to Key West. The study area covers all of the his-
torical and potential habitat for the species. I concentrated on 
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Status and distribution of the rim rock crowned Snake, 
Tantilla oolitica

fIg. 1. Range of Tantilla oolitica, including all sightings from 1934–2010 and all locations searched during this study.
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protected areas (parks, refuges, etc.) and occasionally private 
properties containing appropriate habitat—forests and pine-
woods on a limestone substrate (Snyder et al. 1990), referred to 
locally as rockland hammocks and pine rocklands (FNAI 2010). 
From 2007 to 2008, I focused on the core of the historical range 
from downtown Miami to Marathon in the Middle Keys. There-
after, I concentrated on the edges of the range, exploring the 
northern and western boundaries of the species in Miami-Dade 
Co. and potential habitat in the Lower Keys. 
 I conducted the survey using cover board arrays and concen-
trated searches.  Cover board searches consisted of 1–3 arrays 
in each of 12 protected areas for a total of 28 arrays. Each array 
consisted of three 0.6 x 1.2 m pieces of 1.3 cm-thick plywood 
placed within a few meters of one another. I placed the boards 
in March 2007 and examined them every 1–2 months from May 
2007 to April 2008, with one final check in August 2009. I thor-
oughly searched all leaf litter under the cover boards at each visit. 
I conducted monthly concentrated searches between May 2007 
and April 2008 with additional, less frequent searches continu-
ing through October 2010. Searches consisted of all participants 
spreading out within an area and systematically searching be-
neath all moveable rocks, logs, and other cover items. I recorded a 
GPS location at the start of each survey period and recorded time 
at the start and end of the search to standardize findings by search 

effort (person-hours). With few exceptions, I conducted concen-
trated searches in the protected areas containing cover board ar-
rays on every visit between May 2007 and April 2008. During this 
period, I also searched other privately and publicly owned areas 
containing appropriate habitat within this core area as permission 
was granted. I searched protected areas and private lands at the 
edges of T. oolitca’s historical range from 2009 to 2010.
 I made information requests for T. oolitica records and find-
ings at museums with known T. oolitica holdings, Florida Natu-
ral Areas Inventory (FNAI), and the “Field Herp Forum” (www.
fieldherpforum.com). In addition, I contacted 102 researchers, 
resource managers, hobbyists and others who might encounter 
T. oolitica for information on potential sightings. I compiled and 
mapped all sighting information gathered from reliable sources. 
 Results.—Cover boards were in the field for 880 days of sam-
pling. I checked each of the 84 boards at least eight times during 
this period, with the 30 boards in Miami-Dade Co. being checked 
nine times. Tantilla oolitica was not found under any of the 
placed cover boards.  A total of 393.4 person-hours were spent 
in concentrated searching for T. oolitica at 57 locations between 
north Miami-Dade Co. and Key West at the south end of Monroe 
Co. (Fig. 1). These searches yielded two T. oolitica sightings (Fig. 
1). I saw one at the Barnacle Historic State Park in Coconut Grove 
(25.7259°N, 80.2434°W) on 8 May 2007 at 0845 h. This snake was 
discovered in hammock habitat in a loose pile of rock and moist, 
dark soil about 15 cm beneath the surface. The second T. oolitica 
was discovered during concentrated searches by Michael Roch-
ford at 0950 h on 25 May 2007 at Dove Creek Hammock in Key 
Largo (25.0322°N, 80.5018°W) (Fig. 2). This individual was in 
hammock habitat coiled less than 10 cm beneath a rotting board 
in moist, dark soil. During the study period, three additional 
sightings were reported. Opportunistic sightings occurred on 
Big Pine Key in 2007 (Yirka et al. 2010) and Key West in 2009 (R. 
Sterling, pers. comm.). Zoo Miami staff caught an individual in a 
pitfall trap at one of their pine rockland drift fence arrays in 2009 
(D. Smith, pers. comm.).  
 Information requests yielded reports of 49 T. oolitica sightings 
between 1934 and 2010 (Table 1). Sources included 23 museum 
specimens, 3 FNAI records, and personal accounts from 17 indi-
viduals. Seventy-five percent of the people interviewed reported 
no T. oolitica sightings. Most interviewees who had seen T. oo-
litica reported one or two sightings of separate snakes with four 
being the maximum. There was only one, unprecedented, report 
of more than four observations by one person. Glenn Fried, for-
mer naturalist at Bill Sadowski Park (25.6045°N, 80.3217°W) and 
the Deering Estate (25.6130°N, 80.3091°W), reported observing 
at least 33 individuals at those parks and a nearby abandoned lot 
(25.6078°N, 80.3114°W) between 1983 and 1998, including sight-
ings of more than one snake at a time and repeated sightings of 
individuals. Given that these observations are so deviant from 
any others and are unsupported by documentation, I have in-
cluded the sighting locations but have limited the counts to one 
per location.
 The overall distribution of T. oolitica as documented in this 
study is shown in Fig. 1. Thirty-two site locations from North 
Miami to Key West suggest the extent of present distribution.  
Within this range, T. oolitica is found both within its historical 
rockland habitats (16 sightings in hammock, pine rockland, or 
hammock ecotone; Table 1) and disturbed areas (19 sightings 
from roadsides, vacant lots, or open fields; Table 1). 
 Discussion.—This study increases the number of T. oo-
litica reports since the Scott (2004) account from 35 to 49 and 

fIg. 2. Tantilla oolitica discovered in Key Largo, Monroe County, Flor-
ida on 25 May 2007. 
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confirms that the species range extends through the entire Florida 
Keys, matching the distribution of rockland hammock and surround-
ing pine rocklands. Historically, these habitats, supported by the rela-
tively high ground of the limestone ridge (Lodge 2010), represented 
the only areas protected from flooding during the wet season. Drain-
age has created additional dry lands, but there is no evidence of T. 
oolitica leaving the rockland habitat footprint to inhabit previously 
submerged habitats, such as former marsh. Instead, as its scientific 
name suggests, much of the distribution of this species coincides with 
oolitic limestone (Miami Limestone) found in Miami-Dade Co. and 
the lower portions of the Florida Keys in Monroe Co. It also occurs on 
the Key Largo Limestone substrate found in the upper Florida Keys 
(Hoffmeister 1974; Randazzo and Halley 1997). Within Miami-Dade 
Co. it is restricted to the modestly elevated, narrow outcropping of 
limestone called the Miami Rock Ridge, which historically was a nar-
row peninsula of upland bordered by Biscayne Bay to the east and the 
Everglades to the west, but now is home to metropolitan Miami. 
 It is difficult to assess population size of T. oolitica because the 
species is not only rare, but elusive. Many Florida herpetologists (re-
searchers and hobbyists) have never seen one despite their attempts 
to do so. A study by Enge et al. (2004) targeting T. oolitica in six Miami-
Dade Co. parks failed to find any. Staff at Zoo Miami began reptile sur-
veys with coverboards and drift fence arrays with pitfall traps in 2005. 
They expanded their trapping efforts in 2007 to specifically search for 
T. oolitica (S. Conners, pers. comm.). In all this effort, they found one 
T. oolitica in a pitfall trap in August 2009 (D. Smith, pers. comm.). In 
my study, 84 coverboards and over 393 person-hours of searching over 
a three-year period yielded only two T. oolitica sightings. Even on the 
Field Herp Forum, a venue for some of the most avid and successful 
field herpetologists, T. oolitica is one of the species most commonly 
lamented as lacking in South Florida reptile life lists. The success rate 
in finding T. oolitica is both historically and currently low, making 
population size estimates virtually impossible. Looking at observation 
rates instead, there is an indication of population stability since the 
numbers of sightings in the last ten years are comparable with those 
in previous decades. However, we have no way of verifying this popu-
lation trend and a lack of repeated observations at any given location 
leaves room for concern. 
 Sites at and around Bill Sadowski Park in Miami and in Marathon 
of the Florida Keys yielded multiple sightings in the past. This trend 
seems to have stopped despite recent efforts to uncover this species. 
Some areas have been lost to development, but even protected Bill 
Sadowski Park has failed to yield sightings in almost 20 years after af-
fording three over a ten-year period in the 1980s to 1990s. I placed 
nine coverboards at this park and spent 25.3 person-hours searching 
the property, but found nothing. Repeated sightings are admittedly 
the exception rather than the rule for this species, but many of the 
people I interviewed speculated that T. oolitica was not being seen, 
particularly in these areas of repeated sightings, because people were 
not looking for them. My study suggests otherwise. It was designed as 
a mark-recapture study, but that component never came to fruition 
because I never observed T. oolitica more than once at any given loca-
tion despite repeated efforts. Although these results are insufficient 
for making population estimates, they do highlight the rarity of the 
species. 
 While much remains unknown about T. oolitica, it is clear that 
the species faces many threats. Less than 2% of the historical pine 
rocklands on the Miami Rock Ridge currently remain, and hardwood 
hammocks both in Miami-Dade Co. and throughout the Florida Keys 
have been reduced to less than half their original extent (Enge et al. 
2003; Snyder et al. 1990). Fragmentation eliminates immigration be-
tween patches, and in an urban setting inevitably translates into road T
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fatalities (Table 1). However, T. oolitica does seem able to persist 
within remaining fragments. Conservation requires protection 
of these fragments, which is generally the case in Miami-Dade 
Co., but not in the Florida Keys where development and saltwa-
ter intrusion associated with sea level rise continue (Ross et al. 
1994; USFWS 1999).  Proper management of habitat fragments 
for T. oolitica includes protection from non-native species, illegal 
dumping and altered fire and hydrology patterns (USFWS 1999), 
the latter likely being the most critical. South Florida’s water ta-
ble has dropped by as much 1.2 m in areas (Sklar et al. 2002), cre-
ating drier rockland habitats than historic conditions (USFWS 
1999). Centipedes, probably the main food source for T. oolitica 
(Campbell and Moler 1992; Todd et al. 2008), require moist con-
ditions (Koehler and Oi 2003). Patch management must involve 
rehydration.
 Tantilla oolitica is currently listed as Threatened by the State 
of Florida (FWC 2010) and as Endangered by the International 
Union for Conservation of Nature (IUCN) Red List (Hammerson 
2007) based on restricted range and loss of habitat. This study 
confirms the appropriateness of these designations. The species 
also merits protection under the Federal Endangered Species 
Act, under the provisions for “the present or threatened destruc-
tion, modification, or curtailment of its habitat or range” and 
“the natural or manmade factors affecting its survival” (USFWS 
2010). 
 Because of its scattered distribution across landscapes man-
aged by diverse entities, a formal comprehensive conservation 
plan is needed. The plan’s components, in addition to patch 
management, should include monitoring on all sites where it 
occurs (utilizing a combination of concentrated searches, cover-
board arrays, and drift fences with pitfall traps), an educational 
campaign to increase public awareness, an official information 
repository, a captive breeding population and re-introduction 
since natural dispersion among patches is no longer viable. 
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 One of the cornerstones of ecology is the study of interspe-
cific interactions, such as predation, herbivory, and mutualism. 
Studies of predation have proven to be difficult since actual 
field observations are often limited. Synthetic prey models have 
proven to be useful tools for measuring predation attempts, as 
identical stimuli can be created and used without harming the 
test organism in question. In addition, replication of a particu-
lar prey phenotype is more tenable with models than with real 
organisms, and allows for careful manipulation of phenotypic 
traits of interest, such as color and size. 

 Although predation can be studied relatively easily in cap-
tive settings (e.g., Lindström et al. 2006), studies of predation are 
more problematic, as they require models that withstand vari-
able habitats and unpredictable weather conditions. Predation 
on several reptile and amphibian taxa (including snakes [Brodie 
1993; Harper and Pfennig 2007], salamanders [Kuchta 2005], and 
frogs [Saporito 2007; Noonan and Comeault 2009]) has been 
subject to field research using clay or plasticine models. Simi-
larly, for clay models of prey species that are highly variable in 
coloration and patterning, high attention to detail is warranted, 
but the development of highly realistic models is often prohibi-
tively time-consuming or costly. Moreover, recent experiments 
(Noonan and Comeault 2009) have demonstrated that predation 
rates are often low, necessitating a large quantity of models to 
elucidate predation patterns.
 We present a novel technique to generate large numbers of 
life-like models using customizable silicone master molds to 
produce clay models. Master molds allow for quick development 
of clay models of varying size and shape, which can subsequent-
ly be painted for patterning and coloration studies. Due to the 
nature of the clay used, marks left by predators can be scored for 
presence or absence of predation attempts, and in some cases 
used to identify predator species.
 Materials and Methods.—Construction of the models began 
by taking an initial mold of a preserved specimen of a poison 
frog, Ranitomeya imitator, available from previous research. 
A small layer of modeling clay (Sculpey) was smoothed onto a 
small wood board and heated with an alcohol burner to soften 
it. A preserved frog was then placed into a life-like resting pose 
and lightly pressed into the clay in a posture similar to a sitting 
stance (Fig. 1). Although it is possible to make a 3-D mold that 
includes ventral characteristics, it would involve additional steps 
unnecessary for our purposes, so the ventral surface of the frog 
was flattened against the clay.
 A well was then constructed around the frog approximately 
2 cm high using the same modeling clay (Fig. 2). The clay and 
specimen were then coated with a Krylon Matte Finish Spray® 
(Krylon Products Group) to protect the skin of the specimen as 
well as seal in chemicals that could inhibit the curing process 
of the silicone. A mold release (Mann Ease Release 200™, Mann 
Formulated Products) was sprayed over the entire frog and clay 
bed/wall to allow for easy release of the silicone. The silicone 
and catalyst (Smooth-Sil 940®, Smooth-on Corp.) were mixed 
in a 10:1 ratio by weight. This mixture was then poured, from a 
height of approximately 1 m, into a thin stream in one corner of 
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the well, allowing it to spread evenly over the specimen. Pouring 
in a thin stream away from the specimen allows for the spread 
of the silicone to cover all surfaces and avoids development of 
air bubbles. The silicone master mold cured in approximately 18 
h at which point the preserved frog was extracted and returned 
to alcohol. Although specimens remain largely intact during cre-
ation of molds, damage to skin is likely as a result of the matte 
finish spray. 
 Following production of the mold, resin (plastic) forms were 
poured that were then used for the production of the final sili-
cone production molds, in which the clay models are made (Fig. 
3). The resin (Smooth-cast 300®, Smooth-on Corp.) was mixed 
according to the manufacturer’s indications (1:1 by volume) and 
poured into the silicone voids using the pouring technique de-
scribed above for the pouring of silicone. Curing time for this 
step is approximately 30 minutes. Two methods were tested to 
cure the resin, both curing them in ambient temperature and 
pressure conditions versus under high pressure. Both yielded 
similar results. There may be a possible benefit of using in-
creased pressure to avoid air bubble imprints, although these 
benefits were minimal in our testing. The resin frog models were 
then spaced on the modeling clay (the same as originally used 
to make the initial silicone mold), in groups of 10–12 models per 
mold and the final silicone was mixed and poured. When the 
resin frogs were removed, the voids were used to pour melted 
plasteline clay.
 To heat the clay we used a small crock-pot on the highest set-
ting to melt no more than half of a two-pound block. The clay 
was heated in the crock-pot for approximately one hour, or un-
til it was liquefied. Release agents can be added to the silicone 
prior to pouring clay to facilitate clay extraction, though this is 
not necessary. While release agents will extend the life of molds, 
it can also serve as an olfactory attractant to predators. 
 The clay was spooned onto the molds, tapping it in each form 
to eliminate air bubbles. An extra 1/4-inch of clay was added and 
smoothed over the molds to allow for easy separation from the 
silicone, as well as to strengthen the very thin legs. The tablets of 
clay then were painted using non-toxic acrylic paints. Alterna-
tively, colored clays could for species with simple color patterns, 
avoiding the need to paint. 
 For our uses, we replicated the silicone master mold step 15 
times to be able to make roughly 150 models with each heating 
of the clay block. While it is possible to do much larger master 
molds, extracting the models from smaller molds is easier as 

smaller molds allow for release of the clay out of the mold by 
gentle bending. This allows for finer detail of the models, such 
as small toes or tail tips, to be retained, with a reduced risk of 
breaking fragile body parts. When the molds are carefully han-
dled and used in combination with a non-toxic release agent, 
they can be expected to last several years. We produced nearly 
2,000 models with no noticeable detrimental effects to the mas-
ter molds (Fig. 4).
 Discussion.—We provide a novel method for the rapid pro-
duction of large quantities of detailed models. This method is 
preferable to other production methods for clay models for sev-
eral reasons. First, due to the ease of model preparation from 
master molds, models can be made in even the most remote lo-
cations, provided there is a way to melt the clay. Once the resin 
forms are made they can be used unlimited times to produce 
silicone master molds, potentially allowing production of thou-
sands of models in a short time. Lastly, for predation studies, 
accurate models allow for the testing of specific hypotheses of 
color or specific traits, while partially alleviating concerns that 
predators will not recognize unrealistic forms. However, we 
note that investigators should conduct field trials of paint and 
model formulation prior to deploying models—as an example, 
we found that some paint formulations were subject to attack by 
ants in the Neotropics. 
 The future of clay models is promising with higher attention 
to detailed realism and faster production times allowing for more 
rigorous hypothesis testing. Our method provides a way to gener-
ate large amounts of accurate clay models with minimal effort. 
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 The pathogenic fungus Batrachochytrium dendrobatidis 
(Bd; Phylum Chytridiomycota, Class Chytridiomycetes, Order 
Chytridiales) has been associated with amphibian extinctions 
and declines throughout the planet (Berger et al. 1998; Crawford 
et al. 2010; Lips et al. 2006; Mendelson et al. 2006; Stuart et al. 
2004). Since its discovery in 1998, researchers have documented 
the distribution of Bd (Fisher et al. 2009; Ron 2005; Bd maps: 
http://www.spatialepidemiology.net/bd-maps/), potential dis-
persal patterns and vectors (Johnson and Speare 2005; Lips et 
al. 2009), the effect of epidemics on amphibian communities 
(Brem and Lips 2008; Briggs et al. 2010; Lips et al. 2006; Vreden-
burg et al. 2010), and the life history traits and environmental 
factors that might contribute to pathogen virulence and/or host 
vulnerability (Bielby et al. 2008; Burrowes et al. 2008; Garner et 
al. 2009; Lips et al. 2003; Longo et al. 2010; Pounds et al. 2006). 
Regardless of the type of question that we are addressing, effec-
tive detection of infected individuals and estimation of Bd load is 
key to further understanding the dynamics of this disease among 
affected populations. At present, this is done via molecular as-
says using end-point PCR (Annis et al. 2004) or TaqMan quan-
titative real-time PCR (Boyle et al. 2004). However, the kind of 
tissue source (toes versus ventral skin swabs) used for detection 
has been rarely tested (Hyatt et al. 2007). The aim of this study is 
to evaluate the reliability of these sample methods applied to the 
same animal, in detecting Bd and estimating the intensity of the 
infection in the field at a given sampling time. 
 Although sampling toes are considered unethical by some 
authors because they may cause pain or hinder survivorship in 
some species (Hyatt 2007; McCarthy and Parris 2004, Phillott et 
al. 2007), Eleutherodactylus coqui is not negatively affected by 
toe-clipping and can regenerate a toe within 4–5 months to a 
round (versus the usual T-shape) disk, thus allowing for future 
recognition and re-sampling (Joglar 1998, Ulmar et al. 2011). In 
addition, the usefulness of this tissue for scientific studies such 
as population genetics (Burrowes and Joglar 1999), systematics 
(Gonsner and Collura 1996), and disease diagnostics (Longo et al. 
2010; St-Amour and Lesbarrères 2007) has been recognized. In a 
study of population-level responses to Bd, toe-clips may be very 

valuable to assess the temporal progression of the disease and 
survivorship of marked individuals (Longo and Burrowes 2010). 
This is suitable for amphibians that can re-grow their toes quick-
ly, but may not work well with other species. On the other hand, 
swabs are easily taken, non-invasive, conveniently stored, and 
have shown high sensitivity for Bd diagnosis (Hyatt et al. 2007). 
 Pushendorf and Bolaños (2006) compared the probability of 
detecting Bd using tissues from different body parts with histol-
ogy and found that sections from the pelvic patch and the in-
nermost finger with a fungal-specific stain (periodic acid-Shiff-
PAS), were generally more effective. Hyatt et al. (2007) compared 
the diagnostic sensitivity of swabs, toe clips and water baths in 
detecting Bd via TaqMan qPCR assays in frogs inoculated with 
Bd in the laboratory. They define diagnostic sensitivity as the 
proportion of known reference animals that are Bd positive, that 
test positive for Bd. Their work revealed that toe clips were more 
effective in detecting Bd only at early stages of infection, and they 
recommend the use of swabs as the standard sampling method 
(Hyatt et al. 2007). Our study is different in that we evaluate the 
probability of detecting Bd in the field (unknown Bd status) from 
the same animal at a particular time using two sampling pro-
tocols. In addition, we assess the difference between swabs and 
toes at estimating the level of infection (Bd zoospore load) of in-
dividuals within a population. We expect that the results present-
ed herein, may help scientists decide the best sampling method 
for Bd diagnostics according to the type of question they wish to 
address in future field studies. 
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 Methods. —Fieldwork was done in El Yunque (18.29948°N, 
65.77984°W) and Carite Forest (18.090453°N, 66.03265°W) dur-
ing 2009–2010. We sampled 85 individuals in four species of di-
rect-developing frogs in the genus Eleutherodactylus (E. coqui, E. 
portoricensis, E. locustus, and E. richmondi), and two age classes: 
juveniles (N = 30) and adults (N = 55) from populations known to 
be infected with Bd. We collected tissue from individual frogs by 
toe clipping the distal phalange of the third toe of the foot and 
the second toe of the hand without special attention to right or 
left, and swabbing the ventral pelvic-patch region and thighs for 
30 strokes for adults and 15 for juveniles. We changed gloves and 
flamed instruments between frogs sampled. Toes were stored 
in 70 % ethyl alcohol and swabs were stored dry, and frozen at 
–20°C. DNA for diagnosis of Bd infection was extracted using a 
Prep-Man Ultra assay (Boyle et al. 2004). Bd loads (number of 
zoospores genomic equivalents) per sample were quantified via 
qPCR using a Stratagene MX 3005P system and following Boyle et 
al. (2004). 
 To answer the question if detection of Bd was associated with 
the sampling method, we used McNemar’s test of association for 
paired-data measured in the same scale (Bd zoopspore genomic 
equivalents). This test calculates the probability of association 
with a continuity correction and it is compared to a Chi-square 
table value. The null hypothesis is that an infected animal will 

test positive in both swabs and toe tissue. To assess if there was 
a significant difference between toe-clip and swab samples in 
measuring the intensity of Bd infection in a given individual, we 
compared zoospore loads estimated by each tissue type using 
a Paired T-test. For statistical analyses we used Minitab-14, and 
Graphpad software (http://www.graphpad.com/quickcalcs/
mcnemar1.cfm). 
 Results.—We found no significant difference in the prob-
ability of detecting Bd from toe-clips or swabs. The number of 
mismatches in Bd-diagnosis between sample methods was low 
when compared to the times the diagnosis was in agreement (Ta-
ble 1). As a result, McNemar’s test for association between posi-
tive diagnosis of Bd and tissue source was non-significant for all 
samples considered in this study, as well as for every time the 
sample was subdivided by biologically meaningful criteria such 
as adults, juveniles, localities studied (El Yunque and Carite), or 
species (E. coqui, E. portoricensis, E. locustus, and E. richmondi; 
Table 1). 
 The Bd infection loads estimated by swabs versus toes, when 
at least one of the two tissue sources was positive, were not sig-
nificantly different when all frogs were considered. When we 
subdivided the sample by age, we found that toes estimated a 
significantly greater number of zoospores than swabs in adult 
frogs ( x– swabs = 144.62 ± 47.5; x– toes = 223.68 ± 74.11; T = –2.28, 
P = 0.013, N = 51). However, there was no difference in juveniles 
( x– swabs = 1588.22 ± 1461.49; x– toes = 672.97 ± 429.87; T = 0.87, 
P = 0.389, N = 29) where Bd-infection loads were higher than in 
adults and had a greater variance between samples (Fig. 1). 
 Discussion.—The probability of accurately detecting Bd on 
infected frogs is an important issue for studies regarding the 
mechanisms of Bd in the laboratory or prevalence of infection 
in the field. We show that this can be done without significant 
differences in the probability of detection using swabs or toes. 
Thus, the decision on what tissue type to use will depend on the 
scientist's need to mark individual frogs in species that cannot 
be easily distinguished by unique color marks. In amphibians 
that regenerate toes readily and in an identifiable manner, as 
Eleutherodactylus coqui, toes can be a useful way to distinguish 
individuals and follow the progression of Bd infection through-
out a time period. 
 On the other hand, our results show that the estimates of 
infection loads are not comparable for adult Eleutherodactylus, 
where toes detect a significantly higher number of zoospores 
for a given individual. Hyatt et al. (2007) found higher detection 

TaBle 1. Number of positive Bd samples from Eleutherodactylus species obtained from swabs versus toes, and number of mismatches, posi-
tive, and negative agreements and results of corresponding McNemar’s test for association between positive diagnosis of Bd infection on 
swabs versus toes sampling protocols for a given individual in the field.

Sample No. Bd + in No. Bd + in  No.  No. + Bd No. − Bd N McNemar’s Statistics
  swabs Toes Mis-matches Agreements Agreements
 
All frogs 56 61 15 19 51 85 c2  = 1.067, df = 1, P = 0.3017
Adults 36 41 11 33 11 55 c2  =1.455, df = 1, P = 0.2278
Juveniles 20 20 4 18 8 30 c2  = 0.250, df = 1, P = 0.6171
Locality:       
 El Yunque 29 33 8 27 5 40 c2  = 1.125, df = 1, P = 0.2880
 Carite 17 16 7 25 13 45 c2  = 0.000, df = 1, P = 1.00
Species:       
 E. coqui 27 33 8 26 10 44 c2  = 3.125, df = 1, P = 0.0881
 E. portoricensis 15 16 5 13 3 21 c2  = 0.000, df = 1, P = 1.00
 E. locustus 6 4 2 4 3 10 c2  = 0.500, df = 1, P = 0.4795
 E. richmondi 7 9 0 4 6 10 —

fIg. 1. Mean Log Bd zoospore load and 95 % confidence intervals 
detected by qPCR from two different tissue sources (skin swabs and 
toe-clips) of adults and juveniles Eleutherodactylus frogs. 
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sensitivity in toe-clip samples than in swabs at early stages of in-
fection in Bd-inoculated Litoria caerulea. The authors attribute 
this to low levels of hyperkeratosis and skin sloughing in recently 
infected hosts, which results in a lower probability of detecting 
the fungus using skin swabs. In Puerto Rico, we have found high 
prevalence and low levels of infection in adult Eleutherodacty-
lus, characteristic of populations that persist in enzootic condi-
tions (Longo et al. 2010; Longo and Burrowes 2010). Thus, the 
increased Bd infection loads obtained in toe samples from adult 
frogs may be due to similar physiological responses of their skin 
(less hyperkeratosis) at times when infection is not severe. The 
implication of this finding is that in enzootic conditions when 
Bd infection loads are low, the probability of false negatives may 
be higher when sampling with swabs versus toe clips. The fact 
that estimates of Bd load in juveniles were not significantly dif-
ferent between toe or swab samples is not surprising because ju-
venile Eleutherodactylus carry higher zoospore loads than adults 
(Longo and Burrowes 2010). In moderate to heavily infected 
small-sized frogs (as exemplified by juvenile direct-developers), 
the difference in tissue sample between tiny toes and skin swabs, 
may not contribute to significant differences in the estimate of 
infection intensity. 
 In summary, we have shown that Bd detection probabil-
ity is independent of the sampling method (toe-clip versus skin 
swabs) in direct-developing terrestrial frogs, and that the inten-
sity of the infection detected via qPCR in field animals may vary 
according to ontogenetic stage, and progression of Bd-infection. 
Since this knowledge is difficult to obtain without conducting 
long-term surveys, we recommend that unless necessary for 
marking purposes as mentioned above, scientists use swabbing 
as the main sampling technique, and remain consistent in the 
use of this source of tissue for comparisons of infection intensity 
between individuals in a population or a community of amphib-
ians throughout time. 
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 Amphiuma tridactylum is a large (up to 1 m and 1 kg), slimy, 
aquatic salamander that can deliver a powerful bite, and thus is 
difficult and potentially dangerous to handle (Fontenot Jr. 1999; 
Fontenot Jr. and Seigel 2008). Even a simple task like PIT (Pas-
sive Integrated Transponder) tag implantation is virtually im-
possible without restraining the animal. We have observed that 
forced physical restraint is undesirable because it can result in 
skin abrasion (from gloves or a towel), physical trauma to inter-
nal organs (e.g., liver damage), and potentially death. Recently, 
Brown and Forstner (2009) reported a method of handling Am-
phiuma in the field using snake restraining tubes. We found this 
method difficult to implement with Amphiuma, especially when 
carefully examining specimens for bites. Burgmeier et al. (2010) 
developed the “bender” board for restraining Eastern Hellbend-
ers (Cryptobranchus alleganiensis alleganiensis). We sought a 
quick method of temporarily immobilizing A. tridactylum indi-
viduals for examination and PIT tag implantation, comparing 
one method of anesthesia (isoflurane) and immersion in a cold-
water bath. Alamndarz (1975) used cold water to aid transfer-
ring adult crocodilians, and Mitchell (2009) refers to cooling as 
a method of minimizing movement with amphibians. Mitchell 
(2009) discusses several anesthetics for amphibians. We selected 
isoflurane because preliminary trials with A. tridactylum indi-
viduals indicated it was safe and effective.
 Methods.—Eighteen adult A. tridactylum were collected with 
baited traps (flexible fish traps; Promar 36" x 12" with ¼" mesh) 
baited with raw beef heart, chicken livers or most effectively, 
canned cat food) from a ditch and small pond in East Baton 
Rouge Parish, Louisiana, USA. The specimens were maintained 
for 1–3 days in the laboratory in aquaria at 25°C and fed one 
earthworm per day each. 

 We used isoflurane anesthesia for three of the specimens. 
Isoflurane anesthesia methods were those of Major et al. (2011) 
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comparison of immobilization methods for pit tagging  
three-toed Amphiuma (amphiuma tridactylum)

fIg. 1. A Three-toed Amphiuma being weighed after cooling in ice 
water.

fIg. 2. A Three-toed Amphiuma after cooling in ice water.  It is pos-
sible to examine the specimen leisurely, even to the point of placing 
them ventral side up.
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and are only summarized here. We placed each individual into a 
body-size matched polycarbonate snake tube. We placed a cotton 
ball saturated with 0.2–0.5 ml (as needed) of isoflurane into head 
the end of the tube and plugged the ends with rubber stoppers. 
 Fifteen specimens were immersed in a container of water 
and ice for ten minutes or until they did not exhibit a righting 
response.
 Prior to insertion, PIT tags and the syringe needle were 
dipped in 90% isopropyl alcohol to ensure aseptic conditions. 
While under anesthesia, with the individual in the clear plastic 
tube, the posterior third of its body was pulled from the tube, 
and the tail was held with a dry cloth. The PIT tag was inserted 
subcutaneously on the right side (dorsal view) of the body ap-
proximately 5 cm anterior to its cloaca, with the syringe provided 
by the manufacturer (Avid Identifications Systems, Norco, Cali-
fornia). We inserted the syringe subcutaneously slightly farther 
than necessary, so as to leave ~ 1 cm of space between the PIT tag 
and the puncture made by the syringe, to allow subcutaneous 
space for fascia reformation. The insertion hole was then sealed 
with New Skin (solution of -Pyroxylin, Alcohol, Oil of Cloves, and 
8-hydroxyquinoline). 
 Animals anesthetized with isoflurane were limp during and 
after PIT tag implantation, and the skin surface showed visibly 
dilated blood capillaries. When individuals were placed in water 
for recovery, we were concerned that they may drown, and so 
supported their heads above the water surface until they began 
moving on their own.
 Because respiratory rate is reduced during anesthesia, and 
respiration is the primary method of voiding the isoflurane anes-
thetic, recovery can be facilitated by manually forcing expiration 
(inspiration then follows naturally by elastic recoil). Forced expi-
ration can be induced with the investigator’s thumb by pressing 
on the ventral side of the subject, beginning just anterior to the 
cloaca, and drawing the thumb in a posterior to anterior direc-
tion as far as the pectoral girdle. The lungs are basically hollow 
sacs that extend most of the length of the peritoneal cavity, so 
the sequential compression motion described above essentially 
squeezes the air out. This recovery facilitating method is effec-
tive, but applying it may be limited by the nature and location of 
the incision, etc.
 Results.—For specimens subjected to isoflurane, anesthesia 
was achieved with less than 20 minutes of exposure, as indicated 
by lack of righting response and muscular tension. Recovery to 
the point of voluntary movement and regular breathing generally 
took 30–60 min, depending on the individual. However, one in-
dividual showed little or no reviving at 60 min, but was allowed 
to remain in shallow water, and eventually recovered after 4–6 h. 
Specimens subject to cold treatment retained a firm body and 
muscular tension. The skin surface showed visibly dilated blood 
capillaries, even more so than with the isoflurane treated indi-
viduals. However, the cold-treated individuals began moving on 
their own within one minute when placed in ambient tempera-
ture water, and showed no negative symptoms. They were able to 
swim and breathe as normal in 3–5 minutes, and cutaneous blood 
capillaries returned to normal condition within 30 minutes.

 Discussion.—Both methods were effective for immobilizing 
A. tridactylum. However, the utility of each is dependent on the 
type of procedure being done, the amount of time required for 
the procedure, and the amount of time available for application 
of the anesthesia/immobilization procedure, recovery time, and 
post-procedure monitoring. 
 General anesthesia with isoflurane is suitable for procedures 
requiring a working time of 20+ minutes. This method can also 
work satisfactorily for short duration procedures, but it requires 
an extensive amount of time for application, monitoring, and re-
covery. Hence, its use may be impractical, particularly if a quick-
er temporary immobilization method is available.
 The process and recovery time required for cold immobiliza-
tion/narcosis may be most practical for use with a quick proce-
dure like PIT tag implantation, which generally takes less than 
one minute. Applying cold to immobilize was quick and easy, 
as was recovery. Although it is not a replacement for chemical 
anesthesia when a long working procedure time is required as 
with general surgery, e.g., with radio transmitter implantation, 
we believe this method will useful to other researchers who need 
to perform simple procedures on difficult to handle amphibians 
such as A. tridactylum.

 Acknowledgments.—The methods used in this work follow 
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 Photographs of amphibians and reptiles taken in their envi-
ronment generally lack a scale of magnification, although infor-
mation on size could help identification or appreciation. The as-
sorted reasons include the photographer’s concern lest placing a 
scale object would scare the animal away. The solution is simple. 
First photograph the animal in as undisturbed a posture as pos-
sible, in its natural location. Next, put your scale object next to 
it. If the animal escapes, photograph the scale object in the ani-
mal’s deserted position.  Comparing the separate photos, with 
animal and with scale, based on landmarks in the substrate, en-
ables measuring the animal on the photo or adding a scale bar.

 As scale object, I carry a strip of white card or paper, on 
which a black ruler bar of 10 cm, with cm notches, is drawn. This 
is clearer than the mm notches on a real ruler, and is easier to 
position where needed, such as on a tree trunk (Fig. 1). However, 
when precise coloration is important, I use a color scale, a small 
ruler carrying a series of 1 cm standard Ostwald color patches 
(Streller and  Ostwald 1939) (Fig. 2). 
 Sometimes it is instructive and efficient to photograph the 
animal on a mirror, thus including the ventral aspect (Fig. 3). 
One might carry a mirror in the field, to do this with animals that 
are to be released on the spot. However, positioning may have to 
take into account, that the surroundings are included in the mir-
ror image. 
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fIg.  2. The undesirable composition. A ruler carrying color scale 
and a male south-Sinai Hardun, Laudakia stellio salehi, held to-
gether in-situ to show the lizard’s colors against its rocky habitat. 

fIg. 1. Hand-drawn ruler, lighter and clearer than most ready rul-
ers, applied to the north-Israeli Tree Gecko, Mediodactylus kotschyi 
orientalis, with regenerated tail, on olive-tree bark.

fIg.  3. Photographing the north-Israeli Eirenis lineomaculatus on 
a mirror shows the spotted ventral surface that distinguishes this 
species from all congeners in the Levant.
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 Colostethus pratti (Dendrobatidae) is a diurnally active leaf 
litter and stream edge dwelling frog with a wide distribution in 
Panama and Colombia. In Panama, this species is known from 
the western cordilleras and western Atlantic lowlands through 
the central portion of the country to the eastern lowlands and 
cordilleras. Colostethus pratti is also present on Isla Colón in the 
Boca del Toro archipelago off of Panama’s northeastern coast. In 
Colombia, it is known from northern portions of the central and 
western cordilleras in the departments of Chocó and Antioquia. 
This species has been recorded from 110–1160 m above sea level 
(Ibáñez et al. 1999; Solis et al. 2004).
 Herein we report our observations on the successful captive 
maintenance and reproduction of C. pratti. Extensive informa-
tion exists on the captive management for many dendrobatid 
frogs (e.g., Lotters et al. 2007), however there is very little in-
formation available for species of Colostethus. We believe the 
information provided herein may prove useful in future efforts 
to maintain ex situ populations of this and other species in this 
genus.
 Specimen acquisition and husbandry methods.—1.1 Coloste-
thus pratti were collected from the region of El Valle de Antón, 
Provincia de Coclé, Panamá and legally exported to the Atlanta 
Botanical Garden (ABG) in 2005 as part of the Amphibian Recov-
ery and Conservation Coalition (ARCC) project initiated by ABG 
and Zoo Atlanta. The goal of the ARCC was to learn the logistics 
of an ex situ response to the rapid spread of the amphibian chy-
trid fungus (Batrachochytrium dendrobatidis [Bd]) through am-
phibian populations in Panama (Gagliardo et al. 2008). 
 Prior to and following importation, specimens were quaran-
tined for a period of 30 days during which they were treated for 
Bd following a protocol suggested by Dr. Brad Lock (Zoo Atlanta, 
Atlanta, Georgia) and Dr. Brad Wilson (The Veterinary Clinic 
West, Marietta, Georgia). After quarantine and prophylactic Bd 
treatment, specimens were transferred to an enclosure measur-
ing 60 x 30 x 90 cm furnished with live plants (Calathea, Guzma-
nia, and Peperomia) for cover and to provide sites for egg deposi-
tion. The substrate consisted of a charcoal and soil mix overlaid 
with a layer of moistened sphagnum moss. A water source and 
site for tadpole deposition was provided in the form of a round 
glass dish measuring 10 cm in diameter and 5 cm in depth. A 
rock was placed in the dish at an angle to allow easy access for 
tadpole deposition and escape of feeder insects. Light was pro-
vided by a single 55 watt compact fluorescent fixture with a cycle 
of 12 hours on and 12 hours off. Temperatures ranged from 18–
28°C. Humidity and moisture were maintained through use of an 
automated misting system. Food items were offered three times 
weekly and consisted largely of springtails (Collembola sp.) and 
flightless fruit flies (Drosophila hydei and D. melanogaster). Bean 
Weevils (Callosobruchus maculatus) and newly hatched Domes-
tic Crickets (Acheta domestica) were offered occasionally. All 
food items were supplemented with alternate dustings of Rep-
cal D3® and finely powdered Men’s Health® vitamins. 
 In 2008, ABG acquired and outfitted an insulated shipping 
container, known as a “Frog Pod,” for the housing of ARCC frogs, 
including specimens of C. pratti (Fenolio et al. 2009). Once 

transferred into this facility, the 1.1 founders were housed in a 
Zoo Med® terrarium measuring 30 x 30 x 45 cm (Fig. 2). Furnish-
ings were provided as above with the addition of plastic plant 
pots measuring 6.35 x 6.35 x 6.35 cm placed in the enclosures 
on their sides to provide additional shelters and egg deposition 
sites. Lighting was provided in the same manner as described 
above. Humidity and moisture were regulated through the use of 
an automated misting system operating six times daily during a 
simulated wet season from November–April and two times daily 
during a simulated dry season from May–October. Individual 
misting events ranged from three to 10 minutes each with the 
shortest misting events taking place during the simulated dry 
season. Juveniles were housed under nearly identical conditions 
in groups of three or four per terrarium. 
 Breeding.—To date amplexus has not been observed in cap-
tive C. pratti, although it is assumed that this species has cephal-
ic amplexus similar to other members of the genus in which this 
behavior has been observed and described (Savage 2002). Males 
have a loud, peeping call, appeared to establish small territories, 
and were observed to participate in chest-to-chest wrestling 
bouts.
 Numerous breeding events have occurred at ABG, with the 
earliest taking place shortly after importation and clearance 
of the quarantine period in 2005. Few data exist of these early 
reproductions. Additional reproductive events have occurred 
since 2005 and the information provided herein is based on ob-
servations from 2007–2010. 
 Each egg mass contained 8–20 eggs laid in a single-layered 
cluster. These were deposited on top of leaves or within plastic 
hiding places at intervals of three to six weeks during the simu-
lated wet season, with a reduction in egg deposition during the 
simulated dry season. Eggs were observed on the substrate and 
in the water dish on a few occasions. These were never viable. 
Both parent frogs have been observed in attendance of eggs to-
gether and independently (R. Hill, pers. obs.). 
 Hatching occurred 7–14 days post-oviposition. In instances 
where egg masses were left in the enclosure all larvae were trans-
ported to the water dish on the back of the female upon hatching 
(Fig. 1). In multiple instances, although an apparently adequate 
water source was continually available, larvae were carried for 
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an extended period of several days before deposition. Similarly, 
Wells (1980) observed females to carry larvae for up to nine days 
in C. panamensis (formerly C. inguinalis). On one occasion in 
late 2010, larvae were found in the axil of a Guzmania bromeliad 
instead of the water dish. After larvae were deposited, no further 
parental care was observed. 
 Handling of eggs and larvae.—Once discovered, eggs were 
typically removed from the adult enclosure on the surface on 
which they were deposited and placed in a covered plastic con-
tainer with a small amount of water until hatching. In several 
cases, eggs were either left in the enclosure or not discovered 
until the female was seen carrying larvae. Once hatched, larvae 

were transferred to plastic containers measuring 25 cm x 15 cm 
x 10 cm that were filled to a depth of 7–8 cm with filtered tap 
water. Larvae were raised communally and showed no aggres-
sive tendencies toward one another. No substrate was used and 
temperatures were maintained at 20–25°C. Live java moss (Ve-
sicularia sp.) was included to provide cover to the tadpoles. 
 Larval diet consisted mainly of Sera Micron®, a commercially 
produced Spirulina-based finely powdered fish food, which was 
mixed with water to form a thick paste, and then spread onto mi-
croscope slides (Fig. 4). These were then allowed to completely 
dry before being offered to the larvae. Larvae were observed to 
rasp this dried paste off of the slides as well as incidental algal 

fIg. 1. Female Colostethus pratti with larvae.

fIg. 2. ZooMed® enclosure used to house adult C. pratti.

fIg. 3. Early (top) and late stage (bottom) larvae of C. pratti.

fIg. 4. Sera Micron® and example of slide used to feed larvae. 
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growth on the sides of the rearing containers. Success rearing C. 
pratti larvae was also achieved using New Spectrum® sinking fish 
pellets and Hikari® sinking algae wafers. Food was offered daily 
with any remaining food from the previous day removed. Water 
changes of 50–60% were performed twice weekly. 
 Handling of metamorphs and juveniles.—Newly metamor-
phosed C. pratti measured approximately 6–8 mm SVL. Time 
from hatching to metamorphosis ranged from 8–13 weeks (Fig. 
3). All larvae from a single clutch typically metamorphosed with-
in a few days of each other, although on one occasion the span 
from the first metamorphosed individual to last from a single 
cohort was nearly 30 days. After all four limbs developed, newly 
metamorphosed C. pratti were moved into plastic quart-size deli 
cups with vented lids, roughly 1 cm of filtered water, and a small 
mound of moistened sphagnum moss as a haul out area. If more 
than one was found with all four limbs from a group of tadpoles, 
they were placed into the above containers together. They began 
feeding on springtails, newly hatched crickets, and small flight-
less fruitflies (D. melanogaster) after full absorption of the tail, 
which took 7–10 days. Upon absorption of the tail, additional 
moss was added to prevent drowning. A refuge in the form of a 
PVC pipe 3 cm long x 1.27 cm wide was provided (Fig. 5). Individ-
uals were raised in this manner for several weeks to ensure easy 
accessibility to food items and subsequently placed into groups 
then moved into successively larger enclosures and as they grew 
in size. Growth was rapid, with some young males heard calling 
at six months post-metamorphosis. 
 Conclusions.—As the World Conservation Union (IUCN), via 
the Amphibian Conservation Action Plan (Gascon et al. 2007) 
and Amphibian Ark (www.amphibianark.org) continue to call 
for establishment of captive survival assurance programs for 
amphibian species which currently cannot be safeguarded in 
nature, it is crucial that husbandry protocols are developed for 
diverse groups of species, and that this information be shared 
globally (Zippel and Mendelson 2008). Colostethus pratti is cur-
rently listed by the IUCN Red List as a species of Least Concern, 
though some wild populations are in decline (Solis et al. 2004). 
At some sites, such as in El Copé, Provincia de Coclé, Panamá, 

populations have shown drastic declines in association with 
the arrival of the amphibian chytrid fungus (Lips et al. 2006). Of 
the 21 species of Colostethus considered by the IUCN Red List, 
five are listed as Near Threatened, Endangered, or Critically En-
dangered with an additional 12 species listed as Data Deficient 
(IUCN Red List, 2011). The techniques and methods used in the 
successful husbandry and reproduction of C. pratti could be 
useful in the development of ex situ management programs for 
other members of this genus. 
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crocodyliA — crocodiliAnS

CROCODYLUS NILOTICUS (Nile Crocodile). INDUCED 
HATCHING. The incubation period for Crocodylus niloticus eggs 
on commercial farms is normally 75–90 days, but occasionally 
exceeds 100 days (S. van As and R. Fergusson, pers. comm.). Six 
eggs (final trimester) from two clutches (2 + 4) laid by captive 
females in KwaZulu-Natal, South Africa were obtained for pox 
virus research underway at the Faculty of Veterinary Science, 
University of Pretoria. On the morning of 22 January 2010, the 
eggs were packed in a Coleman cooler box filled with vermiculite 
obtained from the same incubating room as the eggs. The eggs 
were isolated from each other and fully insulated by the vermic-
ulite medium. The closed cooler was then flown in a turboprop 
aircraft from Richards Bay Airport to O.R. Tambo International 
Airport in South Africa. Precaution was taken when handling 
and transporting the cooler in order to prevent jarring or other 
disturbances. The six eggs were in the possession of J. Myburgh 
for the duration of transportation to and from the respective 
airports and for the 70-minute flight (total transport time = 210 
minutes). The cooler was opened for inspection immediately 
prior to boarding, and all eggs were in the same condition and 
placement subsequent to packaging. During flight the cooler 
was kept wedged under the solid frame of a seat in the plane. 
Minor vibrations to the cooler associated with its position on the 
cabin floor were visibly evident during the flight. 
 Upon arrival at the virology laboratory, the cooler was opened 
and it was apparent that two of the eggs had hatched during 
transportation. Both hatchlings repeatedly issued the distress 
call typical of the species and were removed immediately. The 
cooler with the remaining four eggs was placed in an incubator 
(31°C) until the eggs could be processed after the weekend. How-
ever, one hatchling was discovered at 1000 h on 24 January and 
an additional two at 0730 h on 25 January. The remaining egg was 
sacrificed later on 25 January to salvage tissue for the planned 
virology study. The five hatchlings appeared healthy with intra-
abdominal yolk sacs and had normal mass (mean = 75 g) and 
length (mean = 302 mm) values for hatchling C. niloticus. All 
hatchlings ate crickets within 24 h of emergence and exhibited 
normal behavior and development at time of publication. 
 The two eggs that hatched during transport were laid on 11 
November 2009 and hatched after 72 days. The remainder of the 
clutch (42 eggs) that was not transported hatched 21 days later 
on 12 February 2010. Two eggs were infertile. Although date of 
deposition for the remaining four eggs could not be confirmed, 
most clutches from the same farm successfully hatched in the 
second half of February 2010. 
 We hypothesize that the early hatching of the C. niloticus 
eggs was induced either by vibrations the embryos were sub-
jected to during transportation (especially in the aircraft), or by 
the change in barometric pressure experienced during the flight. 
Alternatively, hypoxic conditions in the cooler may have been 
responsible, but this is unlikely given the relative short transport 
time and the fact the cooler was opened at the airport. Crocody-
lus niloticus nests in the wild and captivity are known to hatch 
during low-pressure thunderstorm activity and in response to 
vibrations caused by the mother during nest excavation (R. Fer-
gusson, pers. comm.). The three eggs that hatched in the two 

days following the flight, although still premature in regards to 
their respective clutch, may have come from a slightly younger 
clutch than the other two embryos and therefore were unable to 
hatch immediately due to developmental constraints.
 Induced hatching caused by pathogenic (e.g., bacteria), 
chemical (e.g., pheromones) and physical (e.g., flooding and 
predator induced embryo vibrations) stimuli has been observed 
in a small number of vertebrates (for a review see Warkentin and 
Caldwell 2009. In Dukas and Ratcliffe [eds.], Cognitive Ecology II: 
The Evolutionary Ecology of Information Processing and Deci-
sion-Making, pp. 177–200. University of Chicago Press, Chicago, 
Illinois). Our observation suggests C. niloticus hatchling emer-
gence may be significantly more plastic than previously thought. 
Such plasticity could allow clutches to hatch at optimum en-
vironmental timeframes, at the time chosen by the mother, or 
as a response to disturbance by would-be predators (triggering 
embryo vocalizations that signal the mother to come defend 
the nest). Future experiments with captive (i.e. farmed) clutches 
would contribute to understanding the commonality and mech-
anisms of induced hatching in crocodilians.  
 We thank K. Warkentin, S. Doody, and R. Fergusson for their 
infective enthusiasm and positive comments. 
 JAn G. myburGh, department of Paraclinical sciences, faculty 
of Veterinary science, university of Pretoria, onderstepoort, south af-
rica (e-mail: jan.myburgh@up.ac.za); JonAthAn k. wArner (e-mail: 
jonathan.k.warner@gmail.com), school of Biological and Conservation sci-
ences, university of KwaZulu-Natal, Pietermaritzburg, south africa.

SQuAmAtA — SnAkeS

PHALOTRIS TRILINEATUS (Littoral Blackhead). OPHIOPHA-
GY. The usual diet of snakes in the tribe Elapomorphini consists 
of amphisbaenians (Lema et al. 1983. Comun. Mus. Ci. PUCRS 
26:41–121). However, these snakes may also eat other elongate 
squamates. We have observed them to consume some harmless 
snakes (Lema et al., op. cit.), including an opistoglyph, which 
appeared to have been envenomated prior to consumption. 
In feeding trials we have conducted at the Laboratory of Her-
petology of the Fundação Zoobotânica (FZBRS), and in those 
of Robert Baltar, a colleague at the Biosciences Institute of the 
Universidade Federal de Pelotas (UFPEL), Phalotris lemniscatus 
have consumed Helicops infrataeniatus, Liophis semiaureus, L. 
pictostriatus, and L. sublineatus (Lema et al., op. cit.). A young 
specimen of Phalotris trilineatus, captured by Roberto Baltar in 
Pelotas, Rio Grande do Sul, Brazil, was maintained in the Labo-
ratóry of Herpetology of the FZBRS. It was offered a young Oxy-
rhopus rhombifer. The attack was immediate, with the P. trilin-
eatus biting the O. rhombifer and holding on until the prey was 
immobilized. Subsequently, the O. rhombifer was swallowed in 
less than one minute. This observation confirms that P. trilinea-
tus consumes other small snakes.
 thAleS de lemA, museum of Natural sciences, fundação Zoobotâ-
nica, Porto alegre, rio Grande do sul, Brazil 90470-280; e-mail: thalesdele-
ma@terra.com.br.
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 The amphibian chytrid fungus, Batrachochytrium dendroba-
tidis (Bd) is responsible for widespread morbidity and mortality 
in susceptible species, leading to population declines (Berger et 
al. 1998; Bosch et al. 2001; Fisher et al. 2009; Lips 1999; Racho-
wicz et al. 2006; Skerratt et al. 2007; Stuart et al. 2004). Although 
Bd is believed to have originated in Africa (Weldon et al. 2004), 
relatively little work has been done on the continent to assess 
its occurrence and distribution. African countries where Bd has 
been identified include Botswana, Ghana, Kenya, Lesotho, South 
Africa, Swaziland, Tanzania and Zambia (www.Bd-maps.net, 
accessed 5 November 2010; Kielgast et al. 2010). More recently 
sources also indicate Bd-positive records from Cameroon, Ma-
lawi and Uganda (Goldberg et al. 2007; Sotoz-Azat et al. 2010), 
Democratic Republic of Congo (Greenbaum et al. 2008), Nige-
ria (Imasuem et al. 2009; Imasuem et al. 2011), Gabon (Bell et al. 
2011), and Morocco (El Mouden et al. 2011). 
 Mount Mulanje (15.9352°S, 35.6202°E; Fig. 1) is situated in 
southern Malawi adjacent to the border with Mozambique.  The 
mountain rises sharply and dramatically above the surrounding 
Phalombe Plain (about 600 m elevation) to 3000 m elevation.  It 
is one of the largest inselbergs (isolated mountains) in the world, 
and the tallest peak in south-central Africa. The Mount Mulanje 
area has relatively high amphibian richness with an estimated 
40 species (Branch and Cunningham, unpubl. data; Channing 
2001; Poynton and Broadley 1985–1991; Stevens 1974).
 An amphibian survey was conducted in the Mount Mulanje 
area during the onset of the rainy season in November 2009 and 
detected 24 different amphibian species. Bd swabs were taken 
of 76 adult frog specimens (Table 1). Standard field-sampling 
protocols and bio-security controls were followed for collect-
ing the samples (Brem et al. 2007). Sterile cotton-tipped swabs 
with sleeves were used, stored at low temperatures and sent to 
the National Zoological Gardens (NZG) of South Africa where Bd 
DNA was isolated following the PrepMan® Ultra protocol (Ap-
plied Biosystems™, Foster City, California). The presence and 
quantity of the fungus was determined using a real-time PCR 
TaqMan standard curve assay according to Boyle et al. (2004).  

The StepOnePlus™ real-time PCR system from Applied Biosys-
tems™ was used for the TaqMan assay.  
 We detected Bd in 14 of 76 (18.42%) specimens and in 8 of 
24 (33%) species (Table 1). Low sample sizes likely affected Bd 
detection probability if infection prevalence was low (Skerratt et 
al. 2008). We observed the highest infection load in Amietia an-
golensis and A. johnstoni (Table 1). The presence of Bd in Amietia 
has been reported in Kenya (Kielgast et al. 2010), South Africa, 
and Lesotho (Weldon 2005), which might indicate an increased 
susceptibility in this genus.
 This is the first report of Bd infecting a species of Arthroleptis, 
a direct developer. Arthroleptis species are associated with de-
caying leaf litter on forest floors, with eggs oviposited among the 
leaf litter; no free-swimming tadpole exists and development is 
completed within the egg capsule (Channing 2001; Du Preez and 
Carruthers 2009). Nothophryne broadleyi are associated with 
damp moss-covered seepage over rocks (Channing 2001); this is 
the first time that Bd has been recorded in this monotypic genus.  
 Our records confirm the occurrence of Bd in amphibians in 
Malawi, and the Mount Mulanje area in particular. Although So-
toz-Azat et al. (2010) found one Malawian Xenopus muelleri tad-
pole infected with Bd, they indicated it to be an incidental finding 
and not a true infection. Bd is only associated with the keratin-
ized skin of adult amphibians and teeth of tadpoles (Longcore et 
al. 1999; Berger et al. 1998). Due to the fact that Xenopus tadpoles 
are filter feeders with no teeth they are unlikely to get infected.  
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confirmed Amphibian chytrid in mount mulanje Area, malawi

fIg. 1. Location of Mount Mulanje, Malawi, where Batrachochytrium 
dendrobatidis was detected on eight amphibian species.
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Rödder et al. (2009) predicted that species with aquatic life stages 
occupying small geographic ranges at high altitudes were most 
susceptible to Bd-related declines; this includes the higher al-
titudes of East and Central Africa (see Rödder et al. 2009, figure 
2A). However, in adjacent Mozambique, preliminary screening 
of amphibians from Mount Mabu (N = 11) provided no evidence 
for Bd-infected amphibians (Conradie, unpubl. data), although 
a low sample size may have precluded detection (Skerratt et al. 
2008). Mount Mulanje is under pressure due to increasing socio-
economic development and population growth, leading to large 
areas of lowland and riverine forest being cleared in the region. 
The illegal harvesting of endemic cedar trees, presence of inva-
sive alien pine trees, introduction of alien fish, and uncontrolled 
fires are additional threat factors that may increase stress on 
Mount Mulanje amphibian populations, especially compared to 
Mount Mabu where the habitats remain fairly pristine. This may 
indirectly lead to an increase in Bd prevalence or increased sus-
ceptibility to the pathogen in the Mount Mulanje area if there are 
interactions among multiple stressors and Bd-infection rates.
 Species of particular conservation concern in the Mount Mu-
lanje area include A. johnstoni and N. broadleyi which are cur-
rently listed as Endangered according to IUCN standards. Both 
species are under increasing pressure due to habitat destruction, 
uncontrolled fires and climate change (Lovemore and Poynton 

2004a, 2004b). They also have localized distributions, which 
make them more vulnerable to decline or extinction (Bielby et 
al. 2008; Cooper et al. 2008; Sodhi et al. 2008).  Although origi-
nally only known to occur at high altitudes of Mount Mulanje, N. 
broadleyi subsequently has been reported to be present on iso-
lated mountains in Mozambique: Ribaue Mountain and Mount 
Namuli (Poynton 1966; Timberlake et al. 2009). Additional sur-
veys are warranted to monitor the occurrence of Bd on these and 
other endemic populations on Mount Mulanje.  Such surveys 
can inform land and natural resource managers whether inter-
vention may be needed to preserve the integrity of these unique 
amphibian communities. Bd is considered to be a significant 
factor in the decline and extinction in the wild of at least one am-
phibian species in Africa, the Kihansi Spray Toad, Nectophrynoi-
des asperginis (Krajik 2006). 
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TaBle 1. Batrachochytrium dendrobatidis infection data for amphibians of the Mount Mulanje Area, Malawi. Altitude range is divided into 
Low (below 700 m above sea level), Medium (700–1000 m above sea level) and High (above 1000 m above sea level). LC = least concern, ED = 
endangered, DD = data deficient. Endemic = known only from Mount Mulanje, Malawi.

Species No. specimens CT (mean) a  Zoospore IUCN Altitudinal
 sampled/  equivalents status range
 No. infected  (ZSE) b

Afrixalus brachycnemis 4/0 0 0 LC Low
Afrixalus crotalus 4/1 38.8 0.1 LC Low
Amietia angolensis 16/4 20.4–33.8 1000–10 LC High and Low
Amietia johnstoni 7/2 27.2–37.3 80–0.9 ED/Endemic High
Amietophrynus gutturalis 1/0 0 0 LC Low
Amietophrynus maculatus 2/0 0 0 LC Low
Arthroleptis sp. 1 1/0 0 0 DD/Endemic Low
Arthroleptis sp. 2 1/0 0 0 DD/Endemic Low
Arthroleptis francei 1/0 0 0 ED/Endemic High
Arthroleptis stenodactylus 1/0 0 0 LC Low
Arthroleptis xenodactyloides 3/2 36.7–39.4 1–0.1 LC Low to medium
Chiromantis xerampelina 2/0 0 0 LC Low
Hemisus marmoratus 2/0 0 0 LC Low
Hyperolius tuberilinguis 3/0 0 0 LC Low
Kassina senegalensis 2/0 0 0 LC Low
Leptopelis broadleyi 4/0 0 0 LC Low
Leptopelis flavomaculatus 1/0 0 0 LC Low
Leptopelis mossambicus 2/0 0 0 LC Low
Nothophryne broadleyi 4/1 39 0.1 ED/Endemic High
Phrynobatrachus natalensis 4/2 31.6–40.0 12–0.1 LC Low
Ptychadena anchietae 3/0 0 0 LC Low
Strongylopus fuelleborni 2/1 39.0 0.1 LC High
Xenopus laevis 2/0 0 0 LC Low
Xenopus muelleri 4/1 39.5 0.1 LC Low
Total: 76/14
    
a The Ct (cycle threshold) is defined as the number of cycles required for the fluorescent signal to cross the threshold. Ct levels are inversely 
proportional to the amount of target nucleic acid in the sample. Samples with a Ct value of more than 40 cycles and a quantity of less than 0.1 
were considered negative (indicated as 0 in the table).

b A standard curve was constructed from the control reactions containing 100, 10, 1 and 0.1 B. dendrobatidis zoospores and the concentration 
determined for the test samples expressed as the number of Zoospore equivalents (ZSE).
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 The widespread chytrid fungus, Batrachochytrium dendroba-
tidis (Bd), causes a severe cutaneous infection to many species 
of amphibians worldwide, in some cases resulting in population 
declines or extinctions (Berger et al. 1998; Crawford et al. 2010; 
Lips et al. 2006; Mendelson et al. 2006). This fungus has been 
found in amphibians from five continents (Ron 2005; Une et al. 
2008; www.Bd-maps.net), but has shown a broader geographic 
and taxonomic incidence in the Americas. Within South America, 
Bd has been reported from all countries except Paraguay and the 
Guianan region. In tropical America, the decline of many species 
in endemic genera and families, such as the genus Atelopus in 
the Bufonidae (La Marca et al. 2005), suggest a phylogenetically 
linked sensitivity to Bd. This may explain why the effects of chy-
tridiomycosis in the Neotropics appear to be remarkably higher 
in relation to other continents (Corey and Waite 2008). 
 Given that Bd grows better in cool temperatures (17–23°C) 
(Piotrowski et al. 2004; Retallick et al. 2004), montane amphibian 
species are likely to be affected in tropical and sub-tropical areas. 
In the Andes, Bd has been found along the entire cordillera, with 
well-reported cases in Venezuela (Lampo et al. 2008) and Ecua-
dor (Ron and Merino-Viteri 2000), and reports from more limited 
studies carried out in the Peruvian Andes (Catenazzi et al. 2011; 
Seimon et al. 2005, 2007; von May et al. 2008), Colombia (Ruiz 
and Rueda-Almonacid 2008; Velásquez et al. 2008), Argentina 
(Barrionuevo and Mangione 2006; Ghirardi et al. 2009) and Chile 
(Solís et al. 2009). The situation in Bolivia is less known; albeit 
the disease was assumed to be present because of the sudden 
declines observed in several species (Aguayo 2009; Cortez 2009; 
De la Riva 2005), it was not until recently that the first case of 
infection by Bd was documented (Barrionuevo et al. 2008). How-
ever, besides this particular case, the range of the disease and 
its taxonomic reach in Bolivia have been unknown. Our aim is 
to provide new qualitative information on the presence of Bd in 
Bolivia, and discuss patterns of amphibian declines in the area. 
 During February and March 2009, a rapid survey in the 
northern and central parts of the Bolivian Andes was done to get 
a better idea of the taxonomic and geographic occurrences of Bd 
(Fig. 1). Neither the total sample nor samples per species allowed 
for statistical analyses. 
 Geographic coverage for our study extended from the Chil-
ean-Bolivian border in the Altiplano to the Cordillera Oriental in 
the Department of Chuquisaca, with a distance of nearly 500 km 
between the two most distant localities (1 and 4; see Fig. 1, Table 
1) and an altitudinal range of 2650–4060 m. Four main types 
of habitats were surveyed (Table 2). Specimens, either adult or 

tadpoles, were collected by hand. Swabs were obtained by strok-
ing the ventral pelvic patch and thighs of adults or the mouth-
parts of tadpoles using rayon swabs (Medical Wire 142). Selected 
voucher specimens were fixed in 70% ethanol and deposited in 
the herpetological collection of the Museo Nacional de Ciencias 
Naturales (MNCN, Madrid, Spain). Data on localities were re-
corded using a Global Positioning System (Table 1). Swabs were 
stored in their individual airtight plastic swab containers at am-
bient temperature in the high Andes (~ 15°C) during field work 
(30 days) and then at -20°C in the laboratory until processed for 
Bd. DNA extraction from swab samples was done using 50 µl of 
PrepMan Ultra (Hyatt et al. 2007). Detection and quantification 
of the level of infection by Bd on frog epidermal tissue was done 
with the Taqman qPCR method in an Applied Biosystems 7500 
Real-Time PCR system according to Boyle et al. (2004). Infection 
intensity was calculated as the number of Bd zoospore genomic 
equivalents in each swab sample. 
 We sampled 33 frogs of eight species and five families from 
eight different localities (Table 1). All individuals examined were 
apparently healthy, and no sick, dying, or dead individuals were 
found. Only one species, Pleurodema cinereum, was sampled in 
more than one locality (four locations). Overall, 18 of 33 (54.5%) 
individuals were infected with Bd, 6 of 8 species studied were 
Bd-positive, the infection was detected in all 4 habitat types 
sampled, and Bd was found at 7 of 8 localities surveyed (Tables 
1 and 2). The level of infection among positive individuals was 
low, with Bd zoospore genomic equivalents ranging from 1–216 
(mean = 16; SE = 11.1). 
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fIg. 1. Satellite map of the central Bolivian Andes showing the locali-
ties sampled for Batrachochytrium dendrobatidis, as numbered in 
Table 1. The dark blotch in the northwest is Lake Titicaca, on the Bo-
livian–Peruvian border; the white blotches in the south are the huge 
salt flats of Coipasa and Uyuni; near the center of the image is Lake 
Poopó.
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rapid Assessment of the presence of Batrachochytrium 
dendrobatidis in bolivian Andean frogs



Herpetological Review 42(3), 2011

     AmphibiAn diSeASeS     373

 We found a broad distribution of Bd in the Bolivian Andes, 
covering all kinds of habitats from cloud forests to high puna. 
An overall prevalence greater than 50% and the low zoospore 
load in all populations convey that Bd is widespread and might 
be enzootic in this area, and that the amphibians sampled per-
sist with low-level infections. Amphibians sampled in moister 
habitats, such as cloud forest and humid paramo, appeared to 
have higher prevalence of Bd than those from drier environ-
ments (puna and dry valleys), independent of altitude, (Table 2), 
although sample sizes were low preventing statistical compari-
sons. This suggests that in the high elevation Andes of Bolivia, 
humidity may favor maintenance of high zoospore reservoirs in 
the environment.
 Different indirect data from the genus Telmatobius, which, 
like Atelopus, is endemic to the Americas and has declined dras-
tically in the past 30 years, indicate that these frogs may be par-
ticularly vulnerable to chytridiomycosis (De la Riva and Lavilla 
2008). The sudden decline of T. espadai and other species (De la 
Riva 2005) in the early 1990s in central Bolivia (Department of 
Cochabamba) lead us to believe that Bd might already have been 
there at that time. The presence of abundant T. sanborni near 
the Peruvian border in 2001 implies that Bd did not enter Bolivia 
following a north-south epidemic wave (sensu Lips et al. 2008), 
but rather the pathogen appeared independently in the central 
part of the country at a time when healthy Telmatobius popula-
tions were still thriving a few hundred kilometers to the north-
west. Catastrophic Telmatobius declines started first in Ecuador 
(1980s), then in Bolivia (1990s) and later in Peru (2000s). Like-
wise, several Telmatobius species from northern Argentina had 
crashed by 2001 and surely their decline comes back to the early 
1990s (Barrionuevo and Ponssa 2008). If the endemic pathogen 
hypothesis (Pounds et al. 2006) is not invoked, and we infer that 
these declines are a response to a Bd epidemic, then mecha-
nisms to explain the uneven dispersal of Bd must be explored. 
Incubation and transport of viable Bd zoospores in bird feath-
ers has been demonstrated in vitro (Johnson and Speare 2005). 
Thus, migratory birds might represent a means of dispersal and 
implicates potential multiple introductions across mountains 
and valleys in the high elevation Andes; this potential transmis-
sion vector should be further investigated in the wild. 
 In this paper we report the presence of Bd in several species 
across a large geographical area without apparent symptoms of 
disease. These results, as well as the evident disappearance or 
decline of many species in the area, particularly in the genus Tel-
matobius, suggest that the amphibian fauna of Bolivia may have 
already suffered a wave of chytridiomycosis whereby some spe-
cies went extinct locally, others suffered bottlenecks from which 
they are probably recovering, and still others were infected but 
managed to endure. From a conservation standpoint, this po-
tential scenario is worrisome because amphibians that persist 
with Bd may show decreased survival, and could be at risk from 
synergistic effects of this pathogen with other environmental 
stressors (Longo et al. 2009; Longo and Burrowes 2010). Further-
more, infected species can serve as both Bd reservoirs and vec-
tors of Bd to nearby areas where amphibians may still be naïve 
to the fungus, and hence may contribute to subsequent losses. 
More fieldwork and Bd testing are needed to have a better un-
derstanding of the effects of Bd infection on Bolivian amphib-
ians. Our study serves as a baseline for further Bd-related studies 
while identifying species and locations that might be currently 
at risk and should be prioritized when considering conservation 
and management programs in the Andes. 
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 Batrachochytrium dendrobatidis (Bd), which causes the fun-
gal disease chytridiomycosis, has been regarded as a contribut-
ing factor to worldwide amphibian declines (Daszak et al. 1999; 
Skerratt et al. 2007). Bd appears to be widespread within the 
southeastern United States, though relatively few surveys have 
been conducted to determine its prevalence within the region 
(Green and Dodd 2007; Hossack et al. 2010; Rothermel et al. 
2008; Timpe et al. 2008). Our study further documents the occur-
rence and distribution of Bd in Georgia’s amphibian populations 
with a focus on caudates. Georgia is home to a large and diverse 
assemblage of amphibian taxa, in particular salamanders (Jen-
sen et al. 2008). We conducted surveys in four of five physio-
graphic provinces in Georgia to document areas of occurrence. 
Subsequently, these areas can be more closely monitored over 
time, for example to determine Bd’s prevalence and any poten-
tial negative impacts as have been observed in other amphib-
ian assemblages globally (Lips et al. 2006). This inventory-then-
monitoring approach is especially important in regions of high 
amphibian diversity and endemism, such as Georgia. 
 We conducted surveys primarily in the Blue Ridge, Cumber-
land Plateau, and Piedmont physiographic provinces of Georgia 
from 5 March–12 September 2009. A small number of Striped 
Newts (Notophthalmus perstriatus) were opportunistically sam-
pled during an unrelated survey in the Coastal Plain province 
(Table 1). Surveys took place on federal, state, county, and private 
land. Proper permissions from all stakeholders were acquired. 
While the main study focus was stream-dwelling and terrestrial 
caudates, anurans were also sampled when encountered. Only 
metamorphosed amphibians were sampled in this study. Three 
methods of detection were used: visual encounter, turning of cov-
er objects (e.g., logs and rocks), and dip netting. A GPS coordinate 
was collected for each survey location (Garmin™ Oregon™ 400t; 
WGS 84). Once collected, each specimen was placed into an in-
dividual plastic container for a maximum period of 24 hours for 
on-site processing and was ultimately released at the point of cap-
ture. Powder-free vinyl or latex gloves were worn during all field 
collections with new gloves worn at each survey site. To prevent 
the spread of Bd or any other potential pathogens, a 10% bleach 
solution was used to disinfect all equipment (nets, boots, etc.) 

between survey sites. 
 Once each survey was completed, we swabbed specimens us-
ing polyester tipped plastic applicators (Fisherbrand®; Medical 
Wire & Equipment Company, Ltd.) following the method of Brem 
et al. (2007). A new set of gloves was used while swabbing each 
individual specimen. Each swab was placed into an individually 
numbered 1.8 ml plastic cryogenic vial for storage. Samples were 
refrigerated until shipment to the diagnostic lab at the College of 
Veterinary Medicine at North Carolina State University, Raleigh. 
Each sample was processed using Bd-specific real-time Taqman 
(Applied Biosystems, Foster City, CA) Polymerase Chain Reac-
tion (PCR) according to the method of Boyle et al. (2004). Appro-
priate negative and positive controls were run concurrently with 
survey samples and the limit of detection was less than/equal to 
0.5 zoospore equivalents. 
 From 5 March to 12 September 2009, we collected 300 sam-
ples from 21 caudate and nine anuran taxa in 11 Georgia coun-
ties (Table 1). Of these, Bd was detected in 11 samples from 
seven different taxa: Spotted Dusky Salamander (Desmognathus 
conanti), Seal Salamander (D. monticola), Southern Two-lined 
Salamander (Eurycea cirrigera), Red Salamander (Pseudotriton 
ruber), Eastern Newt (Notophthalmus viridescens), Green Frog 
(Lithobates clamitans), and Southern Leopard Frog (L. spheno-
cephala). With the exception of E. cirrigera (two positive results) 
and N. viridescens (four positive results), each of the remaining 
five taxa had one Bd-positive result (Table 2). None of the indi-
viduals that tested positive for Bd showed any obvious symptoms 
of chytridiomycosis (ventral redness, excessive skin sloughing, 
or diminished righting ability); they all appeared to be in overall 
good health at the time of collection. 
 Similar to past field studies examining Bd in southeastern 
United States amphibian populations (Green and Dodd 2007; 
Hossack et al. 2010; Rothermel et al. 2008; Timpe et al. 2008), 
overall detection of Bd in this study was low (< 4% of all sam-
ples). Eleven amphibians belonging to seven different taxa, 
including five caudate and two anuran species tested positive 
for Bd through PCR assay. The pathogen has been reported 
from all of these taxa in previous studies (Bakkegard and Pess-
ier 2010; Byrne et al. 2008; Montanucci 2009; Rothermel et al. 
2008; Timpe et al. 2008). It should be stated that sample size 
was small for many species (22 species with < 10 samples) such 
that our results may not accurately reflect the overall preva-
lence of Bd within the sampled populations (e.g., Skerratt et al. 
2008). 
 Our detection of Bd on Eastern Newts (N. viridescens), Green 
Frogs (L. clamitans), and Southern Leopard Frogs (L. spheno-
cephalus) was not surprising because these species have pro-
duced numerous positive results within the southeastern Unit-
ed States, including Georgia (e.g., Bakkegard and Pessier 2010; 
Rothermel et al. 2008). Although our detections of Bd on a Seal 
Salamander (D. monticola), Southern Two-lined Salamanders (E. 
cirrigera), and a Red Salamander (P. ruber) are not the first for 
these three plethodontids (Byrne et al. 2009; Hossack et al. 2010; 
Montanucci 2009) our findings represent the first-reported oc-
currences in these species from the state of Georgia. 

robert l. hill
Department of Research and Conservation, Atlanta Botanical Garden, 
1345 Piedmont Avenue, Atlanta, Georgia 30309, USA
e-mail: rhill@atlantabotanicalgarden.org
michAel G. levy
Department of Population Health and Pathobiology, 
College of Veterinary Medicine, North Carolina State University, 
4700 Hillsborough Street, Raleigh, North Carolina 27606, USA
eliZAbeth k. timpe
Department of Ecology and Evolutionary Biology, University of Connecticut, 
75 Eagleville Road, Unit No. 3043, Storrs, Connecticut 06269, USA
JuliA b. kAylock †

Department of Research and Conservation, Atlanta Botanical Garden, 
1345 Piedmont Avenue NE, Atlanta, Georgia 30309, USA
† Deceased 12 June 2009

Herpetological Review, 2011, 42(3), 376–378.
© 2011 by Society for the Study of Amphibians and Reptiles

Additional reports of the Amphibian chytrid fungus 
Batrachochytrium dendrobatidis from Georgia, uSA 



Herpetological Review 42(3), 2011

     AmphibiAn diSeASeS     377

 The repeated detection of Bd on Spotted Dusky Salaman-
ders (D. conanti) and Southern Leopard Frogs (L. sphenocepha-
lus) at Crockford-Pigeon Mountain Wildlife Management Area 
in Walker County confirms the findings of Timpe et al. (2008). 
Long-term monitoring at this site warrants consideration be-
cause this is an exceptionally amphibian-rich area in Georgia 
(Jensen et al. 2008). This area is home to protected species such 
as the Green Salamander (Aneides aeneus), Tennessee Cave Sala-
mander (Gyrinophilus palleucus), and endemic Pigeon Mountain 
Salamander (Plethodon petraeus). Only five individuals of P. pe-
traeus were sampled during this study (Table 1), and although 
Bd was not detected on these individuals, a larger sample size 
would be required to properly determine prevalence in this spe-
cies. Additional sampling effort is warranted for P. petraeus and 
other species with restricted ranges because studies have shown 
that terrestrial plethodontids may be detrimentally affected by 

chytridiomycosis in the wild (Plethodon neomexicanus, Cummer 
et al. 2005; three bolitoglossine species, Lips et al. 2006; Batra-
choseps attenuatus, Weinstein 2009). Through experimental Bd 
inoculation, Vazquez et al. (2009) and Chinnadurai et al. (2009) 
found high susceptibility and mortality associated with chytrid-
iomycosis in two species of terrestrial plethodontids (Plethodon 
metcalfi and P. glutinosis, respectively) but found two species of 
semi-aquatic plethodontids (D. monticola and D. orestes, respec-
tively) showed few signs of illness and exhibited no mortality. The 
results of these experiments demonstrate that the overall effect of 
Bd on plethodontid salamanders is unclear and requires further 
focused study on populations in which it has been detected.

 Acknowledgments.—The expert technical assistance of K. Gore, 
M. Perdue, and M. Suyemoto is gratefully acknowledged. Financial 
and logistical support were provided through Atlanta Botanical 

TaBle 1.  Amphibian species surveyed for Batrachochytrium dendrobatidis (Bd) in Georgia, USA. Bold indicates Bd detection.
  
Species No. Bd-positive Specimens/ County
 Total Sampled 

Acris crepitans 0/3 Dekalb, Gwinnett, Walker 
Aneides aeneus 0/3 Rabun 
Bufo [Anaxyrus] americanus 0/3 Rabun
Bufo [Anaxyrus] fowleri 0/17 Dekalb, Gwinnett
Desmognathus aeneus 0/2 Union
Desmognathus conanti 1/33 Banks, Bartow, Dekalb, Gwinnett, Walker 
Desmognathus monticola 1/42 Banks, Bartow, Lumpkin, Rabun, Union, Walker
Desmognathus ocoee 0/21 Rabun, Union 
Desmognathus quadramaculatus 0/6 Rabun, Union 
Eurycea cirrigera 2/12 Bartow, Dekalb , Walker
Eurycea guttolineata 0/5 Banks, Dekalb, Rabun 
Eurycea longicauda 0/5 Walker 
Eurycea lucifuga 0/2 Walker
Eurycea wilderae 0/8 Banks, Rabun, Union 
Gyrinophilus porphyriticus 0/1 Rabun 
Hyla chrysoscelis 0/1 Rabun 
Notophthalmus perstriatus 0/8 Taylor 
Notophthalmus viridescens 4/18 Rabun 
Plethodon chattahoochee 0/58 Rabun, Union 
Plethodon chlorobryonis 0/1 Banks 
Plethodon glutinosis 0/9 Bartow, Gwinnett, Walker 
Plethodon metcalfi 0/12 Rabun 
Plethodon petraeus 0/5 Walker 
Plethodon teyahalee 0/4 Rabun 
Pseudacris crucifer 0/1 Gwinnett 
Pseudotriton ruber 1/2 Rabun, Union 
Lithobates catesbeianus 0/6 Fannin, Fulton 
Lithobates clamitans 1/4 Dekalb, Walker, Union
Lithobates palustris 0/1 Walker 
Lithobates sphenocephalus 1/4 Gwinnett, Walker 

TaBle 2.  Amphibians detected with Batrachochytrium dendrobatidis during our 2009 surveys in Georgia, USA. 

Species Age Date County Location Elevation (m)

Desmognathus monticola Adult 2 April Banks 34.40281°N, 083.58802°W 285.6
Desmognathus conanti Adult 17 April Walker 34.71059°N, 085.37840°W 296.9
Lithobates sphenocephalus Juvenile 18 April Walker 34.70395°N, 085.34389°W 274.9
Notophthalmus viridescens (4) Adult 29 April Rabun 34.97134°N, 083.43677°W 689.5
Eurycea cirrigera  Juvenile 29 August Bartow 34.25626°N, 084.68904°W 256.9
Eurycea cirrigera Juvenile 29 August Bartow 34.25471°N, 084.68898°W 310.9
Pseudotriton ruber Juvenile 10 September Union 34.75878°N, 084.82399°W 709.6
Lithobates clamitans Juvenile 10 September Union 34.75878°N, 084.82399°W 709.6
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Herpetology Courses and Graduate Programs:
An Appeal

 As an aid for students at all levels, SSAR is now compiling 
for its website a list of all herpetology courses and graduate 
programs, worldwide. This will be regularly updated. The list 
will cover all herpetology courses (or vertebrate biology courses 
having a sizable content on amphibians and reptiles) that are 
regularly taught at colleges, universities, biological stations, 
and other academic institutions anywhere in the world, with 
name of instructor and detailed course information. The avail-
ability of masters and/or doctoral degree-granting programs 
and names of relevant faculty and their contact information 
will be included.
 Those who wish to have their courses and programs listed 
should send the following information (in this order, please):

1. Country (State or Province)
2. Institution: name and city

3.  Department name
4.  Course: number, title, frequency (annual or alternate 

years), undergraduate- and/or graduate-level course
5.   Instructor: name and contact address (email if possible)
6.  Graduate herpetology program: note if masters and/or 

doctoral level
7.   Faculty involved in program: name and contact address 

(email if possible)
8. Special notes: limit to 30 words

Send this information to: 
Prof. Kraig Adler
Cornell University
Mudd Hall, Ithaca, New York 14853–2702, USA
e-mail: kka4@cornell.edu

As soon as the list is compiled, a notice will appear in Herpeto-
logical Review that will indicate how the list may be accessed and 
updated. Please help to make this list as complete and useful as 
possible.
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 Amphibian declines are frequently due to a complex array 
of causative agents, many of which are poorly understood (Kie-
secker et al. 2001; Garner et al. 2006). Although habitat destruc-
tion is the primary driver of biodiversity loss, infectious diseas-
es have been identified as an important cause of some of the 
observed amphibian declines and mass mortalities (Skerratt 
et al. 2007). In particular chytridiomycosis caused by the am-
phibian chytrid fungus, Batrachochytrium dendrobatidis (Bd), 
has been associated with amphibian mass mortality events 
throughout the world (Berger et. al. 1998; Bosch et. al 2001; Lips 
1998). 
 A number of surveys have established the occurrence of 
chytridiomycosis on the African continent, including South 
Africa (Hopkins and Channing 2003; Lane et al. 2003), Leso-
tho and Swaziland (Weldon 2005), Kenya (Kielgast et al. 2009), 
Tanzania (Moyer and Weldon 2006, Weldon and du Preez 2004), 
Uganda (Goldberg et al. 2007), Democratic Republic of Congo 
(Greenbaum et al. 2008), Ghana (Morgan et al. 2007), Gabon 
(Bell et al. 2011; Da Versa et al. 2011; Gratwicke et al. 2011) and 
Morocco (El Mouden et al. 2011). All of these records with the 
exception of those from Ghana are from wild caught animals. 
Some of the countries that represent the distribution gaps in 
sub-Saharan Africa (e.g., Guinea, Ivory Coast, Central African 
Republic) and Madagascar have been surveyed to some extent, 
but no evidence of Bd was found (Weldon 2005; Weldon et al. 
2008). Furthermore, with the exception of Madagascar, small 
sample sizes restrict the reliability of the data from these sur-
veys (e.g., Skerratt et al. 2008). Despite its prominence in Africa, 
chytridiomycosis has been associated with the extinction in the 
wild of only one species, the Kihansi Spray Toad from Tanza-
nia (Weldon and du Preez 2004; Krajick 2006), although habitat 
alteration also was implicated in that species’ decline (Krajick 
2006). Contrary to the catastrophic host response in this east 
African case study, epidemiological evidence from histopatho-
logical studies indicates an endemic infection in southern Af-
rica (Weldon et al. 2004).

 Due to disparities in host response to chytridiomycosis in 
sub-Saharan Africa, a high degree of uncertainty exists with 
regards to how species from currently unsurveyed regions will 
respond to infection. Here we report on a Bd survey that was 
conducted in Okomu National Park, Nigeria between April 2007 
and July 2008. Our objectives were to assess Bd occurrence in all 
amphibian species captured during a broad census of Okomu 
National Park. We also investigated whether any prevalence dif-
ferences existed among amphibian families, sexes, and seasons. 
We hypothesized that males would have higher prevalence than 
females in aquatic-breeding species, because they are resident 
in water bodies for longer time periods in their search for mates. 
We expected higher prevalence to occur in the wet season rather 
than the dry season due to Bd being an aquatic-dependent fun-
gus. We also expected similar prevalence among members of the 
same family due to their ecological similarities which predispose 
them to comparative Bd exposure.
 Okomu National Park is situated within the largest block of 
what is now left of Guinea-Congo lowland rainforest in south-
western Nigeria and is characterized by a variety of habitats from 
swamp-forest to open scrub, making it ideal for amphibian di-
versity. It is situated between North latitudes 6°15' and 6°25', and 
East longitudes 5°9' and 5°23' (Fig. 1). 
 Frogs were captured monthly from April 2007 to July 2008 for 
a total of five dry season months and 10 rainy season months. 
Samples were collected by swabbing sterile cotton swabs five 
times over the ventral surface of the feet, thighs and body. Swab 
tips were stored in 2-ml screw-cap vials containing 1 ml of 70% 
ethanol. The samples were tested with TaqMan real time Poly-
merase Chain Reaction for the presence of amphibian chytrid 
fungus (Boyle et al. 2004). Unpaired t-test assuming equal vari-
ance was used to determine significant difference in overall prev-
alence of Bd between the two treatments wet and dry seasons 
and overall prevalence between the male and female treatment 
groups. Thus Bd is the response variable, and the combined spe-
cies the experimental units. Chi-square test was used to test for 
significant difference in chytrid infection for each species (ex-
perimental units) between the wet and dry seasons and for each 
species between males and females.
 A total of 732 frogs representing 10 families were sampled 
over the 15 month period. Of these, 7 families, 8 genera and 21 
species were infected with Bd (Table 1). Members of the fami-
lies Bufonidae, Dicroglossidae and Hemisotidae tested negative 
for Bd. An overall prevalence of 43.6% was recorded for infected 
species at Okomu National Park. The majority of frogs were col-
lected during the wet season, which had an infection prevalence 
of 44%. Exceptionally high prevalence was detected for members 
of the Hyperoliidae (Afrixalus nigeriensis, up to 83%; Silurana 
tropicalis, 69%; and Chiromantis rufescens, 62%). Overall infec-
tion during the dry season was significantly lower at 33% (p < 
0.05).
 For the majority of species, more males than females were 
infected with Bd (Table 1). These differences between infected 
sexes were very particularly pronounced for Afrixalus dorsalis 
(100% males vs. 26.1% females infected, p < 0.001), Hyperolius 
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sylvaticus (86.6% males vs. 14.2% females infected, p < 0.001) 
and Hyperolius sp. 1 (40% males vs. 14.2% females infected, p 
< 0.001). Unpaired t-test confirmed that overall males were sig-
nificantly more infected than females (p < 0.001). Generally, no 
clinical signs of chytridiomycosis could be observed except in 
Chiromantis rufescens, which exhibited excessive skin sloughing 
in 20% of animals. Microscopic examination of skin sloughs con-
firmed the presence of Bd thalli. 
 Although restricted to a small geographic area, our survey 
at Okomu National Park included a large enough sample size to 
make meaningful deductions. We confirm the presence of Bd in 
Nigeria, supporting an initial anecdotal report of infected Chi-
romantis rufescens (Imasuen et al. 2009). The level of infection 
that we detected in southwest Nigeria is among the highest that 
has been recorded anywhere in Africa. High infection levels in 
hyperolid frogs are consistent with previous findings in Tanzania 
(Moyer and Weldon 2006) and Kenya (Kielgast et al. 2009). How-
ever, large variation in Bd prevalence among members of the Hy-
peroliidae suggest that susceptibility to infection in this family 
is not only due to taxonomic relatedness, but that host-specific 
factors, such as behavior or reproductive mode, may be involved 
(e.g., Lips et al. 2003; Rowley and Alford 2007). 
 Two distinct patterns emerged from this study: heightened 
susceptibility to infection in the wet season and higher suscep-
tibility to infection in males. In contrast to a peak in infection 
levels during the wet season, it has been shown that a cool cli-
mate (average summer maximum < 30°C) is the most significant 
factor for the presence of Bd in Australia, as opposed to rain-
fall or altitude (Drew et al. 2006). However, Collins et al. (2003) 

demonstrated that synchronization of optimal temperature and 
hydric cycles influence Bd growth. Clearly no single model ex-
ists to predict Bd seasonal infection patterns in populations from 
different geographical regions. Gender has been identified as a 

TaBle 1. Seasonal and gender infection levels of Batrachochytrium dendrobatidis (Bd) at Okomu National Park, Nigeria.

Family and Species No. frogs collected (% Bd infected)

  Wet Season            Dry Season                Males Females

ARTHROLEPTIDAE    
 Leptopelis hyloides 17 (47.0) 13 (00.0) 21 (33.3) 9 (11.1)
 Leptopelis spiritusnoctis 10 (20.0) 7 (00.0) 10 (10.0) 7 (14.3)
HYPEROLIIDAE    
 Hyperolius concolor 4 (50.0) — 3 (33.3) 1 (00.0)
 Hyperolius fusciventris burtoni 9 (33.3) 6 (16.6) 9 (44.4) 6 (00.0)
 Hyperolius picturatus 9 (22.2) 12 (33.3) 14 (42.8) 7 (00.0)
 Hyperolius sylvaticus 18 (66.2) 4 (50.0) 15 (86.6) 7 (14.2)
 Hyperolius sp. 1 10 (10.0) 7 (57.1) 10 (40.0) 7 (14.2)
 Hyperolius sp. 2 5 (40.0) 4 (00.0) 6 (33.3) 3 (00.0)
 Hyperolius sp. 3 3 (00.0) 2 (50.0) 4 (25.0) 1 (00.0)
 Hyperolius sp. 4 5 (40.0) — 3 (66.2) 2 (00.0)
 Afrixalus dorsalis 82 (75.6) 26 (46.1) 62 (100) 46 (26.1)
 Afrixalus  nigeriensis 42 (83.3) — 35 (94.3) 7 (28.5)
 Afrixalus paradorsalis 6 (66.6) — 5 (80.0) 1 (0.00)
PHRYNOBATRACHIDAE    
 Phrynobatrachus calcaratus 22 (54.5) 3 (00.0) 18 (38.9) 7 (71.4)
 Phrynobatrachus liberiensis 9 (44.4) 16 (50.0) 20 (40.0) 5 (0.00)
 Phrynobatrachus plicatus 22 (27.2) 11 (00.0) 21 (19.0) 12 (16.6)
PIPIDAE    
 Silurana tropicalis 100 (65.0) 42 (54.7) 78 (78.2) 64 (57.8)
PTYCHADENIDAE    
 Ptychadena longirostris 27 (3.7) — 23 (4.3) 4 (00.0)
 Ptychadena pumilio 5 (00.0) 30 (20.0) 17 (11.7) 18 (16.6)
RANIDAE    
 Amnirana albolabris 6 (33.3) 5 (20.0) 7 (42.6) 4 (50.0)
RHACOPHORIDAE    
 Chiromantis rufescens 60 (61.7) 4 (75.0) 38 (68.4) 26 (53.8)

fIg. 1. Location of Batrachochytrium dendrobatidis sampling at Oko-
mu National Park, Nigeria.



Herpetological Review 42(3), 2011

     AmphibiAn diSeASeS     381

factor that influences disease expression in humans and animals 
due to differences in behavior and physiology (Mohamed-Ali et 
al. 1999; Liesenfeld et al. 2001). In frogs, such behavioral differ-
ences are pronounced in species that make use of a prolonged 
breeding strategy where reproductive activity may range from 
a few weeks to several months. Since female arrival at breeding 
sites occur at variable intervals, males invest their energy in the 
establishment and defense of stationary call sites, resulting in 
large aggregations of calling males (Wells 1977). Choruses are 
characterized by a high turnover of individual males, because 
vocalization is energetically expensive and males regularly need 
to replenish energy reserves (Passmore and Carruthers 1995). It 
is therefore plausible that general differences in gender infec-
tion levels could be as a result of males congregating for longer 
at Bd-infected sites. Our understanding of the disease dynamics 
of chytridiomycosis in Africa remains limited. 
 The lack of comprehensive distribution data for Bd on this 
continent, together with the unpredictability of how amphib-
ian species from different climatic regions react to Bd, as well as 
quantitative data on how disease transmission is shared among 
sexes of a species, warrants the need for comprehensive field 
surveillance.
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 The unpublished watercolor drawing of a Western Pond Turtle (Actinemys marmorata) figured here is one of 
more than 900 scientific illustrations in the Ernst Mayr Library’s Jacques Burkhardt Collection, held at the Museum 
of Comparative Zoology (MCZ), Harvard University. This undated scientific illustration was drawn by artist Jacques 
Burkhardt, the personal and principal artist of MCZ founder Jean Louis Rodolphe Agassiz. Agassiz had commis-
sioned such drawings in support of his seminal endeavor, Contributions to the Natural History of the United States 
of America, an anticipated 10-volume set of which only four volumes were realized. Lithographer A. (Auguste) 
Sonrel successfully adapted many of Burkhardt’s turtle drawings for Agassiz’s Contributions (vol. I: North American 
Testudinata, and vol. II: Embryology of the Turtle); however, this drawing of an adult specimen from San Francisco, 
California, was not selected for publication in Agassiz’s failed masterpiece. The manuscript annotation penciled by 
Agassiz himself reads, “To be compared with Emys nigra Hallowell; from Lower California. This is from San Fran-
cisco.” Agassiz’s annotation no doubt refers to a second unpublished Burkhardt drawing of an adult Western Pond 
Turtle specimen collected in Southern California by naturalist Spencer Fullerton Baird. Additional information 
about the Jacques Burkhardt Collection can be found at: http://library.mcz.harvard.edu/. Special thanks to MCZ 
Director James Hanken for permitting reproduction of Burkhardt’s work here.

—Contributed by Matthew Bettelheim; e-mail: matthew_bettelheim@urscorp.com
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cAudAtA — SAlAmAnderS

AMBYSTOMA MACULATUM (Spotted Salamander). USA: 
GEORGIA: RaBun Co.: 6.1 km NNE Pine Mountain. Heddon Bog, 
Chattahoochee National Forest (34.98941°N, 83.152288°W; NAD 
83). 12 March 2011. C. Jenkins and D. Stevenson. Verified by 
Lance D. McBrayer. GSU 18983. New county record (Jensen et al. 
[eds.] 2008. The Amphibians and Reptiles of Georgia. University 
of Georgia Press, Athens. 575 pp.).

chriStopher l. JenkinS and dirk J. StevenSon, The orianne so-
ciety, indigo snake initiative, 571 hwy. 441 south, Clayton, Georgia 30525, 
usa.

AMBYSTOMA TALPOIDEUM (Mole Salamander). USA: ALA-
BAMA: MonTgoMeRy Co.: City of Montgomery, Cypress Pond Park, 
1.8 km NE of the Alabama State Capitol Building (32.39117°N, 
86.29076°W; WGS84; elev. 61 m). 29 November 2010. Eric C. 
Soehren and William A. Campbell. Photographic voucher (AUM 
AHAP-D 298). Verified by Craig Guyer. New county record 
(Mount 1975. Reptiles and Amphibians of Alabama. Agricultural 
Experiment Station, Auburn University, Alabama. 347 pp.). Hand 
captured five individuals in forested wetland dominated by ma-
ture Nyssa aquatica (Water Tupelo) with scattered Taxodium 
distichum (Bald-cypress). A. talpoideum was found in associa-
tion with A. opacum underneath decaying logs over saturated 
soil near pools of standing water. A comprehensive query of mu-
seum holdings through HerpNET (www.herpnet.org) revealed 
four previously unpublished vouchered specimens collected in 
Montgomery Co. They include one specimen collected in 1954 
by R. L. Chermock (UAHC 7303) and three specimens collected 
on 3 May 1977 by S. N. Levy and R. O. Magram (CMNH 64991–
64993). Collectively, these records partially fill in a gap between 
Dallas and Macon counties in the upper Coastal Plain of Ala-
bama (Mount 1975, op. cit.). 
 We thank C. Guyer for verifying this record; L. Rissler and R. 
Downer for providing specimen information from UAHC; and S. 
Graham for reviewing this note.
 eric c. Soehren, alabama department of Conservation and Natu-
ral resources, state lands division, 64 N. union street, suite 464, mont-
gomery, alabama 36130, usa (e-mail: eric.soehren@dcnr.alabama.gov);  
williAm A. cAmpbell, 2220 rosemont drive, montgomery, alabama 
36111, usa (e-mail: bcampbell06@knology.net).

AMBYSTOMA TExANUM (Small-mouthed Salamander). USA: 
ARKANSAS: Calhoun Co.: 2 km N of Calion, Ouachita River back-
waters off US 167; (33.346344°N, 92.532132°W; no datum). 01 
April 2011. M. B. Connior. Verified by S. E. Trauth. New county re-
cord (Trauth et al. 2004. The Amphibians and Reptiles of Arkan-
sas. University of Arkansas Press, Fayetteville. 421 pp.). Arkansas 
State University Museum of Zoology Herpetology Collection 
(ASUMZ 31640). This adult individual was hand captured under 
a log in a small slough. 

 mAtthew b. connior, health and Natural sciences, south arkansas 
Community College, 300 s. west avenue, el dorado, arkansas 71730, usa; 
e-mail: mconnior@southark.edu.

AMPHIUMA TRIDACTYLUM (Three-toed Amphiuma). USA: 
MISSISSIPPI: geoRge Co.: Upper Rines Lake, Pascagoula River 
Wildlife Management Area (30.818172°N, 88.734579°W; NAD83). 
16 April 2011. James R. Lee and Donald J. Newman III. Verified 
by Robert L. Jones. Mississippi Museum of Natural Sciences 
(MMNS 17443). New county record (Boundy 2005. In M. Lannoo 
[ed.], Amphibian Declines: The Conservation Status of United 
States Species, pp. 646–647. Univ. of California Press, Berkeley, 
California). Including this record, the species has been reported 
from each county in Mississippi except Tishomingo and Jackson 
counties (Boundy, op. cit.). A. tridactylum occurs sympatrically 
with A. means at this site.
 JAmeS r. lee (e-mail: jlee@tnc.org) and donAld J. newmAn iii, 
The Nature Conservancy, Camp shelby Joint forces Training Center, Cs-
JfTC-eNV Building 622, Camp shelby, mississippi 39407, usa.

EURYCEA CHAMBERLAINI (Chamberlain’s Dwarf Salaman-
der). USA: GEORGIA: BaldWIn Co.: Baldwin State Forest; col-
lected under sphagnum moss on the edge of a beaver pond 
(32.98201°N, 83.21257°W; WGS 84). 18 May 2011. S. Graham and 
J. Jensen. Verified by Craig Guyer. AUM 39511. New county re-
cord (Jensen et al. [eds.] 2008. The Amphibians and Reptiles of 
Georgia. University of Georgia Press, Athens, 575 pp.). This re-
cord fills a ca. 70 km distribution gap for this species between 
the nearest record to the west in Crawford Co., Georgia (Jensen 
et al. [eds.] 2008, op. cit.), and populations ca. 120 km E in Barn-
well Co., South Carolina (Harrison and Guttman 2003. Southeast. 
Nat. 2:159–178). Specimens of Eurycea quadridigitata reported 
from this county previously (Jensen et al. [eds.] 2008, op. cit.) 
were collected before the description of E. chamberlaini, and are 
probably attributable to that taxon. 
 We thank Brian Lowe and Dennis Parmley for information 
about this site.
 SeAn p. GrAhAm, department of Biological sciences, auburn uni-
versity. 331 funchess hall, auburn university, alabama 36849, usa (e-
mail: grahasp@auburn.edu); John b. JenSen, department of Natural 
resources, Nongame Conservation section, 116 rum Creek drive, forsyth, 
Georgia 31029, usa (e-mail: john.jensen@gadnr.org).

EURYCEA LUCIFUGA (Cave Salamander). USA: OKLAHOMA: 
seQuoyah Co.: SQ-1 Cave (Oklahoma Cave Code), 5 km N of 
Marble City. 07 December 2003. Three individuals sighted, one 
photographed. Arkansas State University Herpetological Mu-
seum (ASUMZ 31183) Verified by Stan Trauth. New county re-
cord (Distribution of Oklahoma Amphibian and Reptiles by Re-
corded Sightings [DOKARRS]; Sievert and Sievert. 2005. A Field 
Guide to Oklahoma’s Amphibians and Reptiles. University of 
Oklahoma Printing Services/Oklahoma Department of Wildlife 
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Conservation. Oklahoma City, Oklahoma. 205 pp.). An additional 
specimen was seen in SQ-5 Cave, in 2008. This range extension 
represents the southernmost known extent of the species’ range 
in Oklahoma.

The above localities are caves containing federally-listed spe-
cies (SQ-1) and other rare, sensitive cave fauna (SQ-5) so cave 
codes and cartographic localities are used to protect endangered 
species and other sensitive cave fauna.
 dAnte fenolio, Center for Conservation, atlanta Botanical Garden, 
atlanta, Georgia 30309, usa (e-mail: dfenolio@atlantabotanicalgarden.
org); richArd StArk, united states fish and wildlife service, 9014 east 
21st street, Tulsa, oklahoma 74129, usa (e-mail: richard_stark@fws.gov); 
phillip crAwford, oklahoma Biological survey, 111 e. Chesapeake 
street, university of oklahoma, Norman, oklahoma 73019, usa (e-mail: 
ptcrawford@ou.edu); priScillA crAwford, oklahoma Natural areas 
registry, oklahoma Biological survey, 111 e. Chesapeake street, university 
of oklahoma, Norman, oklahoma 73019, usa (e-mail: prill@ou.edu); G. 
o. GrAeninG, Natural investigations, 1017 Carter st., folsom, California 
95630, usa(e-mail: ggraening@naturalinvestigations.com).

NECTURUS PUNCTATUS (Dwarf Waterdog). USA: GEORGIA: 
sCReven Co.: 15.6 km NE Sylvania; Brier Creek at Brannen’s Bridge 
Road (32.811587°N, 81.486299°W; NAD 83). 16 January 2011. D. 
Stevenson and K. Briggs. Verified by Lance D. McBrayer. GSU 
18985. New county record (Jensen et al. [eds.] 2008. The Amphib-
ians and Reptiles of Georgia. University of Georgia Press, Athens. 
575 pp.). Larva dipnetted from Brier Creek. 
 dirk J. StevenSon and kiley v. briGGS, The orianne society, in-
digo snake initiative, 571 hwy. 441 south, Clayton, Georgia 30525, usa.

PLETHODON SERRATUS (Southern Red-backed Salaman-
der). USA: GEORGIA: haBeRshaM Co.: ca. 0.79 km NW of the in-
tersection of Georgia State Route 197 and Henry Pitman Road 
(34.78142°N, 83.59137°W; WGS84). 23 March 2011. Javan M. 
Bauder and Christopher J. Aurora. Verified by Carlos D. Camp. 
Florida Museum of Natural History (UF 165354). First county re-
cord and the easternmost locality in Georgia (Jensen et al. [eds.] 
2008. Amphibians and Reptiles of Georgia. University of Geor-
gia Press, Athens. 575 pp.). Eight individuals were found under 
four logs and a concrete lawn ornament. One was collected as a 
voucher specimen. Two additional individuals were previously 
seen at this same location under a single log on 14 March 2011. 
 JAvAn m. bAuder, The orianne society, 579 highway 441 south, 
Clayton, Georgia 30525, usa (e-mail: jbauder@oriannesociety.org); chriS-
topher J. AurorA, 474 old Clark road, Clarkesville, Georgia 30523, usa.

PSEUDOTRITON MONTANUS (Mud Salamander). USA: 
GEORGIA: aTkInson Co.: 9.4 km SE Willacoochee (31.263008°N, 
83.006990°W; NAD 83). 4 March 2011. D. Stevenson, J. Beane, 
T. Pusser, K. Briggs, and F. Snow. Verified by Lance D. McBrayer. 
GSU 18987. New county record (Jensen et al. [eds.] 2008. The 
Amphibians and Reptiles of Georgia. University of Georgia Press, 
Athens. 575 pp.). Three larvae from mucky seepage area in hard-
wood forest near Springhead Church.
 Jeffrey c. beAne, North Carolina state museum of Natural sci-
ences, research laboratory, msC #1626, raleigh, North Carolina 27699, 
usa; todd puSSer, P.o. Box 122, west end, North Carolina 27376, usa; 
frAnkie Snow, division of Natural sciences, mathematics, and Physical 
education, south Georgia College, 100 west College Park drive, douglas, 
Georgia 31533, usa; kiley v. briGGS and dirk J. StevenSon, The ori-
anne society, indigo snake initiative, 571 hwy. 441 south, Clayton, Georgia 
30525, usa.

PSEUDOTRITON RUBER RUBER (Northern Red Salaman-
der). USA: TENNESSEE: unIon Co.: Maynardville (36.169942°N, 
83.890781°W, WGS84). 10 October 2010. Stephen K. Nelson. Veri-
fied by A. Floyd Scott. David H. Snyder Museum of Zoology, Aus-
tin Peay State University (APSU 19117, color photo). First county 
record (Redmond and Scott 1996. Atlas of Amphibians in Ten-
nessee. Misc. Publ. No. 12, The Center for Field Biology, Austin 
Peay State University, 24 pp. Internet version available at http://
www1.apsu.edu/amatlas/index.html, accessed 13 April 2011). 
On road at night in light rain. Temperature 15.5°C.
 Stephen k. nelSon, university of Tennessee, Knoxville, Tennessee 
37996-0925, usa; snelso24@utk.edu.

AnurA — froGS

ANAxYRUS COGNATUS (Great Plains Toad). USA: TEXAS: MoT-
ley Co.: North of Matador, Texas on Farm to Market Road 2009 
(34.163056ºN, 100.938611ºW; WGS 84; elev.796 m). 14 August 
2008. Andrew M. Brinker and Gary W. Ferguson. Verified by Carl 
J. Franklin. University of Texas at Arlington Digital Slide Collec-
tion (UTADC 4030). New county record, fills gap in range (Dixon 
2000. Amphibians and Reptiles of Texas, 2nd ed. Texas A&M Univ. 
Press, College Station, Texas. 421 pp.).

Andrew m. brinker, department of science, r. l. Paschal high 
school, fort worth, Texas 76110, usa; e-mail: andrew.brinker@fwisd.org.

CHIROMANTIS DORIAE (Doria’s Asian Treefrog). CHINA: 
GUANGDONG: Leizhou (20.841011°N, 109.994461°E; WGS 84; 8 
m elev.). 25 June 2011. H.-K. Chan, R.-L. Li, and W.-L. Tse. Verified 
by Y.-Y. Wang. Sun Yat-Sen University, The Museum of Biology 
(SYS a001192–1197). First record for Guangdong Province. Ex-
tends distribution ca. 150 km into mainland China from nearest 
offshore Hainan Island (Fei et al. 2009. Fauna Sinica: Amphibia. 
Vol. 2: Anura. Chinese Academy of Science, Beijing, pp. 730–734), 
and outside range maps of IUCN Red List (http://www.iuc-
nredlist.org/apps/redlist/details/58787/0) and AmphibiaWeb 
(http://amphibiaweb.org/cgi-bin/amphib_map?genus=Chirom
antis&species=doriae). Males found perching on rice plants, 1 m 
above ground and actively calling. 
 hon-ki chAn, school of Biological sciences, The university of hong 
Kong, hong Kong (e-mail: honkichan@gmail.com); JiAn-huAn yAnG, 
The museum of Biology, sun yat-sen university, Guangzhou, Guangdong, 
China (e-mail: philautus@yahoo.com).

HYLA CINEREA (Green Treefrog). USA: OKLAHOMA: MaRshall 
Co.: Fobb Bottom ca. 3.4 air km WSW of Willis; 14S (33.88556°N, 
96.86557°W; WGS84). 25 May 2011. Richard D. Butler and David 
A. Juarez. Verified by Charles W. Painter. Sam Noble Oklahoma 
Museum of Natural History (OMNH 43542–43543). New county 
record (Sievert and Sievert 2011. A Field Guide to Oklahoma’s 
Amphibians and Reptiles, 3rd ed. Oklahoma Dept. Wildlife Cons. 
vi + 211 pp.). Known populations occur in Johnston Co. ca. 40 air 
km to the northeast. Calling males were abundant in a shallow 
wetland, air temperature 25.6°C. 
 richArd d. butler, rr 4 Box 79, okemah, oklahoma 74859, usa; 
dAvid A. JuAreZ, 2624 Ne 1095th avenue, red oak, oklahoma 74563, usa.

HYPOPACHUS BARBERI (Montane Sheep Frog). HONDURAS: 
LA PAZ: ca. 10 km W of Guajiquiro (14.08792°N, 87.50654°W; 
WGS84), 2160 m elev. 24 May 2008. César A. Cerrato M., Lorraine 
P. Ketzler, Ileana R. Luque-M., Josiah H. Townsend, and Larry 
David Wilson. Verified by Max A. Nickerson. UF 152967 (series 
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of 18 samples). Easternmost record for this species in Central 
America and a ca. 28 km range extension ENE of Cantón Saba-
neta, La Paz, Honduras (KU 184853–54; McCranie and Wilson 
2002. The Amphibians of Honduras. SSAR Cont. Herpetol. 19, 
Ithaca, New York. x + 625 pp.). The frogs were collected from a 
breeding aggregation in a small cattle pond at the edge of a pas-
ture located near a remnant patch of cloud forest. 
 ileAnA r. luQue-monteS, departamento de Biologia, universi-
dad Nacional autónoma de honduras, Tegucigalpa, honduras (e-mail: il-
eanaluquem@gmail.com); lorrAine p. ketZler, Voluntaria de Cuerpo 
de Paz, san isidro, santa Cruz de la yojoa, honduras; cÉSAr A. cerrAto 
mendoZA, departamento de Biologia, universidad Nacional autónoma 
de honduras, Tegucigalpa, honduras; lArry dAvid wilSon, 16010 sw 
207th ave., miami, florida 33187, usa; JoSiAh h. townSend, school of 
Natural resources and environment, and florida museum of Natural his-
tory, university of florida, Gainesville, florida 32611-7800, usa.

HYPSIBOAS PULCHELLUS (Montevideo Treefrog, Ranita del 
Zarzal). ARGENTINA: SAN LUIS PROVINCE: capital city of San 
Luis, north shore of the Chorrillos river (San Luis river), between 
33.308°S, 66.321°W and 33.303°S and 66.317°W (datum WGS84). 9 
December 2009, 4 November and 9 December 2010. M. Calderón 
and M. Jofré. University of San Luis Herpetological Collection, 
San Luis, Argentina (CH-UNSL 0438–0439, 0452–0454). Verified 
by B. Espeche. Hypsiboas pulchellus is a widespread and abun-
dant species, with an extensive distribution in Buenos Aires, Cór-
doba, Corrientes, Chaco, Entre Ríos, Misiones, La Pampa, and 
Santa Fe provinces in Argentina (Lavilla et al. 2000. In Lavilla et al. 
[eds], Categorización de los Anfibios y Reptiles de la República, 
pp. 2–25. Asociación Herpetológica Argentina). It is also distrib-
uted in Uruguay; Rio Grande do Sul and Santa Catarina in Bra-
zil; and southern Paraguay (Nuñez et al. 2004. Smithson. Her-
petol. Inform. Serv. 134; Machado and Maltchik 2007. Neotrop. 
Biol. Conserv. 2[2]:101–116; Colombo et al. 2008. Biota Neotrop. 
8[3]:229–240). First province record and the westernmost in Ar-
gentina, extending range ca. 187 km W from the nearest local-
ity known, Río Cuarto in Córdoba province (Kwet et al. 2004. In 
IUCN 2010. IUCN Red List of Threatened Species. Version 2010.4. 
<www.iucnredlist.org>. Downloaded on 06 March 2011; Martori 
and Avila 1992. Bol. Asoc. Herpetol. Arg. 8[1]:4–5;). 
 miriAm cAlderÓn and mAriAnA JofrÉ, universidad Nacional de 
san luis, Chacabuco y Pedernera, 5700, san luis, argentina; e-mail: miriam.
calderon86@gmail.com, marianajofre@gmail.com.

INGERANA BOREALIS (Northern Trickle Frog). BANGLADESH: 
COX’S BAZAR DISTRICT: Teknaf Thana: Teknaf Wildlife Sanc-
tuary (21.08895°N, 92.17067°E; 21 m elev.). 16 June 2011. M. K. 
Hasan, M. Ibrahim Khalilullah, and M. M. Feeroz. Wildlife Mu-
seum, Department of Zoology, Jahangirnagar University, Savar, 
Dhaka, Bangladesh (JUHG 0328). Photograph voucher, Raffles 
Museum of Biodiversity Research, National University of Singa-
pore (ZRC [IMG] 1.35). First verified record for Cox’s Bazar Dis-
trict and southernmost record for Bangladesh. Nearest popula-
tion recorded from Bandarban Hill District, >120 km N of present 
locality (Reza 2008. Herpetol. Rev. 39:235). Nearest extraterrito-
rial records include Nameri National Park, Assam, > 600 km to 
N (Pawar and Birland 2001. A Survey of Amphibians, Reptiles, 
and Birds in Northeast India. CERC Tech. Rep. No. 6, Centre 
for Ecological Research and Conservation, Mysore. 118 pp.), 
Arunachal Pradesh (ca. 850 km to NE), and Meghalaya (ca. 500 
km to NW) in India (Ahmed et al. 2009. Amphibians and Reptiles 
of Northeast India. A Photographic Guide. Aaranyak, Guwahati. 

168 pp.). Two individuals were found in partially decomposed 
wet leaf litter near stream in front of cave at 1012 h. Fieldwork 
financed by Arannyk Foundation- Project BioTrack. Bangladesh 
Forest Department issued permits (CCF [Wildlife] 2M–37 [Part-
3]/2010/409). 
 md. kAmrul hASAn (e-mail: hasan_wildlifeju@ yahoo.com), m. 
ibrAhim khAlilullAh (nomanwild@yahoo.com), mohAmmed mo-
StAfA feeroZ (ferozmm@yahoo.com), department of Zoology, Jahangir-
nagar university, savar, dhaka 1342, Bangladesh.

ISCHNOCNEMA VERRUCOSA. BRAZIL: BAHIA: MunICIpalITy 
aMaRgosa: Timbó Farm (13.0721°S, 39.3940°W; SAD 69) 750 m 
elev. 10 January 2007. B. Hamdan. Museu de Zoologia da Univer-
sidade Federal da Bahia, Salvador, Bahia, Brazil (MZUFBA 6436, 
colected on the ground of Atlantica Rain Forest). Verified by M. 
Napoli. Previously known from the type locality in Minas Gerais, 
two localities in Espírito Santo, and one locality in the munici-
pality of Camacan, state of Bahia (Dill Orrico 2010. Check List 
6[2]:246–247; Frost 2011. Amphibian Species of the World. An 
Online Reference. Version 5.5 (17 April 2011); electronic database 
accessible at http://research.amnh.org/vz/herpetology/am-
phibia/, accessed 17 April 2011; American Museum of Natural 
History, New York). Record extends known distribution ca. 260 
km N from Municipality of Camacan, Bahia, Brazil (Dill Orrico 
2010, op. cit.).
 mArco AntÔnio de freitAS, Programa de pós-graduação em zoo-
logia, uesC (universidade estadual de santa Cruz) CeP 46.500-000 rodovia 
ilhéus/itabuna, ilhéus, Bahia (e-mail: philodryas@hotmail.com); breno 
hAmdAn de SouZA (e-mail: brenohamdan@gmail.com) and pAtrÍciA 
mendeS fonSecA, universidade federal da Bahia, laboratório am-
PhiBia, Campus de ondina, salvador, Bahia, Brazil CeP 40.000-000 (e-mail: 
patriciamfonseca@yahoo.com.br).

LITHOBATES JOHNI (Moore’s Frog). MÉXICO: HIDALGO: Mu-
nICIpalITy of huehueTla: Río Blanco (20.24646°N, 98.05434°W, 
WGS84: 601 m elev.). 15 March 2011. Christian Berriozabal-Islas, 
A. Ramírez-Bautista, and Luis Badillo-Saldaña. Colección Herpe-
tológica del Centro de Investigaciones Biológicas, Universidad 
Autónoma del Estado de Hidalgo (CIB 4114-4120). Municipal-
ity of Tepehuacán de Guerrero: Río San Simón (20.00499°N, 
98.49262° W, WGS84; 323 m elev.) 20 March 2011. Luis Badillo-
Saldaña, Christian Berriozabal-Islas, Uriel Hernández-Salinas, 
and Jorge Tomás-Villegas. CIB 4127.. Municipality of Yahualica: 
Río Naranjos (20.54135°N, 98.25063°W, WGS84: 254 m elev.) 22 
March 2011. Luis Badillo-Saldaña, Christian Berriozabal-Islas, 
Uriel Hernández-Salinas, and Jorge Tomás-Villegas. CIB 4128-
4131. All are first municipality records and were verified by 
Adrian Leyte-Manrique. The records bridge a previous distribu-
tional gap between the only other known locality from Hidalgo 
on Río Pachula, Municipality of Calnali (Ramírez-Bautista et al. 
2010. Lista Anotada de los Anfibios y Reptiles del Estado de Hi-
dalgo, México. Univ. Autón. del Estado de Hidalgo, CONABIO, 
México D.F. x + 104 pp.) and near Arroyo Sacahuite, Palictla, 
Tamazunchale, San Luis Potosí (Blair 1947. Amer. Mus. Nov. 
[1353]:1–17). The frogs were found in rivers and fast flowing 
streams surrounded by tropical evergreen forest. 

We thank A. Leyte-Manrique and U. Hernández-Salinas for 
logistical help. This study was funded by CONACYT-S 52552-Q 
and FOMIX-HGO-2008-95828. 
 chriStiAn berrioZAbAl-iSlAS (e-mail: bitiscaudalis@hotmail.com), 
Aurelio rAmÍreZ-bAutiStA (e-mail: aurelior@uaeh.edu.mx), rAciel 
cruZ-eliZAlde (e-mail: cruzelizalde@gmail.com), rAÚl ortiZ-pulido 
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(e-mail: raulortizpulido@yahoo.com), and luiS bAdillo-SAldAÑA (e-
mail: blackmagician4@hotmail.com), Centro de investigaciones Biológicas 
(CiB), universidad autónoma del estado de hidalgo, a. P. 1-69 Plaza Juárez, 
C.P. 42001, Pachuca, hidalgo, méxico.

LITHOBATES PALUSTRIS (Pickerel Frog). USA: TENNESSEE: 
sMITh Co.: adult found in St. Mary’s Branch of the Caney Fork 
River adjacent to St. Mary’s Road ca. 1.5 km S of Hwy US 70N 
(36.227797°N, 85.841232°W, WGS 84). 21 March 2011. A. Carey 
and M. Anderson. Verified by Brian T. Miller. Deposited in the 
Herpetology Collection at Middle Tennessee State University 
(MTSU 353A). New county record (Atlas of Amphibians in Ten-
nessee. Misc. Publ. No. 12. The Center for Field Biology, Austin 
Peay State University, Clarksville, Tennessee. 94 pp. Internet ver-
sion [http://www.apsu.edu/amatlas] contains links to informa-
tion regarding Tennessee distribution of amphibians recorded 
since 1996; accessed 31 March 2011). 
 AliSon n. cArey (e-mail: anc3i@mtmail.mtsu.edu) and michAel A. 
AnderSon, department of Biology, middle Tennessee state university, 
murfreesboro, Tennessee 37132, usa (e-mail: maa3t@mtmail.mtsu.edu).

LITHOBATES SYLVATICUS (Wood Frog). USA: VIRGINIA: fau-
QuIeR Co.: Warrenton, 0.6 km S intersection of US Hwy 17/Cul-
pepper St. (38.7042°N, 77.8047°W; WGS83; elev. 178 m). 04 March 
2004. Ian W. Murray. Verified by Steve Gotte. National Museum 
of Natural History (USNM 561815). New county record (Mitch-
ell and Reay 1999. Atlas of Amphibians and Reptiles in Virginia. 
Virginia Department of Game and Inland Fisheries, Richmond, 
Virginia. 122 pp.). The specimen was collected near a small road-
side pool that held numerous calling Pseudacris crucifer and a 
lone calling Hyla versicolor.
 iAn w. murrAy, msC03 2020, department of Biology, 1 university 
of New mexico, albuquerque, New mexico 87131-0001, usa; e-mail: imur-
ray@unm.edu.

PHRYNOBATRACHUS PALLIDUS (Pale Puddle Frog) KENYA: 
COAST PROVINCE: north end of Lake Peccatoni (alterna-
tive names: Lake Mpeketoni, Lake Mukunguya), northeast of 
Witu (2.416667°S, 40.683333°E; NIMA GNS database). 24 May 
1934. A. Loveridge. MCZ A-20425–9. Kakoneni (3.169967S°, 
39.86283E°; WGS84). 6 May 2000. D. R. Buchholz, T. B. Hayes, A. 
Vonk, E. Marquez, and A. Espira. MVZ 234153. Verified by José 
Rosado. Verification supported by mitochondrial data from 
12S and 16S ribosomal DNA, transfer RNA valine, and nuclear 
data from the RAG-1 gene (Zimkus et al. 2010. Mol. Phylogenet. 
Evol. 55:883–900). Species previously known with certainly from 
coastal Tanzania, between Dar es Salaam and Tanga, with an 
unsubstantiated location at Lake Mpeketoni, Kenya (locality of 
MCZ A-20425–9 erroneously identified as Lake Kenyatta; Pick-
ersgill 2007. Frog Search: Results of Expeditions to Southern and 
Eastern Africa. Edition Chimaira, Frankfurt am Main. 575 pp.). 
Loveridge (1936. Bull. Mus. Comp. Zool. 79:369–430) remarked 
that Lake Mpeketoni population morphologically different from 
other Kenyan populations of P. minutus (equivalent to P. schef-
fleri), with specimens exhibiting well-defined digital disks, white 
throats, and overall pale coloration. First confirmed records for 
Kenya, extending range >340 km NNE from holotype locality in 
Tanga, Tanzania, to Lake Mpeketoni, Kenya. Presence of P. pal-
lidus at these localities suggests species may be found in addi-
tional coastal areas in southern Kenya. 
 bredA m. ZimkuS, department of organismic and evolutionary 
Biology, harvard university, 26 oxford street, museum of Comparative 

Zoology, Cambridge, massachusetts 02138, usa; e-mail: bzimkus@oeb.
harvard.edu.

PSEUDACRIS FERIARUM (Upland Chorus Frog). USA: TEN-
NESSEE: unIon Co.: Maynardville (36.197958°N, 83.896322°W; 
WGS84). 10 October 2010. Stephen K. Nelson. Verified by A. Floyd 
Scott. David H. Snyder Museum of Zoology, Austin Peay State 
University (APSU 19116, color photo). First county record (Red-
mond and Scott 1996. Atlas of Amphibians in Tennessee. Misc. 
Publ. No. 12, Center for Field Biology, Austin Peay State Univer-
sity, 24 pp. Internet version, available at http://www1.apsu.edu/
amatlas/index.html, accessed 12 April 2011). On road at night in 
light rain. Temperature 15.5°C.
 Stephen k. nelSon, university of Tennessee, Knoxville, Tennessee 
37996-0925, usa; snelso24@utk.edu.

PSEUDACRIS MACULATA (Boreal Chorus Frog). USA: NE-
BRASKA: fRanklIn Co.: 4.9 km S, 9.0 km W Hildreth (40.292467°N, 
99.1579°W; NAD1983). 12 July 2009. Keith Geluso. Verified by 
Curtis J. Schmidt, Sternberg Museum of Natural History, Fort 
Hays State University, Hays, Kansas (MHP 14703). First county 
record. Fills distributional gap in south-central Nebraska (Ball-
inger et al. 2010. Amphibians and Reptiles of Nebraska. Rusty 
Lizard Press, Oro Valley, Arizona. 400 pp.; Fogell 2010. A Field 
Guide to the Amphibians and Reptiles of Nebraska. University of 
Nebraska, Lincoln. vi + 158 pp.). Known from adjacent Webster 
Co. to the east and Kearney Co. to the north (Fogell 2010, op. cit.). 
Captured in a flooded roadside area adjacent to an agricultural 
field.
 keith GeluSo, department of Biology, university of Nebraska at Ke-
arney, Kearney, Nebraska 68849, usa; e-mail: gelusok1@unk.edu.

SCAPHIOPUS COUCHII (Couch’s Spadefoot). USA: TEXAS: 
MoTley Co.: North of Matador, on Farm to Market Road 2009 
(34.175°N, 100.955556°W; WGS 84, elev. 812 m). 14 August 2008. 
Andrew M. Brinker and Gary W. Ferguson. Verified by Carl J. 
Franklin. University of Texas at Arlington Digital Slide Collection 
(UTADC 4029). New county record fills gap in range (Dixon 2000. 
Amphibians and Reptiles of Texas, 2nd ed. Texas A&M Univ. Press, 
College Station. 421 pp.).
 Andrew m. brinker, department of science, r. l. Paschal high 
school, fort worth, Texas 76110, usa; e-mail: andrew.brinker@fwisd.org.

SCAPHIOPUS HOLBROOKI (Eastern Spadefoot). USA: 
GEORGIA: eaRly Co.: Williams Bluff Preserve (31.199688°N, 
85.083085°W; WGS 84; elev. 52 m). 10 April 2011. Robert L. Hill. 
Verified by John Jensen. UTADC 6907. New county record (Jen-
sen et al. [eds.] 2008. Amphibians and Reptiles of Geórgia. Univ. 
of Georgia Press, Athens. 575 pp.); previously documented in ad-
jacent Crawford, Macon, and Marion counties. Found inside of 
a rotting log on a hillside ~1.2 km W of Hwy 370. Specimen was 
photographed and released. 
 robert l. hill, department of research and Conservation, atlanta 
Botanical Garden, atlanta, Georgia 30309, usa; e-mail: rhill@atlantabotani-
calgarden.org.

SCAPHIOPUS HOLBROOKII (Eastern Spadefoot). USA: INDI-
ANA: gReene Co.: 3.44 km E of the West Fork of the White River. 
(38.91506°N, 87.04493°W; NAD 83). 19 April 2011. Sarabeth Klueh 
and Jason Mirtl. Verified by Chris Phillips. Illinois Natural History 
Survey (INHS 2011-I, photographic voucher). New county record 
for Indiana (Minton. 2001. Amphibians and Reptiles of Indiana. 
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2nd ed., revised. Indiana Academy of Science. vii + 404 pp.) Adult 
male observed at night in a flooded agricultural field. This record 
fills gap for Indiana. There were existing records for counties 
south, west, and north of Greene Co..
 SArAbeth klueh (e-mail:sklueh@dnr.in.gov.) and JASon mirtl, 
wildlife diversity section, indiana department of Natural resources divi-
sion of fish and wildlife, 553 e. miller drive, Bloomington, indiana 47401, 
usa.

SPEA BOMBIFRONS (Plains Spadefoot). USA: fRanklIn Co.: 4.0 
km S Wilcox (40.32965°N, 99.16133°W; NAD1983). 12 July 2009. 
Keith Geluso. Verified by Curtis J. Schmidt, Sternberg Museum of 
Natural History, Fort Hays State University, Hays, Kansas (MHP 
14709). First county record. Fills distributional gap in south-cen-
tral Nebraska (Ballinger et al. 2010. Amphibians and Reptiles of 
Nebraska. Rusty Lizard Press, Oro Valley, Arizona. 400 pp.; Fogell 
2010. A Field Guide to the Amphibians and Reptiles of Nebraska. 
University of Nebraska, Lincoln. vi + 158 pp.). Captured on road 
surrounded by agricultural fields. phelps Co.: Funk-Odessa Road, 
17.5 km N Funk (40.621717°N, 99.2563°W). 24 June 2009. Keith 
Geluso. Verified by Curtis J. Schmidt, Sternberg Museum of Natu-
ral History, Hays, Kansas (MHP14708). First county record. Fills 
in distributional gap in south-central Nebraska between Daw-
son, Buffalo, Kearney, and Harlan counties (Fogell 2010, op. cit.). 
Individual was observed on road in agricultural area dominated 
by center-pivot irrigation. It specifically was captured in an area 
where the non-irrigated corners of the surrounding four center 
pivots came together.
 keith GeluSo, department of Biology, university of Nebraska at Ke-
arney, Kearney, Nebraska 68849, usa; e-mail: gelusok1@unk.edu.

TRACHYCEPHALUS ATLAS (Bokermann’s Casque-headed Tree-
frog). BRAZIL: PARAÍBA: MunICIpalITy of são João do CaRIRI: Olho 
D’água Farm (07.483333°S, 36.683333°W; WGS84). 13 March 
2005. W. L. S. Vieira and G. G. Santana. Coleção Herpetológica 
do Departamento de Sistemática e Ecologia, Universidade Fed-
eral da Paraíba, João Pessoa, Paraíba, Brazil (UFPB 4887–4888). 
Verified by C. Arzabe. Previously known only from the type lo-
cality, Santo Onofre Farm, municipality of Maracas in Bahia 
State (Bokermann 1966. Neotropica 12[39]:210–124) and reserve 
Maurice Dantas and Exu in Pernambuco State (Borges-Nojosa 
and Santos 2005. Herpetofauna da área de Betânia e Floresta, 
Pernambuco. Ministério do Meio Ambiente, pp. 276–289). First 
state record extends known distribution 793 km from previously 
known locality. The specimens were collected as they called, 
floating in the water on a temporary pond in an area of Caatinga 
dry land vegetation during the early rainy season.
 wAShinGton luiZ S. vieirA (e-mail: wlsvieira@yahoo.com), Gin-
domAr G. SAntAnA (e-mail: gindomar@yahoo.com.br), rÔmulo p. 
nÓbreGA (e-mail: romulopantoja@yahoo.com.br), kleber S. vieirA 
(e-mail: ksvieira04@yahoo.com.br), and pAulo fernAndo G. monte-
neGro (e-mail: paulomontenegrobr@yahoo.com.br), laboratório de eco-
fisiologia animal, departamento de sistemática e ecologia, universidade 
federal da Paraíba, João Pessoa, Paraíba state, Brazil.

TRACHYCEPHALUS MAMBAIENSIS. BRAZIL: BAHIA: MunICI-
palITy of sanTa MaRIa da vITóRIa: 13.23°S, 44.16°W (SAD 69), 460 m 
elev. 05 December 2009. M. Freitas and T. Lima. Museu de Zoo-
logia da Universidade de São Paulo, São Paulo, Brazil (MZUSP 
142649, collected on road). Verified by M. Rodrigues. Previously 
known only from cerrado biome of Mambaí, Goiáis, (Cintra et 
al. 2009. Zootaxa 1975:58–68). First state record and first for the 

northeastern region, extends distribution ca. 230 km NE from 
Mambaí municipality, Goiás State (Cintra et al. 2009, op. cit.).
 mArco Antonio de freitAS, Programa de pós-graduação em zoo-
logia aplicada, universidade estadual de santa Cruz (uesC) ilhéus, Bahia, 
Brazil (e-mail: philodryas@hotmail.com); tiAGo de oliveirA limA Cen-
tro universitário metodista izabela hendrix, departamento de ciências 
biológicas, Centro, Belo horizonte, minas Gerais, CeP-31.000-000, Brazil 
(e-mail: tiagoolima@yahoo.com.br); dAniellA pereirA fAGundeS de 
frAnÇA, Programa de pós-graduação em ecologia e manejo de recur-
sos naturais, ufaC (universidade federal do acre), rio Branco, acre, CeP-
69.000-000, Brazil (e-mail: moojeni@hotmail.com).

GymnophionA — cAeciliAnS

DERMOPHIS GLANDULOSUS (San Isidro Caecilian). PAN-
AMÁ: PANAMÁ: DisTriTo DE Panamá: Corregimiento de Chilibre: 
Parque Nacional Chagres, trail to Cerro Brewster (9.32053°N, 
79.28876°W, WGS 84; ca. 810 m elev.). 24 July 2009. Angel Sosa, 
Ernie Osburn, Charlotte Skov, and Daniel Medina. Verified by 
Marvalee H. Wake. Museo de Vertebrados de la Universidad de 
Panamá (MVUP 2307). First record for Province of Panamá, fill-
ing a 639 km distributional gap between the only two previously 
known localities in the country: Finca Santa Clara, Chiriquí, near 
the Costa Rican border on the west and Cerro Tacarcuna, Darién, 
near the Colombian border on the east (Savage and Wake 2001. 
Copeia 2001:52–64). This species was previously known only by 
two specimens from what appeared to be two disjunct popula-
tions in Panamá. The caecilian was found during daytime on a 
trail passing through submontane tropical forest. 
 dAniel medinA1 (e-mail: daniel_medina1984@hotmail.com), AnGel 
SoSA bArtuAno,2 roberto ibÁÑeZ d.,1,3,4 and ernie oSburn5, 
1smithsonian Tropical research institute, apartado 0843-03092, Balboa, 
ancón, Panamá, rep. de Panamá; 2sociedad mastozoológica de Panamá, 
apartado 0835-00680, Panamá, rep. de Panamá; 3Círculo herpetológico de 
Panamá, apartado 0824-00122, Panamá, rep. de Panamá; 4departamento 
de Zoología, universidad de Panamá, Panamá, rep. de Panamá; 5College of 
education, university of Georgia, athens, Georgia 30602, usa.

teStudineS — turtleS

CHRYSEMYS DORSALIS (Southern Painted Turtle). USA: FLOR-
IDA: alaChua Co.: Gainesville, Santa Fe College Northwest Cam-
pus (29.6827°N, 82.4353°W; WGS84; elev. 44 m). 25 June 2009. 
Matthew H. Kail. Verified by Kenneth L. Krysko. Florida Museum 
of Natural History (UF 159928). New county record. Female 
(straight midline carapace length = 112 mm, straight midline 
plastron length = 109 mm, mass = 205 g) captured by hand at 
edge of 0.2 ha pond. 
 mAtthew h. kAil, school of Veterinary medicine, university of 
florida, Gainesville, florida 32611, usa (e-mail: snappergi@aol.com); Ger-
Ald r. JohnSton, department of Natural sciences, santa fe College, 
Gainesville, florida 32606, usa (e-mail: jerry.johnston@sfcollege.edu); 
eric SuAreZ, department of wildlife ecology and Conservation, uni-
versity of florida, Gainesville, florida 32611, usa (e-mail: eric.suarez725@
yahoo.com); JoSeph c. mitchell, mitchell ecological research services, 
Gainesville, florida 32627, usa (e-mail: dr.joe.mitchell@gmail.com).

CHRYSEMYS PICTA (Painted Turtle). USA: Clay Co.: 0.5 km N, 
7.3 km W Fairfield (40.437467°N, 98.185683°W; NAD1983). 23 
June 2009. Keith Geluso. Verified by Curtis J. Schmidt, Sternberg 
Museum of Natural History, Fort Hays State University, Hays, 
Kansas (MHP 14673). First county record. Fills in distributional 
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gap in south-central Nebraska (Ballinger et al. 2010. Amphibians 
and Reptiles of Nebraska. Rusty Lizard Press, Oro Valley, Arizona. 
400 pp.; Fogell 2010. A Field Guide to the Amphibians and Rep-
tiles of Nebraska. University of Nebraska, Lincoln. vi + 158 pp.). 
Observed crossing roadway surrounded by an agricultural field 
and a homestead.
 keith GeluSo, department of Biology, university of Nebraska at Ke-
arney, Kearney, Nebraska 68849, usa; e-mail: gelusok1@unk.edu.

GOPHERUS BERLANDIERI (Texas Tortoise). MEXICO: COA-
HUILA: MunICIpalITy of CuaTRo CIénegas de CaRRanZa: Área de Pro-
tección de Flora y Fauna Cuatrociénegas, 2 km SW of El Venado 
(26.8398861°N, 101.9587278°W; WGS84), 762 m elev. 29 August 
2010. L. M. Coghill and J. Chávez-Campos. Verified by Luis Can-
seco Marquez. Colección Herpetológica del Museo de Zoología 
Alfonso L. Herrera, Facultad de Ciencias, UNAM (MZFC ID-014). 
First confirmed record for the Municipality of Cuatro Ciénegas 
de Carranza, extending the known distribution 53.4 km SW from 
the closest localities between Ciudad Hermanas and Monclova, 
Municipality of Abasolo (Lemos Espinal and Smith 2007. Am-
phibians and Reptiles of the State of Coahuila, Mexico. UNAM 
and CONABIO, México, D.F. xii + 550 pp.). A previous record, 
without voucher or locality information, reported this tortoise 
as a likely introduced species in the Área de Protección de Flora 
y Fauna Cuatrociénegas (McCoy 1984. J. Arizona-Nevada Acad. 
Sci. 19:49–59). We found multiple adult individuals of varying 
sizes and sexes in a single day crossing a road, suggesting an es-
tablished population; a genetic study is needed to determine if 
the population is native or introduced. All were photographed, 
but not collected, because they were found in a protected area.
  lyndon m. coGhill (e-mail: lcoghill@uno.edu) and Johel chAveS-
cAmpoS (e-mail: jchaves@uno.edu), department of Biological sciences, 
2000 lakeshore drive, university of New orleans, New orleans, louisiana 
70148, usa; uri omAr GArcÍA vÁZQueZ, laboratorio de herpetología, 
museo de Zoología, departamento de Biología evolutíva, facultad de 
Ciencias, uNam, a.P. 70-399, méxico, d.f. 04510 (e-mail: urigarcia@gmail.
com); and Arturo contrerAS, acuario y herpetario w. l. minckley, Pte. 
Carranza 104, Nte., Cuatro Ciénegas de Carranza, Coahuila, méxico 27640 
(e-mail: acuario_minckley@yahoo.com.mx). 

GOPHERUS POLYPHEMUS (Gopher Tortoise). USA: FLORIDA: 
CollIeR Co.: Ten Thousand Islands. Fakahatchee Island (25.868°N, 
81.496°W; NAD83) and Dismal Key (25.890°N, 81.560°W; NAD83) 
are located 11 and 17 km W of Everglades City, respectively, and 
approximately 2 km offshore. One adult shell and one live adult 
tortoise were observed near the western edge of Fakahatchee 
Island on 26 October 2010, and four adult tortoises and five ac-
tive burrows were observed near the center of Dismal Key on 27 
October 2010 by MTJ and LLW. Verified by J. Martinez. Harvard 
University, Museum of Comparative Zoology (MCZ R-188665; 
photo voucher).

These observations represent previously unknown coastal 
occurrences of Gopher Tortoise along the 100 km section of coast 
between Marco Island (Collier Co.) and Cape Sable (Monroe Co.) 
(e.g., Kushlan and Mazzotti 1984. J. Herpetol. 18[3]:231–239; 
Mushinsky and McCoy 1994. In Bury and Germano [eds.], Biol-
ogy of North American Tortoises, pp. 39–47. National Biological 
Survey, Fish and Wildlife Research 13; NatureServe 2010. Nature-
Serve Explorer: An Online Encyclopedia of Life. ver. 7.1. Nature-
Serve, Arlington, Virginia. http://www.natureserve.org/explorer. 
Accessed 15 April 2011). Furthermore, these occurrences are 
worthy of note because Fakahatchee Island and Dismal Key are 

largely of anthropogenic origin, constructed by Native Ameri-
cans (Calusa) prior to the 16th century. They are part of a series 
of large Calusa shell mounds distributed throughout the north-
ern Ten Thousand Islands (Widmer 1988. The Evolution of the 
Calusa: A Nonagricultural Chiefdom of the Southwest Florida 
Coast. University of Alabama Press. Tuscaloosa, Alabama). Tor-
toises may occur on other large, isolated shell mounds between 
Marco Island and Cape Sable, although we have failed to detect 
tortoises or burrows on three other large shell mounds in the 
vicinity of Fakahatchee and Dismal: Four Brothers Key, Russell 
Key, and Sandfly Island. It is unknown whether these tortoises 
naturally colonized Fakahatchee Island and Dismal Key or were 
introduced there by Calusa or more recent (i.e., 19th-20th century) 
settlers. 

These observations were made while conducting surveys for 
box turtles under a research permit from the National Park Ser-
vice (Everglades National Park; EVER-2009-SCI-0038), a special 
use permit from the U.S. Fish and Wildlife Service (Ten Thousand 
Islands National Wildlife Refuge), research authorization from 
the Florida Department of Environmental Protection (Rookery 
Bay National Estuarine Research Reserve) and a scientific col-
lection permit from the Florida Fish and Wildlife Conservation 
Commission (LSSC-10-00103). 
 michAel t. JoneS (e-mail: mtjones@bio.umass.edu) and liSAbeth 
l. willey, department of environmental Conservation, university of 
massachusetts, amherst, massachusetts 01003, usa (e-mail: lwilley@cns.
umass.edu); noAh d. chArney, Graduate Program in organismic and 
evolutionary Biology, university of massachusetts, amherst, massachu-
setts 01003, usa (e-mail: ndcharney@gmail.com). 

GRAPTEMYS GEOGRAPHICA (Northern Map Turtle). USA: 
TENNESSEE: Cannon Co.: Hwy 70S at East Fork of the Stones 
River crossing, (35.8232°N, 86.089983°W, NAD83), ca. 28.3 km E 
of Rutherford Co. population at Murfree Spring Wetland and Lytle 
Creek (Landry 2010. Master’s thesis, Middle Tennessee State Uni-
versity, Murfreesboro). 20 June 2010. Brian T. Miller. Verified by 
M. L. Niemiller. An adult female found dead on road. Deposited 
in the Herpetology Collection at Middle Tennessee State Univer-
sity (MTSU 20T). New county record. Extends known distribu-
tion of species into the upper East Fork of the Stones River (Scott 
and Redmond 2008 [latest update: 7 July 2010]. Atlas of Reptiles 
in Tennessee. The Center for Field Biology, Austin Peay State Uni-
versity, Clarksville, Tennessee. Available http///apsu.edu/reptat-
las/, accessed 16 May 2011).
 briAn t. miller, department of Biology, middle Tennessee state uni-
versity, murfreesboro, Tennessee, 37132, usa (e-mail: bmiller@mtsu.edu); 
Joyce l. miller, mimiC, middle Tennessee state university, murfrees-
boro, Tennessee, 37132, usa (e-mail: jlmiller@mtsu.edu).

GRAPTEMYS OUACHITENSIS (Ouachita Map Turtle). USA: 
IOWA: WashIngTon Co.: Skunk River, Brighton Access, Brighton 
(41.19194°N, 91.79667°W). 27 August 2008. Chad Dolan. Verified 
by Richard Vogt. Photo vouchers in Drake University Research 
Collection (DURCPC# 101a,b,c). Adult found downstream of the 
boat ramp basking on log. New county record. Found in adjoin-
ing Louisa and Johnson counties (Christiansen et al. Reptiles of 
Iowa. University of Iowa Press, Iowa City, in press).
 chAd dolAn (e-mail: Chad.dolan@dnr.iowa.gov) and vAnce pol-
ton, fisheries Bureau, iowa department of Natural resources, Brighton, 
iowa 52540, usa (e-mail: Vance.Polton@dnr.iowa.gov); JAmeS lAmer, 
Kibbe field station, western illinois university, warsaw, illinois 62739, usa 
(e-mail: jt-lamer@wiu.edu); John tucker, Great rivers field station, 
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illinois Natural history survey, Brighton, illinois 62012, usa (e-mail: jk-
tucker@inhs.uiuc.edu); Jeff pArmelee, department of Biology, missouri 
state university, springfield, missouri 65897, usa (e-mail: jparmelee@mis-
souristate.edu).

GRAPTEMYS PSEUDOGEOGRAPHICA KOHNII (Mississippi 
Map Turtle). USA: FLORIDA: alaChua Co.: Santa Fe River, 450 m 
downstream from Poe Spring (29.8268°N, 82.6537°W; WGS84; 
elev. 6 m). 13 August 2010. Matthew H. Kail. Verified by Kenneth 
L. Krysko. Florida Museum of Natural History (UF 159338). New 
state record (Johnston et al. 2008. Herpetol. Rev. 39:236). Female 
(straight midline carapace length = 185 mm, straight midline 
plastron length = 170 mm, mass = 931 g). Captured by hand dur-
ing a survey of freshwater turtles in the Santa Fe River. This is the 
second subspecies of G. pseudogeographica documented from 
the upper Santa Fe River within O’Leno State Park
 mAtthew h. kAil, school of Veterinary medicine, university of 
florida, Gainesville, florida 32611, usa (e-mail: snappergi@aol.com); Jon 
m. GutierreZ, santa fe College, Gainesville, florida 32606, usa (e-mail: 
gjohnny1218@aol.com); eric SuAreZ, department of wildlife ecology 
and Conservation, university of florida, Gainesville, florida 32611, usa (e-
mail: eric.suarez725@yahoo.com); GerAld r. JohnSton, department of 
Natural sciences, santa fe College, Gainesville, florida 32606, usa (e-mail: 
jerry.johnston@sfcollege.edu).

GRAPTEMYS PULCHRA (Alabama Map Turtle). USA: GEORGIA: 
Floyd Co.: Numerous individuals of both sexes observed and 
photographed basking on logs in the Coosa River near Rome 
(34.20591°N, 85.29058°W; NAD83). 19 May 2011. John B. Jensen 
and Sean P. Graham. Verified by Jeffrey Lovich. AUM (AHAP-D 
303–305, photographic vouchers). aLABAMA: CheRokee Co.: 
Weiss Reservoir (34.23245°N 85.52775°W; geo-referenced using 
Google Earth). 07 February 1970. John Chitwood. Verified by 
Craig Guyer. AUM 16654. These records partially fill a 200 km 
distribution gap between previous Coosa River drainage records 
upstream in the Oostanaula River in Gordon Co., Georgia (San-
thuff and Wilson 1990. Herpetol. Rev. 21:39) and downstream in 
the Coosa River in Etowah Co., Alabama (Mount 1975. The Rep-
tiles and Amphibians of Alabama. Auburn Univ. Agricult. Exp. 
Sta. 347 pp.). Additionally, both represent first county records 
(Mount 1975, op. cit.; Jensen et al. [eds.] 2008. Amphibians and 
Reptiles of Geórgia. Univ. of Georgia Press, Athens. 575 pp.), 
and the former also represents the first Georgia record from the 
Coosa River.
 Grover brown, university of Georgia, eugene P. odum school of 
ecology, 140 east Green street, athens, Georgia 30602, usa (e-mail: tur-
tles328@gmail.com); John b. JenSen, Georgia department of Natural 
resources, Nongame Conservation section, 116 rum Creek drive, forsyth, 
Georgia 31029, usa (e-mail: john.jensen@gadnr.org); SeAn p. GrAhAm, 
department of Biological sciences, auburn university, 331 funchess hall, 
auburn university, alabama 36849, usa (e-mail: grahasp@auburn.edu).

HYDROMEDUSA TECTIFERA (South American Snake-necked 
Turtle). BRAZIL: MINAS GERAIS: MunICIpalITy of são RoQue de 
MInas: 20.569150°S, 45.567389°W (datum WGS 84), 937 m elev., 
area with typical cerrado vegetation. 2004. L. Eliege. Museu Na-
cional, Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ, 
Brazil (MNRJ19780). Verified by R. Fernandes. Species previously 
known from the states of São Paulo, Minas Gerais, Rio de Janeiro, 
Paraná, Santa Catarina, and Rio Grande do Sul, in Brazil; west-
ward and southward through the Chaco, eastern Paraguay, and 
Formosa, northeastern Argentina, to Uruguay (Fritz and Havaš. 

2007. Vert. Zool. 57[2]:149–368; Souza and Novelli 2009. Check 
List 5[3]:396–398), occurring in the basins of Paraná, Atlantic-
Southeastern, Uruguay, and Atlantic Southern (Souza 2005. Rev. 
Esp. Herpetol. 19:33–46). Here we report the second record from 
the state of Minas Gerais, thus representing the second register 
for the Cerrado biome and in the São Francisco basin, extending 
its known distribution ca. 230 km NW from the first record in the 
state of Minas Gerais (Brazil, Minas Gerais, Ritápolis municipal-
ity; Souza and Novelli, op. cit.)
 AnGele doS reiS mArtinS, departamento de Vertebrados, museu 
Nacional, universidade federal do rio de Janeiro, Quinta da Boa Vista 
s/n, CeP 24940-040, rio de Janeiro, rio de Janeiro, Brazil (e-mail: ange-
lemartins@gmail.com); rAfAellA de cArvAlho GArbin, instituto de 
Biologia, universidade federal do rio de Janeiro, av. Carlos Chagas filho, 
373, ilha do fundão, CeP 21941-902, rio de Janeiro, rio de Janeiro, Bra-
zil (e-mail: fafagarbin@gmail.com); SÁvio freire bruno, universidade 
federal fluminense, rua Vital Brazil filho, 64, santa rosa, CeP 24230-340, 
Niterói, rio de Janeiro, Brazil (e-mail: saviofreirebruno@hotmail.com). 

INDOTESTUDO ELONGATA (Elongated Tortoise): INDIA: TRI-
PURA: WesT dIsTRICT: Tulashikar (24.096°N, 91.922°E; 92 m elev.). 
ZRC(IMG) 2.147. Verified by Kelvin K. P. Lim. Juvenile (carapace 
length ca. 200 mm) obtained from teak (Tectona grandis) forest 
during jhum (slash-and-burn cultivation) and kept as pet by 
member of Debbarma tribe. Widespread in Southeast Asia (Au-
liya 2007. An Identification Guide to the Freshwater Turtles and 
Tortoises of Malaysia, Singapore, Indonesia, Brunei, the Philip-
pines, East Timor and Papua New Guinea. TRAFFIC Southeast 
Asia, Kuala Lumpur. 98 pp.), with isolated records in northern 
and eastern India (Das 1995. Turtles and Tortoises of India. Ox-
ford University Press, Bombay. x + 176 pp + 16 pl.; Feroz et al. 
2009. Colour Guide to the Amphibians and Reptiles of Northeast 
India. Aranyak, Guwahati. 169 pp.). First record from the Indian 
state of Tripura. 
 kAuShik deuti, Zoological survey of india, herpetology division, 
27 Jl Nehru road, Kolkata 700016, india (e-mail: kaushikdeuti@rediffmail.
com); indrAneil dAS, institute of Biodiversity and environmental Con-
servation, universiti malaysia, 94300 Kota samarahan, sarawak, malaysia 
(e-mail: idas@ibec.unimas.my).

KINOSTERNON LEUCOSTOMUM (White-lipped Mud Turtle). 
NICARAUGUA: rEgión auTónoma DEl DEParTamEnTo aTlánTiCo sur: 
Little Corn Island, 50 m from the ocean on the southeast side 
of the island in a newly established marsh (12.25°N, 83.00°W; 
WGS84). 10 June 2008. Stesha A. Pasachnik. Verified by John Iver-
son. USNM Herp Images 2737–2743. First records for Little Corn 
Island, although species is known from Big Corn Island and ad-
jacent mainland (Köhler 2001. Anfibios y Reptiles de Nicarágua. 
Herpeton, Verlag Elke Köhler, Offenbach, Germany. 208 pp.). The 
two individuals were captured at dusk, photographed, and re-
leased. 
 SteShA Ann pASAchnik, department of ecology and evolutionary 
Biology, university of Tennessee Knoxville, Knoxville, Tennessee 37996, 
usa (e-mail: spasachn@utk.edu); Jeffrey philip corneiL, 8728 141st 
Court Northeast, redmond, washington 98052, usa.

KINOSTERNON SUBRUBRUM (Eastern Mud Turtle). USA: 
GEORGIA: WhITfIeld Co.: Heritage Point Park, canopied wetland 
(34.79076°N, 84.94025°W; WGS 84). 13 May 2011. C. Manis and 
T. P. Wilson. Verified by John Jensen. University of Tennessee at 
Chattanooga Museum of Natural History (UTC Digital Collec-
tion-4680TPW-GMU). New county record (Jensen et al. [eds.] 
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2008. Amphibians and Reptiles of Georgia. University of Georgia 
Press, Athens. 575 pp.). One adult male captured in a baited hoop 
net.
 chriS mAniS, department of Natural sciences, dalton state College, 
650 College drive, dalton, Georgia 30720, usa (e-mail: cmanis2@dalton-
state.edu); thomAS p. wilSon, department of Biological and environ-
mental sciences, university of Tennessee at Chattanooga, 215 holt hall, 
department 2653, 615 mcCallie avenue, Chattanooga, Tennessee 37403, 
usa (e-mail: thomas-wilson@utc.edu).

KINOSTERNON SUBRUBRUM (Eastern Mud Turtle). USA: 
TENNESSEE: Cannon Co.: Burt Bergen Road (35.744047°N, 
86.128678°W; NAD83). 14 May 2011. Brian T. Miller. Verified by A. 
F. Scott. Austin Peay State University (APSU 19123 phtographic 
voucher). New county record (Scott and Redmond 2008 [latest 
update: 10 June 2009]. Atlas of Reptiles in Tennessee. Center for 
Field Biology, Austin Peay State University, Clarksville, Tennes-
see. Available at http://apsu.edu/reptatlas/, accessed 16 May 
2011). Specimen found ca. 27.5 km SE of Rutherford Co. popula-
tion at Black Fox Wetland (Varner 1995. Master’s thesis, Middle 
Tennessee State University, Murfreesboro), and 38.5 km N of 
Coffee Co. population at Sinking Pond (Miller et al. 2005. South-
east. Nat. 4:51–62). Decreases the size of the hiatus in records for 
middle Tennessee. An adult found alive on road.
 briAn t. miller, department of Biology, middle Tennessee state uni-
versity, murfreesboro, Tennessee, 37132, usa (e-mail: bmiller@mtsu.edu); 
Joyce l. miller, mimiC, middle Tennessee state university, murfrees-
boro, Tennessee, 37132, usa (e-mail: jlmiller@mtsu.edu). 

MACROCHELYS TEMMINCKII (Alligator Snapping Turtle). 
USA: GEORGIA: TuRneR Co.: 17.9 km E Ashburn (31.697328°N, 
83.463042°W; NAD 83). May 2010. Ryan Rigdon. Verified by 
Lance D. McBrayer. GSU 18993. New county record (Jensen et al. 
[eds.] 2008. The Amphibians and Reptiles of Georgia. University 
of Georgia Press, Athens. 575 pp.). Adult female nesting in sand-
hill near Alapaha River, Rigdon family property. 
 ruSSell riGdon and ryAn riGdon, P.o. Box 121, ashburn, Georgia 
31714, usa; dirk J. StevenSon, The orianne society, indigo snake initia-
tive, 414 Club drive, hinesville, Georgia 31313, usa.

STERNOTHERUS CARINATUS (Razor-backed Musk Turtle). 
USA: ARKANSAS: Calhoun Co.: 2 km N of Calion, Ouachita River 
backwaters off US 167 (33.346344°N, 92.532132°W). 01 April 
2011. M. B. Connior. Verified by S. E. Trauth. Arkansas State Uni-
versity Museum of Zoology Herpetology Collection (ASUMZ 
31682). New county record (Trauth et al. 2004. The Amphibians 
and Reptiles of Arkansas. University of Arkansas Press, Fayette-
ville. 421 pp.). This individual’s intact carapace and plastron were 
collected along the bank of a small slough.
 mAtthew b. connior, health and Natural sciences, south arkansas 
Community College, 300 s. west avenue, el dorado, arkansas 71730, usa; 
e-mail: mconnior@southark.edu.

STERNOTHERUS MINOR (Loggerhead Musk Turtle). USA: 
GEORGIA: Coffee Co.: 6.4 km SE Broxton; Broxton Creek at 
Apache Road (31.580842°N, 82.842726°W; NAD 83). 21 Novem-
ber 2010. F. Snow. Verified by Lance D. McBrayer. GSU 18996. 
New county record (Jensen et al. [eds.] 2008. The Amphibians 
and Reptiles of Georgia. University of Georgia Press, Athens. 575 
pp.).
 frAnkie Snow, division of Natural sciences, mathematics, and 
Physical education, south Georgia College, 100 west College Park drive, 

douglas, Georgia 31533, usa; dirk J. StevenSon, The orianne society, 
indigo snake initiative, 414 Club drive, hinesville, Georgia 31313, usa.

SQuAmAtA — liZArdS

ANADIA OCELLATA (Ocellated Anadia). COLOMBIA: CÓR-
DOBA: TIeRRalTa: Cerro Murrucucú, Parque Natural Nacional 
Paramillo, (8.3533°N, 76.395°W; Bogotá WGS 84; elev. 700 m). 05 
April 2009. J. E. Carvajal-Cogollo. Collection of Reptiles of the In-
stituto de Ciencias Naturales, Universidad Nacional of Colom-
bia, Bogotá D.C, Cundinamarca, Colombia (ICN 11868). Veri-
fied by O. V. Castaño-Mora, Rafael A. Moreno-Arias, and Guido 
Medina-Rangel. First country record. Extends species range ap-
prox. 300 linear km E in the Caribbean region of Colombia (Sav-
age 2002. The Amphibians and Reptiles of Costa Rica. A Herpe-
tofauna Between Two Continents, Between Two Seas. University 
of Chicago Press, Chicago, Illinois. 934 pp.). Species historically 
known from Costa Rica and western Panama (Oftedal 1974. Arq. 
Zool. 25[4]:203–265; Savage 2002, op. cit.). Specimen collected 
under Agreement No. 5, between the environmental authority-
CVS-and Universidad Nacional de Colombia.
 JuAn e. cArvAJAl-coGollo (e-mail: juancarvajalc@gmail.com), 
vlAdimir A. bernAl-GonZÁleZ (e-mail: vlacho83@gmail.com), Grupo 
Biodiversidad y Conservación, línea reptiles, instituto de Ciencias Natu-
rales, universidad Nacional de Colombia, apartado 7495, Bogotá, d.C., 
Colombia; neStor nonZoQue-lÓpeZ, Grupo sisBio, museo de historia 
Natural “luis Gonzalo andrade,” universidad Pedagógica y Tecnológica de 
Colombia-uPTC, Tunja-Colombia (e-mail: pocholope3@gmail.com).

ANNIELLA PULCHRA (California Legless Lizard). USA: CALI-
FORNIA: keRn Co.: SE slope Piute Mountains, Jawbone Canyon 
watershed, approx. 19.47 airline km WSW jct Jawbone Canyon 
Rd. x State Hwy 14 (35.29464°N, 118.20119°W; WGS84 datum; 
elev. 1255 m). 02 June 2010. L. E. Hunt. Verified by Paul Collins. 
Santa Barbara Museum of Natural History collection (SBMNH 
2503). Second record for Piute Mountains. First occurrence and 
nearest record is from Kern Co., Green Spring, Kelso Valley (CAS 
236208), 11.66 airline km to the NNW. Present specimen is an 
adult male found beneath a board on south-facing slope in open 
California Juniper-Interior Live Oak-Gray Pine woodland.
 lAwrence e. hunt, hunt & associates Biological Consulting ser-
vices, 5290 overpass road, suite 108, santa Barbara, California 93111, usa; 
e-mail: anniella@verizon.net.

ASPIDOSCELIS TESSELATA (Common Checkered Whiptail). 
USA: NEW MEXICO: lea Co.: Wallach Quarry, 4.0 km E and 2.0 km 
N of NM 18/Wallach Lane (32.45412°N, 103.08113°W; NAD83/
WGS84; elev.1054 m). 24 June 2008. lea Co.: Eunice, 1100 Main 
St. (32.43690°N, 103.15932°W; NAD83/WGS84; elev. 1051 m). 27 
June 2008. Don S. Sias, Ian W. Murray, and Jack C. Olson. Veri-
fied by J. Tomasz Giermakowski. University of New Mexico Mu-
seum of Southwestern Biology (MSB 75701, 75696). New county 
record (Degenhardt et al. 1996. Amphibians and Reptiles of New 
Mexico. Univ. New Mexico Press, Albuquerque. 431 pp.). An adult 
specimen was collected in the broken and rocky terrain of an ac-
tive quarry surrounded by sandy shinoak habitat and mesquite 
grassland. An additional three animals were observed, and one 
collected, alongside a weed-grown wall outside of a building in 
downtown Eunice, NM. These animals might represent an intro-
duced population, as this region is surrounded by expanses of 
unsuitable habitat. We caution that care be used when examining 
putative A. tesselata from regions where they may be sympatric 
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with A. marmorata. The only two specimens of ‘A. tesselata’ re-
corded from Lea Co. (ENMU 1501, MSB 50698) were determined 
to be A. marmorata after examination of the supraorbital semi-
circles, dorsal pattern, a lack of abruptly enlarged mesoptychial 
scales, absence of spotting on the tail, and a bulging tail base.
 iAn w. murrAy, msC03 2020, department of Biology, 1 university of 
New mexico, albuquerque, New mexico 87131-0001, usa (e-mail: imur-
ray@unm.edu); don S. SiAS, 307 san lorenzo ave Nw, albuquerque, 
New mexico 87107-2331, usa (e-mail: donsias@cybermesa.net); JAck c. 
olSon, 1105 lincoln Pl., Boulder, Colorado 80302-6945, usa (e-mail: Jack.
olson@colorado.edu).

COLEODACTYLUS BRACHYSTOMA. BRAZIL: BAHIA: MunICI-
palITy of são desIdéRIo: 12.36°S, 45.03°W (SAD 69), 680 m elev. 15 
October 2009. M. Freitas. Museu de Zoologia da Universidade de 
São Paulo, São Paulo, Brazil (MZUSP 100222, collected in Cer-
rado biome). Verified by M. Rodrigues. Previously known from 
Mato Grosso, Goiás, and Tocantins states (Brandão and Motta 
2005. Phyllomedusa 4[2]:139–145; Strussman and Carvalho 1998. 
Herpetol. Rev. 29:183–185). First state record and first for the 
northeastern region of Brazil, extending distribution ca. 200 km 
E from Cana Brava municipality, Tocantins state (Brandão and 
Motta 2009, op. cit).
 mArco Antonio de freitAS, Programa de Pós-graduação em Zoo-
logia aplicada, universidade estadual de santa Cruz (uesC) ilhéus, Bahia, 
Brazil (e-mail: philodryas@hotmail.com); dAniellA pereirA fAGundeS 
de frAnÇA, Programa de Pós-graduação em ecologia e manejo de recur-
sos Naturais, ufaC (universidade federal do acre), rio Branco, acre, CeP-
69.000-000, Brazil (e-mail: moojeni@hotmail.com); tiAGo de oliveirA 
limA, Centro universitário metodista izabela hendrix, departamento de 
Ciências Biológicas, Centro, Belo horizonte, minas Gerais, CeP-31.000-000, 
Brazil (e-mail: tiagoolima@yahoo.com.br).

CTENOSAURA HEMILOPHA (Baja California Spiny-tailed 
Iguana). MÉXICO: BAJA CALIFORNIA SUR: MunICIpalITy of Co-
Mondú: Poza Honda, Rancho San Ramón, Arroyo Bebelamas 
(24.95948°N, 111.33476°W; WGS84), 121 m elev. 14 June 2010. G. 
Ruiz-Campos, J. Delgadillo, A. Andreu, and M. Ortíz. Verified by 
Bradford D. Hollingsworth. SDSNH-HerpPC 05210–05211. First 
municipality record and westernmost locality for the species, ex-
tending the distribution 34.5 km W of road to Los Dolores, San 
Pedro de La Presa, Sierra La Giganta (LACM 128247-48). Cteno-
saura hemilipha was thought to be restricted to Arid Tropical and 
the Central Gulf Coast regions of the Sierra La Giganta and the 
Cape Region in Baja California Sur (Grismer 2002. Amphibians 
and Reptiles of Baja California, Including its Pacific Islands and 
the Islands in the Sea of Cortés. Univ. California Press, Berkeley 
and Los Angeles, California. xii + 399 pp.). In contrast, this new 
locality is situated in the Magdalena phytogeographic region. 
The lizard was found on a mesquite tree (Prosopis articulata). 
 GorGonio ruiZ-cAmpoS, laboratorio de Vertebrados, facultad de 
Ciencias, universidad autonoma de Baja California, km 103 carret. Tijuana-
ensenada, ensenada, Baja California, méxico (e-mail: gruiz@uabc.edu.mx); 
JorGe h. vAldeZ-villAvicencio, Centro de investigaciones Biológicas 
del Noroeste (CiBNor), mar Bermejo #195 Colonia Playa Palo de santa rita, 
la Paz, Baja California sur, 23090, méxico (e-mail: j_h_valdez@yahoo.com.
mx).

CTENOSAURA OAxACANA (Oaxacan Spiny-tailed Iguana). 
MÉXICO: OAXACA: muniCiPaliTy of sanTa maría ColoTEPEC: To-
matal (15.789578°N, 96.916317°W, WGS84; 28 m elev.). 8 Au-
gust 2004. Víctor Hugo Reynoso and Georgina González Monfil. 

Verified by Jorge Morales Mávil. CNAR-IBH-RF 31–33. New mu-
nicipality records, extending the known range 135 km W of 
Santiago Astata, Municipality of Santiago Astata (Köhler 2002. 
Schwarzleguane – Lebensweise, Pflege, Zucht. Offenbach Her-
peton Verlag Elke Köhler. 142 pp.). The lizards were inside tree 
stumps used for fencing around an agricultural field adjacent to 
deciduous forest.
 vÍctor huGo reynoSo (e-mail: vreynoso@ibiologia.unam.mx), 
GeorGinA GonZÁleZ monfil, and AdriAnA J. GonZÁleZ hernÁn-
deZ, Colección Nacional de anfibios y reptiles, instituto de Biología, de-
partamento de Zoología, universidad Nacional autónoma de méxico, cir-
cuito exterior s/n, Ciudad universitaria, méxico d.f. CP 04510.

HEMIDACTLYUS FRENATUS (Common House Gecko). HON-
DURAS: ISLAS DE LA BAHÍA: Roatán, inside and outside a pri-
vate residence (16.406417°N, 86.3882°W; WGS84). 17 November 
2010. Stesha A. Pasachnik. Verified by John Iverson. USNM Herp 
Images 2734–2736. First record for Roatan. Previously known 
from Islas de la Bahía only on Utila (McCranie et al. 2005. Am-
phibians & Reptiles of the Bay Islands and Cayos Cochinos, 
Honduras. Bibliomania, Salt Lake City, Utah. xii + 210 pp.). Many 
individuals of this species were observed throughout the island. 
 SteShA Ann pASAchnik, Bay islands foundation, roatán Branch, 
islas de la Bahía, honduras; e-mail: saPasachnik@gmail.com.

LEIOCEPHALUS CARINATUS (Northern Curly-tailed Lizard). 
USA: FLORIDA: osCeola Co.: Kissimmee, 6000 West Osceola Park-
way, Gaylord Palms Resort and Convention Center (28.34449°N, 
81.52583°W, WGS 84; elev. 27 m). 29 May 2011. Rex Rowan. Veri-
fied by Kenneth L. Krysko. Florida Museum of Natural History 
(Photographic voucher UF 165483). Two or three individuals 
observed in the parking lot. New county record (Meshaka et al. 
2004. The Exotic Amphibians and Reptiles of Florida. Krieger 
Publ. Co., Malabar, Florida. 155 pp.). 
 rex rowAn, 2041 Ne 15th Terrace, Gainesville, florida 32609, usa; e–
mail: rexrowan@gmail.com.

SPHAERODACTYLUS ROSAURAE (Bay Island Least Gecko). 
HONDURAS: ISLAS DE LA BAHÍA: Bay Islands pRovInCe: Cayos 
Chocinos, Cayo Cochino Pequeño, northeastern side of island 
(15.953069°N, 86.497667°W; WGS84), 1 m elev. 25 November 
2010. J. A. Frazier. Verified by J. H. Townsend. MPM P750–51. First 
record for Cayo Cochino Pequeño. Even though it has not been 
recorded from Cayo Cochino Grande, it is known from through-
out the Bay Islands area (McCranie et al. 2005. Amphibians and 
Reptiles of the Bay Islands and Cayos Cochinos, Honduras. Bib-
liomania, Salt Lake City, Utah. xii + 210 pp.). The lizard was found 
in coral skeleton rubble, ca. 3 m from high tide line. 

 We thank the Honduran Coral Reef Foundation and Opera-
tion Wallacea for supporting our research on the Cayos Cochi-
nos.
 JuliuS A. frAZier (e-mail: jafrazie@calpoly.edu), nick pollock, 
and mAtt holdinG, Biological sciences department, California academy 
of sciences, san luis obispo, California 93407, usa; chAd e. montGom-
ery, Biology department, Truman state university, Kirksville, missouri 
63501, usa (e-mail: chadmont@truman.com).

STENOCERCUS QUINARIUS. BRAZIL: BAHIA: MunICIpalITy of 
são desIdéRIo: 12.30°S, 45.10°W (SAD 69), 720 m elev. 05 Oct 2009. 
M. Freitas and D. França. Museu de Zoologia da Universidade 
de São Paulo, São Paulo, Brazil (MZUSP 100039–41, collected in 
“cerrado-carrasco”). Verified by M. Rodrigues. Previously known 



Herpetological Review 42(3), 2011

392    GeoGrAphic diStribution

only from cerrado biome of Parque Nacional Grande Sertão 
Veredas, Formoso municipality, Minas Gerais, Brazil (Nogueira 
and Rodrigues 2006. S. Am. J. Herpetol. 1[3]:149–165.). First state 
record and first for the northeastern region of Brazil, extends 
distribution ca. 300 km N from Formoso municipality (Nogueira 
and Rodrigues 2006, op. cit.).
 mArco Antonio de freitAS, Programa de Pós-graduação em Zoo-
logia aplicada, universidade estadual de santa Cruz (uesC) ilhéus, Bahia, 
Brazil (e-mail: philodryas@hotmail.com); dAniellA pereirA fAGundeS 
de frAnÇA Programa de Pós-graduação em ecologia e manejo de recur-
sos Naturais, ufaC (universidade federal do acre), rio Branco, acre, CeP-
69.000-000, Brazil (e-mail: moojeni@hotmail.com); tiAGo de oliveirA 
limA, Centro universitário metodista izabela hendrix, departamento de 
Ciências Biológicas, Centro, Belo horizonte, minas Gerais, CeP-31.000-000, 
Brazil (e-mail: tiagoolima@yahoo.com.br). 

TUPINAMBIS QUADRILINEATUS. BRAZIL: BAHIA: MunICIpalITy 
of são desIdéRIo: Sítio do Rio Grande city (12.2558°S, 45.5486°W; 
SAD 69) 650 m elev. 05 january 2003. T. Lima. Museu de Zoo-
logia da Universidade de São Paulo, São Paulo, Brazil (MZUSP 
100077, killed on the road, in the estacional ciliar forest). Veri-
fied by M. Rodrigues. Previously known only from cerrado bi-
ome of Tocantins, Minas Gerais, Goiás, and Mato Grosso states 
(Silveira, 2009. Check List 5[3]:442–445). First state record and 
first for the northeastern region of Brazil, extends distribution 
ca. 250 km SE from Mateiros municipality, Tocantins state (Sil-
veira 2009, op. cit.).
 mArco Antonio de freitAS, Programa de Pós-graduação em Zoo-
logia aplicada, universidade estadual de santa Cruz (uesC) ilhéus, Bahia, 
Brazil (e-mail: philodryas@hotmail.com); tiAGo de oliveirA limA, Cen-
tro universitário metodista izabela hendrix, departamento de Ciências 
Biológicas, Centro, Belo horizonte, minas Gerais, CeP-31.000-000, Brazil 
(e-mail: tiagoolima@yahoo.com.br); dAniellA pereirA fAGundeS de 
frAnÇA Programa de Pós-graduação em ecologia e manejo de recur-
sos Naturais, ufaC (universidade federal do acre), rio Branco, acre, CeP-
69.000-000, Brazil (e-mail: moojeni@hotmail.com). 

xANTUSIA wIGGINSI (Wiggins’ Desert Night Lizard). MÉXICO: 
BAJA CALIFORNIA SUR: Municipality of Mulegé, 46 km SW of 
San Ignacio (26.99164°N, 113.41670°W; WGS84), 10 m elev. 14 
February 2009. Adam Backlin and Robert Fisher. Verified by 
Bradford D. Hollingsworth. Photographic Collection, San Diego 
Natural History Museum (SDNHM_HerpPC_05208–09). South-
ernmost record for this species in Baja California Sur, extending 
the known range 36 km SSW from Rancho San Ángel (Grismer 
2002. Reptiles and Amphibians of Baja California: Including its 
Pacific Islands and the Islands in the Sea of Cortez. University 
California Press, Berkeley. xii + 399 pp.). This record also reduces 
the distributional gap between X. wigginsi and X. sherbrookei by 
96 km (Bezy et al. 2008. J. Herpetol. 42:680–688). The lizard was 
found under the bark of a decomposing Cardon Cactus (Pachy-
cereus pringlei).
 AdAm r. bAcklin (e-mail: abacklin@usgs.gov) and robert n. 
fiSher (e-mail: rfisher@usgs.gov), us Geological survey, western ecologi-
cal research Center, san diego field station, 4165 spruance road, suite 
200, san diego, California 92101, usa.

SQuAmAtA — SnAkeS

AGKISTRODON PISCIVORUS (Cottonmouth). USA: GEORGIA: 
Jeff davIs Co.: 4.3 km SE Denton (31.705298°N, 82.652605°W; NAD 
83). 20 March 2011. B. Preston. Verified by Lance D. McBrayer. 

GSU 19001. New county record (Jensen et al. [eds.] 2008. The 
Amphibians and Reptiles of Georgia. University of Georgia Press, 
Athens. 575 pp.).
 robert preSton, Jr., office of advancement, south Georgia Col-
lege, 100 west College Park drive, douglas, Georgia 31533, usa; dirk J. 
StevenSon, The orianne society, indigo snake initiative, 414 Club drive, 
hinesville, Georgia 31313, usa.

AGKISTRODON PISCIVORUS PISCIVORUS (Eastern Cotton-
mouth). USA: GEORGIA: TayloR Co.: Fall Line Sandhills Natural 
Area (32.578298°N, 84.269315°W; WGS 84.; elev. 206 m). 10 April 
2011. Robert L. Hill. Verified by John Jensen. UTADC 6901–6902. 
New county record (Jensen et al. [eds.] 2008. Amphibians and 
Reptiles of Georgia, Univ. of Georgia Press, Athens. 575 pp.); pre-
viously documented in adjacent Crawford, Macon, and Marion 
counties. This species has been observed in Taylor County, but 
there were previously no vouchered specimens. Specimen ob-
served swimming near center of a large ephemeral pond ~1.25 
km N of Hwy 92 just after midnight, was moved to shore, photo-
graphed, and released. 
 robert l. hill, department of research and Conservation, atlanta 
Botanical Garden, atlanta, Georgia 30309, usa; e-mail: rhill@atlantabotani-
calgarden.org.

ATRACTUS POTSCHI. BRAZIL: BAHIA: MunICIpalITy of RIo de 
ConTas: Tapera Farm (13.517278°S, 41.901722°W; datum Córrego 
Alegre; 1200 m elev.). O. J. dos Santos. 10 November 2008 to 20 
December 2009. Museu de Zoologia da Universidade Estadual 
de Santa Cruz, Ilhéus, Bahia (MZUESC 7929–7931). Verified by P. 
Passos. Species known form northeastern Brazil, from São Cris-
tovão (11.016667°S, 37.200000°W) in the state of Sergipe south-
westward to Poções (14.33333°S, 40.366667°W, 800 m. elev.) in 
the state of Bahia (Passos et al. 2010. Zootaxa 2364:1–63). These 
records in the Chapada Diamantina plateau extend the known 
range ca. 200 km NW from Poções and increases by 400 m the 
previous elevational limit (Passos et al., op. cit.).
 AntÔnio JorGe SuZArt ArGÔlo, JuliAnA AlveS de JeSuS, 
mArcoS ferreirA vilA novA, and cArloS AuGuSto SouZA coStA, 
universidade estadual de santa Cruz – uesC, Km 16 rodovia ilhéus-
itabuna, CeP 45662-900, ilhéus, Bahia, Brazil (e-mail: ajargolo@gmail.com).

ATROPOIDES MExICANUS (Mexican Jumping Pitviper). 
PANAMÁ: COCLÉ: Omar Torrijos National Park (8.666667°N, 
80.616667°W, WGS84; 718 m elev.). 2 October 2008. Julie M. Ray. 
Verified by Robert C. Jadin. UTADC 6814–15. First record for 
Coclé, with the closest known locality in Panamá being from 
Chiriquí Province to the west and Panamá Province to the east 
(Campbell and Lamar 2004. The Venomous Reptiles of the West-
ern Hemisphere, Vol. I. Cornell Univ. Press, Ithaca, New York. xvii 
+ 476 pp.). The snake was found on Los Helechos hiking trail, 
which is surrounded by mature secondary cloud forest. 
 Julie m. rAy, la miCa Biological station, el Copé de la Pintada, Coclé 
Province, republic of Panamá; e-mail: julie.ray@lamica.org.

BOA CONSTRICTOR (Boa Constrictor). HONDURAS: SANTA 
BÁRBARA: 2 km E of San José de Colinas (15.033394°N, 
88.283405°W, WGS84; 260 m elev.). 30 September 2010. James R. 
McCranie and Leonardo Valdés Orellana. Verified by Gustavo A. 
Cruz Díaz. UNAH 5640. First record for Santa Bárbara, with the 
closest known locality being ca. 30 km ESE at Agua Azul, Cortés 
(McCranie 2011. The Snakes of Honduras. Systematics, Distribu-
tion, and Conservation. Contrib. Hepetol. SSAR 26: x + 714 pp.). 
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The snake was killed by a local resident in an area of highly dis-
turbed thorn scrub.
 JAmeS r. mccrAnie, 10770 sw 164th street, miami, florida 33157–
2933, usa (e-mail: jmccrani@bellsouth.net); leonArdo vAldÉS orel-
lAnA, Gerente General de “hondufauna,” investigador Privado, Colonia 
américa, Bloque 9, Casa 1806, Comayagüela, mdC, honduras (e-mail: leo-
valor@hotmail.com).

COLUBER (=MASTICOPHIS) SCHOTTI (Schott’s Whipsnake). 
USA: TEXAS: vICToRIa Co.: ca. 200 m N of intersection of US Hwy 
59, and Hwy 77 (28.7308°N, 97.0399°W). 04 April 2010. Thomas 
Sinclair, John Williams, and Scott Wahlberg. Verified by Travis J. 
LaDuc, Texas Natural History Collections (TNHC 83101 photo 
voucher). New county record, extends range NE from previous 
known limit (Dixon 2000. Amphibians and Reptiles of Texas. 2nd 
ed., revised. Texas A&M Univ. Press, College Station, Texas. 421 
pp.). Under artificial cover in wooded area.
 thomAS A. SinclAir, 12903 Cloverwood drive, Cypress, Texas 
77429, usa (e-mail: tsinclair2@comcast.net); John t. williAmS, 12607 
orchard summit drive, sugar land, Texas 77498, usa; Scott A. wAhl-
berG, 715 martinsville street, Nacogdoches, Texas 75961, usa.

CROTALUS MOLOSSUS (Blacktail Rattlesnake). MÉXICO: CHI-
HUAHUA: MunICIpIo nuevo Casas gRandes: Sierra La Escondida 
(30.52033333°N, 107.76716667°W, WGS84; 1583 m elev.). 21 Au-
gust 2006. Ana Gatica-Colima. Verified by H. Gadsden-Esparza. 
Sección Herpetológica, Colección Científica de Vertebrados, 
Universidad Autónoma de Ciudad Juárez (CCV-UACJ 677–678). 
First record for the municipality and a ca. 48 km NE range exten-
sion from the nearest record in Chihuahua at Bosque near Rio 
Piedras Verdes, 1 km S Red Rock, Casas Grandes (Lemos Espinal 
et al. 2007. Anfibios y Reptiles del Estado de Chihuahua, México. 
UNAM-CONABIO, Tlanepantla, México, México. xiii + 613 pp.). 
Both male individuals were found during late morning, one on 
top of a rock and the other on the ground, in Chihuahuan Desert 
Scrub. Collecting permit (# 04660) was kindly issued by Direc-
ción General de Vida Silvestre, SEMARNAT.
 AnA GAticA-colimA (e-mail: agatica@uacj.mx), nicolÁS cor-
dovA-reZA (e-mail: jcordova_uacj@hotmail.com), and eduArdo mA-
ciAS-rodrÍGueZ (e-mail: eduardo26022003@yahoo.com.mx), Programa 
de Biología, laboratorio de ecología y Biodiversidad animal, universidad 
autónoma de Ciudad Juárez, anillo envolvente del ProNaf y estocolmo, 
Juárez, Chihuahua, méxico, CP. 32315. 

CROTALUS RAVUS RAVUS (Central Plateau Pygmy Rattle-
snake). MÉXICO: GUERRERO: Ejido Los Membrillos, Sierra 
Taxco (18.6312°N, 99.7238°W, WGS84 [estimated from map]; 
2350 m elev.). 17 June 2009. Jason M. Jones, Christoph Grünwald, 
and Robert W. Bryson Jr. Verified by Edmundo Pérez Ramos. 
MZFC 25112. First record for Guerrero, extending the known 
range ca. 65 km SW of records near Huitzilac, Morelos (Campbell 
and Armstrong 1979. Herpetologica 35:304–317). The large adult 
male was found basking near a clump of agaves on a rocky hill-
side in dry mixed oak forest.
 robert w. brySon, Jr., school of life sciences, university of Ne-
vada-las Vegas, 4505 maryland Parkway, las Vegas, Nevada 89154-4004, 
usa (e-mail: brysonjr@unlv.nevada.edu); JASon m. JoneS, 16310 ave-
nida florencia, Poway, California 92064, usa (e-mail: jasonjones@crotalus.
com); chriStoph GrÜnwAld, Carr. Chapala-Jocotepec oriente #57-1, 
Col. Centro, ajijic, Jalisco 45920, mexico (e-mail: trimorphodon111@yahoo.
com).

DIPSAS TEMPORALIS (Temporal Snail-eater). COLOM-
BIA: CÓRDOBA: TIeRRalTa: Parque Natural Nacional Paramillo 
(8.3533°N, 76.395°W; Bogotá WGS 84; elev. 800 m). 10 June 2009. 
J. E. Carvajal-Cogollo. ICN 11409. Verified by O. V. Castaño-Mora, 
Rafael A. Moreno-Arias, and Guido Medina-Rangel. New state 
record. Northernmost record for South America, extends known 
range to Cordillera Occidental ca. 380 km airline N from near-
est locality (Atrato River, Chocó, Colombia; Pérez-Santos and 
Moreno 1988. Ofidios de Colombia.  Monografía VI. Mus. Reg. 
Sci. Nat. Torino. 517 pp.). Species previously known from Pan-
ama, Ecuador, and Colombia (Pérez-Santos and Moreno 1988, 
op cit.; Uetz et al. 2011. http://reptile-database.org/, accessed 16 
July 2011). In Colombia it has been recorded from west of the 
Andes, in the Pacific plain, in the Atrato and San Juan rivers, De-
partment of Chocó (Pérez-Santos and Moreno 1988, op. cit.). 
 JuAn e. cArvAJAl-coGollo (e-mail: juancarvajalc@gmail.com), 
vlAdimir A. bernAl-GonZÁleZ (e-mail: vlacho83@gmail.com), Grupo 
Biodiversidad y Conservación, línea reptiles, instituto de Ciencias Natu-
rales, universidad Nacional de Colombia, apartado 7495, Bogotá, d.C., 
Colombia; neStor nonZoQue-lÓpeZ, Grupo sisBio, museo de historia 
Natural “luis Gonzalo andrade,” universidad Pedagógica y Tecnológica de 
Colombia-uPTC, Tunja-Colombia (e-mail: pocholope3@gmail.com).

DRYMARCHON MELANURUS (Central American Indigo Snake). 
MÉXICO: DURANGO: MunICIpIo sanTIago papasQuIaRo: San Juan de 
Camarones (24.927167°N, 106.411472°W, WGS84; 580 m elev.). 28 
June 1997. Raúl Muñiz-Martínez, Verified by Luis Canseco-Mar-
quez. CIIDIR-DGO 581-82. First published record for Durango 
and a 81 km ENE range extensión of the closest known local-
ity outside the state, 13.4 mi. (21.4 km) N San Lorenzo, Sinaloa 
(Hardy and McDiarmid 1969. Univ. Kansas Publ. Mus. Nat. Hist. 
18:39-252; McCranie 1980. Cat. Amer. Amphib. Rept. 267:1-4). 
There is one unpublished museum record (UMMZ 102478) from 
Laguna El Progresso, located in the Municipality of San Dimas, 
126 km SW of our locality. Both snakes of record were collected 
in tropical deciduous forest. 
 rAÚl muÑiZ mArtÍneZ (e-mail: raulmm1 @yahoo.com) and RO-
SAurA vAldeZ-lAreS, laboratorio de fauna silvestre, Ciidir-iPN-dGo, 
sigma 119, fracc. 20 de Noviembre ii, 34220, Cd. durango, durango, 
méxico. 

DRYMOBIUS MARGARITIFERUS (Speckled Racer). COLOM-
BIA: CÓRDOBA: TIeRRalTa: Cerro Murrucucú, Parque Natural Na-
cional Paramillo (8.3533°N, 76.395°W; Bogotá WGS 84; elev. 700 
m). 08 March 2009. J. E. Carvajal-Cogollo, V. Bernal, and N. Non-
zoque. ICN 11560, 11909, 11910. Verified by O. V. Castaño-Mora, 
Rafael A. Moreno-Arias, and Guido Medina-Rangel. First country 
record. Extends species range approx. 153 linear km E in the Ca-
ribbean region of Colombia, from western Panama (Savage 2002. 
The Amphibians and Reptiles of Costa Rica. A Herpetofauna Be-
tween Two Continents, Between Two Seas. University of Chicago 
Press, Chicago, Illinois. 934 pp.). Species was previously known 
from United States, Mexico, Panama, Guatemala, Honduras, 
Belize, El Salvador, Nicaragua, and Costa Rica (Uetz et al. 2011. 
http://reptile-database.org/, accessed 16 July 2011).
 JuAn e. cArvAJAl-coGollo (e-mail: juancarvajalc@gmail.com), 
vlAdimir A. bernAl-GonZÁleZ (e-mail: vlacho83@gmail.com), Grupo 
Biodiversidad y Conservación, línea reptiles, instituto de Ciencias Natu-
rales, universidad Nacional de Colombia, apartado 7495, Bogotá, d.C., 
Colombia; neStor nonZoQue-lÓpeZ, Grupo sisBio, museo de historia 
Natural “luis Gonzalo andrade,” universidad Pedagógica y Tecnológica de 
Colombia-uPTC, Tunja-Colombia (e-mail: pocholope3@gmail.com).
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FARANCIA ERYTROGRAMMA (Rainbow Snake). USA: GEOR-
GIA: Coffee Co.: 9.1 km SW Douglas, Bay Meadows subdivision 
(31.455084°N, 82.923252°W; NAD 83). 17 June 2009. R. Preston. 
Subadult DOR on Bay Meadows Road. GSU 19000. New county 
record (Jensen et al. [eds.] 2008. The Amphibians and Reptiles of 
Georgia. University of Georgia Press, Athens. 575 pp.).
 robert preSton, Jr., office of advancement, south Georgia Col-
lege, 100 west College Park drive, douglas, Georgia 31533, usa; dirk J. 
StevenSon, The orianne society, indigo snake initiative, 414 Club drive, 
hinesville, Georgia 31313, usa.

HELICOPS INFRATAENIATUS (Water Snake). BRAZIL: 
MATO GROSSO DO SUL: MunICIpalITy of IguaTeMI: 23.17475°S, 
54.37411°W (SAD 69). 01 Sep 2009. P. Landgref-Filho. Coleção 
Zoológica de Referência da Universidade Federal de Mato 
Grosso do Sul, Mato Grosso do Sul, Brazil (ZUFMS-REP 1267). 
Verified by N. R. Albuquerque. The distribution of H. infrataenia-
tus encompasses southern Paraguay, northeastern Argentina, 
Uruguay, and the states of southern (Rio Grande do Sul, Santa 
Catarina) and southeastern (São Paulo) Brazil (Giraudo 2001. 
La Diversidad de Serpientes de la Selva Paranaense y del Chaco 
Húmedo. Editorial Literature of Latin América, Buenos Aires, Ar-
gentina. 285 pp.; Lema 2002. Os répteis do Rio Grande do Sul. 
Atuais e fósseis—biogeografia—ofidismo. EDIPUCRS, Porto 
Alegre, Brazil. 264 pp.). First state record, extends range ca. 135 
km NW from Palotina (Paraná state), the closest known locality.
 pAulo lAndGref filho (e-mail: paulograf@yahoo.com.br) and cA-
milA Aoki (e-mail: aokicamila@yahoo.com.br), Programa de Pós-Gradua-
ção em ecologia e Conservação, Centro de Ciências Biológicas e da saúde, 
universidade federal de mato Grosso do sul. 79070-900. Campo Grande, 
ms, Brazil.

HELICOPS MODESTUS. BRAZIL: BAHIA: MunICIpalITy of CaITITé: 
14.03°S, 42.30°W (SAD 69), 970 m elev. 27 July 2008. T. Silva. Mu-
seu de Zoologia da Universidade Estadual de Santa Cruz, Ilhéus, 
Bahia, Brazil (MZUESC 7515, killed on the road, in the Caatinga 
biome). Verified by A. Argôlo. This species is found in Planal-
tina, Distrito Federal, Brazil, in cerrado biome (Nogueira 2001. 
Herpetol. Rev. 32:285–287), and Minas Gerais state (Peters and 
Donoso-Barros 1986. Catalogue of the Neotropical Squamata. 
Smithsonian Institution Press, Washington, D.C. 347 pp.). First 
state record and first for the northeastern region of Brazil, ex-
tending distribution ca. 580 km E from Planaltina municipality 
(Nogueira 2001, op. cit.) and ca. 660 km N from Belo Horizonte 
municipality (Peters and Donoso-Barros 1986, op. cit.).
 mArco Antonio de freitAS, Programa de Pós-graduação em Zoo-
logia aplicada, universidade estadual de santa Cruz (uesC) ilhéus, Bahia, 
Brazil (e-mail: philodryas@hotmail.com); thAÍS fiGueiredo SAntoS 
SilvA, Biogeographia Publicações e Consultoria ambiental, rua e quadra 
d lote 11, Jardim aeroporto, CeP 42700-000, lauro de freitas, Bahia, Brazil 
(e-mail: thaisfsilva@hotmail.com).

HETERODON PLATIRHINOS (Eastern Hog-nosed Snake). 
USA: GEORGIA: eaRly Co.: Williams Bluff Preserve: 31.19295°N, 
85.07835°W; (WGS 84), elev. 54 m. 12 May 2011. Robert L. Hill and 
Leslie Phillips. Verified by John Jensen. UTADC 6905–6906. New 
county record (Jensen et al. [eds.] 2008. Amphibians and Reptiles 
of Georgia, Univ. of Georgia Press, Athens. 575 pp.); documented 
previously in adjacent to Baker, Clay, Miller, and Seminole coun-
ties. Specimen observed at 0915 h crossing sandy dirt road ~0.33 
km N from gated entrance of preserve and ~0.7 km W from Hwy 
370. Moved off road, photographed, and released. 

 robert l. hill, department of research and Conservation, atlanta 
Botanical Garden, atlanta, Georgia 30309, usa; e-mail: rhill@atlantabotani-
calgarden.org.

LAMPROPELTIS TRIANGULUM (Eastern Milk Snake). USA: 
IOWA: WashIngTon Co.: IDNR SE District Office, Lake Darling 
State Park, Brighton (41.17916°N, 91.88611°W). 21 May 2008. Col-
lected by Vance Polton. Verified by Jeff Tamplin. Photo vouchers 
in Drake University Research Collection (DURCPC# 100a,b,c). 
New county record. Adult found in boat garage. Found in Henry 
and Jefferson counties to the south and Johnson Co. to the north 
(Christiansen et al. Reptiles of Iowa, University of Iowa Press, 
Iowa City. In press). 
 chAd dolAn, fisheries Bureau, iowa department of Natural re-
sources, Brighton, iowa 52540, usa (e-mail: Chad.dolan@dnr.iowa.gov); 
vAnce polton, fisheries Bureau, iowa department of Natural re-
sources, Brighton, iowa 52540, usa (e-mail: Vance.Polton@dnr.iowa.gov); 
JAmeS lAmer, Kibbe field station, western illinois university, warsaw, il-
linois 62739, usa (e-mail: jt-lamer@wiu.edu); John tucker, Great rivers 
field station, illinois Natural history survey, Brighton, illinois 62012, usa 
(e-mail: jktucker@inhs.uiuc.edu); Jeff pArmelee, department of Biol-
ogy, missouri state university, springfield, missouri 65897, usa (e-mail: 
jparmelee@missouristate.edu).

LEPTODEIRA SPLENDIDA (Splendid Cat-eyed Snake). 
MÉXICO: DURANGO: MunICIpIo sanTIago papasQuIaRo: San Juan de 
Camarones (24.927167°N, 106.411472°W, WGS84; 580 m elev.). 3 
February 2000. Raúl Muñiz-Martínez. Verified by Luis Canseco-
Marquez. CIIDIR-DGO 600. First published record for Durango 
and a 61 km range extension ENE of the closest known locality 
outside the state, 6 km E Cosalá, Sinaloa (Hardy and McDiarmid 
1969. Univ. Kansas Publ. Mus. Nat. Hist. 19:39–252). There is an 
unpublished museum record (CAS 169763) from Río Tamazula at 
Agua Caliente, Municipality of Tamazula, 50 km W of our record. 
The snake of record was found in tropical deciduous forest.
 roSAurA vAldeZ-lAreS and rAul muÑiZ-mArtineZ (e-mail: 
raulmm1@yahoo.com), laboratorio de fauna silvestre, Ciidir-iPN-dGo. 
sigma 119, fracc. 20 de Noviembre ii, 34220, Cd. durango, durango, méxico. 

LEPTOPHIS DIPLOTROPIS (Pacific Coast Parrot Snake). 
MÉXICO: DURANGO: MunICIpIo sanTIago papasQuIaRo: San Juan 
de Camarones (24.927167°N, 106.411389°W, WGS84; 580 m elev.) 
13 September 2000. Raúl Muñiz-Martínez. Verified by Luis Can-
seco-Marquez. CIIDIR-DGO 613. First record for Durango and 
a range extensión of 66 km NNE of the closest known locality, 
66 mi. (105.6 km) SE Culiacán, Sinaloa (Hardy and McDiarmid 
1969. Univ. Kansas Publ. Mus. Nat. Hist. 18:39–252). The snake 
was found in tropical deciduous forest. 
 roSAurA vAldeZ-lAreS and rAul muÑiZ-mArtineZ (e-mail: 
raulmm1@yahoo.com), laboratorio de fauna silvestre, Ciidir-iPN-dGo.  
sigma 119, fracc. 20 de Noviembre ii, 34220, Cd. durango, durango, 
méxico.

MICRURUS PROxIMANS (Nayarit Coralsnake). MÉXICO: 
NAYARIT: muniCiPio ruíz: on paved road in route east to Mesa de 
Nayar from Estación Ruíz; ca. 1.6 km W El Naranjo (22.028303°N, 
104.8791°W; ca. 1900 m elev.). 13 July 2009. Matt Nordgren and 
Robert Villa. Verified by Eric N. Smith. UAZ 57310-PSV. New mu-
nicipality record and a range extension of ca. 43 km NE of near 
Cinco de Mayo, ca. 5 mi. (8 km) W of Fed. Rt. 15, Municipality 
of Santiago Ixcuintla (MSB 10205). The snake was found DOR in 
tropical deciduous forest.
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 mAtt nordGren, 1210 Thornwell drive, athens, Georgia 30606, usa 
(e-mail: happyherper@gmail.com); robert villA, 811 N. 10th ave., Tuc-
son, arizona 85705, usa (e-mail: cacabel1985@gmail.com).

NERODIA ERYTHROGASTER TRANSVERSA (Blotched Wa-
tersnake). USA: TEXAS: hIdalgo Co.: McAllen, along S. 10th St. 
(26.16473°N, 98.23066°W; WGS 84). 31 March 2011. José Manuel 
Cantú Martínez and Edwin Quintero. Verified by Frank W. Judd. 
University of Texas – Pan American Vertebrate Museum (UTPA 
03116.) New county record (Dixon 2000. Amphibians and Rep-
tiles of Texas. 2nd ed., revised. Univ. of Texas A&M Press, Col-
lege Station, Texas. viii + 421 pp.; Werler and Dixon 2000. Texas 
Snakes: Identification, Distribution, and Natural History. Univer-
sity of Texas Press, Austin, Texas. xv + 437 pp.). Male (55.2 cm SVL, 
68.0 cm TL, mass 211.3 g) found foraging in an irrigation ditch at 
1818 h. Habitat consisted mostly of tall cattail reeds in shallow 
water roughly 30 cm deep.

 A previous photographic record of N. erythrogaster trans-
versa from Estero Llano Grande State Park (Weslaco, Hidalgo Co., 
26.12634°N, 97.95649°W; WGS 84), approximately 28 km E from 
the McAllen record, was taken by CRH on 06 June 2009. A second 
male from Hidalgo Co., near Donna (26.09488°N, 98.07272°W; 
WGS 84), 18 km ESE from the McAllen record, was captured on 
10 April 2011 by N. de la Cruz, J. Martinez, R. Silva, and M. Val-
dez. These observations fill a distributional gap in the Lower Rio 
Grande Valley between Starr Co. (63 km WNW of McAllen) and 
Cameron Co. (85 km ESE of McAllen). 
 JoSÉ mAnuel cAntÚ mArtÍneZ, edwin Quintero, frederic 
ZAidAn iii (e-mail: fzaidan@utpa.edu), department of Biology and Center 
for subtropical studies, university of Texas – Pan american, 1201 west uni-
versity drive, edinburg, Texas 78539, usa; chriStopher r. hArriSon, 
department of Biology, Northwest Vista College, 3535 North ellison drive, 
san antonio, Texas 78251, usa (e-mail: charrison34@alamo.edu).

OPHEODRYS AESTIVUS (Rough Greensnake). USA: GEORGIA: 
WheeleR Co.: 4.6 km SE of Scotland (32.029760°N, 82.774528°W; 
NAD 83). 7 April 2011. L. Wyrwich, D. Benboe, J. Godwin, and 
D. Stevenson. Verified by Lance D. McBrayer. GSU 18998. New 
county record (Jensen et al. [eds.] 2008. The Amphibians and 
Reptiles of Georgia. University of Georgia Press, Athens. 575 
pp.).
 luke wyrwich and dAniel benboe, Zoo atlanta, department of 
herpetology, 800 Cherokee ave., se, atlanta, Georgia 30312, usa; JAmeS 
c. Godwin, alabama Natural heritage Program, environmental institute, 
1090 s. donahue drive, auburn university, alabama 36849, usa; dirk J. 
StevenSon, The orianne society, indigo snake initiative, 414 Club drive, 
hinesville, Georgia 31313, usa.

OxYRHOPUS FORMOSUS (Yellow-headed Calico Snake). CO-
LOMBIA: CÓRDOBA: TIeRRalTa: Cerro Murrucucú, Parque Natu-
ral Nacional Paramillo (8.3533°N, 76.395°W; Bogotá WGS 84; 
elev. 800 m). 03 March 2009. J. E. Carvajal-Cogollo and V. Ber-
nal. ICN 10453, 11561. Verified by O. V. Castaño-Mora, Rafael 
A. Moreno-Arias, and Guido Medina-Rangel. New state record. 
Northernmost record for South America, extends range to Cor-
dillera Occidental ca. 380 km airline N from nearest locality 
(Magdalena Valley, Department of Santander; Pérez-Santos and 
Moreno 1988. Ofidios de Colombia.  Monografía VI. Mus. Reg. 
Sci. Nat. Torino. 517 pp.). Species was prevously known from 
Colombia, Venezuela, Ecuador, Peru, Guyana, Surinam, French 
Guiana, Brazil, Argentina, Bolivia (Uetz et al. 2011. http://reptile-
database.org/, accessed 16 July 2011). In Colombia it has been 

recorded from the west of the Andes, in Eastern and Central Cor-
dilleras (Pérez-Santos and Moreno 1988, op. cit.). 
 JuAn e. cArvAJAl-coGollo (e-mail: juancarvajalc@gmail.com), 
vlAdimir A. bernAl-GonZÁleZ (e-mail: vlacho83@gmail.com), Grupo 
Biodiversidad y Conservación, línea reptiles, instituto de Ciencias Natu-
rales, universidad Nacional de Colombia, apartado 7495, Bogotá, d.C., 
Colombia; neStor nonZoQue-lÓpeZ, Grupo sisBio, museo de historia 
Natural “luis Gonzalo andrade,” universidad Pedagógica y Tecnológica de 
Colombia-uPTC, Tunja-Colombia (e-mail: pocholope3@gmail.com).

PANTHEROPHIS GUTTATUS (Red Cornsnake). USA: GEORGIA: 
Calhoun Co.: 31.59013°N, 84.50880°W (WGS 84), elev. 73 m. 11 
May 2011. Robert L. Hill and Leslie Phillips. Verified by John Jen-
sen. UTADC 6903–6904. New county record (Jensen et al. [eds.], 
2008. Amphibians and Reptiles of Georgia. Univ. of Georgia Press, 
Athens. 575 pp.); documented previously in adjacent Baker and 
Miller counties. Fresh DOR specimen observed at 2205 h on 
County Road 136, ~0.15 km S of jct with Hwy 234. Photographed 
and moved off road. 
 robert l. hill, department of research and Conservation, atlanta 
Botanical Garden, atlanta, Georgia 30309, usa; e-mail: rhill@atlantabotani-
calgarden.org. 

PITUOPHIS MELANOLEUCUS (Pinesnake). USA: ALABAMA: 
MaCon Co.: DOR 75 m W of the intersection of State Road 14 
and Macon County Rd. 77 (32.55921°N, 85.79234°W; WGS 84). 
26 April 2011. S. Graham. AUM 39504. Verified by Craig Guyer. 
New county record (Mount 1975. The Reptiles and Amphibians 
of Alabama. Auburn Printing Co., Auburn, Alabama. 347 pp.). 
This record fills a ~50 km distribution gap for this species be-
tween the nearest specimens known from Tallapoosa Co. to the 
west and Russell Co. to the east. Like nearby specimens from Tal-
lapoosa Co. (Mount, op. cit.), this specimen appears intergradi-
ent between P. m. melanoleucus and P. m. mugitus, having well-
defined, black posterior blotches and a speckled anterior with 
no blotches.
 SeAn p. GrAhAm, auburn university department of Biological sciences, 
331 funchess hall, auburn, alabama, usa; e-mail: grahasp@auburn.edu.

RAMPHOTYPHLOPS BRAMINUS (Brahminy Blind Snake). 
GABON: OGOOUÉ-MARITIME PROVINCE: BendJé depaRTMenT: 
Port-Gentil, Quartier SEEG. April 2008. P. Sarrazin. Institut Royal 
des Sciences naturelles de Belgique, Brussels (IRSNB 17969). 
Smithsonian Institution’s Gabon Biodiversity Center, Gamba 
(Gamba 244). Verified by G. L. Lenglet (IRSNB). Both individu-
als found in cultivated house garden, where species reportedly 
is common according to local gardeners. First provincial record. 
This introduced species presently is known in Gabon from the 
capital city, Libreville, Estuaire Province and Port-Gentil (Pau-
wels et al. 2004. Hamadryad 29:138–139; Pauwels and Vande 
weghe 2008. Les reptiles du Gabon. Smithsonian Institution, 
Washington, D.C. 272 pp.). We thank G. L. Lenglet (IRSNB) for 
providing working facilities.
 olivier S. G. pAuwelS, département des Vertébrés récents, insti-
tut royal des sciences naturelles de Belgique, rue Vautier 29, 1000 Brus-
sels, Belgium (e-mail: osgpauwels@yahoo.fr); elie tobi, smithsonian 
institution, c/o shell Gabon, BP 48, Gamba, Gabon (elie_tobi@yahoo.fr); 
philippe SArrAZin, B.P. 1848, Port-Gentil, Gabon (e-mail: philippesarra-
zin@hotmail.fr).

RAMPHOTYPHLOPS BRAMINUS (Brahminy Blind Snake). 
CAPE VERDE: ISLAND OF SANTIAGO: MunICIpalITy of sanTa CRuZ: 
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Region of Achada Fazenda, Village of Zimbrão (15.061515°N, 
23.626099°W). Late November 2009. Verified by Van Wallach. 
Florida Museum of Natural History, University of Florida. UF 
157346, 157347. An invasive in many parts of Africa, particularly 
along coasts (Nussbaum 1980. Herpetologica 36[3]:215–221). 
Cape Verde, an archipelagic nation located ~500 km off west 
coast of Africa, has no native snakes (Heckman 1985. Environ. 
Mgmt. 9[2]:141–149). These specimens mark the first records 
of suborder Serpentes within the country. Two bricklayer’s as-
sistants located the specimens while cleaning around a house 
under construction (B. Nascimento, pers. comm.). Reports from 
Cape Verde indicated that farmers in Ribeira Zimbrão located 
two additional snakes in January 2010. We thank Jeff Lord for 
bringing these specimens to our attention. 
 kirSten hecht-kArdASZ (e-mail: kirstenkardasz@gmail.com), and 
mAx A. nickerSon (e-mail: maxn@flmnh.ufl.edu), florida museum of 
Natural history, university of florida, Gainesville, florida 32611, usa.

REGINA RIGIDA (Glossy Crayfish Snake). USA: ARKANSAS: Cal-
houn Co.: 2 km N of Calion, Ouachita River backwaters off US 
167; (33.346344°N, 92.532132°W). 01 April 2011. M. B. Connior. 
Verified by S. E. Trauth. Arkansas State University Museum of 
Zoology Herpetology Collection (ASUMZ 31641). New county re-
cord (Trauth et al. 2004. The Amphibians and Reptiles of Arkan-
sas. University of Arkansas Press, Fayetteville. 421 pp.). Has also 
been collected in neighboring Union Co. This juvenile individual 
was hand-captured under a log in a small slough.
 mAtthew b. connior, health and Natural sciences, south arkansas 
Community College, 300 s. west avenue, el dorado, arkansas 71730, usa; 
e-mail: mconnior@southark.edu.

STORERIA DEKAYI (Dekay’s Brownsnake). USA: GEORGIA: eff-
InghaM Co.: 12.0 km E Newington (32.579298°N, 81.375730°W; 
NAD 83). 2 February 2011. M. Elliott, D. Stevenson, and A. Day. 
Verified by Lance D. McBrayer. GSU 18999. New county record 
(Jensen et al. [eds.] 2008. The Amphibians and Reptiles of Geor-
gia. University of Georgia Press, Athens. 575 pp.).
 mAtthew J. elliott, Georgia department of Natural resources 
wildlife resources division, Nongame Conservation section, 2065 us hwy 
278, se, social Circle, Georgia 30025, usa; Andy dAy and dirk J. Steven-
Son, The orianne society, indigo snake initiative, 414 Club drive, hines-
ville, Georgia 31313, usa.

THAMNODYNASTES ALMAE (Jararaca False Snake). BRAZIL: 
RIO GRANDE DO NORTE: MunICIpalITy of sanTa MaRIa: Fazenda 
Tanques (5.854°S, 35.701°W; datum WGS84), elev. 137 m. 17 Oc-
tober 2009. J. da Silva Jorge. Coleção Herpetológica do Depar-
tamento de Botânica, Ecologia e Zoologia, Universidade Federal 
do Rio Grande do Norte, Natal, Rio Grande do Norte (CHBEZ 
3044–3046). Verified by F. L. Franco. The species was known only 
in Brazil from Bahia, Ceará, Paraíba, Pernambuco, Alagoas and 
Bahia states (Franco and Ferreira 2002. Phyllomedusa 1:57–74; 
Guedes 2010 Herpetol. Rev. 41:245; Roberto et al. 2009. Herpetol. 
Rev. 40:238). New state record, extending range 250 km NW from 
the municipality of Cabaceiras, state of Paraíba, Brazil (Guedes 
2010, op. cit.). All exemplars were collected in rupicolous brome-
liads (Encholirium spectabile) in rock outcrops in Agreste region.
 JAQueiuto S. JorGe (e-mail: queilto@yahoo.com.br) and eliZA 
m. x. freire, laboratório de herpetologia, departamento de Botânica, 
ecologia e Zoologia, Centro de Biociências, universidade federal do rio 
Grande do Norte, Campus universitário, lagoa Nova, CeP 59072-970, 
Natal, rio Grande do Norte, Brazil (e-mail: elizajuju@ufrnet.br).

THAMNOPHIS BRACHYSTOMA (Short-headed Gartersnake). 
USA: OHIO: TRuMBull Co.: Brookfield Township, Masury. Sha-
ron-Bedford Road, 0.576 km W of junction with State Line Road 
(41.20738°N; 80.52574°W; WGS 84). 27 July 2009, Raymond J. 
Novotny. Verified by Timothy O. Matson. Cleveland Museum 
of Natural History (CM 13425). New county record (Wynn and 
Moody 2006. Ohio Turtle, Lizard, and Snake Atlas. Ohio Biol. 
Surv. Misc. Contrib. No. 10). Previously, BSG and MAL con-
firmed a population of T. brachystoma in Mercer Co., Pennsyl-
vania at the Pennsylvania-Ohio border 2.4 km N of Interstate 80 
(41.20625°N; 80.51859°W; WGS 84). Voucher specimen deposited 
at the Natural History Museum at the Tom Ridge Environmental 
Center (TREC R-00053). This find led RJN to search for and sub-
sequently discover the species in Trumbull Co., Ohio at a site 0.5 
km W of the Pennsylvania site. Extends the range ca. 15 km N 
of nearest Ohio locality in Mahoning Co. (Novotny 1990. Herpe-
tol. Rev. 21:42). These observations are approximately 36 km W 
of the nearest Pennsylvania records in Mercer Co. (Hulse et al. 
2001. Amphibians and Reptiles in Pennsylvania and the North-
east. Cornell Univ. Press, Ithaca. xii + 419 pp.). 

We thank Gian Rocco for alerting us to the presence of this 
population.
 rAymond J. novotny, ford Nature Center – mill Creek metroParks, 
840 old furnace road youngstown, ohio 44511, usa (e-mail; raynovotny@
yahoo.com); mArk A. lethAby (e-mail: mlethaby@verizon.net) and 
briAn S. GrAy, Natural history museum at the Tom ridge environmental 
Center, 301 Peninsula drive, erie, Pennsylvania 16505, usa (e-mail: bra-
chystoma@hotmail.com).

THAMNOPHIS ELEGANS (Terrestrial Gartersnake). USA: NE-
BRASKA: BanneR Co.: 3 km S, 21 km W Harrisburg, Bull Canyon 
(41.52972°N, 103.9918°W; NAD 1983). 4 August 2010 and 19 Sep-
tember 2010. Keith Geluso and Kenneth N. Geluso. Verified by 
Curtis J. Schmidt. Sternberg Museum of Natural History, Fort 
Hays State University, Hays, Kansas (MHP 15627, 15625, respec-
tively). First county records. Specimens represent a 100 km range 
extension to the south of localities in Sioux Co. (Ballinger et al. 
2010. Amphibians and Reptiles of Nebraska. Rusty Lizard Press, 
Oro Valley, Arizona. 400 pp.; Fogell 2010. A Field Guide to the 
Amphibians and Reptiles of Nebraska. University of Nebraska, 
Lincoln. vi + 158 pp.). Individuals were captured along an inter-
mittent stream on the floor of the canyon. Banks of the stream 
bed were grassy and shaded by Box Elders (Acer negundo). Steep 
slopes of canyonsides contained junipers (Juniperus sp.) and 
Ponderosa Pines (Pinus ponderosa). 
 keith GeluSo, department of Biology, university of Nebraska at 
Kearney, Kearney, Nebraska 68849, usa (e-mail: gelusok1@unk.edu); 
kenneth n. GeluSo, department of Biology, university of Nebraska at 
omaha, omaha, Nebraska 68182, usa.

THAMNOPHIS RADIx (Plains Gartersnake). USA: ILLINOIS: 
CaRRoll Co.: Savanna, residence on the corner of Jefferson St. & 
3rd St. (42.093380°N, 90.156288°W; WGS84). 23 May 2011. Col-
lected by A. M. Durso. Verified by C. A. Phillips. INHS 2011-03. 
New county record (Phillips et al. 1999. Field Guide to Amphib-
ians and Reptiles of Illinois. Illinois Natural History Survey Man-
ual 8. 300 pp.). An adult female T. radix and three juveniles were 
discovered under paving stones in a residential garden in down-
town Savanna.
 Andrew m. durSo, eastern illinois university, department of Bio-
logical sciences, Charleston, illinois 61920, usa; e-mail: amdurso@gmail.
com.
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The herpetofauna of Zacatecas is relatively poorly known 
judging by the few studies that have been published for the state. 
To date, 18 species of amphibians and 59 species of reptiles have 
been documented from Zacatecas (CONABIO 2006). Other papers 
listing species in Zacatecas include those by Smith and Taylor 
(1945, 1948, 1950), Baker et al. (1967), Wilson and McCranie (1979), 
and Baker et al. (1980). To help rectify this deficit in distributional 
information, we conducted field herpetological surveys in 2008 
within the municipality of Atolinga, and during 2009 in the 
southern part of the state in the municipalities of Mezquital 
del Oro, Trinidad García de la Cadena, and Moyahua de Estrada 
(Fig. 1). Our collecting efforts produced nine new state and three 
new municipality records; all are presented herein. All voucher 
specimens and photographs were deposited in the Museo de 
Zoología, Facultad de Ciencias, UNAM (MZFC). All vouchers were 
collected by the first two authors and identifications verified by 
Luis Canseco Marquez. The map datum for locality coordinates 
was WGS84. Standard English names are those suggested by Liner 
and Casas-Andreu (2008).

AnurA — froGS

RHINELLA MARINA (Cane Toad). MunICIpalITy of MeZQuITal del 
oRo: 1 km N of Mezquital del Oro (21.22769°N, 103.37003°W), 
1230 m elev. 19 April 2009. MZFC-ID 014. New state record and 
a ca. 56 km N range extension from closest reported locality 
north of Guadalajara, Jalisco (Ponce-Campos and Huerta-Ortega 
2004). The toad was found in tropical deciduous forest.

SMILISCA FODIENS (Lowland Burrowing Treefrog).  Mu-
niCiPaliTy of garCía DE la CaDEna: 2 km S of García de la Cadena 
(21.18928°N, 103.47519°W), 1880 m elev. 31 August 2008. MZFC 
23703. New state record, and a ca. 50 km NE (air line) range ex-
tension from the closet known locality at La Magdalena, Jalisco 
(Duellman 2001). This species was commonly observed under 
rocks in tropical deciduous forest.

HYPOPACHUS VARIOLOSUS (Sheep Frog). MunICIpalITy of 
MeZQuITal del oRo: 1 km N of Mezquital del Oro (21.22769°N, 
103.37003°W), 1230 m elev. 19 April 2009. MZFC 23716. Munici-
pality of Atolinga, Ojo de Agua, 2 km W Los Adobes (21.74808°N, 

103.49856°W), 2151 m elev. 28 July 2008. MZFC 23696. New state 
record, filling a distributional gap between localities at Guada-
lajara, Jalisco (Ponce-Campos and Huerta-Ortega 2004), and in 
the Municipality of Calvillo, Aguascalientes (Vásquez-Díaz and 
Quintero-Díaz 2005). The frogs were found in tropical deciduous 
forest and oak forest, respectively.

LITHOBATES NEOVOLCANICUS (Transverse Volcanic Leop-
ard Frog). muniCiPaliTy of garCía DE la CaDEna: 2 km S of García 
de la Cadena (21.19858°N, 103.47378°W), 1770 m elev. 31 Au-
gust 2008. MZFC 23699. Municipality of Atolinga, Cerrito Pelón 
(21.82803°N, 103.41067°W), 2067 m elev. 26 October 2008. MZFC 
23708. New state records, filling a distributional gap between lo-
calities north of Guadalajara, Jalisco (Ponce-Campos and Huer-
ta-Ortega 2004), and in the Municipality of Calvillo, Aguascali-
entes (Vásquez-Díaz and Quintero-Díaz 2005). The frogs were 
found in grassland and aquatic vegetation, respectively. 

LITHOBATES PSILONOTA (Smooth-backed Frog). MunICIpalITy 
of MeZQuITal del oRo: 1 km N of Mezquital del Oro (21.22744°N, 
103.16689°W), 1255 m elev. 17 May 2009. MZFC 23721. New state 
record, and a ca. 56 km N range extension from the closet known 
locality north of Guadalajara, Jalisco (Ponce-Campos and Huer-
ta-Ortega 2004). It also fills a distributional gap between records 
in Aguascalientes and Jalisco (Hillis et al. 1984; Webb 2001). The 
frog was found in tropical deciduous forest near a water source. 

SQuAmAtA — liZArdS

CTENOSAURA PECTINATA (Western Spiny-tailed Iguana). 
MunICIpalITy of MeZQuITal del oRo: 1 km N Mezquital del Oro 
(21.22744°N, 103.16689°W), 1255 m elev. 17 May 2009. MZFC 
23722. New municipality record. Previously known in Zacatecas 
from Santa Rosa, about 20 km (air line) to the northwest (Baker 
et al. 1967). The specimen was found in tropical deciduous forest.

SCELOPORUS CLARKII (Clark’s Spiny Lizard). MunICIpalITy of 
MeZQuITal del oRo: 1 km N of Mezquital del Oro (21.22769°N, 
103.37003°W), 1230 m elev. 16 May 2009. MZFC 23719. New mu-
nicipality record. Previously known in Zacatecas from Santa Rosa, 
about 20 km (air line) to the northwest (Baker et al. 1967). The 
specimen was found in tropical deciduous forest.

SCELOPORUS UTIFORMIS (Cope’s Large-scaled Spiny Lizard). 
MunICIpalITy of MeZQuITal del oRo: 1 km N of Mezquital del Oro 
(21.22769°N, 103.37003°W), 1230 m elev. 19 April 2009. MZFC 
23717–718. New state record, with the closest previous known 
locality being from the Rio Santiago near Guadalajara, Jalisco 
(Ponce-Campos and Huerta-Ortega 2004). The specimen was 
found in tropical deciduous forest.

UROSAURUS BICARINATUS (Tropical Tree Lizard). MunICIpalITy 
of aTolInga: 3 km E of Cerrito Pelón (21.84442°N, 103.41564°W), 
2120 m elev. 28 September 2008. MZFC 23705. New municipal-
ity record, and a range extension of ca. 73 km (air line) N of a 
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previously known locality in the state at Santa Rosa (Baker et al. 
1967). The specimen was found in oak forest.

SQuAmAtA — SnAkeS

LAMPROPELTIS MExICANA (San Luis Potosí Kingsnake). Mu-
nICIpalITy of aTolInga, la CIenega: (21.66683°N, 103.51244°W), 
2328 m elev. 29 September 2008. MZFC 23706. New state record, 
extending the known range in Zacatecas ca. 106 km SW from the 
closest known locality at Arroyo los Timones, 1 km S of Santa 
Rosa (Quintero-Díaz et al. 2001), and fills an east-west gap be-
tween the known localities in Aguascalientes (Vásquez-Díaz and 
Quintero-Díaz, 2005) and Nayarit (Hansen et al. 2011). The snake 
was found in oak forest.

LEPTODEIRA SPLENDIDA (Splendid Cat-eyed Snake). Mu-
nICIpalITy of MeZQuITal del oRo: 1 km N of Mezquital del Oro 
(21.22744°N, 103.16689°W), 1255 m elev. 17 May 2009. MZFC 
23723. New state record, extending the known range ca. 42 km 
N from the closet known locality north of Guadalajara, Jalisco 
(Ponce-Campos et al. 2003). The specimen was found in tropical 
deciduous forest.

CROTALUS BASILISCUS (Mexican West Coast Rattlesnake). 
MunICIpalITy of Moyahua de esTRada: 2.25 km N (by road) of Santa 
Rosa (21.21256°N, 103.18183°W), 1148 m elev. 7 August 2009. 
MZFC-ID 013. New state record, with the closest known locality 
being 102 km S from Rio Santiago in Guadalajara, Jalisco (Ponce-
Campos and. Huerta-Ortega 2004). The specimen was found in 
tropical deciduous forest.
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 Nicaragua has a diverse herpetofauna (Köhler 2001; Sunyer 
and Köhler 2010) that, until recently, has been relatively neglected 
by researchers when compared to its neighboring countries, Costa 
Rica (Sasa et al. 2010; Savage 2002) and Honduras (McCranie and 
Wilson 2002; Townsend and Wilson 2010). As the largest country 
in Central America, Nicaragua’s herpetofaunal diversity is still one 
of the least known in the region, due largely to the inaccessibil-
ity of many areas, particularly along the Atlantic versant. Recent 
herpetological studies have targeted these inaccessible areas and 
our knowledge of the Nicaraguan herpetofauna has grown con-
siderably ever since (Köhler 2001; Köhler et al. 2004; Köhler and 
Sunyer 2006; Sunyer and Köhler 2007, 2010; Sunyer et al. 2008a, 
2009a, 2009b, 2010). Among these under-surveyed regions is the 
largest protected area in the country, Reserva de la Biósfera Bosa-
was (Bosawas). Covering a total area of 19,926 km2, roughly 16.5% 
the total land area in the country, Bosawas is situated in north-
central Nicaragua within the departments of Jinotega and Región 
Autónoma del Atlántico Norte (Atlántico Norte) (MARENA 2009). 
In addition to vast expanses of primary lowland broadleaf rain-
forest, Bosawas contains several intact cloud forests and is part 
of the southern end of the Nuclear Central American highlands. 
Five of these highland sites lying within the boundary of Bosa-
was have also been delineated protected areas: Parque Nacional 
Saslaya, Reserva Natural Cerro Kilambé, Reserva Natural Macizos 
de Peñas Blancas, Reserva Natural Cerro Banacruz, and Reserva 
Natural Cerro Cola Blanca (MARENA 2009). 
 While conducting surveys throughout Bosawas from June 
2007 through October 2008, we documented 38 new depart-
mental records, and several other noteworthy accounts of am-
phibians and reptiles that were poorly known within Nicaragua, 
reported herein. All specimens were verified by Sebastian Lotz-
kat and Robert Lara. Voucher specimens were deposited in the 

Florida Museum of Natural History (UF), Senckenberg Forschun-
gsinstitut und Naturmuseum (SMF), or Museo Herpetológico de 
la UNAN-Leon (MHUL). Departmental and other records were 
confirmed using locality information summarized in Köhler 
and Seipp (1998), Köhler (2001), Köhler et al. (2004), Sunyer and 
Köhler (2007), Sunyer et al. (2009a), or in other references cited in 
the text. Geocoordinates are based on datum WGS84.

AnurA — froGS

AGALYCHNIS SALTATOR. JINOTEGA: Siwi Was (14.383407°N, 
84.966888°W), 180 m elev. 30 July 2007. S. L. Travers, R. Picado, 
J. F. López, and S. Charley. UF 156023. New departmental record 
and only the third from Nicaragua, with the closest one being 
from Eden Mine and Siuna, Department of Atlántico Norte (Du-
ellman 2001; King et al. 2007). The frog was sitting on a tree leaf 
at 2005 h, 2 m above forest floor. 

CRAUGASTOR LAURASTER. JINOTEGA: Reserva Natural Cerro 
Kilambé, El Chiflón (13.5781°N, 85.707967°W), 1540 m elev. 5 Oc-
tober 2008. S. L. Travers, L. A. Obando, A. Velasquez, J. Lumbi, N. 
Lumbi, J. S. Lumbi, and A. Zelaya. UF 156037. New departmental 
record and slight upward elevational extension of 5 m (Sunyer 
and Köhler 2010). It is also known from the adjacent Nicara-
guan departments of Matagalpa and Estelí (Köhler 2001). Atlán-
tico Norte: Parque Nacional Saslaya, Campamento Pie Saslaya 
(13.76825°N, 85.024483°W), 1200 m elev. 3 July 2007. S. L. Travers, 
J. Sunyer, L. A. Obando, and O. Montalván. UF 156038. New de-
partmental record. 

CRAUGASTOR MIMUS. JINOTEGA: Reserva Natural Cerro 
Kilambé, Campamento Oedipina (13.574567°N, 85.696817°W), 
1626 m elev. 16 July 2008. S. L. Travers, L. A. Obando, S. Doucette-
Riise, A. Velasquez, M. Lumbi, I. Arauz, A. Zelaya, and M. Arauz. 
UF 156031. This record extends the known elevational range of 
this species by 686 m (Savage 2002). 

HYPOPACHUS VARIOLOSUS. JINOTEGA: Reserva Natural Cerro 
Kilambé, La Escuelita (13.619633°N, 85.723317°W), 1070 m elev. 
19 July 2008. S. L. Travers, L. A. Obando, S. Doucette-Riise, A. 
Velasquez, A. Zelaya, and M. Arauz. UF 156020. New departmen-
tal record. The frog was found dead at 1615 h on a dirt road.

INCILIUS COCCIFER. JINOTEGA: Wiwilí (13.62375°N, 
85.798633°W), 353 m elev. 13 July 2008. S. L. Travers, L. A. Oban-
do, and S. Doucette-Riise. UF 156022. New departmental record. 
The toad was found calling at 2000 h from a puddle in a cattle 
pasture.

INCILIUS CONIFERUS. JINOTEGA: Siwi Was (14.387767°N, 
84.979917°W), 180 m elev. 29 July 2007. S. L. Travers, R. Picado, J. 
F. López, and S. Charley. UF 156033. Northernmost record for the 
species in Central America, extending its range 118 km NE from 
Cerro Kilambé, El Hielo, Jinotega (Köhler 2001). The toad was 
found active on a palm frond at 2030 h, 1 m above forest floor.
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SMILISCA PHAEOTA. JINOTEGA: Reserva Natural Cerro Kilam-
bé, La Reculona (13.5781°N, 85.69495°W), 1457 m elev. 15 July 
2008. S. L. Travers, L. A. Obando, S. Doucette-Riise, A. Velasquez, 
M. Lumbi, and I. Arauz. UF 156034. New elevational record ex-
tending the range of the species upward by 207 m (Köhler 2001).
 
SMILISCA SORDIDA. JINOTEGA: Supa Was (14.4599°N, 
84.981867°W), 175 m elev. 24 August 2008. S. L. Travers, D. Man-
zanarez, R. Picado, J. F. López, and S. Charley. UF 156323. New 
departmental record that fills in a distributional gap of 210 km 
between the northernmost Nicaraguan record (Duellman 2001) 
and the nearest known locality in Honduras (McCranie et al. 
2006). The frog was active at 2054 h on tree branch, 8 m above 
forest floor.

TERATOHYLA PULVERATA. AtlÁNtICO NORtE: Laka Papan 
(14.369467°N, 84.906983°W), 220 m elev. 18 August 2008. S. L. 
Travers, D. Manzanarez, R. Picado, J. F. López, and S. Charley. UF 
156029. New departmental record for this species (Köhler 2001) 
that was previously known only from three localities in Nicara-
gua (Köhler 2001; Sunyer et al. 2009a).

TERATOHYLA SPINOSA. AtlÁNtICO NORtE: Kama Pih 
(14.292533°N, 84.896067°W), 250 m elev. 26 July 2007. S. L. 
Travers, R. Picado, J. F. López, and S. Charley. UF 156012. New 

departmental record. The frog was calling from a tree branch 
at 1920 h, 1.3 m above a stream. Jinotega: Supa Was (14.4599°N, 
84.981867°W), 175 m elev. 24 August 2008. S. L. Travers, R. Picado, 
J. F. López, and S. Charley. UF 156030, 156035. New departmen-
tal records. The amplexing pair was found on a leaf at 2040 h, 4 
m above a stream. Teratohyla spinosa inhabits humid lowlands 
from eastern Honduras to northwestern Ecuador (McCranie and 
Wilson 2002; Savage 2002) and was only recently documented 
in Nicaragua (Sunyer and Köhler 2007). Our records fill in a pre-
vious distributional gap of 412 km between the northernmost 
Nicaraguan record (Sunyer and Köhler 2007) and the nearest 
known locality in Honduras (McCranie et al. 2006).

SQuAmAtA — liZArdS

ANOLIS BIPORCATUS. JINOTEGA: Reserva Natural Cerro Kilam-
bé, on property of A. Velasquez (13.585583°N, 85.70485°W), 1300 
m elev. 4 October 2008. S. L. Travers, L. A. Obando, and J. Lumbi. 
UF 156021. New departmental record. 

ANOLIS CAPITO. JINOTEGA: Reserva Natural Macizos de Pe-
ñas Blancas, El Fogón (13.27498°N, 85.708067°W), 1405 m elev. 
23 October 2008. S. L. Travers, L. A. Obando, and B. Alemán. UF 
156024. New elevational record, extending its range upward by 
105 m (Köhler 2001; Savage 2002).

fIg. 1. Map of Reserva de la Biósfera Bosawas, Nicaragua. Numbers correspond to the following collection localities: Limi Tingni (1), Wailahka 
(2), Aran Dak (3), Supa Was (4), Maikawana (5), Siwi Was (6), Muru Ta (7), Pamka Buhna (8), Laka Papan (9), Kulum Kitang (10), Urus Was (11), 
Kama Pih (12), Krin Krin (13), Río Bocay near Amak (14), Campamento Pie Saslaya (15), El Revenido (16), Río Majagüe (17), Siuna (18), Wiwilí 
(19), La Escuelita (20), property of A. Velasquez (21), La Reculona (22), Campamento Oedipina (23), El Chiflón (24), El Desacuerdo (25), La 
Cascada (26), El Horno (27), El Fogón (28).
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ANOLIS CARPENTERI. JINOTEGA: Reserva Natural Macizos de 
Peñas Blancas, La Cascada (13.275783°N, 85.716967°W), 1058 m 
elev. 20 October 2008. S. L. Travers, L. A. Obando, and B. Alemán. 
UF 156032. New departmental record.

ANOLIS wERMUTHI. JINOTEGA: Reserva Natural Cerro Kilam-
bé, El Desacuerdo (13.575917°N, 85.71285°W), 1658 m elev. 6 Oc-
tober 2008. S. L. Travers, L. A. Obando, A. Velasquez, J. Lumbi, M. 
Lumbi, J. S. Lumbi, and A. Zelaya. UF 156025. New elevational re-
cord, extending its upward range by 158 m (Köhler 2001; Sunyer 
et al. 2008b). Reserva Natural Macizos de Peñas Blancas, El Hor-
no (13.280867°N, 85.7987°W), 1516 m elev. 24 October 2008. S. L. 
Travers and L. A. Obando. UF 156026. This site corresponds to 
the fifth known isolated population of A. wermuthi, all of which 
are within Nicaragua (Sunyer et al. 2008b). 

HEMIDACTYLUS FRENATUS. AtlÁNtICO NORtE: Siuna 
(13.732483°N, 84.777217°W), 204 m elev. 28 July 2008. S. L. Trav-
ers, S. Doucette-Riise, and S. C. Gonzalez. UF 156028. New de-
partmental record. The closest known locality in Nicaragua is 
from Rama, located 185 km southeast in the Department of At-
lántico Sur (Köhler 2001). Hemidactylus frenatus is a non-native 
species in Nicaragua, and although poorly documented, it oc-
curs in most developed areas throughout the country.

SPHAERODACTYLUS MILLEPUNCTATUS. JINOTEGA: Kulum 
Kitang (14.33°N, 84.9375°W), 180 m elev. 18 June 2007. S. L. Trav-
ers, J. H. Townsend, L. D Wilson, J. Sunyer, L. A. Obando, D. E. 
Griffith, R. Picado, J. F. López, and S. Charley. SMF 88137. New 
departmental record. 

SPHENOMORPHUS CHERRIEI. JINOTEGA: Limi Tingni 
(14.578017°N, 84.994283°W), 139 m elev. 30 August 2008. S. L. 
Travers, D. Manzanarez, R. Picado, J. F. López, and S. Charley. UF 
156027. New departmental record. 

SQuAmAtA — SnAkeS

BOA CONSTRICTOR. JINOTEGA: Río Bocay near Amak 
(14.0688°N, 85.2843°W), 208 m elev. 9 June 2007. S. L. Travers, 
J. H. Townsend, L. D Wilson, J. Sunyer, L. A. Obando, and D. E. 
Griffith. SMF 89012. New departmental record. The snake was 
resting on vegetation at 1200 h, 1 m above a river.

CHIRONIUS GRANDISQUAMIS. JINOTEGA: Aran Dak 
(14.516883°N, 84.997983°W), 153 m elev. 14 August 2008. S. L. 
Travers, D. Manzanarez, R. Picado, J. F. López, and S. Charley. UF 
155963. New departmental record. The snake was found sleeping 
on vegetation at 2100 h, 3 m above a stream.

CLELIA CLELIA. JINOTEGA: Maikawana (14.406733°N, 
84.990383°W), 160 m elev. 14 July 2007. S. L. Travers, R. Picado, 
J. F. López, and S. Charley. UF 156002. New departmental record. 
The snake was found while active at 2000 h, on forest floor after 
heavy rains.

CORALLUS ANNULATUS. AtlÁNtICO NORtE: Pamka Buhna 
(14.365333°N, 84.93495°W), 186 m elev. 20 August 2008. S. L. 
Travers, D. Manzanarez, R. Picado, J. F. López, and S. Charley. 
UF 155940. New departmental record. This report represents the 
fourth known locality for Nicaragua that fills in a distributional 
gap of 290 km between the northernmost Nicaraguan record 

(Gaige et al. 1937) and the nearest known site in Honduras (Mc-
Cranie et al. 2006). The snake was active on tree branch at 2040 h, 
1.5 m above a stream.

DENDROPHIDION PERCARINATUM. JINOTEGA: Aran Dak 
(14.516883°N, 84.997983°W), 153 m elev. 14 August 2008. S. L. 
Travers, D. Manzanarez, R. Picado, J. F. López, and S. Charley. UF 
155978. New departmental record. The snake was found sleeping 
on vegetation at 2130 h, 1 m above forest floor.

DENDROPHIDION VINITOR. JINOTEGA: Reserva Natural Cerro 
Kilambé, on property of A. Velasquez (13.585583°N, 85.70485°W), 
1300 m elev. 5 October 2008. S. L. Travers, L. A. Obando, and J. 
Lumbi. UF 155977. New departmental record. The snake was 
brought to us by a local farmer who had recently killed it in a cof-
fee plantation at ca. 1000 h.

DIPSAS BICOLOR. AtlÁNtICO NORtE: Kama Pih (14.292533°N, 
84.896067°W), 250 m elev. 25 July 2007. S. L. Travers, R. Picado, J. F. 
López, S. Charley, and J. L. Henry. UF 155965. New departmental 
record. It was uncovered from inside of a hollow log at 0940 h, on 
forest floor. JINOTEGA: Supa Was (14.4599°N, 84.981867°W), 175 
m elev. 24 August 2008. S. L. Travers, D. Manzanarez, R. Picado, J. F. 
López, and S. Charley. UF 155967. New departmental record. The 
snake was active on a tree branch at 2010 h, 4 m above ground. In 
Nicaragua the species was most recently known only from the ho-
lotype and type locality, 320 km S of the Atlántico Norte location 
at Chontales Mines, in the Department of Río San Juan (Günther 
1895 [1885–1902]). Thus, our two specimens also represent the 
second and third records for the country (Köhler 2001). 

DRYMARCHON MELANURUS. JINOTEGA: Muru Ta 
(14.350275°N, 84.966822°W), 180 m elev. 13 June 2007. S. L. Trav-
ers, J. H. Townsend, L. D Wilson, J. Sunyer, L. A. Obando, D. E. 
Griffith, R. Picado, J. F. López, and S. Charley. SMF 89016. New 
departmental record. The snake was detected along a riverbank 
while in the process of consuming an adult Leptodactylus savagei. 

ENULIOPHIS SCLATERI. JINOTEGA: Muru Ta (14.3665°N, 
84.976°W), 180 m elev. 15 July 2007. S. L. Travers, R. Picado, J. F. 
López, and S. Charley. UF 155949. New departmental record and 
only the fourth individual reported from Nicaragua (Köhler et al. 
2004). The snake was emerging from a tree hole at 2100 h, 1 m 
above the forest floor.

IMANTODES INORNATUS. JINOTEGA: Wailahka (14.563233°N, 
84.998533°W), 120 m elev. 6 August 2007. S. L. Travers, R. Picado, 
J. F. López, and S. Charley. UF 155943. New departmental record. 
This individual represents the third country record for this spe-
cies from Nicaragua (Köhler 2001). It was active on tree branch at 
2020 h, 2 m above forest floor.

LEPTODEIRA SEPTENTRIONALIS. AtlÁNtICO NORtE: Parque 
Nacional Saslaya, Río Majagüe (13.769233°N, 84.978567°W), 220 
m elev. 30 June 2007. S. L. Travers, J. Sunyer, L. A. Obando, and 
O. Montalván. SMF 88980. New departmental record. The closest 
known locality in Nicaragua is located 124 km to the southwest at 
Finca Tepeyac, Department Matagalpa (Köhler 2001). The snake 
was found on branch at 2121 h, 2.5 m above forest floor. 

MASTIGODRYAS MELANOLOMUS. JINOTEGA: Reserva Natural 
Cerro Kilambé, trail from La Escuelita to a property owned by A. 
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Velasquez (13.5943°N, 85.696817°W), 1178 m elev. 14 July 2008. S. 
L. Travers, L. A. Obando, and S. Doucette-Riise. UF 155990. New 
departmental record. The snake was found resting on vegetation 
at 1100 h, 1.2 m above trail. 

OxYBELIS BREVIROSTRIS. JINOTEGA: Siwi Was (14.38776°N, 
84.979917°W), 180 m. 30 July 2007. S. L. Travers, R. Picado, J. F. 
López, and S. Charley. UF 155922. New departmental record. The 
snake was sleeping on a tree branch at 2020 h, 2 m above forest 
floor.

PORTHIDIUM NASUTUM. JINOTEGA: Aran Dak (14.516883°N, 
84.997983°W), 153 m elev. 4 August 2007. S. L. Travers, R. Picado, 
J. F. López, and S. Charley. MHUL 001. New departmental record. 
This specimen was brought in by one of the villagers who had 
killed it in secondary broadleaf forests outside the immediate vi-
cinity of the community.

SIBON LONGIFRENIS. JINOTEGA: Kulum Kitang (14.33°N, 
84.9375°W), 180 m elev. 18 June 2007. S. L. Travers, J. H. Townsend, 
L. D Wilson, J. Sunyer, L. A. Obando, D. E. Griffith, R. Picado, J. 
F. lópez, and S. Charley. SMF 88182. AtlÁNtICO NORtE: Urus 
Was (14.296217°N, 84.918517°W), 220 m elev. 19 July 2007. S. L 
Travers, R. Picado, J. F. López, and S. Charley. UF 155952. Both are 
new departmental records, representing the second and third lo-
calities known from Nicaraugua that fill a 490 km distributional 
gap between the Isla de Diamante on the San Juan River (Depart-
ment of San Juan) near the Costa Rican border (Köhler 2001) and 
the nearest locality in Honduras (McCranie et al. 2006). 

SIBON NEBULATUS. JINOTEGA: Wailahka (14563233°N, 
84.998533°W), 120 m elev. 7 August 2007. S. L. Travers, R. Picado, 
J. F. López, and S. Charley. UF 155959. New departmental record. 
The snake was brought in this morning by a villager who had 
caught it the previous night as it crawled through his thatched-
roof stilt house.

SPILOTES PULLATUS. JINOTEGA: Wailahka (14.563233°N, 
84.998533°W), 120 m elev. 6 August 2007. S. L. Travers, R. Picado, 
J. F. López, and S. Charley. UF 155950. New departmental record. 

TRETANORHINUS NIGROLUTEUS. JINOTEGA: Muru Ta 
(14.3665°N, 84.976°W), 180 m elev. 13 June 2007. S. L. Travers, J. 
H. Townsend, L. D. Wilson, J. Sunyer, L. A. Obando, D. E. Griffith, 
R. Picado, J. F. lópez, and S. Charley. SMF 87266. AtlÁNtICO 
NORTE: Laka Papan (14.369467°N, 84.906983°W), 220 m elev. 17 
August 2008. S. L. Travers, D. Manzanarez, R. Picado, J. F. López, 
and S. Charley. UF 155979; Krin Krin (14.61115°N, 84.469167°W), 
60 m elev. 16 August 2007. J. Sunyer and D. Manzanarez. MHUL 
002. All the above are new departmental records. Villa (1970) 
provided a point locality map of T. nigroluteus that appeared to 
contain a record from northeastern Nicaragua. However, we are 
hesitant to consider this a confirmed record from Atlántico Norte 
because it is not supported by a voucher specimen or any match-
ing locality information.

TROPIDODIPSAS SARTORII. AtlÁNtICO NORtE: Parque Na-
cional Saslaya, El Revenido (13.719933°N, 85.039633°W), 793 m 
elev. 1 August 2008. S. L. Travers, S. Doucette-Riise, S. C. Gon-
zalez, A. Baldonado, and I. Cruz. UF 155945. New departmental 
record. The snake represents the second country record that 
bridges a distributional gap between the other site located 240 

m southwest at Casa Colorada, Las Nubes, Department of Ma-
nagua (Köhler 2001; Villa 1971) and Arunta Tingni Kiamp, De-
partment of Gracias a Dios, Honduras, which is located 135 km 
to the north. This is also the first record for the Atlantic versant 
of Nicaragua, and the southernmost record for its Atlantic slope 
distribution in Mesoamerica. The snake was found active on for-
est floor at 2152 h. 

teStudineS — turtleS

KINOSTERNON LEUCOSTOMUM. JINOTEGA: Siwi Was 
(14.387767°N, 84.97991°W), 180 m elev. 30 July 2007. S. L. Trav-
ers, R. Picado, J. F. López, and S. Charley. UF 156320. New depart-
mental record. The turtle was found swimming in a stream that 
was ca. 2 m wide, at 2020 h.

TRACHEMYS VENUSTA. JINOTEGA: Rio Lakus, between Aran 
Dak and Muru Ta (14.416667°N, 84.966667°W), 160 m elev. 12 
June 2007. S. L. Travers, J. H. Townsend, L. D Wilson, J. Sunyer, 
L. A. Obando, D. E. Griffith, R. Picado, J. F. López, and S. Charley. 
SMF 88199. New departmental record. The closest known local-
ity for this species in Nicaragua is 130 km southeast at Alami-
kamba, Department Atlántico Norte (Köhler 2001).
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 The southeastern United States is known for its high herpe-
tofaunal diversity, which can be partly explained by high habitat 
diversity (Bailey et al. 2006). However, there are still many areas 
within the southeast that are not well studied, with little scien-
tific documentation of species composition. One such area is the 
mid-Cumberland Plateau, in particular Grundy Co., Tennessee. 
Previous documentations for the area can be found in Anderson 
and Tilley (2003), Fontanella et al. (2008), Miller and Niemiller 
(2007), Miller et al. (2005) and Williams (1988). However, most of 
these reports dealt with a single species. Miller et al. (2005) pro-
vided the most extensive documentation of species composition 
in and around Grundy Co..
 We implemented a research project addressing herpeto-
faunal response to oak-regenerating silviculture treatments in 

2009–2010. We detected a total of 33 species and 11 are declared 
new county records. All records were deposited as photographic 
vouchers in Austin Peay State University (APSU) David H. Sny-
der Museum of Zoology. All verified by Arthur F. Scott. Along with 
verification by A. Scott, all specimens were referenced for accu-
racy by checking Redmond and Scott (1996) and Scott and Red-
mond (2008). Nomenclature and standard English names follow 
those used in Crother (2008). Locality coordinates are in decimal 
degrees in NAD83 UTM zone 16N.

teStudineS – turtleS

CHELYDRA SERPENTINA SERPENTINA (Eastern Snapping Tur-
tle). gRundy Co.: Burrow Cove. 5 September 2010. APSU 19073. 
Found crossing logging road (35.2351°N, 85.5037°W). 

TERRAPENE CAROLINA CAROLINA (Eastern Box Turtle). gRun-
dy Co.: Burrow Cove. 2 August 2009. APSU 18991. Found in oak/
hickory forest (35.2323°N 85.5039°W).

AnurA – froGS

SCAPHIOPUS HOLBROOKII (Eastern Spadefoot). gRundy Co.: 
Burrow Cove. 7 August 2009. APSU 19001. Caught in pitfall trap 
in oak/hickory forest (35.2219°N, 85.5050°W). 
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SQuAmAtA – liZArdS

SCINCELLA LATERALIS (Little Brown Skink). gRundy Co.: Bur-
row Cove. 8 June 2010. APSU 19075. Caught in a pitfall trap in 
oak/hickory forest (35.2218°N, 85.5050°W). 

SQuAmAtA – SnAkeS

AGKISTRODON CONTORTRIx (Copperhead). gRundy Co.: Bur-
row Cove. 9 August 2009. APSU 18992. Caught in a funnel trap in 
oak/hickory forest (35.2255ºN, 85.5109ºW).

COLUBER CONSTRICTOR (North American Racer). gRundy Co.: 
Burrow Cove.14 June 2009. APSU 18999. Caught in funnel trap in 
oak/hickory forest (35.2232°N, 85.5048°W). 

CROTALUS HORRIDUS (Timber Rattlesnake). gRundy Co.: Bur-
row Cove. 10 August 2009. APSU 18993. Caught in funnel trap in 
oak/hickory forest (35.2347ºN, 85.5042ºW).

HETERODON PLATIRHINOS (Eastern Hog-nosed Snake). 
gRundy Co.: Burrow Cove. 11 June 2009. APSU 19000. Caught in 
funnel trap in oak/hickory forest (35.2349ºN, 85.5040ºW). 

LAMPROPELTIS GETULA NIGRA (Eastern Black Kingsnake). 
gRundy Co.: Burrow Cove. 21 July 2010. APSU 19072. Caught in 
funnel trap in oak/hickory forest (35.2230°N, 85.5052°W). 

STORERIA OCCIPITOMACULATA OCCIPITOMACULATA 
(Northern Red-bellied Snake). gRundy Co.: Burrow Cove. 8 Sep-
tember 2009. APSU 19001. Caught in a pitfall trap in oak/hickory 
forest (35.2219°N, 85.5051°W). 

VIRGINIA VALERIAE (Smooth Earthsnake). gRundy Co.: Burrow 
Cove. 7 September 2009. APSU 19003. Caught in a pitfall trap in 
Oak/Hickory Forest (35.2224°N, 85.5038°W). 
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cAudAtA — SAlAmAnderS

AMBYSTOMA OPACUM (Marbled Salamander). SHREW 
PREDATION. Laboratory studies demonstrate that ambystomatid 
salamanders have behavioral and chemical defenses against 
Northern Short-tailed Shrew (Blarina brevicauda) predation 
(Brodie et al. 1979. Copeia 1979:270–274). Nonetheless, 
indirect observations made during radio-telemetry studies of 
free-ranging Spotted Salamanders (Ambystoma maculatum) 
and Tiger Salamanders (Ambystoma tigrinum) indicate that 
Northern Short-tailed Shrews can overcome these defenses and 
prey upon ambystomatids in subterranean tunnels (Madison 
1997. J. Herpetol. 31:542–551; Madison and Farrand 1998. 
Copeia 1998:402–410). Herein, I provide a direct observation of a 
Southeastern Short-tailed Shrew (Blarina carolinensis) attacking 
and presumably killing a post-ovipositional adult female 
Marbled Salamander (Ambystoma opacum).

Observations began at 1147 h, 7 Nov 2010, when I heard a 
rustle in the leaf litter along the elevated boardwalk in Congaree 
National Park, Richland Co., South Carolina, USA. I observed the 
salamander moving quickly across the top of the leaf litter. Within 
seconds, the shrew emerged from the leaf litter and quickly and 
repeatedly bit the salamander’s back and tail. After the attack, the 
shrew retreated and the salamander resumed crawling across 
the leaf litter. The shrew, always moving beneath the leaf litter, 
repeatedly emerged to briefly attack the salamander, and then 
retreat beneath the leaves. In addition to quick bites, the shrew 
also latched onto the salamander’s back or tail with its mouth and 
dragged the salamander backwards several cm. When grabbed on 
the back by the shrew, the salamander assumed a rigid posture, 
coiling its body and tail towards the shrew. After each attack, the 
salamander resumed unidirectional movement across the leaf lit-
ter and, during eight minutes of observation, moved ca. 2 m.

I broke observations briefly to climb down to ground level. 
When I relocated the salamander two minutes later, she had 
changed orientation and was moving in the opposite direction. 
The shrew was not present. I briefly captured and examined the 
salamander but found no open wounds. She was slightly sticky, 
presumably from the release of skin secretions, and pieces of or-
ganic debris adhered to her body. She was also sloughing por-
tions of the outer epidermal layer. Soon after I released her, the 
shrew re-appeared and renewed its attack. During the first at-
tack, the shrew grabbed the salamander’s tail with its mouth and 
dragged the writhing salamander backwards through the leaf lit-
ter for ca. 30 cm. After ca. ten seconds, the shrew again grabbed 
the salamander by the tail and pulled her backward through the 
leaf litter for ca. 50 cm. At 1204 h, the shrew pulled the salaman-
der into an underground cavity and both disappeared from view. 
Although the fate of the salamander is unknown, I assume she 
was killed by the shrew.

Analysis of Northern Short-tailed Shrew stomach contents 
suggest that salamanders constitute a small fraction (1.2%) of 

the diet (Hamilton 1930. J. Mammal. 11:26–39). However, stud-
ies of radio-telemetered salamanders suggest that shrew preda-
tion rates may actually be much higher. For example, Madison 
(1997, op. cit.) attributed half of observed Spotted Salamander 
predation to Northern Short-tailed Shrews, and Madison and 
Farrand (1998, op. cit.) implicated Northern Short-tailed Shrews 
in the death of one-third of telemetered Tiger Salamanders. My 
observation indicates that Marbled Salamanders are vulnerable 
to predation by Southeastern Short-tailed Shrews, a close rela-
tive of Northern Short-tailed Shrews (McCay 2001. Mammalian 
Species 673:1–7). Although laboratory studies show that Marbled 
Salamanders possess chemical deterrents to attacks by shrews, 
salamander granular gland secretions become depleted as the 
number of shrew attacks increase (DiGiovanni and Brodie 1981. 
Herpetologica 37:234–237). My observation suggests that the 
shrew used repeated attacks to circumvent the salamander’s 
chemical defenses, rendering it vulnerable to predation.
 John G. pAliS, P.o. Box 387, Jonesboro, illinois 62952, usa; e-mail: 
jpalis@yahoo.com.

EURYCEA QUADRIDIGITATA (Dwarf Salamander). CENTI-
PEDE PREDATION. Because of its diminutive size, Eurycea 
quadridigitata is likely vulnerable to a variety of invertebrate 
and vertebrate predators. However, the only confirmed preda-
tors are crayfish (Procambarus sp.; Franklin 2000. Herpetol. Rev. 
31:98) and Pig Frogs (Rana grylio; Lamb 1984. Amer. Midl. Nat. 
111:311–318). Herein I report centipede predation of an adult E. 
quadridigitata.

At 1305 h, 11 Dec 2010, I rolled a log in a dry, isolated, cut-
over Taxodium ascendens wetland in Camden Co., Georgia, USA 
and uncovered an approximately 65-mm long centipede, Scolo-
pocryptops sexspinosus, feeding on a Dwarf Salamander (75 mm 
total length). The centipede had consumed ¾ of the soft tissue 
on the salamander’s head, leaving the skull and mandibles, and 
had eaten all but the vertebrae from behind the head to approxi-
mately mid-body. A single uneaten cirrus indicated the sala-
mander was a male. Upon handling, the salamander’s tail slowly 
undulated, suggesting that capture by the centipede was recent. 
Inasmuch as these two species have overlapping ranges and 
select moist microhabitats (Petranka 1998. Salamanders of the 
United States and Canada. Smithsonian Inst. Press, Washington, 
D.C. 587 pp.; Shelley 1987. Florida Entomol. 70:498–512), centi-
pede predation of Dwarf Salamanders might occur more often 
than recognized.
 John G. pAliS, P.o. Box 387, Jonesboro, illinois 62952, usa; e-mail: 
jpalis@yahoo.com.

PLETHODON CINEREUS (Red-backed Salamander). ERY-
THRISTIC MORPH. Throughout its range in northeastern United 
States and southeastern Canada, Plethodon cinereus is a relative-
ly abundant plethodontid inhabiting mixed hardwood-conifer 
forests. Polymorphism within the species includes the striped 
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or red-backed color morph, the unstriped or lead-backed color 
morph, and individuals with characteristics intermediate be-
tween the two (Petranka 1998. Salamanders of the United States 
and Canada. Smithsonian Inst. Press, Washington, D.C. 587 pp.). 
Leucistic and erythristic individuals have been reported (Men-
dyk et al. 2010. Herpetol. Rev. 41:189–190; Reed 1908. Amer. Nat. 
42:460–465). The erythristic morph, characterized by varying de-
grees of bright crimson pigmentation on the dorsal, lateral, and 
ventral surfaces, has been documented among populations in 
New Brunswick, Nova Scotia, Quebec, Ontario, Massachusetts, 
Connecticut, New York, and Ohio (Pauley et al. 2001. Northeast. 
Nat. 8:355–358). In Pennsylvania, the erythristic morph has been 
reported from Potter and Elk counties within the north central 
Allegheny High Plateau Province (Hulse et al. 2001. Amphibians 
and Reptiles of Pennsylvania and the Northeast. Cornell Univ. 
Press, Ithaca, New York. 419 pp.; Pauley et al. 2001, op. cit.).

On 9 Oct 2010 we discovered two adult P. cinereus with ex-
tensive crimson pigmentation on the dorsal and lateral surfaces 
of the body, moderate amounts of crimson pigmentation on the 
ventral surface, and relatively small amounts of dark mottling on 
the dorsal regions of the head and tail. These salamanders were 
found under coarse woody debris in a hemlock-northern oak 
forest ca. 160 m N of Smith Rd. within State Gamelands 69, Craw-
ford Co., Pennsylvania (41.65621°N, 79.90249°W; WGS84). Speci-
mens were measured (26.1, 26.6 mm SVL) and photographed in 
the laboratory, verified as erythristic morphs by W. E. Meshaka, 
Jr. (State Museum of Pennsylvania), and deposited in the Clarion 
University Vertebrate Collections and Museum (CUP A025). We 
frequently encounter striped red-backed morphs, less frequent-
ly encounter erythristic morphs, and have not found unstriped 
lead-backed morphs at this site. Our report represents the first 
verification of erythristic P. cinereus in Crawford Co. and extends 
the range of this color morph into the Northwestern Glaciated 
Province of Pennsylvania.

Several studies provide evidence that erythristic P. cinereus 
are Batesian mimics of the toxic juvenile life stage (red eft) of 
the Eastern Newt (Notophthalmus viridescens) (Tilley et al. 1982. 
Herpetologica 38:409–417). Throughout the range of P. cinereus, 
the highest population frequencies of the erythristic morph 
(35.2–47.4%) have been reported from Elk Co., Pennsylvania, 
where populations are syntopic with those of N. viridescens 
(Cassell and Jones 2005. Northeast. Nat. 12:169–172; Pauley et al. 
2001, op. cit.). Plethodon cinereus and N. viridescens are similarly 
syntopic at our study site. Documenting the microgeographic 
distribution of both N. viridescens and color polymorphism in P. 
cinereus contributes to understanding ecological factors influ-
encing the frequency of each color morph within a population 
and assessing selective advantages associated with mimicry.
 mArc l. mcdonAld (e-mail: marcmcd411@gmail.com), lucAS J. 
kirSchmAn (e-mail: l.j.kirschman@gmail.com), and kurt J. reGeSter 
(e-mail: kregester@clarion.edu), department of Biology, Clarion university, 
Clarion, Pennsylvania 16214, usa.

PSEUDOTRITON RUBER (Red Salamander). LEUCISM. On 
9 June 2009, a leucistic Pseudotriton ruber larva was captured 
in the headwaters of Little Lymans Prong, Macon Co., North 
Carolina, USA (35.0415°N, 83.5472°W). It was found in relatively 
deep, liquid mud mixed with detritus in a small seep area con-
nected to a quickly flowing, sandy section of the small stream. 
Ten additional P. ruber larvae were found within the same mud-
patch. Most of these larvae exhibited the typical dark brown col-
oration but some were in the early stages of metamorphosis and 

had a lighter, more reddish base color. The leucistic individual 
of unknown sex was entirely white except for darkly pigmented 
eyes and relatively faint dark mottling along its dorsal side (Fig. 
1). The ventral skin was transparent so that some of the visceral 
organs were visible. The animal was captured alive and trans-
ported to the Museum of Comparative Zoology, Harvard Univer-
sity, Cambridge, Massachusetts, where it was kept until it died 
of unknown causes in late August without showing any signs of 
approaching metamorphosis. Snout–vent length is strongly cor-
related with age in P. ruber (Bruce and Castanet 2006. J. Herpe-
tol. 40:85–90) and the animal (42 mm SVL) is estimated to have 
been around 30 months old at the time of its death. Leucism 
has been reported in a number of plethodontids (Harris 1968. 
Bull. Maryland Herpetol. Soc. 4:57–60; Mendyk 2010. Herpetol. 
Rev. 41:189–190; Miller and Braswell 2006. Herpetol. Rev. 37:198; 
Mitchell and Mazur 1998. Northeast Nat. 5:367–369; Pauley 
1974. Redstart 42:104; Rye 1991. Can. Field. Nat. 105:573–574; 
Seeliger 1945. Copeia 1945:122), but to our knowledge this is the 
first documented case of leucism in the genus Pseudotriton. The 
specimen has been deposited in the herpetological collection of 
the Museum of Comparative Zoology, Harvard University (MCZ 
A-140304). 
 We thank Richard C. Bruce for bringing the locality to our at-
tention and the Volkswagen Foundation, the Highlands Biologi-
cal Station (Bruce Family Scholarship in Herpetology), and the 
Museum of Comparative Zoology for funding.
 JoAnnA G. lArSon, department of. organismic and evolutionary 
Biology, harvard university, Cambridge, massachusetts 02138, usa (e-
mail: joanna.g.larson@gmail.com); hendrik mÜller, friedrich-schiller-
universität Jena, institut für spezielle Zoologie und evolutionsbiologie mit 
Phyletischem museum, 07743 Jena, Germany (e-mail: hendrik.mueller@
uni-jena.de).

RHYACOTRITON KEZERI (Columbia Torrent Salamander). 
OVIPOSITON SITE. To date, only eight instances of oviposition 
attributable to torrent salamanders (genus Rhyacotriton) have 
been described. Nussbaum (1969. Herpetologica 25:277–278) 
provided the first descriptions, involving R. kezeri at two sites in 
Oregon and Washington. Subsequently, six additional instances 
of Rhyacotriton oviposition have been reported; three more for 
R. kezeri (Russell et al. 2002. Northwest. Nat. 83:19–22), two for 
R. variegatus (Karraker 1999. Herpetol. Rev. 30:160–161; Karraker 
2005. Northwest. Nat. 86:24–26), and one for R. cascadae (Mac-
Cracken 2004. Herpetol. Rev. 35:367). These descriptions reveal 

fIg. 1. Leucistic Pseudotriton ruber larva from Little Lymans Prong, 
Macon Co., North Carolina, USA.
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that Rhyacotriton deposit large (4–6 mm ovum diameter), un-
pigmented eggs that are neither attached to the substrate nor 
to one another. These oviposition sites were concealed in sub-
strates in low-flow headwater habitats (seeps and 1st- and 2nd-
order streams). Our purpose here is to describe a sixth R. kezeri 
oviposition site, the first found within a recent clear-cut with no 
riparian buffer, and to provide the first photograph of a Rhyaco-
triton egg.

We discovered the oviposition site in the course of a land-
scape study that examined the effects of alternative buffer treat-
ments on stream-associated amphibians in non-fish-bearing 
streams. The oviposition site was found during surveys of a 
highly obstructed stream reach (defined as ≥ 70% covered by in-
stream woody debris and slash from recent forest harvest activi-
ties). Standard methods for surveying stream amphibians could 
not be effectively applied within these reaches because of the 
debris. Instead, we cut through or removed woody debris and 
harvest slash along two narrow lines positioned 3 m apart and 
perpendicular to the stream axis. Block nets were set flush with 
the substrate along these lines and all slash in the intervening 
reach was systematically removed, including excavating into the 
streambed to a depth of 30 cm or until bedrock was reached. All 
amphibians found during removal were recorded.

On 26 July 2010 at 1600 h, we discovered a R. kezeri oviposi-
tion site in one of our headwater study treatment sites. This treat-
ment, a replicate of the most extreme in this study, was a clear-cut 
harvest with no stream-adjacent forested buffer. Harvest of this 
39 to 49-year-old Western Hemlock (Tsuga heterophylla) stand 
had occurred November 2008–January 2009 and was completed 
18 months prior to amphibian sampling. No vegetation recovery 
was evident within the slash-choked footprint along and over the 
stream channel. Growth of canopy, shrub, and understory veg-
etation in the adjacent uplands was limited; replanting of young 
trees had occurred in early 2010. The site was located on a 1st-
order reach, 49 m below the upstream origin of the stream, on a 
quaternary tributary of the North River, Grays Harbor Co., Wash-
ington, USA (UTM Zone 10, 46.8121°N, 123.8652°W, WGS84; elev. 
157 m). The excavated plot had slash dominated by material 
2–10 cm in diameter and to a depth of 1 m. Beneath this slash 
we encountered 10 eggs buried 15–28 cm beneath a composite 
substrate of gravel, silt, and small decayed wood pieces. Water 
seeping through the gravel was 12.5°C (spot measurement with a 
HBE International Inc. digital thermometer; Collegeville, Penn-
sylvania; accuracy 1°C); a StowAway TidbiT™ data logger (Onset 
Computer Corporation, Bourne, Massachusetts; accuracy 0.2°C) 
417 m downstream recorded 12.8°C at the same time. Eggs were 
found singly, unattached, and loosely scattered within this com-
posite substrate over a roughly 30 cm2 area. Several eggs were 
also found in the lower block net. The ova were all round and 
about the same size, but the precise stage of development could 
not be determined. The one egg measured had a 4-mm cream-
white ovum with an 11-mm transparent and a relatively tough 
jelly capsule. Location of the eggs, carefully re-buried at the site 
and covered with original slash, was flagged to enable relocation. 
Two adult females (36 and 41 mm SVL), 2 adult males (42 and 45 
mm), 1 adult of unknown sex (35 mm), and 4 larval R. kezeri (13, 
14, 14, and 26 mm), as well as one neotenic Dicamptodon sp. (79 
mm) were found in the surveyed stream segment.

We revisited the site twice. We relocated three eggs on 9 Sept 
2010 at 1430 h. The ova were slightly elongated and measured 
6 mm in long-axis diameter and the capsules measured 14 mm 
on the long-axis. The tails and heads had become visible and 

embryos showed no visible signs of movement (fig. 1). One 
adult R. kezeri of unknown sex (not measured) was found within 
30 cm of the eggs. Water temperature at the oviposition site was 
11.8°C; downstream data logger temperature recorded 11.3°C at 
the same time. On 4 Oct 2010 at 1150 h, we relocated one empty 
capsule and one egg containing a live embryo. The yolk sack was 
elongated, the front arm buds had formed, the tail and head 
were more developed, the beginning of gills were apparent and 
the pigmented eyespots were present. Movement of the embryo 
was observed within the capsule. The empty capsule had a single 
slit-like opening. No amphibians were observed nearby during 
this latter visit. Downstream (data logger) water temperature on 
4 Oct was 10.2°C.

Two aspects of our observation merit comment. All previous 
observations of Rhyacotriton oviposition sites except for one of 
R. variegatus (Karraker 2005, op. cit.) occurred on timber-man-
aged landscapes, but ours is the first to describe oviposition so 
early in the harvest rotation at a location where no forested buf-
fer was left. This adds to the recent body of data (Kroll et al. 2008. 
Forest Ecol. Manag. 255:3726–3735; Russell et al. 2004. J. Wildl. 
Manag. 68:405–417) that suggests that Rhyacotriton may not 
be as sensitive to forestry management practices as previously 
thought (Corn and Bury 1989. Forest Ecol. Manag. 29:37–57). 
Second, developmental data for R. kezeri are sparse. We observed 
development from a round egg in which we could not distin-
guish the developmental stage to a well-differentiated embryo in 
only 70 days, implying relatively rapid development compared 
to the only previous report for this species. Nussbaum (1969, op. 
cit.) estimated that development from oviposition to hatching 
required about 200 days based on the rearing of R. kezeri eggs 
found in the late tail-bud stage in water 8.3°C to hatching in the 
laboratory at 8.0°C. Our observation might simply reflect higher 
water temperatures during development; over the interval 26 
July–4 October 2010, the downstream data logger recorded tem-
peratures ranging from 9.7–13.3°C. 

fIg. 1. Rhyacotrition kezeri embryo from 9 September 2010 visit. 
Head of the embryo is on the upper left, the yolk sac is centrally lo-
cated, and the smaller tail is to the right. Note the fine debris cover-
ing the capsule surface.
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Fieldwork was supported by the Washington Department 
of Natural Resources Forests and Fish Adaptive Management 
Program through the Cooperative, Monitoring, Evaluation, and 
Research Committee. Weyerhaeuser Co. allowed access to, and 
facilitated work on, their land. Stephanie Estrella, Bill Ehinger, 
and Charlotte Wilson (Washington Department of Ecology) pro-
vided the temperature data logger data. Studies were done under 
a programmatic Washington Department of Fish and Wildlife 
(WDFW) handling permit provided to employees in the course 
of their work; conditions of this permit require adherence to the 
guidelines for use of live amphibians and reptiles in the field 
(Beaupre et al. 2004. Guidelines for Use of Live Amphibians and 
Reptiles in Field and Laboratory Research, 2nd ed. Herpetological 
Animal Care and Use Committee of the American Society of Ich-
thyologists and Herpetologists). J. C. Armstrong, E. M. Lund, and 
N. E. Gilman (WDFW) assisted with field data collection. Lisa 
Hallock refined our manuscript. This is contribution No. 28 of 
the WDFW Habitat Program Amphibian Research Group.
 curtiS e. thompSon, JASon m. wAlker, frithiof t. wAter-
StrAt (e-mail: Teal.waterstrat@dfw.wa.gov), Aimee p. mcintyre, and 
mArc p. hAyeS, washington department of fish and wildlife, habitat Pro-
gram, 600 Capitol way North, olympia, washington 98501-1091, usa.

SIREN INTERMEDIA (Lesser Siren). LARVAL AND JUVENILE 
MICROHABITAT. Adult Siren intermedia inhabit a wide range of 
habitats from temporary and permanent ponds, canals, sloughs, 
and creeks (Funderburg and Lee 1967. Herpetologica 23:65; 
Gehlbach and Kennedy 1978. Southwest. Nat. 23:423–430; Neill 
1947. Herpetologica 5:19–20; Petranka 1998. Salamanders of the 
United States and Canada. Smithsonian Inst. Press, Washington, 
DC. 587 pp.; Smith and Minton 1957. Amer. Midl. Nat. 58:341–
351). Microhabitats known for eggs and larvae include leaf-litter 
depressions in vegetated and muddy pond bottoms (Fauth et 
al. 1990. Oikos 58:91–99; Noble and Marshall 1932. Amer. Mus. 
Nov. 532:1–17). We report here another microhabitat feature that 
apparently influences the distribution of larvae and juveniles in 
isolated wetlands.
 During midday on 16 June 2007, while dipnetting we encoun-
tered larval and juvenile S. intermedia (four larvae 39–43 mm to-
tal length, three juveniles 129–142 mm total length) in a black-
water slough on Cherry Point Marine Corps Air Station, Craven 
Co., North Carolina, USA. All of the salamanders were closely 
associated with the extensive fingerlike root masses of Nyssa bi-
flora (Swamp Tupelo) in 10–15 cm of water. Eight dipnet sweeps 
immediately adjacent to these root masses yielded 7 Siren. Elev-
en sweeps in open water >1 m from the root masses yielded no 
salamanders. The water in this shallow wetland had a suspen-
sion of fine, dark organic matter that precluded visibility. Water 
temperatures at the edge of the root masses (mean = 22.9°C, 
21.2–25.0°C, N = 4) were significantly lower than temperatures 
in the open areas (mean = 26.4°C, 26.1–26.8, N = 4) (t = -3.913, 
P = 0.008). Sampling in this slough on 26 July yielded one juve-
nile Siren in the only one of 10 sweeps taken adjacent to the root 
masses. Larval and juvenile Siren may select these root masses 
to thermoregulate or escape the predatory fish (Enneacanthus 
chaetodon, Lepomis macrochirus) that co-occur in this wetland. 
Microhabitat structure is apparently a primary factor influenc-
ing the distribution and perhaps aggregation of larval and juve-
nile S. intermedia in freshwater wetlands. 
 JoSeph c. mitchell, mitchell ecological research service, llC, 
P.o. Box 5638, Gainesville, florida 32627-5638, usa (e-mail: dr.joe.mitch-
ell@gmail.com); Jeffrey G. hAll, North Carolina wildlife resources 

Commission, 405 lancelot drive, Greenville, North Carolina 27858, usa (e-
mail: jeff.g.hall@earthlink.net).

AnurA — froGS

BUFO BOREAS (Western Toad). DAVIAN BEHAVIOR. Misdi-
rected copulation among amphibians has been noted in several 
species including Rana boylii (Bettaso et al. 2008. Herpetol. Rev. 
39:462); R. cascadae (Garwood and Anderson 2010. Herpetol. 
Rev. 41:204); Bufo bufo (Ayres 2010. Herpetol. Rev. 41:192–193); B. 
terrestris, and Osteopilus septentrionalis (Meshaka 1996. Florida 
Sci. 59:74–75); and B. marinus (Lewis 1989. Cane Toads: An Un-
natural History. Doubleday, New York. 98 pp.). Those authors al-
ternately referred to Davian behavior as necrogamy. Ayres (2010, 
op. cit.) expanded the use of the term Davian behavior to include 
misdirected copulations with other species. Here I describe Da-
vian behavior in the Western Toad (B. boreas) associated with the 
federally threatened California Red-legged Frog (R. draytonii).

While conducting monitoring surveys in February 2009 
for California Red-legged Frogs in eastern Contra Costa Co,, 

fIg. 1. Davian behavior by a Western Toad (Bufo boreas) attempting 
to amplex a California Red-legged Frog (Rana draytonii).

fIg. 2. Ventral (relative to the California Red-legged Frog, Rana dray-
tonii) view of Western Toad (Bufo boreas) amplexing a California 
Red-legged Frog in a manner that has immobilized the frog.
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California, USA, I encountered an adult Western Toad in pectoral 
amplexus with an adult female California Red-legged Frog. Both 
the toad and frog were on the terrestrial bank of a livestock pond 
(Fig. 1). The toad was clasped tightly to the frog’s thoracic region, 
while the California Red-legged Frog appeared completely im-
mobilized by the toad.

Davian behavior has been considered an ecological trap 
because, in this case, the toad was not capable of successfully 
reproducing (Ayres 2010, op. cit.). In this observation, however, 
neither animal was able to reproduce successfully since both 
were on land, and reproductively viable conspecifics were in 
aquatic breeding habitat and not accessible to either individual. 
Predation events may increase during reproductive activity in 
many species (Magnhagen 2003. Trends Ecol. Evol. 6:183–186). 
Here, both individuals were exposed to an increased predation 
potential due to their distance from water (ca. 1 m). The Cali-
fornia Red-legged Frog may have also been subjected to an un-
anticipated physical stress that was brought on by the Western 
Toad’s grasp (Fig. 2).

On other occasions, I have observed Western Toad males 
amplexing a root ball of Juncus balticus, a piece of cattle dung, 
and a dead conspecific individual. Arak (In Bateson 1983. Mate 
Choice. Cambridge Univ. Press. New York, New York. 462 pp.) 
suggested explosive breeding is the reason for necrogamy (Da-
vian behavior). Among the objects reported by Arak (1983, op. 
cit.) were fish and floating debris. I integrate the hypothesis that 
temporally compressed breeding anurans comprise males that 
will attempt to amplex appropriately sized nearby objects as a 
result of breeding pressure from conspecifics. Although Ayres 
(2010, op. cit.) proposed that chemical factors might influence 
necrogamy in B. bufo, I offer that objects of the appropriate size 
are targets for Davian behavior, and that there is little regard for 
their composition. I further add that a heterospecific individual 
attempting to escape amplexus attempts would facilitate com-
plete amplexal behavior by the Western Toad. Although Davian 
behavior may represent an evolutionary trap for individual 
Western Toads, it also represents confounding stresses on a 
threatened species, in this case, the California Red-legged Frog. 
This observation represents reduced opportunities for repro-
duction and increased predation risk in both species. Western 
Toads appear to engage in this behavior at an observable rate, 
which was observed by me over several years. If the target is 
a sympatric species, local populations of both the California 
Red-legged Frog and the Western Toad might be effected.

I thank Sarah M. Foster for her comments and assistance on 
the manuscript. 
 Jeff A. AlvAreZ, The wildlife Project, P.o. Box 579805, modesto, Cali-
fornia 95357, usa; e-mail: Jeff@thewildlifeproject.com.

BUFO TERRESTRIS (Southern Toad). DIET. Bufo terrestris has 
been reported to prey on a variety of invertebrate species includ-
ing snails, ants, beetles, crickets, and bees (Dorcas and Gibbons 
2008. Frogs and Toads of the Southeast. Univ. Georgia Press, 
Athens, Georgia. 238 pp.; Jensen et al. [eds.] 2008. Amphibians 
and Reptiles of Georgia. Univ. Georgia Press, Athens, Georgia. 
600 pp.). On 12 July 2007 on Edisto Island, South Carolina, USA, 
a large adult female Bufo terrestris was observed consuming a 
Marsh Crab (Sesarma cinereum). The observation took place in 
an area where S. cinereum are common. This may suggest that 
S. cinereum is available as a significant food source for coastal 
populations of Bufo terrestris.

 
 holly n. JoneS, riverbanks Zoo and Garden, P.o. Box 1060, Colum-
bia, south Carolina. usa; (e-mail: hjones24@gmail.com.

CERATOPHRYS CRANwELLI (Cranwell’s Horned Frog). DIET. 
Data on the diet of the anurophagous frogs of the Gran Chaco in 
South America is sparse (Scott and Aquino 2005. In Donnelly et 
al. [eds.], Ecology and Evolution in the Tropics: A Herpetological 
Perspective, pp. 243–259. Univ. Chicago Press, Chicago, Illinois). 
One species, Ceratophrys cranwelli, is frequently encountered in 
the Gran Chaco, but only three anurans have been confirmed as 
comprising part of its diet; Leptodactylus bufonius (Schalk 2010. 
Herpetol. Rev. 41:471), Physalaemus biligonigerus, and an un-
identified Leptodactylus sp. (Scott and Aquino 2005, op. cit.).

On 31 Dec 2010 at 2230 h we came upon a pair of C. cran-
welli in amplexus in a temporary pond (19.60434°S, 62.57558°W; 
WGS 84) in the Isoceño community of Yapiroa, Province Cordil-
lera, Department of Santa Cruz, Bolivia. While being grasped by 
the male C. cranwelli, the female was observed eating an adult 
Physalaemus albonotatus (Fig. 1). The P. albonotatus made con-
tinuous attempts to free itself from the mouth of the female, but 
it was consumed after approximately ten minutes. The pair re-
mained on the edge of the pond for two minutes, after which the 
female (with the male still grasping her) then lunged at a male 

fIg. 1. Bufo terrestris consuming a Marsh Crab (Sesarma cinereum), 
Charleston Co., South Carolina, USA.

fIg. 1. A female Ceratophrys cranwelli consuming a Physalaemus al-
bonotatus while being amplexed by a male C. cranwelli. Located in 
the lower right of the photo is the male Rhinella major that the female 
C. cranwelli attempted to capture after ingesting the Physalaemus.
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Rhinella major that was calling approximately 10 cm away (vis-
ible in Fig. 1). The female C. cranwelli failed to capture the R. 
major, which escaped into a nearby cluster of plants. The pair 
then swam into the middle of the pond, presumably to mate. 
This observation confirms one additional anuran species and 
supports the possibility of another anuran species in the diet of 
C. cranwelli.

Funding was provided by the National Science Foundation’s 
Graduate Research Fellowship Program (awarded to CMS).
 chriStopher m. SchAlk (e-mail: cschalk@tamu.edu) and cArmen 
G. montAÑA, department of wildlife and fisheries sciences, Texas a&m 
university, College station, Texas 77843-2258, usa.

CHAPERINA FUSCA (Saffron-bellied Frog). OCULAR ANOMALY. 
Chaperina fusca is a small anuran (to 26 mm SVL) with an oval-
shaped body, small head, blunt and projecting snout, fine dermal 
spine on each elbow and heel, greenish or bluish black dorsum 
with whitish or bluish dots, brown limbs with dark bars, and the 
highly distinctive ventral coloration of numerous yellow to rich 
yellow blotches bordered by a dark brown network (Inger 2005. 
The Systematics and Zoogeography of the Amphibia of Borneo. 
Natural History Publications [Borneo] Sdn. Bhd. Kota Kinabalu. 
402 pp.; Inger and Stuebing 2005. A Field Guide to the Frogs of 
Borneo. Second ed. Natural History Publications [Borneo] Sdn. 
Bhd. Kota Kinabalu. 201 pp.). Chaperina fusca dwells in primary 
or old secondary forests on the forest floor and sometimes in low 
vegetation from near sea level to 1800 m elev., and the adults 
move to water bodies, especially those with decaying plant 
materials, to breed (Inger 2007. Systematics and Zoogeography of 
Philippine Amphibia. Natural History Publications [Borneo] Sdn. 
Bhd. Kota Kinabalu. 370 pp.; Malkmus et al. 2002. Amphibians 
and Reptiles of Mount Kinabalu [North Borneo]. A.R.G. Gantner 
Verlag K.G. Ruggell. 424 pp.). The species occurs in Central 
Peninsular Thailand, Peninsular Malaysia, Borneo (Sabah and 
Sarawak of Malaysia, Brunei Darussalam, and Kalimantan of 
Indonesia), and southern Philippines (Palawan, Mindanao, and 
Sulu Archipelago) (Das 2007. A Pocket Guide: Amphibians and 
Reptiles of Brunei. Natural History Publications [Borneo] Sdn. 
Bhd. Kota Kinabalu. 200 pp.; Frost 2010. Amphibian Species 
of the World: an Online Reference. Version 5.3 [8 April 2010]. 
Electronic database accessible at http://research.amnh.org/vz/
herpetology/amphibia/. American Museum of Natural History, 
New York. Accessed on 22 Dec 2010).

On 5 Dec 2010 at 1910 h, an adult C. fusca (21 mm SVL, 1.1 
g) was collected at an artificial pond within the compound of 
Haleluyah Retreat Centre (6°N, 116.536°E; 1518 m elev.), Bundu 
Tuhan, Ranau District, West Coast Division, Sabah, Bornean Ma-
laysia. Air temperature was 18.7°C, and relative humidity was 
84.1%. The anuran was missing a right eye, while the left eye was 

normal (Fig. 1). Anuran deformities can be attributed to physi-
cal injuries, infections and diseases, exposure to chemicals, UV 
radiation, mutation, and developmental errors (Adams et al. 
2008. Herpetol. Rev. 39:460–461; Silva and Toledo 2010. Herpetol. 
Rev. 41:333–334; Streicher et al. 2010. Herpetol. Rev. 41:208–209). 
Close examination showed no body injuries. The pond and sur-
rounding vegetation are not adjacent to any source of chemical 
pollutants and effluents. pH of the pond water was 7.48. On the 
same night, another C. fusca (25 mm SVL, 1.5 g) was collected at 
the same pond but without ocular anomaly or other deformities. 
By comparison, the C. fusca with ocular anomaly exhibited light-
er dorsal and ventral hues. Otherwise, the anuran seemed unaf-
fected by the anomaly as it was agile during an indoor ex-situ 
photography session. The specimen (HEP01794) was deposited 
in BORNEENSIS, the Bornean reference collection of the Insti-
tute for Tropical Biology and Conservation, Universiti Malaysia 
Sabah. To our knowledge, this is the first observation of ocular 
anomaly in C. fusca.

We are grateful to Haleluyah Retreat Centre for permission to 
collect specimens and to the Institute for Tropical Biology and 
Conservation, Universiti Malaysia Sabah for support.
 kueh boon-hee (e-mail: kbhkelvin@hotmail.com), norASmil iS-
mAil (e-mail: norasmilismail@yahoo.com.my), Andrew wonG bAk hui 
(e-mail: andrew_88_wbh@hotmail.com), dAniel chin Zhi hAo (e-mail: 
danzhchin@gmail.com), mohAmAd SyAZwAn fAiS mohAmAd rodZi 
(e-mail: darkcry_90@yahoo.com), and SureSh ArumuGAm (e-mail: 
ar.shura06@yahoo.com), institute for Tropical Biology and Conservation, 
universiti malaysia sabah, Jalan ums, 88400 Kota Kinabalu, sabah, malaysia.

CYCLORANA AUSTRALIS (Giant Frog). EMERGENCE. Amphib-
ians in seasonally dry or desert environments become active 
when water is available. During prolonged dry periods many 
frogs burrow to avoid desiccating conditions. Rainfall is required 
to facilitate emergence from burrows and induce aboveground 
activity (Cartledge et al. 2006. J. Exp. Biol. 209:3309–3321; May-
hew 1965. Amer. Midl. Nat. 74:95–109; Morton et al. 1993. The 
Beagle 10:67–70; Poynton and Pritchard 1976. Zool. Africana 
11:313–318), including foraging and spawning (Balinsky 1969. 
Zool. Africana 4:37–93; Wells 2007. The Ecology and Behavior of 
Amphibians. Univ. Chicago Press, Chicago, Illinois. 1148 pp.).

Cyclorana australis is a fossorial species from northern Aus-
tralia that forms a cocoon (Christian and Parry 1997. Aust. J. Zool. 
45:13–20; Withers 1998. Aust. J. Zool. 46:405–418). Monsoonal 
northern Australia has markedly seasonal rainfall with the great 
majority falling in the summer rainy season. Each year during 
the prolonged dry season, C. australis spend approximately six 
months underground in shallow burrows (<15 cm deep; Tracy 
et al. 2007. Copeia 2007:901–912). From previous studies, it is 
known that the frogs usually bury in April and May as rainfall 
attenuates. The frogs emerge following intermittent rains dur-
ing the pre-monsoonal period (usually October–November), but 
there are no data concerning the amount of rainfall required for 
mass emergence of frogs in this environment.

To determine the amount of rainfall required to induce emer-
gence from underground burrows, field investigations were car-
ried out during the onset of the wet season in 2007. The Mickett 
Creek area (12.4108°S, 130.9436°E) near Darwin, Northern Ter-
ritory, was visited regularly at night and searched on foot with 
the aid of a spotlight. A transect through the area was followed 
and known breeding chorus aggregation sites were visited. The 
total number of C. australis observed by sight was noted (some 
individuals were located by call). Sex was determined as male if 

fIg. 1. Left: Front view of an adult Chaperina fusca with ocular anom-
aly found in the Haleluyah Retreat Centre compound, Ranau, Sabah, 
Malaysia. Right: Dorsolateral view.



Herpetological Review 42(3), 2011

nAturAl hiStory noteS     411

the individual was calling, and if not calling the frog was cap-
tured and inspected for the presence of nuptial pads and dark 
throat coloration that develops in the males during the breeding 
season. The distance of calling males to the edge of the nearest 
standing water was estimated to the nearest cm. During each 
visit, rainfall data were obtained from a gauge at the site. Rainfall 
is reported as cumulative from the start of October.

Although Crinia remota, Litoria nasuta, L. tornieri, L. micro-
belos, L. rubella, and L. bicolor were observed at night in the dry 
season, C. australis was not observed at the site before November 
(and had not been observed since March). Emergence of some C. 
australis occurred with 49 mm of cumulative rainfall (ca. 47 mm 
fell over a period of three days), but near 100 mm was required 
before large breeding choruses formed on 13 Nov (Table 1). More 
than 10 specimens of the congeneric but smaller cocooning spe-
cies C. longipes were also observed on that date. The sex ratio of 
observed C. australis was approximately 3:1 M/F, and included 
three amplectant pairs on 13 Nov. There is probably some bias in 
the sex ratio data due to the tendency of males to vocalize, there-
by increasing the likelihood of detection. Males were invariably 
calling from positions on moist ground near puddles and small 
pools; mean distance to the water’s edge was 2.18 ± 2.15 m SD 
(N = 19). All but two calling individuals were less than 3 m from 
water.

Rainfall intensity, the temporal spacing of rainfall events, to-
pography, and substrate permeability are the main factors that 
determine water infiltration depth. Approximately 50 mm of 
rainfall was required to moisten the soil, allowing C. australis to 
emerge, and large choruses developed with further rainfall. Al-
though some individuals emerged early, the overall pattern was 
of mass emergence with close synchrony in timing. Rainfall is an 
important trigger for emergence because dry savanna soils are 
impenetrable in the late dry season, and C. australis are likely 
entombed in the burrow chamber until the soil is moistened. 
Cyclorana australis is one of the first anurans to breed in the 
Darwin region, and it is probable that shallow burrows facilitate 
early emergence. In 2010 C. australis emerged in mid October 
following early rains, whereas in 2006 they were not observed 
until early December, suggesting that there is substantial inter-
annual variation in emergence time.
 Stephen J. reynoldS, school of environmental and life sciences, 
Charles darwin university, darwin NT 0909, australia; e-mail: steve.reyn-
olds@cdu.edu.au.

INCILIUS CONIFERUS (Green Climbing Toad). BREEDING 
BEHAVIOR. Incilius coniferus is a moderate sized (53–94 mm 
SVL), semi-arboreal bufonid native to the Atlantic lowlands of 
southern Nicaragua and the Pacific lowlands of southwestern 
Costa Rica to northwestern Ecuador. It is known to breed in the 

dry season, which occurs from December to April in Costa Rica 
(Guyer and Donnelly 2005. Amphibians and Reptiles of La Selva. 
Univ. California Press, Berkeley. 367 pp.; Savage 2002. The Am-
phibians and Reptiles of Costa Rica: A Herpetofauna Between 
Two Continents, Between Two Seas. Univ. Chicago Press, Chi-
cago, Illinois. xx + 934 pp.). Courtship typically occurs after rains 
in shallow pools in forests, as well as relatively open areas (Guyer 
and Donnelly 2005, op. cit.; Savage 2002, op. cit.). Crump (1989. 
Oecologia 78:486–489) reported that I. coniferus oviposits in May 
at the beginning of the wet season in Costa Rica. Porter (1966. 
Herpetologica 22:60–67) observed a calling male on 10 July in 
Costa Rica, but did not mention if mating occurred. Detailed re-
ports of reproductive activity from Panama are lacking, but the 
timing is most likely similar. Here I report a pulse of breeding 
activity in Panama, outside of the expected breeding season for 
this species. 

At 1800 h on 13 Sept 2010, I observed five male and one fe-
male I. coniferus in water-filled ruts formed by tires on a dirt road 
following the continental divide just inside the southern border 
of Parque Nacional Division General Omar Tarrijos Herrera, Pan-
ama (8.400859°N, 80.35345°W, WGS 84; elev. ~770 m). In the area 
where the wheel ruts collect water, the road widens from ca. 3 
m to 13 m and is bordered by moderate to tall grass cover. The 
habitat is consistent with the description given by Crump (1989, 
op. cit.). Four of the five males were calling, while the remaining 
male was in axial amplexus with the female. At 0745 h the fol-
lowing morning, four pairs of toads in amplexus were depositing 
eggs, or had just done so (Fig 1). At 1645 h on that second day, no 
toads were present, except for two female specimens, both dead 
with their arms and legs removed, observed in two separate tire 
ruts. Although this could represent predation, it is also possible 
that the toads were killed by humans who believe negative su-
perstitions about toads (J. Ray, pers. comm.). The following night 
at 2020 h, no I. coniferus were observed, but the eggs were still 
present. I surveyed areas within the park on three separate occa-
sions for a total of eight days (17–19 Aug, 13–15 Sept, and 29–30 
Oct) and did not encounter any additional I. coniferus other than 
the individuals reported here. 

The wet season in Panama includes a reduction of rainfall in 
July, which averages 243 mm of rain, whereas June and Sept re-
ceive 300.8 and 342.4 mm of precipitation, respectively. Still, July 
receives more rainfall on average than the dry season (e.g., 94.7 
mm in April; World Meteorological Organization 2010. http://
www.wmo.int). Crump (1989, op. cit.) reported that I. coniferus 

TaBle 1. Emergence of Cyclorana australis and cumulative rainfall 
near Darwin, Northern Territory, Australia during onset of the 2007 wet 
season.

Date Cumulative Frogs  Male Female
 rainfall (mm) observed

23 Oct.  0.5 0 0 0
1 Nov. 2.5 0 0 0
6 Nov. 49 3 3 0
12 Nov. 83 5 4 1
13 Nov.  114 32 24 8

fIg. 1. A pair of Incilius coniferus in amplexus, with female deposit-
ing eggs, in Parque Nacional Division General Omar Tarrijos Herrera, 
Panama.
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breeds in May, a time when precipitation is increasing. The cli-
mate in May is similar to Sept in that both months experience 
a marked increase in precipitation compared to the preceding 
months (mean monthly precipitation of 96.7 mm in April in-
creases to 313.7 mm in May, and 243 mm in July increases to 
342.4 mm in Sept). This climate pattern is similar to what is ex-
perienced in Costa Rica. It is possible that breeding is triggered 
by the increase precipitation at the end of the rainy season, and 
as a result the end of the mini dry season may trigger a similar 
breeding event. On first day of the observation (13 Sept) it rained 
from ~1300 h to ~1700 h, which is typical weather of the area in 
Sept. Considering the range of reported breeding activity, the 
reproductive cycle of I. coniferus warrants more investigation, 
particularly in Panama. 

I thank J. Knight, K. Knight, S. Mullin, and the EIU Herpetol-
ogy Lab, and especially J. Ray and the staff at La MICA Biological 
Station for their assistance. 
 kyle A. bAumGArtner, department of Biological sciences, eastern 
illinois university, Charleston, illinois 61920, usa; e-mail: kabaumgartner@
eiu.edu.

OSTEOCEPHALUS TAURINUS (Manaus Slender-legged Tree-
frog). PREDATION. Amphibians are common prey for a great 
variety of vertebrates, arthropods, and even carnivorous plants 
(Duellman and Trueb 1986. Biology of Amphibians. McGraw-
Hill, New York; Pough et al. 1998. Herpetology. Prentice-Hall, New 
Jersey). Snakes are among the most representative vertebrate 
predators of anurans (Toledo et al. 2007. J. Zool. 271:170–177).

Male Osteocephalus taurinus may reach 71–92 mm, while 
females reach 90–101 mm (Lima et al. 2006. Guia de Sapos da 
Reserva Adolpho Ducke, Amazônia Central. Áttema, Manaus). 
The species occurs in the Amazon Basin of Ecuador, Brazil, 
Bolivia, Peru, Colombia, as well as in the upper Orinoco Ba-
sin of Venezuela, and Guiana (Frost 2010. Amphibian Species 
of the World: an Online Reference. Ver. 5.5 [31 January 2011]. 
Electronic database accessible at http://research.amnh.org/
vz/herpetology/amphibia/. American Museum of Natural His-
tory, New York). It occurs in forested habitats throughout the 
Amazon Forest, and in gallery forests within the open Cerrado 
biome, in Mato Grosso and Maranhão, Brazil (IUCN 2010. Con-
servation International and NatureServe. Global Amphibians 
Assessment. http://www.globalamphibians.org. Accessed 22 
Aug 2010). We here report predation of O. taurinus by Lepto-
deira annulata.

On 08 Jul 2010 at 1911 h, near the margin of a stream in gal-
lery forest in the municipality of Lucas do Rio Verde, state of 
Mato Grosso, Brazil, a distress call in the leaf litter revealed an 
adult O. taurinus being predated by an adult L. annulata (Fig. 1). 
The snake seized the treefrog by the inguinal region, but freed it 
still alive, upon capture. After been placed in a plastic bag with 
its prey, the snake proceeded to swallow it. Both specimens were 
collected and deposited at the Coleção Zoológica de Vertebra-
dos of the Universidade Federal de Mato Grosso (municipality 
of Cuiabá, Mato Grosso State, Brazil), accession number UFMT 
8770.

Anurans are common prey of L. annulata (Cantor and Piz-
zatto 2008. Herpetol. Rev. 39:462–463; Martins and Oliveira 1999. 
Herpetol. Nat. Hist. 6:78–150; Morais and Ávila 2006. Herpetol. 
Rev. 37:76; Vitt 1996. Herpetol. Nat. Hist. 4:69–76). To our knowl-
edge, this is the first report of L. annulata preying upon O. tau-
rinus, one of the most abundant anurans among gallery forests 
at Lucas do Rio Verde. Much of the original vegetation in this 

municipality has been removed for the establishment of huge 
plantations of soybeans and other grains, and only narrow strips 
of gallery forest are left among the matrix of cultivated land. We 
here emphasize the importance of promoting effective measures 
for the conservation of these forested relicts, which offer condi-
tions for the successful establishment of populations of anurans 
such as O. taurinus, and their predators, including L. annulata. 
We thank Fabrício H. Oda for comments on this manuscript.
 vitor A. cAmpoS, Programa de Pós-Graduação em ecologia e Con-
servação da Biodiversidade, instituto de Biociências, universidade federal 
de mato Grosso, av. fernando Corrêa da Costa 2367, Bairro Boa esperança, 
CeP 78060-900, Cuiabá, mato Grosso, Brazil (e-mail: vitorazariascampos@
hotmail.com); mArinA m. doS SAntoS, laboratório de herpetologia – 
universidade federal de mato Grosso, instituto de Biociências, av. fernan-
do Corrêa da Costa nº 2367, Bairro Boa esperança, CeP 78060-900, Cuiabá, 
mato Grosso, Brazil; chriStine StrÜSSmAnn, Programa de Pós-Gradua-
ção em ecologia e Conservação da Biodiversidade, instituto de Biociências, 
universidade federal de mato Grosso, av. fernando Corrêa da Costa nº 
2367, Bairro Boa esperança, CeP 78060-900, Cuiabá, mato Grosso, Brazil.

PLATYMANTIS SPELAEUS (Cave Wrinkled Ground Frog). DI-
RECT DEVELOPMENT. Platymantis spelaeus is endemic to 
southern Negros Island, Philippines, and is one of four recog-
nized species of Philippine limestone forest frogs. All species of 
the genus Platymantis are recognized as direct developing frogs, 
often laying egg clusters on aerial leaves, branches, or ground 
leaf litter (Brown and Alcala 1982. Proc. Biol. Soc. Washington 
95:386–391; Brown and Alcala 1983. In Rhodin and Miyata [eds.], 
Advances in Herpetology and Evolutionary Biology: Essays in 
Honor of Ernest E. Williams, pp. 416–428. Museum of Compara-
tive Zoology, Harvard University, Cambridge, Massachusetts). It 
has been hypothesized that all four obligate karst forest species 
breed in limestone crevices and small caves (Brown and Alcala 
2000. Haring Ibon 2:19–22; Brown et al. 2003. Haring Ibon 43:91–
109; Siler et al. 2007. Herpetologica 63:351–364; Siler et al. 2009. 
Herpetologica 65:92–104); however, to date, no data have been 
presented in direct support of this hypothesis. To our knowledge, 
this is the first evidence of direct development in cave systems 
for species of the genus Platymantis.

While conducting fieldwork in the Philippines, we observed 
newly metamorphosed juvenile Platymantis spelaeus inside a 

fIg. 1. An adult Osteocephalus taurinus being preyed upon by an 
adult Leptodeira annulata in a gallery forest at Lucas do Rio Verde, 
state of Mato Grosso, Brazil.
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small cave system, 2–4 m from the entrance to the cave. The ob-
servation was made on 27 Oct 2004, in secondary-growth forest, 
in the Municipality of Cauayan, Barangay Camalandaan, Negros 
Occidental Province, Negros Island, Philippines (9.8378667°N, 
122.5053667°E, WGS 84; elev. 350 m). Adult specimens were ob-
served calling on karst formations surrounding the cave system. 
One adult (CDS 266, male, 49.0 mm SVL, 8.9 g, Fig. 1a) and three 
juvenile (PNM Developmental Series 07; juvenile 1, 8.26 mm 
SVL, Fig. 1b; juvenile 2; 8.38 mm SVL; juvenile 3, 8.14 mm SVL) 
specimens were deposited in the herpetological collections of 
the Philippine National Museum.
 cAmeron d. Siler, department of ecology and evolutionary Biolo-
gy, Natural history museum and Biodiversity institute, university of Kansas, 
dyche hall, 1345 Jayhawk Blvd, lawrence, Kansas 66045-7561, usa (e-mail: 
camsiler@ku.edu); leonArdo AveriA, silliman university, angelo King 
Center for research and environmental management, dumaguete City, 
Negros island, Philippines (e-mail: suakcrem@yahoo.com).

PLEURODEMA CORDOBAE (Octoploid Pleurodema). CLUTCH 
SIZE. Pleurodema cordobae is only known from the type locality 
and little is known about the reproductive biology and natural 
history of this recently described species. The species is known 
to lay eggs in semi-submerged gelatinous egg masses that ad-
here to vegetation (Valetti et al. 2009. Zootaxa 2073:1–21). Herein 
we document the number of eggs per egg mass and the density 
of egg masses in two ponds at the type locality.

On 2 Dec 2010 we visited two ponds at Estancia Los Tabaquil-
los, Córdoba province, Argentina (32.3995°S, 64.926°W, ca. 2105 
m elev.) and observed numerous egg masses of P. cordobae. The 
embryos in different egg masses were staged at Gosner 15 and 
19 (Gosner 1960. Herpetologica 16:183–190). The area of the 
larger pond was 236 m2; clutch number was 203, and density of 
egg masses was 0.86/m2. In the smaller pond (7 m2), clutch num-
ber was 27 and density of egg-masses was 3.82/m2. The average 
number of eggs per egg mass was 137 (N = 11; range = 74–215; 
SD = 45.9).

The eggs masses were adhered to vegetation which was most 
abundant along the edge of the ponds, thus the greatest density 
of nests in the smaller pond could be due to the higher edge/
area rate.
 JuliAn A. vAletti (e-mail: jvaletti@exa.unrc.edu.ar), mAnuel A. 
otero (e-mail: manuelotero4@hotmail.com), pAblo r. GrenAt (e-mail: 
pgrenat@exa.unrc.edu.ar), and Adolfo l. mArtino (e-mail: amartino@
exa.unrc.edu.ar), departamento de Ciencias Naturales, universidad Nacio-
nal de río Cuarto, ruta Nacional 36, km. 601, Córdoba, argentina.

PSEUDOEPIDALEA BRONGERSMAI (Brongersma’s Toad). 
PREDATION. Among arthropods, spiders are well known as 
predators of reptiles and amphibians (Armas 2000. Revista Ibéri-
ca de Aracnologia 3:87–88; Manzanilla et al. 2008. Bol. Soc. En-
tomológica Aragonesa 42:317–319; Barbo et al. 2009. Herpetol. 
Notes 2:99–100; Maffei et al. 2010. Herpetol. Notes 3:167–170). 

fIg. 1. An adult male (top) and a newly metamorphosed juvenile 
(bottom) Platymantis spelaeus in southwest Negros Island, Philip-
pines.

fIg. 2. Arctosa sp. (Family: Lycosidae).

fIg. 1. Dry metamorph of Pseudoepidalea brongersmai, partially eat-
en on the head and right foreleg (arrow).
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Most of the reports are from tropical areas where large species of 
spiders occur (Barej et al. 2009. Herpetol. Notes 2:137–139; Maf-
fei et al. 2010, op. cit.), while similar observations in desert areas 
are lacking, although large species of spiders occur there.

Pseudoepidalea brongersmai (Frost et al. 2006. Bull. Am. Mus. 
Nat. Hist. 297:1–370) is the least known member of the family 
Bufonidae occurring in southwestern Morocco (García-Muñoz 
et al. 2009. Herpetol. Notes 2:231–233). Only a few reports on its 
biology have been published (Bogaerts 2001. Podarcis 2[3]:81–
88; Gallix 2002. Unpubl. MS thesis EPHE. Mémoire, Ecole Pra-
tique des Hautes Etudes, Montpellier; García-Muñoz et al. 2009, 
op. cit.; Grillitsch et al. 1989. Amphibia-Reptilia 10:215–229; Her-
rero et al. 1993. J. Herpetol. 27[4]:463–465; Hoogmoed 1972. Zool. 
Mededelingen 47[5]:49–64), and none of them provides informa-
tion on predators. Here, we report the first case of predation by a 
spider on a juvenile P. brongersmai. 

A dry stream north of Marrakech (Skour-rehamna, 
32.493030°N, 7.908570°W) was searched for amphibians on 2 
May 2010. Numerous recently metamorphosed P. brongersmai 
were detected under rocks and plastic debris, and 17 were col-
lected and photographed against a grid paper (18.4 ± 3.6 mm 
SVL). In addition, one dry metamorph with signs of having 
been partially eaten by a spider (Fig. 1) was found in a spider 
(Lycosidae, Arctosa sp.; Fig. 2) burrow. Although we did not see 
the spider eating the toad, the association of the dead toad to 
other dry insect remnants typical of spider feeding, together with 
the wounds on the body, suggests predation. To our knowledge 
this is the first report of predation of P. brongersmai by a spider, 
providing new information on the predators and on the juvenile 
stage of this species. 

Field work was supported by the projects PTDC/BIA-
DE/67678/2006 and PTDC/BIA-BEC/101256/2008, funded by 
“Fundação para a Ciência e a Tecnologia, FCT” (Portugal), and 
conducted under permit N 14 HECEFLCD/DLCDPN/CFF of the 
“Haut Commissariat aux Eaux et Forêts et à la Lutte Contre la 
Désertification” (Morocco). EGM was supported by post-doc 
funding from FCT (SFRH/BPD/72806/2010). The authors thank 
P. Sousa for spider identification.
 enriQue GArcÍA-muÑoZ, departamento de Biología animal, Bi-
ología Vegetal, y ecología, universidad de Jaén. Campus de las lagunillas 
s/n, 23071 Jaén, spain / CiBio, Centro de investigação em Biodiversidade e 
recursos Genéticos da universidade do Porto, Campus agrário de Vairão, 
4485-661 Vairão, Portugal / Cesam, Centro de estudios de ambiente o do 
mar, universidade de aveiro, Campus universitário de santiago, 3810-193 
aveiro, Portugal (e-mail: engamu@gmail.com); fÁtimA JorGe, cAtAri-
nA rAto, and miGuel A. cArretero, CiBio, Centro de investigação em 
Biodiversidade e recursos Genéticos da universidade do Porto, Campus 
agrário de Vairão, 4485-661 Vairão, Portugal.

PSEUDOPALUDICOLA CF. MYSTACALIS. PREDATION. Am-
phibians are consumed as prey by a large number of vertebrates 
and invertebrates at some stage of their life (Duellman and Trueb 
1986. Biology of Amphibians. McGraw Hill, New York. 670 pp.). 
Although spiders are ingested by a large number of frogs, spiders 
predating on frogs have been reported by several authors playing 
an important role especially during the reproductive period or 
during metamorphosis (Pombal Jr. 2007. Rev. Bras. Zool. 24:841–
843). However, in Brazil, predation by spiders is only reported 
from the Amazon (Menin et al. 2005. Phyllomedusa 4:39–47), the 
Mata Atlântica (Toledo 2005. Herpetol. Rev. 36:395–400), and the 
Cerrado (Maffei et al. 2010. Herpetol. Notes 3:167–170), but not 
from the Caatinga biome.

Our observations were conducted next to a permanent pond 
in an area of Caatinga situated in the municipality of Riacho de 
Santana (13.929397°S, 43.109864°W), state of Bahia, northeast-
ern Brazil. At the margins of the pool, we detected numerous 
species of anurans including Pseudopaludicola cf. mystacalis. 
On 19 Oct 2009 at ca. 2100 h, we observed the spider Lycosa cf. 
erythrognata preying on an individual P. cf. mystacalis (Fig. 1). 
The spider attacked the frog at the edge of a puddle and held 
the frog for about three minutes, then pulled its chelicerae slowly 
out with the help of pedipalps. Once they were removed the frog 
was already dead. During our survey, we often found these spi-
ders foraging at the study site. This observation suggests that spi-
ders may be important predators of small frogs in the Caatinga.

We thank D. Rödder for reviewing the manuscript.
 RIcARDO LOURENÇO DE MORAES, Programa de Pós-Graduação 
em ecologia e Conservação da Biodiversidade, universidade estadual de 
santa Cruz (uesC), rodovia ilhéus-itabuna, km 16, ilhéus, Bahia, Brazil, 
CeP 45662-000 (e-mail: ricardo_lmoraes@hotmail.com); WESLEI PER-
TEL, Programa de Pós-Graduação em Zoologia, universidade estadual de 
santa Cruz (uesC), rodovia ilhéus-itabuna, km 16, ilhéus, Bahia, Brazil, CeP 
45662-000 (e-mail: wpertel@yahoo.com.br).

RANA DRAYTONII (California Red-Legged Frog). PREDATION. 
Important causes for the decline of Rana draytonii are thought to 
be habitat loss, exploitation by the restaurant industry (Jennings 
and Hayes 1985. Herpetologica 41:94–103), and competition and 
predation from introduced fishes and frogs (Moyle 1973. Copeia 
1973:8–22). By the time the California Red-legged Frog was fed-
erally listed in 2002, it had disappeared from much of its original 
range, leaving little opportunity to study interactions between 
this native species and the introduced American Bullfrog (Rana 
catesbeiana). Competition between the two species at the lar-
val life stage has been described (Lawler et al. 1999. Cons. Biol. 
13[3]:613–622), and two recent reports have established that 
adult American Bullfrogs prey upon the tadpole and juvenile 
stages of R. draytonii (Cook and Jennings 2001. Herpetol. Rev. 
323:182–183) and on adults (Cook 2002. Herpetol. Rev. 33:303). 
The following account of a recent instance of opportunistic pre-
dation by American Bullfrogs illuminates their threat potential 
to the recovery of California Red-legged Frog populations.

On 3 Sept 2010, I discovered 23 recently metamorphosed R. 
draytonii distributed around the perimeter of an unnamed stock 
pond in Sonoma Co., California, USA (38.3301°N, 122.5818°W). 
This small pond (~270 m2) was constructed approximately 20 

fIg. 1. Lycosa cf. erythrognata predating on Pseudopaludicola cf. mys-
tacalis.
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years ago in heavily grazed rangeland, and this account marks 
the first sighting of California Red-legged Frogs at this location. 
The pond and its surroundings are devoid of vegetation; the 
newly transformed frogs were basking in shallow water or sought 
cover in refugia created by deep cow tracks at the pond edge. I 
also observed, collected, and dispatched seven adult American 
Bullfrogs present at the pond and analyzed their stomach con-
tents. Among the seven American Bullfrogs (five gravid females 
and two males), each of four females (SVL 136–144 mm) had one 
newly transformed juvenile (SVL 26–31 mm) California Red-
legged Frog in their stomach, and two of them had two each. 
Each of the seven American Bullfrog stomachs also contained at 
least one California Newt (Taricha torosa) larva (≤ 3) and aquatic 
insects (notonectids,  ≤ 13).

Predator-prey interactions are seldom witnessed in the wild 
due to their short duration and disturbance by observer pres-
ence (Major 1990. Ibis 132:608–612), but predation events may 
be inferred from the stomach contents of predators. The above 
incident, and those described by Cook and Jennings (2001, op. 
cit.) and Cook (2002, op. cit.), suggest that predation by American 
Bullfrogs on California Red-legged Frogs might be more wide-
spread than previously observed. Both species occupy the same 
ponds with some regularity (Cook and Jennings 2007. Herpeto-
logica 63[4]:430–440). Considerable overlap occurs in the pre-
ferred diet of adult American bullfrogs and California Red-legged 
Frogs (Hayes and Tenant 1985. Southwest. Nat. 30[4]:601–605), 
and continued loss of habitat concentrates resources, bringing 
these two species together with greater frequency. 

In a controlled experiment (Corse and Metter 1980. J. Her-
petol. 14[3]:231–238) adult American Bullfrogs that were force-
fed a diet of juvenile conspecifics completely digested their meal 
in 41 h. At the Sonoma Co. stock pond described above, two of 
the American Bullfrogs had each eaten two juvenile California 
Red-legged Frogs. If each adult American Bullfrog ate two Cali-
fornia Red-legged Frogs, given the observed rate of digestion de-
scribed above, the seven adult American Bullfrogs present could 
potentially consume all 23 of the observed juvenile California 
Red-legged Frogs over a four-day period. Adult California Red-
legged Frogs probably prey on juvenile American Bullfrogs, but 
the coexistence of these two frog species at ponds may belie a 
dynamic predator-prey relationship that favors the larger Ameri-
can Bullfrogs. The presence of American Bullfrogs in historical 
California Red-legged Frog habitat could pose a serious threat to 
the recovery of this threatened species.

American Bullfrogs were collected under a California fishing 
license (059753-12). I thank D. G. Cook for his continued support.
 Jeffery t. wilcox, university of California, Berkeley, Blue oak ranch 
reserve, 23100 alum rock falls rd., san Jose, California 95127, usa; jtwil-
cox@berkeley.edu. 

SCINAx NASICUS (Lesser Snouted Treefrog) and SCINAx ACU-
MINATUS (Mato Grosso Snouted Treefrog). REFUGIA. Scinax na-
sicus occurs in Paraguay, northern and central Argentina (south to 
Córdoba and Buenos Aires provinces), Uruguay, eastern Bolivia, 
and southern Brazil. Scinax acuminatus occurs in southern Mato 
Grosso and Mato Grosso do Sul (Brazil), Paraguay, Bolivia (Santa 
Cruz), and northern Argentina (Frost 2011. Amphibian Species 
of the World: an Online Reference. Version 5.5, 31 Jan 2011. Elec-
tronic database accessible at http://research.amnh.org/vz/her-
petology/amphibia/, American Museum of Natural History, New 
York). From Sept–Dec 2009, we conducted surveys ca. 10 km NE 
Corrientes City, Argentina (27.4321°S, 58.7466°W). The study site 

is part of the Chacoan Domain, Oriental Chaco District (Cabre-
ra and Willink 1980. Biogeografía de América Latina. Secretaría 
Federal OEA. Monografía 13:1–122; Carnevali 1994. Fitogeografía 
de la Provincia de Corrientes. Gobierno de la provincia de Cor-
rientes e INTA, 324 pp.), and is characterized by the presence of 
numerous temporary, semi-permanent, and permanent water 
bodies. Mean annual precipitation is 1500 mm and mean annual 
temperature is 23°C. According to Carnevali (1994, op. cit.), the 
original plant formation at this site was Schinopsis balansae “que-
bracho” forest, which is currently extremely degraded and largely 
replaced by sclerophyllous forest with a prevalence of Prosopis af-
finis, P. nigra, Acacia caven, Celtis sp., and numerous colonies of 
Aechmea distichantha and Bromelia sp.

Numerous amphibian species are associated with brome-
liads, using them strictly as shelter or for entire life cycle, re-
producing and feeding inside the plant axil (Peixoto 1995. Rev. 
Univ. Rural, Sér. Ciênc. da Vida 17[2]:75–83). In the study area, 
the bromeliad Aechmea distichantha mainly is used as a refuge 
for various species of amphibians and reptiles. This species has 
a high structural complexity and the capacity to store water for 
long periods (phytotelmata), such that individual plants harbor 
a diversity of arthropods and thus provide shelter and food for 
amphibians. 

In the study period we found Scinax nasicus (N = 60) and S. 
acuminatus (N = 5) using A. distichantha as refugia (Figs. 1A, B). 

fIg. 1. A) Scinax acuminatus and B) Scinax nasicus hidden inside the 
axils of Aechmea distichantha.
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Often, we recorded more than one frog per plant. In some cases, 
we found up to five specimens of S. nasicus (juveniles) inhabiting 
the same plant, each positioned in different leaf axils. S. acumi-
natus, however, was found with much less frequency. The obser-
vations were made between 9000 to 1800 h and in all cases, the 
frogs were hidden, with no evidence of activity such as eating or 
vocalization. Unfortunately, in September 2010, the study area 
habitat was completely lost due to land conversion by property 
owners.
 mArtA i. durÉ (e-mail: martadure@yahoo.com) and eduArdo f. 
SchAefer (e-mail: eclschaefer247@yahoo.com.ar), Centro de ecología 
aplicada del litoral CeCoal-CoNiCeT, ruta 5, Km 2,5. C.P. 3400, Corrientes, 
argentina.

teStudineS — turtleS

CHELONIA MYDAS AGASSIZII (East Pacific Green Seaturtle) 
DIET. The East Pacific Green Turtle is considered the most 
carnivorous of all Green Seaturtle subpopulations worldwide 
(Bjorndal 1997. In Lutz and Musick [eds.], The Biology of Sea Tur-
tles, pp. 199–231. CRC Press, Boca Raton, Florida). Novel Green 
Turtle diet items have been reported, including the Sea Pen, Pti-
losarcus undulatus (Seminoff et al. 2002. Copeia 2002:266–268), 
pelagic red crabs, Pleuroncodes planipes (Lopez-Mendilaharsu et 
al. 2005. Aquat. Conserv. Mar. Freshwater Ecosyst. 15:259–269), 
tunicates and crustaceans (Amorocho and Reina 2007. Endang. 
Species Res. 3:43–51), hydrozoans, scyphozoans, nematodes, an-
nelids, mollusks (Carrion-Cortez et al. 2010. J. Mar. Biol. Assoc. 
U.K. 90[5]:1005–1013), and sponges, Craniella sp. and Suberites 
aurantica (Rodriguez-Baron 2010. MS thesis. Centro Interdis-
ciplinario de Ciencias Marinas [CICIMAR-IPN]. 98 pp.). It has 
been suggested that such dietary diversity is a response to the 
energy requirements of these animals in the early life stages, fa-
cilitating nutritional (e.g., protein) gains for development and 
maturation (Bjorndal 1985. Copeia 1985[3]:736–751) and opti-
mizing digestion time (Amorocho and Reina 2008. J. Exp Mar. 
Biol. Ecol. 360:117–124). It has also been noted that C. mydas diet 
is influenced by resource availability (Balazs 1980. NOAA Tech. 
Memo. NOAA-TM-NMFS-SWFS-7; Garnett et al. 1985. Wildl. Res. 
12:103–112) and that diet selection is linked to the composition 
and capacity of the hind-gut microflora, which may change as 
turtles grow and/or occupy different habitats (Bjorndal 1980. 
Mar. Biol. 56:147–154). 

 During two field trips in 2009 we collected food samples 
from the esophagi of 21 Green Turtles (body mass 14–65 kg, 
and straight carapace length [SCL ± 0.1 cm] 40.3–73.4 cm; mean 
SCL = 54.83 ± 8.36 cm) captured at Laguna Ojo de Liebre (LOL; 
27.5833–27.9166°N, 113.9666–114.1666°W) located in the El 
Vizcaino Biosphere Reserve, Baja California Sur, Mexico. The 
anemone Palythoa ignota was present in 18 of the total samples, 
and it comprised 68.76% of the total volume. Turtle mean body 
condition index (BCI) was 1.48 (range = 1.25–2.06), similar to 
the values reported for previous studies (Koch et al. 2007. Mar. 
Biol. 153[1]:35–46; Seminoff et al. 2003. J. Mar. Biol. Assoc. U.K. 
83:1355–1362) which indicates that animals were in good health 
(Bjorndal et al. 2000. Ecol. Appl. 10:269–282). To our knowledge, 
this is the first report of targeted anenome consumption by Che-
lonia mydas agassizii. The fact that P. ignota occurred in such 
high proportion among a substantial number (85.7%) of turtles 
suggests that this colonial cnidarian is a major food resource for 
these turtles at LOL, and that Green Turtles have the capacity 
to assimilate nutrients from this invertebrate species (Bjorndal 

1990. Bull. Mar. Sci. 47[2]:567–570). We thank the Grupo Tortu-
guero de las Californias A.C. for their assistance in the logistics 
field work. 
 JuAn m. rodriGueZ-bAron and rAfAel rioSmenA-rodri-
GueZ, marine Botany research Program, marine Biology department, 
uaBCs, apartado Postal 19-B, km 5.5 Carretera al sur, la Paz B.C.s. 23080, 
mexico (e-mail: juanmaroba@gmail.com); Jeffrey A. Seminoff, Noaa-
National marine fisheries service, southwest fisheries science Center, 
8604 la Jolla shores drive, la Jolla, California 92037, usa; GuStAvo her-
nAndeZ-cArmonA, CiCimar-iPN, av. instituto Politécnico Nacional, Col. 
Playa Palo de santa rita, C.P. 23096 la Paz, B.C.s. méxico.

CHELONIIDAE (Marine Turtles). HATCHLING PREDATION. 
Sea turtle hatchlings are preyed on by a wide variety of predators 
(Stancyk 1982. In K. A. Bjorndal [ed.], Biology and Conservation 
of Sea Turtles, pp. 139–152.  Smithsonian Institution Press, Wash-
ington, D.C.). However, reports of snakes preying on sea turtle 
hatchlings are rare. Hendrickson (1958. Proc. Zool. Soc. Lond. 
130[4]:455–535.) stated that egg collectors on the east coast of 
Peninsular Malaysia observed mangrove snakes (Boiga den-
drophila) and pythons (Python reticulatus) in the act of swallow-
ing baby turtles (presumably  Chelonia mydas hatchlings). LeB-
uff (1990. The Loggerhead Turtle in the Eastern Gulf of Mexico. 
Caretta Research, Inc. 216 pp.) noted a black racer, Coluber con-
strictor priapus, discovered in a Caretta caretta nest on the Gulf 
Coast of Florida but did not mention actual predation on eggs or 
hatchlings. Foote et al. (2000. Proc. Sea Turtle Symp. 18:189–190) 
mentioned the coachwhip as a predator on sea turtles on the 
Gulf Coast of Florida but did not provide details. Here we pro-
vide the first documentation of an Eastern Coachwhip, Coluber 
(= Masticophis) flagellum flagellum, preying on a hatchling sea 
turtle (apparently a C. caretta).
 Since 1997 we have conducted sea turtle nesting surveys dai-
ly along the northern 9.7 km of Jupiter Island on the east coast 
of Florida in Martin Co. St. Lucie Inlet Preserve State Park com-
prises the northern 4.3 km of this survey area. Surveys are con-
ducted every morning throughout the sea turtle nesting season 
(March–October). Three species of sea turtles (Caretta caretta, 
Chelonia mydas, and Dermochelys coriacea) nest every year in 
this area and Lepidochelys kempii has been documented nest-
ing on three occasions (in 2005, 2008, and 2009).  In addition to 
recording all sea turtle emergences, we also mark a sample of 
nests for the purpose of documenting nest fate and reproductive 
success. During the surveys, the beach is checked for hatchling 
tracks in an effort to document hatchling disorientation. 
 During the survey on the morning of 29 August 29 2010, one 
of us (IA) observed the tail of a C. f. flagellum  protruding from 
an Atlantic Ghost Crab (Ocypode quadrata) burrow low on the 
beach at St. Lucie Inlet Preserve State Park (Fig. 1). As the burrow 
was approached, the snake’s head appeared from an adjacent 
burrow approximately 30 cm to the south. As the snake emerged, 
a live sea turtle hatchling was observed in its jaws. The snake re-
tracted into the burrow when approached, but reemerged after 
several minutes. As the snake began to emerge, a wave washed 
over the burrows, filling them with water and causing the snake 
to emerge rapidly with the hatchling still in its jaws (Fig. 2). The 
snake retreated quickly into the dunes, and no further observa-
tions were made. The snake was estimated to be approximately 
150 cm long.
 Based on direct observations and examination of photo-
graphs, the hatchling appeared to be a C. caretta though it would 
not be possible to distinguish it from a L. kempii or Eretmochelys 
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imbricata based on the observable characters. Though neither 
of the latter two species was documented nesting in this area 
during 2010, L. kempii nests are difficult to distinguish from C. 
caretta nests and one may have been present. Loggerheads are 
by far the principal species nesting in the area.
 Though this is the first documentation of a C. flagellum prey-
ing on a sea turtle hatchling, coachwhip snakes have been docu-
mented preying on other species of turtles. Ortenburger (1928. 
Mem. Univ. Michigan Mus. 1:1–247) reported an unidentified 
turtle in the stomach of a coachwhip from the western United 
States and Hamilton and Pollack (1956. Ecology 37[3]:519–526) 
found a newly hatched Kinosternon subrubrum in the stomach 
of a 1043-mm coachwhip from Georgia. Douglas and Winegar-
ner (1977. J. Herpetol. 11:236–238) reported remains of a Go-
pherus polyphemus from the feces of a coachwhip in Florida and 
Amarello et al. (2004. Herpetol. Rev. 35:178) observed a coach-
whip preying on a G. agassizii in Arizona. 
 During our monitoring of sea turtle nests on Jupiter Island, 
it is common to see O. quadrata burrows in nests. Ghost Crabs 
are documented predators on sea turtle eggs and hatchlings 
(Stancyk, op. cit.). It is also common to see signs that hatchlings 
that have emerged from their nests have been dragged by ghost 
crabs into their burrows (pers. obs.). This is evidenced by tracks 
left on the beach the morning after the incident. With respect to 

the incident reported here, the burrows in which the snake was 
found were low on the beach and hatchling tracks were observed 
coming from a nest higher on the beach. So it appears that, in this 
case, the snake did not invade a turtle nest via a crab burrow but 
rather invaded a crab burrow containing a hatchling turtle. It was 
also observed that the coachwhip had two bulges in its stomach. 
It is unknown whether these might represent additional hatch-
lings, crabs, or other prey. We could find no report of coachwhips 
preying on crabs despite the fact that, in the beach environment, 
they would provide an abundant food source for a snake that is 
known to eat a wide variety of prey (Hamilton and Pollack, op. 
cit.) and enter burrows (Dodd and Barichivich 2007. Florida Sci-
entist 70[1]:83–94). This might be explained by the lack of stud-
ies on coachwhips in the coastal environment despite the fact 
that C. f. flagellum is abundant in these areas (Savannah River 
Ecology Laboratory 2010. http://www.uga.edu/srelherp/snakes/
masfla.htm).
 We thank Anne Meylan and Kevin Enge for providing helpful 
comments on this manuscript.
 irene ArpAyoGlou (e-mail: diverdownbelow@hotmail.com) and r. 
erik mArtin, (e-mail: erikmartin@ecological-associates.com) ecological 
associates, inc., P.o. Box 405, Jensen Beach, florida 34958-0405, usa.

CHRYSEMYS PICTA BELLI (Western Painted Turtle). MOR-
PHOLOGY. Additional carapace scutes (supernumerary scutes) 
arising from embryonic mutations have been reported in a 
number of turtles species (Fernandez and Rivera 2004. Bio-
logica 59:85–88; Kazmaier and Robel 2001. Trans. Kansas Acad. 
Sci. 104[3–4]:178–182) but the extent of these anomalies within 
populations of Chrysemys is not well documented. We have been 
conducting a long-term study on the life history of C. picta belli 
at Chapman Lake near Durango, Colorado, USA (37.33010°N, 
107.88677°W; WGS84) since 1994. Of the 299 individuals cap-
tured and released at this location, 13 individuals with super-
numerary carapace scutes have been found to date. Of these, 
nine were females, three were males, and one was a juvenile of 
undetermined sex. In ten of the turtles (seven females and three 
males), the supernumerary scute was located between vertebral 
scute three (V3) and vertebral scute four (V4) resulting in a total 
of six vertebral scutes. Of the remaining three turtles, two indi-
viduals (one female and one juvenile) had six vertebral scutes 
with the supernumerary scute located between V4 and V5 and 
one individual (female) had eight vertebral scutes with the su-
pernumerary scutes located between V2, V3, and V4. 

Within this population, 4.3% of the individuals exhibited 
some type of carapace scute anomaly. Although the specific 
causes of these embryonic mutations are still unclear, a number 
of factors such as moisture levels during incubation (Hewavisen-
thi and Parmenter 2001. Copeia 2001:668–682; Lynn and Ullrich 
1950. Copeia 1950:253–262), suboptimal environments, and in-
breeding (Fernandez and Rivera 2004, op. cit.) can contribute 
to anomalies such as asymmetry and supernumerary scutes in 
turtle shells. Further research will be necessary to elucidate the 
underlying cause of this phenomenon within this population. 
Photographs available from CRC (contact information below).
 chriStopher r. cooley (e-mail: ccooley@regis.edu) and JeSSicA 
miller (e-mail: mill736@regis.edu), department of Biology, 3333 regis 
Blvd., d-8, regis university, denver, Colorado 80221, usa.

EMYDOIDEA BLANDINGII (Blanding’s Turtle). RECORD EGG 
SIZE. Several turtle nesting sites on the west side of Algonquin 
Provincial Park in Ontario, Canada are monitored annually as 

fIg. 1. Tail of a Coluber flagellum flagellum  protruding from an At-
lantic Ghost Crab (Ocypode quadrata) burrow low on the beach at St. 
Lucie Inlet Preserve State Park, 29 August 2010.

fIg. 2. Coluber flagellum flagellum recently emerged from an Atlantic 
Ghost Crab (Ocypode quadrata) burrow with a hatchling sea turtle in 
its jaws, St. Lucie Inlet Preserve State Park, 29 August 2010.
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part of a long-term study. Blanding’s Turtles (Emydoidea blan-
dingii) are rare on the west side of Algonquin Park, with only 3 
nests and 14 sightings recorded between 1959 and 2003 (Brooks 
et al. 2003. Reptiles and Amphibians of Algonquin Provincial 
Park. The Friends of Algonquin Park, Whitney, Ontario. 48 pp.). 
On 8 June 2010, we observed a female E. blandingii (24.2 cm 
straight line carapace length, 1810 g mass) nesting. This female 
laid a clutch of nine eggs, of which one egg was noticeably larger 
than the others (Fig. 1A). The largest egg weighed 17.0 g, and had 
a length of 3.94 cm and a width of 2.71 cm. This egg mass is 1.2 g 
greater than the largest mass previously reported for this species 
(Ernst and Lovich 2009. Turtles of the United States and Canada, 
2nd ed. Johns Hopkins University Press, Baltimore, Maryland. 
827 pp.). The other eight eggs ranged from 11.4 to 12.3 g in mass 
(mean ± SE = 11.6 ± 0.13 g), 3.46–3.64 cm in length (mean ± SE 
= 3.53 ± 0.025 cm), and 2.33–2.49 in width (mean ± SE = 2.38 ± 
0.018 cm). The large egg was 14.5, 6.2, and 6.5 standard devia-
tions larger than the mean mass, length, and width, respectively, 
of the other eight eggs in the clutch.

The clutch was reburied and caged in situ to protect the eggs 
from predators, and the nest was monitored daily for hatchling 
emergence. On 3 September 2010, nine hatchlings were observed 
on the ground surface under the cage. One of these hatchlings 
was substantially larger than the rest, and this hatchling presum-
ably emerged from the large egg (Fig. 1B). The largest hatchling 
weighed 13 g, and had a straight line carapace length of 3.85 cm. 
The other eight hatchlings weighed 8.4–9.0 g (mean ± SE = 8.7 
± 0.08 g) and had straight line carapace lengths of 3.36–3.46 cm 
(mean ± SE = 3.40 ± 0.012 cm). To quantify the change in mass 
during development, a ratio of hatchling mass to egg mass was 
calculated. This ratio was found to be similar between the largest 
egg (0.76), and the mean for the other eight eggs (0.75). 

Pelvic aperture width constraints have been suggested as an 
explanation for deviations from egg size/clutch size relation-
ships predicted by optimal egg size theory in small-bodied turtle 
species (Congdon and Gibbons 1987. Proc. Natl. Acad. Sci. USA. 
84:4145–4147; Rollinson and Brooks 2008. Oikos 117:144–151). 
Our observation of an anomalously large egg relative to others 
in the same clutch supports the idea that, at least in this case, a 
large-bodied turtle’s egg size may not be morphologically con-
strained, and may still deviate from optimal egg size theory. Also, 
because the change in mass during development was similar re-
gardless of size, the requirements of embryological development 
may not constrain egg size. Overall, our observation suggests 
that Blanding’s Turtles may not experience the same constraints 
on egg size as other species. This may leave traits, such as egg, 
clutch, and hatchling size, free to respond to external selective 

pressures making Blanding’s Turtles an optimal model for exam-
ining such traits. 

Financial support for this work was provided by NSERC and 
Laurentian University, and in-kind contributions were provided 
by Algonquin Provincial Park (Ontario Ministry of Natural Re-
sources) and the University of Guelph. All work was carried out 
under an approved Laurentian University Animal Care Commit-
tee protocol and was authorized by permits from the Ontario 
Ministry of Natural Resources. 
 JuliA l. riley, laurentian university, sudbury, ontario, P3e 2C6 (e-
mail: jx_riley@laurentian.ca); mAtthew keevil, laurentian university, 
sudbury, ontario, P3e 2C6 (e-mail: mg_keevil@laurentian.ca); pAtrick 
moldowAn, university of Guelph, Guelph, ontario, N1G 2w1 (e-mail: 
pmoldowa@uoguelph.ca); JAcQueline d. litZGuS, laurentian univer-
sity, sudbury, ontario, P3e 2C6 (e-mail: jlitzgus@laurentian.ca).

EMYDOIDEA BLANDINGII (Blanding’s Turtle). HATCHLING 
BEHAVIOR. Emydoidea blandingii is a semi-aquatic emydine 
turtle that occupies wetland habitats in the northcentral and 
northeastern United States and southeastern Canada. Adults 
overwinter aquatically to avoid freezing and desiccation (Edge 
et al. 2009. Can. J. Zool. 87:824–834), but hibernacula used by 
hatchlings and juveniles are not well known. It has been suggest-
ed that hatchlings might overwinter in the nest cavity, in aquatic 
habitats, and occasionally on land outside the nest cavity (Ultsch 
2006. Biol. Rev. 81:339–367), but conclusive field data are lacking. 

Here we report on a putative communal terrestrial overwin-
tering of post-emergent Blanding’s Turtle hatchlings. Five in-
dividuals were found in a hollow subterranean root while con-
ducting a radio-telemetry study of three species of hatchling 
turtles (E. blandingii, Glyptemys insculpta, Chelydra serpentina) 
in Algonquin Provincial Park, Ontario, Canada. Epoxy was used 
to attach VHF transmitters (0.55 g, Advanced Telemetry Systems 
[ATS], Isanti, Minnesota) to the carapace of hatchlings upon 
emergence from their nests. Hatchlings were tracked every 1–3 
days using a 3-element Yagi antenna attached to a R410 Scan-
ning Receiver (ATS, Isanti, Minnesota). On 17 September 2010, 
Blanding’s Turtle hatchling #373 was tracked to the base of an 
alder root system but was not visually located. The location was 
narrowed down to a 1 m2 area and marked with flagging tape. On 
22 September, Blanding’s Turtle hatchling #247 from the same 
clutch was tracked to the same 1 m2 but neither turtle could be 
visually located despite several hours of searching through the 
leaf litter. After several days of not moving, the hatchlings were 
assumed to have been predated and cached below ground, so 
the area was excavated by hand to preserve any existing tunnels 
and animal remains. On 27 September 2010, the two hatchlings 
with transmitters were located alive and dormant inside a hol-
low root that was 14 cm in diameter and 25 cm below the soil 
surface. In addition, three other live Blanding’s Turtle hatchlings 
were within 15 cm inside the same root. All five hatchlings were 
identified as siblings by a clutch-specific notch in their marginal 
scutes given at emergence on 20 August 2010. Because the turtles 
were observed inside the root in late fall, we presume that they 
had selected this site for overwintering. The root was along the 
border between an alder swamp and a softwood forest. This lo-
cation was 63 m from their nest and it is unknown how the tur-
tles entered the root. 

There are two possible explanations for how the five sibling 
turtles chose the same hollow root. The first is that the hatchlings 
were using conspecific cues to follow each other. Although the 
use of chemical cues has been suggested for other species (Tuttle 

fIg. 1. A) From left to right, two Painted Turtle (Chrysemys picta) eggs, 
three Snapping Turtle (Chelydra serpentina) eggs, and two Blanding’s 
Turtle eggs. The unusually large Blanding’s Turtle egg is encircled. 
Photo by Patrick Moldowan. B) A picture of the clutch of Blanding’s 
Turtle hatchlings, with the unusually large hatchling encircled.
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and Carroll 2005. Northeast. Nat. 12[3]:331–348), their use has 
not been experimentally demonstrated for freshwater turtle 
hatchlings. The other possible explanation is that all five turtles 
were using the same cues to detect appropriate hibernacula to 
enter the root. Considering there were over 50 hatchlings from 
seven nests that hatched surrounding the wetland that fall, the 
probability of five hatchlings from the same clutch entering the 
same root without using conspecific cues would seem to be low. 
Although there is no experimental evidence of hatchlings follow-
ing conspecific cues to reach hibernacula, our observations add 
to the body of evidence suggesting that chemical cues from other 
hatchlings are important.

The hatchlings were tracked again on 5 October 2010. The 
two turtles with transmitters (#s 247 and 373) were no longer 
inside the root and had moved 8 m and 6 m, respectively. Both 
hatchlings were buried in terrestrial forms, and there was no 
standing water at either location. The root was re-opened to 
check for the other three hatchlings, but none was found. It is 
likely that the disturbance we caused during excavation of the 
root system caused the hatchlings to move to a different over-
wintering site. However, because the hatchlings had been im-
mobile in the root system for 5–10 days before being disturbed, 
we suspect that they would have overwintered in this location. 
Temperatures during the week of excavation were already drop-
ping below freezing, which would have limited the mobility of 
hatchlings.

To our knowledge, our observations are the only known ac-
count of hatchling freshwater turtles using communal terrestrial 
hibernacula outside of the nest chamber, as well as the only ac-
count of Blanding’s Turtle hatchlings using a hollow root system 
as a refuge. Future work should identify important characteris-
tics of such sites, what cues hatchlings use to find hibernacula, 
and whether hatchlings can successfully overwinter in such sites.

Financial support for this work was provided by Environment 
Canada’s Habitat Stewardship Program, the Ontario Species at 
Risk Stewardship Program, NSERC, and Laurentian University. 
In-kind contributions and financial support were provided by 
Algonquin Provincial Park (Ontario Ministry of Natural Resourc-
es). All work was carried out under an approved Laurentian Uni-
versity Animal Care Committee protocol and was authorized by 
permits from the Ontario Ministry of Natural Resources. 
 JAmeS e. pAterSon, department of Biology, laurentian univer-
sity, 935 ramsey lake rd., sudbury, ontario, Canada (e-mail: jy_pater-
son@laurentian.ca); mAple mcdermott, algonquin Park, Po Box 219, 
whitney, ontario, Canada (e-mail: maplemcdermott@gmail.com); brAd 

SteinberG, algonquin Park, Po Box 219, whitney, ontario, Canada (e-
mail: brad.steinberg@ontario.ca); JAcQueline d. litZGuS, department 
of Biology, laurentian university, 935 ramsey lake rd., sudbury, ontario, 
Canada (e-mail: jlitzgus@laurentian.ca).

ERETMOCHELYS IMBRICATA (Hawksbill Sea Turtle). PE-
LAGIC JUVENILE. Eretmochelys imbricata occurs throughout 
the tropical and subtropical oceans (Meylan and Redlow 2006. 
In P. Meylan [ed.], Biology and Conservation of Florida Turtles, 
pp. 105–127. Chelonian Res. Monogr. 3). In the Western Atlantic 
Ocean they have been observed from the southern USA to south-
ern Brazil, throughout Central America, the Bahamas and Carib-
bean Sea (Meylan and Redlow 2006, op. cit.). After hatching, a 
Hawksbill undergoes a pelagic phase until attaining about 20 cm 
in carapace length; thereafter, it migrates to coastal regions or 
islands and establishes a residence, changing to a benthic phase, 
where it feeds and finds refuge until reaching sexual maturity 
(Chacón 2004. WWF-Programa Regional para América Latina y 
el Caribe. San José, Costa Rica). Eretmochelys imbricata is cur-
rently listed as Critically Endangered by the IUCN (2010. IUCN 
Red List of Threatened Species. Ver. 2010.4. www.iucnredlist.org), 
and is included in Appendix I of CITES (CITES 2005. Convention 
on International Trade in Endangered Species of Wild Fauna and 
Flora. www.cites.org/eng/append/appendices.doc). 

Here we present the first record of a pelagic juvenile Hawks-
bill Sea Turtle in the Marine Extractive Reserve Mãe Grande de 
Curuçá, located in the city of Curuçá, northeast of Pará, Brazil. 
This individual turtle was found dead, collected, and identified 
by Marcela M. Ramos and verified by Marinus Hoogmoed. It was 
deposited in the herpetological collection of Museu Paraense 
Emílio Goeldi, Belém-PA, Brazil (MPEG 1068). The specimen was 
recovered at Romana’s Beach (0.54286°S, 46.0991°W), at Guarás 
Island (one of 14 islands in the marine reserve), on 18 August 
2010, in an “estacada” net. The “estacada” is a gillnet commonly 
used by fishermen in the north region of Brazil (SEPAq 2008. Di-
agnóstico da pesca e da aqüicultura do Estado do Pará. <http://

fIg. 1. Juvenile of Eretmochelys imbricata captured at Romana’s 
Beach, Resex Marinha Mãe Grande de Curuçá, Pará, Brazil.

fIg. 1. Five sibling Blanding’s Turtle (Emydoidea blandingii) hatch-
lings in a putative hibernaculum consisting of a hollow tree root 25 
cm below the soil surface. The turtles were observed on 27 Septem-
ber 2010. 
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www.sepaq.pa.gov.br/files/u1/diag_pesca2008.php>) that can 
cause death in sea turtles by preventing them from surfacing to 
breathe (Gallo et al. 2006. Chelon. Conserv. Biol. 5:93–101). The 
juvenile reported here had the following measurements: 10.58 
cm straight-line carapace length, 8.10 cm straight-line carapace 
width, 7.54 cm plastron width, 8.14 cm plastron length, 1.36 cm 
pre-cloacal tail length, 2.0 cm post cloacal tail length, 2.37 cm 
head width, and weighed 170 g (Fig. 1). 

The Hawksbill Sea Turtle has an oceanic-neritic developmen-
tal pattern, characterized by early development in the oceanic 
zone followed by later development in the neritic zone, appear-
ing in this latter zone at about 20–35 cm caparace length (Bolten 
2003. In Lutz et al. 2003. The Biology of Sea Turtles. Vol. II. CRC 
Press, Washington, D.C.). This open ocean phase has been called 
the “lost years” (lasting 5–20 years) because researchers have 
little information on where the turtles go during this time (Miller 
1997. In Lutz and Musick 1997. The Biology of Sea Turtles. Vol. 
I., pp. 51–81. CRC Press, Washington, D.C.). It has been thought 
that these animals may be floating among seaweed or wander-
ing adrift in the open sea, thus the potential importance of this 
first occurrence of a pelagic juvenile in the neritic zone. In addi-
tion, this report highlights the importance of monitoring the in-
cidental captures on Pará’s coast, an important area for artisanal 
fishing (IBAMA 2004. Estatística da pesca 2002: grandes regiões e 
unidades da federação. IBAMA/CEPENE, Tamandaré). 

We thank the Peabiru Institute for financial and logistical 
support during data collection. This note is part of the disserta-
tion of M. Ramos, who thanks the UFPA and MPEG for logistical 
support and CAPES for fellowship support of the Master’s Degree 
program.
 mArcelA meirA rAmoS (e-mail: marcelabio@gmail.com) and mA-
rinA teÓfilo piGnAti (e-mail: marinateofilo@yahoo.com.br), labo-
ratório de manejo da fauna amazônica, universidade federal do Pará/
museu Paraense emílio Goeldi, 66017-970, Belém, Pará, Brazil; JuAreZ 
cArloS brito peZZuti, Núcleo de altos estudos amazônicos, universi-
dade federal do Pará, 66075-650, Belém, Pará, Brazil (e-mail: juca@ufpa.br).

GLYPTEMYS MUHLENBERGII (Bog Turtle). LOW INCIDENCE 
OF ALGAE AND LEECHES. The interrelationships between algae 
and leeches and the Bog Turtle, Glyptemys muhlenbergii, have 
been essentially ignored by researchers. Major life history stud-
ies of the turtle (Arndt 1977. Chesapeake Sci. 18:67–68; Burton 
and Price 1955. Copeia 1955:159–165; Ernst 1977. Herpetologica 
33:241–246; Holub and Bloomer 1977. Herpetol. Bull. New York 
Herpetol. Soc. 1:9–23) made no mention of either algae or leech-
es, and, apparently, no literature records of algae colonizing Bog 
Turtles exist. In view of this, data on algae and leech associa-
tions recorded from southeastern Pennsylvania Bog Turtles are 
reported here.

A total of 103 captures of Bog Turtles in a small population 
in Lancaster Co., Pennsylvania, USA were made from 1964–1992. 
The research site was described in Ernst (1971b. J. Herpetol. 
5:151–160). At the time of capture, the presence or absence of 
algal colonies on the carapace and leeches attached to the soft 
parts were recorded; along with the date, plastron length, sex 
(Ernst and Lovich 2009. Turtles of the United States and Canada, 
2nd ed. Johns Hopkins Univ. Press, Baltimore, Maryland), and 
other pertinent capture data (see Ernst 1971b, 1977, op. cit.). All 
turtles were notched for future identification and released.

Very few Bog Turtles were found with algae on their cara-
paces (5 records, 4.9% of captures). This is in direct contrast with 
data previously recorded for the other aquatic and semiaquatic 

turtles found at the site: Chelydra serpentina, 39.0% (Ernst et al., 
in prep.); Chrysemys picta, 69.1% (Ernst 1969. The Natural History 
and Ecology of the Painted Turtle, Chrysemys picta [Schneider]. 
Ph.D. dissertation, Univ. Kentucky, Lexington); Clemmys guttata, 
46.4% (Ernst 1976. J. Herpetol. 10:25–33); Glyptemys insculpta, 
17.0% (Ernst 2001. Chelon. Conserv. Biol. 4:94–99); and Sterno-
therus odoratus, 85.8% (Ernst 1986. J. Herpetol. 20:341–352). The 
species of algae involved was Basicladia crassa, a common col-
onizer of other turtle species, and a new host record. Although 
Bog Turtles were captured from March through August, algal 
colonies were only present on the turtles during April (4.3% of 23 
captures) and May (6.3% of 63 captures). Also, algae colonization 
was only associated with adult males, 5 of 54 males (9.3%).

Likewise, the number of records of Bog Turtles with attached 
leeches was very small (4, 3.9%) compared with records from the 
other five species of turtles present: C. serpentina, 32.8% (Ernst 
et al., in prep.); C. picta, 10.7% (Ernst 1971a. J. Parasitol. 57:32); 
C. guttata, 12.1% (Ernst 1976, op. cit.); G. insculpta, 38.6% (Ernst 
2001, op. cit.); and S. odoratus, 36.8% (Ernst 1986, op. cit.). As with 
algae, leeches were only attached to Bog Turtles during April 
(8.7% of captures) and May (8.7%). Three leeches were attached 
to adult females (6.3%), a single leech was found on an adult 
male (1.9%), and none was found on hatchlings or immatures; 
no turtle had more than one leech attached. The leech species at 
White Oak was Placobdella parasitica.

Leeches have been previously reported to parasitize G. 
muhlenbergii (“large blood sucking annelid”; Burton 1957. Our 
Knowledge of the Bog Turtle, Clemmys muhlenbergi, Further 
Augmented, M.S. thesis, Univ. Pittsburgh; Saumure and Carter 
1998. Herpetol. Rev. 29:98; Saumure and Beane 2001. Herpetol. 
Rev. 32:38). Saumure and Carter (1998, op. cit.) found Placob-
della multilineata on Virginia G. muhlenbergii, and Saumure 
and Beane (2001, op. cit.) reported both P. multilineata and P. 
parasitica from North Carolina Bog Turtles. Saumure and Carter 
(1998, op. cit.) noted a 52.2% incidence of P. multilineata attach-
ment during June through August in Virginia, and Saumure and 
Beane (2001, op. cit.) found P. parasitica on 3 North Carolina fe-
male Bog Turtles in May, June, August, and September, with an 
average of 3 leeches per turtle. At other North Carolina sites they 
found 2 males and 2 females with an additional 8 P. parasitica. 
Although the total number of Bog Turtles captured was not re-
ported, the incidence of parasitism there by P. parasitica seems 
low (2.4% on 7 turtles). In addition, Saumure and Beane (2001, 
op. cit.) found an average of 1.3 P. multilineata attached to 10 
Bog Turtles during May and June (total number of captures not 
given).

In addition to the relatively small number of G. muhlenbergii 
involved in the Pennsylvania, Virginia, and North Carolina popu-
lations, the total number of leeches attached to individual turtles 
was also very low. In the Pennsylvania population, as many as 88 
leeches have been found on individual turtles of the other spe-
cies, and normally each infested turtle had more than one leech 
attached (see above studies cited).

Why is there such a low incidence of both algae and leech 
attachment for G. muhlenbergii? Some suggestions can be made, 
based on the limited data, and these relate to the microhabitat 
and behavior of G. muhlenbergii (summarized in Ernst and Lov-
ich 2009, op. cit.). Essentially the species prefers very shallow, 
boggy sites with soft bottoms, abundant sedge (usually Carex 
sp.) tussocks or cattails (Typha), and numerous Meadow Vole 
(Microtus pennsylvanicus) runs. Its preferred microhabitat has 
been characterized as one where the Bog Turtle can “keep its feet 
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wet and its carapace dry.” In such microhabitats the turtle for-
ages along the shallow waterways and vole runs, and, at times of 
perceived danger, when becoming too warm, or at night, buries 
itself in the soft bottom or within the sedge tussocks. It is a con-
firmed basker (all age groups and sexes, although females may 
bask slightly more than males). Its microhabitat probably plays 
a major role in lowering the rate of incidence of both algal and 
leech attachment. Its extremely shallow water microhabitat is 
warmer than the cooler, deeper waters nearby, and may not be 
as conducive for leeches. Also, the turtle’s carapace is exposed 
to the sun more often, even if not basking, than those of more 
aquatic turtles; and is thus drier and warmer (pers. obs.). Algae 
cells on the carapace and leeches attached to the soft parts have 
a greater chance of being killed by ultraviolet rays, overheating, 
or drying out. When not foraging or basking, the turtle is usu-
ally found under the surface of the soft bottom or within vole or 
Muskrat (Ondatra zibethicus) burrows, if available, and is then 
in reduced light or possibly total darkness which does not favor 
algae growth.

Algal and leech associations should be included in current or 
future ecological studies of Bog Turtles to confirm or refute the 
above assumptions and the apparent low incidence of coloniza-
tions.
 cArl h. ernSt, division of amphibians and reptiles, mrC 162, smith-
sonian institution, P.o. Box 37012, washington, d.C. 20013-7012, usa; e-
mail: chernst@frontiernet.net.

GOPHERUS AGASSIZII (Desert Tortoise) and CROTALUS RU-
BER (Red Diamond Rattlesnake). BURROW CO-OCCUPANCY. 
I observed an adult Desert Tortoise and an adult Red Diamond 
Rattlesnake (sexes unknown) (Fig. 1) in a shallow tortoise burrow 
on 6 January 1997 at a wind energy generation facility near Palm 
Springs, Riverside Co., California, USA (33.9599°N, 116.6613°W). 
The site is located in the southeastern foothills of the San Ber-
nardino Mountains just west of the Whitewater River. The air 
temperature was about 5°C at the time the photograph was taken. 
The burrow was located about 50 m from a row of wind energy 
turbines, not an unlikely location for tortoises in this population 
(Lovich and Daniels 2000. Chelon. Cons. Biol. 3:714–721). Both 
species are common at the site and Red Diamond Rattlesnakes 
have been seen at Desert Tortoise burrows during the summer 
as well. The time of year when the photograph was taken was 
well within the cool weather dormancy period for both Desert 
Tortoises (Ernst and Lovich 2009. Turtles of the United States 

and Canada, 2nd ed. Johns Hopkins University Press, Baltimore, 
Maryland) and Red Diamond Rattlesnakes (Ernst 1992. Venom-
ous Reptiles of North America. Smithsonian Institution Press, 
Washington, D.C). In California the Red Diamond Rattlesnake is 
more commonly associated with coastal sage scrub and chapar-
ral plant communities and the Desert Tortoise is emblematic of 
the desert, three very different but proximate ecosystems. Areas 
where the ranges of these animals overlap are comparatively 
small when considering their composite distributions but the 
transition area at the study site contains representatives of plant 
species from all three ecosystems. Although Desert Tortoise bur-
rows can be occupied by many species of animals including oth-
er species of Crotalus (Ernst and Lovich, op. cit.) this is the first 
documented case of burrow co-occupancy for these two reptiles.
 Jeffrey e. lovich, u.s. Geological survey, southwest Biological sci-
ence Center, 2255 North Gemini drive, ms-9394, flagstaff, arizona 86001, 
usa; e-mail: jeffrey_lovich@usgs.gov.

GOPHERUS POLYPHEMUS (Gopher Tortoise). BURROW ASSO-
CIATE. Gopherus polyphemus excavate and inhabit burrows in 
xeric, sandy habitats of the southeastern United States (Auffen-
berg and Franz 1982. In Bury [ed.], North American Tortoises: 
Ecology and Conservation, pp. 95–126. USDI Fish and Wildlife 
Service, Wildl. Res. Rep. 12). Because of the cool, moist microen-
vironment provided by tortoise burrows, a number of animals 
use them as refugia with 60 vertebrate and 302 invertebrate spe-
cies documented utilizing burrows (Jackson and Milstrey. 1989. 
In et al. [eds.], Proceedings: Gopher Tortoise Relocation Sympo-
sium, pp. 86–98. Florida Game and Fresh Water Fish Commis-
sion, Tallahassee, Florida). Although the Six-lined Racerunner 
(Aspidoscelis sexlineata) has been observed using tortoise bur-
rows for refuge, it has never been reported to nest in tortoise bur-
rows or the burrow aprons, the mound of excavated sand depos-
ited outside the burrow entrance. Here we present six instances 
of A. sexlineata nesting in the aprons of burrows of G. polyphe-
mus at the Aiken Gopher Tortoise Heritage Preserve, Aiken Co., 
South Carolina, USA.

In the course of searching for and excavating G. polyphemus 
nests on 25 August and 1 September 2010, we unearthed six A. 
sexlineata nests at six separate burrows. All nests were buried 
shallowly on burrow aprons. Four of the nests consisted of neo-
nates emerging from or recently emerged from eggs, while two 
nests contained clutches of two and three eggs each. We brought 
the clutch of two eggs to the laboratory where it subsequently 
hatched on 3 September (eight days later). Tortoise burrows have 
long been acknowledged as important microhabitats within 
open-canopied, sandy habitats for species seeking thermal re-
fugia, moist hides, or foraging areas (Milstrey 1986. In Jackson 
and Bryant [eds.], The Gopher Tortoise and its Community, pp. 
4–25. Proceedings 5th Annual Meeting Gopher Tortoise Council, 
Florida State Museum). Female Gopher Tortoises are also known 
to nest in the aprons of their burrows; however, these observa-
tions of A. sexlineatus highlight the potential for the aprons of 
Gopher Tortoise burrows to serve as important oviposition sites 
for other herpetofaunal species.
 brett A. dEGreGorio, kurt A. buhlmAnn, Andrew m. GroSSe, 
beSS b. hArriS, robert v. horAn iii, and trAcey d. tuberville, 
savannah river ecology laboratory, university of Georgia. aiken, south 
Carolina 29802, usa (e-mail: deGregorio@srel.edu); brett m. moule, 
south Carolina department of Natural resources, Columbia, south Caro-
lina 29201, usa.fIg. 1. Gopherus agassizii and Crotalus ruber hibernating in a shallow 

Desert Tortoise burrow together near Palm Springs, California, USA.
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KINOSTERNON SUBRUBRUM (Eastern Mud Turtle) MUSK-
ING. Many turtle species have externally secreting musk glands 
located in the bony bridge region that binds the plastron with 
the carapace. These glands are referred to as Rathke’s glands, 
and their pores are generally located on the axillary and inguinal 
scutes (Ehrenfeld and Ehrenfeld 1973. Copeia. 1973:305–314). 
The number of glands varies from one to three (pairs) in extant 
species and up to four pairs in fossil turtles. The discovery of 
four pairs of Rathke’s glands in Kayentachelys aprix from the 
North American early Jurassic (150 mya) suggested that turtles 
were among the first amniotic lineages to evolve skin glands 
(Weldon and Gaffney 1998. Naturwissenschaften 85:556–557). 
The purpose of Rathke’s glands is not clearly understood, but 
the most common explanation is that they function as a preda-
tor deterrent, though this assertion has not been proven experi-
mentally. Laboratory experiments focusing on the musk turtles 
(Kinosternidae: Sternotherus) suggested that Rathke’s gland 
secretions function in mating behavior, but the effects of other 
chemical secretions could not be ruled out (Lewis et al. 2007. J. 
Herpetol. 41:349–353). 

The secretion of musk or “musking” may be regulated in rela-
tion to the situation at hand. During predator deterrence musk 
could be secreted indiscriminately as a negative stimulus to the 
attacker. In intraspecific communication, a female may signal to 
a male that she is receptive, or a male may signal as a warning 
to another male of its presence. I use this reasoning to explain 
observations of differential musk secretion in 10 Eastern Mud 
Turtles (Kinosternon subrubrum) collected from forested flood-
plains and freshwater tidal marshlands of the Patuxent River in 
Maryland, USA (38.7839°N, 76.7093°W). Five adult males and 
five adult females were hand-captured, and marked in upland 
forests during April of 2008. All turtles excreted musk promi-
nently when handled. Malodorous secretions accumulated and 
streamed from the surface of the axillary and inguinal scutes in 
up to three sizable drops. The turtles were then released at their 
exact capture locations in upland forests. When the original 10 
turtles were recaptured in aquatic habitats (>5 recaptures/in-
dividual) in May–August, musk secretion was not observed, or 
at least was not appreciable. To test whether this lack of musk 
secretion was the result of acclimation to frequent human intru-
sion, an additional seven adult turtles were captured in water. 
Musk secretion in these individuals was not detected. It is fea-
sible, but seemingly unlikely, that musk may not have been de-
tected due to its being diluted by water. 

I speculate that musking in K. subrubrum may not serve as 
an efficient anti-predatory strategy in the aquatic environment 
for at least two reasons (in addition to a possible dilution factor). 
First, gland pores may be blocked by debris that accumulates on 
the shell of this bottom-walking species. I observed that, in many 
cases, the entire plastron and marginal carapace was covered by 
a thick layer of algae or mud. Secondly, excessive musk secretion 
might advertise the presence of an individual to predators, and 
competitors of the same or different species. Kinosternid turtles 
are prey to larger bottom-walking chelydrids. Experiments have 
shown that Sternotherus is capable of using chemosensory cues 
to detect the presence of Macroclemys temminckii, but the re-
ciprocal was not shown (Jackson 1990. Copeia 1990:557–560). 
It is thus possible that kinosternids may be able to use chemo-
sensory cues to detect conspecifics. Aggressive behavior towards 
conspecifics in K. subrubrum can be severe while in water (Rig-
ley 1973. Bull. Maryland Herpetol. Soc. 10:22–23). Therefore, it 
might be advantageous to regulate musk secretion in order to 

minimize detection. There is a modest body of evidence to sug-
gest that turtles are capable of aquatic chemoreception in in-
ter- and intraspecific interactions (reviewed in Polo-Cavia et al. 
2009. Biol. Invas. 11:431–440). Based on my observations, K. sub-
rubrum may tend to musk in the terrestrial environment to de-
ter predators, but may reduce use of musk glands in the aquatic 
environment for reasons that remain speculative. For instance, 
in kinosternids or other turtle species, it is not clear whether 
Rathke’s glandular secretions follow seasonal patterns. As such, 
the function of these glands remains obscure, and aspects of its 
behavioral and chemical ecology warrant further examination 
(Plummer and Trauth 2009. Herpetol. Cons. Biol. 4:207–220).

These observations were made while conducting research 
at the Jug Bay Wetlands Sanctuary in Lothian, Maryland. I thank 
Chris Swarth, Sanctuary Director, for logistical assistance, and 
the Friends of Jug Bay for funding.
 GerArdo Antonio cordero, Jug Bay wetlands sanctuary, 1361 
wrighton road, lothian, maryland, usa. Current address: iowa state uni-
versity, ecology, evolution and organismal Biology, 253 Bessey hall, ames, 
iowa 50014, usa; e–mail: gcordero@iastate.edu

PODOCNEMIS UNIFILIS (Yellow-spotted River Turtle). NEST 
PREDATION. In some localities, ants are considered important 
predators of turtle nests (Fachín-Terán 1994. Boletín de Lima 
16:417–423; Moulis 1997. Chelon. Conserv. Biol. 2:433–436). 
However, the level of this impact is still poorly understood and 
rarely documented (Caut et al. 2006. Can. J. Zool. 84:908–915). 
Here we report on the impact of ants on the reproductive success 
of the freshwater turtle Podocnemis unifilis at a site in the Brazil-
ian eastern Amazon.

Between 22 September and 27 December 2009 we daily 
monitored nests of Podocnemis unifilis at a 29.68-ha study site at 
taboleiro da Água Preta (02.0912°N, 054.3717°W), western Pará 
State, Brazil. This site is a floodplain area in the lower Amazon 
River, near its confluence with the Tapajos River. Of the moni-
tored nests, 1.2% (two nests) were partially predated by the fire 
ant Solenopsis saevissima (Formicidae: Myrmicinae). In the first 
depredated nest of 34 eggs, four hatchlings (11.8%) were lost to 
ants, and in second nest, also with 34 eggs, 14 hatchlings (41.2%) 
were predated.

The level of ant predation seemingly can vary widely between 
even closely spaced nests; for example, 52.4% of nests at a site 
in the Peruvian Amazon (Fachín-Terán, op. cit.), 8.3% in Geor-
gia, USA (Moulis, op. cit.), and only 1.2% in the Brazilian eastern 
Amazon (this study). However, it is not yet known which factors 
might influence the probability of predation of turtle nests by 
ants. Future studies should better define the impact of ants on 
the nesting success of turtles.

We thank the FAPESPA, UFPA, and MPEG for financial and 
logistical support during data collection and acknowledge the 
assistance of I. P. Santos in the English translation of this work. 
M. Pignati and W. Dáttilo were supported by master’s degree fel-
lowships from CNPq and CAPES, respectively.
 mArinA teÓfilo piGnAti, laboratório de manejo da fauna 
amazônica, universidade federal do Pará/museu Paraense emílio Goeldi, 
66017-970, Belém, Pará, Brazil (e-mail: marinateofilo@yahoo.com.br); weS-
ley dÁttilo, departamento de ecologia e Botânica, universidade federal 
de mato Grosso, 78060-900, Cuiabá, mato Grosso, Brazil (e-mail: wdattilo@
hotmail.com); JuAreZ cArloS brito peZZuti, Núcleo de altos estudos 
amazônicos, universidade federal do Pará, 66075-650, Belém, Pará, Brazil 
(e-mail: juca@ufpa.br).
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PSEUDEMYS CONCINNA SUwANNIENSIS (Suwannee Coot-
er). FISH PREDATION. Fish predation on turtles is well known, 
but some large carnivorous fishes such as the Bowfin (Amia 
calva) have not been considered turtle predators (Ernst et al. 
1994. Turtles of the United States and Canada. Smithsonian 
Inst. Press, Washington, D.C. 578 pp.; Jordon and Arrington 
2001. Wetlands 21:155–159). On 4 May 2010 at the 0300 h we 
captured an adult female A. calva (812 mm total length, 4082 
g) in Ginnie Spring (29.8361°N, 82.6997°W), High Springs, Flor-
ida, USA. While dissecting this specimen, we found a juvenile 
Pseudemys concinna suwanniensis (39 mm straight midline 
carapace length, 37 mm straight midline plastron length, 33 
mm carapace width, 17 mm height) in the stomach contents. 
This observation might be the first record of turtle predation by 
A. calva and also expands the list of predators potentially influ-
encing populations of P. c. suwanniensis, which is listed by the 
Florida Fish and Wildlife Conservation Commission as a Spe-
cies of Special Concern. 
 eric SuAreZ, department of wildlife ecology and Conservation, uni-
versity of florida, Gainesville, florida 32611, usa (e-mail: eric.suarez725@
yahoo.com); mAtthew h. kAil, Teaching Zoo, santa fe College, Gaines-
ville, florida 32606, usa (e-mail: snappergi@aol.com); GerAld r. John-
Ston, department of Natural sciences, santa fe College, Gainesville, 
florida 32606, usa (e-mail: jerry.johnston@sfcollege.edu).

STERNOTHERUS CARINATUS (Razor-backed Musk Turtle). 
PREDATION. On 6 June 2008, seven Sternotherus carinatus 
shells, one Apalone spinifera and A. mutica shell each, and sev-
eral catfish (Ictalurus sp.) skulls were found on the ground below 
a Bald Eagle (Haliaeetus leucocephalus) nest on Kincaid Lake, 
Rapides Parish, Louisiana, USA. 

All of the S. carinatus shells apparently are of adult size, and 
averaged 136.1 mm in carapace length (111.3–144.0 mm), 91.8 
mm in carapace width (80.8–99.3 mm), 96.5 mm in plastron 
length (79.2–104.1 mm), and 59.7 mm in shell height (50.1–69.3 
mm). The shells remained mostly intact and were all that re-
mained of the turtles except for a few attached vertebrae and 
limb bones. This is the first report of a specific, non-human 
predator for adults of this species (Ernst and Lovich 2009. Turtles 
of the United States and Canada, 2nd ed. Johns Hopkins Univer-
sity Press, Baltimore, Maryland. 827 pp.; Lindeman 2008. Chelon. 
Res. Monogr. 5:012.1–012.6; Mahmoud 1969. Southwest. Nat. 
14:31–66). There are, however, reports of Bald Eagles preying on 
the congeneric S. odoratus (Clark 1982. J. Field Ornithol. 53:49–
51; Ernst and Lovich 2009, op. cit.) and both species of Apalone 
(Watermolen 2004. Bull. Chicago Herpetol. Soc. 39:69–70).

Voucher specimens are deposited in the University of Loui-
siana at Monroe Museum of Natural History: Apalone mutica 
(NLU 70630), A. spinifera (NLU 70629), and six of the seven S. 
carinatus (NLU 70631–70636). Turtles specimens were collected 
with LNGP permit #2008–043. 
 Steve Shively, Calcasieu ranger district, Kisatchie National forest, 
9912 hwy 28 west, Boyce, louisiana 71409, usa (e-mail: steveshively@
fs.fed.us); JoSh brown and John l. cArr, department of Biology and 
museum of Natural history, university of louisiana at monroe, monroe, 
louisiana 71209-0520, usa (e-mail: carr@ulm.edu).

TERRAPENE CAROLINA CAROLINA (Eastern Box Turtle). AG-
GRESSION / REPRODUCTION. On 25 September 2010, on the 
campus of Messiah College (Grantham, Pennsylvania, USA; 
40.1564°N, 76.9964°W), the interactions of two male and one fe-
male Terrapene c. carolina were observed. When they were first 

encountered, one of the males (designated a) was copulating 
with the female (♀) (phase 3) and the other male (designated 
b) was alternating between biting the front of the ♀ carapace and 
attempting to mount her (phase 1). (Note: these three phases of 
box turtle courtship and mating were described by Evans [1953. 
Herpetologica 9:198–192] as circling/biting/shoving [phase 1], 
mounting [phase 2], and copulating [phase 3]). Interestingly, 
neither male responded to the other’s presence. a remained 
motionless in a typical phase 3 posture, and b made no attempts 
to dislodge him, but continued normal phase 1 behavior as if 
a was not there. The ♀ had the front of her plastron partially 
open, but she did not extend her head or limbs. This continued 
for 20 minutes, then a and the ♀ separated, and a righted him-
self. The ♀ began to rapidly leave, and both males chased after 
her, biting at each other’s necks as they ran. b ran ahead of ♀a. 
After a short distance, the ♀ stopped and partially closed up. 
Both males stopped as well, but they kept their necks stretched 
out. b bit the rear of the ♀'s carapace several times, then turned 
away from her and approached a. He stopped before reaching 
a, pushed himself up on his legs, and repeatedly raised and low-
ered his left front leg. This behavior, however, is typical of a male 
courting a female, not of a male fighting another male (Evans 
1953, op. cit.). Other researchers have observed males trying 
to mate with other males (Harless and Lambiotte 1971. J. Biol. 
Psychol. 13:17–23). a did not appear to make any response to b. 
After seven minutes, the ♀ began to leave again. As soon as she 
moved, both males extended their necks even further, looked 
in her direction, and then chased after her. The ♀ stopped and 
closed her shell after moving a short distance. b was immedi-
ately behind her, and a was immediately behind him. This time, 
a continued to charge forward, and b turned 90° to the left and 
confronted him. ♀a lunged at the front of b, and b immediately 
closed up. a bit at b several times, then walked off. After a had 
moved roughly 0.5 m, b opened up and charged after him. It was 
unclear whether this chasing was aggression or courting, but it 
is interesting that b left the ♀ who was sitting motionless be-
side him. As b approached, a turned 180° and lunged at b. Once 
again, ♀b closed up immediately. This time, however, a stayed 
and continued to bite at b whenever b opened his plastron. Ten 
minutes later, the ♀ opened up and moved away. b was closed 
during her departure, and a was open and facing the ♀, but he 
did not chase after her. 

It is possible that a may have been mate guarding; however, 
female Eastern Box Turtles can store sperm for several years, 
and it would presumably be inefficient for a species with de-
layed fertility to also exhibit mate guarding (Ewing 1943. Copeia 
1943:112–14; Gist and Fischer 1993. J. Reprod. Fertil. 97:463–468). 
In defense of a mate guarding hypothesis, however, Tonge (1987. 
Dodo, J. Jersey, Wild. Preserv. Trust 24:111–120) reported that in 
a group of captive Aquatic Box Turtles (Terrapene coahuila) one 
dominant male prevented the other males from mating. 

It might be possible to attribute most of the observed behav-
iors to the tendency of Terrapene carolina to respond to move-
ment (Fitch 1965. Trans. Kansas Acad. Sci. 68:522–532). Male Box 
Turtles have been known to totally ignore a female that is immo-
bile, but readily investigate a moving, turtle-shaped object (Bel-
zer 2002. Turtle and Tortoise Newsl. 6:17–26). This may indicate 
that the various instances of a and b responding to each other 
and ignoring the ♀ were simply a result of the fact that the other 
male was moving, and the ♀ was not. 
 donAld t. mckniGht, 1161 Priestford road, street, maryland 21154, 
usa; e-mail: dm1303@messiah.edu.
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crocodyliA — crocodiliAnS

CROCODYLUS PALUSTRIS (Mugger Crocodile). SIGNALING 
BEHAVIOR. Although Crocodylus palustris is a common and 
well-studied species, the signaling behavior of adults during 
the mating season has never been studied. Observations on C. 
palustris were made during the mating season at three locations 
in India: in the wild in Sasan Gir National Park (Gujarat, 21.13°N, 
70.78°E, January 2007) and Katerniaghat Wildlife Sanctuary (Ut-
tar Pradesh, 28.34°N, 81.42°E, March 2007), and in captivity in 
Madras Crocodile Bank (Tamil Nadu, 12.74°N, 80.25°E, Decem-
ber 2006). At the first two locations, the crocodiles inhabited riv-
ers of varying size and small forest ponds. At the third location, 
they were kept in concrete ponds within bare-ground enclosures.

Observations in the wild were conducted ad libitum by locat-
ing large individuals (the most likely to be males) and watching 
them and other crocodiles in view from a distance of at least 50 
m. At each location, continuous 24-h observation was initially 
attempted to determine the approximate time of day when sign-
aling behavior was most likely to occur. As soon as that time pe-
riod was determined, observational efforts were concentrated 
with that time frame. At Madras Crocodile Bank, the animals 
were observed from 1600 to 1200 h, with two 5-min breaks.

The crocodiles produced roars and headslaps, performed 
in arched-back posture at the water’s edge, and these behaviors 
were accompanied with body vibrations and “water dance” ef-
fects indicative of infrasound pulse, as described for the Nile 
Crocodile (C. niloticus) and the American Crocodile (C. acutus) 
(Garrick et al. 1978. Bull. Am. Mus. Nat. Hist. 160:153–192). Mug-
ger roars are similar to those of Nile Crocodiles (pers. obs.), but 
louder (audible to a human observer at more than 1 km under 
ideal conditions) and longer (up to five sec in duration, as seen 
on spectrograms). Unlike Nile and American crocodiles (Dinets, 
in prep.), roars were used more frequently than headslaps; eight 
roars vs. two headslaps at Katerniaghat (in five days of observa-
tion), six roars vs. three headslaps at Sasan Gir (in seven days of 
observation), and one roar at Madras Crocodile Bank (in one day 
of observation).

Roaring on land was not observed in wild individuals, how-
ever, the only roar observed at Madras Crocodile Bank was 
produced by a male on land. Two smaller crocodiles (probably 
females) immediately approached the male and initiated court-
ship behavior (chin touching). 

All roars and headslaps were produced by animals more than 
2 m long (by visual estimate), and never by animals known from 
mating observations to be females. In most cases, roars and head-
slaps were produced within one hour before or after sunrise, and 
before the animals left the water to bask onshore. The only excep-
tions were the abovementioned roar on land and one roar in the 
water, produced by a male in Sasan Gir three hours after sunrise, 
following two hours of basking onshore on an exceptionally cold 
morning (minimum air temperature 11°C). Another male at the 
same location once produced a roar without an arched-back dis-
play immediately after (and possibly in response to) a roar by a 
lion (Panthera leo) half an hour before sunrise. In both cases the 
sex of each individual was known from observed matings. 

I thank Gaurav Bhatnagor, Dabeer Hasan, Krishna Kumar 
Mishra, Pradeep, Kabir Sharma, Gopi Shindar, Nikhil Whitaker, and 
Romulus Whitaker for assistance, advice, and access to permits.
 vlAdimir dinetS, department of Biology, university of miami, Coral 
Gables, florida 33146, usa; e-mail: dinets@gmail.com.

MELANOSUCHUS NIGER (Black Caiman). SIGNALING BEHAV-
IOR. Observations presented herein on Melanosuchus niger were 
made between 15–19 August 2008 in Rupununi River and an ad-
jacent oxbow lake near Karanambu Ranch, Region 9, Guyana 
(3.75°S, 59.26°W), and on 21–22 December 2010 at Laguna Añan-
gucohoa in Yasuni National Park, Orellana Province, Ecuador 
(0.55°S, 76.45°W). In Guyana, three caimans were observed from 
shore or boat for one 16-h period each, from one hour before 
sunset to three hours after sunrise. In Ecuador, one caiman was 
observed from shore for three 11-h periods, from one hour after 
sunset to sunrise. During each observation period there was only 
one caiman in sight. The minimum observation distance was 50 
m. The animals did not show any sign of disturbance or aware-
ness of the observer’s presence. No artificial light was used be-
cause moonlight was sufficient for observation (full moon on 16 
August 2008 and on 21 December 2010). All caimans were visu-
ally estimated to be 3–3.5 m long. Animals of that size were most 
likely adult males (Herron 1991. Biol. Conserv. 55:103–113).

The animals performed roaring and head-slapping displays 
in arched-back posture, as described for the American Alligator 
(Alligator mississippiensis) (Garrick et al. 1978. Bull. Am. Mus. 
Nat. Hist. 160:153–192; Vliet 1989. Am. Zool. 29:1019–1031). Two 
roaring and four head-slapping displays were observed in Guy-
ana; one roaring and two head-slapping displays in Ecuador. To 
a human observer, Black Caiman roars sound similar to roars of 
Spectacled (Caiman crocodylus), Yacare (C. yacare), and Broad-
snouted (C. latirostris) caimans (pers. obs.), but are louder 
(probably audible at more than 300 m in ideal conditions) and 
longer (estimated to last for 1–1.5 sec). Body vibrations and “wa-
ter dance” effect indicative of infrasound production (Garrick et 
al., op. cit.) accompanied all displays. All signaling behavior was 
observed at night (between 1 h after sunset and 20 min before 
sunrise).

Black Caimans breed during the rainy season: August in Guy-
ana (Peter Taylor, pers. comm.) and in June in Ecuador (Serverio 
Pachac, pers. comm.). The observations in Ecuador were made 
during a two-week period of exceptionally heavy rains; this prob-
ably explains why the animal was displaying outside the mating 
season. To my knowledge, signaling behavior of the Black Cai-
man has never before been described in literature.

I thank Mariela Cardenas, Serverio Pachac, Peter Taylor, and 
the McTurk family for their assistance in this study.
 vlAdimir dinetS, department of Biology, university of miami, Coral 
Gables, florida 33146, usa; e-mail: dinets@gmail.com.

MELANOSUCHUS NIGER (Black Caiman). LONG DISTANCE 
MOVEMENT. The Black Caiman (Melanosuchus niger) is the 
largest of the four crocodilian species found in the Amazon River 
basin. Despite its economic and ecological importance, relative-
ly little is known of its ecology and behavior (Vasquez 1991. Cat. 
Amer. Amphib. Rept. 530.1–530.4). Commercial hunting for cai-
man skins was common throughout the Amazon until the 1960s 
(Smith 1980. Biol. Conserv. 19:177–187) and in Brazil it was pro-
hibited in 1967. However, over the last 20 years, M. niger popula-
tions have been recovering in many parts of the species’ range, 
and today it is abundant in many parts of Brazilian Amazonia (Da 
Silveira 2002. In Larriera and Verdade [eds.], La Conservación y el 
Manejo de Caimanes e Cocodrilos de América Latina, pp. 61–78. 
C. N. Editoria, Piracicaba, São Paulo, Brazil). 

As part of an evaluation of the Black Caiman population in 
the Mamirauá Sustainable Development Reserve (1,124,000 ha) 
in the western Brazilian Amazon (Da Silveira et al. 2008. Copeia 
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2008:425–430), we captured adults and subadults for a radio-te-
lemetry study of movement patterns. Caimans were captured at 
night using a pole with a breakaway noose from a 4.7-m alumi-
num boat with a 15-hp motor (Da Silveira and Da Silveira 1997. 
Newsletter Crocodile Specialist Group – IUCN/SSC 16[2]:18–20). 
Caimans were marked by a monel toe web tag attached at the 
right rear foot and equipped with Advanced Telemetry Systems 
(ATS) transmitters (164 MHz) fixed with Kevlar® line to the dor-
sal surface of the tail between the double rows of caudal scutes, 
immediately anterior to the single scale row of caudal scutes (Da 
Silveira et al. 2010. J. Herpetol. 44:418–424).

On 26 September 1997, we captured a small adult male 
M. niger (167 cm SVL, 335 cm TL and 98 kg) in Lago Mami-
rauá (02.9847°S, 064.9167°W). After capture the caiman was 
marked, radio-equipped, and released one hour later. The radio-
equipped male was located on 62 occasions between its capture 
and 24 April 1999 (= 580 days). Sixty percent of the subsequent 
movements were of ≤ 100 m, 76% were ≤ 500 m and 11% were 
between 2400 and 3900 m (mean = 614; SD = 887), totaling at 
least 38.1 km. 

The M. niger used two core areas, a dry season core range in 
Lago Mamirauá and a wet season core range in Lago Acácio, an 
intermittent water body adjacent to Lago Mamirauá that dries 
entirely during the dry season. The Lago Mamirauá core area was 
composed of 16 locations between 57 and 1400 m (mean = 664, 
SD = 348) from the release site. Forty locations formed the Acácio 
core area, which had its center located 4.7 km from the capture 
site. After 29 April 1999 we lost the radio signal and assumed that 
the transmitter’s battery had run out. 

Four years and seven months later, on 1 December 2003, 
the male was killed in the Lago Atapi (02.8796°S, 064.6388°W) in 
the Amanã Sustainable Development Reserve, 33 km (straight-
line distance) NE from the original capture site and 33.8 km 
(straight-line distance) from the last observed location in Lago 
Acácio. The caiman was killed by people from the community 
of Nova Jerusalém, and it was detected by the Hunting Monitor-
ing Program of the Mamirauá and Amanã Reserves. The radio-
transmitter and the monel toe web tag were still attached to the 
animal’s body. At that time, the Black Caiman measured 380 cm 
(TL) and produced 60 kg of dried, salted meat for sale, probably 
to Colombian traders, a practice common in the upper Amazon 
River (called Solimões in Brazil) during the 1990s (Da Silveira 
and Thorbjarnarson 1999. Biol. Conserv. 88:103–109). Other 
body characteristics were not available, but we estimated an ap-
proximate SVL of 186.5 cm and weight of ca. 117 kg (Mendonça 
2009. A Caça Comercial de Jacarés no Baixo Rio Purus e suas 
Implicações no Manejo Sustentável na Reserva Piagaçu-Purus, 
Amazônia Central. Unpubl. Masters thesis. Instituto Nacional 
de Pesquisas da Amazônia/Universidade Federal do Amazonas. 
Manaus, Amazonas, Brazil. 52 pp.).

Movements between the Mamirauá and Amana Reserves 
have also been reported for the Amazonian Manatee (Trichechus 
inunguis) (Arraut et al. 2009. J. Zool. 2009:1–10), and for the Six-
tubercled Amazon River Turtle (Podocnemis sextuberculata) 
(Fachín-Terán 1999. Ecologia de Podocnemis sextuberculata 
(Testudines, Pelomedusidae), na Reserva de Desenvolvimento 
Sustentável Mamirauá, Amazonas, Brasil. PhD thesis. Instituto 
Nacional de Pesquisas da Amazônia/Universidade Federal do 
Amazonas. Manaus, Amazonas, Brazil. 189 pp.). All three spe-
cies are commonly hunted for subsistence or illegal commercial 
trade in the Mamirauá and Amanã Reserves, and M. niger meat is 
also used as bait for Calophysus macropterus, a pimelodid catfish 

sold in Colombian markets (Da Silveira and Viana 2003. Croco-
dile Specialist Group Newsletter 22:16–18). Although movement 
patterns of M. niger are unknown aside from the data provided 
here, such a long-distance movement was unexpected.

Together, the Mamirauá and the Amanã Reserves comprise 
an area of 3,474,000 ha, representing an enormous and contigu-
ous block of protected Amazonian habitats. The movement of 
the M. niger between these reserves reinforces the ecological im-
portance of megareserves (> 1 Mha) for the effective conserva-
tion of populations of Amazonian top predators.
 roniS dA SilveirA, departamento de Biologia, instituto de Ciências 
Biológicas, universidade federal do amazonas, avenida General rodrigo 
otávio 3000, 69.077-000, manaus, amazonas, Brazil (e-mail: ronis@ufam.
edu.br); João vAlSecchi do AmArAl, instituto de desenvolvimento 
sustentável mamirauá, av. Brasil 197, Juruá, Cx. Postal 38, 69470-000, Tefé, 
amazonas, Brazil (e-mail: joao.valsecchi@mamiraua.org.br); williAm e. 
mAGnuSSon, Coordenação de Pesquisas em ecologia, instituto Nacional 
de Pesquisas da amazônia, CP 478, 69011-970, manaus, amazonas, Brazil 
(e-mail: bill@inpa.gov.br); John b. thorbJArnArSon†, wildlife Conser-
vation society, Gainesville, florida. †deceased february 2010.

SQuAmAtA — liZArdS

AMBLYRHYNCHUS CRISTATUS (Galápagos Marine Iguana). 
PREDATION. On 18 December 2003, GM observed a large male 
Galápagos Sea Lion (Zalophus wollebaeki) prey on an adult-sized 
(>23 cm SVL) Amblyrhynchus cristatus at Bahia Paraiso on the is-
land of Santa Fe, Galápagos (90.028°W, 0.829°S, datum: WGS84, 
elev. <1 m). The iguana was captured while walking on land 3 m 
from the shoreline, bitten at the base of the tail, and shaken back 
and forth for about 1 min in a manner similar to that employed 
by sea lions when preying on large fish (Everitt et al. 1981. Mur-
relet 62:83–86). The iguana was then bitten several more times 
and swallowed whole. Two additional predatory episodes were 
observed during the same morning, involving the same male sea 
lion biting and shaking adult-sized iguanas, but we were unable 
to observe whether these individuals were also consumed. Ga-
lápagos Sea Lions are frequently found in the vicinity of marine 
iguanas, but predation on iguanas has not previously been ob-
served. Galápagos Marine Iguanas are thought to have evolved 
in the absence of terrestrial predators; this is the first record of 
predation on adult marine iguanas by any native predator that 
uses terrestrial habitat at least some of the time.
 mAren n. vitouSek, department of ecology and evolutionary Biol-
ogy, Princeton university, Princeton, New Jersey 08544, usa, and (current 
address) department of ecology and evolutionary Biology, uCB 334, uni-
versity of Colorado, Boulder, Colorado 80309, usa (e-mail: vitousek@colo-
rado.edu); GAbrielA mAldonAdo, departamento de Biologia, Pontifi-
cia universidad Católica del ecuador, apartado 17-01-2184, Quito, ecuador.

AMEIVA AMEIVA (Giant Ameiva). PREDATION. Despite its ex-
tensive distribution in South America (Vitt and Colli 1994. Can. 
J. Zool. 72:1986–2008) with various aspects of its natural history 
described (Colli 1991. Copeia 1991:1002–1012), there are few 
known predators for Ameiva ameiva (Martins and Oliveira 1998. 
Herpetol. Nat. Hist. 6: 78–150). Hence, we add to the limited data 
on A. ameiva predators with an observation of predation by Gray 
Hawk (Buteo nitidus).

On 16 June 2008, while conducting an ornithological survey 
as a part of the monitoring study of the Faxinal II Hydroeletric 
Power Plant in Mato Grosso state, Brazil, we collected an adult 
B. nitidus with a pressure gun from a grassland area of Aripuanã, 
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MT (10.108611°S, 59.410556°W, datum: WGS 84). Dissection re-
vealed one adult A. ameiva in the stomach. Grasslands were sur-
rounded by rain forest dominated by Brazilian Nut Tree (Berthol-
letia excelsa).

Buteo nitidus hunts in open woods, grassland, and edges of 
rainforest to dry open areas with scattered trees (Collins 2006. 
Field Guide to the Birds of South America: Non-passerines. p. 
134., Harpercollins Pub. Ltd., Hammersmith, London). This spe-
cies is known to prey on rats, snakes, lizards, and insects (Sigrist 
2006. Aves do Brasil: Uma visão artística. Editora Avis Brasilis. 
São Paulo. 413 pp.), but to our knowledge, none of the lizards 
recorded as prey were identified to species.

The B. nitidus specimen (#1765; collection license 10698-1/
SISBIO/IBAMA) (length: 37.5 cm; weight: 470 g) and its stomach 
contents were deposited in Laboratório de Ornitologia, Campus 
of Cuiabá, Universidade Federal de Mato Grosso (UFMT). We 
thank PASCON for logistical support and Robson W. Ávila for liz-
ard identification.
 milene GArbim GAiotti (e-mail: enelim@gmail.com), João bAtiS-
tA de pinho (e-mail: pinho@cpd.ufmt.br), roGÉrio conceiÇão limA 
doS SAntoS (e-mail: rogeriobiologia_ufmt@yahoo.com.br), laboratório 
de ornitologia, Núcleo de estudos ecológicos do Pantanal, iB, universidade 
federal de mato Grosso, avenida fernando Corrêa, s/nº Coxipó CeP: 78060-
900, Cuiabá, mT, Brazil. 

AMEIVA AMEIVA (Giant Ameiva). PREDATION. Ameiva ameiva 
is widely distributed in the Americas (Vitt and Colli 1994. Can. J. 
Zool. 72: 1986–2008), usually associated with forest edges, along 
waterways where the canopy is absent, and in a myriad of dis-
turbed habitats (Vitt et al. 2008. Guide to the Lizards of Reserva 
Adolpho Ducke, Central Amazonia. Áttema Design Editorial. 
176 pp.). Records of predation on A. ameiva exist for snakes 
(Bernarde and Abe 2010. Biota Neotrop.10:167–173; Fischer and 
Gascon 1996. Herpetol. Rev. 27:204; Granzinolli et al. 2007. Her-
petol. Rev. 38:448–449; Santos and Germano 1996. Herpetol. Rev. 
27:143), birds (Batista de Pinho et al. 2010. Herpetol. Rev. 41:72; 
Tozetti et al. 2005. Herpetol. Rev. 36:443–444) and wild or domes-
tic felines (Urich 1931. Trop. Agric. 8:95–97).

On 7 July, 2007, at 1428 h, we observed predation on A. amei-
va by the Brown-nosed Coati (Nasua nasua) on an unpaved road 
from a private farm located in Pantanal, municipality of Mi-
randa, Mato Grosso do Sul State, central Brazil (San Francisco 
farm; 20.086369°S, 56.616061°W, WGS84). The coati chased the 
lizard before capturing it, held it with its front paws, and then 
began biting the head. The lizard, a juvenile ca. 25 cm snout–
vent length, died approximately 15 sec. after being captured. 
Total time taken for the coati to completely ingest the lizard was 
not possible to estimate, due to an approaching vehicle, which 
scared off the animal, however, more than one minute was spent 
ingesting the head. Our observation includes N. nasua as an ad-
dition to the known predators for A. ameiva.

The Brown-nosed Coati, is distributed in South America from 
northern Colombia to northern Argentina. It is diurnal, scanso-
rial, and omnivorous, feeding mainly on invertebrates and fruit 
(Beisiegel 2001. Braz. J. Biol. 61:689–692; Gompper and Decker 
1998. Mamm. Species 580:1–9). When present in the stomachs 
and/or intestinal contents, vertebrates generally make up a 
small percentage of the diet for these animals (Alves-Costa et al. 
2004. J. Mammal. 85:478–482; Bisbal 1986. Mammalia 50:329–
339; Santos and Beisiegel 2006. Rev. Bras. Biociênc. 8:199–203).
 cAmilA Aoki (e-mail: aokicamila@yahoo.com.br), liliAnA piAtti, 
pAulo lAndGref-filho, Programa de Pós Graduação em ecologia e 

Conservação. universidade federal de mato Grosso do sul, Cidade univer-
sitária, s/n, Bairro universitário, CeP 79070-900, Campo Grande, ms, Brazil; 
frAnco leAndro de SouZA, departamento de Biologia, Centro de 
Ciências Biológicas e da saúde, universidade federal de mato Grosso do 
sul, CeP 79070-900, Campo Grande, ms, Brazil.

AMPHISBAENA MERTENSI (NCN) HABITAT. Many aspects of 
the natural history of amphisbaenians are difficult to observe 
due to their fossorial habits (Gans 1978. Trans. Zool. Soc. Lond. 
34:347–416). In Brazil, few observations or studies regarding 
the natural history of these reptiles have been made in situ, 
and available observations on their biology have been recorded 
through opportunistic encounters (Sazima and Haddad 1992. 
In L. P. C. Morellato [ed.], Historia Natural da Serra do Japi. Eco-
logia e Preservação de uma área Florestal no Sudeste do Brasil, 
pp. 212–237. Editora da Universidade Estadual de Campinas, 
Campinas) or obtained from captive animals (Torres 2003. Notes 
Fauniques de Gembloux 53:63–69). 

Between the months of January and December, 2007, we ob-
served A. mertensi foraging in garbage at a residence in the city 
of Maringá, Paraná State, Brazil (23.4100°S, 51.9497222°W). The 
observations were of both diurnally and nocturnally active in-
dividuals on the following dates and times: 20 April at 1700 h, 
1 May at 1800 h, 19 July at 1636 h, 22 July at 1542 h, 24 October 
at 2432 h, and 19 November at 1709 h. Some of these observa-
tions included two to three individuals. Voucher specimens were 
collected and deposited at the Laboratory of Zoology of Faculty 
Uningá (17a–c). During January, several A. mertensi were found 
run over on the street, always close to garbage bags. January had 
high rainfall (271.5 mm), and we noted that during the rains this 
species disperses over the ground surface. The largest number of 
individuals was observed in late afternoon and in early morning, 
as is also recorded for A. alba (Abe and Johansen 1987. J. Exp. 
Biol. 127:159–172; Sazima and Haddad 1992, op. cit.). In the re-
maining months of the year, individuals of A. mertensi were of-
ten found in yards or inside residences. The animals appeared 
to be attracted to the garbage from these residences. On some 
occasions we observed individuals (N = 3) pulling the used oiled 
paper from fried cooking out of the garbage bags. This behav-
ior may be associated with foraging for small invertebrate prey 
upon which this species feeds (Cruz Neto and Abe 1993. J. Her-
petol. 27:239–240; Pramuk and Alamillo 2003. Herpetol. Rev. 
34:221–223); the odor of fried oil attracted various Diptera and 
Hymenoptera to the oiled paper. On one occasion we offered 
the amphisbaenian fried beef meat and raw poultry meat, but it 
showed no interest. The fossorial ecology of this amphisbaenian 
has allowed it to remain in disturbed areas, where it appears to 
now be implementing opportunistic foraging behavior within 
these new conditions. 

We thank Hélio R. da Silva, Mirco Solé, and Alexandre Aschen-
brenner for reading and offering suggestions on the manuscript.
 ricArdo lourenÇo de morAeS (e-mail: ricardo_lmoraes@hotmail.
com) and MELINE DAL POSSO REccHIA, faculdade ingá-uningá, departa-
mento de Ciências Biólogicas, 87070000 maringá, Paraná, Brazil.

ANOLIS LAEVIVENTRIS (NCN). DEFENSIVE BEHAVIOR. The 
behavior of “playing dead” is referred to as tonic immobility and 
is present in many species throughout the animal kingdom, per-
haps most prominently observed in the Virginia Opossum (Di-
delphis virginiana), which famously “plays possum” (Hoagland 
1928. J. Gen. Physiol. 11:715–741). Tonic immobility has been ob-
served and studied in Anolis carolinensis, which readily displays 
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dorsal immobility (Webster et al. 1981. Behav. Neural Biol. 31:32–
41), and A. sagrei (Regalado 1985. Ciencias Biológias 14:33–48). 
Similar behavior has also been observed in some Lesser Antille-
an anoles including A. barbouri and A. oculatus winstoni (Robert 
Hoogveld, pers. comm.). Hoagland (op. cit.) described the pro-
cess of dorsal immobilization as placing the anole in the dorsal 
position and applying slight force to its thorax. This is similar to 
tonic immobility, except that it involves inverting the individual 
onto its dorsum before or during restraint. 

On 26 May 2010, at Finca Haciendo Monimbó (Matagalpa 
Department, Nicaragua), two specimens of Anolis laeviventris 
were observed exhibiting tonic immobility, presumably as a de-
fense mechanism. This behavior was observed around 2200 h 
with no natural lighting present. Upon capture, the individuals 
struggled to escape the grasp of one of the authors (JGP), and 
then suddenly went limp without further pressure being applied. 
In this state, both individuals exhibited the same body position: 
jaw wide open, dewlap extended, hind legs out, forelegs bent in 
over the venter. Initially, the individuals were thought to be in-
jured from handling, but when the grip was loosened, the indi-
viduals immediately sprung to life and escaped. Both individu-
als observed were males. Out of seven A. laeviventris captured 
at Finca Haciendo, only the two mentioned above displayed this 
behavior. A total of nine A. laeviventris were collected in Nicara-
gua with no individuals at other locations displaying the same 
behavior. 

Three days later on 29 May, 2010, at Finca Santa Elena (Boaco 
Department, Nicaragua), a male A. cupreus was captured and 
displayed the same behavior. Upon feigning death, its body was 
positioned in exactly the same manner with jaws open, dewlap 
extended, hind legs out, and forelegs directed inwards across the 
venter. This incident occurred around 1000 h in broad daylight. 
This individual was one of three or four captured in the same 
location at roughly the same time in the same day. A total of 41 
A. cupreus were collected in Nicaragua from numerous locations, 
but no other A. cupreus captured displayed this behavior.

Presumably, the purpose of tonic immobility is to reduce the 
likelihood of further attack and thus, contribute to an individu-
al’s survival (Imhoff 1982. Proc. West Virginia Acad. Sci. 54:15). It 
is noteworthy that this behavior was observed during daylight 
hours in A. cupreus, and at night in A. laeviventris. Also, A. cu-
preus appears to be significantly more active than A. laeviventris. 
Therefore, this behavior is not limited to slow-moving organisms 
in the mode of several species of plethodontid, ambystomatid, 
and salamandrid salamanders (Brodie, Jr. et al. 2004. Herpeto-
logica 30:79–85), nor to those that are more vulnerable in either 
day or night. It appears that this behavior has developed regard-
less of those factors. Hennig and Dunlap (1977. Behav. Biol. 
20:523–528) reported similar conclusions about diurnal and noc-
turnal lizards expressing like behaviors, their study focusing on 
A. carolinensis and Hemidactylus turcicus. The tonic immobility 
discussed here regarding Nicaraguan anoles could be a result of 
predation by birds, which typically capture prey items with their 
feet instead of their beaks; the pseudo-death of the prey anole 
could cause a predatory bird to loosen its grip, allowing the liz-
ard to spring to life and escape. Several bird species (especially 
Margarops fuscatus and Falco sparverius), are reported as signifi-
cant predators of Caribbean anoles (McLaughlin and Roughgar-
den 1989. Ecology 70:617–628). Therefore, the hypothesis that 
tonic immobility in anoles is a defense mechanism against avian 
predators may be correct if the anoles in question have similar 
predators on the mainland. This defense mechanism is unlikely 

to be successful against predators that typically attack their prey 
with their mouths and fail to release the prey before mastication 
and swallowing, including some species of colubrids (Burghardt 
and Chmura 1993. J. Comp Psychol 107:116–121). It would be in-
teresting to examine these behaviors plus the major predators of 
anoles in light of their phylogenetic relationships to understand 
the evolution of defensive behaviors. 

The fieldwork where these observations took place was made 
possible by NSF grant DEB 0949-359. We thank Tom Jenssen, 
Todd Campbell, Craig Guyer, Jay Savage, Jonathan Losos, and 
Robert Hoogveld for providing feedback on anole behavior and 
to Matt Igleski and Emily Oleniczak for assistance in editing 
and proofreading. We complied with all applicable Animal Care 
guidelines (CMU-IACUC # 10-02) and all federal and interna-
tional permits are on file and available from K.E.N.
 John G. phillipS (e-mail: phill1jg@cmich.edu) and kirSten e. 
nicholSon; department of Biology, Central michigan university; mount 
Pleasant, michigan 48858, usa. 

ANOLIS SAGREI (Brown Anole). DEFENSIVE BEHAVIOR. Al-
though Anolis displays consisting of dewlap extension are typi-
cally directed at individuals of the same species, they are oc-
casionally directed at predators. It is difficult to study displays 
directed at predators, however, because predation is so rarely 
observed under natural conditions. Most studies describing 
Anolis responses to predators have used captive animals, hu-
mans as predators, or a stuffed predator presented as realistically 
as possible to wild anoles (Leal 1999. Anim. Behav. 58:521–526). 
Results of such studies are often difficult to interpret because of 
their artificial nature.

On 28 June 2004 near Lake Buena Vista, Florida, USA, I ob-
served an adult female Boat-tailed Grackle (Quiscalus major) 
on a sidewalk with an A. sagrei in its bill. The anole was approxi-
mately 7 cm snout–vent length. The bird was vigorously shaking 
the anole with sideways flicks of its head. After about five sec-
onds, it put the anole down on the pavement. The anole imme-
diately arched its back, fully extended its dewlap, and became 
immobile. The bird looked at it and did not move for about five 
seconds. It then pecked the anole several times near the head, 
which caused the anole to withdraw its dewlap and run. The bird 
pursued it and picked it up. The anole thrashed in the bird’s bill; 
it did not extend its dewlap. Again, the bird put it down and again 
it immediately displayed its dewlap. The bird paused for a few 
seconds, picked up the lizard by its midsection, and flew out of 
sight. 

My observations are inconsistent with predictions of two hy-
potheses proposed to explain Anolis signaling to predators (Leal 
and Rodriguez-Robles 1997. Anim. Behav. 54:1147–1154). The 
“flash concealment” hypothesis predicts that an anole will flee 
immediately after dewlapping, when the predator’s attention is 
most focused on where the dewlap was. The anole I observed, 
however, extended its dewlap and “froze,” not fleeing until it was 
pecked by the bird. Although it withdrew its dewlap before flee-
ing, the withdrawal appeared to be a response to pecking rather 
than a distracting precursor to running. The “pursuit deterrent” 
hypothesis predicts that the only time an anole will display its 
dewlap to a predator will be immediately before a potential at-
tack, when it can signal that it has seen the predator and will 
likely escape if pursued. In the case reported here, the anole had 
already been captured by the predator.

The observations herein most closely match those of Leal 
and Rodriguez-Robles (Copeia 1995:155–161), who reported that 
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A. cristatellus individuals in captivity immediately froze and ex-
tended their dewlap after being captured and released by a snake 
(Alsophis portoricensis). This behavior caused the snake to abort 
or temporarily stop its attack for up to 480 seconds. Leal and 
Rodriguez-Robles interpreted the display as bluffing—the dew-
lap presumably made the anole appear larger and more threat-
ening to the snake, thwarting attack. The behavior of the anole 
during my observations appears to best fit with this interpreta-
tion of why Anolis species may display their dewlaps to preda-
tors, although the bluffing behavior that I observed in A. sagrei 
directed at the grackle was not as effective as it was with a differ-
ent species of anole and a snake. This leads to further questions 
regarding whether this bluffing display behavior might be em-
ployed by these lizards differently when they are facing different 
predatory threats (i.e., different species), or may reflect behavio-
ral differences among Anolis species.
 cAtherine A. levey, 10264 sw 55th lane, Gainesville, florida 32608, 
usa; e-mail: leveycat@gmail.com.

ASPIDOSCELIS SACKI (Sack’s Spotted Whiptail). REPRODUC-
TION. Aspidoscelis sacki is one of the “giant” species of North 
American whiptail lizards (males to 153 mm SVL; Walker 1981. J. 
Herpetol. 15:321–328). As presently understood, the geographic 
range of this species includes parts of the states of Guerrero, 
Mexico, Morelos, Oaxaca, Puebla, and Veracruz in México (Du-
ellman and Zweifel 1962. Bull. Am. Mus. Nat. Hist. 123:155–210; 
Valdespino and García-Collazo 2000. Herpetol. Rev. 31:184; 
Walker and Cordes 1993. Texas J. Sci. 45:187–189). It has one of 
the largest clutch sizes (mean 5.9, range 3–10 eggs; Walker 1981, 
op. cit.) among species in the genus Aspidoscelis (Vitt and Breit-
enbach 1993. In Wright and Vitt [eds.], Biology of Whiptail Liz-
ards [Genus Cnemidophorus], pp. 211–243. Oklahoma Museum 
of Natural History, Norman) based on specimens from Puebla 
and Oaxaca (Walker, op. cit.). However, additional information 
regarding the reproductive traits of this species is needed from 
other states in México. 
 Herein, we report data about clutch size, egg characteristics, 
and embryonic stage at oviposition of A. sacki at Tonatico, State 
of Mexico (18.75044°N, 99.62025°W; elev. 1597 m). On 1 May 2005 
and 10 July 2005, we collected two gravid females, one measuring 
125 mm (SVL) with 8 eggs and one measuring 110 mm (SVL) with 
5 eggs. Measurements for the eggs of these lizards are: length: 
mean 18.6 ± 0.37 mm (range 16.7–20.5 mm); width: mean 10.0 ± 
0.19 mm (range 8.7–11.1 mm), and total mass: 7.0 g (4.7 g, 9.3 g). 
Additionally, on 9 June 2010 we collected a gravid female mea-
suring 118 mm (SVL), which oviposited 8 eggs; afterwards it was 
released. Oviposition took place on 23 June 2010, and the mean 
egg length was 18.3 ± 0.46 mm (range 17.5–19.2 mm). Both clutch 
size and egg dimensions for these three lizards were either within 
or similar to ranges reported for other populations of A. sacki, in-
cluding the months with reproductive activity (Walker, op. cit.).
 Based on the work of Dufaure and Hubert (1961. Archives 
Anatomie Microscopie Morphologie Expérimental 50:309–
327), the embryonic stage at oviposition of A. sacki was 18, 
which is considerably earlier than stages 21–22 in A. unipa-
rens (Billy 1988. J. Zool. 215:55–81; Cuellar 1971. J. Morphol. 
133:139–166) and other lizards (Andrews and Mathies 2000. 
Bioscience 50:227–238; Shine 1983. J. Exp. Zool. 307A:106–
112), but may be similar to A. cozumela (Manríquez-Morán, 
unpubl. data). 
 Individuals of A. sacki were collected in the State of 
Mexico under a scientific collecting permit (FAUT 0186, 

SEMARNAT), and preserved specimens were deposited in 
the Centro de Investigación en Recursos Bióticos. 
 oSwAldo hernÁndeZ-GAlleGoS (e-mail: ohg@uaemex.mx), 
cArloS pÉreZ-AlmAZÁn, AnA eSthelA lÓpeZ-moreno, GiSelA 
GrAnAdoS-GonZÁleZ, Centro de investigación en recursos Bióti-
cos, facultad de Ciencias, universidad autónoma del estado de méxico, 
méxico, instituto literario # 100, 50000, Toluca, estado de méxico, méxico; 
JAmeS m. wAlker, department of Biological sciences, university of ar-
kansas, fayetteville, arkansas 72701, usa (e-mail: jmwalker@uark.edu). 

CNEMIDOPHORUS ABAETENSIS. REPRODUCTION. Cnemi-
dophorus abaetensis is endemic to the “Restinga” region from 
northern Bahia to south of Sergipe, Brazil. This species was only 
recently described and knowledge of its biology and ecology are 
lacking (Dias et al. 2002. Copeia 2002[4]:1070–1077; Dias and Ro-
cha 2004. J. Herpetol. 38:586–588; Dias et al. 2005. J. Herpetol. 
15:133–137; Dias and Rocha 2007. Braz. J. Biol. 67:41–46). This 
account presents preliminary data on oviposition and egg char-
acteristics in C. abaetensis. On 9 April 2009, a gravid female (SVL 
= 64.5 mm; weight = 7.5 g) was captured at 0900 h in the Restinga 
of Abaeté, Salvador, Bahia, Brazil (12.9261°S, 38.3270°W; datum: 
WGS84; elev. 13 m) in a pitfall trap. The female was transferred 
to a terrarium (150 x 150 x 50 cm), with seven other individuals 
(one male and six non-gravid females) of the same species. After 
three days, two eggs (volume = 603.18 mm³; measuring accuracy 
of 0.02 mm) were observed in a nest dug into the substrate, ca. 5 
cm deep. Two days later, the eggs hatched. This observation co-
incides with other studies that show that congeners of this spe-
cies have low fecundity, with females showing two to four eggs 
per clutch (Menezes et al. 2004. J. Herpetol. 38:120–122). This 
species is an active forager and this is a possible explanation for 
minimal egg production.
 iGor rioS do roSÁrio, universidade Católica do salvador, salvador, 
Bahia, Brazil (e-mail: rosario.igor@hotmail.com); vitor GomeS SAntA 
roSA, Centro universitário Jorge amado, salvador, Bahia, Brazil (e-mail: 
v.santa-rosa@hotmail.com); eduArdo JoSÉ doS reiS diAS, laboratório 
de Biologia e ecologia de Vertebrados, departamento de Biociências, Cam-
pus alberto de Carvalho, universidade federal de sergipe, itabaiana, ser-
gipe, Brazil (e-mail: ejrdias@hotmail.com). 

CTENOSAURA OEDIRHINA (Roatán Spiny-tailed Iguana). 
DIET. Little is presently known about the ecology of Ctenosaura 
oedirhina (Pasachnik et al. 2010. In IUCN 2010. IUCN Red List 
of Threatened Species. Version 2010.4. <www.iucnredlist.org>). 
The dietary structure in particular is understudied relative to 
other members of the genus Ctenosaura. During the early part 
of its life, C. oedirhina is assumed to be omnivorous, display-
ing an ontogenic shift to herbivory when adult. It is of note that 
most of the known information on the dietary habits of this spe-
cies comes from observations of captive animals (Köhler 2002. 
Schwarze Leguane – Freilandbeobachtung, Pflege und Zucht. 
Offenbach 2. Herpeton, 142 pp.).

Here we present a report on the consumption of the fruit of 
the Hog Plum (Spondias mombin) by an adult male C. oedirhina 
on 14 August 2008 at approx 1300 h at West Bay (16.271414°N, 
86.600392°W), Isla de Roatán, Honduras (Fig. 1). Individuals of 
both sexes and all life stages were observed at this location. To 
our knowledge this is the first photo-documented account of 
frugivory in wild C. oedirhina, and also the first identification of 
a specific dietary component for this species.

The fruit of Spondias mombin has previously been identi-
fied as a dietary component of C. similis (Janzen 1985. J. Trop. 
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Ecol. 2:131–155). This species has also been regarded as a disper-
sal agent of the seeds of other fruiting trees (Traveset 1990. Am. 
Midl. Nat 123:402–404).  Another congener, C. palearis, is also 
a documented frugivore. Its role as a seed disperser of the Or-
gan Pipe Cactus (Stenocereus pruinosus) was suggested by Cotí 
and Ariano-Sánchez (2008. Iguana 3:143–149) who described 
C. palearis as “one of the most important species that feeds on 
fruits of the cactus S. pruinosus.” 

It is not possible to comment on the significance of C. oed-
irhina as a seed disperser for Spondias mombin based solely on 
the observation described here. A more detailed analysis of the 
feeding habits of this species is required to substantiate this. Fur-
ther, it is possible that the consumption of the fruit of S. mombin 
documented here may represent an isolated occurrence, or per-
haps a peculiarity of the population at this location. However, 
given the seed dispersing role of other Ctenosaura species and 
that pollination and seed dispersal by lizards is thought to be 
most common on islands (Olesen and Valido 2003. TREE 4:177–
181), it is possible that C. oedirhina may play an important role 
in seed dispersal for this plant species on the island of Roatán.
 robert GAndolA (e-mail: robertgandola747@hotmail.com) and cA-
trionA hendry, 27 ayrfield Park, dublin 13, dublin, republic of ireland.

CTENOSAURA OEDIRHINA (Roatan’s Spiny-Tailed Iguana). 
DIET. Very little is known about the diet of Ctenosaura oedirhina. 
This species is assumed to be primarily herbivorous like other 
iguanas (Sites et al. 1996. Mol. Biol. Evol. 13:1087–1105; Torres-
Carvajal 2007. J. Herpetol. 41:528–531). However, Hendry and 
Gandola (2011. Herpetol. Rev. 42:274) observed saurophagy 
within this species, as has been observed in C. bakeri (Dirksen 
and Gutsche 2006. Elaphe 14:51–52) and C. similis (Henderson 
1973. J. Herpetol. 7:27–33). Here we report on the first case of 
turtle consumption within this species and, to the best of our 
knowledge, within Iguaninae. 
 On 15 May 2010, an individual Ctenosaura oedirhina 
was observed at Gumbalimba Park and Reserve in West Bay, 
Roatan Island, Islas de la Bahia, Honduras (16.282883°N, 
86.595083°W) eating a hatchling Trachemys venusta uhrigi 
(Fig. 1). The same behavior was observed the previous year, 
during the period of turtle hatching. During our initial ob-
servations in 2009, the Ctenosaura had already captured the 
Trachemys. Both ctenosaurs had consumed the Trachemys 
within five minutes, headfirst after a period of intense chew-
ing. Given these observations and the saurophagy previously 
noted, which SAP has also observed multiple times, it seems 
that this species might be much more omnivorous than pre-
viously thought. 

 

A photograph was deposited at the Milwaukee Public Muse-
um as MPM Herp Photo P75. Identifications were verified by 
John B. Iverson.
 SteShA A. pASAchnik, Bay islands foundation, roatan, honduras; 
department of ecology and evolutionary Biology, university of Tennessee 
(e-mail: spasachn@utk.edu); Zeiller chAvArriA, Gumbalimba Park and 
reserve, honduras (e-mail: zeillerchavarria@hotmail.com).

HOLBROOKIA ELEGANS (Elegant Earless Lizard). PATTERN 
and REPRODUCTION. Taxonomy and nomenclature are poorly 
defined for lesser earless lizards (genus Holbrookia) from south-
eastern Arizona and adjacent New Mexico (Lovich and Jones 
2009. In Jones and Lovich [eds.], Lizards of the American South-
west, pp. 85–91. Rio Nuevo Publishers, Tucson, Arizona; Jones 
2010a. Sonoran Herpetol. 23:170–174). It is important to docu-
ment natural history traits according to specific localities, so 
that if a satisfactory taxonomic revision of a species complex is 
completed, observations may later be attributed to a particular 
taxon. Lesser earless lizards of semi-desert grasslands and oak 
woodlands of southeastern Arizona are generally regarded as H. 
elegans (Axtell 2009. In Jones and Lovich, op. cit., pp. 150–153). 
Very little natural history information has been documented 
for this species, including breeding information (Axtell, op. cit.). 
Here I present an observation of H. elegans of different pattern 
types courting and mating in situ. Jones (2010b. Sonoran Herpe-
tol. 23:174–177) discussed the pattern types of H. elegans, noting 
that a patternless morph is found in several populations.

On 11 June 2010, I observed a patternless male H. elegans 
court and copulate with a typically patterned female at Kartch-
ner Caverns State Park, Cochise Co., Arizona, USA. For the du-
ration of the observation (30 min. [1715–1745 h]), the male and 
female stayed within about 0.5 m of each other. The female gen-
erally remained motionless on the surface of the ground, while 
the male was more active. During courtship, the male did fre-
quent pushup displays, usually from atop small rocks. Most of 
the displays were “slow,” as in territorial displays, including the 
extension of the dewlap. After a series of slow displays, the male 
exhibited a “rapid” display of head bobs. After the rapid display, 
the male would leave the rock and circle the female, possibly do-
ing more displays, then return to a rock, or caress the female with 
his snout or front foot. The hind leg and tail sometimes touched 
the female during the caressing phase. The female remained 

fIg. 1. Adult Ctenosaura oedirhina consuming a fruit of the Hog Plum 
(Spondias mombin), Isla de Roatán, Honduras.

fIg. 1. Ctenosaura oedirhina consuming Trachemys venusta. Observed 
at Gumbalimba Park and Reserve, Roatan, Honduras. 
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motionless during the courtship. Then the male would go back 
to a rock (usually the same cobble-sized rock) and repeat the 
process. Only on one occasion during my observation did the 
caressing advance to copulation. During copulation, the male 
bit the female on the loose skin of the right side of the neck. He 
then inserted his right hemipenis into the left side of the female’s 
cloaca. The courtship and copulation were consistent with the 
stereotypical behavior of most other iguanids and phrynoso-
matids (Carptenter 1967. In Milstead [ed.], Lizard Ecology: A 
Symposium, pp. 87–105, Univ. Missouri Press, Columbia). When 
I returned the following day, the male and female (presumably 
the same pair) were still in the vicinity, but no additional mating 
behavior was observed.

Visual cues play a role in mate selection, mating success, 
or mate rejection; this has been the topic of several studies in 
other species of Holbrookia (e.g., Cooper 1991. Amphibia-Rep-
tilia 12:57–66; Hager 2001. J. Herpetol. 35:624–632; Robertson 
and Rosenblum 2009. Biol. J. Linn. Soc. 98:243–255; Rosenblum 
2008. J. Herpetol. 42:572–583). Even though some individual H. 
elegans in a population lack a dorsal pattern, they still exhibit the 
visual cue coloration necessary for social signaling; males pos-
sess black dorsolateral bars with blue areolae and often an or-
ange-red throat spot, and females retain a distinctive red-orange 
throat spot and take on the orange and yellow lateral nuptial 
coloration signifying that they are gravid (Axtell, op. cit.; Jones 
2010b, op. cit.). Thus, there is no evidence that patternless indi-
viduals are selected against for mating, presumably because they 
retain the social signaling coloration. This makes sense because 
the phenotype is currently present within several populations. 
This would ensure that the genes responsible for the lack of a 
pattern can remain in a population, as the plain dorsum may 
be selected for its cryptic benefits within an environment with a 
plain background (e.g. dunes, as is seen in H. maculata ruthveni) 
(Robertson and Rosenblum, op. cit.; Rosenblum, op. cit.).
 lAwrence l. c. JoneS, Casa araña, 3975 s. wolf spider way, Tucson, 
arizona 89735, usa; e-mail: gilaman@comcast.net.

IBEROLACERTA MONTICOLA (Cantabrian Rock Lizard). LON-
GEVITY. Maximum longevity in natural populations can be de-
termined directly, by monitoring marked individuals, or indi-
rectly, using methods such as skeletochronology. By using this 
latter method, the maximum age of Iberolacerta aurelioi was es-
timated at 14 years (females) and 16 years (males) (Arribas 2004. 
Herpetozoa 17:3–18; Arribas 2007. Istoria Naturau e Evolucion 
dera Cernalha Aranesa, Iberolacerta aranica. Consell Generau 
d’Aran, Huesca. 446 pp.), these being among the oldest known 
longevity estimates for a small-sized lacertid lizard. In Iberolac-
erta monticola, another endemic lacertid species of the Iberian 
Peninsula, a maximum longevity of 10 years was estimated via 
skeletochronology from a Portuguese population (Moreira et al. 
1999. Bases para a Conservaçao da Lagartixa-da-montanha [La-
certa monticola]. Estudos de Biologia e Conservaçao da Natureza 
25, Lisboa, 68 pp.). By tracking marked individuals, the maxi-
mum life span of the same species was determined to be 12 years 
in a population in northwestern Spain (Galán et al. 2007. Munibe 
25:34–43). For other species of this genus, including seven spe-
cies endemic to the Iberian Peninsula and one of the Balkans, 
maximum longevity is unknown.

Since the early 1990s I have been monitoring a population 
of Iberolacerta monticola in the Lambre River Valley (munici-
pality of Vilarmaior, A Coruña province, northwestern Spain, 
43.3172°N, 8.1396°W, datum: WGS 84; 40 m elev.) and have been 

able to calculate the maximum life span of some individuals by 
marking. This population lives in the walls of a hydroelectric 
plant, occupying a small area (Galán et al., op. cit.).

One male was marked as a subadult in 1995 (at one year of 
age). This individual was recaptured every year from 1995 until 
2008, when it disappeared at age 14. At that time it measured 77 
mm (SVL). Another male was marked upon hatching, in 1995, 
and was recaptured every year thereafter. The individual is still 
alive at the time of this writing (2010) at 15 years of age and mea-
suring 76 mm (SVL). This longevity, however, does not appear 
to be common, as other males (ages based on mark-recapture 
data) of the same population have disappeared (and presumably 
died) at younger ages: two at six years of age, one at seven, two at 
eight, and one at nine years of age. All had large body sizes (SVL 
> 73 mm) at the time of last observation. Recapture rates of fe-
males were much lower, thus, sufficient data pertaining to most 
female maximum longevity were not obtained. Only the age and 
the year of disappearance (presumably death) are known for four 
females: one at five years of age, two at six years of age, and one 
at eight years of age.

This maximum longevity is of interest for a relatively small 
lacertid living at low altitudes (nearly sea level), with very long 
periods of annual activity (nine months; February–October). 
Iberolacerta aurelioi, which reaches a similar longevity (14–16 
years) and is also small, lives in the high mountains (at altitudes 
of 2100–2900 m), where the annual activity period is only four 
months (May–August). This limits their annual body growth and 
for this reason, the acquisition of sexual maturity is delayed for 
several years, which contributes, among other factors, to in-
creased longevity (Arribas, op. cit.). Species of small lacertid liz-
ards with high annual growth rates living at low altitudes reach 
sexual maturity earlier, so their longevity is relatively shorter 
(Galán 1999. J. Zool., Lond. 249:203–218). There is a negative cor-
relation between the duration of annual activity and longevity, 
indicating that the species living at higher altitudes has greater 
longevity. Therefore, in this population of I. monticola at Lam-
bre, living at low altitude, a lower maximum longevity would be 
expected.

The study population also has a relatively high number of 
predators, ranging from saurophagus snakes, such as Coronella 
austriaca, to mammalian carnivores, such as Genetta genetta 
and Felis catus (Galán, unpubl. data). It is possible that other fac-
tors involved in the life history of this species might be respon-
sible for the high longevity of some individuals.
 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.

IGUANA IGUANA (Green Iguana). PREDATION. Iguana iguana 
is an established, nonnative species in southern Florida (Krysko 
et al. 2007. Iguana 14[3]:2–11) that often lives in vegetation along 
the edges of bodies of water inhabited by the American Alligator 
(Alligator mississippiensis). Kern (2004. Dealing with iguanas in 
the South Florida landscape. Univ. Florida IFAS Fact Sheet ENY-
714) claimed that A. mississippiensis may occasionally prey upon 
adult I. iguana in the water, but such predation has not been 
documented in the literature. In Central and South America, at 
least four crocodilian species have been reported preying upon 
I. iguana (Antonio Rivas et al. 1998. Herpetol. Rev. 29:238–239; 
Dugan et al. 1981. J. Herpetol. 15:409–414; Platt et al. 2006. Her-
petol. J. 16:281–290). Here, we report a feeding attempt by an A. 
mississippiensis on an adult I. iguana.
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At 1149 h (EST) on 31 December 2010, one of us (MJC) ob-
served an A. mississippiensis (ca. 2 m TL) with the head of an 
adult male I. iguana in its mouth (Fig. 1) at Wakodahatchee Wet-
lands, Delray Beach, Palm Beach Co., Florida, USA (26.4778°N, 
80.1419°W, WGS 84; 5.5 m elev.). During the ca. 30 min of ob-
servation, the A. mississippiensis thrashed vigorously for ca. 30 
sec, attempting unsuccessfully to dismember the carcass, which 
appeared fresh. When last observed, the A. mississippiensis had 
crawled onto land with the head of the I. iguana still in its mouth. 
The air temperature was ca. 25°C.
 michAel J. cohen, 3265 Ne 31st avenue, lighthouse Point, florida 
33064, usa (e-mail: mjcpa@bellsouth.net); kevin m. enGe, florida fish 
and wildlife Conservation Commission, 1105 sw williston road, Gaines-
ville, florida 32601, usa (e-mail: kevin.enge@myfwc.com).

LIOLAEMUS CHACOENSIS (Chaco Tree Iguana). CLUTCH SIZE. 
Liolaemus chacoensis is an inhabitant of the arid chaco phyto-
geographical province (Cei 1993. Reptiles del Noroeste, Nordeste 
y Este de la Argentina. Mus. Reg. Sci. Nat. Torino Monogr. 14:1–
949). The biology of this species is poorly known. In this note we 
report the clutch size for one lizard under laboratory conditions 
in order to contribute to the limited knowledge of this species’ 
reproductive biology.

During January 2011, a female L. chacoensis (46.8 mm SVL, 
3.3 g) was observed basking and was then hand-captured in the 
field at 1230 h in San Juan province, Valle Fértil Department, in 
La Mesada Creek (31.02377°S, 67.29694°W; datum: WGS 84; elev. 
899 m). Six days post capture, on 1 February 2011, this female 
deposited three eggs in the laboratory, at an ambient air temper-
ature of 25°C and 30% relative humidity. Total mass of the eggs 
was 0.9 g, equal to 27.2% of the lizard’s mass (post laying). Mean 
egg length was 11.6 ± 0.65 mm and mean egg width was 6.3 ± 
0.45 mm. Mean egg volume was also estimated (43.3 ± 3.03 mm3) 
using the equation [V = 4/3♀ (l/2) (W/2)2] for an elliptical sphere 
(Dunham 1983. In Huey et al. [eds.], Lizard Ecology, pp. 261–280. 
Harvard University Press, London.). 
 eduArdo A. SAnAbriA (e-mail: sanabria.eduardoa@gmail.com), 
lorenA QuiroGA, GuillerminA GAlvAni, pAblo pAStor, mArio 
herrerA, AnA nAvAS, dAnielA moreno, Ariel cAtAldo, depar-
tamento de Biología, universidad Nacional de san Juan, argentina. 

PHOxOPHRYS NIGRILABRIS (Black-lipped Eyebrow Liz-
ard). REPRODUCTION. Phoxophrys nigrilabris is restricted to 

Borneo (Manthey and Grossmann 1997. Amphibien & Reptilien 
Südostasiens. Natur und Tier – Verlag, Münster, Germany. 512 
pp.). Information on reproduction of P. nigrilabris is limited to a 
report that it may occur around the middle of the year (Das 2006. 
A Photographic Guide to Snakes & Other Reptiles of Borneo. 
Ralph Curtis Publ., Sanibel Island, Florida. 144 pp.). The purpose 
of this note is to provide additional information on reproduction 
of P. nigrilabris. 

A sample of 11 P. nigrilabris (ten males: mean SVL = 45.2 mm 
± 6.4 SD, range = 31–53 mm and one female, SVL = 55 mm) from 
Sarawak, Borneo was examined from the herpetology collec-
tion of the Field Museum of Natural History (FMNH), Chicago, 
Illinois: Kapit Division FMNH 138477, 138483, 138485, 145673, 
145676, 145677; Bintulu Division FMNH 147656, 148986, 195479, 
269084, 273325. Lizards were collected 1962–1964, 1970, 2005, 
2007. For histological examination, the left testis was removed to 
identify the stage of the testicular cycle in each male. The testes 
were embedded in paraffin, sections cut at 5µm using a rotary 
microtome and slides were stained with hematoxylin followed 
by eosin counterstain. Histology slides are deposited in FMNH. 
Males in the following monthly samples were undergoing sper-
miogenesis in which the lumina of the seminiferous tubules 
were lined by sperm or groups of metamorphosing spermatids: 
January (N = 2), February (N = 1), May (N = 2), July (N = 1), Sep-
tember (N = 1), October (N = 1). The smallest male to exhibit 
spermiogenesis measured 42 mm SVL (FMNH 195479). Two 
males (31 and 40 mm SVL) exhibited testicular recrudescence 
in which spermatocytes predominated; no sperm were present. 
These (FMNH 147656, 273325) were classified as subadults. One 
female (FMNH 145673) from March contained two yolking fol-
licles (> 3 mm diameter) indicating a clutch of two eggs would 
be produced. The above suggests P. nigrilabris males exhibit an 
extended period of reproduction as has been reported for other 
species of agamid lizards (Draco) from Borneo (Inger and Green-
berg 1966. Ecology 47:1007–1021).

 I thank Alan Resetar (FMNH) for permission to examine Phox-
ophrys nigrilabris.
 Stephen r. GoldberG, department of Biology, whittier College, 
whittier, California 90608, usa; e-mail: sgoldberg@whittier.edu. 

PLESTIODON SUMICHRASTI (Sumichrast’s Skink). PREDA-
TION. There are many reports of large tropical spiders preying 
upon amphibians and reptiles (e.g., Antônio de Freitas et al. 
2010. Herpetol. Rev. 41:202; Brito De-Carvalho et al. Herpetol. 
Rev. 2010. 41:336–337; Cicchi et al. 2010. Herpetol. Rev. 41:207; 
Hamidy et al. 2010. Herpetol. Rev. 41:66–67). Although many of 
these reports document predation on small frogs and lizards (< 
4 cm SVL), larger prey items are occasionally taken or attempted 
(e.g., Silva Siqueira Nunes et al. 2010. Herpetol. Rev. 41:367–368). 
Here we report an instance of a relatively large lizard as a prey 
item for a tarantula from the highlands of southeastern Guate-
mala. 
 On 2 October 2010 we were conducting a herpetofaunal sur-
vey in the Sierra Caral of Izabal, Guatemala. At approximately 
1800 h while pulling apart a large fallen tree trunk, we discovered 
a cavity that contained a partially digested juvenile Plestiodon 
sumichrasti (ca. 6 cm SVL; Fig. 1 [top]). Further excavation imme-
diately behind the partially digested lizard revealed a large male 
tarantula referable to the genus Brachypelma (Fig. 1 [bottom]). 
This observation occurred near Cerro Pozo de Agua at about 850 
m (15.39367°N, 088.69183°W; WGS84 datum). The slightly dis-
solved skink was collected and deposited in the natural history 

fIg. 1. Alligator missississippiensis with an adult male Iguana iguana 
in its mouth at Wakodahatchee Wetlands, Palm Beach Co., Florida, 
USA, 31 December 2010. 
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collections of the Museo de Historia Natural of the Universidad 
de San Carlos in Guatemala City (USAC 2738; Field ID: CRVA 
2162). 
 We thank Mónica Barrientos, Obdulio Javier Villagran, Eric 
N. Smith, and FUNDAECO for field and logistical assistance. 
Chris A. Hamilton and his colleagues kindly helped with taran-
tula identification. This observation was made while conduct-
ing field work supported by Conservation International. Scien-
tific collecting permits were issued by Consejo Nacional de Areas 
Protegidas ([CONAP]; 030/2010 to E. N. Smith, and 008/2010, 
12809 to C. R. Vásquez-Almazán).
 Jeffrey w. Streicher, amphibian and reptile diversity research 
Center, department of Biology, university of Texas at arlington, arling-
ton, Texas 76019, usa (e-mail: streicher@uta.edu); GuStAvo ruAno 
fAJArdo (e-mail: ruano.gustavo@yahoo.com) and cArloS r. vÁSQueZ-
AlmAZÁn (e-mail: crvasal@yahoo.com.mx), museo de historia Natural, 
escuela de Biología, universidad de san Carlos, Ciudad de Guatemala, Gua-
temala.

POLYCHRUS MARMORATUS (Common Monkey Lizard; Bicho-
preguiça). PREDATION. Polychrus marmoratus is an arboreal 
lizard associated with forested habitats, occurring in northern 
South America east of the Andes in Amazônia and in the Atlan-
tic Rainforest, from Recife, in Pernambuco state, to north of São 

Paulo state (Ávila-Pires 1995. Zool. Verh. leiden 299:1–708). this 
lizard is known to be preyed upon by birds (Beebe 1944. Zoologi-
ca 29:195–216; Test et al. 1966. Misc. Publ. Mus. Zool. Univ. Mich-
igan 128:1–63) and snakes (Cunha and Nascimento 1994. Bol. 
Mus. Par. Emílio Goeldi, Zool. 9:1–191). Herein, we make the first 
report of saurophagy for the Crested Capuchin Monkey (Cebus 
robustus) on P. marmoratus.

On 11 March 2010, at 1130 h, one of us (WPM) observed 
two adult Crested Capuchin Monkeys in the canopy of an area 
of reforestation at Reserva Natural Vale (RNV), Linhares mu-
nicipality, Espírito Santo state, southeastern Brazil (19.153611°S, 
40.039722°W; datum WGS84, elev. ca. 60 m), while studying the 
ecology and behavior of these monkeys. One of the capuchins 
had a lizard (Polychrus marmoratus) in its hand and ate parts 
of it (i.e., head, tail, thighs, and some lateral parts). The other 
Crested Capuchin assumed a position of submission, as if “beg-
ging” for a piece of the prey. After six minutes of observation, the 
individual that had consumed parts of the lizard then discarded 
it, whereupon it fell to the ground. This action did not appear to 
elicit any interest from the other monkey. On the same date at 
1512 h, a juvenile Crested Capuchin (also in the same reforesta-
tion area) was observed with a lizard in his hand. The capuchin 
ate the tail and lateral parts of the animal and was furthest from 
the group without other monkeys around. After four minutes, it 
threw the animal to the ground. The remains were identified as 
the lizard Polychrus marmoratus (Fig. 1).

Cebus robustus is a poorly known, endangered species en-
demic to the Atlantic coastal forest from the Rio Jequitinhonha 
in southern Bahia state, through northern Espírito Santo and 
the Rio Doce in Minas Gerais state, Brazil (Martins 2005. Dis-
tribuição Geográfica e Conservação do Macaco-prego-de-cristas 
[Cebus robustus] em Minas Gerais, Brasil. Universidade Federal 
de Minas Gerais. Msc dissertation; unpubl. data). This finding 
suggests that C. robustus is an opportunistic, generalist predator, 
as is known for most species of this genus (Fragaszy et al. 1990. 

fIg. 1. The remains of the Polychrus marmoratus immediately after 
being partially eaten by Cebus robustus and dropped to the ground.
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fIg. 1. Predation of Plestiodon sumichrasti (top) by Brachypelma sp. 
(bottom) in the Sierra Caral of Izabal, Guatemala. 

Co
lo

r 
re

Pr
o

d
u

C
Ti

o
N

s 
su

PP
o

rT
ed

 B
y 

Th
e 

Th
o

m
a

s 
Be

a
u

Va
is

 f
u

N
d

 



Herpetological Review 42(3), 2011

nAturAl hiStory noteS     433

Folia Primatol. 54:114–118). Observations on the ecology of this 
monkey are needed and records for vertebrates in its diet are rare 
in the literature. 

We are indebted to the Companhia Vale for support and al-
lowing one of us (WPM) access to lodging facilities and the re-
serve. WPM was supported by grants from the Brazilian science 
council (CNPq), Primate Conservation Inc., Primate Action Fund 
(Conservation International/Margot Marsh Biodiversity founda-
tion), and U.S. Fish Wildlife Service. JC was funded by Fundação 
de Amparo à Pesquisa do Estado de São Paulo (FAPESP). We 
thank Jackson Shedd for helpful comments on this manuscript.
 JoSÉ cASSimiro, departamento de Zoologia, instituto de Biociên-
cias, universidade de são Paulo, Caixa Postal 11.461, CeP 05422–970, são 
Paulo, sP, Brazil (e-mail: geckoides@usp.br); wAldney pereirA mAr-
tinS, departamento de Biologia Geral, Centro de Ciências Biológicas e da 
saúde, universidade estadual de montes Claros (uNimoNTes), Caixa Postal 
126, CeP 39401–089, Vila mauricéia, montes Claros, mG, Brazil (e-mail: wp-
monkey@yahoo.com.br).

PTYODACTYLUS GUTTATUS (Sinai Fan-fingered Gecko). RE-
PRODUCTION. Ptyodactylus guttatus ranges from northeast-
ern Egypt, north to southern Syria, and east to Jordan where it 
inhabits mountainous and hilly country (Baha El Din 2006. A 
Guide to the Reptiles and Amphibians of Egypt. The American 
University in Cairo Press, Cairo. 359 pp.). Ptyodactylus guttatus 
has been reported to produce multiple clutches of one to two 
eggs in summer and utilize communal laying sites (Bouskila and 
Amitai 2001. Handbook of Amphibians & Reptiles of Israel. Keter 
Publishing House, Jerusalem. 345 pp.; Johnston and Bouskila 
2007. J. Herpetol. 41:506–513; Werner 1985. In Rocek [ed.], Stud-
ies in Herpetology, Proceedings of the European Herpetological 
Meeting [3rd Ordinary General Meeting of the Societas Europaea 
Herpetologica], pp. 141–144. Prague). Breeding occurs mainly 
in spring and early summer (Disi et al. 2001. Amphibians and 
Reptiles of the Hashemite Kingdom of Jordan. An Atlas and Field 
Guide. Edition Chimaira, Frankfurt am Main. 408 pp.). The pur-
pose of this note is to present additional information on the tim-
ing of the reproductive cycle of P. guttatus.
 A sample of 28 P. guttatus consisting of eleven male (mean 
SVL = 71.1 mm ± 8.0 SD, range = 54–79 mm) and seventeen 
females (mean SVL = 70.3 mm ± 6.0 SD, range = 60–80 mm) 
from Israel were examined from the Zoology Museum of Tel-
Aviv University (TAUM), Tel-Aviv, Israel. Lizards were col-
lected 1958 to 1990. Lizards examined by District were: Cen-
tral: 10137, 13576, 13629, 13866, 13869, 14034, 14035, 14144, 
15604; Haifa: 10536; Jerusalem: 13573; Jordan Valley: 8535, 
13196, 14036; Southern: 3041, 4226, 4228-4232, 4457, 4458, 
4460–4462, 11116, 14032.
 For histological examination, the left gonad was removed 
to check for yolk deposition or corpora lutea in females and 
to identify the stage of the testicular cycle in males. Counts 
were made of enlarged ovarian follicles (> 4 mm length) or 
oviductal eggs. Tissues were embedded in paraffin, sectioned 
at 5µm and stained with hematoxylin followed by eosin 
counterstain. Histology slides are deposited in TAUM.
 Two stages were noted in the testicular cycle; (1) recru-
descence in which there is a proliferation of spermatocytes 
for the next period of spermiogenesis (sperm formation) 
and (2) spermiogenesis in which lumina of the seminif-
erous tubules are lined by sperm or clusters of metamor-
phosing spermatids. Monthly samples were: March (N = 5) 
three in recrudescence, two in spermiogenesis; June (N = 1) 

spermiogenesis; October (N = 2) spermiogenesis; Novem-
ber (N = 3) two in recrudescence, one in spermiogenesis. 
The smallest reproductively active male (spermiogenesis in 
progress) measured 62 mm SVL and was collected in Octo-
ber (TAUM 13629). One male in recrudescence from March 
(TAUM 4461) measured 54 mm SVL and was considered a 
sub-adult.
 Four stages were noted in the ovarian cycle: (1) quiescent, 
no yolk deposition observed; (2) corpus luteum from a previ-
ous ovulation; (3) enlarged ovarian follicles (> 4 mm); (4) ovi-
ductal eggs. Monthly samples were: February (N = 1) corpus 
luteum; April (N = 1) quiescent; May (N = 3) one quiescent, 
two with enlarged ovarian follicles; July (N = 1) quiescent; 
September (N = 1) quiescent; October (N = 6) five quiescent, 
one oviductal; November (N = 4) quiescent. Mean clutch size 
for three females was 2.0. The smallest reproductively active 
female (two enlarged follicles > 4 mm length) measured 65 
mm SVL and was collected in May (TAUM 8535).
 My data indicate that P. guttatus exhibits reproductive 
activity in both spring and autumn as some males were un-
dergoing spermiogenesis in March, June, and October, No-
vember and females from May and October exhibited re-
productive activity. One female from February contained a 
corpus luteum, which was likely from an autumn ovulation. 
 I thank Shai Mari (TAUM) for permission to examine P. 
guttatus and Erez Maza (TAUM) for processing the loan. 
 Stephen r. GoldberG, whittier College, department of Biology, Po 
Box 634, whittier, California 90608, usa; e-mail: sgoldberg@whittier.edu.

SCELOPORUS POINSETTII (Crevice Spiny Lizard). ECTOPAR-
ASITES. Ectoparasitism from mites of the genus Eutrombicula 
(Trombiculidae) is a common infestation on many vertebrate 
species (Brennan and Reed 1974. J. Parasitol. 60:699–711; Ver-
cammen-Grandjean and Audy 1965. Acarologia Suppl. 7:280–
294). However, little is known about the actual frequency of 
parasitic loads, how loads fluctuate in dissimilar environmental 
conditions, how long parasites infest their hosts (Goldberg and 
Bursey 1993. J. Wildl. 29:142–144), and how parasitic loads vary 
among individuals (sexes and life stages) in the same geographic 
area (Klukowski 2004. J. Herpetol. 38:141–144). We herein report 
changes in mite infestation on one adult male S. poinsettii be-
fore and after periods of significant rainfall on Indio Mountains 
Research Station (IMRS) located in the Trans-Pecos region of the 
Chihuahuan Desert, ca. 40 km SW of Van Horn, Texas, USA. Rain-
fall and temperature readings were recorded by a HOBO weather 
station located in close proximity to the event reported below.

On 11 September 2010, an adult male S. poinsettii (106 mm 
SVL; 42.2 g) was captured at 1130 h on a rocky outcrop (Fig. 
1) located ca. 2.0 km N of the IMRS headquarters complex 
(30.79438°N, 105.01407°W, WGS84; 1268 m elev.); the area sur-
rounding the outcrop was covered by typical Chihuahuan De-
sert scrub vegetation. The average ambient temperature for that 
day was 25.3°C. The lizard was immediately placed into a plastic 
zip-lock bag and quickly taken to the IMRS laboratory for pro-
cessing. We measured and weighed the lizard and used a ste-
reoscopic dissecting microscope to count the number of mites 
present on its body. The lizard had an infestation of immature 
mites (Eutrombicula sp.) under its cervical folds on each side of 
the neck; none was observed elsewhere on the body and none 
had fallen off into the plastic bag during the short transport time. 
We observed a total of 33 mites; 17 under left cervical fold and 16 
under the right fold. Cervical folds seemed to be ideal places for 
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mites to invade because non-scaled skin is exposed inside the 
structure, and the fold itself provides partial shade from solar ra-
diation. Also, this was one of the highest loads of mites observed 
among multiple species of lizards occurring on IMRS during pri-
or mark-recapture studies. When finished, we marked the lizard 
with toe-clips and then released it a short time later back on the 
same outcrop.

 Two weeks later, on 25 September 2010, we recaptured the 
same lizard on the same rock at ca. 1200 h. The lizard was placed 
into another zip-lock plastic bag and quickly taken to the labora-
tory for processing. The lizard gained 1.6 g during the two-week 
period (SVL was the same), but the mite infestation appeared 
much heavier than before. After carefully counting them sev-
eral times, 79 mites were documented and again, they were only 
under the cervical folds. This time, the S. poinsettii had 51 mites 
under the left cervical fold, and 28 mites under the right fold. The 
parasite load increased 3x on the left side while increasing 1.75x 
on the right side. The overall increase in the ectoparasitic load 
was roughly 2.4x from that observed on 11 September. 

 The increase in abundance of mites could be attributed to 
different factors. However, in this case, due to the brief two-
week period between the two captures, it is reasoned that rain-
fall, and possibly decreased temperature, influenced increasing 
mite infestation. Within that time period, two significant rain 
events occurred in the area. On 19 September 2010, eight days 
after initial capture and release, it rained 3 mm and the 24 h pe-
riod had an average temperature of 21.6°C. Two days later, on 21 
September 2010, it rained 9.15 mm and the average tempera-
ture for the day was 24.3°C. Thus, increased water availability, in 
possible combination with lower ambient temperatures, likely 
played a role increasing mite infestation on the lizard, a conclu-
sion partially supported by another study investigating a similar 
situation. Phang and Manikumaran (1977. Southeast Asian J. 
Trop. Med. Publ. Health 8:217–20.) found a greater abundance 
of trombiculid mite larvae along transects during heavy rainfall 
events when comparing increased rainfall to periods of dry-
ness, but they were hard to impossible to find during dry peri-
ods. They also exposed larval mites to simulated rainfall, which 
retained mite larval populations for longer periods during dry 
weather. Temperature and dryness were not determined to be a 
contributor to the frequency changes observed in the parasitic 
load, because they thought that the amount of time required for 
those factors to take effect on physiology and immunity pro-
cesses was too short. We tentatively associate the load frequency 
changes on the S. poinsettii to environmental factors, especially 
rainfall, primarily because the lizard was caught during a brief 
two-week period when rainfall events occurred. Significant 
rainfall probably concentrates these larval mites in dry micro-
habitats, where they can be picked up by the lizards occurring 
in the areaby. 
 williAm d. lukefAhr (e-mail: wdlukefahr@miners.utep.edu), Jerry 
d. JohnSon (e-mail: jjohnson@utep.edu), vicente mAtA-SilvA, Artu-
ro rochA, and roSS couvillon, department of Biological sciences, 
The university of Texas at el Paso, el Paso, Texas 79968, usa; fernAndA 
de lA cerdA, department of environmental sciences, The university of 
Texas at el Paso, el Paso, Texas 79968, usa.

TROPIDURUS HISPIDUS (Peters’ Lava Lizard). PREDATION. 
Predator-prey relationships play an important role in commu-
nity structure (Miller et al. 2006. J. Anim. Ecol. 75:101–110), how-
ever, predation events in nature are often difficult to quantify 
due to the rarity of observations (Shepard 2007. Herpetologica 

63:193–202). Birds are potential predators of small vertebrates 
including rodents (Motta-Junior and Talamoni 1996. Ararajuba 
4:38–41), anurans (Toledo et al. 2004. Herpetol. Bull. 94:31–32), 
and lizards (França and Braz 2009. Biotemas 22:243–245). Liz-
ards are commonly recognized prey items of birds in Neo-
tropical habitats (Rocha and Vcbradic 1998. Ciência e Cultura 
50:364–368). 

On 18 October 2010 at 1002 h in retinga of Aruana Beach, 
south coast of Aracaju, Sergipe, Brazil (11.0122°S, 37.0650°W, 5 
m elev., datum SAD69), we observed a Roadside Hawk (Rupornis 
magnirostris) preying on an adult Tropidurus hispidus (Fig. 1). 
The hawk was near its nest, in which we observed a chick. It is 
possible the prey was to feed the chick we but did not observe 
any interactions. The Roadside Hawk has a diet of reptiles, am-
phibians, insects, mammals, and birds (Panasci and Whitacre 
2002. Wilson Bull. 114:114–121). Predation on lizards by birds 
have been reported for Brazil (França and Braz 2009, op. cit.; 
Sherpard 2007, op. cit.), however, this is the first record for the 
restinga area in the northeast.
 criZAnto brito de-cArvAlho (e-mail: crizantobrito@gmail.com), 
frAnciS luiZ SAntoS cAldAS, evellyn borGeS de freitAS, Pro-
grama de Pós-Graduação em ecologia e Conservação, universidade fed-
eral de sergipe, 49.000-000, são Cristóvão, sergipe, Brazil; JoSÉ elvino 
do nAScimento-JÚnior, Programa de Pós-Graduação em ecologia 
Vegetal, universidade estadual de Campinas, Cidade universitária Zefer-
ino Vaz, instituto de Biologia, Barão Geraldo, 13.083-970 Campinas, são 
Paulo, Brazil.

SQuAmAtA — SnAkeS

BOIGA IRREGULARIS (Brown Treesnake). PREDATION AT-
TEMPT BY CRAB. The Coconut Crab (Birgus latro), also known 
as the Robber Crab, is the heaviest terrestrial invertebrate in the 
world with a mass occasionally exceeding 3 kg (Amesbury 1980. 
Univ. Guam Tech. Rep. 17:1–39). While primarily an omnivore 

fIg. 1. Rupornis magnirostris, preying on an adult Tropidurus hispi-
dus, Sergipe, Brazil.
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feeding on vegetative matter and scavenging for dead animals, 
it may also prey on live invertebrates and vertebrates such as sea 
turtle hatchlings and rats (Greenaway 2003. Mem. Mus. Victoria 
60:13–26; Kessler 2005. Crustaceana 78:761–762).

On 8 March 2010 we were searching for snakes in northern 
Guam. At 2230 h we observed a Coconut Crab sitting at the en-
trance to a tree (Premna obtusifolia) hole ca. 0.7 m above ground, 
holding onto the tail of an adult Boiga irregularis with one of its 
claws. The snake was partly suspended in mid-air and had an-
chored the forepart of its body to some roots and branches close 
to the ground, apparently trying to pull loose. As we approached, 
the crab retreated into the tree hole while maintaining its hold 
of the snake’s tail. A few minutes later, after more human dis-
turbance, the crab released the snake. The crab had a thoracic 
width of about 45–50 mm, which would correspond to a thoracic 
length of about 22–25 mm (unpubl. data) and a mass of about 
100 g (Amesbury, op. cit.). We captured the snake and deter-
mined that it was a gravid female (SVL = 1124 mm; total length 
= 1423 mm; 255 g). Close inspection of the tail revealed minor 
indentations from the crab’s claw, but there was no bleeding, nor 
any visible rupture of the skin.

There have been several observations of both terrestrial and 
marine crabs feeding on snakes (Maitland 2003. J. Crustacean 
Biol. 23:241–246; Voris and Jeffries 1995. J. Tropical Ecol. 11:569–
576) but most accounts deal with snakes smaller than the one 
we observed. It is possible that the crab eventually would have 
started feeding on the tail while it was still attached to the snake, 
even if it had failed to kill the snake (Maitland, op. cit.).

Of the 295 individual Boiga irregularis we have encountered 
and marked in our main study population to date, 15% suffered 
damage to the tail. Damage ranged from the tip to most of the 
tail lost, leaving only a short stump. In 21 cases the damage had 
occurred before we first encountered a snake, so we do not know 
the size of the snake at the time of the injury. But for 23 snakes 
that we captured before and after tail damage (including ma-
jor and minor damage), the mean of the snakes’ pre- and post 
injury sizes is 1095 mm SVL. Some of these tail damages might 
have been inflicted by coconut crabs (or possibly other terres-
trial crabs, several smaller species of which inhabit the area) in 
attacks similar to the one we observed. The Orote Peninsula in 
Guam reputedly has high densities of crabs (B. latro and others) 
and 40% of the Boiga irregularis there have damaged tails (Deni 
Porej, pers. comm.), suggesting a correlation between crab den-
sities and incidence of tail damage.

Among snakes in our study population, we have seen tail 
damage in only five snakes < 800 mm SVL, and in two of these, 
only the very tip of the tail was missing. However, crab attacks on 
small juvenile snakes are likely to end in death for the snake, hin-
dering our ability to assess rates of attack and the effects of such 
predation attempts on snake fitness. Even so, careful analyses of 
size-dependent injury incidences may help reveal potential im-
pact of predators on prey populations when direct observations 
of predatory attempts are lacking.
 bJorn lArdner (e-mail: Bjorn.lardner@Colostate.edu) and Julie A. 
SAvidGe, department of fish, wildlife, and Conservation Biology, Colo-
rado state university, fort Collins, Colorado 80523-1484, usa; thomAS 
J. hinkle, eliJAh woStl, and ShAne r. SierS, asrC management ser-
vices under contract to u.s. Geological survey, fort Collins science Center, 
2150 Centre avenue, Building C, fort Collins, Colorado 80526-8118, usa; 
robert n. reed and Gordon h. roddA, u.s. Geological survey, fort 
Collins science Center, 2150 Centre avenue, Building C, fort Collins, Colo-
rado 80526-8118, usa.

BOIGA IRREGULARIS (Brown Treesnake). PREDATION AT-
TEMPT BY PRAYING MANTIS. The Western Pacific island of 
Guam is known for its introduced population of Boiga irregularis 
that has had considerable negative effects on vertebrates native 
to the island (Rodda et al. 1997. BioScience 47:565–574; Savidge 
1987. Ecology 68:660–668). Few animals in Guam are known to 
prey on the snakes, but Mangrove Monitors (Varanus indicus) 
and feral/domestic cats (Felis catus) may do so (Fritts and Rodda 
1998. Annu. Rev. Ecol. Sys. 29:113–140; pers. obs.).

In Guam, on the evening of 11 November 2009, the first 
author was filming a small (SVL = 450–500 mm) B. irregularis, 
perched in vegetation 4 m above ground. The snake suddenly 
started thrashing violently and after about ten seconds it fell to 
the ground. The snake slithered through a meter of grass and 
coiled up under a flattened soda can. A praying mantis was ob-
served next to where the snake first landed on the ground. A re-
view of the video footage (http://vimeo.com/13407786) showed 
that the snake had been attacked by a large praying mantis (Hi-
erodula patellifera) that held the snake’s head with both fore-
legs. The mantis tried to hold on to the vegetation, but the snake 
eventually pulled the mantis from its perch and both fell to the 
ground. The snake was not closely examined after the event, but 
it did not appear to be harmed.

Mantids have been observed preying on birds, lizards, 
frogs, and mice (Benrekaa and Doumandji 1997. Entomologiste 
53:253–256; Brothers 2008. Herpetol. Rev. 39:351; Nickle 1981. 
Proc. Entomol. Soc. Washington 83:801–802; Ridpath 1977. J. 
Aust. Entomol. Soc. 16:153–154). Our observation suggests that 
juvenile B. irregularis might also be at risk of mantid predation, 
as mantids have been observed to kill large prey even in situa-
tions where they are dragged around by the prey item (Reitze and 
Nentwig 1991. Oecologia 86:568–574).

In Guam, hatchling B. irregularis measure 290 mm SVL (Lard-
ner et al. 2009. Herpetol. Cons. Biol. 4:313–323) to 430 mm SVL 
(Rodda et al. 1999. In Rodda et al. [eds.], Problem Snake Man-
agement: the Habu and the Brown Treesnake, pp. 44–80. Cornell 
University Press, Ithaca, New York). Average-sized hatchlings 
(SVL = 360 mm) typically weigh 7–8 g, but we have seen a B. ir-
regularis that weighed merely 4 g. Assuming the snake observed 
measured 475 mm SVL, its weight would have been ca 15 g. Adult 
specimens of H. patellifera collected from the site where the pre-
dation attempt occurred have a mean head-body length of 69 
mm and an average mass of 2.9 g (range 1.6–4.1 g; N = 6). Thus, 
the snake that was attacked probably weighed about five times 
as much as the praying mantis, but some hatchling B. irregularis 
weigh no more than a large H. patellifera. For a comparison, the 
large mantid H. werneri has been seen feeding on frogs and birds 
weighing as much as three times the mantid’s weight (Ridpath, 
op. cit.).

Hierodula patellifera are common in trees and bushes fre-
quented by small B. irregularis on Guam. It therefore seems 
plausible that encounters between small snakes and large man-
tids are not rare. Further information about the frequency and 
outcomes of such encounters, especially encounters that lead to 
death or serious injury for the snake, would be useful.

We thank Aubrey Moore for help with mantid identification 
and references. Any use of trade, product, or firm names is for 
descriptive purposes only and does not imply endorsement by 
the U.S. Government.
 bJorn lArdner (e-mail: Bjorn.lardner@Colostate.edu) and Ju-
lie A. SAvidGe, department of fish, wildlife, and Conservation Biol-
ogy, Colorado state university, fort Collins, Colorado 80523-1484, usa; 
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robert n. reed and Gordon h. roddA, u.s. Geological survey, 
fort Collins science Center, 2150 Centre avenue, fort Collins, Colorado 
80526-8118, usa.

BOTHROPS LEUCURUS (Bahia Lancehead). CAUDAL LUR-
ING. Caudal luring, the wriggling movements of a conspicuous 
tail tip made by an otherwise cryptically colored snake in the 
presence of potential prey, has been reported for several spe-
cies of Boidae, Viperidae, and Elapidae (Sazima 1993. Copeia 
1993:222–226). Bothrops leucurus is a terrestrial and nocturnal 
snake from the Atlantic Forest Domain of northeastern and east-
ern Brazil (Campbell and Lamar 2004. The Venomous Reptiles of 
the Western Hemisphere. Cornell Univ. Press, Ithaca, New York. 
870 pp.). It is a generalist species that preys on amphibians, liz-
ards, and rodents (Freitas 1999. Serpentes da Bahia e do Brasil. 
Ed DALL, Feira de Santana, Bahia. 80 pp.; Freitas 2003. Serpentes 
Brasileiras. Malha-de-Sapo-Publicações, Lauro de Freitas, Bahia. 
160 pp.). We observed tail displays in three juvenile B. leucurus 
in the wild in Brazil, suggesting that this species uses caudal lur-
ing behavior to capture prey. The observations occurred as fol-
lows: 1) On 14 April 2007, at 2021 h, in a pond adjacent to Timbó 
River, Amargosa municipality, state of Bahia; 2) On 29 April 2007, 
at 0941 h, on the ground of the forest at Igrapiúna municipality, 
state of Bahia; and 3) On 24 July 2006, at 1440 h, in João Pessoa 
municipality, state of Paraíba. Similar evidence have been re-
corded for other Brazilian species such Tropidodryas striaticeps, 
Bothropoides jararaca, and Bothrops jararacussu (Sazima 1991. 
Copeia 1991:245–248; Sazima 1993, op cit.; Sazima 2006. Aqua, 
J. Ichthyol. Aquat. Biol. 11:117–124). Although the caudal luring 
display was observed, there was no case of predation attempts 
during our observations.
 mArco AntÔnio de freitAS, Programa de Pós-graduação em Zoo-
logia, uesC (universidade estadual de santa Cruz) CeP 46.500-000 rodo-
via ilhéus/itabuna, ilhéus, Bahia, Brazil (e-mail: philodryas@hotmail.com); 
thAÍS fiGueiredo SAntoS SilvA, Biogeographia publicações e consul-
toria ambiental, rua e quadra d lote 11, Jardim aeroporto, CeP 42700-000, 
lauro de freitas, Bahia, Brazil (e-mail: biogeographia@yahoo.com.br).

BOTHROPS SP. (GR. ATROx) (Jararaca/Lancehead). DIET. 
Snakes in the Bothrops atrox group are widely distributed in Bra-
zilian territory as follows: Bothrops atrox, B. marajoensis, and B. 
brazili in the Amazon Rainforest, B. moojeni in the Cerrado, and 
B. leucurus in the Atlantic Rainforest and Caatinga (Campbell 
and Lamar 2004. The Venomous Reptiles of the Western Hemi-
sphere. Cornell Univ. Press, Ithaca, New York. 870 pp.). Although 
other species of South American viperids have specialized diets, 
snakes in the B. atrox group are considered generalists and are 
known to consume mammals, frogs, lizards, birds, centipedes, 
and occasionally fishes and other snakes (Campbell and Lamar, 
op cit.; Freitas and Loebmann 2010. Herpetol. Rev. 41:234; Mar-
tins et al. 2002. In Schuett et al. [eds.], Biology of the Vipers, pp. 
307–328. Eagle Mountain Publ., Eagle Mountain, Utah; Martins 
and Oliveira 1998. Herpetol. Nat. Hist. 6:78–150). 

On 20 March 2009, we collected a juvenile male Bothrops sp. 
(gr. atrox) (SVL = 501 mm, 24.82 g without prey) in a relictual 
patch of sub-evergreen tropical nebular rainforest that extends 
about 150 km across the eastern and northern regions of Cha-
pada da Ibiapaba, in the municipality of Ubajara, state of Ceará, 
Brazil (03.5042°S, 40.5604°W; datum: WGS84; elev. 851 m). Inside 
the gut of the specimen we found an intact Oxyrhopus melanog-
enys orientalis (Black-headed Calico Snake; SVL = 390 mm, 16.64 
g; Fig. 1). The prey measured ca. 78% of the predator’s length and 

ca. 67% of its body mass. To our knowledge, this is the first re-
cord of B. atrox preying on snakes of the genus Oxyrhopus. The 
specimen is housed on Universidade de Campinas Natural His-
tory Museum ‘Prof. Adão J. Cardoso’, Campinas, São Paulo, Brazil 
(ZUEC 3475).
 rodriGo SAmuel bueno GAvirA, Programa de Pós-graduação 
em Ciências Biológicas (Zoologia), departamento de Zoologia, instituto 
de Biociências, laboratório de herpetologia, universidade estadual Pau-
lista, rio Claro, são Paulo, Brazil, Caixa Postal 199, CeP 13506-970 (e-mail: 
rodrigogavira@yahoo.com.br); dAniel loebmAnn, Programa de Pós-
graduação em Biologia de ambientes aquáticos Continentais, laboratório 
de ecologia de Vertebrados Terrestres, instituto de Ciências Biológicas, 
universidade federal do rio Grande, rio Grande, rio Grande do sul, Brazil, 
av. itália, Km 8, Caixa Postal 474, CeP 96201-900 (e-mail: contato@daniel-
loebmann.com).

BUNGARUS CAERULEUS (Common Krait). SCAVENGING. We 
encountered a Bungarus caeruleus at Jhadeswar Hill, Ganjam 
district, Odisha, India (19.4589°N 85.0249°E, datum: WGS84; 
elev. 83 m) on 12 May 2010 at 2135 h. The krait (ca. 80 cm total 
length) was found near a hill stream feeding on a dead and de-
cayed snake. After close examination, the prey was identified as 
a Coelognathus helena helena. The dead prey was caught by the 
middle of the body and was half inside the krait’s mouth (Fig. 1). 
The dead snake was almost the same size or a little smaller than 
the krait and was swallowed in approximately two minutes. The 
krait then moved into a heap of boulders near the stream. After 
interviewing local inhabitants, I learned that a snake had been 
killed and thrown near the stream three days before.

Kraits are known to feed on frogs, lizards, and snakes (Whita-
ker and Captain 2004. Snakes of India, the Field Guide. Draco 
Books, Chennai. 481 pp.). Although scavenging has been docu-
mented in several species of snakes under natural conditions, 
and is considered a prevalent opportunistic foraging strategy 
for many snakes (DeVault and Krochmal 2002. Herpetologica 
58:429–436), it has not previously been reported in B. caeruleus.

 I thank Satya Narayan Mishra and Saroj Behera for assisting 
me in the field. 

fIg. 1. Juvenile Bothrops sp. (gr. atrox) with stomach contents, an 
Oxyrhopus melanogenys orientalis.
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 prAtyuSh p. mohApAtrA, species Conservation Programme, world 
wide fund for Nature, 172-B- lodi estate, New delhi-03, india; e-mail: wolf-
snakes@gmail.com.

CARPHOPHIS AMOENUS (Eastern Wormsnake). DEFENSIVE 
BEHAVIOR. Due to their secretive and fossorial habits, little is 
known about the behavior of Carphophis amoenus. The most 
thorough studies of its ecology are the works of Clark (1970. Univ. 
Kansas Publ. Mus. Nat. Hist. 19:85–194), Fitch (1999. A Kansas 
Snake Community: Composition and Changes over 50 Years. 
Krieger Publ., Malabar, Florida. 165 pp.), and Willson and Dorcas 
(2004. Southeast. Nat. 3:1–12). Yet, these publications provide 
little information regarding the behavior of this small snake spe-
cies. The most commonly reported defensive behaviors exhib-
ited by members of the genus Carphophis include the probing of 
captors with their sharp, hardened tail tip, and releasing a foul-
smelling musk (Clark, op. cit.; Ernst and Ernst 2003. Snakes of 
the United States and Canada. Smithsonian Books, Washington, 
D.C., 668 pp.; Fitch, op. cit.;). Recently, however, Diefenbacher 
and Pauley (2009. Herpetol. Rev. 40:94–95) reported a defensive 
behavior in C. amoenus from West Virginia (USA) that noted an 
individual that buried its head beneath its body coils, while ex-
posing its tail tip in a vertical orientation. The authors suggested 
such behavior made the tail more prominent (perhaps mimick-
ing the head), and might confuse potential predators. Here we 
describe an additional unique behavior that we have not previ-
ously witnessed nor read about in the literature, that we believe 
is exhibited in defense.

On 29 July 2010 near Elon University campus in Alamance 
Co., North Carolina, USA (36.11859°N, 079.49857°W, datum: 
NAD 83), an adult male C. amoenus (SVL = 204 mm; tail length 
= 52 mm; 6.5 g) was captured in a drift fence constructed in an 
upland mixed forest. Once removed from the drift fence trap, 
the snake was handled for ca. 5–10 min. as morphological data 
were collected. After its release, the snake only partially buried 
itself in ground debris, with the tail remaining exposed. At ca. 5 
sec. post-release, we lightly stepped on the ground debris near 
the snake in an effort to expedite concealment. At this point, the 
snake raised the back 1/4 of its body in a semi-vertical orienta-
tion and waved or wagged its tail in an arcing, serpentine fashion 
for several seconds. It briefly stopped (with tail remaining ex-
posed), until we once again stepped on the layer of fallen leaves 
near the snake, which caused it to again exhibit this tail waving 

or wagging behavior for several more seconds. Eventually, the 
snake stopped waving its tail and moved forward to completely 
conceal itself beneath the ground debris. 

We are uncertain if the observed behavior was meant to dis-
tract potential predators from the buried head, or if waving the 
hardened tail tip may actually deter some species of small preda-
tors. Fitch (1999, op. cit.) reported that 5.3% of 209 adult C. vermis 
captured in Kansas (USA) were missing tails. He suggested such 
missing tails were the result of attack by predators, which sup-
ports the hypothesis that this behavior is exhibited to distract 
potential predators from attacking the head. It also supports 
Diefenbacher and Pauley’s (2009) suggestion that the resting ori-
entation they observed was adopted so that predators focus on 
the tail rather than the head. 
 JoShuA m. kApfer, departments of environmental studies and Bi-
ology, elon university, elon, North Carolina 27244, usa (e-mail: kapferj@
uww.edu); colemAn Slone, 2194 old Paris road, lexington, Kentucky 
40505, usa (e-mail: cslone@elon.edu).

COLUBER (= MASTICOPHIS) FLAGELLUM (Coachwhip). DIET. 
Coluber flagellum is known to take a variety of prey items includ-
ing snakes (Ernst and Ernst 2003. Snakes of the United States and 
Canada. Smithsonian Institution Press, Washington, D.C. 668 
pp.; also Pituophis catenifer, Beaman and Harris 2002. Herpetol. 
Rev. 33:214–215; and Crotalus viridis, Tabor and Germano 1997. 
Herpetol. Rev. 28:90). Here we report a snake as a prey item not 
previously documented for C. flagellum.

In late April 2005, a C. flagellum was observed ingesting a live 
Trimorphodon lambda (Sonoran Lyresnake) at the residence of 
Donna Andress in Nelson, Clark Co., Nevada, USA (35.708°N, 
114.823°W). The snakes were initially observed thrashing on the 
ground, with the C. flagellum eventually subduing the T. lamba 
by coiling its body around it. The snakes were photographed and 
a color print was deposited in the Natural History Museum of 
Los Angeles County (LACM PC 1430).
 kent r. beAmAn, ichthyology and herpetology, Natural history mu-
seum of los angeles County, 900 exposition Boulevard, los angeles, Cali-
fornia 90007, usa (e-mail: heloderma@roadrunner.com); r. terry bASey, 
204 may avenue, monrovia, California 91016, usa.

COLUBER (= MASTICOPHIS) FULIGINOSUS (Baja California 
Coachwhip). REPRODUCTION. Coluber fuliginosus ranges from 
extreme southwestern California south to Cabo San Lucas, Baja 
California Sur (Grismer 2002. Amphibians and Reptiles of Baja 
California, Including its Pacific Islands and Islands in the Sea of 
Cortés. Univ. California Press, Berkeley. 399 pp.). We know of no 
reports on its reproduction. The purpose of this note is to pres-
ent the first information on the testicular cycle of C. fuliginosus. 

A sample of ten adult male C. fuliginosus (mean SVL = 1054.5 
mm ± 154.0 SD, range: 834–1358 mm) was examined from the 
herpetology collection of the Natural History Museum of Los An-
geles County (LACM), Los Angeles, California. Five C. fuliginosus 
were from Baja California (LACM 2228, 2231, 103250, 103256, 
103257) and five were from Baja California del Sur (LACM 19271, 
19273, 19276, 103252, 103253). Coluber fuliginosus were collect-
ed from April–August 1949, 1961, 1964, 1950, 1966, and 1967. 

A section of the left testis and vas deferens was removed from 
each male, embedded in paraffin, cut into 5 µm sections and 
stained with Harris hematoxylin followed by eosin counterstain. 
Histology slides were deposited at LACM. Two stages were noted 
in the testicular cycle: regression, seminiferous tubules contain 
spermatogonia and interspersed Sertoli cells; spermiogenesis, 

fIg. 1. Bungarus caeruleus scavenging on a dead Coelognathus hel-
ena helena.
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seminiferous tubules lined by sperm or clusters of metamor-
phosing spermatids. The following stages in the testicular cycle 
were observed by month and sample size: regressed April (2), 
May (1), June (1); spermiogenesis July (2), August (4). Vasa def-
erentia contained sperm during all months. The smallest repro-
ductively active male (spermiogenesis in progress) measured 
834 mm SVL.

 Coluber fuliginosus appears to exhibit an aestival spermato-
genesis (St. Girons 1983. Herpetologica 38:5–16) in which sper-
matogonial divisons commence in spring and spermiogenesis 
ends in autumn. Similar timing of events in the testicular cycle 
occurs in the congeners C. lateralis (Goldberg 1975. J. Herpetol. 
9:361–363) and C. taeniatus (Goldberg and Parker 1975. Herpe-
tologica 31:317–322) and has been frequently observed in many 
North American snakes (Aldridge et al. 2009. Contemp. Herpetol. 
2009:1–31). 

We thank Christine R. Thacker (LACM) for permission to ex-
amine C. fuliginosus. 
 Stephen r. GoldberG, whittier College, department of Biology, Po 
Box 634, whittier, California 90608, usa (e-mail: sgoldberg@whittier.edu); 
clArk r. mAhrdt, department of herpetology, san diego Natural history 
museum, san diego, California 92102, usa (e-mail: leopardlizard@cox.net).

CORALLUS GRENADENSIS (Grenada Bank Treeboa, Congo 
Snake). HABITAT AND ABUNDANCE. From 3–20 June 2010, we 
conducted visual encounter surveys for Corallus grenadensis on 
Union Island (St. Vincent and the Grenadines) as in Powell et al. 
(2007. In Henderson and Powell [eds.], Biology of the Boas and 
Pythons, pp. 374–387. Eagle Mountain Publ., Utah). We had 37 
encounters with C. grenadensis at eight sites at times from 2000–
2345 h. All sites were variants of dry seasonal forest, although 
dominant species of trees (e.g., Hippomane mancinella, Acacia 
sp., Conocarpus erectus) varied. Elevations ranged from sea level 
to 130 m (mean ± SD = 50.8 ± 46.1 m). Snakes were always ob-
served on tall vegetation (≥ 3 m); however, perch heights varied 
from 0.5 – 15 m (4.0 ± 2.9 m). Most snakes (78%) were young-
of-the-year or juveniles. During 31 encounters, boas were ac-
tively foraging, moving slowly through vegetation with bodies 
extended; the others were stationary and coiled on a branch or 
branches.

Encounter rates of C. grenadensis on Union averaged 1.32 ± 
0.86 snakes/h. Ideal habitat for C. grenadensis consists of edges 
of natural vegetation mixed with orchard trees (e.g., mango, ca-
cao, nutmeg, breadfruit), in which encounters could exceed 20 
boas/h (Henderson 2002. Neotropical Treeboas: Natural History 
of the Corallus hortulanus Complex. Krieger Publ. Co., Malabar, 
Florida. xiv + 197 pp.; Henderson et al. 2009. S. Amer. J. Herpe-
tol. 4:186–192). Such habitat is lacking on Union. Consequently, 
encounter rates on Union are not comparable to those in ideal 
habitats on Grenada. However, when compared with sites on 
Grenada that are vegetatively similar to Union, encounter rates 
are much more similar. Mt. Hartman, in extreme southwestern 
Grenada, consists of dense stands of Acacia and mangroves 
(Henderson 2002, op cit.), which are similar to the Acacia flatland 
at some sites on Union (e.g., at Richmond Bay and the coastal 
mangrove along the road from Clifton to Ashton). Encounter 
rates at Mt. Hartman averaged 1.87 ± 0.23 snakes/h (Powell et 
al., op cit.). Similarly, the encounter rate at Levera at the extreme 
northeastern tip of Grenada was 1.62/h (RWH, unpubl. data). 
Both Mt. Hartman and Levera are in the two driest areas of the 
island (< 127 cm annually; Grenada Ministry of Agriculture, Land 
Use Division); annual precipitation on Union is about 100 cm 

(Adams 1979. Carib. Studies 15:5–45). Although many factors can 
contribute to low encounter rates (e.g., structure and complexity 
of vegetation, phase of the moon), based on samples in a variety 
of habitats on Grenada, Henderson (2002, op. cit.) observed that 
the lowest encounter rates for C. grenadensis occurred at eleva-
tions >400 m and in very xeric areas. Our comparisons with dry 
habitats on Grenada suggest that low boa encounter rates on 
Union likely reflect the reality that xeric habitats on a small, dry 
island with little topographical relief (Daudin and de Silva 2007. 
Appl. Herpetol. 4:163–176) support fewer snakes than more me-
sic habitats.

John S. Parmerlee, Jr., Matthew E. Gifford, Tess A. Bellah, Eh-
ren J. Bentz, Luke G. Chambers, Hayden D. Hedman, Rebecca 
R. John, Deborah N. Muñiz Pagan, and Mel J. Rivera Rodríguez 
helped in the field. Mark de Silva and Amos Glasgow identified 
species of trees for us. Permits to conduct research on Union 
Island were issued by Mr. Brian Johnson, Director, Department 
of Forestry, St. Vincent and the Grenadines. Protocols were ap-
proved by the Avila University Animal Care and Use Commit-
tee. Fieldwork was funded by a grant from the National Science 
Foundation (USA) to Robert Powell (DBI-0851610).
 dAniel pAtrick Quinn, department of Biology, Truman state uni-
versity, Kirksville, missouri 63501, usa (e-mail: dpq695@truman.edu); 
Audrey l. mctAGGArt, department of Biology, mcPherson College, 
mcPherson, Kansas 67460, usa (e-mail: mctaaud@bulldog.mcpherson.
edu); robert w. henderSon, section of Vertebrate Zoology, milwaukee 
Public museum, milwaukee, wisconsin 53233, usa (e-mail: henderson@
mpm.edu); robert powell, department of Biology, avila university, 
Kansas City, missouri 64145, usa (e-mail: robert.powell@avila.edu).

CROTALUS ATROx (Western Diamond-backed Rattlesnake). 
DIET. Although the primary diet of C. atrox is small mammals, 
a variety of other food items have been reported, including in-
sects, frogs, toads, lizards, and birds (Rubio 2010. Guide to the 
Rattlesnakes of the United States and Canada. ECO Herpetol. 
Publ. Distrib., Rodeo, New Mexico. 307 pp.; Werler and Dixon 
2000. Texas Snakes: Identification, Distribution, and Natural His-
tory. Univ. Texas Press, Austin. xv + 437 pp.) Although doves are 
suspected to be part of the diet of C. atrox, only a single colum-
bid has been reported and only to generic level (Columbina sp.; 

fIg. 1. Male Crotalus atrox attempting to ingest a freshly killed Ze-
naida macroura (Mourning Dove) at the Indio Mountains Research 
Station, Hudspeth Co., Texas, USA.
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Ernst and Ernst 2003. Snakes of the United States and Canada. 
Smithson. Inst. Press, Washington, D.C. 668 pp.). Herein, we re-
port a failed predation attempt on a Mourning Dove (Zenaida 
macroura) by a C. atrox in the Chihuahuan Desert of Trans-Pe-
cos, Texas.

On 13 October 2010, at 2120 h, an adult male C. atrox (SVL 
= 870 mm; tail length = 50 mm; 366.5 g) was found (Fig. 1) on 
a brightly moonlit night trying to swallow a freshly killed Z. 
macroura (115.0 g; air temp = 18.1°C; ground temp = 17.0°C). 
The event was observed in an arroyo surrounded by alluvial 
slopes covered by Chihuahuan Desert scrub vegetation, ca. 
2.5 km SW of Indio Mountains Research Station Headquar-
ters (30.776883°N, 105.016060°W, datum: WGS84; elev. = 1233 
m), which is located ca. 40 km SW of Van Horn, Hudspeth Co., 
Texas, USA. After 20 min, the rattlesnake had swallowed the 
dove’s head and neck, but was struggling to pass the breast 
section, which is the widest part of the bird’s body. Eventually, 
the rattlesnake ceased the ingestion process, regurgitated the 
dove’s anterior portion, and then moved away from the scene. 
Although the relative prey mass was low (= 0.3), we suspect that 
the snake suspended its ingestion attempt because of physi-
cal constraints imposed by the dove’s anatomy, most likely the 
breast width. 
 vicente mAtA-SilvA (e-mail: vmata@miners.utep.edu), Jerry d. 
JohnSon (e-mail: jjohnson@utep.edu), roSS couvillon, williAm 
lukefAhr, and Arturo rochA, department of Biological sciences, 
university of Texas at el Paso, el Paso, Texas 79968, usa. 

CROTALUS LEPIDUS (Rock Rattlesnake). FEEDING BEHAV-
IOR. The diet of Crotalus lepidus reportedly includes arthropods, 
frogs, small rodents, snakes, and lizards (Ernst and Ernst 2003. 
Snakes of the United States and Canada. Smithsonian Institution 
Press, Washington, D.C. 668 pp.). From the limited information 
on feeding behavior in the wild, it is assumed that C. lepidus con-
sumes nearly any small animal that it can subjugate, although 
lizards, because of their usual abundance in habitats favored by 
C. lepidus, are probably the primary food item (Armstrong and 
Murphy 1979. Univ. Kansas Mus. Nat. Hist. Spec. Publ. 5:1–88; 
Beaupre 1995. Herpetologica 51:45–56). It has been stated that 
C. lepidus strike lizards on their body and hold them until co-
matose and, therefore, no poststrike trailing behavior occurs; 
whereas mice are struck, released, and later trailed (Chiszar et 
al. 1986. J. Comp. Psychol. 100:368–371). Here we report a wild C. 
lepidus striking, trailing, and consuming a Cophosaurus texanus 
(Greater Earless Lizard), at a site located in the Chihuahuan Des-
ert of Trans-Pecos, Texas.

On 18 July 2010, at 1020 h, an adult male C. lepidus (SVL= 
560 mm; tail length = 65 mm; 140 g), fitted with a radio-trans-
mitter (Holohil Ltd. SB-2), was being tracked at the Indio Moun-
tains Research Station, Hudspeth Co., Texas, USA (30.754507°N, 
105.020513°W, datum: WGS84; elev. = 1214 m), in an area of rocky 
mountainous substrate covered by Chihuahuan Desert scrub 
vegetation. The snake, apparently unfazed by our presence, was 
situated in the open near a dying adult male C. texanus that had 
been recently envenomated, as evidenced by two bloody punc-
ture wounds on its back. A few moments later the rattlesnake, 
while exhibiting tongue-flicking and frenzied searching behav-
ior, located the lizard, grabbed it by the head, and dragged it un-
der a nearby Fragrant Mimosa (Mimosa borealis). The snake then 
proceeded to ingest the lizard headfirst (Fig. 1). When about half 
the lizard’s body was left exposed, the snake stopped the swal-
lowing process and regurgitated it, possibly due to positioning 

problems that lead to difficulty passing the widest section of 
the lizard’s body. Immediately thereafter, the snake reinitiated 
the ingestion process and fully consumed the lizard in about 20 
min. To our knowledge, this is the first report demonstrating that 
lizards, like rodents, may be struck, released, and trailed, before 
being consumed by C. lepidus. 

Partial funding for field work was supplied by a grant from 
T&E Inc., the Joseph Family Trust Fund, a G. A. Krutilek Fellow-
ship, and a F. B. Cotton Trust Scholarship to V. Mata-Silva.
 vicente mAtA-SilvA (e-mail: vmata@utep.miners.edu), Jerry d. 
JohnSon, and Arturo rochA, department of Biological sciences, uni-
versity of Texas at el Paso, el Paso, Texas 79968, usa.

HETERODON NASICUS (Western Hog-nosed Snake). DIET. 
Heterodon nasicus is a medium-sized (total length to 154 cm 
but usually <80 cm) colubroid snake native to prairie habitats 
of central North America (Ernst and Ernst 2003. Snakes of the 
United States and Canada. Smithsonian Inst. Press, Washington, 
D.C. 668 pp.). This species is a mildly venomous, opistoglyphous, 
nonconstricting dietary generalist that is known to consume a 
wider range of vertebrate prey items, including amphibians, 
small mammals, lizards and eggs of turtles and birds, than its 
congeners. Platt (1969. Univ. Kansas Mus. Nat. Hist. Publ. 18:253–
420) reported that H. nasicus feeds on lizard eggs, but did not 
identify the species. Here we report a juvenile H. nasicus feeding 
repeatedly on eggs of Aspidoscelis sexlineata (Six-lined Racerun-
ner), a previously unrecorded dietary component.

At 0845 h on 25 June 2010, a juvenile H. nasicus (male, SVL 
= 19.5 cm, 9.5 g) was found in a sand blowout at Thomson-
Fulton Sand Prairie, Carroll Co., Illinois, USA (41.938562°N, 
90.109196°W; datum WGS 84). The snake was exposed in open 
sand and had a cloacal temperature of 28.8°C. Palpation of the 
gut caused regurgitation of two oblong lizard eggs with leathery 
shells, both of which were ruptured so that the yolk was exposed. 
This individual was marked, released, and then recaptured the 
following day in approximately the same location, and again its 
gut contained two ruptured lizard eggs.

We infer that these eggs were depredated from a nest of 
A. sexlineata because this is the only lizard known to occur 
in Carroll Co. and is common at our study site. Trauth (1983. 
Am. Midl. Nat. 109:289–299) described the nesting ecology of 
A. sexlineata and reported that females use communal nesting 

fIg. 1. Adult Crotalus lepidus ingesting a freshly killed Cophosaurus 
texanus (Greater Earless Lizard) at the Indio Mountains Research 
Station, Hudspeth Co., Texas, USA.
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grounds, where egg density can be up to 10/m2, and females 
may return to favored nesting sites year after year. This spatial 
and temporal predictability of A. sexlineata eggs may underlie 
the potential importance of this food source for young hog-
nosed snakes.
 Andrew m. durSo, department of Biological sciences, eastern il-
linois university, Charleston, illinois 61920, usa (e-mail: amdurso@gmail.
com); dAniel A. wArner (e-mail: dwarner@iastate.edu); timothy S. 
mitchell, department of ecology, evolution and organismal Biology, 
iowa state university, ames, iowa 50011, usa (e-mail: timmitch@iastate.
edu); AAron m. reedy, Thomas Kelly high school, 4136 s. California ave., 
Chicago, illinois 60632, usa (e-mail: aaronmreedy@gmail.com).

MASTIGODRYAS BODDAERTI (Boddaert’s Tropical Racer). DE-
FENSIVE BEHAVIOR. Defensive behavior in snakes is character-
ized by a series of tactics, ranging from immobility to biting, that 
act in sequence during a predatory event (Endler 1986. In Feder 
and Lauder [eds.], Predator Prey Relationships: Perspectives and 
Approaches from the Study of Lower Vertebrates, pp. 109–134. 
Univ. Chicago Press, Chicago, Illinois; Greene 1988. In Gans and 
Huey [eds.], Biology of Reptilia, Vol 16, Ecology B, Defense and 
Life History, pp. 1–152. Alan R. Liss, Inc, New York; Martins 1996. 
Anais de Etologia 14:185–199). Mastigodryas boddaerti is a ter-
restrial and diurnal colubrid snake that occurs in tropical areas 
of the Amazon, Cerrado, and Caatinga biomes of South America 
(Colli et al. 2002. In Oliveira and Marquis [eds.], The Cerrados of 
Brazil: Ecology and Natural History of a Neotropical Savanna, pp. 
223–241. Columbia Univ. Press, New York; Cunha and Nascimen-
to 1993. Boletim do Museu Paraense Emílio Goeldi Vol. 9[1]:1–
191); Martins and Oliveira 1998. Herpetol. Nat. Hist. 6:78–150). 
During a field trip to the municipality of Caxingó, state of Piauí, 
northeastern Brazil (3.359926°S, 41.75247°W, datum: WGS84; 
elev. 106 m), I observed a sequence of defensive behaviors in a 
M. boddaerti. Here, I described them based on the classification 
of Greene (op. cit.). 

On 30 July 2010, at approximately 2230 h, I observed an 
adult M. boddaerti coiled asleep 1.3 m high in the branches 
of a Mimosa caesalpiniifolia tree (1 – inaccessibility). When I 
moved the branches where the snake was located, it tried to es-
cape among the branches (2 – locomotor escape). Then, when 
I grabbed the snake at mid-body, it started to vibrate its tail (3 
– tail vibration). After I removed it from the tree branches it ro-
tated and thrashed its body, trying to escape (4 – body thrash-
ing, 5 – rotate body). The snake succeeded in getting free, but 
I immediately caught it by the tail, at which time the tail was 
autotomized (6 – tail breakage). Finally, the snake attacked and 
bit me (7 –strike, 8 –bite). 

As seen in this event, M. boddaerti exhibits a series of defen-
sive mechanisms, acting at different stages of a predatory event. 
This is the first report of tail autotomy in M. boddaerti, but this 
defensive tactic has been documented in multiple snake genera 
from several different families (e.g., Mastigodryas, Scaphiodon-
tophis, Dendrophidion, Coronella, Hemorhois, Macroprotodon, 
and Rhinechis in the Colubridae; Malpolon in the Psammophi-
dae; Natrix in the Natricidae; Coniophanes in the Dipsadidae; 
and Vipera in the Viperidae; Martins 1998, op. cit.; Pleguezuelos 
et al. 2007. Contrib. Zool. 76:179–186; Savage and Slowinski 1996. 
Biol. J. Linn. Soc. 57:129–194). As noted by Martins (1998, op. 
cit.), the diversity of snakes that exhibit tail autotomy might be 
explained by shared phylogeny or, more likely, this trait might 
have evolved independently in multiple lineages as a convergent 
response to similar predation pressures. 

I thank Daniel Loebmann for suggestions on the manuscript.
 iGor Joventino roberto, sertões Consultoria ambiental e as-
sessoria, rua Bill Cartaxo 135, Bairro sapiranga, CeP: 60833-185, fortaleza, 
Ceará, Brazil; e-mail: igorjoventino@yahoo.com.br. 

MICRUROIDES EURYxANTHUS (Sonoran Coralsnake). PRE-
DATION. There are occasional records of spiders eating snakes 
and other small vertebrates (Greene 1988. In Gans and Huey 
[eds.], Biology of the Reptilia, vol. 16, Ecology B. pp. 1–152. Alan 
R. Liss, New York; Kaston 1965. Amer. Midl. Nat. 73:336–356; Mc-
Cormick and Polis 1982. Biol. Rev. 57:29–58). Many records are of 
very large spiders (e.g., tarantulas, Theraphosidae) eating small 
snakes, but there are also instances of smaller spiders catching 
and preying (or even scavenging) upon small snakes and other 
vertebrates. For example, Lazcano et al. (2005. Herpetol. Rev. 
36:186) and Gerald (2006. Herpetol. Rev. 37:480) reported small 
snakes being consumed by a fishing spider, Dolomedes tenebro-
sus (Pisauridae). Zippel and Kirkland (1998. Herpetol. Rev. 29:46) 
found a dead Opheodrys aestivus wrapped in the silk of a Golden 
Orb Weaving Spider, Nephila clavipes (Nephilidae), high above 
the ground, but this may not have involved predation. Although 
these records suggest several families of spiders may feed upon 
snakes, most reports of snake predation from medium-sized spi-
ders are of cobweb-weaver (comb-footed) spiders, Theridiidae. 
Kaston (op. cit.) mentioned that some members of the Theri-
diidae have strong webs and may fling silk over the bodies of 
snared prey. Theriids (especially Latrodectus) tend to take large 
prey (Hódar and Sánchez-Piñero 2002. J. Zool. Lond. 257:101–
109; McCormick and Polis, op. cit.).

Pruett and Jadin (2010. Herpetol. Rev. 41:99) documented a 
theriid, Steatoda sp., preying on a Tantilla gracilis in Texas. Hall 
and Johnson (2008. Prairie Nat. 39:157–158) reported Storeria 
occipitomaculata in the web of a Theridion sp., but the authors 
thought the snake might have been entangled while seeking in-
vertebrate prey in the web, and no signs of predation were ob-
served. Most records of theriid spiders preying upon snakes re-
fer to members of the genus Latrodectus (commonly known as 
widow, button, and redback spiders), all of which are morpho-
logically similar and highly venomous. Neill (1948. Herpetolog-
ica 4:158) reported L. mactans (Southern Black Widow) preying 
upon the small snakes Opheodrys aestivus and Storeria dekayi, 
in Georgia, USA. Ervin and Carroll (2007. Herpetol. Rev. 38:468) 
reported a dead Hypsiglena chlorophaea in the web of L. mactans 
in Yavapai Co., Arizona, USA. Bayliss (2001. Herpetol. Rev. 32:48–
49) reported three incidences (two direct observations and one 

fIg. 1. Adult female Lactrodectus (presumably L. hesperus) feeding on 
M. euryxanthus, near Superior, Arizona, USA.
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reported to him) of Geometrid Button Spiders (L. geometricus) 
preying upon small snakes, Lamprophis fulginosus and Crota-
phopeltis hoamboaei, in South Africa. McCormick and Polis (op. 
cit.), they also report on an Australian Redback Spider (L. has-
selti) preying on a Pseudechis porphyriacus. A recent internet 
search revealed several stories with photographs of Lactrodectus 
capturing and feeding on small snakes.

Coralsnakes have rarely been documented as prey for in-
vertebrates. Roze (1996. Coral Snakes of the Americas: Biology, 
Identification, and Venoms. Krieger Publ. Co., Malabar, Florida. 
328 pp.) suggested that coralsnakes may fall prey to army ants. 
Recently, Nunes (2010. Herpetol. Rev. 41:367–368) reported a ta-
rantula, Pachistopelma rufonigrum (Theraphosidae) attempting 
to prey on a Micrurus ibiboboca, in Brazil. Here we describe two 
instances of presumed predation by Latrodectus on the Sonoran 
Coralsnake (Micruroides euryxanthus) in Arizona, and discuss 
predation of small snakes by Latrodectus.

On 16 July 2010, one of us (PAS) was pressure washing a walk-
way to an outhouse in Sabino Canyon, Santa Catalina Moun-
tains, near Tucson, Pima Co., Arizona, USA, when a subadult Mi-
cruroides euryxanthus wrapped in a spider web was dislodged. 
The snake had its head and forebody tightly wrapped in spider 
silk. Western Black Widow Spiders (L. hesperus) are common in 
this area and often build their messy webs near these structures. 

On 29 August 2010, a second instance of a L. hesperus preying 
upon a M. euryxanthus was documented (Fig. 1). The incident 
was reported by visitors to the Boyce Thompson Arboretum, 
near Superior, Pinal Co., Arizona, USA, and witnessed by three of 
us (ADK, LLCJ, and PW). The dead snake was also a subadult. It 
was suspended about 10 cm above the walkway, under an over-
hang just outside the entrance of the Visitor’s Center. The spider 
was seen feeding on the snake, near the tail end. The posterior 
one-third of the body and tail was collapsed, suggesting the spi-
der had liquefied and sucked out the contents of that portion of 
the snake. As in the previous observation, the head and forebody 
of the snake were wrapped in silk. This was also reported in one 
instance by L. geometricus (Bayliss, op. cit.) and by Pruett and 
Jadin (op. cit.) for Steotoda.

There also are numerous reports of Latrodectus feeding on 
lizards. Painter and Kamees (2010. Herpetol. Rev. 41:227) dis-
cussed predation on a neonate of the lizard Phrynosoma her-
nandesi by L. hesperus in New Mexico. They also provide a litera-
ture review of several reports of lizards in the diet of Latrodectus 
spp., including five instances of lizard predation by L. liliana in 
Spain (Hódar and Sánchez-Piñero, op. cit.). They note that lizard 
remains (unlike invertebrate prey) were discarded from the web, 
presumably because the remains attract ants, so vertebrate prey 
might be an underestimated component of the diet. Micruroides 
euryxanthus feeds primarily on small snakes and lizards (Roze, 
op cit.; Stebbins 2003. Western Reptiles and Amphibians. Hough-
ton Mifflin, Boston, Massachusetts. 533 pp.), so it seems unlikely 
that the snakes we observed were attempting to eat the spiders 
or other invertebrates in the web. It is more likely the snakes 
were simply entangled in the low-lying webs while active on the 
surface. 

Based on the observations detailed above, as well as our own, 
a scenario emerges wherein small squamate prey may not be so 
unusual for Latrodectus, and may actually be part of the typical 
(albeit less frequently encountered) prey, along with large inver-
tebrates. Adult female members of this genus seem well-adapted 
to subduing and feeding on small vertebrates, at least oppor-
tunistically. The webs of Latrodectus are often on vegetation or 

under overhangs and 10–50 cm above the surface of the ground. 
The spider sets highly adhesive hunting threads to the substrate 
to target mostly nocturnal prey. If large insects or small verte-
brates encounter the web, they struggle, and become entangled. 
The strong, sticky strands of silk become detached from the 
surface, and the animal may become tangled higher up in the 
web, where it cannot gain purchase from the surface to help it 
escape. The spider can help subdue the animal’s attempt to free 
itself by further wrapping it in silk (perhaps targeting the head 
area) and can safely immobilize and dispatch the snake or liz-
ard with its extremely powerful venom (and liquefy the contents 
for feeding). Vertebrate prey remains may then be discarded to 
avoid ants in the web. Although there may be variations on this 
theme, large female Lactrodectus seems quite capable of dealing 
with small squamates. Because vertebrates are discarded after 
feeding, it is likely they are underreported as prey; even so, there 
are far more records of Latrodectus feeding on snakes and lizards 
than for other similarly-sized spiders. 
 lAwrence l. c. JoneS, Coronado National forest, supervisor’s of-
fice, 300 w. Congress, Tucson, arizona 85701, usa (e-mail ljones02@fs.fed.
us); AbiGAil d. kinG, arizona Game and fish department, 5000 w. Care-
free highway, Phoenix, arizona 85086, usa; pAul A. SimpSon and JoSh-
uA tAiZ, Coronado National forest, santa Catalina ranger district, 5700 
N. sabino Canyon road, Tucson, arizona 85750, usa; pAul wolterbeek, 
Boyce Thompson arboretum, 37615 highway 60, superior, arizona 85273, 
usa.

MICRURUS SURINAMENSIS (Aquatic Coralsnake). OPHIOPH-
AGY. Micrurus surinamensis is a primarily aquatic, diurnal-noc-
turnal coralsnake, inhabiting a variety of wet habitats in the Am-
azon from Surinam to Bolivia (Campbell and Lamar 2004. The 
Venomous Reptiles of the Western Hemisphere. Cornell Univ. 
Press, Ithaca, New York. 870 pp.). This species feeds primarily on 
fishes (Callichthys, Gymnotus, Synbranchus; Cunha and Nasci-
mento 1978. Publ. Avul. Mus. Par. Emílio Goeldi 31:168–170; Roze 
1996. Coral Snakes of the Americas: Biology, Identification, and 
Venoms. Krieger Publ. Co., Malabar, Florida. 340 pp.), but is also 
reported to eat lizards occasionally (Martins and Oliveira 1999. 
Herpetol. Nat. Hist. 6:62–63). In South America, the snake genera 
most frequently consumed by coral snakes are Atractus and Lio-
phis (Roze 1996, op. cit.). On 13 May 2006, we collected an adult 
male M. surinamensis (MCN-R 2740; total length = 1011 mm; 
SVL = 941 mm; midbody diameter = 24.3 mm) on the road in 
Porto Trombetas, Oriximiná municipality, Pará, Brazil (1.833°S, 
56.517°W, datum SAD 69; elev. 83 m) that contained an adult fe-
male Liophis reginae (MCN-R 2743; total length = 570 mm; SVL 
= 420 mm; midbody diameter = 15.2 mm) in its stomach. Ophi-
ophagy has been reported in many coralsnake species (Marques 
and Sazima 1997. Herpetol. Nat. Hist. 5:88–93), but to date no 
record of this habit has been reported for M. surinamensis. We 
suggest that this record represents an occasional prey item in the 
diet of this aquatic coralsnake.
 robertA richArd pinto, departamento de Vetebrados, museu Na-
cional, universidade federal do rio de Janeiro, Quinta da Boa Vista, s/n, 
20940-040, são Cristóvão, rio de Janeiro, rio de Janeiro, Brazil (e-mail: ro-
bertarich@gmail.com); mArcelo GomeS, departamento de Vertebrados, 
museu Nacional, universidade federal do rio de Janeiro, Quinta da Boa 
Vista, s/n, 20940-040, são Cristóvão, rio de Janeiro, rio de Janeiro, Brazil 
(e-mail: gomes@gmail.com); ronAld cArvAlho Jr., Táxon meio am-
biente, estudos e Projetos ltda, 30575-210, Belo horizonte, minas Gerais, 
Brazil (e-mail: ronald@taxonmeioambiente.com.br).
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NERODIA SIPEDON (Northern Watersnake). RESPONSE TO 
MOBBING BY FISH. Mobbing of snakes by birds (Fitch 1999. A 
Kansas Snake Community: Composition and Changes over 50 
Years. Krieger Publ. Co., Malabar, Florida. 165 pp.) and mam-
mals (particularly primates and rodents; Gursky 2005. Int. J. Pri-
matol. 26:207–221; Owings and Coss 1977. Behaviour 62:50–69) 
is a commonly reported phenomenon. In the wild, mobbing 
may be a common occurrence; Timber Rattlesnakes studied 
in New York were harassed on average once every 6.4 days by 
birds (Clark 2005. Behav. Ecol. Sociobiol. 59:259–261). Howev-
er, reports of mobbing of snakes by animals other than sciurid 
rodents and birds are relatively rare. Furthermore, mobbing of 
potential predators (including non-snakes) by fish is extremely 
rare (Dominey 1983. Copeia 1983:1086–1088). Here, we report 
the escape behavior of Nerodia sipedon in response to mobbing 
by a group of fish.

On 28 May 2010, at 1131 h, one of us (MR) observed an adult 
N. sipedon (ca. 70 cm total length) laterally undulating along the 
bottom of Devil’s Lake in Devil’s Lake State Park in Sauk Co., Wis-
consin, USA (43.426031°N, 89.728481°W, datum: NAD83). The 
snake was found on the northeastern shoreline approximately 2 
m from the shore in water approximately 0.75 m deep. The wa-
ter was clear and the bottom was composed of small gravel (<3 
cm in diameter), providing an unobstructed view of the snake. 
No spawning beds (of any species of fish) were observed any-
where along the shore. Within 5 sec of the initial observation 
of the snake, approximately 6–8 Micropterus salmoides (Large-
mouth Bass) approached the snake and surrounded it on both 
sides. The bass appeared to be about 15–20 cm in length. The 
bass approached the snake to within about 2–10 cm and orient-
ed towards the head of the snake. The snake paused for ca. 5 sec, 
swam to the surface to obtain air, and then swam down to the 
lake bed and laterally undulated away at a faster rate than prior 
to the bass’s approach. During this entire observation, the bass 
followed the movements of the snake, staying near the sides of 
the snake’s head, but never in front of the head. The snake con-
tinued moving parallel to the shore and the bass continued to 
follow the snake for a minimum of 4 m until the group was out 
of the observer’s view. As the bass continued to follow the snake, 
the bass got closer to the snake’s head but made no attempt to 
bite the snake. The snake made no attempt to strike or otherwise 
ward off the bass, other than to swim away faster along the bot-
tom of the lake. 

Attempted predation or nest defense would be likely inter-
pretations of the bass’ behavior, however, we reject these hy-
potheses. Although Largemouth Bass are documented preda-
tors of Northern Watersnakes (Gibbons and Dorcas 2004. North 
American Watersnakes: A Natural History. Univ. Oklahoma Press, 
Norman. 438 pp.), none of the bass observed harassing the snake 
appeared to be large enough to consume the snake. Additionally, 
it would be logical that the fish were harassing a predator in their 
breeding grounds (Dominey, op. cit.), however, many of the fish 
involved were of non-breeding size and no spawning beds were 
observed. Another possible hypothesis is that the fish were fol-
lowing the snake in an attempt to capture prey flushed by the 
snake, however, no feeding by the bass was observed. Deterring 
a possible predation attempt by group harassment or mobbing is 
the most consistent hypothesis that fits with our observations. It 
is interesting to note that many of the bass were within possible 
prey size range for the snake. 

In many examples of mobbing, actual contact (i.e., pecking 
and biting) with the snakes has been observed (Fitch, op. cit.); in 

this instance, we did not observe contact between the fish and 
the snake. The snake’s response was similar to what has been ob-
served for other species of snakes while being mobbed (Fitch, 
op. cit.). No attempt to orient towards the bass or strike the bass 
was made, despite the fact that several fish were within striking 
distance of the snake’s head. The most common result of harass-
ment is to abandon the foraging grounds (Clark, op. cit.) and re-
locate to new foraging grounds. 

We thank Brian D. Horne for his comments on the manuscript. 
 noAh J. AnderSon, department of Biological sciences, univer-
sity of wisconsin-Baraboo/sauk County, 1006 Connie road, Baraboo, 
wisconsin 53913, usa (e-mail: noah.anderson@uwc.edu); mArk A. roZ-
mArynowSki, learning resource Center 104a, university of wisconsin-
stevens Point, stevens Point, wisconsin 54481, usa. 

NOTECHIS SCUTATUS (Tiger Snake). PREDATION. Terrestrial-
aquatic ecotones act as connection lines for species fluxes along 
river corridors (Pinay et al. 1990. In  Naiman and Décamps [eds.], 
The Ecology and Management of Aquatic-Terrestrial Ecotones, 
pp. 141–169. Parthenon Publ. Group, Carnforth, UK). Rainbow 
Trout (Onchorhyncus mykiss) are distributed globally (Mac-
Crimmon 1971. J. Fish. Res. Board. Can. 28:663–704) and this 
has led to countless diet studies indicating they predominantly 
prey upon fish and aquatic and terrestrial invertebrates (Buria 
et al. 2009. Rev. Chil. Hist. Nat. 82:3–15; Kido et al. 1999. Pac. Sci. 
53:242–251). Terrestrial vertebrates are not a common prey item 
of Rainbow Trout.

A Rainbow Trout measuring 30 cm fork length was captured 
at 1230 h using a backpack electrofisher on the 19 April 2010 in 
the Cotter River (35.387°S, 148.866°E; datum WGS84), Australian 
Capital Territory. The individual was using submerged fallen tim-
ber as refuge in approximately 50 cm of water when captured. 
Upon dissection, it was noted that the stomach was extremely 
distended with stomach content analysis revealing a 26 cm (total 
length) juvenile Notechis scutatus. The intact snake dermis indi-
cated that the snake had recently been ingested. 

Rainbow Trout have been recorded preying on several spe-
cies of reptiles including a snake of the genus Natrix, a Podar-
cis muralis (Common Wall Lizard) and an Anguis fragilis (Slow 
Worm; Bernini et al. 2006. Acta. Herpetol. 1:61–63), a Eulamprus 
tympanum (Southern Water Skink; Lintermans 1992. Herpeto-
fauna 22:34), and a Leiolopisma mettalicum (Metallic Skink; Kido 
et al., op. cit.). Another observation recorded a Rainbow Trout at-
tacking a Natrix natrix (Grass Snake) for five minutes after which 
the snake was able to free itself. The same study noted a Brown 
Trout (Salmo truttta) that had eaten a N. natrix and died in the 
process (Eder et al. 1998. Herpetozoa 1:69–71). 

Notechis scutatus is found in Queensland, New South Wales, 
Australian Capital Territory, Victoria, South Australia, and West-
ern Australia and is often associated with water bodies as frogs 
constitute a high proportion of its diet (Cogger 2000. Reptiles and 
Amphibians of Australia. Reed New Holland, Sydney. 808 pp.). 
Rainbow Trout are opportunistic visual predators (Buria et al., op. 
cit.; Kido et al., op. cit.). The predation on reptiles by salmonids is 
an occasional phenomenon and not considered a threat to popu-
lations living along a watercourse (Bernini et al., op. cit.).

I thank Tim Kaminskas for his assistance in the field and the 
IAE writing group for useful comments on the first draft of this 
note.
 rhiAn c. cleAr, institute for applied ecology, university of Canberra, 
Bruce 2601 australian Capital Territory, australia; e-mail: rhian.clear@can-
berra.edu.au.



Herpetological Review 42(3), 2011

nAturAl hiStory noteS     443

PANTHEROPHIS SPILOIDES (Gray Ratsnake). ATTEMPTED 
PREDATION AND AQUATIC ESCAPE BEHAVIOR. There are 
few observations of fish predation on snakes, with most focused 
on Micropterus salmoides (Largemouth Bass; Szelistowski and 
Meylan 1996. Herpetol. Rev. 27:204–205). Herein, we describe 
a predatory encounter between a Pantherophis spiloides and a 
Lespisosteus osseus (Longnose Gar). The observation took place 
at ~1900 h on 8 July 2010, in a large ditch along IL Hwy 100 and 
bordering southwest edge of the Raging Rivers Water Park (Graf-
ton, Madison Co., Illinois, USA; 38.96822°N, 90.40142°W; datum 
NAD 1984). The ditch continued under a large culvert near which 
several large (~60–90 cm) gar were basking, and continued west 
into the Mississippi River. We observed a P. spiloides (ca. 90 cm 
total length) swimming in this ditch. Upon reaching the prox-
imity of the culvert, one of the gar attacked the snake. The gar 
grabbed the snake’s tail which broke off, allowing the snake to 
escape. We could not tell if the fish consumed the tail. The snake 
raised its head high above the water and began to skip across 
the water very rapidly until it reached the shore. This skipping 
behavior emulated that of the side-winding behavior used by 
Crotalus cerastes to navigate sand dunes, only it was used across 
the surface of the water and performed rapidly enough to avoid 
sinking. The behavior was effective in that the snake did escape. 
This appears to be the only observation of attempted predation 
on a snake by gar and to our knowledge, is the first report of this 
escape behavior by P. spiloides.
 mAlcolm l. mccAllum, 117 linda lane, Texarkana, Texas 75501, 
usa (e-mail: malcolm.mccallum@herpconbio.org); brAdley A. mccAl-
lum, 404 olyvia dr., saint Jacob, illinois 62281, usa; donAld b. mccAl-
lum, Jr., east saint louis high school, east saint louis, illinois 62201, usa. 

PELAMIS PLATURA (Yellow-bellied Seasnake). PREDATION. 
Pelamis platura is unpalatable to many predatory fish (Rubinoff 
and Kropach 1970. Nature 228:1288–1290; Weldon 1988. Zool. 
Sci. 5:443–448) and documented instances of attempted preda-
tion on P. platura in the wild are rare. Crabs (likely Ocypode spp.) 
have been found scavenging dead P. platura (Duellman 1961. 
Univ. Kansas Public Mus. Nat. Hist. 15:1–148), and two marine 
mammals (Hydrurga leptonyx and Zalophus californianus) have 
been seen regurgitating P. platura and thereafter appearing sick 
(Heatwole and Finnie 1980. Herptofauna 11:24; Reynolds and 
Pickwell 1984. Copeia 1984:786–789). Moreover, P. platura has 
been observed being picked up and subsequently dropped by 
birds on two occasions, once by a Lava Gull (Larus fuliginosus; 
Reynolds and Pickwell 1984. Copeia 1984:786–789) and once 
by a Frigatebird (Fregata magnificens; Wetmore 1965. Smith-
son. Misc. Coll. 150:75). In the latter case, the author observed 
a frigatebird “pick up a sea snake [P. platura] swimming at the 
surface and carry it, as it twisted and coiled, for a short distance 
with other frigates in close pursuit, and then finally let it drop.” 
Herein, we report a very similar event in Bahía de Culebra near 
las Islas Pelonas in Guanacaste, Costa Rica. 

On 8 June 2010, at 0835 h, we observed a Frigatebird dive to-
ward the sea, grab an adult P. platura at the surface with its beak, 
carry it partially out of the water for ca. 2 sec, and then drop it. 
The frigatebird then circled around and dove again in the same 
area, but stopped partway and flew off before reaching the wa-
ter. We investigated the area for 10 min via boat and could not 
find the P. platura suggesting that it survived the “attack” and 
likely swam down to escape. Whether such events actually in-
dicate attempted predation remains unknown. Predation on P. 
platura is thought to be minimal due to its apparently noxious 

flesh and aposematic coloration (Heatwole 1975. In W. A. Dun-
son [ed.], The Biology of Sea Snakes, pp. 230–250. University Park 
Press, Baltimore, Maryland). However, frequently we have ob-
served scars on the Costa Rican P. platura, including some that 
are V-shaped or diagonal (Fig. 1), which suggests such incidents 
with birds may be relatively common in this area. Weldon (1988. 
Biotropica 20:174–176) suggested that such scars on P. platura 
probably were caused by humans (e.g., boat propellers). How-
ever, given the observations of birds picking up P. platura from 
the water and the shape of the injuries sustained, we consider 
attempted predation by birds to be a more likely explanation for 
these scars.

We thank Adán Berrera for providing skillful boat transporta-
tion and the National Science Foundation (IOS-0926802 to HBL) 
for financial support. The photographic voucher (Fig. 1) was de-
posited in the University of Texas at Arlington Digital Collection 
(UTADC 6800). 
 colemAn m. Sheehy iii, amphibian and reptile diversity research 
Center, department of Biology, university of Texas at arlington, arling-
ton, Texas 76019, usa (e-mail: cmsheehy@uta.edu); JoSeph b. pfAller 
(e-mail: jpfaller@ufl.edu), and hArvey b. lillywhite (e-mail: hblill@
ufl.edu), department of Biology, university of florida, Gainesville, florida 
32611, usa; hArold f. heAtwole, department of Biology, North Caro-
lina state university, raleigh, North Carolina 27695, usa (e-mail: harold_
heatwole@ncsu.edu). 

PELAMIS PLATURA (Yellow-bellied Seasnake). MATING BE-
HAVIOR. The wide range of P. platura includes tropical and 
subtropical waters of the Western Hemisphere (Campbell and 
Lamar 2004. The Venomous Reptiles of the Western Hemisphere. 
Cornell University Press, Ithaca, New York, xviii + 870 + 28 pp.; 
Sasa et al. 2010. In Wilson et al. [eds.], Conservation of Meso-
american Amphibians and Reptiles, pp. 511–603 Eagle Mountain 
Publishing, LC., Eagle Mountain, Utah).The reproductive cycle 
of this species apparently is continuous throughout the year, but 
two birthing peaks have been reported, one in December and 
January and other in July and August (Solórzano 2004. Serpien-
tes de Costa Rica / Snakes of Costa Rica. Editorial INBio, Santo 
Domingo Heredia, Costa Rica, 791 pp.). On a sunny morning in 
August 2009 we observed two P. platura copulating while floating 
on the surface of calm water (Fig. 1) at Archipiélago Murciélago, 

fIg. 1. A long diagonal scar along the lateral midbody of an adult 
female Pelamis platura from Bahía de Culebra, Costa Rica (UTADC 
6800). 
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San Pedrito, Guanacaste Conservation Area (A.C.G.), Marine Pro-
tected Sector, La Cruz, Costa Rica (85.9541°W, 10.8559°N, datum: 
WGS84). Both individuals slowly moved their heads in a vertical 
motion, while their tails remained intertwined. This is the first 
report of mating behavior in this species.
 AleJAndro SolÓrZAno, museo de Zoología, universidad de Costa 
rica, Ciudad universitaria rodrigo facio, san Pedro de montes de oca, san 
José, Costa rica (e-mail: solorzano29@gmail.com); mAhmood SASA, 
organization for Tropical studies (o.T.s.), Ciudad de la investigación, san 
Pedro de montes de oca, san José, Costa rica (e-mail: msasamarin@gmail.
com).

RENA (= LEPTOTYPHLOPS) HUMILIS (Western Threadsnake). 
PREDATION. Reported predators of Rena humilis include scor-
pions, snakes, and coyotes (Ernst and Ernst 2003. Snakes of the 
United States and Canada. Smithsonian Inst. Press, Washington, 
D.C. 668 pp.). Herein we report the first record of predation on R. 
humilis by the Pallid Bat, Antrozous pallidus.

On 1 May 2009, at 1600 h, a freshly-killed adult R. humilis 
was found under an A. pallidus night roost, along with various 
arthropod remains, at the entrance to the bathroom facility on 
Indio Mountains Research Station (IMRS), located in the Trans-
Pecos region of the Chihuahuan Desert, ca. 40 km SW of Van 
Horn, Hudspeth Co., Texas, USA (30.782778°N, 105.015278°W, 
datum: WGS84; elev. 1233 m). The snake had been partially 
consumed, thereby missing about one-third of the posterior 
portion of its body. Nocturnal predation on small terrestrial 
reptiles by A. pallidus is due to the bat’s unusual behavior of 
gleaning prey from the ground and low vegetation (Lenhart et 
al. 2010. Southwest. Nat. 55:110–115). The snake was deposited 
in the Herpetology Collection, Laboratory for Environmental 

Biology, Centennial Museum, University of Texas at El Paso 
(UTEP 20011). 

We thank C. S. Lieb, R. G. Webb, and H. W. Greene for kindly 
providing some of the literature sources.
 vicente mAtA-SilvA (e-mail: vmata@miners.utep.edu), and Jerry 
d. JohnSon, department of Biological sciences, university of Texas at el 
Paso, el Paso, Texas 79968, usa (e-mail: jjohnson@utep.edu). 

STORERIA DEKAYI TExANA (Texas Brownsnake). DEATH 
FEIGNING. Death feigning or thanatosis in snakes is defined as 
completely reducing responsiveness to stimuli while displaying 
secondary behaviors (coiling, releasing musk and feces, etc.) 
to thwart potential predators (Carpenter and Ferguson 1977. 
In Gans and Tinkle [eds.], Biology of the Reptilia, Vol. 7, pp. 
335–554. Academic Press, New York). Liner (1977. Trans. Kansas 
Acad. Sci. 80:81–82) and Hayes (1987. Herpetol. Rev. 18:16–17) 
each reported that a few individual adult Storeria dekayi will 
lay upside-down and motionless following extensive prodding. 
Neonates will lie upside-down and motionless when placed 
in water within a few days after birth (Gerald 2008. Anim. Be-
hav. 75:647–654). Here we provide the first report of an adult S. 
dekayi exhibiting thanatosis complete with secondary display 
behaviors.

On 10 September 2010 at 1950 h, we discovered a sub-adult S. 
dekayi (SVL = ca. 21 cm) on Saline River Road in Ellis Co., Kansas, 
USA (39.10398°N, 99.04007°W; datum: WGS84). When the snake 
was approached while on the road, it immediately released cloa-
cal contents, spread contents over most of the body via violent 
writhing, and coiled. The snake was handled and flipped on its 
back where it remained upside-down and motionless for over 
90 sec (Fig. 1). The snake then righted itself and remained mo-
tionless for several seconds before attempting to actively escape. 
Temperature of the road was 24.4°C. Two out of five other adult 
and sub-adult S. dekayi captured in the area over the next two 
days also spread cloacal contents over the body and remained 
motionless, but did not flip upside-down.

Death feigning has been shown to be influenced by tempera-
ture, size, locomotor performance, and distance from predators 
(Burghardt and Greene 1988. Anim. Behav. 36:1842–1844; Gerald 
2008, op. cit.). This is the first report of an adult S. dekayi display-
ing death feigning immediately following encounter with a po-
tential predator. Moreover, this is the first report on the use of 

fIg. 1. Storeria dekayi texana from Ellis Co., Kansas, USA, exhibiting 
death-feigning behavior.

fIg. 1. A pair of Pelamis platura copulate while floating on the sea 
surface at San Pedrito, Archipiélago Murciélago, Guanacaste prov-
ince, Costa Rica. Photos by Minor Lara, courtesy of María Marta Cha-
varría, Guanacaste Conservation Area (A.C.G.)
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secondary behaviors that presumably adds to the effectiveness 
of the death feigning display that is often attributed to snakes of 
the genus Heterodon (e.g., Gehlbach 1970. Herpetologica 26:24–
34). The scarcity of published reports and the lack of personal 
observations of death feigning behaviors in adult S. dekayi sug-
gest that the presence of this behavioral strategy in this species is 
highly variable among individuals and populations and is likely 
not nearly as common as reported in other snake species (e.g., 
Heterodon).
 GAry w. GerAld, department of Biology, Nebraska wesleyan univer-
sity, lincoln, Nebraska 68504, usa (e-mail: ggerald@nebrwesleyan.edu); 
michAel p. GrAZiAno, university of Nebraska, omaha, Nebraska 68182, 
usa (e-mail: mpgraziano@gmail.com).

TANTILLA RUBRA (Red Black-headed Snake). MAxIMUM 
SIZE. The maximum size reported for Tantilla rubra based on 
an examination of 48 adult specimens with complete tails from 
Mexico and Guatemala was 500 mm (Dixon et al. 2000. South-
west. Nat. 45:141–153). A maximum total length of 594 mm, with 
a maximum tail length of 130 mm is also recorded (Wilson et al. 
2000. Cat. Amer. Amphib. Rept. 720.1–720.3).

On 20 September 2007, at 1205 h, WF and TB found a road-
killed female T. rubra (SVL = 545 mm; tail length = 114 mm; total 
length = 659 mm; 43 g) in Tamaulipas, Mexico. This exceeds the 
maximum recorded total length for the species by 65 mm (10%). 
The locality was on the “old” Federal Mexican Highway 101 (a 
new four lane Federal Mexican highway was opened in 2004, 
diverting the majority of the traffic through the Sierra Madre 
Oriental between Jaumave and Cd. Victoria, bypassing this local-
ity; however both highways retain the designation 101), 25.5 km 
NNE of the town of Jaumave (23.618889°N, 99.281667°W, datum: 
WGS84; elev. 1016 m). This locality is approximately at the border 
of the Jaumave-Victoria municipality line on the interior west-
ern slope of the Sierra Madre Oriental that separates the Jaumave 
valley from the Gulf Coastal Plain. The habitat in the area is a 
transition zone between arid thorn scrub of the Jaumave valley 
and oak forest at higher elevations in the Sierra Madre. The spec-
imen was deposited in the collection at Universidad Autónoma 
de Nuevo León, Facultad de Ciencias Biológicas, preserved col-
lection (UANL 6460). 

Fieldwork was funded by Houston Zoo Inc. and conducted 
under SEMARNAT permit Oficio Núm. SGPA/DGVS/01085/07. 

Project title “Distribucion y abundancia de los reptiles y anfibios 
del Estado de Tamaulipas, Mexico.”
 williAm fArr, department of herpetology, houston Zoo inc., 1513 
North macGregor drive, houston, Texas 77030-1603, usa (e-mail: wfarr@
houstonzoo.org); tim burkhArdt, 1700 w Prince rd, Tucson, arizona 
85705, usa; dAvid lAZcAno, universidad autónoma de Nuevo león, 
facultad de Ciencias Biológicas, laboratorio de herpetología, apartado 
Postal - 513, san Nicolás de los Garza, Nuevo león, C.P. 66450, méxico.

THAMNOPHIS ATRATUS HYDROPHILUS (Oregon Garter-
snake). DIET. Thamnophis atratus hydrophilus inhabits sunlit 
streams and rivers of southwestern Oregon and northwestern 
California where its primary prey are small fish and amphibians. 
This species, like most aquatic snakes, exhibits distinct ontoge-
netic habitat and diet shifts. Neonate and small juvenile snakes 
are primarily sit-and-wait foragers that prey extensively on tad-
poles, particularly those of Rana boylii (Foothill Yellow-legged 
Frog). Larger juvenile and adult snakes are active foragers and 
the proportion of fish in the diet and mean prey size increase 
with body size (Lind and Welsh 1994. Anim. Behav. 48:1261–
1273). The most common fish reported in diets of T. a. hydrophi-
lus are juvenile salmonids (genus Oncorhynchus), but they are 
also known to consume sculpins (genus Cottus; Brown et al. 
1995. Reptiles of Washington and Oregon. Seattle Audubon So-
ciety, Washington. 176 pp.) and sculpin eggs (Bettaso et al. 2007. 
Herpetol. Rev. 38:212–213), and giant salamanders (Dicampto-
don tenebrosus; Lind and Welsh 1990. J. Herpetol. 24:104–106; 
Lind and Welsh 1994, op. cit.). Here we present an observation of 
neonate T. a. hydrophilus preying on ammocoete larvae of Ento-
sphenus tridentatus (Pacific Lamprey). 

This observation took place at approximately 1300 h, on 3 
September 2007, along the lower Klamath River, California, USA 
(41.5794°N, 123.5303°W; datum WGS84). We observed numer-
ous neonate and juvenile T. a. hydrophilus basking and foraging 
along the river margin in areas dominated by exposed cobbles 
and small boulders interspersed among numerous alcoves and 
shallow side pools that contained extensive patches of fine sedi-
ment. One of us (ERP) captured a small T. a. hydrophilus (SVL 
= 188 mm) and while handling it, it regurgitated two recently 
ingested E. tridentatus ammocoetes measuring 54 and 61 mm 
total length. Gentle palpation of the upper digestive tract re-
vealed that these were the only prey items in the snake’s stom-
ach. This observation is the first report of snake predation on 
lamprey ammocoetes, which are filter-feeders that reside in bur-
rows in fine sediment (Moyle 2002. Inland Fishes of California. 
Univ. California Press, Berkeley. 502 pp.) and should, therefore, 
be highly cryptic to ambush predators such as juvenile garter 
snakes. It also suggests that garter snake foraging behavior and 
diet breadth may differ between large rivers and high gradient 
mountain streams, where much of the previous research on this 
species has been conducted (e.g., Lind and Welsh 1994, op. cit.).
 michAel S. pArker (e-mail: parker@sou.edu) and emmA roSe 
pArker, department of Biology, southern oregon university, 1250 sis-
kiyou Blvd., ashland, oregon 97520, usa.

THAMNOPHIS BRACHYSTOMA (Short-headed Gartersnake). 
COLORATION. The coloration of Thamnophis brachystoma 
typically consists of a background of olive to olive-brown, with 
a beige to yellowish vertebral stripe and two dull buff lateral 
stripes (Hulse et al. 2001. Amphibians and Reptiles in Pennsyl-
vania and the Northeast. Cornell Univ. Press, Ithaca, New York. 
xii + 419 pp.). Schaefer (1972. Herpetol. Rev. 45:168) reported a 

fIg. 1. Record size Tantilla rubra from the border of the Jaumave and 
Victoria municipalities, Tamaulipas, Mexico.
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leucistic specimen from McKean Co., Pennsylvania, USA. I know 
of no other color anomalies reported for T. brachystoma. Herein I 
report an instance of hypomelanism in this species. 

On 4 September 2009, I found a neonate male T. brachys-
toma with a pale dorsal color under a piece of bark in an extra-
limital population in Springfield Township, Erie Co., Pennsyl-
vania, USA (Fig. 1). The ground color was light beige and lateral 
stripes were not discernible. A lighter vertebral stripe was pres-
ent, but only slightly contrasting with the lateral ground col-
or. Small amounts of dark pigment occurred on the scales on 
either side of the vertebral stripe, corresponding to the dark 
border that is typically present in normally colored specimens. 
A pair of oblong black spots occurred just behind the parietal 
scales where the dark border is ordinarily thickened at the an-
terior terminus of the vertebral stripe. The seam between the 
parietal scales was thinly bordered with black, but the parietal 
spots usually present were not visible. The ventral color was the 
normal greenish gray, and the eye color appeared normal. The 
specimen has been maintained alive since capture, and after 
more than a year its overall color has darkened somewhat, but 
is still much lighter than is typical. Nine additional neonates 
were found at the site on the date of the observation, all show-
ing normal coloration. The specimen (TREC R-00058) is being 
maintained at the Natural History Museum of the Tom Ridge 
Environmental Center at Presque Isle State Park, where it will 
be deposited upon its death. 
 mArk lethAby, Natural history museum of the Tom ridge environ-
mental Center at Presque isle state Park, 301 Peninsula drive, erie, Pennsyl-
vania 16505, usa; e-mail: mlethaby@verizon.net.

TRIMORPHODON VILKINSONII (Texas Lyresnake). MATING. 
Information on the timing of breeding in species of Trimorph-
odon is scarce (Degenhardt et al. 1996. Amphibians and Reptiles 
of New Mexico. Univ. New Mexico Press, Albuquerque. 431 pp; 
Werler and Dixon 2000. Texas Snakes, Identification, Distribu-
tion, and Natural History. Univ. Texas Press, Austin. 519 pp.). At 
2240 h on 16 April 2006, one of us (CN) was driving on County 
Road DO 12 west of Las Cruces, New Mexico, located on the 
bajada of the Sierra de Las Uvas mountain range (32.48538°N, 
107.12330°W; datum: NAD83/WGS84; elev. 1537 m). The moon 
was waning gibbous with ~91% of the moon’s visible disk 

illuminated. Air temperature was 18.0°C with ~ 24–40 km/h gusts 
of wind. An object seen earlier on the road and ignored was in-
vestigated several minutes later and found to be an adult pair of 
breeding T. vilkinsonii, the female having just been run over. At 
this point, the male, who was still entwined with the female, be-
came disturbed and began to move off of the road. He was photo-
graphed and released. The female was deposited in the Museum 
of Southwestern Biology (MSB 75692). In Arizona populations of 
T. lambda, spermiogenic males were found in spring, summer, 
and fall, and females with enlarged follicles were found in May 
(Goldberg 1995. Southwest. Nat. 40:334–335). To our knowledge 
this represents the first documented date of copulation for wild 
T. vilkinsonii. 
 iAn w. murrAy, msC03 2020, department of Biology, 1 university of 
New mexico, albuquerque, New mexico 87131-0001, usa (e-mail: imur-
ray@unm.edu); chriStopher newSom, 5519 amistad rd. Ne, albuquer-
que, New mexico 87111-1549, usa (e-mail: herpsofnm@comcast.net).

TROPIDODIPSAS PHILIPPII (Philippi’s Snail-eating Snake). 
ARBOREALITY. Tropidodipsas philippii is a small, thin, snake 
species that has several morphological characteristics typically 
associated with arboreal habitat use such as protruding eyes, 
slight lateral compression of the body, and a relatively long tail. 
These characteristics, along with documented arboreality in 
closely related species, have led some authors to speculate that 
T. philippii is arboreal to at least some degree (Kofron 1987. J. 
Herpetol. 21:210–225; Scott 1967. Copeia 1967:280–287). How-
ever, no data exist to confirm this speculation. 

Here we present the first documented case of arboreality in T. 
philippii. On 3 July 2008, between 0440–0520 h, during a herpe-
tofaunal survey near Hwy 200 between La Placita and Maruata, 
Michoacán, México (18.48627°N, 103.54229°W, datum WGS84; 
elev. 126 m), we encountered a male T. philippii (SVL = 156 mm; 
total length = 207 mm) resting on a thin, arching dead stick ca. 
20 cm above the ground (Fig. 1). Specimen identification was 
verified by E. N. Smith. A photographic voucher of this behavior 
is deposited in the University of Texas at Arlington Digital Im-
age Collection (UTADC 6245). The specimen is deposited at the 
Amphibian and Reptile Diversity Research Center, University of 
Texas at Arlington (UTA R-58836). 

fIg. 1. Tropidodipsas philippii (UTA R-58836) in Michoacán, México, 
in situ, exhibiting arboreal behavior and possibly ambush posture.
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fIg. 1. Hypomelanistic Thamnophis brachystoma from Erie Co., 
Pennsylvania, USA.
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Of particular interest is the position of the snake along the 
stick (Fig. 1). It was motionless and oriented head-down in a 
position similar to that often described as ambush posture for 
some arboreal snake species (e.g., Corallus spp., Henderson 
2002. Neotropical Treeboas. Krieger Publ. Co., Malabar, Florida. 
197 pp.). The snake was found after several hours of rain beside 
a dry riverbed and we suspect that it was using the stick perch 
as a vantage point from which to scan for snails and slugs mov-
ing in the damp leaf litter below. Preliminary data from a feeding 
behavior study led by CMS support this hypothesis in that cap-
tive T. philippii often use visual cues to initially locate and follow 
molluscan prey. 

We thank J. A. Campbell for assistance, and G. N. Weather-
man for assistance with field work. The National Science Foun-
dation (DEB-0613802) provided financial support. 
 colemAn m. Sheehy iii (e-mail: cmsheehy@uta.edu), Jeffrey w. 
Streicher, chriStiAn l. cox, and JAcobo reyeS-velASco, amphib-
ian and reptile diversity research Center, department of Biology, univer-
sity of Texas at arlington, arlington, Texas 76019, usa. 

TROPIDONOPHIS DORIAE (Barred Keelback). ENDOPARA-
SITES. Tropidonophis doriae is known from Indonesia (Irian, 
Java, Aru Islands) and Papua New Guinea (Malnate and Under-
wood 1988. Proc. Acad. Nat. Sci. Philadelphia 140:59–201). It is a 
terrestrial, nocturnal predator that eats frogs and fish (Malnate 
and Underwood, op. cit). To our knowledge there are no reports 
of helminths for T. doriae. The purpose of this note is to estab-
lish an initial helminth list for T. doriae. Two T. doriae from the 
herpetology collection of the Bishop Museum (BPBM), Hono-
lulu, HI, USA each had nematodes protruding from a slit in their 
body walls (BPBM 31526, SVL = 254 mm; BPBM 31527, SVL = 
327 mm). Both snakes were collected on 3 April 2007 in Madang 
Province, Wanang, Papua New Guinea (5.232118°S, 145.18068°E; 
datum: WGS84; elev. 600 m). Nematodes were removed, cleared 
in glycerol, placed on glass slides, coverslipped, studied under 
a compound microscope and identified as Tanqua anomala 
(eight from BPBM 31526) and (six from BPBM 31527). Voucher 
helminths were deposited in the United States National Para-
site Collection (USNPC), Beltsville, Maryland, USA as USNPC 
(103501) and the Bishop Museum (BPBM) as (H423). Tanqua 
anomala is common in snakes from southeast and southern Asia 
(Baker 1987. Occas. Pap. Mem. Univ. Newfoundland 11:1–327; 
Sood 1999. Reptilian Nematodes from South Asia, International 
Book Distributors, Dehra Dun, India. 299 pp.). There is a record 
of a larval T. anomala in Hoplobatrachus tigerinus (= Rana tig-
rina) in Baker (op. cit). As T. doriae feeds on frogs, frogs may act 
as paratenic (= transport hosts) for T. anomala. Tanqua anomala 
in T. doriae is a new host record. Papua New Guinea is a new lo-
cality record.

We thank Pumehana Imada (IBPBM) for facilitating our ex-
amination of T. doriae. 
 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).

xENODON NEUwIEDII (False Lancehead). DIET. The dipsadid 
snake Xenodon neuwiedii has a diet composed predominantly 
of anurans, especially those in the genus Rhinella (Marques and 
Sazima 2004. In Marques and Duleba [eds.], Estação Ccológica 
Juréia-Itatins: Ambiente Físico, Flora e Fauna, pp. 257–277. 

Holos, Ribeirão Preto; Sazima and Haddad 1992. In Morellato 
[ed.], História Natural da Serra do Japi: Ecologia e Preservação 
de uma Área Florestal no Sudeste do Brasil, pp. 212–236. FAPESP, 
Campinas). However, anurans belonging to other families (Hy-
lidae, Leptodactylidae, and Cyclorhamphidae) and even lizards 
(Enyalius sp.) are occasionally consumed (Hartmann et al. 2009. 
Biota Neotrop. 9:173–184; Marques and Sazima, op. cit.). Rhinel-
la abei is a frog distributed in the southern Atlantic Rainforest 
from Paraná state to southern Santa Catarina state and northern 
areas of Rio Grande do Sul state, Brazil (Baldissera Jr. et al. 2004. 
Arq. Mus. Nac., Rio de Janeiro 62[3]:255–282). Here we report the 
predation of the frog R. abei by the snake X. neuwiedii.

On 16 January 2009, in the Parque Estadual da Serra do Tabu-
leiro, Santo Amaro da Imperatriz municipality, Santa Catarina 
state, Brazil (27.7427°S, 48.8075°W, datum: SAD 69), an adult fe-
male X. neuwiedii (SVL = 489 mm; tail length = 113 mm; 59.5 g), 
was found at 1015 h on leaf litter in an area of dense ombrophi-
lous forest ingesting an adult R. abei (SVL = 69.1 mm; 26.2 g; 44% 
of the snake’s mass). The frog was being ingested headfirst, ven-
tral side up, and was still alive (Fig. 1). Manipulation of the snake 
resulted in the release of the prey, which presented deep wounds 
in the abdominal region. Batracophagy seems to be the most fre-
quent feeding habit of Xenodon (Marques et al. 2001. Serpentes 
da Mata Atlântica. Guia Ilustrado para a Serra do Mar. Ribeirão 
Preto, Editora Holos. 184 pp.) and some species have special-
ized skulls and dentition, facilitating the capture and ingestion 
of frogs (Kardong 1979. Evolution 33:433–443). The wounds we 
observed are evidence of the functionality of X. neuwiedii’s en-
larged posterior teeth, which allow perforation of the prey and 
the consequent evacuation of air, which is accumulated in the 
toad’s body for defense (Amaral 1978. Serpentes do Brasil, Icono-
grafia Colorida, 2a edição. Melhoramentos/EDUSP, São Paulo. 
247 pp.). 
 thiAGo mAiA (e-mail: thiagomaianc@gmail.com), milenA 
wAchlevSki (e-mail: milenawm@yahoo.com), luciAnA bArÇAnte (e-
mail: lubarcante@hotmail.com), and cArloS f. d. rochA (e-mail: cfdro-
cha@uerj.br), departamento de ecologia, universidade do estado do rio 
de Janeiro, rua são francisco Xavier 524, CeP 20550-013, rio de Janeiro, 
Brazil. 

fIg. 1. An adult female Xenodon neuwiedii found preying on a Rhi-
nella abei in the Parque Estadual da Serra do Tabuleiro, Brazil.
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the chinese Alligator, ecology, behavior, 
conservation and culture

By John Thorbjarnarson and Xiaoming wang. The Johns hopkins 
university Press (www.press.jhu.edu). hardcover. xvii + 265 pp. us 
$85.00. isBN 978-0-8018-9348-3.

romuluS whitAker
Madras Crocodile Bank Trust and Centre for Herpetology
Post Bag No 4, Mamallapuram 603 104, Tamil Nadu, India
e-mail: kingcobra@gmail.com

 The Chinese Alligator is 
one of those rare technical 
books that is a really good 
read. As George Schaller so 
poignantly points out in his 
foreword, “too many plants 
and animals spiral toward 
extinction quietly and with-
out someone to mourn their 
fate.” Thorbjarnarson and 
Wang fulfil the imperative, as 
Schaller puts it “...that with 
meticulous science, tenacity, 
cultural awareness and hope, 
any species can be offered 
a future.” And few species 
on earth could be held up as 

such a startling example of survival against all odds as the Chi-
nese Alligator.
 Chapter 1, ‘The Earth Dragon,’ is a quick outline of John T.’s 
first visits to China in pursuit of the last remaining wild alligators. 
In 1998 he was stunned that the alligator’s wild habitat in An-
hui Province was virtually gone; previous reports by the Chinese 
authorities had painted a much rosier picture. Long, discourag-
ing forays down narrow country roads, winding through a hori-
zon to horizon agricultural landscape to find the last survivors, 
ended in a devastating car wreck with John suffering a broken 
femur and shoulder. The following year John and his Chinese/
American team were elated to find a wild nest, one of the very 
few, and the reality of the situation starts to unravel. There were 
thousands of Chinese Alligators in captivity and perhaps 150 in 
the wild and it was disturbing that the lines between captive and 
wild animals were getting blurry, with development of large cap-
tive facilities taking precedence over consolidation of wild habi-
tats.

 Chapter 2 is an introduction to the world’s crocodilians, their 
conservation and utilization and you couldn’t ask for a better 
concise rendition. In contrast to the Chinese situation, the suc-
cess story of the American Alligator, with 100s of thousands hap-
pily cruising the swamplands of the southeastern USA, is a truly 
remarkable 21st century crocodilian situation. Being the State 
emblem of Florida is certainly a help. The point is well made that 
with adequate protection in the 1960s the resilience of the alli-
gator allowed it to rebound so vigorously that the species is an 
important economic resource and wetlands are thereby valued 
for sustaining this resource. But the Chinese situation is so very 
different: there is little or no alligator habitat left.
 The book then takes us on an historical journey, starting with 
the evolutionary history of Chinese Alligators and unravelling 
the complex mystery of why only China and the USA have al-
ligators. After a crash course in the cooling and heating of the 
earth and how it facilitated the odd distributions of plants and 
animals, we are told that “...the affinities between the flora and 
fauna of the eastern United States and eastern Asia are the result 
of what was in the early Tertiary, a widespread, temperate forest 
biome that spanned the two continents.” Fossil records indicate 
a much wider distribution for the Chinese Alligator in prehistoric 
times and that the expansion of human populations was prob-
ably responsible for its extirpation from its northern range. The 
authors delve into what seems every possible reference to the al-
ligator from 5,000 year old oracle bone inscriptions to the I Ch-
ing, creating a fascinating montage of how the ‘earth dragon’ was 
visualized and personified over the millennia. Accounts of the 
alligator’s biology and behavior are quoted from classical texts 
going as far back as the 1500s, but it was a French customs officer 
and amateur naturalist stationed in Shanghai, A. A. Fauvel, who 
first described the Chinese Alligator to the world. His treatise Al-
ligators in China: Their History, Description and Identification 
was published in 1879 and was a compilation of everything that 
was then known about the species.
 After the Giant Panda, the dragon is the first animal we think 
of in the Chinese context. The authors trace dragon myths world-
wide and for China make the very obvious link to the alligator, 
an admittedly smallish dragon at only seven feet. There are few 
creatures that are as pervasive in world mythology as the num-
berless morphs of the dragon. Humans are intensely fascinated 
by the horror of being killed and eaten by a predatory animal and 
the authors narrate an incident that happened while they were 
writing the book. An American doctor was pulled from a canoe 
and killed by a crocodile in Botswana and the news sent shock 
waves through the world media. But if he had drowned or been 
killed in a car accident the press would have paid little notice. 
 The next chapter, ‘A Dragon’s Life’ is literally a monograph 
of the ecology and behavior of this cryptic and perhaps least 
known (Tomistoma and Dwarf Caiman are also contenders) of 
crocodilians. It has a lot in common with American Alligators, 
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but, perhaps partly because of persecution, it is not the conspic-
uous animal its cousin has become. A prodigious tunneler, the 
Chinese Alligator has hard winters to put up with, floods, and, 
in most areas, a less than supportive human populace. Indeed 
as the authors say, it is their ability to remain hidden most of the 
time in underground burrows that has enabled them to survive 
in the modern agricultural landscape. Here one will find nest 
size, clutch size, and literally everything that has been found out 
about these beasts from Chinese biologists studying them in the 
field and in captivity and American biologists at the Bronx Zoo 
and Rockefeller Wildlife Refuge, where they were bred for the 
first time outside of China.
 Next is a chapter on the ‘Dragon’s Demise,’ a chronicle of 
what happened to what was once a wide-ranging crocodilian 
and to the Yangtze River, the wetlands of which were its primary 
home. In many ways this history typifies what has happened (is 
happening) in many parts of the world: rivers being raped, plun-
dered, dammed, diverted, and emptied of water and life for the 
sake of agriculture to feed burgeoning populations of humans. 
The recent extinction of the Chinese River Dolphin in the Yang-
tze is a tragic and ominous portent of what is facing the other 
major wetland life form, the alligator. In the 1930s it survived 
“only in the great swampy lakes lying to the south of the Lower 
Yangtze” in Anhui, Jiangsu, and Zhejiang provinces. By the 1970s 
it was found only in a small region in Anhui and Zhejiang prov-
inces.
 The Chinese authorities have long been aware of the demise 
of the alligator and the initial response was for the Anhui For-
estry Bureau to set up the National Chinese Alligator Reserve, a 
433 km2 area, later reduced to 308 km2, with an estimated total 
population of 150 wild alligators. The chapter on habitat and 
population status graphically describes how the alligator be-
came more and more confined to a few pockets as the human 
population increased by over 200% since the 1930s. In the past 
alligators were revered, but local beliefs that alligators make 
it rain worked against them in recent years when floods were 
blamed on them! But nothing was so devastating to the alligator 
as the spread of human settlements and agriculture into virtu-
ally every last wetland they inhabited in China. In the early 1980s 
the Anhui Research Center for Chinese Alligator Reproduction 
was established as a captive breeding facility and stocked with 
animals caught from the wild and for a long time every nest that 
was found in the wild was taken to the Center for hatching and 
rearing. Releases were made but follow up and monitoring was 
minimal so the results were questionable.
 The final chapter in the book is the longest, ‘The Future of the 
Alligator in China’ and provides a comprehensive look at China’s 
efforts so far and the authors’ vision of what efforts should be 
made in future. Basically the authors bemoan the fact that the 
Chinese authorities seem quite complacent as long as there are 
plenty of captive animals (about 10,000 today), but precious little 
effort was being spent on securing wild habitat. This resonates 
strongly with Indian croc biologists as we watch the steady de-
mise of the Critically Endangered Gharial, primarily due to loss 
of its riverine habitat. As in China, government schemes for egg 
collection and captive breeding have now become the visible 
‘feel-good’ face of conservation efforts while habitats are distort-
ed beyond ecological utility and river people are further alien-
ated from conservation goals.
 Altogether an excellent and important read (if I had one 
quibble it would be for more photos and in color), The Chinese 
Alligator is a rare combination of science, common sense, and a 

passionate plea to look carefully at what we have left in the world 
and to nurture the last dragons. In his foreword, George Schaller 
writes: “The Chinese Alligator shows with detail, insight and vi-
sion that an attempt must be made to save species no matter 
how complex the problems.” The authors are optimistic: “De-
spite its present dilemma, the Chinese alligator is a species with 
a potentially promising, perhaps even dramatically successful, 
future. It is with this hope that we have written this book.”
 As I wrote this, I envisaged John T., dressed in his trademark 
Hawaiian shirt, smoking a Cuban cigar quietly holding forth 
about salties in Burma, gharial in India, Cuban crocs in the Zapa-
ta swamp, or Orinocos in Venezuala with other obsessed mem-
bers of the croc biologist fraternity. A mosquito felled this titan 
and he is sorely missed across the planet.

Herpetological Review, 2011, 42(3), 449–450.
© 2011 by Society for the Study of Amphibians and Reptiles 

hunters in the trees: A natural history of 
Arboreal Snakes

By richard a. sajdak. 2010. Krieger Publishing Co., malabar, florida 
(www.krieger-publishing.com). 192 pp. hardcover. us $64.00. isBN 
978-1-57524-303-0.

Alex fiGueroA
Department of Biological Sciences, University of New Orleans
2000 Lakeshore Drive, New Orleans, Louisiana 70148, USA
e-mail: afigueroa21@gmail.com

 There are approximately 
3309 named species of snakes, 
with arboreal forms account-
ing for more than 500 of these. 
Arboreal snakes do not repre-
sent a monophyletic lineage 
but rather a collection of spe-
cies with arboreal habits, dis-
tributed primarily within the 
families Boidae, Colubridae, 
Elapidae, Pythonidae, Un-
galiophiidae, and Viperidae. 
No strict definition exists for 
what constitutes an arboreal 
snake, but given that most 
snakes have the ability to as-
cend vegetation, and do so 
for various reasons (i.e., bask-
ing, sleeping, foraging, and predator avoidance), ‘true’ arboreal 
snakes are best considered those that spend the majority of their 
time, and carry out the bulk of their activity, in arboreal habitats. 
 Prior to this book, the only comprehensive examination of 
the biology of arboreal snakes was Lillywhite and Henderson’s 
(1993) review chapter in Snakes: Ecology and Behavior. There ex-
ist a number of inherent difficulties associated with observing 
and studying arboreal snakes, thus hard data on the biology of 
arboreal snakes are scarce. Nonetheless, there is enduring inter-
est in these animals as reflected in the 427 references cited by 
Sajdak, many of which will be of use to anyone studying not only 
snakes, but arboreal organisms in general.
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 The book contains 13 chapters, the first five of which review 
general snake biology as it relates to arboreal species. Chapter 
1 serves as a fascinating introduction to the features associated 
with arboreality in snakes. It outlines the morphological spe-
cializations for an arboreal existence, emphasizes convergence 
and the repeated evolution of arboreality among distantly re-
lated species, and considers the global distribution of arboreal 
snakes. Convergence in morphology, ecology, and behavior are 
hallmarks of arboreal snake taxa, and it is convergence that is 
the main organizing principle used by Sajdak to arrange this 
book. Nonetheless, few studies have empirically tested con-
vergence or measured morphological adaptations in arboreal 
snakes (e.g., Henderson and Binder 1980; Martins et al. 2008; 
Pizzatto et al. 2007). 
 The subsequent four chapters continue with conventional 
information pertaining to coloration and its function, locomo-
tor styles and the functional demands associated with moving 
in a three dimensional environment, and diet. Of particular in-
terest is Sajdak’s discussion of the ideas of arboreal ecomorphs, 
niche partitioning, and community structure. In these chapters, 
readers gain insight into why the snake body plan is advanta-
geous for an arboreal lifestyle and what changes occurred in 
morphology in order for snakes to become successful tree hunt-
ers. Sajdak does an excellent job in summarizing the literature 
in these chapters and clarifying much of the physics and physi-
ology associated with arboreal habits as discussed in Lillywhite 
and Henderson (1993), making the book easily accessible to a 
wide audience.
  The remaining eight chapters are dedicated to the diversity 
of arboreal snakes. Here, Sajdak provides readers with an ap-
preciation for the number of times arboreality has evolved in 
snakes, the changes to morphology and ecology that accom-
panied these evolutionary shifts, and the role of arboreal prey 
types in allowing multiple snake lineages to radiate and flour-
ish in the trees. These chapters are organized by snake family or 
by similarities in morphology and prey type (guilds). However, I 
find this approach somewhat subjective and exclusive. For in-
stance, individual chapters are devoted to snakes specializing on 
frogs, birds, mammals, and invertebrates. Lizards as prey are ac-
counted for in Chapter 6, “The Snipers—Vine Snakes,” making 
it seem as if only vine snakes feed on lizards, when they are, in 
fact, taken by a diversity of arboreal snakes. Likewise, the titles 
of other chapters such as Chapter 11, “The Night Shift—Boas 
and Pythons” or Chapter 12, “The Poisoners—Tree Vipers,” are 
also somewhat misleading in suggesting that only boids and py-
thons are nocturnal and only vipers are venomous. In addition, 
although discussed in the chapter on vipers, I was expecting to 
read in Chapter 8 (“Birds and Snakes”) about the extraordinary 
role birds played in shaping the morphology and driving the 
evolution of Gloydius shedaoensis and Bothrops insularis to an 
arboreal existence. Nonetheless, this treatment of the diversity 
of arboreal snakes is a fantastic overview of how creatures of fos-
sorial ancestry evolved to overcome physical and environmental 
challenges and conquered the trees.
 Certain chapters would have benefited from subheadings, 
as topics change unexpectedly between paragraphs, interrupt-
ing the flow of the book. But if the book suffers from anything, 
it is the deficiency of data for many arboreal species. As a result, 
a great deal of the information presented in the book is drawn 
from research on just a few well-studied taxa; in some cases, en-
tire chapters are almost wholly dedicated to such species. This is, 
of course, a consequence of the state of arboreal snake research, 

not a fault of the author, and indeed, Sajdak does provide com-
mentary on lesser known species and indicates areas where 
more research is critically needed.
 The book concludes with two appendices and a section en-
titled “Chapter Notes and References.” Appendix 1 is a compari-
son of color patterns between arboreal and terrestrial snakes 
compiled from five regional guides and Appendix 2 is a list of 
blind snake species found in arboreal situations detailing the 
locality along with the height and substrate on which the snakes 
were found. However, 15 of the 19 records are from only a single 
reference. These two appendices might have been better pre-
sented as tables within relevant chapters. “Notes and Referenc-
es” does not include any notes, but simply lists the references 
used by chapter.
 Of course no book on snakes is complete without color im-
ages. In this regard, the book lacks separate photographic plates, 
but instead intersperses images of varying size throughout the 
text. Some of the photos could be of better quality, but for the 
most part, they are superb images obtained from several pho-
tographers showcasing various arboreal species from around 
the world, often illustrating feeding behavior, threat displays, or 
other aspects of natural history. Other images show “non-arbo-
real” snakes captured in arboreal situations. Photographs aside, 
however, the book includes only five figures and no tables. The 
first two figures are the most useful, comparing the distribution 
of arboreal snakes with the distribution of the world’s forests, 
suggesting that arboreality in snakes is predominately a tropical 
phenomenon. Unfortunately, Figure 1 also has a blatant spelling 
error that is hard to overlook. The remaining figures are less illu-
minating, but useful nonetheless, and I would have liked to have 
seen them adequately cited within the text.
 Hunters in the Trees is undeniably a valuable compendium 
on the biology of arboreal snakes and will serve as a useful ref-
erence for researchers or hobbyists, and an excellent introduc-
tion to these snakes for members of the general public interested 
in tropical natural history. Sajdak’s decades of field experience, 
knowledge, and passion for snakes are evident in his clear and 
simple writing style and engaging narrative, and readers will also 
appreciate his personal touch of illustrating postage stamps of 
arboreal snakes at the end of each chapter.
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 Margarita, with an area of 
1150 km2, is Venezuela’s larg-
est island and its main tourist 
attraction (at least as mea-
sured by numbers of visitors). 
Despite a much less diverse 
herpetofauna than the Ven-
ezuelan mainland, and the 
near lack of endemics, Mar-
garita and its satellite islands 
Coche and Cubagua still pres-
ent an interesting introduc-
tion to the Neotropical her-
petofauna, with five species of 
amphibians and 45 of reptiles. 
The herpetofauna of Margar-
ita was treated extensively by 
Roze (1964) who mentioned 

four amphibians and 36 reptiles, and much later by Rivas et al. 
(2005), who added eight species to the previous list. But now, Ga-
briel Ugueto and Gilson Rivas present a new, improved, and more 
extensive treatment of the fauna in their new book. 
 The book starts with a foreword by Janis Roze, the former 
authority on Margarita herpetofauna (as well as on Venezuelan 
snakes), introducing the work of these two young Venezuelan 
herpetologists. A short acknowledgments section follows. An in-
troduction briefly reviews the history of the discovery of Margar-
ita and its satellite islands and the earlier work of herpetologists 
there. A “How to Use this Book” section explains the goals of the 
field guide and the categories of information supplied for each 
species. A more extensive chapter deals with the geography and 
habitats of the islands. This is followed by a brief geological his-
tory and a discussion of the zoogeography of the island, assign-
ing all species to different categories: Widespread taxa, Caribbe-
an coastal range taxa, Coastal arid lowland taxa, Cosmopolitan 
taxa, Amazonian taxa, Orinoco Basin taxa, and Lowland Guiana 
endemic taxa. It is curious that such a large island in the Carib-
bean does not harbor a higher number of endemics especially 
when compared with neighboring Trinidad and Tobago (see 

table 3 on page 47). To date only three reptiles are known to be 
endemic to Margarita: an undescribed species of Gonatodes, the 
recently described Gray-headed Whiptail Cnemidophorus senec-
tus (Ugueto et al. 2009), and the Margarita Cribo (Drymarchon 
margaritae). Scinax aff. x-signatus may also be an undescribed 
species, but it remains to be better studied. 
 Margarita and Coche Islands are suffering from unrestrained 
touristic and urban development, affecting large areas of wilder-
ness. As explained in the next section “Conservation,” there are 
some attempts to conserve critical areas for important species 
and there are a few conserved areas, such as national parks and 
natural reserves on the islands. 
 A few species of amphibians and reptiles have been errone-
ously reported from the islands by previous authors or are of 
questionable presence. These include Scinax ruber, Leptodactylus 
mystaceus, Crocodylus acutus, C. intermedius, Gonatodes ocella-
tus, Cnemidophorus lemniscatus, C. nigricolor, and Tupinambis 
teguixin. All these cases are carefully explained by the authors.
 Confirmed taxa are presented in a checklist of five species of 
amphibians and 45 reptiles known from Margarita, 12 reptiles 
from Coche and 13 from Cubagua. We take advantage of this re-
view to add a few new localities for some species on Margarita 
and Coche. In a recent short casual visit by one of us (CLBA) 
to Coche Island, two previously unreported species were ob-
served, the only amphibian known for the island, Pleurodema 
brachyops, and the expected but previously undocumented 
Gray-headed Whiptail, Cnemidophorus senectus. Pleurodema 
brachyops has also been known from the arid Punta de Piedras 
on Margarita for many years (OMLA, pers. obs.), but there are 
no vouchers. Mabuya nigropunctata is reported in the book only 
from one locality in Cerro Copey; it also has been observed in 
the little explored Cerro Tragaplata, in the northeast of Margari-
ta. And finally, a dying specimen of Dermochelys coriacea arrived 
on the beach at Punta de Piedras in 1997 and was buried close to 
the Museo Oceanologico Hermano Benigno Roman. This con-
stitutes the first report of the species on the southern versant of 
Margarita. 
 Before the species accounts there is a quite complete intro-
duction to amphibians, and another to anurans (the only am-
phibians known to the islands) specifically, with a useful and 
easy to use dichotomous key to the family level. There are also 
introductions to each family, and if necessary (in families with 
more than one represented species), another key to the species 
level. The species accounts start with the five amphibians known 
from the islands, all widespread species on the mainland. Each 
account has a comprehensive identification section, followed 
by sections on habitat, natural history, diet, voice, reproduction, 
distribution, and remarks (when necessary). There is a distribu-
tion map and one or more photographs for each species. The 
reptile account part is also very comprehensive, with all the same 
sections as for amphibians except for “voice” and the addition of 
a “venom” section for the three venomous species of the islands. 
Between the amphibian and reptile sections are 12 plates illus-
trating all species from the islands except the Margarita Cribo, 
which has not been seen alive in recent times. 
 At the end of the reptile chapter, there is a section about spe-
cies of possible occurrence, not yet confirmed, but with high 
probabilities of occurring on the islands. These include Eleu-
therodactylus johnstonei (introduced in Venezuela), and reptiles 
known from the adjacent mainland: Mabuya falconsensis, Am-
phisbaena alba, Chironius spixi, Tantilla melanocephala, Clelia 
clelia, Ninia atrata, and Thamnodynastes ramonriveroi. 
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 The book closes with a chapter on venomous snakebite on 
these islands, and an appendix of examined material. The Litera-
ture Cited is comprehensive. 
 This is the first serious attempt to gather all the informa-
tion about amphibians and reptiles of these islands in book 
form. Venezuela is one of the ten most biodiverse countries on 
Earth, with nearly 350 species of amphibians and 400 of reptiles. 
However, relatively little has been published about its herpeto-
fauna and only a few attempts have been made to gather data, 
and then usually in a taxon-specific way (e.g., Roze 1966, Lan-
cini 1979, Lancini and Kornacker 1989 for snakes; Pritchard and 
Trebbau 1984 and Rueda et al. 2007 for chelonians; Medem 1983 
and Rueda et al. 2007 for crocodiles; and nothing exhaustive for 
lizards or amphibians). 
 This book accomplishes two goals. First, to be a comprehen-
sive statement about the entire herpetofauna of a particular re-
gion (the state of Nueva Esparta in Venezuela), and second, to 
provide as much data as possible about each species, not only on 
these islands, but wherever they occur on the mainland. 
 Apart from the high quality information, which is accurate 
and well written, the most striking part of this book are the de-
lightful plates by Ugueto. Few extraordinary works (e.g., Du-
ellman 1970, 1978) have plates as beautiful and inspiring as the 
ones in this book. The plates illustrate all species on the islands 
except for the mysterious Margarita Cribo, and each one is both 
an artistic delight and a very accurate taxonomic aid. All the rest 
of the schematic drawings in the book were also executed by 
Ugueto, revealing his amazing skills as artist and designer, as well 
as a herpetologist. 
 The photos in the book also illustrate nearly all the species on 
the islands (except for Scinax aff. x-signatus and again the Mar-
garita Cribo, and Mastigodryas amarali is represented only as a 
preserved specimen) and almost all the possible species (except 
Clelia clelia and Thamnodynastes ramonriveroi). All pictures are 
of good to very good quality. Not all, however, represent island 
specimens as would be desirable, although this is understand-
ably difficult to achieve. Some habitat pictures (e.g., figure 5 on 
p. 19) are completely meaningless, and some are repetitive (e.g., 
figures 11 and 12 on p. 24). The pictures showing Amazona bar-
badensis and Cebus apella margaritae are not of good quality, 
seem irrelevant, and should have been excluded. 
 Otherwise, aside from a few typographical errors (we count-
ed fewer than 10), a few considerations should be taken into 
count for the next edition of this book. First, we know of no place 
on Margarita with an annual precipitation of 1100 mm, as stated 
on page 15; the maximum recorded is 900 mm (Hoyos 1985). If 
there is such a place, it would be important to provide a spe-
cific reference. The correct name corresponding to the acronym 
MHNLS is Museo de Historia Natural La Salle, not as on pages 
14 and 50, Museo de la Sociedad de Ciencias Naturales La Salle. 
It is unclear if the habitat map shown on page 20 is original or if 
it is taken from some source, in which case this should be refer-
enced. In the “habitat” section of Gymnophtalmus sp. aff. specio-
sus, the text indicates that the species is “occasionally” found in 
and around human habitation. One of us (OMLA) used to live in 
Margarita for prolonged periods, and can verify that Gymnoph-
talmus is actually a very common lizard that is often found in 
backyards and gardens. On figure 85 (page 213), on an other-
wise beautiful and useful schematic figure of squamation, the 
supraoculars appear twice. Figure 88 showing Epictia goudotti 
cross references figure 77, but should read figure 87. The lack of 
a life photo of one of the most characteristic species of snakes 

on Margarita, Mastigodryas amarali, should also be rectified. It 
is not a rare species, and we are aware of available photographs. 
Figure 121, showing a rattle of a preserved specimen of Crotalus 
durissus cumanensis, should be accompanied by the collection 
number. The Red-footed Tortoise is referred to Geochelone in the 
book, but is properly referred to Chelonoidis, as are the rest of the 
Neotropical tortoises (Le et al. 2006). The Lesser Antillean Coqui, 
Eleutherodactylus johnstonei, is treated as a species of possible 
occurrence. OMLA can verify that it is already established in gar-
dens of Pampatar and Porlamar. On page 322, treating Amphis-
baena alba, the authors commit a lapsus referring the species to 
an order within Squamata in the text, while in the heading of the 
species account it is correctly allocated to the Suborder Amphis-
baenia. In relation to this species, Gilson Rivas and Oscar Lasso-
Alcalá have recently received (in January 2011) from Luis Ber-
mudez (Ministerio del Ambiente de Venezuela) two specimens 
from “Salamanca” and “La Asunción,” that confirm its presence 
on the island. We found also a couple of references not quoted in 
the Literature section: Fry et al. (2006) on page 110, and Narvaes 
and Rodrigues (2009) on pages 67–68. The last thing to mention 
is that a Spanish edition of this book would be very useful to Ven-
ezuelan students who do not speak English. We understand that 
this is probably an editorial decision, but a bilingual book would 
be very useful. All of these issues can easily be updated or cor-
rected in a new edition, and in no way diminish the significance 
and utility of this book.
 Venezuela (and especially Nueva Esparta state) can be happy 
and proud that two young Venezuelans took so much time and 
combined their efforts to bring together so much information in 
such a beautiful book. This volume is not only a must for the li-
braries of all herpetologists interested in the Neotropics, but also 
for anyone who enjoys and appreciates superb herpetological 
artwork. Indeed, we predict that the plates will set a new stan-
dard modern herpetological works. 
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     As Douglas Rossman 
retired from more than 
thirty years of teaching 
herpetology, I asked him 
how many of his students 
developed an interest in 
snakes from taking his 
course. His gaze turned 
contemplative, and after 
a moment, as if to empha-
size what he was about 
to say, held up a finger. 
“One,” he stated. He had 
confirmed my own ob-
servation that those who 
pursue herpetology as 
a career, avocation, or 
hobby usually develop 

that interest in childhood, often from the encounter with some 
fascinating reptile, whether in the wild or a pet shop. The youth-
ful enthusiasm wanes in many, leaving drawers of decades-old 
field notes and fading photographs. There are likely hundreds, 
perhaps thousands of such unheralded, potential contributors 
to the field. On the other hand, many people maintain an un-
curbed passion for reptiles, outside of the realm of academia. 
Sadly, the wealth of information accumulated by these individu-
als is rarely manifested outside of a circle of close associates, and 
is usually lost within a generation. What if just one of these non-
professionals published their observations? Would they present 
a valuable contribution to herpetology? With Common King-
snakes Brian Hubbs offers us an example.

 Hubbs’ first words in the Preface ostentatiously get right to 
the point: “This is the most comprehensive look at the species, 
Lampropeltis getula, the story of Common Kingsnakes, a synthe-
sis of accumulated experiences and data about their lives and 
surroundings. If that’s what you were looking for you’ve come to 
the right place…” With those sentences the reviewer’s red pen 
began to tremble in grim, yet reluctant anticipation. I labored 
through the Introduction and first two chapters (“Discovering 
Common Kingsnakes” and “An Overview”), spending as much 
time critiquing as reading. The nineteenth page is written “ixx” 
instead of “xix,” kingsnake musk is said to be excreted from the 
anal opening, and the loreals may be fused with the supraocu-
lars (perhaps preoculars was intended). There are strange state-
ments: “All Common Kingsnakes share…habitat preference,” 
“habitat preferences may differ between subspecies,” “The mor-
phology of those snakes is extensive,” “Like many kingsnakes, 
most herpetologists…” There are hackle-raising terms: “cold-
blooded,” “Water Moccasin,” and brain-stabbing phrases: “…
wake up from hibernation,” “Most criteria is dorsally-related…,” 
…“active during crepuscular times.” One could quibble page 
after page about editing, sourceless statements, and mal-inter-
pretation of data to the point of frustrated anger. But after some 
hours it occurred to me that I could drop the pen and enjoy the 
book, which I did. 
 As the writer’s cramp eased, I got used to Hubbs’ style, and 
each page became a welcome turn. I found that ten chapters fol-
low the introductory material, each devoted to eight taxa (those 
usually recognized prior to Pyron and Burbrink 2009), with brief 
chapters on the Isla Santa Catalina and Outer Banks popula-
tions. Each chapter contains a block of photographs depicting 
the range of variation of each subspecies, as well as habitats. The 
block for L. g. californiae contains 143 color photographs, that 
for L. g. floridana has 30. The blocks for L. g. splendida and L. 
g. sticticeps are inexplicably black-and-white; without a second 
copy of the book for comparison, I cannot say whether this is an 
anomaly. For each taxon Hubbs provides sections on Descrip-
tion, Discovery and Name History (nomenclature), Scutellation 
(typically from Blaney 1977), Size, Pattern and Coloration, Simi-
lar Species, Range, Habitat, Prey, Behavior, Emergence, General 
Activity, Breeding and Reproduction, Later Activity, and Abun-
dance. The chapter on L. g. californiae is exceptional (114 pag-
es), with extensive details regarding 72 natural pattern variants. 
Each variant here, as well as for the other taxa, is described and 
mapped, and most are illustrated with excellent photographs. 
The chapter on the Florida Kingsnake is exemplary, beginning 
with a fun story of Hubbs’ childhood meeting with Ross Allen, 
and the events leading to his first floridana capture. The remain-
der of the chapter presents the biology of the taxon based on the 
author’s extensive field work, cited publications, and numerous 
quotes from his correspondence with biologists and commercial 
collectors, old-timers and graduate students who know flori-
dana firsthand. He finishes the chapter with a timely discussion 
of kingsnake declines in Florida.
 Chapter 13, “Kingsnake Collecting and Wildlife Manage-
ment,” is a terrific essay that presents the philosophy and history 
of snake collecting, and chronicles the imposition and effect of 
laws on snake populations, public perceptions, and hobbyists. 
Hubbs presents the issues of snake collection from the sides 
of the collector, the neutral academic, and those who enforce 
wildlife laws. He backs his opinions with logical and convinc-
ing observations, which make his conclusions circumspect in 
nature. In contrast, Chapter 14, “How to Search for Common 
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Kingsnakes,” seems hastily patched together. The chapter begins 
with the author’s reminiscences of a favorite collecting site, fol-
lowed with brief coverage of the “where, what, and how” of lo-
cating kingsnakes (his admonition to learn local game laws is an 
important point). There are four pages on how to set up a board 
line—a search method that Hubbs praises throughout the book. 
Hubbs recommends spraying the underside of cover boards with 
female kingsnake musk, but does not tell us whether he has tried 
this, or if it makes any difference to capture rate. “Road hunting” 
is dangerously facile. There is no mention of the skills required 
to drive the recommended “50–55” mph, “hang a U’” with-
out rolling the vehicle or hit oncoming traffic, and get back to 
catch a snake that was beating it across the road 20 seconds ago. 
Hubbs recommends salvaging roadkills, but offers no guidance 
on methods of preservation or locating repositories. The recom-
mendation to “start at dusk or whenever conditions are right” is 
exceptionally vague.
 The book winds down with a chapter on Designer Morphs, 
another on Captive Husbandry, an appendix of breeders and 
snake-related organizations, a glossary, and list of references. 
The Designer Morphs chapter contains 41 color photographs 
of some spectacular oddities in colors and patterns. The “Jelly 
Brooks” resembles how I would imagine an ancestral getula-tri-
angulum link might have looked.
 Hubbs’ anecdotes and stories are well-written, and of a style 
beyond the ordinary recounting of activities. He acquaints the 
reader with events and surroundings that may seem less than 
tangential to the story, but pertinent to particular situations: 
having time off after work to climb a hill to look under a fallen 
sign (many avocational herpetologists will relate to time-bud-
geting around jobs), rising at 0400 hours to beat the horrid Los 
Angeles-Orange County commuter traffic, standing in an Ozark 
stream to escape the oppressive midsummer heat, desperately 
trying to find a Black Kingsnake in Kentucky before darkness 
and/or the West Virginia state line thwarts his efforts, and the 
apprehension one feels when discovering another snake hunter 
in a favorite locale. 
 After my pummeled trudge through the edge-effect of the 
introductory sections, I found Hubbs the scientist—the excep-
tionally detailed accounts of the pattern morphs of californiae, 
the studied citations of researchers, and the thoughtful contem-
plation of the evidence capped by Hubbs’s speculative hypoth-
eses and summation of available data. That is the underlying 
theme of the book—after forty years of devotion to finding and 
studying kingsnakes, Hubbs has discovered for himself many 
of the integral theories of the natural world. He substituted the 
desiccating lecture halls of academia with the kingsnake in its 
environment. I realized that the labored presentation of what I 
considered common science was Hubbs writing as though he is 
sharing with the reader the process by which he discovered new 
concepts. He describes the variable abundance of snakes along 
roadways without using the terms population source and sink, 
and the habit of some snakes using the same cover over a pe-
riod of years without the term site fidelity. He discusses at length 
how kingsnakes coil under plywood during cool temperatures, 
devoting an entire section to the topic of thermoregulation. He 
discovers that the striped morph of californiae is restricted to 
grasslands, and concludes that striping has a cryptic advantage 
in that habitat.
 Throughout the book, Hubbs makes philosophical points. 
He notes that if people understood kingsnakes, they would ap-
preciate and begin to understand the snake’s environment, and 

with that appreciation will come conservation of their habitat. 
He believes that some snake researchers are ignorant of snake 
population sizes, and emphasizes his calculations of abundance 
to confirm his belief. He argues that laws that prohibit catch-
ing kingsnakes create a generation of hobbyists who never seek 
kingsnakes in the wild, and are oblivious to the effects of man on 
the snake’s environment. He infuses the text with personal an-
ecdotes, and quotes from others, both published and personal 
communications. It is clear that Hubbs has researched L. getu-
la, solicited data from both snake enthusiasts and professional 
herpetologists, and pursued leads to discover as much as pos-
sible about kingsnakes in their environment. I was educated on 
a number of topics: female kingsnakes musk significantly more 
often than males; the designer-morph industry eliminated the 
market for wild-caught morphs; some snake species are most 
active on roads on windy nights (during atmospheric pressure 
changes); dorsal striping occurs in some L. getula from the Gulf 
Coast of Florida.
 From a scientific vantage, there is one flaw to the book, which 
is the inconsistent sourcing of information. Hubbs frequently 
makes statements without reference, and it is often difficult to 
determine whether a statement is based upon something he 
read, heard from others, learned from his own observations, or 
is purely speculation (e.g., “It is believed that kingsnakes shed 
roughly 4 to 6 times a year in the wild”). Some that seem specu-
lative are reasonable, though no evidence is provided as to how 
such a conclusion was reached (e.g., “In grasslands, sand hills 
and open woodland, the snake will simply hibernate under-
ground, and its home territory will normally be much smaller 
than those that must seek specific hibernaculum”). Similarly, he 
makes frequent reference to “his data.” Having observed over 
2000 kingsnakes in the wild, it is disappointing that quantita-
tive data are rarely presented. The “data” occasionally manifest 
themselves: ratios of color morphs in californiae at different 
sites, some counts with which he estimates the number of L. get-
ula per acre in certain habitats, and dates of winter emergence. 
He also presents numerical data on body temperatures, monthly 
counts of observations, and clutch sizes as published by others. 
Relating to the eventual loss of data accumulated by amateurs, 
Hubbs found it difficult to find information from collectors of 
the 1950s and 60s on pattern morphs in coastal California and 
numbers of snakes encountered on desert roadways. 
 Hubbs is inventive when he can find no standardized ter-
minology or metrics. He categorizes color pattern as class, type, 
phenotype, and morph. Each is a sub-category of the previous, 
except that phenotype and morph are “interchangeable,” though 
morphs are more subtle variants. The definition of each term is 
found in four paragraphs on page 19, which are again pasted on 
pages 38–39. A list of 37 Morphs of L. g. californiae is found on 
page 49, and a list of 34 Aberrant Morphs is provided on page 56. 
In case the reader is confused, Hubbs explains that the term “ab-
errant” describes patterns that vary from typical patterns, and 
that there are aberrant morphs and aberrant snakes. He quanti-
fies the terms “common” (3–9 snakes per acre) and “abundant” 
(over 10 snakes per acre). What if one should find an even 10 
snakes per acre?
 Hubbs has the enviable option of limitless space and ver-
biage. His book consists of heavy, high-gloss pages within cov-
ers of heavier paper. It is sturdy. The spine states Common King-
snakes in no-nonsense, bold, block letters. No matter where it 
is on my shelves, I will immediately be able to find it. The text is 
composed of relatively small font size, though of a bold, block 
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type that allows easy reading. The hundreds of photographs and 
maps are perfectly produced in size (usually about 10 x 7 cm) in 
tones and colors that optimize detail. In physical aspect the book 
is extraordinary.
 Hubbs summarizes the dilemma of amateurs in the study of 
herpetology as “...a lack of credibility. Amateur herpetologists are 
not usually taken seriously, or as a valuable source of informa-
tion.... In our society, it doesn’t seem to matter what you know; 
it’s all about qualifications, perceptions, and how many are on 
your side.” With Common Kingsnakes, Hubbs has demonstrated 
that he is a valuable source of information, knows a lot about his 
subject, and is qualified to be an authority. He has shown what 
can be produced where laws allow citizens to catch, keep, and 
study native species, as opposed to countries or states in which 
those practices are forbidden. So, has Hubbs, an avocational her-
petologist, made a valuable contribution to science? Indisput-
ably so: he provides a wealth of unpublished information that 

compliments what is already known about L. getula—informa-
tion that would otherwise be lost. As he stated in his Introduc-
tion, anyone interested in the Common Kingsnake has, indeed, 
“come to the right place.” Common Kingsnakes was written, pro-
duced, and published solely by Brian Hubbs. For that reason, the 
book is a creation and expression of just what its author wished 
rather than what the reader wishes it to be. It is beyond criti-
cism—it is Brian Hubbs at his literary finest.

lITeRaTuRe CITed
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A Guide to the rattlesnakes of the united 
States

By Brian hubbs and Brendan o’Connor. 2009. Tricolor Books, Tempe, 
arizona (tricolor_books@yahoo.com). 96 pp. softcover. us $20.00. 
isBN 978-0-9754641-2-0.

 This slim book is a nice 
introduction to U.S. species of 
rattlesnakes for persons who 
know little about them. Gen-
eral information about rattle-
snakes (identification, venom, 
reproduction, legal protection, 
etc.) gives readers some nec-
essary background. Brief ac-
counts for 29 of 31 taxa (only 
subspecies of Crotalus ceras-
tes are not accorded their own 
accounts) include color pho-
tographs, generalized range 
maps, and basic information 
about size, habitat, common 
names, and miscellaneous tid-
bits of interest (“trivia”). Color 
photographs (101 of them) 

are distributed throughout, and generally are of excellent qual-
ity; some of these depict particularly interesting behaviors (e.g., 
male combat in Crotalus willardi) as well as intraspecific varia-
tion. Herpetologists probably won’t encounter much new infor-
mation here, but will likely appreciate the large number of pho-
tographs, all of which look to have been taken in the field.

A conservation Strategy for the Amphibians 
of madagascar – monografie xlv

edited by franco andreone. 2008. museo regionale di scienze 
Naturali, Torino (anna.grassini@regione.piemonte.it). hardcover. 449 
pp. 50,00 euro (approximately us $72.00). isBN 978-88-86041-72-0.

 Madagascar is one of 
the most biotically rich ar-
eas of the world and one of 
the most imperiled. Its frog 
fauna is diverse and the 
number of species known 
continues to grow through 
the efforts of numerous ac-
tive research groups work-
ing on the island. In addi-
tion to an introduction and a 
guest-authored preface, the 
book contains 27 chapters. 
Four of these are in French 
with English summaries; 
the rest are in English with 
French résumés. Many of 
the chapters are illustrated 
with color photos of frogs 
and their habitats, as well as field workers engaged in their re-
search. Well known international herpetologists with estab-
lished projects in Madagascar, including Miguel Vences, Frank 
Glaw, Christopher Raxworthy, and the editor, Franco Andreone, 
figure prominently among the authors, as do many research-
ers. This volume presents a diversity of topics broadly related to 
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amphibian conservation in Madagascar, including some taxon-
focused contributions (e.g., Mantidactylus and Mantella) and 
others that are geographically circumscribed (e.g., the Isalo Mas-
sif, Menabe, and Andasibe). Other topics include captive breed-
ing, resource management, global warming, and habitat mod-
eling, and several chapters place the Madagascan situation into 
the context of the Global Amphibian Assessment. Of particular 
interest is the paper by Ché Weldon and colleagues that reports 
the apparent absence of the chytrid fungus Batrachochytrium 
dendrobatidis in Madagascar, a bright spot in a landscape that 
has seen tremendous declines in amphibian habitats.  Chapters 
by Andreone and Vences et al. place the study of  Malagasy frogs 
into historical perspective, demonstrating increasing trends in 
the publication of herpetofaunal conservation papers and in the 
participation of Malagasy researchers as authors. Although the 
conservation situation for amphibians in Madagascar remains 
precarious and is in constant flux, this book provides an excel-
lent overview of the status of research, threats, and strategies as 
they stood at the time of publication. The book will be of value 
to anyone interested in the Malagasy herpetofauna, as well as to 
amphibian biologists and conservationists in general.

Serpientes de nuevo león

By david lazcano Villarreal, Javier Banda leal, and ramiro david 
Jacobo Galvan. 2010. universidad autónoma de Nuevo león, 
monterrey, Nuevo león. 502 pp. softcover. 500 pesos (approx. us 
$43.00). isBN 978-607-433-528-6. [in spanish]

 The Mexican state of 
Nuevo León, home to the 
country’s third largest met-
ropolitan area and sec-
ond most prosperous city 
(Monterrey), is situated in 
the northeastern part of 
the country in the northern 
foothills of the Sierra Madre 
Oriental. It borders the 
Mexican states of Coahuila, 
Tamaulipas, Zacatecas, and 

San Luis Potosí, and shares its northern border with the United 
States (Texas). The authors divide the state into three principal 
physiographic associations: Sierra Madre Oriental, Altiplanicie 
Mexicana (high elevation desert and near-desert regions west of 
the Sierra Madre), and Planicie Costera del Golfo (low elevation 
coastal plain). Each of these is further subdivided in an attempt 
to convey the complexity of this diverse, biotically rich region, 
and is accompanied by color photographs to illustrate various 
plant communities. Chapters cover such topics as evolutionary 
history of reptiles, snakes in captivity and scientific collections, 
and taxonomy. An illustrated key to the species of snakes in Nue-
vo León is provided. Individual species accounts (for 61 native 
and one introduced species) range from 4–8 pages and most are 
accompanied by good quality color photographs (though not 
all depict forms occurring in NL), as well as a color map outlin-
ing presumed range within the state. As is common with other 
recent regional works from Mexico, production quality is quite 
good. This book appears to be targeting a broad audience of am-
ateur naturalists, students, as well as professionals looking for an 

attractive introduction to the snakes of the Nuevo León. A com-
panion volume on the lizards of Nuevo León is in preparation by 
Lazcano and colleagues.

herpetofauna de las dunas de viesca y Su 
habitat

by J. Gamaliel Castañeda Gaytán, m. Cristina García de la Peña, and 
david lazcano Villarreal. 2008. universidad autónoma de Nuevo 
león, monterrey, Nuevo león. 154 pp. softcover. 200 pesos (approx. 
us $17.00). isBN not provided. [in spanish]

 The sand dunes near 
Viesca, Coahuila (located 
about 65 km SE of Torreón) 
are ecological islands within 
the broader Chihuahuan 
Desert landscape in north-
ern México. Of particular 
interest to herpetologists is 
that these dunes are home 
to Uma exsul (Coahuila 
Fringe-toed Lizard), a spe-
cies endemic to dune areas 
in southwestern Coahuila. 
This species is considered 
endangered because of anthropogenic changes to its fragile eco-
system. Brief and fairly general species accounts are provided for 
five species of amphibians and 13 reptiles, although the number 
for reptiles would undoubtedly be higher beyond the immediate 
environs of the dune areas. Each species account includes one or 
more color photographs of mostly fair quality. This section takes 
up less than 40 pages. The remainder of the book is devoted to 
a brief introduction, often with color photos, of predators and 
prey, plant species characteristic of the dunes, and habitat ex-
amples, concluding with a brief discussion of human impacts 
and conservation concerns.

errAtum
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