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Our society was founded on the 
ethic of inclusivity and a broad 

vision for what it means to study and 
appreciate amphibians and reptiles. 
These important values are evident 
in our diverse activities, publications, 
grants, and awards. Professional so-
cieties generally are experiencing de-
clining memberships, but SSAR im-

pressively is holding steady. Although our membership number 
is a bit lower than at our peak in the mid 1990s, we do remain the 
largest academic herpetological society in the world. 

But this is no time for complacency in our mission or our pur-
pose. The world has changed significantly since our beginnings 
in 1958, and SSAR must adapt accordingly. The internet has 
changed the playing field of every aspect of society; amphibians 
and reptiles, quite incredibly, have became popular as pets; and 
their global conservation needs have never been more impera-
tive. SSAR must keep pace if we are to continue to advance our 
constitutionally-prescribed missions of research, education, and 
conservation. A timely upgrade of SSAR is in order and is well 
underway. 

The brainstorms for our new programs took place, like many 
great ideas do, in the lunchrooms, barrooms, and hallways at the 
times of our annual meetings. Members suggested that an up-
grade was in order and Immediate Past-President Brian Croth-
er directed the energy of an enthusiastic group of members to 
form a new Long Range Planning Committee (LRPC). SSAR co-
founder Kraig Adler chairs the committee, which includes Breck 
Bartholomew, Rafe Brown, Indraneil Das, Tim Halliday, Robert 
Hansen, Kristine Kaiser, Roy McDiarmid, James Murphy, Erin 
Muths, Ann Paterson, and Marion Preest. This group includes 
three former society presidents, key officers and editors, overseas 
members, and it represents the great diversity of our member-
ship. In concert with the efforts of the LPRC is a newly launched 
Membership Committee (MC), chaired by Ann Paterson and 
including David Bradford, Jason Brock, Marina Gerson, Kristine 
Kaiser, Wulf Schleip, and Andy Snider. These teams already have 
invested considerable time toward re-inventing SSAR and it will 
be rewarding to implement their visions.

Together, the LRPC and MC are directed to modernize SSAR 
and make it known and attractive to the broadest diversity of fu-
ture members worldwide. Everything for which SSAR is already 
known will remain but be improved and new programs and prod-
ucts will be added to benefit our members. Chief among these 
will be significant updates to our two quarterly serials, with full 
color becoming standard. We will also be generally expanding 
the internet presence of the society. Expansion requires resourc-
es, and the Board of Directors is committed to careful financial 
stewardship. 

The first noticeable change for SSAR is in your hands now—a 
wonderful facelift for our workhorse news-journal, Herpeto-
logical Review. Recommended by the LRPC and approved by the 
Board of Directors, our new look follows conceptually the vision 
that Editor Robert Hansen has brought to HR since 1991. Bob’s dra-
matic transformation of HR has been astounding, and he further 
details more upgrades in an accompanying article. Spectacular 

color images were brought to the cover of the journal in 1995, and 
more recently to the internal pages thanks to generous financial 
support from The Thomas Beauvais Fund. The addition of color 
improved HR, and we are now committed to it. Color imagery 
makes publication more attractive to a broader membership, 
but this is much more than mere cosmetics. Coloration is an im-
portant feature in the lives of our study animals and we can best 
advance our understanding of their biology—for example, in the 
section “Natural History Notes”—if we illustrate their full colors.

As SSAR modernizes, our initial focus on HR is appropriate 
because it really represents our core value of inclusivity. Our 
news-journal is unique among all herpetological publications 
and really does offer “something for everyone” with an interest in 
amphibians and reptiles. New additions to HR will aim to make 
it more international in scope and coverage; to make it more at-
tractive to a broader array of herpetological enthusiasts; and to 
more closely link the increasingly intertwined fields of research 
and conservation. A new membership category—Associate 
Member—which will receive HR only, is being introduced at an 
attractive price, to entice new members, especially younger ones, 
to see what SSAR is all about. Watch for the formal announce-
ment to appear in a future issue of HR.

SSAR is a broad-based organization with traditions of excel-
lence in research, conservation, and education. Our primary re-
search publication, Journal of Herpetology, was named last year 
as one of the “100 Most Influential Journals in the Past 100 Years 
in Biology and Medicine” by the Special Libraries Association. 
Our Journal is now introducing a new “Perspectives” depart-
ment, featuring invited papers by leading senior authorities on 
special topics of interest to herpetologists. The Journal will also 
be including a larger number of color images on its pages. SSAR 
publishes a remarkable array of top-tier publications that appeal 
to every level of interest in herpetology. Our 700-page, color-illus-
trated book, “Snakes of Honduras” by James R. McCranie, was 
issued just last month. (To purchase, see the ad on last page of 
the December 2010 issue of HR.) 

Most importantly, SSAR remains true to its founding goals: an 
inclusive organization that welcomes and encourages persons at 
all levels to join our society; attend our annual meetings; pub-
lish in our journals and series; and generally network to promote 
the study and appreciation of amphibians and reptiles. As these 
creatures become increasingly popular in the public’s percep-
tion, and more frequently featured in the major media, we need 
to expand our society to do the research, educate the public and 
schoolchildren, and ensure their conservation. SSAR exists to 
lead research and conservation, bring herpetology to the people, 
and open its doors to a diverse membership.

We earnestly solicit your advice on ways that we can better 
serve the membership and advance the goals of the society and 
of herpetology as a discipline. You may contact any of the rele-
vant officers and editors (see the inside front cover of this issue) 
or by writing to me directly at jmendelson@zooatlanta.org.

Joseph R. Mendelson III, President
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A VISION FOR SSAR’S FUTURE
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With this issue, we unveil a new look for Herpe-
tological Review, featuring full color throughout 
and a new layout. Additionally, during 2011 we 
will introduce several content changes. 

	 •		A	new	section,	“Conservation,” will debut lat-
er this year, managed by Section Editor Priya 
Nanjappa. The goal is to showcase innovative 
conservation projects, partnerships, and suc-
cess stories to better bridge the gaps among 
science, management, and policy.

	 •	 A	 new	 	 “National & Regional Organizations” section will 
highlight the activities of national, regional, and taxon- 
focused organizations and societies, whether amateur or 
professional. This section will be international in scope. 

	 •	 An	“Institutional Profiles” section will feature articles about 
people and programs associated with herpetology and her-
petological research at a variety of types of institutions. As 
these are published, individual articles will be archived on 
the SSAR website to serve as a reference for prospective stu-
dents, or persons planning research travels.

	 •	 Our	 “Herpetoculture” section  (renamed from “Herpeto-
logical Husbandry”) will broaden its coverage to include 
publication of short notes based on captive observations, 
somewhat analogous to our Natural History Notes (the latter 
section generally excludes observations based on captive an-
imals). This expansion is made in recognition of the volume 
of valuable observational data and husbandry knowledge—
often developed by amateur herpetologists and herpetocul-
turists—derived from work with captive amphibians and 
reptiles. Refer to the note immediately following for details.

 

Additional information about these new content 
areas, including how to submit manuscripts, can 
be found on the SSAR website: http://www.ssar-
herps.org/pages/HRinfo.php

Other initiatives are in the developmental stag-
es. One of these —“For Students”— will focus on 
gathering information resources of particular 
interest to students. These will include an up-to-
date list of universities that teach herpetology 
courses, as well as those offering Masters and PhD 

programs. Job openings, grant opportunities, research requests, 
internships, news bulletins, and more will be posted in a special 
section on the SSAR website. We welcome the active participa-
tion of student members in the formulation of this project.

To encourage SSAR membership for those who publish in HR, 
each primary or corresponding author who is a current SSAR 
member will receive a pdf free of charge of his/her article, note, 
or review. Authors who are not SSAR members will still have an 
opportunity to order reprints (paper or pdf) as before. 

We hope our readers enjoy these changes. To offer feedback, 
please contact us by email (HerpReview@gmail.com) or find us 
on Facebook (“Herp Review”).

Finally, a new year brings changes to our editorial team. 
Priya Nanjappa (USA), Félix Cruz (Argentina), Wulf Schleip 
(Germany), and Jodi Rowley (Australia) are coming aboard as 
Section or Associate Editors. Margaret Gunzburger, Meredith 
Mahoney, and Robert Reed are stepping down as Associate Ed-
itors; their service to the herpetological community is greatly 
appreciated.

Robert W. Hansen, Editor

Along with a new name, our “Herpetoculture” section is be-
ing redefined and expanded to accommodate a broader range 
of topical content. This section offers a publication outlet for 
manuscripts involving amphibians and reptiles in a captive 
environment—public or private. Subjects appropriate for this 
section include, but are not restricted to, the following:

	 •	 Novel techniques for maintenance and reproduction of live 
herpetofauna

	 •	 Genetic management of captive populations
	 •	 Legal issues in herpetoculture and animal trade: laws,  

regulations, permits
	 •	 Reviews of tools, equipment, technology, enclosures, etc.
	 •	 Safety protocols for working with dangerous species
	 •	 Policies and procedures related to preventing transmission 

of pathogens

Manuscripts that deal exclusively with veterinary medical 
subjects generally are not appropriate for this section, but con-
sult with Section Editor if in doubt. 

Manuscripts, ideas, or questions should be directed to the 
Herpetological Husbandry Section Editors: Brad Lock (block@
zooatlanta.org) or Wulf Schleip (wschleip@leiopython.de). All 
manuscripts will undergo external peer review. For detailed 
instructions on manuscript preparation, please consult the 
SSAR web page at: http://www.ssarherps.org/pages/HRinfo.
php. When reporting on captive held animals, please also con-
sider the Guidelines for Use of Live Amphibians and Reptiles in 
Field Research, accessible at: http://www.ssarherps.org/pages/
HRinfo.php

For authors whose native language is not English and who 
might require assistance with manuscript preparation, we in-
vite you to consult SSAR’s Presubmission Manuscript Review 
service: http://www.ssarherps.org/page/presub.php

CHANGES FOR HERPETOLOGICAL REVIEW

“HERPETOCULTURE” SECTION TO EXPAND 

PHOTO BY BRAD ALEXANDER
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ABOUT OUR COVER: ECNOMIOHYLA RABBORUM

This large species of fringe-limbed treefrog was first discovered near El Valle de Antón, Coclé, Pan-
ama in 2005, as collections were being made ahead of the predicted arrival of the pathogenic am-

phibian chytrid fungus Batrachochytrium dendrobatidis; that prediction was based on the arrival and 
epidemic in the environs of El Copé just to the east (Lips et al. 2006. PNAS 103:3165–3170). The spe-
cies was described in 2008 by Mendelson et al. (Journal of Herpetology 42:750–759), being named in 
honor of herpetologists and conservationists George and Mary Rabb. The species is characterized by 
substantial webbing on the feet, large discs at the ends of the digits, and scalloped fringes of skin on 
the outer margins of the forearms and the feet. There are conspicuous humeral spines in the males 
overlain by keratinized cutaneous spicules. Presumably these play a role during amplexus.

As in the other species of Ecnomiohyla that have been observed, this species lives in the forest can-
opy, and, when threatened, shows a remarkable behavior of leaping from the treetops and using its 
outstretched limbs and large, webbed hands and feet to glide and orient during its descent. Individuals 

have been seen to leap from heights of up to nine meters and land safely on the ground. Eggs numbering 60–200 are deposited in 
water-filled tree holes of various sorts. The tadpoles are large and it may appear that there is more biomass of larvae than actual 
water in the tree hole. Males appear to defend territories, including a particular tree hole, including production of vocal calls 
seemingly unrelated to breeding which takes place in the summer rainy season. After laying eggs, the female departs, but the male 
remains to attend eggs and tadpoles. Attendant males proceed to show a behavior that we interpreted to represent direct paternal 
nutrition of the larvae (which is otherwise undocumented in amphibians). The male backs his body into the water and writhing 
mass of tadpoles, which then proceed to forage vigorously on his skin—presumably rasping epidermal cells as a form of nutrition, 
as is known to occur in some female caecilians (Kupfer et al. 2006. Nature 440:926–929).

Ecnomiohyla rabborum is listed as Critically Endangered on the IUCN Red List, with that designation being based on its small 
range (known only from the immediate vicinity of the type locality) and its presumed susceptibility to chytridiomycosis. The pre-
dicted epidemic of chytridiomycosis in this area took place in 2006. This frog was last heard (but not seen) in the wild in 2007 and is 
now known from only two living specimens (both males) located at two facilities in Atlanta. This scenario is recounted in an essay 
by Joe Mendelson elsewhere in this issue.

Brad Wilson recorded our cover image using a Canon 1ds Mark iii DSLR with a Canon 100mm f2.8 macro lens, mounted on a 
Gitzo Explorer tripod with G1376 off-center ball head. Lighting was accomplished using two off-camera 580EX flash units and a 
Photoflex light dome. The image was shot at ISO 400, f10, at 1/20 sec, and recorded in RAW, with post-processing in Adobe Photo-
shop CS4. Wilson is a veterinarian in Atlanta, Georgia and a graduate of The University of Georgia College of Veterinary Medicine 
1994. Brad became the consulting veterinarian for the Atlanta Botanical Garden in 1995 and together with Ron Gagliardo instituted 
the ABG amphibian collections. Brad has provided many volunteer hours as a consultant on amphibian conservation projects in 
Costa Rica, Panama, Ecuador, Peru, and Malaysia since 2005. He is currently the co-owner of two private small animal practices 
in north metro Atlanta. He also serves as a principal consulting veterinarian with Amphibian Ark, 
http://www.amphibianark.org/.

Brad’s photographic interests include all things natural history and his amphibian photographs 
have been published internationally for numerous conservation organizations. His most current 
photography project is assisting with the cataloguing and field photography of all native orchid spe-
cies in Georgia. His photographs may be viewed at:

http://www.flickr.com/photos/frogdr/collections/
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In addition to conventional manuscripts, we will also publish 
brief notes based on limited observations of captive animals. 
These can be considered analogous to Natural History Notes 
and should be formatted the same way. Color figures should be 
supplied as separate files. Subject matter examples include: 

	 •	 Courtship and breeding
	 •	 Behavior (activity patterns, agonistic behavior, etc.)
	 •	 Clutch / litter size
	 •	 Gestation / incubation

	 •	 Growth
	 •	 Age	at	first	reproduction
	 •	 Fertility
	 •	 Longevity
	 •	 Feeding	preferences	/	techniques
	 •	 Thermal	biology

Contributions are welcome from all persons who work with 
captive amphibians and reptiles, including zoo biologists, pri-
vate herpetoculturists, and institutional professionals.
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Colorized SSAR Logo

 With the inauguration of an all-color Herpetological Review, 
it is appropriate to introduce a colored version of the society’s 
official logo. The current logo, which has become known inter-
nationally as the most recognizable symbol of SSAR, has now 
been rendered in watercolors by David M. Dennis, the noted 
wildlife artist and nature photographer. He was one of the soci-
ety’s founders in 1958. The new image is based on a specimen 
of the Gray Treefrog (Hyla versicolor) collected by Mr. Dennis 
just east of Columbus, Ohio, in 1978.
 The first version of the society’s logo appeared in 1963 on 
the cover of the Journal	of	The	Ohio	Herpetological	Society, the 
predecessor serial to today’s award-winning Journal of Herpe-
tology, which began in 1968. The logo depicts a frog in the act 
of communicating, a function that is the primary role of any 
scientific society. The original logo underwent many modifica-
tions in the 1960s and 1970s, most of them drafted by Mr. Den-
nis. The current, simpler version by Mr. Dennis was introduced 
in 1980. It has generally been printed in black, white, or light 
blue, the society’s official colors. (The 2004 color version has 
been used on the SSAR website.)

SSAR Election Results

 Results of the 2010 SSAR election are as follows:

President-Elect:  .................................................. Robert Aldridge
Treasurer:  .........................................................Kirsten Nicholson
Secretary:  ............................................................... Marion Preest
Board Members (Regular):  ........... Tiffany Doan, Carol Spencer
Board Member (Conservation):  ....................... Jennifer Pramuk
Board Member (Regional Society):  ........................ Travis LaDuc

 Thank you to all of the nominees who agreed to stand for po-
sitions and to Dan Noble (Elector Officer).

—Marion	Preest,	SSAR	Secretary

SSAR Henri Seibert Awards for 2011

 The Henri Seibert Awards were initiated in 1992 to provide 
recognition for the best student papers presented at the annual 
meeting of the SSAR. To be eligible, the presented paper must 
be the result of research by the individual making the presen-
tation. The research must have been conducted while the stu-
dent was enrolled in either an undergraduate or graduate de-
gree program. Please refer to Herpetological Review 28(4):175 
and the SSAR website (http://www.ssarherps.org/pages/seib-
ert.php) for recommendations to students entering the Henri 
Seibert Competition. Students entering the competition must 
be members of SSAR. The presentations will be judged by the 
SSAR student prize committee. One Henri Seibert Award of 
US $200 may be given in each of the following four categories: 
Systematics/Evolution, Ecology, Physiology/Morphology, and 
Conservation. Students may win a Henri Seibert award only 
one time. Please indicate the appropriate category for which 
you are applying on the abstract submission form. Announce-
ment of winners will be made at the SSAR Business Meeting. All 
participants should be present at the business meeting. Con-
tact Rafe Brown (e-mail: rafe@ku.edu) for further information.

SSAR Poster Awards for 2011

 This is the inaugural year for the SSAR Poster Award. The 
SSAR Poster Awards will provide recognition for the best stu-
dent posters presented at the annual meeting of the SSAR. To 
be eligible, the presented poster must be the result of research 
conducted by the individual making the presentation. The re-
search must have been conducted while the student was en-
rolled in either an undergraduate or graduate degree program. 
Students entering the competition must be members of SSAR. 
The presentations will be judged by the SSAR student prize 

SSAR BUSINESS
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committee. One SSAR Poster Award of US $100 (plus a book gift 
from the University of California Press) may be given in each of 
the following four categories:
	 •	 Evolution,	Genetics,	&	Systematics
	 •	 Ecology,	Natural	History,	Distribution,	&	Behavior;
	 •	 Physiology	&	Morphology
	 •	 Conservation	&	Management

The SSAR Poster Award will be judged by the following criteria:
	 •	 Quality	of	Research
	 •	 Quality	of	the	Visual	Display	of	the	Research
	 •	 Professionalism	and	Confidence	of	the	Presenter

Recommendations to Students Entering the SSAR Poster 
Competition

 The SSAR Poster Award will be presented for the first time 
in Minneapolis at the 2011 Joint Meeting. The SSAR Board of 
Directors wishes to recognize that poster presentations are an 
important part of the annual Joint Meeting event and that they 
are an important component of the graduate and undergradu-
ate experience. The presentation of some research projects is 
better suited to a poster session, which allows much greater 
communication between the presenter and the audience. The 
following recommendations are intended to aid students in 
improving the quality of their poster presentations. The criteria 
presented below are applicable to any poster given at a scien-
tific meeting.

Preparing the Presentation
A. The Poster
	 •	 More	so	than	an	oral	presentation,	a	poster	needs	to	visually	

draw in the audience. When hundreds of posters are up at the 
same time, one’s poster needs to stand out to be noticed.

	 •	 Organization	is	key—a	cluttered	poster	that	is	hard	to	read	
will not keep the attention of the audience.

	 •	 Use	large	fonts:	at	least	28–36	size	font	for	the	smallest	words;	
approximately 90 size for the title.

	 •	 Use	sans serif fonts such as Arial, Helvetica, and Calibri, which 
are easy to read from a distance. 

	 •	 Use	as	many	figures	as	possible,	including	graphs	and	pho-
tographs, to display your data.

	 •	 Use	color	to	your	advantage,	but	do	not	make	it	overwhelm-
ing. No one wants to look at a black-and-white poster, but 
too much color can be distracting.

	 •	 Do	not	include	paragraphs	on	your	poster	(no	one	wants	to	
stand there and read them). Bullet points or short sentences 
are much easier to read.

B. Oral Presentation
	 •	 Prepare	a	short	explanation	to	your	poster	so	that	viewers	do	

not have to read everything.
	 •	 Anticipate	questions	that	your	audience	might	have.
	 •	 Be	prepared	to	discuss	further	research	that	you	may	later	

perform based on the results from the project about which 
you are presenting.

	 •	 Remember	that	other	scientists	have	stopped	at	your	poster	
because they are interested in your research. Relax and enjoy 
the experience of “talking shop” with other scientists who 
share similar interests.

Describing your Research
A. Design
	 •	 Present	your	research	in	a	larger	context	by	addressing	previ-

ous studies (choose 1 or 2 to make your point). Relate your 
data to the knowledge of your field.

	 •	 Clearly	state	your	hypothesis(es)	and/or	objectives	up	front.
	 •	 Flag	techniques	that	are	original	to	your	study	(i.e.,	this	study	

is the first to address this question or to use this technique).
 
B. Summary of Results
	 •	 Present	your	results	clearly.	Tables	with	N	and	P	values	are	

fine (but not necessary) if they are readable. Always indicate 
your sample sizes.

	 •	 Indicate	the	importance	of	your	results.	How	do	they	relate	
to previous studies? Biology in general?

C. Importance of Study
	 •	 An	abstract,	summary,	or	conclusions	section	of	your	poster	

is helpful in tying together many results.
	 •	 State	the	importance	of	your	study	and	how	your	research	

has added to knowledge of the subject presented. Are your 
results generally applicable to larger biological questions?

 Students may only win the award one time. Please indicate 
the appropriate category for which you are applying on the 
abstract submission form. Announcement of winners will be 
made at the SSAR Business Meeting. All participants should be 
present at the business meeting. Contact Tiffany Doan (e-mail: 
DoanTiM@ccsu.edu) for further information.

NEWSNOTES
Kansas Herpetological Society Annual Meeting

 The Kansas Herpetological Society held its 37th Annual 
Meeting at the Topeka Zoo in Topeka, Kansas, on 6–7 November 
2010. Over 100 participants attended scientific paper sessions 
presented by scientists and students from across the nation. 

 Jodie Hearlson, student at Emporia State University, re-
ceived the 2010 Howard K. Gloyd/Edward H. Taylor Scholar-
ship, honoring the memory of two great biologists with strong 
ties to Kansas.The 2010 Alan H. Kamb Grant for Research on 
Kansas Snakes was made to Prashant Deshmukh, Emporia 
State University. George Pisani, Kansas Biological Survey, was 
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the 13th recipient of “The Suzanne L. & Joseph T. Collins Award 
for Excellence in Kansas Herpetology.” Katie Talbott, Fort Hays 
State University, was presented with the George Toland Award 
for the best student paper given at the meeting. Travis Taggart, 
Sternberg Museum of Natural History, received the Bronze 
Salamander Award for his years of service to KHS. The inau-
gural “Henry S. Fitch-Dwight R. Platt Award for Excellence in 
Field Herpetology” was made to Stanley Roth, Kansas Biologi-
cal Survey.

The J. Larry Landers Student Research Grant

The J. Larry Landers Student Research Grant is a Gopher 
Tortoise Council competitive grant program for undergraduate 
and graduate college students. Proposals can address research 

concerning Gopher Tortoise biology or any other relevant as-
pect of upland habitat conservation and management. The 
amount of the award is variable, but projects up to US $2,000 
have been awarded.

The proposal should be limited to four pages in length and 
should include a description of the project, a concise budget, 
and a brief resume of the student.  Submissions via e-mail as 
text files are preferred.
 This is an excellent opportunity for undergraduate and grad-
uate students to access funding for their projects. The deadline 
for grant proposals is 15 September 2011. Please send submis-
sions to: Bob Herrington, Chairperson, Research Advisory Com-
mittee, Department of Biology, Georgia Southwestern State 
University, Americus, Georgia 31709, USA; e-mail: bherring 
@canes.gsw.edu.

MEETINGS

Meetings Calendar

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

23–27 May 2011—Second Mediterranean Congress of Herpe-
tology, Marrakech, Morocco. Information: http://www.ucam.
ac.ma/cm2

19–22 June 2011—Sixth Hellbender Symposium, Ligoneer, 
Pennsylvania, USA. Information: mcmillan@buffalostate.edu

6–11 July 2011—Joint Meeting of Ichthyologists and Herpetol-
ogists (ASIH / HL / SSAR), Minneapolis, Minnesota, USA. Infor-
mation: http://www.dce.k-state.edu/conf/jointmeeting/

17–22 July 2011—IX Congresso Latinoamericano de Herpetolo-
gia, Curitiba, Brazil. Information: http://clah2011esp.blogspot.
com/

20–23 July 2011—Biology of the Rattlesnakes Symposium, Tuc-
son, Arizona, USA. Information: http://www.williamkhayes.
com/rattlesnakes/

27–30 July 2011—34th International Herpetological Sympo-
sium, Fort Worth, Texas, USA. Information: http://www.king-
snake.com/ihs/

8–14 August 2012—World Congress of Herpetology 7, Vancou-
ver, British Columbia, Canada (together with SSAR, HL, ASIH). 
Information: 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.

CURRENT RESEARCH
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 jour-
nals and other publications is available online. Go to: http://
www.herplit.com and click on “Current Herpetological Con-
tents.”

Enigmatic New World Snake Found to
Represent Ancient Lineage

A number of studies conducted in the first decade of the 21st 
century have helped shed light on the evolutionary relationships 
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of snakes and alleviate the taxonomic confusion that reigned 
through the 20th century. The authors of this paper present the 
results from the most inclusive molecular phylogenetic analy-
sis to date focusing on advanced snakes (Colubroidea), featur-
ing 299 genera and 761 species. An attempt was made to ac-
quire data for five genes (two nuclear and three mitochondrial) 
for all taxa; however a “supermatrix” approach was employed, 
whereby new and previously published sequence data is com-
bined into a single dataset and analyzed together, despite 
many taxa missing data for some or even most of the genes. 
The authors posit that previous studies have supported the use 
of this method. The recovered phylogeny largely corroborates 
other recent studies. In particular, a number of lineages once 
regarded as members of the family Colubridae are either more 
closely related to Elapidae (Lamprophiidae, Homalopsidae) or 
occupy a basal position within Colubroidea (Pareatidae, Xeno-
dermatidae). The most exciting novel discovery of this analysis 
is the finding that the Skinkeater (Scaphiodontophis annula-
tus), a little-known snake of the New World tropics, is the sole 
living member (at least of sampled species) of an ancient, here-
tofore unknown lineage in the family Colubridae (comparable 
in divergence to colubrid lineages given the rank of subfamily). 
Long thought to belong to the subfamily Colubrinae, the phylo-
genetic distinctiveness of this taxon with respect to other colu-
brine snakes is consistent with early immunological data and 
its suite of unique, derived characters such as hinged teeth and 
advanced intervertebral tail autotomy. In order to maintain the 
monophyly of Colubrinae, the authors propose the erection of 
the subfamily Scaphiodontophiinae to accommodate S. annu-
latus, rather than placing Grayiinae and Calamariinae in syn-
onymy with Colubrinae. Future studies should include repre-
sentatives of other enigmatic taxa such as Sibynophis, Enulius, 
and Urotheca (all of which have been hypothesized to be allied 
with Scaphiodontophis).

Pyron, r. A., F. T. BurBrink, G. r. Colli, A. n. MonTes de oCA, l. J. ViTT, C. 
A. kuCzynski, And J. J. Wiens. 2010. The phylogeny of advanced snakes 
(Colubroidea), with discovery of a new subfamily and comparison 
of support methods for likelihood trees. Molecular Phylogenetics 
and Evolution (in press). doi:10.1016/j.ympev.2010.11.006.

 Correspondence to: ALEXANDER PYRON, Department of Biological Sci-
ences, The George Washington University, 2023 G St. NW, Washington, DC 
20052, USA; e-mail: rpyron@colubroid.org

Caribbean Lizards Solve the Problem of
Signaling Amid Noise in Different Ways

Successful intraspecific communication amid distracting 
background noise (be it auditory, visual, or chemical) is a prob-
lem experienced by many organisms. Interestingly, different 
lineages have sometimes arrived at different solutions to the 
same problem; these situations are valuable in that they shed 
light on basic evolutionary processes. The authors of this paper 
examined communication in Anolis communities occurring on 

the Caribbean islands of Jamaica and Puerto Rico. This system 
provides an opportunity to study the evolution of signaling 
strategy, as both islands have species specializing on the same 
habitats (edge, open woodland, closed-canopy woodland) 
despite each island’s Anolis species assemblage being mono-
phyletic. Representatives of eight Anolis species (four on each 
island) were video recorded while engaged in headbob and 
dewlap-extension displays. Furthermore, background “noise” 
(wind-blown vegetation) level was simultaneously evaluated. 
The findings of previous studies were corroborated in that 
Jamaican Anolis engage in significantly more rapid displays 
(relative to their Puerto Rican counterparts), which have been 
hypothesized to be effective in noisy situations. Furthermore, 
multilevel regression analyses simultaneously examining tim-
ing of display (relative to timing of noise), lizard species, and 
island species group revealed Puerto Rican Anolis were signifi-
cantly more likely to display during periods of reduced noise 
than Jamaican Anolis. As the variation in display strategy was 
principally between islands and not between ecological nich-
es, this study finds strong evidence for the divergent signaling 
strategies being a consequence of the two communities having 
different evolutionary starting points.

ord, T. J., G. k. ChArles, And r. k. hoFer. 2011. The evolution of alterna-
tive adaptive strategies for effective communication in noisy envi-
ronments. American Naturalist 177:54-64.

 Correspondence to: TERRY ORD, Museum of Comparative Zoology and 
Department of Organismic and Evolutionary Biology, Harvard University, 
Cambridge, Massachusetts 02138, USA; e-mail: t.ord@unsw.edu.au

Unisexual Ambystoma of Ancient Origin

Because of a limited ability to evolve stemming from the 
lack of genetic recombination, evolutionary theory predicts 
asexual lineages should be short lived. However, it has been 
hypothesized that unisexual Ambystoma (Ambystomatidae) 
salamanders of eastern North America may be an exception 
to the rule. Unisexual Ambystoma constitute a genetically and 
reproductively complex group featuring nuclear genetic mate-
rial from five sexual species but comprise a monophyletic mi-
tochondrial group nested within the sexual species Ambystoma	
barbouri. Despite early studies concluding that the unisexual 
Ambystoma lineage originated as the result of an ancient hy-
bridization event (with A.	barbouri as the maternal species), a 
recent study using the mitochondrial (mt) gene cytochrome b 
(cyt-b) deduced that unisexual Ambystoma are genetically in-
distinguishable from some A.	barbouri, implying that they are 
instead of recent origin. To resolve this conflict, the authors of 
this study generated complete mt genome sequences for two A.	
barbouri (one of which was found to be indistinguishable from 
unisexual Ambystoma in the previous study), and one unisexu-
al Ambystoma (only one was necessary as previous studies have 
found unisexual Ambystoma to lack mt variation). Additionally, 
cyt-b sequences were produced using the protocol employed 
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in the previous study. The mt genome of the unisexual Ambys-
toma was found to be genetically distinct from both A.	barbo-
uri. An analysis resulting in a time-calibrated phylogeny reveals 
the asexual Ambystoma-A.	barbouri split occurred roughly five 
million years ago. Interestingly, close inspection of the A.	bar-
bouri cyt-b gene recovered using the protocol of the previous 
study revealed that the sequence had several heterozygous 
sites; as organisms possess only a single copy of mt genes, this 
suggests that what is actually being amplified and sequenced 
is a nuclear “pseudogene” (a gene fragment that has found its 
way into the nuclear genome and is presumably functionless, 
“junk DNA”). These findings strongly support the ancient origin 
of unisexual Ambystoma; indeed, they may be the oldest uni-
sexual vertebrate lineage known to science.

Bi, k., And J. P. BoGArT. 2010. Time and time again: unisexual salaman-
ders (genus Ambystoma) are the oldest unisexual vertebrates. BMC 
Evolutionary Biology 10:238.

 Correspondence to: JAMES BOGART, Department of Integrative Biolo-
gy, University of Guelph, Guelph, Ontario, N1G 2W1, Canada; e-mail: jbogart@
uoguelph.ca

Frogs Can Excrete Body Cavity Objects
 Via Their Bladders

 Despite being the model organism for classroom anatomi-
cal study for nearly a century, we are still learning new aspects 
of anuran anatomy. The authors of this paper describe a here-
tofore unknown ability of frogs—the capacity to pass objects 
in their body cavity through the wall of their bladder, allowing 
them to be excreted with their urine. This ability was serendipi-
tously discovered as the researchers attempted to remove radio 
transmitters from several frogs at the terminus of a study, only 
to find many of the transmitters had moved into the frog’s blad-
ders. Finding evidence of this phenomenon in three species of 
Australian treefrogs (Hylidae: Pelodryadinae) led them to ask 
if this ability was more widespread among anurans. To answer 
this question, and to better document this ability, they surgical-
ly implanted small beads into the body cavities of 36 toads (Bu-
fonidae: Bufo [Rhinella] marinus) and five treefrogs (Hylidae: 
Litoria caerulea). Thirty-one of the B. marinus were dissected 
over the course of several days to document the progression of 
bead sequestration; the remaining frogs were maintained alive 
until the end of the study (45 days). At the end of the study, all 
L. caerulea had expelled their beads (average = 19 days) while 
only one of the five B. marinus had done so. However, upon 
dissection, it was revealed that the remaining four B. marinus 
possessed the beads within their bladders. Investigation of the 
B. marinus dissected through the course of the studied that en-
velopment of the beads by the bladder began as early as day 
two and all beads were enveloped by day seven. While other 
vertebrates have shown the ability to expel body cavity objects 
through either the intestines or the skin, this finding marks the 
first documentation the use of the bladder in expelling objects. 

Finally, the authors posit that this ability may be an adaptation 
aiding the removal of objects forced into the body cavity by the 
force frequently exerted upon the frog’s ventrum when landing 
following a jump.

TrACy, C. r., k. A. ChrisTiAn, l. J. MCArThur, And C. M. GienGer. 2010. 
Removing the rubbish: frogs eliminate foreign objects from the body 
cavity through the bladder. Biology Letters (in press). doi: 10.1098/
rsbl.2010.0877.

 Correspondence to: CHRIS TRACY, School of Environmental and Life 
Sciences, Charles Darwin University, Darwin, NT 0909, Australia; e-mail: chris.
tracy@cdu.edu.au

Fossil Reptiles Reveal Insights into Venom 
Delivery Evolution

 Several dental morphologies aiding in venom delivery ex-
ist among extant reptiles, from the open grooves of Heloder-
matidae and some Colubroidea (opisthoglyphous condition) 
to the enclosed canals of Elapidae and Viperidae (proterog-
lyphous and solenoglyphous conditions, respectively). Stud-
ies of the development of replacement fangs in extant snakes 
have revealed the venom tube begins as a basal groove which 
elongates, narrows, and finally folds over, forming an enclosed 
tube. Whether this represents a viable hypothesis for the evo-
lution of hollow fangs has remained unknown. The authors of 
this study describe Uatchitodon schneideri, a new species of 
Triassic archosauriform (crocodile-looking and early diverging 
members of the clade containing crocodilians, dinosaurs, and 
birds) from North Carolina, USA bearing twin (medial and lat-
eral) tubes along the length of each tooth. This species appears 
to be derived from a previously-described species, Uatchitodon 
kroehleri, also known from deposits in eastern USA. As U. 
kroehleri exhibits opistoglyphous teeth with paired grooves ei-
ther on the proximal end or along the whole length, the tooth 
of U. schneideri represents the culmination of the evolution 
of the proteroglyphous condition. Indeed, close scrutiny of 
some U. schneideri teeth reveal a faint seam, signifying where 
the tube was ultimately closed. The authors consider other po-
tential uses for the grooves and tubes and systematically rule 
out any use other than venom delivery. They also highlight the 
uncanny similarity of this progression to the development of 
replacement teeth in snakes. These findings demonstrate one 
potential pathway for the evolution of hollow fangs in reptiles.

MiTChell, J. s., A. B. heCkerT, And h.-d. sues. 2010. Grooves to tubes: 
evolution of the venom delivery system in a Late Triassic “reptile.” 
Naturwissenschaften 97:1117–1121.

 Correspondence to: JONATHAN MITCHELL, Committee on Evolution-
ary Biology, The University of Chicago, 1025 57th Culver 402, Chicago, Illinois 
60637, USA; e-mail: mitchelljs@uchicago.edu
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Terrestrial Chameleon Locomotion
Assisted by Tail

 Aided by prehensile tails and zygodactyly, arboreal mem-
bers of the family Chamaeleonidae are the masters of their 
environment. Do diminutive, terrestrial chameleons (which 
represent as much as 30% of chameleon species) also possess 
distinctive locomotor adaptations? The use of the tail during 
locomotion has been documented in species of Brookesia; 
however, whether the tail is being used for balance or pro-
pulsion has remained unknown. To shed light on this behav-
ior, the authors of this study recorded video of two species of 
Brookesia (B. thieli and B. superciliaris) moving across narrow 
(1.38 mm diameter wire) and flat surfaces. Furthermore, they 
generated x-ray microtomographic images of B. thieli and two 
arboreal iguanians, Calumma tigris and Anolis	 carolinensis, 
paying particular attention to tail and inner ear morphology. 
Video footage confirmed the use of the tail in locomotion. Spe-
cifically, the dorsal surface of the tip of the tail is placed in the 
substrate when walking on flat surfaces (twice every four foot 
movements); very narrow surfaces elicit the same tail move-
ments, yet the tip does not make contact with the surface. A 
comparison of body position when the tail is, and is not, in con-
tact with substrate suggests the tail is only serving as a balance 
and not propulsion. In support of this hypothesis, most of the 
tail musculature is primarily devoted to flexion, with much less 
muscle tissue that would provide extension. Additionally, un-
like arboreal chameleons, only the distal caudal vertebrae are 
adapted for movement, with the proximal vertebrae possessing 
movement-suppressing dorsal shields. Finally, the inner ear of 
B. thieli appears to be an adaptation to terrestrial movement, as 
the horizontal canal is flattened vertically (and therefore func-
tion optimally when the animal is on a flat surface) relative to 
the condition seen in A.	carolinensis and C. tigris. This study re-
veals that the lesser-known terrestrial chameleons also exhibit 
interesting locomotory adaptations.

BoisTel, r., A. herrel, G. dAGhFous, P.-A. liBourel, e. Boller, P. TAFForeAu, 
And V. Bels. 2010. Assisted walking in Malagasy dwarf chamaeleons. 
Biology Letters 6:740–743.

 Correspondence to: RENAUD BOISTEL, CNRS UMR 7179 ‘Mécanismes 
adaptatifs: des organismes aux communautés,’ Départ. EGB, Muséum Na-
tional d’Histoire Naturelle, 57 rue Cuvier, case postale 55, 75231 Paris cedex 5, 
France; e-mail: boistel@mnhn.fr

The Nuclear Gene “POMC” Fails to Resolve
Turtle Placement in Tetrapod Tree

 Uncertainty regarding the phylogenetic placement of Tes-
tudines persists, as studies continue to emerge presenting 
evidence for alternative topologies. The most tenable hypoth-
eses are: a) turtles are sister to diapsids, b) turtles are diapsids 
and sister to archosaurs, and c) turtles are diapsids and sister 
to lepidosaurs. The authors of this paper conducted a study 

aiming to help solve this fundamental mystery in the field of 
herpetology. Hoping to capitalize on this marker’s usefulness 
in resolving other deep nodes in the vertebrate tree of life, they 
generated POMC (the nuclear gene coding for proopiomelano-
cortin) sequences for a turtle and a snake, and along with ~35 
previously-published vertebrate sequences, conducted several 
phylogenetic analyses (each using different algorithms, indices 
of support, partitioning schemes, and/or parameter values). 
Unfortunately, these analyses failed to recover a well-support-
ed position for Testudines. Despite good indices of clade sup-
port throughout the rest of the tree, no analysis confidently re-
solved the turtle-archosaur-lepidosaur clade. Perhaps the two 
divergence events leading to these three lineages occurred in 
quick succession, without the time needed for phylogenetical-
ly-informative synapomorphies to accumulate.

BeCker, r. e., r. A. VAlVerde, And B. i. CroTher. 2010. Proopiomelanocortin 
(POMC) and testing the phylogenetic position of turtles (Testudines). 
Journal of Zoological Systematics and Evolutionary Research (in 
press). doi: 10.1111/j.1439-0469.2010.00589.x

 Correspondence to: BRIAN CROTHER, Department of Biological Sci-
ences, Southeastern Louisiana University, Hammond, Louisiana, USA; e-mail: 
bcrother@selu.edu

Species and Life-stage Differences in
Susceptibility to Chytrid in

Two Australian Anurans

How frog species vary in susceptibility to the chytrid fungus, 
and whether larval and recently metamorphosed anurans also 
exhibit different vulnerabilities to this pathogen are questions 
important to the effort to avert a global amphibian extinction 
event. To explore these questions, the authors of this paper 
exposed both age classes of two species to chytrid fungus and 
documented their response. They chose to use two sympatric 
Australian species, a myobatrachid, Limnodynastes peronii, 
and a hylid, Litoria aurea. As the latter has undergone recent 
precipitous population declines (while the former has not) and 
chytrid is the suspected culprit, the results of this study have 
conservation implications as well. Captive bred representatives 
of both species were raised to the tadpole or juvenile stage and 
exposed to chytrid fungus (except for controls). The condition 
of the animals was assessed visually daily and the degree of chy-
trid infection was determined via quantitative PCR two weeks 
after inoculation and three and six months after metamorpho-
sis. The two species were found to show very different suscep-
tibilities to chytrid, with no infected L. aurea surviving to 100 
days while L. peronii and uninfected L. aurea displayed greater 
than 80% survivorship over the same period. Indeed, patho-
gen loads significantly decreased in both larval and juvenile L. 
peronii over the experiment. Furthermore, survivorship did not 
decrease linearly with respect to pathogen load; instead, there 
appeared to be a threshold concentration, below which survivor-
ship was unaffected and above which survivorship precipitously 
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declined. Taken together these results suggest a threshold level 
of chytrid load, above which chytridiomycosis sets in and survi-
vorship plummets; the apparent chytrid immunity exhibited L. 
peronii may be due to its ability to keep chytrid infection levels 
below this threshold. Despite these considerable species differ-
ences, no within-species age-class differences in survivorship 
where detected, although the threshold level of pathogen con-
centration was lower for tadpoles. This study presents strong 
evidence for chytrid being the causal agent responsible for L. 
aurea declines and sheds more light on the relationship be-
tween chytrid infection and chytridiomycosis and how suscep-
tibility varies across species and life stages.

sToCkWell, M. P., J. CluloW And M. J. MAhony. 2010. Host species deter-
mines whether infection load increases beyond disease-causing 
thresholds following exposure to the amphibian chytrid fungus. 
Animal Conservation 13 (issue supplement s1): 62–71.

 Correspondence to: MICHELLE STOCKWELL, Environmental Biology 
and Biotechnology Group, School of Environmental and Life Sciences, The 
University of Newcastle, Callaghan Drive, Callaghan, NSW 2308, Australia;  
e-mail: michelle.stockwell@newcastle.edu.au

Method of Securing Transmitters in
 Snakes Prevents Expulsion

Radio telemetry has proven to be a valuable method of col-
lecting data on reptile movements. However, with some organ-
isms (particularly snake species) expulsion of devices placed 
within the coelomic cavity has been a problem. The authors 
of this study present some results from a study wherein one 
possible solution to this problem was employed. For an eco-
logical study of Australian Carpet Pythons (Morelia spilota), 46 
pythons were implanted with radio transmitters using stan-
dard procedures. Of those, half of the snakes received an ad-
ditional treatment: the attachment of the transmitter to a rib 
via sutures. The snakes were then released and followed for the 
remainder of the three year study. Twelve of the 23 animals with 
unsecured transmitters voided their transmitters while none of 
the animals with secured transmitters did so. Contrary to what 
previous investigators have hypothesized, as only three of the 
expelled transmitters were associated with feces, transmitter 
expulsions appear to not be solely associated with the pas-
sage of food through the intestinal tract. The discovery that this 
simple technique can prevent the voiding of radio transmitters 
represents an important innovation for future telemetry studies.

BryAnT, G. l., P. eden, P. de Tores, And k. WArren. 2010. Improved pro-
cedure for implanting radiotransmitters in the coelomic cavity of 
snakes. Australian Veterinary Journal 88:443–448.

 Correspondence to: GILLIAN BRYANT, School of Veterinary and Biomed-
ical Science, Murdoch University, Murdoch, Wester Australia, Australia; e-mail: 
g.bryant@murdoch.edu.au

Tortoises Learn from Watching Other Tortoises

Although tortoises are solitary animals; it is possible that 
they learn from watching the actions of other tortoises. To 
investigate this question, the authors of this study subjected 
Red-footed Tortoises (Geochelone carbonaria) to a simple ob-
stacle course under different conditions. In the control group, 
four tortoises were allowed repeated opportunities to complete 
the course and their success rate was documented. Subse-
quently, these tortoises were subjected to the trial repeatedly 
until they had learned the lay of the course. In the experimental 
treatment, four naive tortoises were subjected to several tri-
als wherein they were allowed to observe the trained tortoises 
complete the course before attempting themselves. Fresh sub-
strate was laid on the course between observation and attempt, 
eliminating the scent of the trained tortoise. The success rate of 
the tortoises in both of the treatments was then compared. In 
twelve trials each, none of tortoises in the control group com-
pleted the course; conversely, all tortoises in the experimental 
group completed the course at lead twice, with two of them 
completing more than 90% of the time. As this represents a 
statistically significant difference between the two groups, this 
finding suggests that tortoises do indeed possess the capacity 
to learn from observing conspecifics. Perhaps social learning in 
non-social animals is a more widespread phenomenon than is 
currently appreciated. 

Wilkinson, A., k. kuensTner, J. Mueller, And l. huBer. 2010. Social learn-
ing in a non-social reptile (Geochelone carbonaria). Biology Letters 
6:614–616.

 Correspondence to: ANNA WILKINSON, Department of Cognitive Biol-
ogy, University of Vienna, Althanstrasse 14, Vienna 1090, Austria; e-mail: anna.
wilkinson@univie.ac.at

Amphibian Species Shifting Breeding Time in 
Response to Climate Change

Pond-breeding amphibian communities frequently exhibit 
partitioned use of aquatic sites temporally, with only a subset 
of the species breeding at any one time. However, changes in 
regional climate could disrupt reproductive patterns and po-
tentially intensify competition between certain species. To de-
termine if changes in amphibian phenology are a concern, the 
authors of this paper analyzed data collected over thirty years 
for ten amphibian species. Data was collected from a wetland 
site on the property of the Savannah River Ecological Laborato-
ry in South Carolina, USA. The site was sampled for reproduc-
tive amphibians throughout the year and for each year a me-
dian arrival date was calculated. Annual variation in breeding 
time was tested for correlations with variation in moisture and 
temperature observed over the course of the study. They found 
several species for which the timing of reproduction had sig-
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nificantly changed over the course of the sampled period. Both 
autumn breeding amphibians (two salamander species) were 
breeding later. Additionally, two of the five winter breeding am-
phibians, an anuran and a salamander were breeding sooner. 
Finally, six of the ten species were found to have a statistically 
significant correlation between timing of breeding and at least 
one of the two climactic variables. Together, these results re-
veal a significant shift in phenology (15–76 days) for about half 
of the members of a community in a relatively short period. 
Pond-breeding amphibians exhibit complex interactions of 
predation and resource competition and the impact of these 
changes could be large. As this study also documented signifi-
cant population declines in six of the species, changes in phe-
nology represent a potential culprit. This work demonstrates 
that climate-change-induced changes in phenology may bring 
about cascading effects on amphibian communities.

Todd, B. d., d. e. sCoTT, J. h. k. PeChMAnn, And J. W. GiBBons. 2010. Climate 
change correlates with rapid delays and advancements in reproduc-
tive timing in an amphibian community. Proceedings of the Royal 
Society B (in press) doi: 10.1098/rspb.2010.1768.

 Correspondence to: BRIAN TODD, Department of Wildlife, Fish and Con-
servation Biology, University of California, Davis, One Shields Avenue, Davis, 
California 95616, USA; e-mail: btodd@ucdavis.edu

Male Banded Geckos Successfully Court
Females Despite Removal of Testosterone

Males of most vertebrate species rely on testosterone (T) 
for the development of male sexual characteristics and the 
coordination of reproductive behaviors. For instance, in the 
Leopard Gecko (Eublepharidae: Eublepharis), it has been 
shown that the characteristic courtship routine (tail twitching 
and pheromone deposition) is inhibited in the absence of T. 
In this study, the authors investigated the role of testosterone 

in another eublepharid gecko, the Yucatan Banded Gecko, Co-
leonyx elegans. As the Coleonyx lineage has lost the courtship 
routine exhibited by other eublepharids, the authors aimed to 
determine the effects of T removal on reproductive behavior 
in non-courting species. Upon sexual maturity, lizards reared 
from eggs were placed into one of three treatments: castration 
(male), castration with T supplement (male), female with T sup-
plement, and control (male and female). Animals not receiving 
T supplement were administered placebo implants. Five weeks 
following surgery males were subjected to reproductive trials, 
wherein they were presented with a female (from the control 
group) and observed for reproductive behavior. Activities were 
conducted under a red light, observed via closed-circuit televi-
sion from another room, and were interrupted prior to copu-
lation so the females would remain receptive for subsequent 
trials. Seven weeks after surgery, females of both treatments 
were subjected to trials of the same design. At ten weeks post-
surgery, two of the castrated males were subjected to another 
round of trials. Males of all treatments exhibited no differ-
ence in reproductive response when presented with receptive 
females (even ten weeks post-surgery), signifying elevated T 
levels are not needed for reproductive behavior in Coleonyx. 
Interestingly, this is contrary to what has been determined in 
studies of other squamates. Additionally, females administered 
supplementary T exhibited the same response as males when 
presented with females. The authors argue that these seeming-
ly opposing findings suggest that T is important in the develop-
ment of normally-functioning males (but not at the moment of 
reproduction) and that females retain sensitivity to T, causing 
them to masculinize when it is administered.

Golinski, A., h. John-Alder, And l. krAToChVíl. 2010. Male sexual behavior 
does not require elevated testosterone in a lizard (Coleonyx elegans, 
Eublepharidae). Hormones and Behavior (in press) doi:10.1016/j.yh-
beh.2010.11.007.

 Correspondence to: LUKÁŠ KRATOCHVÍL, Faculty of Science, Charles 
University in Prague, Department of Ecology, Viničná 7, CZ-128 44 Praha 2, 
Czech Republic; e-mail: lukkrat@email.cz

As space and available material permit, we will occasionally 
publish examples of historical as well as contemporary 
herpetological art. An example of this can be seen on page 42 
in this issue. We welcome the submission of historical material 
under the following conditions:

•			The	work	should	be	copyright-free	and	be	provided	as	a	high-
resolution digitized file (consult Editor for specifications).

•			Accompanying	text	should	provide	information	on	the	subject	
matter, artist/illustrator, and publication source. Include 
references as needed to appropriately attribute information 
from other sources.

Contemporary artists are invited to submit their own work for 
publication:

•					Artist	will	retain	copyright	of	all	submitted	material.
•			Accompanying	 text	 should	 provide	 information	 about	

technique, media, or other information likely to be of interest, 
especially to other artists. Source of illustration subject (e.g., 
scientific name, geographic origin, etc.) should be included.

•			Artists	 are	welcome	 to	 include	 contact	 information	 (e.g.,	
email address, website location), as well as indicating whether 
original art or prints are available for sale or if the artist is 
available for commissioned work.

Art in Herpetology
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Ernest Anthony Liner 1925–2010

Ernest Anthony Liner was born on 11 February 1925 to Re-
mie Antoine Liner and Leonise Marguerite Arceneaux Liner, 
who both preceded him in death, and died on 22 September 
2010. Both his birth and death took place in Houma, Terre-
bonne Parish, Louisiana. He was surrounded by family as he 
peacefully passed at about 10:34 pm in bed at Terrebonne Gen-
eral Hospital. He is survived by one sister, Jeannette Liner Go-
mez, and by12 nieces and nephews. He was preceded in death 
by his other sister, Mary Ann Fayette. 

It is interesting that Ernie (as he was known to his friends 
and colleagues) was born and died in the same bayou town in 
southern Louisiana, because that belies his life. The humble, 
extremely affable Ernie lived an expansive life and saw much of 
the world. He was a Pacific theater WWII hero and received two 
Purple Hearts, two Presidential Unit Citations, and the Asian-

Pacific Combat Medal. He attended Southwestern Louisiana 
Institute (now the University of Louisiana at Lafayette) and 
Louisiana State University and earned his B.S. degree in Biology 
in 1951. He worked for a while as a sixth grade teacher and then 
was hired by Fred Cagle for the Zoology Department at Tulane 
University in 1952. After three years there he took a pharmaceu-
tical salesman position with E.R. Squibb and Sons, with whom 
he worked until his retirement in 1987. Ernie was an active 
member of SSAR, ASIH, HL and the Southwestern Association 
of Naturalists (who recognized him for his service in 1993) and 
was a member of 14 societies. He published over 150 papers 
(including species and subspecies descriptions) and books, 
including arguably his pièce de résistance, the final volume 
in the acclaimed Biology of the Reptilia series, the 1366 page 
Comprehensive Literature of the Reptilia (Liner 2010). He was in 
the Marquis Who’s Who of America and received an honorary 
doctorate from the University of Colorado, which impressively 
was supported by over 125 letters from colleagues around the 
world. He was of course also famous for his amazing herpeto-
fauna cookbooks, which culminated in his summary volume, 
The	 Culinary	 Herpetologist, which has almost 1000 recipes 
(Liner 2005). Remarkably, Ernie accomplished almost of this 
while working as a full-time pharmaceutical salesman! As Da-
vid Chiszar noted about Ernie in Mitchell (2006), “It is possible 
to have a fairly distinguished career as a hobby.” Besides being 
a world-renowned herpetologist, he was also something of a lo-
cal celebrity and was often the subject of articles in the local 
press, most recently in 2009 (Lizards and Frogs and Snakes, Oh 
My!, Point of Vue, Dec. 2009) and in 2010 (Dangerous Creatures, 
The Courier, Feb. 28, 2010). 

Right up to his passing, Ernie remained active locally as 
one of the organizers of a biennial herpetology conference 
held south of Houma at LUMCON (the Louisiana Universities 
Marine Consortium) in November. Before each meeting, Ernie 
preferred to visit LUMCON, rather than just email or telephone, 
where he would work with the staff to organize the confer-
ence details; after the meeting, he would take a gift to the staff 
members to indicate his appreciation for their friendliness and 
help. Ernie also took responsibility for updating the conference 
mailing list; he always managed to know when herpetologists 
moved into or out of Louisiana--including many of the students 
throughout the state. For many of the meetings, he cooked a 
fantastic seafood gumbo for the Saturday night meal. At every 
conference, he would give each attendee a “ditty bag” of items 
such as promotional materials about Houma and south Loui-
siana, and the Mardi Gras beads and cups that many people 
fondly remember receiving from him at that meeting and oth-
ers. After each meeting, he would welcome the attendees to 
visit his house on the way home, where he would share stories, 
reprints, and occasionally some books from his impressive li-
brary. As always, Ernie was fond of sharing items and ideas, and 
of meeting and renewing friendships with students and more 
senior herpetologists. 

OBITUARIES

BRIAN I. CROTHER
Department of Biological Sciences, Southeastern Louisiana University
Hammond, Louisiana 70402, USA
e-mail: bcrother@selu.edu
BRAD MOON
Department of Biology, University of Louisiana at Lafayette
Lafayette, Louisiana 70504-2451, USA
e-mail: Brad.Moon@louisiana.edu
ROBERT A. THOMAS
Center for Environmental Communication, Loyola University Box 199
New Orleans, Louisiana 70118-6195, USA
e-mail: rathomas@loyno.edu

FiG. 1. Ernie is trying out recipes for alligator stew at his home. Sep-
tember 1985. Photo courtesy of Terrebonne	Magazine.
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To detail these parts of Ernie’s life would require essentially 
copying an excellent biography written by Joseph Mitchell in 
2006 as part of the Historical Perspectives series in Copeia. We 
refer all readers to that work for learning about the details of 
Ernie’s life, from catching a copperhead as a Cub Scout to his 
various professional activities and passions. Because Mitchell 
(2006) is so complete, we decided instead to fill in the lines be-
tween his many accomplishments with remembrances of Er-
nie from some of his colleagues and from his own stories of his 
collecting trips in Mexico. From 1991 to 1996, Ernie published 
nine essays (50 pages) of his collecting trips to Mexico, span-
ning 1951 –1964. These were published in the newsletter of the 
Louisiana Gulf Coast Herpetological Society. They are a trea-
sure. Think about the Ernie you knew as you enjoy the excerpts 
from his collecting trips in Mexico and a few of the memories 
from his colleagues. 

“As I sit on my porch to write this segment of my Mexican adven-
tures I am distracted watching the antics of a pair of Carolina Wrens, 
Thryothorus ludovicianus, which have a nest above my head with five 
young hatched 2 and 3 days ago. The parents keep coming and go-
ing to get food for the young. They flit around the shrubbery and my 
Ginko tree, Ginkgo biloba, getting ever closer before they enter the 
nest. While they are fulfilling their household duties 2 Green Anoles, 
Anolis	carolinensis, are displaying their dewlaps in the Ginko Tree near 
me, and Boat-tailed Grackles, Cassidix major, are on the ground and in 
my American Elm, Ulmus americanus. An idyllic way to write.” —Liner, 
1995, Mexico 1962.

“When I heard all this [the imminent passing of Ernie] on 
Monday, I wanted to reach out to his other family—his herpe-
tology friends. I knew how important the herpetology world 
was to him and all the people that he had met along the way. 
I honestly can say, I didn’t really know how important that he 
was to all of you. I knew that he was pretty important (after all 
not many people get a reptile named after them), but I did not 
know how important he was. I had a suspicion that he was more 
important than I knew. This was proven true via all the emails 
I received that I passed on to my mom to tell Ernie.” —Derek 
Prosperie, great nephew, in reaction to the impromptu listserve 
that developed as news of Ernie’s imminent passing spread.

“In the morning I again ventured out on this lovely road to Linares. 
At 24 miles west of Linares near San Jose de Iturbide I spotted an AOR 
black-tailed rattlesnake, Crotalus molossus nigrescens. It was a beauty 
and I figured my luck had taken a turn for the better. However, shortly 
after this my luck really turned bad. Just after leaving Santa Rosa Can-
yon (and the uneven rock road bed) I started hearing funny noises from 
my car. I looked under it and found oil leaking out. I had put a hole in 
the crankcase. What lousy luck. The closest place for repairs was Lin-
ares about 20 miles east. I decided to ride it in. Six miles west of Linares 
I spotted a DOR Masticophis taeniatus ruthveni in very good condition, 
so I collected it. After all, specimens were hard to come by and I could 
not let a little trifle like a hole in the crankcase keep me from adding 
another specimen to the collection. Upon getting near to Linares I be-
lieve everybody in town heard me coming. The car was really making 
loud noises, but it was still rolling. The mechanic shook his head. I really 

began to worry. He repaired the crankcase. Then he had to do a ring job 
on the valves. Next he found parts in his junkyard to repair the drive 
shaft. He worked from mid-afternoon until close to midnight before it 
was almost good as new. I spent the rest of the night in the car in his 
shop yard. At least my mind was more at ease. When it comes to fixing 
anything mechanical, especially cars, the only thing I know is how to 

find someone else to do it.” —Liner 1991, Mexico 1951.

“Thank you for your call early this morning and for sending 
out this very warm and touching tribute to your Uncle Paran. 
He was truly a unique individual and we will not see his likes 
again. It was a privilege to have known him and to be his friend. 
I know he had hundreds of herpetological friends around the 
world who will mourn his passing, but at the same time we 
will reflect on all the joy and pleasure he brought into our lives. 
“Ernie Stories” abound in the herpetological world and will be 
passed by word of mouth for many years to come to the young-
er generations. I will miss my nearly monthly chats with him, 
just talking about what’s going on in the herpetological world. 
Ernie never had any hidden agenda. He liked everybody and let 
them know it. This generosity of spirit was therefore returned to 
him by all of us. In many ways, he was our Uncle Paran, too, our 
godfather who was looking after all of us in his kindly, generous 
ways.” —Kraig	Adler,	in	an	email	to	Derek	Prosperie

“At 3 miles south of Cortulla and Dilley, DOR Crotalus atrox were 
collected. These were just placed on the floor of the passenger side of 
the car until a roadside park showed up where I could pickle them. 
While driving along I felt something crawl across my feet. I looked 
down to see a rattlesnake crawling across them. Needless to say I al-
most had a heart attack. I very [slowly] slowed the car down and by the 
time I was able to stop the snake had moved back over to the other side 
of the car. I got my rake, moved out of the car to the other side, pinned it 
and sacked it. Apparently the snake had just been stunned with injuries 
because it died in the sack. This could have been serious due to a bit of 
carelessness on my part. Needless to say, I never made this particular 

mistake again.” —Liner, 1991a, Mexico 1951.

FiG. 2. Chili cook-off at SSAR-HL Meeting, Veracruz, Mexico, August 
1987. Sherman Minton gets a sample of Ernie’s chili while David 
Hillis and Mike Ryan (among many others) wait their turn. Photo 
by Kraig Adler.
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“I first met Ernie at JMIH 2005 in Tampa while he was sign-
ing copies of his book (The	Culinary	Herpetologist). Dave [Sev-
er] introduced me. I didn’t see him again until LUMCON [the 
Louisiana herpetology meeting] 2007.  He was taking down 
names for registration. I was quite surprised that he called 
me by my first name when I reached the front of the line for 
registration. My own grandparents don’t even recognize me, 
let alone know my name, yet Ernie remembered me from one 
meeting two years previous. He was amazingly sharp, and ob-
viously that carried over to his herpetological work.” —Dustin 
Siegel, graduate student

“Whenever I think of Ernie, I think of the herp meetings in 
Lawrence KS in the 70’s…Ernie had the most amazing footlock-
er! Some others may remember it as well; he was definitely one 
of the best at meeting preparation among all of us. He will be 
missed. Still have his cook book, too.” —Bob Drewes

“I first met Ernie about 25 years ago and have been lucky 
enough to visit him many times in Houma. I can safely say 
that Ernie was the kindest, most considerate person I have 
ever known. On several occasions I took vanloads of students 

from Pennsylvania down to 
Houma to visit Ernie and 
sample his hospitality and 
fine cooking. Somehow, de-
spite there being no room 
for anything more in his 
home, Ernie always man-
aged to find a place to fit us 
all in and wouldn’t think of 
having us stay at a motel. On 
one trip I brought Wolfgang 
Boehme from Germany 
on his first and only trip to 
America. The visit to Ernie’s 
place was a highlight and 
Wolfgang wrote about it in 
summary of his trip that he 
published after his return.

Like many people, I re-
ceived a King Cake from Er-
nie every Mardis Gras. How-
ever, most of the mail that 
arrived at my house from 
Ernie was not addressed to 
me. Once Ernie learned that 

my wife Monica’s family was from Louisiana she regularly re-
ceived care packages of food, including jambalaya and beig-
nets, and once red boudin, which he brought to a herp meeting 
in a cooler for me to bring home. After visiting our house and 
seeing that Monica collected antique glass insulators, boxes 
of insulators started showing up periodically too. I don’t know 
how many people were recipients of Ernie’s generosity, but it 
must have been hundreds. Ernie loved herping and he loved 

cooking, but most of all he loved people. His passing marks not 
only the loss of a dear friend but the end of an era, as he was 
among the last of the great ‘amateurs’ who, in his spare time, 
made contributions to herpetology that rivaled those of any 
‘professional.’” —Aaron	M.	Bauer

“After collecting Crystal Cave we went to another cave which had a 
large population of vampire bats and some frogs. While collecting frogs 
from the roof, I was clinging on to the sides of the cave on sky hooks and 
whatever grips I could find. I must have been about eight to ten feet up 
when I reached out for a frog on a stalactite and it broke. Down I came. 
It seemed like an eternity before I hit bottom. I landed on the back of 
my head in a big pile of bat…guano. Fortunately I had on an old straw 
hat. I had bruises all over, hurt all over, and had a hole in my right shin. 
I was covered with old and new bat guano and vampire bats were flying 
all over. I stunk. In my field notes I commented that I would probably 
have a scar on my leg for the rest of my life. I do, but it also took six 

months to heal thoroughly.” —Liner, 1991b, Mexico 1952.

“Just got in from the Rio Negro to hear the dismal news of 
the passing of Uncle Ernie, as he was known to us youngsters at 
the herp meetings, I never had the opportunity to be in the field 
with Ernie, but he relived his field experiences with Fred Cagle, 
Chaney, and others with such vivid detail and enthusiasm at 
the meetings that you went away thinking you had been there 
too. I met Ernie in 1972 at the SSAR meeting in Albuquerque, 
his stories of Mexico may have helped wet my interest to spend 
over 25 years collecting in Mexico as well. He will stay alive with 
me forever.” —Dick Vogt

“I met Ernie in the herp range at the University of South-
western Louisiana (now the University of Louisiana Lafayette) 
in 1964. As all the testimonials attest, Ernie never met a stranger 
and conversation was always easy. Ernie sent me his papers, 
and either accompanied me or gave explicit directions to all the 
local collecting sites on which he published, such as the almost 
mythical (to me) Bayou Tortue.

It has been adequately said that Ernie was nurturing. He 
was certainly an inspiration to this 18-year old budding herpe-
tologist.

Fast forward to my last visit with Ernie. He had fallen in his 
driveway, hit his head, and landed in intensive care at East Jef-
ferson Hospital near my home. True to form, he complained 
about the work he should be doing. The next time I entered his 
room, Ernie was propped up with a tablet and copies of Lemos-
Espinal and Smith’s Anfibios	y	Reptiles	del	Estado	de	Coahuila,	
Mexico and the same for Chihuahua on the bed. Ernie was writ-
ing reviews of these massive books, and his comments on the 
content of the texts ended with his regaling me with more sto-
ries of his exploits in his beloved Nuevo Leon, Mexico. 

A few excited phone calls about news of fellow herpetolo-
gists later, the phone rang and I was told Ernie was gone. Al-
though I didn’t spend enough time with him during our 46-year 
friendship (there is never enough time with Ernie), the fact that 
he was nearby—and active—was comforting. Now there is a 
void.” —Robert	Thomas

FiG. 3. Ernie Liner on a field trip during 
the 1998 JMIH in Seattle. The expression 
on his face pretty much sums up Ernie’s 
outlook—life was pretty good. Armed 
with snake hook and camera, of course 
he is collecting plants to take back home! 
Photo by Robert Hansen.
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“After negotiating and sightseeing through Monterrey, I stopped at 
Horsetail Falls, 25 miles south of Monterrey for collecting and sight-
seeing. Collecting was lousy: I only collected 1 Rana pipiens and saw 
1 Cnemidophorus gularis. No way to collect the lizard because at the 
time I was riding a burro. For some reason I could not make the beast 
understand English, and besides, it had a mind of its own. I decided 
then that I was not meant to ride burros and never have since.” —Liner 

1991a, Mexico 1951.

“On this sad day, hello to all. I am greatly saddened to hear 
of Ernie’s passing. I am sure that some of you know that I met 
Ernie while I was a grad student at LSU sometime back in the 
Pleistocene. It was Ernie who, in fact, introduced me to the 
world ‘south of the border.’ He invited me to go with him to his 
beloved Mexico. That trip took us from one end of the country 
to	the	other.	Quite	a	few	states	in	Mexico	went	on	my	‘life	list’	
on that trip. There was even a paper that came out of it. 

Ernie was one of those people in our field of herpetology 
that help to keep it grounded in what is important to all of us...
our animals...that is, the whole animal in its habitat that we are 
privileged to see if we wish to join them where they live. This is 
what Ernie did for me on that first trip to Mexico all those many 
years ago (now amounting to about 45 of them) and I will be 
forever grateful to him for offering me that experience.

 Ernie was a unique presence in herpetology who gathered 
friends far and wide in our field. With my sincere condolences 
to all those who knew, appreciated, and loved Ernie Liner. It will 
be a long while until we see the likes of him again, if ever.” —
Larry D. Wilson

“While we were admiring our catch a rabbit hunter came by carry-
ing an old blunderbuss. He saw our .22 pistols and became interested. 
We were using rat shot and we showed him our shells. He had us shoot 
at an Opuntia (cactus) leaf to see our pattern. We did so and he was not 
too impressed. He then loaded his piece by placing powder, and pack-
ing it with some dried cow dung, placing some shot, and then more 
dung. He fired at the leaf and blew it all apart. Both of us commented 
that we would not want to eat the rabbits that he brought home.” —

Liner 1996, Mexico 1964.

“I met Ernie during my four years at what was then USL, in 
Lafayette. He was nearly always on the road for the drug com-
pany he worked for as his ‘real job.’ But he did stop by a couple 
of times. Usually I would see him at meetings though, like ev-
eryone else. As Dick Vogt noted, his enthusiasm for collecting 
was unmatched. Whenever we did have a chance to visit, the 
conversation was always about herping in Mexico, not about 
Louisiana. At one meeting I told him about collecting several 
populations of Hyla [=Tlalocohyla] smithi and Hyla [=Tlaloco-
hyla] picta, on opposite sides of Mexico, and that I was analyz-
ing the calls and would probably do a paper on them. The next 
week I received his entire collection of those species in the mail, 
for me to use in that study—he was also very generous. Since I 
left Louisiana for Arizona, we lost touch, but I will always cher-
ish my memories of that man. He made meaningful contribu-
tions to herpetology, and brought joy to most anyone in his 

presence. I will certainly miss him, like the rest of you.” —Jack 
Fouquette

“As is typical of collecting in Mexico (especially near villages) you 
soon pick up a retinue of followers, not always children. They were re-
ally excited when I just grabbed the coachwhips by hand and got bitten, 
as usual with them. I had an enjoyable day and pleasant dinner with the 
people of the village…as well as getting a nice assortment of herps from 

a remote area.” —Liner 1992a, Mexico 1954.

“Some of my fondest memories of the joint meetings are the 
time I was able to spend with Ernie. Very often, I seemed to ser-
endipitously come upon him at the airport on the way there (he 
usually looked like he was lost) and also have the opportunity 
to share a taxi ride on the return trip. I can’t even put into words 
the pleasure those times brought me—and just when you were 
positive that he was the prototypical absentminded professor, 
he said something so astounding that it brought you back with 
a jolt. When we had differing opinions on details (and I was al-
ways wrong), he never argued, just smiled—reminiscent of the 
Grinch. 

 The incredible amount of knowledge I brought away from 
these encounters will always stay with me. I have always been 
amazed at his insightful approach, attention to detail, and 
sheer depth of knowledge, to say nothing of his dogged persis-
tence and determination to complete seemingly insurmount-
able projects. He got that glow about him when he discussed his 
bibliographies and new projects. When he inscribed my copy of 
his first cookbook, I remember him telling me that there would 
be a second, even larger and better edition. It didn’t seem like 
that would ever come to pass—who knew. But I’m very glad it 
did. I especially enjoyed our discussions about cooking and old 
dusty herp books. 

 He always had a ready smile, an amazing positive attitude, 
and never a harsh word for or about anyone. And I’m quite 

FiG. 4. Hooding ceremony, 8 August 1998. Ernie receives honorary Doctor-
ate from the University of Colorado. Marine honor guard provided because 
of Ernie’s WWII service in the Marines, Pacific Theater. Photo courtesy of 
University of Colorado.



Herpetological Review 42(1), 2011

FiG. 5. Ernie with his big new book, Comprehensive Literature of the 
Reptilia, February 2010. Photo courtesy of The	 Courier, Houma, 
Louisiana.
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sure that I never heard ill spoken of him. But that is just the 
kind of person he was. And you knew he was about to say 
something of great import when he preceded it with that Ernie 
grin. Both editions of his cookbooks sit at the entrance to my 
library separate from my other books and always will. Where 
else could you put them? They fit into no other classification 
or convenient niche—just like Ernie. I was honored to call him 
my friend and like so many others, will miss him immensely.” 
—Chuck Schaffer

“At this location I received a great fright. While moving around trying 
to find more lizards I became aware of what I considered to be a mess 
of rattlers. They seemed to be all around me but I couldn’t spot a single 
one. After awhile it dawned on me (I’m pretty dense sometimes) what 
was making the rattling sounds. It was locusts (grasshoppers) moving 
around in the dry vegetation and giving the impression of rattling 

sounds. For a while I was scared to move.” —Liner 1992b, Mexico 1958

“I met Ernie shortly after arriving at LSU as a graduate student 
in 1966. A bunch of us were invited to one of Ernie’s parties in 
Houma. The variety and amount of food was amazing, not to 
mention the iced beer. One of the memorable things in visiting 
Ernie was roaming his house looking at his books, journals, and 
various art works. However, the best was being in the company 
of an intelligent and always friendly person. Although I have 
not seen him often in recent years I will miss him.” —Ken L. 
Williams

“I can hardly see through my tears to write this. I had read on 
a US Marine Corps web page something about the book Flags	
of	Our	Fathers written by James Brady and published in 2000. 
It covers in great detail the lives of the five Marines who raised 
the American flag on Iwo Jima in 1945. I had a copy on my shelf 
so I read the first part and then later, well into the night, got 
to reading to the end of the book. I don’t usually do that but 
got caught up in reading a passage near the end and kept on 
going. Once I finished, I closed the book, feeling sadness over 
what happened to those boys and how it all affected their lives 
afterwards; those who were not killed on Iwo that is. I leafed 
through it and found a signature on the Library of Congress 
page – Ernest	A.	Liner. I could not believe it. I burst into tears 
and cried for a long time. Ernie was there. There in the book. 
There on Iwo Jima when the flag was raised. That immortal 
shot by Joe Rosenthal of the flag raising that captured American 
hearts and imagination, the photo that captured the essence of 
the US Marine Corps, that icon of the Marines. Ernie was there. 
He saw that flag fluttering in the South Pacific wind. Ernie 
died a few weeks ago. He did his duty on Iwo like everyone 
else. As a trained demolitions expert, he killed the enemy with 
satchel bombs by crawling to the top of concrete machine gun 
pill boxes and heaving the satchels inside through the small 
openings over the edge below. He was wounded there, but he 
came back alive and healed. He healed so well that, unlike most 
other men, he did not have nightmares about the ordeal and 
experience. I interviewed him about his life as a herpetologist 
for the Historical Perspectives section in Copeia and included a 
paragraph on his contributions as a combat Marine. I described 
his actions on Iwo Jima and how he was wounded. I felt great 
sadness upon learning of his death. But I never cried, at least 
until now. I clutched the book, ran my fingers gently over the 
signature and cried hard. Ernie was a Marine, a fellow Marine, 
a brother warrior Marine. How could I not cry over losing him, 
over the loss of yet another Iwo Jima Marine to time and history? 
Ernie was a hero in my book and a hero by any definition. He 
loved life, loved herpetology, loved Cajun cooking, and loved 
people. All of my colleagues who knew him respected and 
loved him for the kind of person he was, in part a herpetologist 
who made substantial contributions to that field. I loved him 
for being a fellow Marine. We shared a common bond, the 
bond forged by being a part of a brotherhood within a highly 
respected organization. We both paid the same dues to become 
part of that organization. We shared the common history of all 
the Marines that came before and those who will come after. 
We were connected in ways most will never understand. I miss 
Ernie. I want to talk to him more about his Marine Corps and 
war experiences. Unfortunately, that will never be. I can only 
cherish the memories I have of my brief times with him at 
meetings, of my interview with him for the article in Copeia 
that covered three days in his home in Houma, Louisiana, and 
of his thoughtfulness and kindness to others, myself included. 
I do not know where I got that copy of Brady’s book. I still 
cannot remember getting it from Ernie, tho’ I am sure I did. But 
there, on that page, was his signature. How did I come to get 
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this, I pondered? It haunted me as if it was somehow destined 
for me to find out this way, after reading the end of the book. 
And then I saw an odd piece of paper sticking out from inside 
the back cover. I turned to the back and found a white circular 
paper. Turning it over I saw the following words on the sticker: 
“RCA, Registered Coonass, ‘Ain’t Worried bout Nothin’ ” with a 
raccoon on the front. Well, it was Ernie’s Cajun way of telling 
me to lighten up, to stop being mournful. Life goes on, as did 
his after Iwo Jima. He did his time. Now it is time for me to get 
on with what is left of mine. Thanks, Ernie. Semper fi. Always.” 
—Joseph C. Mitchell

“At 0.6 mi. NW Guasave, I stopped at a pond alongside the highway 
which had a turtle swimming in it. I collected a few tadpoles, and saw 
an algae in it that I believed to be Elodea. Started in after the turtle 
with a dip net and a rake. I soon realized my mistake, as I began to sink 
rapidly in a quicksand-like substance. I anchored my tools into the 
solid ground and used them as leverage to pull myself out, losing my 
shoes in the effort. It was a frightening experience, but after replacing 
my shoes, I again headed north, though by then I lost all interest in the 

turtle!” —Liner 1993, Mexico 1960.

“I too share the warm feelings and sentiments expressed in 
all the emails I’ve seen. Ernie was a true prince. We first met 
in 1972 when Ray Ashton and I were on a toad collecting trip 
to supply Shelly Guttman with specimens for his systematics 
studies. Ernie had never met us before, but we were as warmly 
received into his home as if we were long time friends. 

After a splendid meal of shrimp and crawfish boil, he of-
fered to show us some local collecting areas. I offered my Dodge 
Power Wagon as transport—the go-[almost]anywhere vehicle 
of the trip. ‘Naw... Let’s take my company car.’ So we piled into 
this plush Buick, me thinking we’d collect off some paved road. 
HAH! Ernie skillfully piloted that land-yacht out of town, OFF 
the road, and through sand, mud, and standing water that I’d 
have hesitated to drive the Dodge into! But Ernie of course 
knew the terrain and how deep the gunk was, so we just pushed 
on in to his spots and collected!

Well, afterward of course we were, ummmmm..., a MESS. 
But Ernie just said to pile in (we did set down some towels) and 
back through the goo we went to his house where there were 
more crawfish and shrimp to eat up, washed down as before 
with an appropriate libation.

Over the years since, we met at meetings and always spent 
time just yakking about all manner of things. And of course I 
have his cookbook! Not long ago, he mailed me a copy of a Hou-
ma magazine that had done a very nice profile article about 
him. I emailed him to thank him, assuming he got the email 
(Ernie never replied via email, but whenever I emailed asking 
for this-that info, it always arrived so I’m sure he read email).

Fond memories of a truly wonderful man. I’m having 
trouble typing through increasingly misty eyes, so I’ll stop af-
ter saying to Derek and the other family that it’s obvious Ernie 
touched so very MANY lives in diverse positive ways. Peace and 
good memories.” —George Pisani

“Upon arriving near Galeana I saw Mexican vaqueros (cowboys) 
riding horses into the town. It seems they were going to a dance this 
Sunday night. I stopped at a local store in town near the plaza which 
had a lot of people milling around. I became an attraction and was told 
that cars could not make the trip—only busses and trucks. New ones 
became old very quickly. I was warned by the locals that since I was 
camping out I must be on the look out for banditos. They still had them 
around.

I made camp off of the road to the west of town for the night. Around 
eleven that night I suddenly had my camp surrounded by the vaqueros 
I saw earlier. They insisted that instead of my staying at my camp I must 
come to their rancho (which I now believe to be Rancho de la Mon-
tana). Upon arriving at the rancho one of the guys disappeared into a 
building emerging with a case of cerveza (beer). I was expected to pay 
for it, which I did. After we drank the beer we went to a tanque (pond) to 
look for sapos (toads) and ranas (frogs). We didn’t find any so they went 
to bed and I slept in my car. The next morning they brought me fresh 
milk and cookies for breakfast. A little later in the morning they started 
chasing lizards for me on horseback. It was really hilarious watching 
them try to catch them. They did succeed in collecting 5 specimens of 
Sceloporus parvus parvus. After fooling around with them most of the 
day, and not collecting much, I decided to leave them to head back to 
Linares. After finding my way back to Galeana I again camped out just 
west of town, but this time I had no nocturnal visitors to interfere with 

my sleep.”—Liner, 1991a, Mexico 1951

“As one ages one of the saddest things is the increasing loss 
of friends. No loss to me has been sadder than that of Ernie 
Liner.

I first met Ernie in the 1960s when he led a field trip at a herp 
meeting in New Orleans. He took us to an incredible spot where 
the bus load got a huge number of herps, mostly some fine 
snakes. One of my students needed copperheads, under one 
sheet of roofing tin we got four.

My greatest respect for Ernie was his empathy and kind-
ness shown me and my family over the years, having little to 
do with herpetology. When one of my sons died, I was in deep 
depression. Ernie invited me to come visit him. With a geologist 
friend we drove through a severe ice storm to Houma, where 
Ernie’s kindness was a big help. It was on this visit that he took 
us through the Mississippi delta—Chauvin, Boudreaux, Dulac, 
Cocodrie, etc. Of course, he fed us well!

When my granddaughter was five and after her father died, 
we had to go through a lot to get her out of a dangerous envi-
ronment and become her legal guardians. When Ernie heard of 
this, here came an ‘Ernie care package’ full of very appropriate 
items for a five year old. He later sent her dozens of Mardi Gras 
beads and trinkets, which she still cherishes. Similarly, several 
times Ernie sent my wife care packages with spices and food 
items available only in Louisiana.

 Several trips with Ernie were also memorable. In the 1980s 
he drove to the herp meetings in San Francisco, collecting along 
the way, including some rattlers. He drove us and Meg Stewart 
and her spouse to Point Reyes and surrounding areas, along 
with the menagerie he had assembled in his Dodge Ram. He 
and I drove from Norman to a SWAN meeting in Kansas, bird-
ing along the way at the Great Salt Plains, Cheyenne Bottoms, 
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and other refuges where we saw huge flocks of migrating sand 
hill cranes, white pelicans, and numerous shore birds.

Ernie shared his many joys with me (as he apparently did 
with his many other friends), especially his honorary doctor-
ate from Colorado. After he was selected to receive the research 
award from SWAN a few years ago, I had the privilege of calling 
him to give him the news. I could hear the tears of joy and hu-
mility in his voice. He was truly a humble man.” —Vic Hutchison

“I pulled into El Naranja into a small hotel along the Rio El Salto. I 
was one beat gringo not having been to sleep in two days but before re-
tiring collected 8 Gulf Coast toads, Bufo valliceps, and 2 common Mexi-
can treefrogs on the highway and along side it at the river.

With the roar of the river singing a lullaby I had a good, sound sleep. 
Upon arising in the morning and while I was in the bathroom I found 
my first herp of the day. Under the lip of the toilet bowl a veined tree-
frog, Phrynohyas venulosa [=Trachycephalus	 venulosus], was collect-
ed.” —Liner 1994, Mexico 1961

“I knew Ernie a bit from the SSAR meetings, but after I moved 
to Louisiana in 1991, I had the pleasure of really getting to know 
him. We spent time on the phone and at the biannual Louisiana 
herpetology meeting down in Cocodrie, talking about this and 
that in herpetology, but that’s not how I really got to know him. 
Ernie had a habit of just getting into his car and visiting unan-
nounced. It was always a great pleasure to see him so I would 
drop everything and do work if we needed but invariably we 
would go eat, usually with herp grad students in tow, and all 
the while talking about herpetology. As he got more involved in 
the second edition of his Standard Spanish and English names 
list of Mexican reptiles and amphibians, we spent more and 
more time talking about names. We did not always agree, but 
that was fine with both of us and the differences are evident 
in his publication (Liner and Casas-Andreu 2008). The amaz-
ing thing about these visits, was that sometimes I would be in 
class or in a meeting so Ernie would just find a bench near my 
office and sit. He always had something to read, but I know that 
sometimes he sat for over an hour! I always felt bad about him 
waiting around, but Ernie would have none of that and give his 
broad smile accompanied by an offhand comment saying he 
was perfectly content. I finally got to give all those visits back to 
Ernie. Just before he passed I (along with Cliff Fontenot) raced 
down to Houma to see him in the hospital. He could not speak 
much, but at the end of the visit I said I would see him at Coc-
odrie in November and very audibly he said, ‘I hope so.’ Ernie, 
thanks for everything.”—Brian Crother

“This ad hoc list-serve has brought to attention stories of 
kindness and generosity stemming from Ernie that are beyond 
comparison. I knew he was a nice guy, but I was unaware of 
the depth of his devotion to giving and support.....truly hum-
bling to read of this great person. I will say that I never knew 
Ernie particularly closely, so these stories we’ve been relating 
are especially eye-opening. I met him first soon upon arriving 

at my first-ever annual Herp Meeting (hosted by Tulane, in 1990 
I believe). I was a first-year Master’s student, I was nervous, and 
I was awed to see names I knew from the literature and speci-
men tags on name tags! Ernie spotted me early in the confer-
ence, introduced himself, and made me feel extraordinarily 
welcome and at ease through the entire week; he checked up 
on me at least once every day. Ever since, at every conference, 
he would always make a point of asking me something friendly 
and implicitly supportive like “Hi Joe, are you still chasing those 
valliceps toads?” That meant a lot to me, to simply be recog-
nized and remembered from year to year at the meetings.”—Jo-
seph Mendelson

“I can simply say that my coonass friend Ernie, like only a 
chosen few, was one of those special guys who should be al-
lowed to live forever.” —Charlie Painter

“As all good things must come to an end, I then had to go home….”
—Liner 1993, Mexico 1960
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“The	Chinese	have	an	 idea	 that	 the	Alligator	 is	wonderfully	
tenacious	of	life.	The	Canton	annals	say	that	the	head	can	be	cut	
and dried, before the animal dies, the muzzle can be broken into 
pieces and all the teeth pulled out and it still lives.”

—Albert-Auguste Fauvel, Alligators	in	China:	Their	History,	
Description and Identification, 1879:12

Chinese Alligators (Alligator	 sinensis) have been an inte-
gral part of zoo collections for many decades because they are 
hardy in captivity and not subjected to the assaults described 
above by Fauvel. One lived at the Bronx Zoo (Wildlife Conser-
vation Society) in New York for over 46 years (Snider and Bowl-
er1992). In an early account, Lederer (1941) described care of 
the Chinese alligator at the Frankfurt Zoo. There is an interest-
ing photograph of a London Zoo keeper holding a tame alli-
gator in the book Marvels of Animal Life by W. S. Berridge in 
1926. Müller (1970) mentioned reproduction at the Leipzig Zoo. 
Behler (1977) described the excellent propagation program for 
Chinese alligators which involved a number of zoos and the 
Rockefeller Wildlife Refuge in Grand Chenier, Louisiana where 
the alligators were maintained in a semi-captive environment. 
For example, a pair was acquired by the Smithsonian National 
Zoological Park in 1937 and the female never reproduced for 
forty-three years until transferred to the Refuge when 8 young 
hatched there from 21 eggs. Behler et al. (1982) and Brazaitis and 
Joanen (1984) documented the status of the species and propa-
gation in captivity. Davenport (1982) discussed reproduction 
and aging and Watanabe (1986) felt hopeful about its future.

     Although there are thousands in captive breeding facilities, 
fewer than 300 individuals exist in the wild. This taxon is con-
sidered to be the most endangered crocodilian in the world. The 
late John Thorbjarnarson from the Wildlife Conservation Society 
in New York and Xiaoming Wang from East China Normal Uni-
versity have published a book with up-to-date information on 
this imperiled crocodilian (2010, The Chinese Alligator: Ecology, 
Behavior, Conservation, and Culture, Johns Hopkins University 
Press, Baltimore, Maryland; ISBN-13:978-0-8018-9348-3; 10:0-
8018-9348-8; 265 pp.). In their book, the authors cover many 
topics: crocodilians of the world, ecology and behavior, habitat 
and population status, and its future.
 There are captive management plans in place by the Asso-
ciation of Zoos and Aquariums (AZA) in the United States, The 
World Association of Zoos and Aquariums (WAZA), and the 
European Association of Zoos and Aquariums (EAZA) which 
include population analysis, studbooks and recommendations 
on breeding and transfers to prevent inbreeding depression. 

Snakes in Trees

For twenty years, Richard A. Sajdak was Curator of Herpe-
tology at the Milwaukee County Zoo in Wisconsin until retire-
ment. He has a fascination with arboreal snakes and has written 
an interesting book about them. In fact, virtually everything yo-
would ever want to know about tree-dwelling serpents is con-
tained in this book. The title is Hunters	in	the	Trees.	A	Natural	
History	of	Arboreal	Snakes	(2010, Krieger Publishing Company, 
Malabar, Florida, ISBN-13:978-1-57524-303-0; 10:1-57524-303-
2). Sajdak coordinated an admirable research program at the 
Zoo, publishing over 40 articles and book chapters. Selected Sa-
jdak publications and descriptions of the Zoo’s herpetological 
history are listed below:

hisToriCAl oVerVieW

CArd, W., And J. B. MurPhy. 2000. Lineages and histories of zoo herpe-
tologists in the United States. Herpetol. Circ. 27:1–45. [portrait of 
Richard Sajdak]

sPeidel, G. 1969. Aquarium and reptile building at Milwaukee Zoo. Inter. 
Zoo Yearb. 9:71–72.

zuCConi, d. 1967. Impressive new aquarium and reptile building for 
Milwaukee County Zoological Park. Herpetol. Rev. 1(1):9.

zuCConi, d. G. 1968. Reptile & amphibian exhibits in the Milwaukee 
Zoo’s new Reptile/ Aquarium Building. Bull. Philadelphia Herpetol. 
Soc. 16:21–30. [Contribution was the last on reptile buildings in the 
United States. Photographs of the building, public areas, rear sec-
tion, a very young David Zucconi, who was Sajdak’s curatorial prede-
cessor and a few alligators were included.]

ConserVATion

sAJdAk, r. A. 2001. Patriarchs of the bluffs. Fauna May/June:8–21. [de-
scription of long-term monitoring study on Timber Rattlesnakes in 
Wisconsin]

ZOO VIEW

in 1879, Albert-Auguste Fauvel published the first scientific description 
of the Chinese Alligator (Alligator sinensis) in Alligators in China: Their 
History, Description and Identification. Shown here are plates from his 
original monograph. It is a pre-print of an article published in the 1879 
volume of the Journal of the North-China Branch of the Royal Asiatic 
Society. Credit: courtesy of Tim Perry and Kraig Adler.
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in 1980].
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Lesser Antilles. Oryx 25:33–38.
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Important Article for Zoo Ecologists

sillero, n., And P. TArroso. 2010. Free GIS for herpetologists: free data 
sources on Internet and comparison analysis of proprietary and 
free/open source software. Acta Herpetologica 5(1): 63–85.

Box(ed) Turtles

 Dave Fogel provided this cardboard shipping box used to 
send baby painted Red-Eared Sliders through the mail. It was 

used ca. the late 1950s or early 1960s. Imagine the trauma, de-
hydration and temperature variation encountered by these en-
tombed chelonians. 

Hopelessness

In recent years we have noticed a worrisome trend among 
our colleagues in conservation biology: a continuing culture 
of despair. This culture manifests particularly in conference 
presentations, most recently at the 2009 annual conference of 
the Society for Conservation Biology in Beijing. Many young, 
emerging conservation biologists could be heard questioning, 
“Where’s the hope?” and expressing despair at the gloominess 
of many presentations and discussions.

“The Culture of Conservation Biologists: Show Me the Hope!” by 
Ronald R. Swaisgood and James K. Sheppard

—BioScience September 2010 / Vol. 60 No. 8:626–630.

Ronald R. Swaisgood <rswaisgood@sandiegozoo.org> is the director 
of the Applied Animal Ecology Division, and James K. Sheppard <jshep-
pard@sandiegozoo.org> is a postdoctoral fellow at the San Diego Zoo’s 
Institute for Conservation Research.

Shifting Baselines for Herpetologists

 Virtually all of the papers I read about amphibian decline 
are impersonal and this is appropriate because these are tech-
nical papers. Joe Mendelson’s essay that follows is unique be-
cause it tells the reader what it FEELS like to watch the loss of 
amphibians and how this event changed his life. I sent this es-
say out for review and got back some interesting reminiscences 
and thoughts; I will share some of them in my next column.

 

There are beautiful plates in Alfred E. 
Brehm’s Les Merveilles de la Nature. Les 
Reptiles et les Batraciens (Librairie J.-B. 
Baillière et Fils, Paris, 1883). Brehm was 
Director of the Hamburg Zoo in Ger-
many from 1863 onward and founder of 
the Aquarium Unter den Linden (Ber-
lin’s main street) in 1869. This Long-
Nosed Tree Snake (Ahaetulla	nasuta) is 
found throughout India, Sri Lanka, Bur-
ma, Thailand, Cambodia, and Vietnam.

CArdBoArd shipping box used to send baby turtles through the mail. 
“Neither snow, nor rain, nor heat, nor gloom of night stays these couri-
ers from the swift completion of their appointed rounds “— unofficial 
motto of United States Postal Service.

 JAMES B. MURPHY, Section Editor
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My initial foray in tropical herpetology yielded less than 
spectacular results. In 1989, I was a new graduate student at 
the University of Texas at Arlington, where my mentors, J. A. 
Campbell and E. D. Brodie Jr., arranged for me to spend a field 
season in Guatemala. My task was to make collections on the 
wet northern slope of the Sierra de las Minas, based out of Fin-
ca Pueblo Viejo, a coffee/cardamom/rubber plantation at the 
edge of the Polochic Valley in Alta Verapaz (Mendelson 1990). 
This region of the sierra had never been surveyed herpetologi-
cally, so I was very excited to conduct an expedition. 

As this was to be my first experience in the tropics, I “did 
my homework” in terms of relevant literature, available field 
notes, and especially reviewing the collections at UT Arling-
ton. Consequently, when I arrived at the site and despite my 
inexperience, I was fairly knowledgeable of the animals I might 
encounter. I knew to look on the underside of leaves for cen-
trolenid frogs, and to dig in piles of rotting coffee-bean husks 
for caecilians. I knew to look for species of frogs in the Craugas-
tor rugulosus group on the ground and rocks along montane 
streams. That summer, I assembled a good collection of reptiles 
from Pueblo Viejo, but a poor collection of amphibians. 

Late summer and fall, I sorted and identified my specimens. 
I was pleased to realize that I had, for the first time in my career, 
discovered a species new to science: Incilius campbelli (Men-
delson 1994), a toad previously confused with the ubiquitous 
Incilius valliceps. One day, while I had some frogs out in a tray, 
Jon Campbell pointed to a specimen of the Craugastor rugulo-
sus group (later described as C. sabrinus by Campbell and Sav-
age 2000) and asked why I had collected only one of those. I 
responded “Because that’s the only one I found.” It seemed clear 
to all concerned that Mendelson’s inexperience explained the 
paucity in the collection of these typically common streamside 
frogs. Meanwhile, down the hall in his lab, Campbell was frus-
trated in his attempts to describe the tadpole of a new species 
of Ptychohyla from Guatemala (Campbell and Smith 1992) be-
cause—for some reason—none of the specimens collected by 
Eric Smith (then an undergraduate in Guatemala) had com-
plete mouthparts. 

That same month, September, hallway conversations at the 
First World Congress of Herpetology, held in Canterbury, UK, 

were considering that amphibians might possibly be in decline 
(Wake 1991). It would be several years yet until Joyce Longcore 
and colleagues described the insidious chytrid fungus that de-
stroys the mouthparts of tadpoles as it proceeds to decimate 
amphibian populations (Longcore et al. 1999). But it would be 
a long time before I realized that the paucity of specimens of 
C. sabrinus in my collection was not the result of my tropical 
inexperience.

In 1992, my friend Adrian Nieto-Montes de Oca and I spent 
the summer in southern Mexico, looking for anoles and toads 
for our dissertations at the University of Kansas. I took along 
photocopies of field notes by Bill Duellman, Jan Caldwell, John 
Lynch, and others made in the 1960s and 1970s to help guide 
our efforts at certain sites. That trip was frustrating because, 
despite our best attempts, Adrian and I could not come close 
to duplicating the successes of the earlier collectors. For exam-
ple, field notes indicated that salamanders of the genus Tho-
rius could easily be found by the dozens or even hundreds in 
Oaxaca. We found one Thorius that summer, and it was a new 
species (T.	smithi Hanken and Wake, 1994). 

Around this time I became friends with Karen Lips, a gradu-
ate student from a “competing lab” (Jay Savage’s group at the 
University of Miami), who had interests similar to mine but 
with field sites that were further south, mostly in Costa Rica. 
She and I often discussed our experiences and compared notes 
from our respective field adventures. She told me of working 
cloudforest streams at night and finding dozens and dozens 
of frogs, whereas I was hard-pressed to find dozens of upland 
frogs in Mexico during an entire season, much less a single 
night. We didn’t think much of the disparity at the time, but I 
will be honest in admitting that I was worried that my life-long 
southern California field skills were not serving me well in the 
tropics. In the mid-90s I travelled extensively with Jonathan 
Campbell and Eric Smith, mostly in Guatemala, and it became 
obvious that they too could not find appreciable numbers of 
amphibians including the “common” species of the Craugas-
tor rugulosus group or upland hylid frogs. I clearly remember a 
day in 1996, when I stood with Campbell at the type locality for 
Plectrohyla cyanomma (Caldwell, 1974) in the Sierra de Juárez, 
Oaxaca, and he pointed to a particular rock in the stream and 
commented that he inevitably found individuals basking on 
that rock, and the stream was always replete with their large 
tadpoles. There were none.

During those times in the late 80s and the 90s, it never oc-
curred to me that I found few amphibians on my trips because 
they simply were no longer there. It is clear now that I began my 
career in tropical herpetology in a geographic arena (Mexico 
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and Guatemala) that had experienced a dramatic baseline 
shift in amphibian diversity and abundance before I ever ar-
rived. As we were to discover, Karen Lips began her career in a 
geographic arena (Costa Rica and Panama) that was just on the 
verge of having its baseline shifted. When it did so, I am glad at 
least that she and her collaborators were able to describe that 
shift in great detail. They were there to document one of the 
great stories unfolding in natural history during our times (e.g., 
Lips 1999; Lips et al. 2006; see also Collins and Crump 2009). 
As for me, I got but a single glimpse at an intact Mesoamerican 
amphibian community in central Panama in 2005, just months 
before it crashed. All told, I personally feel like I was cheated 
of a natural history experience that I deserved and I am angry 
about it. I also am sad that current and future cohorts of gradu-
ate students and naturalists will share this loss. There no longer 
exists a natural upland ecosystem in Mesoamerica.

Nobody noticed the declines taking place in Mexico and 
Guatemala. In 2000 Karen Lips and I led resurveys of historical 
collecting sites in southern Mexico that had not been visited 
in years, and concluded that a subset of the amphibian fauna 
was simply missing and what species did remain in the higher 
elevations were far less abundant than they had been histori-
cally (Lips et al. 2004). Our reasonable estimate was that the 
declines there took place in the mid-1980s. That summer we 
found exactly one individual representing the entire Craugastor 
rugulosus group. Similarly, in Guatemala, the remnant amphib-
ian fauna of a cloudforest reserve, Biotopo Mario Dary in the 
Sierra de las Minas, Baja Verapaz, bears little resemblance to 
its historical assemblage and abundance, based on Campbell’s 
field work there ca. 1980 (Mendelson et al. 2005). If you wish to 
know the details of how a decline like these comes about, then 
do read the important paper by Ryan et al. (2008) wherein they 
describe the final days of a population of Craugastor cf. punc-
tariolus. We now believe that species to be extinct in the wild 

(Griffiths, Ross, and Mendelson, unpublished 
data), but taxonomists are not entirely sure as 
to what species it was.

It is reasonable to conclude that the chytrid 
fungal pathogen Batrachochytrium dendro-
batidis Longcore, Pessier, and Nichols, 1999, 
played a major role in eliminating amphib-
ian species and reducing their populations in 
Mexico and Guatemala (Lips et al. 2004; Men-
delson et al. 2005) in the 1980s, but of course 
this is difficult to demonstrate directly in ret-
rospect. Although histological examination of 
museum specimens (where sufficient series 
of specimens exist, which is unusual) might 
identify synchronous appearance of the fun-
gus and subsequent population declines, cor-
relation	 is	 not	 causation.	Quite	 frankly,	 such	
studies are psychologically depressing, and 
I have noticed that few students delve into 
them. It is not very rewarding to study a popu-
lation or species so recently vanished.

Herpetologists spent the better part of the 1990s aggres-
sively debating the reality of amphibian declines and potential 
causes (reviewed by Collins and Crump 2009) and, meanwhile, 
the situation became worse. The baseline shift that I missed 
means that, despite my 20 years of field work and research in 
northern Mesoamerica, I have never experienced a natural am-
phibian community there. The baseline shift that Karen Lips 
and colleagues are documenting in southern Mesoamerica 
means that no herpetologist visiting the area in the future can 
ever possibly know the historical reality of those ecosystems. 

When an epidemic of chytridiomycosis decimates a region-
al amphibian assemblage, the ecosystem there is fundamen-
tally changed (Lips et al. 2006; Smith et al. 2009; Crawford et al. 
2010) and those changes have ecosystem-level effects (Whiles 
et al. 2006; Connelly et al. 2008). A national park near El Copé, 
Panama, lost at least 30 species of amphibians (41% of the as-
semblage; Crawford et al. 2010). The fully-protected Biotopo 
Mario Dary in Guatemala appears to have lost about 70% of 
its amphibian fauna (J. A. Campbell, pers. comm.). When you 
consider losses of this magnitude together with the phenom-
enal biomass that amphibians may attain (Burton and Likens 
1975), it is impossible to assume that the affected ecosystem 
will function in any manner similar to pre-epidemic conditions. 
The implications of these faunal upheavals are considerable, 
and they are generally ignored outside the research commu-
nity that is directly related to amphibian declines. Biologists of 
all sorts should acknowledge if their research is taking place in 
the context of an intact, or an altered, amphibian community. 
Would not a cardiologist also consider the fact that their patient 
has emphysema? The reality of amphibian declines and extinc-
tions has shifted the ecological baseline in so many ecosystems, 
that an entire generation of biologists is conducting their re-
search in a framework that has been very recently remodeled. 
And I feel like we—herpetologists, ecologists, biogeographers, 

FiG. 1. JRM in Sierra de Juárez, Oaxaca, Mexico, July 1992.  Photo by A. Nieto-Montes de Oca.
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systematists, and more—are not really talking about it; this real-
ity compromises our research, and this is a problem.

I am a taxonomist and I have seen my career vacillate be-
tween the thrill of discovering new species and the chill of track-
ing extinction events—including species that I described. Tax-
onomists are not the warmest lot of people, but I will opine that 
one feels a personal connection with a species that you yourself 
have named. In a recent species description (Mendelson and 
Mulcahy 2010) we put forward the term “Forensic Taxonomy” 
to try to communicate the frustrating reality of what it means 
to be an amphibian taxonomist in this era. In the last 20 years, 
I have contributed to naming (or resurrecting) 32 amphibian 
species. Of these, I believe at least four of them are extinct, and 
several others are hanging on in very low numbers. I have never 
seen several of them in life, having described them based on 
specimens on the shelves of museums. I sought a career in her-
petology because I enjoy working with animals. I did not an-
ticipate that it would come to resemble paleontology. I am not 
alone in this cutting-edge new field of Forensic Taxonomy, as I 
note that my friend Luis Coloma (Coloma et al. 2007, and es-
pecially Coloma et al. 2010) has independently discovered the 
field as he works his way taxonomically through the ashes of 
what once was the wonderful radiation of Atelopus (LaMarca 
et al. 2005). I focus most of my attentions on frogs, but the sala-
manders are in no better shape (Parra-Olea et al. 1999; Rovito 
et al. 2009), and the poor caecilians perpetually languish in the 
cloud of our ignorance of their fascinating habits. 

The US National Science Foundation has an entire program 
devoted to Biotic Surveys, and I endorse that program entire-
ly. However, I must pose the question “What does it mean to 
conduct biotic surveys in an era of shifted, shifting, or soon-to-
be shifted baselines of amphibian diversity?” Crawford et al. 
(2010) discovered that even seven years of systematic collec-
tions of tissues, specimens, and ecological notes failed to dis-
cover a good proportion of the actual amphibian species-level 
diversity that existed near El Copé, Panama, prior to the epi-
demic of chytridiomycosis documented by Lips et al. (2006). 
Our discovery and description of Incilius karenlipsae Mendel-
son and Mulcahy, 2010, based on a single specimen found at 
that site in the wake of the disease, was an experience I can 
classify only as bittersweet because the effects of chytridiomy-
cosis there suggest that it likely no longer exists. I hope I am 
wrong about that.

I can tell you what it feels like to conduct biotic surveys for 
amphibians in this era. In 2004, I joined Martín Bustamante 
to survey a site in southern Ecuador. That general region of 
the Amazonian slope of the Andes had never been surveyed 
herpetologically, so the project qualified as an expedition into 
an area undocumented by herpetologists—the kind of excur-
sion that made H. M. Smith, E. H. Taylor, L. C. Stuart, and our 
other heroes legendary. We were on site for about a month, 
with a team of eager students, in what we thought was a pris-
tine ecosystem along a cloudforest–paramo transition zone. 
In that month we found only seven species of amphibians—
five Pristimantis spp., one Gastrotheca sp., and one dendroba-

tid; at least three of the Pristimanis spp. are new to science. Bi- 
annual surveys of the site in the last six years have not increased 
the numbers. Bustamante and I are working on describing 
these new species (e.g., Bustamante and Mendelson 2008), but 
it is apparent that our attempt to conduct a modern biotic sur-
vey came too late. Where were the hylids, the centrolenids, the 
bufonids, or the Telmatobius? What we surveyed was in no way 
a typical Andean amphibian fauna (see Duellman 1979), which 
should have harbored many more species. Local ranchers told 
us that the site used to include jambatos (= Atelopus	spp.). They 
also provided perfect descriptions of a local Telmatobius	sp. but 
they had not seen either frog in many years. The Telmatobius 
sp. likely was T.	cirrhacelis Trueb, 1979, a species described as 
“possibly extinct” on the IUCN Red List (www.iucnredlist.org). 
We cannot hazard a guess as to the identity of the Atelopus	spp. 
that had once existed at the site. Bustamante and I had gone 
into the area too late even to conduct a proper Forensic Tax-
onomy of the life that once existed there.

In late 2004, Karen Lips determined that the chytrid patho-
gen had finally arrived at her long-term study site near El Copé, 
Panama, and the expected massive die-off was in progress. This 
reality created a terrifying reality of predictiveness—we knew 
where it was going next, but we had no idea of what to do about 
it. In response to this important finding, an emergency meeting 
in Atlanta brought together a small group of key stakeholders 
to try to determine what, if anything, could be done about the 
situation there, as all precedents indicated that the amphibian 
fauna of the adjacent highlands of Panama were about to be 

FiG. 2. JRM in Sierra de Huautla, Oaxca, Mexico, July 1992. No individu-
als of Craugastor nor Plectrohyla were found along this cloudforest 
stream. Photo by A. Nieto-Montes de Oca.
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decimated by the disease (Collins and Crump 2009, provided 
more details about this meeting). Among the projects that re-
sulted from that meeting was a pilot-study for the development 
of a rapid-response multi-species “extraction” of amphibians 
into captive safekeeping. This was to be launched near El Valle 
de Antón, just east of Lips’ site at El Copé. This pilot project 
took place in 2005, and was described by Gagliardo et al. (2008). 

Among the frogs collected at the El Valle site for safekeep-
ing was a large fringe-limbed treefrog of the genus Ecnomio-
hyla. We assumed it to be E. fimbrimembra (Taylor, 1948), but 
our colleague Brian Kubicki (Costa Rican Amphibian Research 
Center) immediately recognized it as a new species. Eventually, 
we collaborated and described the species Ecnomiohyla rabbo-
rum Mendelson, Savage, Griffith, Ross, Kubicki, and Gagliardo, 
2008. The name honors George and Mary Rabb, as lifelong stal-
warts for conservation—especially for amphibians. It meant a 
lot to us to honor them with this spectacular new species. Ed-
gardo Griffith and Heidi Ross (El Valle Amphibian Conservation 
Center [EVACC]) led the field work that discovered the frog and 
were able to document some of its amazing natural history (de-
tailed in Mendelson et al. 2008). As is known in other species 
of Ecnomiohyla, the frog does leap from upper tree limbs and 
glide to the forest floor, using its massive fully webbed hands 
and feet to orient, and the eggs are deposited in tree holes. Ed-
gardo and Heidi observed that the males remain with the de-
veloping eggs and immerse their body into the writhing mass 
of tadpoles on occasion, allowing the tadpoles to rasp their epi-
dermis for nutrition. We believe this is the first example of direct 
paternal nutrition of offspring in an amphibian, but it appears 
that we will not have the opportunity to directly demonstrate 
such. In any case, this is an impressively large treefrog (up to 
100 mm SVL) with a remarkable natural history. Ecnomiohyla 
rabborum was discovered afield in 2005 and formally named 
in 2008. In 2006, the chytrid fungus arrived at El Valle, having 
moved eastward from El Copé, in an advancing wave, exactly as 
predicted by Lips et al. (2006) and further characterized by Lips 
et al. (2008). Just as predictable was the utter decimation of the 
amphibian fauna there during 2006–2007, and our lack of any 
means of preventing it. 

In 2006, crews at the nascent protection facility, EVACC (still 
under construction at the time!), scrambled to triage and treat 
infected frogs of many species, hoping to use them to estab-
lish captive survival-assurance colonies. Individuals of E. rab-
borum were distributed, for safekeeping, to facilities at EVACC, 
Zoo Atlanta, and Atlanta Botanical Garden. Captive programs 
for endangered species sometimes are successful (e.g., Atelopus	
zeteki, www.ranadorada.org) and sometimes they are not (e.g., 
Passenger Pigeon, as a singularly famous example). The end-
story is that these individuals of Rabbs’ Fringe-limbed Treefrog 
thrived for years but never bred under captive conditions. The 
last wild individual noted was a calling male heard (but not 
seen) in 2007. Edgardo and Heidi still lead field work in the area, 
but the species has not been found. The last female known died 
in captivity at Atlanta Botanical Garden in 2009. At this time of 
writing, a single adult male lives at the Atlanta Botanical Gar-

den and another is at Zoo Atlanta (see cover image). It appears 
that nature has run its course before three teams of dedicated 
people were able to determine the needs of these frogs in or-
der for them to reproduce. To have been a part of one of those 
teams has been a frustrating and sad experience.

Our esteemed colleague Tim Halliday—a longtime leader in 
the field of amphibian declines—has taken to calling himself 
“an extinction biologist.” His sense is accurate, if morbid, and 
I posit that most of us working on amphibians in this era may 
consider adopting the term. As for me, I’m still adjusting to my 
new title of “Forensic Taxonomist.” I have re-surveyed field sites 
and experienced the emptiness of not finding as many frogs as 
Bill Duellman did in the 1960s. I have co-led biotic surveys to 
places that are too ravaged to consider. I have named species 
from museum jars, lamenting all the while that I would never 
see them alive. But none of those feelings resonate like coming 
to my zoo everyday and seeing what is essentially the end of a 
spectacular species like Rabbs’ Fringe-limbed Treefrog. There is 
no female that we know of, and one morning I will find the male 
at Zoo Atlanta dead of natural causes. I will collect tissue sam-
ples for phylogenetic studies, I will collect cells for San Diego 
Zoo’s Frozen Zoo initiative (perhaps one day it can be cloned?), 
and then I will preserve the specimen for the museum shelf. 
Shall I post a video clip on YouTube so people can watch the 
frog move about, like the famous film clip of the last thylacine? 
Then I will return to my lab, take a jar off the shelf and proceed 
to describe another new species of frog that used to exist some-
where in the world. I am, after all, a Forensic Taxonomist.

It turns out that extinction is a difficult thing to demonstrate 
unequivocally, as it is founded largely on negative evidence. In 
my career, I never suspected that I would end up hoping to be 
wrong in so many of my academic endeavors. I am glad that we 
all were wrong about the extinction of Holdridge’s Toad (Incili-
us holdridgei Taylor, 1952) in Costa Rica (Abarca et al. 2010). I 
hope we are wrong about the iconic Golden Toad (Incilius peri-
glenes Savage, 1967) and that really it is simply underground 
(Crump et al. 1992), waiting out this entire ordeal.
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 Reptile reproductive modes are defined on the basis of 
whether the females lay eggs (oviparity) or produce live young 
(viviparity) (Vitt and Caldwell 2009). Oviparous species have 
incubation periods ranging from more than six months to 
a few days (Köhler 2005). It is known that a Japanese pitvi-
per Ovophis okinavensis lays eggs that hatch in an extremely 
short period (1–5 days, Koba 1959; Fukada 1964; Koba et al. 
1970: 1–10 days (estimated), Nishimura and Kamura 2000) 
compared to other species of snakes (Köhler 2005). Eggs of 
O.	okinavensis are characterized by partially transparent, thin 
eggshells through which the embryos are visible (Fukada 1964; 
Koba et al 1970). Nonetheless, no detailed structural exami-
nation of the eggshells has been conducted. In this study, we 
quantify the area of calcium covering the eggshell surface and 
the amount of calcium contained in an eggshell. In addition, 
because an evolutionary association between short incubation 
period and the occurrence of parental egg-guarding has been 
suggested (Tinkle and Gibbons 1977; Shine 1988), we present 
the first evidence of maternal attendance of eggs and neonates 
by O.	okinavensis based on a field observation and a laboratory 
experiment.
 Methods.—We collected six gravid female O.	okinavensis in 
2007 from three islands (Okinawajima, N = 3; Yanahajima, N 
= 2; Amamioshima, N = 1) in the Ryukyu Archipelago, Japan. 
The snakes were individually housed in plastic cages until ovi-
position.
 The area of the eggshell surface covered by deposited cal-
cium was measured for 6 eggs (clutches A (3 eggs) and B (1 egg) 
from Yanahajima and clutch C (2 eggs) from Okinawajima). We 

cut each eggshell and spread it out on a board to take a pho-
tograph of its surface. The photographs were imported into 
Adobe Photoshop CS 8.0, and calcium deposited and non-
deposited areas were painted to white and black, respectively, 
by eye. The painted photographs were then captured to NIH 
Image 1.63 (available online from the US National Institutes of 
Health; http://www.nih.gov/), and the percentage of white area 
was calculated. The amount of calcium contained in each egg-
shell was measured using 4 eggs (a clutch from Amamioshima). 
For comparison, the amount of calcium was also measured for 
3, 3, and 2 eggs of Elaphe quadrivirgata, Rhabdophis tigrinus, 
and Protobothrops flavoviridis, respectively. These eggshells 
were dried at 105°C for 1 h and then weighed. The dried sam-
ples were dissolved in NHO

3
, and dilutions were made using 

5% lanthanum chloride solution and distilled water. Calcium 
determinations were performed using an atomic absorption 
spectrometer. We used eggshells after hatching for the above 
two analyses.
 Maternal attendance of eggs and neonates by a telemetered 
female was observed in a deciduous forest on Amamioshima 
Island. The female was surgically implanted with a radio-
transmitter on 22 February 2007 (for methods see Reinert and 
Cundall 1982 and Nishimura et al. 1995) and was radio-tracked 
every month for one year.

FiG. 1. A clutch of eggs of Ovophis	 okinavensis immediately after  
deposition. 
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 For the laboratory experiment, one of the three gravid fe-
males from Okinawajima was housed in a glass cage (600 × 300 
× 350 mm) with shelter, water bowl, and artificial turf as sub-
stratum. Food (euthanized mice) was offered at 7–14 day inter-
vals. On 23 August 2007 the female laid five eggs, two of which 
were infertile. The next day, we gently took out the eggs, using 
forceps, to measure their size, and immediately returned them 
to their original position. We then left the eggs undisturbed 
while recording maternal attendance of the eggs using a video 
camera (SONY DCR-TRV30, interval mode, 1.5 second / min), 
until the three live eggs hatched (26 August).
 After hatching we conducted a experiment in which we 
moved neonates and mothers to observe whether they would 
re-aggregate every day from 1 to 11 days, except for days 4, 7, 
9, and 10. Prior to the experiment, the shelter was removed, 
and the neonates were measured and painted on their dorsal 
parts for individual identification. Each day we moved the three 
neonates to one side of the cage and moved their mother to 
the other side. One hour after this manipulation, we recorded 
whether each neonate was in contact with the mother. It should 
be noted that we did not determine which individual(s) moved 
to re-establish proximity.
 Results.—We observed hatching of a total of 22 eggs (from 
7 clutches). Seven of the 22 eggs hatched on the day they were 
deposited. The longest incubation period was 4 days. The stage 
of embryos immediately after oviposition was 43 (last stage; 
Hubert and Dufaure 1968) in all eggs (Fig. 1). The proportion 
of the eggshells’ area covered with calcium varied greatly both 
among and within clutches (proportion of calcium on each 

eggshell; clutch A: 0.80, 0.56, 0.17; clutch B: 0.46; clutch C: 0.98, 
0.93). The percentage of calcium contained in an eggshell, by 
mass, was considerably lower in O.	okinavensis than in the oth-
er three species (Table 1).
 At 1102 h on 6 September 2007 we located the telemetered 
female coiled along a log on a forest floor, with its body partially 
concealed under the log. We initially detected the position of the 
snake from approximately 2 m away by the conspicuous move-
ment of the snake, apparently in response to our approach. The 
female extended and raised its head and the anterior part of its 
body nearly vertically above the ground with frequent tongue 
flicking (> 1 / sec). After measuring several environmental vari-
ables, we left the site to avoid further disturbance. We visited 
the site again at 0030 h on 7 September and found the snake at 
the same spot. We slowly approached the snake and noticed a 
clutch of eggs under her body. A single loop of the posterior part 
of her body encircled the eggs, and her head and S-shaped body 
lay over the clutch (Fig. 2). As we approached more closely, she 
raised her head by extending the anterior part of the body and 
twitched the raised body repeatedly and intermittently in a pe-
culiar manner while directing the head toward us, with frequent 
tongue flicking. We observed embryos inside two eggs through 
the partially transparent eggshells, and a third egg appeared to 
be infertile. When we returned to the site at 1500 h on the same 
day, we found the female at exactly the same spot, with three 
neonates (Fig. 3). Two of them were intertwined beside the fe-
male (at ca. 5 cm), and the other was concealed behind her body 
and under the log. The female showed the above-mentioned 
conspicuous twitching movement in response to our approach. 
After several minutes one of the exposed neonates slowly 
crawled behind the female. At 1532 h on 8 September we again 
confirmed her attendance of the neonates. For logistic reasons 
we did not have an opportunity to track the female again until 
28 October, when the female was located alone approximately 
85 m from the oviposition site.
 Maternal attendance of eggs by the experimental female 
was observed at ovipostion. The video analysis demonstrated 
that the mother never left the eggs until all live eggs hatched. 
Her posture, however, changed several times. Incubation pe-
riods of the eggs varied from 1–3 days. Neonates that hatched 
earlier occasionally crawled around in the cage. While attend-
ing the unhatched eggs, the female often moved her head close 
to the neonates as they approached her. When we attempted 
to remove the eggs or neonates from the attending mother, we 
frequently observed that the mother elevated her head and fol-
lowed the movement of the forceps with frequent tongue flick-
ing, but she never struck them. 

TABle 1. Overview of eggshell composition. Mass values are expressed as mg dry mass.

 Ovophis okinavensis Elaphe quadrivirgata Rhabdophis tigrinus Protobothrops flavoviridis

Egg ID number 1 2 3 4 1 2 3 1 2 3 1 2
Total shell mass 18.95 21.71 18.15 20.62 387 388 492 118 118 113 421 401
Calcium mass 0.22 0.40 0.15 0.27 42.56 50.89 63.85 10.55 11.16 10.92 34.06 29.34
Ca as % total 1.16 1.84 0.83 1.31 11.00 13.12 12.98 8.94 9.46 9.66 8.09 7.32

FiG. 2. A wild female Ovophis	okinavensis attending eggs.
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In the relocation experiment, all three neonates and their 
mother re-aggregated at one and two days after hatching. Three 
and five days after hatching, two neonates and the female re-
established their association. Six days after hatching, only one 
neonate re-associated with the mother, and the other neonates 
coiled side by side, away from their mother. Only the latter two 
neonates had opaque eyes. The neonatal ecdysis occurred sev-
en and eight days after hatching. No maternal attendance was 
observed eight and eleven days after hatching.
 Discussion.—This study confirms the short incubation pe-
riod of O.	okinavensis reported in previous studies (Koba 1959; 
Fukada 1964; Koba et al. 1970; Nishimura and Kamura 2000). 
Short incubation periods in snakes have been reported in 
Liochlorophis vernalis (4 to 23 days; Blanchard 1933), but the 
proportion of calcium contained in its eggshells (21.43% of to-
tal eggshell mass; Cox et al. 1984) is more than ten times higher 
than that of O.	okinavensis	(0.83–1.84%). Although our study is 
preliminary, considering the calcium-poor eggshells with vari-
able quantities of calcium, it is possible that the eggshell of O. 
okinavensis is not as functional, in terms of providing protec-
tion, gas exchange, or water balance, as the eggshells of other 
animals. Moreover, because a short incubation period has of-
ten been interpreted as a stage in the transition from oviparity 
to viviparity (Packard 1966), the remarkably short incubation 
period and calcium-poor eggshells of O. okinavensis may be 
viewed as such an intermediate step. The phylogenetic position 
of O.	okinavensis supports this interpretation because the most 
closely related species, Trimeresurus gracilis, as well as genera in 
their sister group including Bothrops, Porthidium, Agkistrodon, 
Sistrurus, and Gloydius are all viviparous (Malhotra et al. 2010). 
Ovophis okinavensis is thus a useful species from which to gain 
insights into the evolution of viviparity, or the possible reversal 
to oviparity (Lynch and Wagner 2010), among reptiles.
 Our observations in the field and laboratory provide evi-
dence of maternal attendance of neonates in an oviparous 
snake. Our laboratory experiment suggests that attendance of 

neonates may not be limited to immediately after hatching but 
may last until the first neonatal ecdysis, a typical phenomenon 
in pitvipers (Greene et al. 2002). Considering the incubation 
period and the fact that neonates and the mother re-aggre-
gated after being moved, it is unlikely that the attendance of 
neonates in O.	okinavensis simply reflects physiological stress 
of the mother immediately after oviposition or coincidental ag-
gregation of adults and neonates. Instead, we suggest that the 
behavior represents active maternal care as also suggested by 
Fukada (1964) and Koba et al. (1970). The observed wariness of 
the females, which contrasts with the usual docile behavior of 
O.	okinavensis (Takara 1962; Mori unpublished data), may sug-
gest a guarding function of maternal attendance that increases 
survivorship of neonates. Ecological consequences of the short 
incubation period, calcium-poor eggshells, and maternal care 
in O.	okinavensis deserve future investigation, which may en-
hance our understanding of the evolution of viviparity.
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FiG. 3. A wild female Ovophis	okinavensis (same individual as in Fig. 
2) attending neonates. This photo was taken approximately 15 h later 
than Fig. 2.
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FiG. 2. Habitat of Leiopelma pakeka on Maud Island. Photo by Ben Bell.
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Breeding Phenology of Leiopelma pakeka: a Threatened Frog 
Never Found Breeding in the Wild

FiG. 1. Adult Leiopelma pakeka, Maud Island. Photo by Andrew Digby.
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 The timing of breeding is a relevant aspect of a species’ bi-
ology (Blaustein et al. 2001; Gibbs and Breisch 2001), and may 
be particularly important information for those involved with 
conservation (Hocking et al. 2008; Jakob et al. 2003; Paton and 
Crouch 2002). Yet in two threatened species of leiopelmatid 
frogs from New Zealand, Leiopelma hamiltoni and L. pakeka, 
breeding has never been recorded in the wild (Bell 1996, 2008; 
Germano and Bishop 2007). However, the timing of breeding 
can be inferred from other information, such as sexual behav-
ior and appearance of progeny in the wild or breeding events in 
captive frogs. Here, information on the breeding phenology of 
the Maud Island Frog, Leiopelma pakeka, is discussed (Fig. 1). 
This frog is nocturnal, terrestrial, independent of open water, 
and occupies retreat sites by day under rocks, logs and vegeta-
tive cover where breeding is likely to occur (Bell 1985; Fig. 2). It 

ranks among the top 100 amphibians on the EDGE list, being 
both evolutionarily distinct and threatened (Hitchmough et 
al. 2007; IUCN 2010; Newman et al. 2010; Zoological Society 
of London 2010). Leiopelma pakeka was initially regarded as 
L. hamiltoni, but was then described as a cryptic phylogenetic 
species based on comparison of allozyme and morphometric 
data (Bell et al. 1998). Studies of captive frogs have revealed 
the mode and timing of reproduction, with oviposition oc-
curring in the late austral spring or early summer (Bell 1985, 
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2010), however this may not represent the situation in the 
wild.
 This study draws on information from captive breeding 
studies near Wellington, New Zealand, and from long-term de-
mographic research on Maud Island (41.0167°S, 173.8833°E), 
central New Zealand (Bell et al. 2004; Bell and Pledger 2010; 
Newman 1990). First characterized by Stephenson (1961), L. 
pakeka survived only on Maud Island, probably because no 
invasive mammalian predators, such as rats or mice, have es-
tablished there (Bell 1978). Demographic studies of L. pakeka 
on Maud Island over the past 35 years represent some of the 
longest population research on any wild anuran, revealing K-
selected traits with some frogs living for up to 37+ years (Bell 
and Pledger 2010). 
 The only direct information on breeding in L. pakeka comes 
from captive frogs held in secure enclosures in mainland for-
est sites near Wellington in conditions resembling as closely 

as possible those in the wild (Bell 1978, 1985, 2008; Bell and 
Wassersug 2003; Lukis 2009). Here, L. pakeka (also L. hamiltoni) 
successfully bred in the austral spring/summer and individual 
females laid up to 19 eggs under rocks and logs in a terrestrial 
nest. Tadpoles are endotrophic (non-feeding) (Wells 2007) and 
exoviviparous, (following terminology of Altig and Johnston 
1989), with the male undertaking care of the terrestrial eggs 
and hatchlings (Bell 1985, 2008; Bell and Wassersug 2003) 
(Fig. 3). Laying dates for captive L. pakeka were over October–
December (Bell 1978, 1985). Eighty-seven L. pakeka progeny 
(from 19 broods) were reared to the end of metamorphosis, 
which occurred in late summer/fall (Figs. 4, 5). The mean ± SE 
snout–vent length (hereafter SVL) at the end of metamorphosis 
was 11.9 ± 0.1 mm (N = 87; range 10.0–13.2 mm).
 After one year’s growth in outdoor enclosures, the mean SVL 
± SE of juvenile frogs was 18.1 ± 0.4 mm (N =16; range 15.5–20.2 

mm). On average the SVL of captive juveniles increased from 
11.9 to 18.1 mm in their first year. Assuming equivalent devel-
opment, this information can be used to identify juvenile frogs 
of equivalent size in the wild on Maud Island. Over the period 
of long-term population study (1976–2010), 155 young frogs 
measuring 18 mm SVL or less were caught on the island, the 
smallest of them being 11.6 mm SVL (Table 1).
 Most of the smallest frogs were found on Maud Island in the 
austral fall from March onwards, although a few small juveniles 
were caught as late as September (Table 1). The monthly mean 
SVL ± SE for the year commencing March shows a significant 
linear trend (r2 = 0.9517, p < 0.001), indicating first emergence 

FiG. 3. Captive adult male Leiopelma pakeka with hatchlings under 
log in outdoor enclosure. Photo by Ben Bell.

FiG. 4. The monthly distribution and mean SVL ± SE of 87 captive 
Leiopelma pakeka, at the end of metamorphosis. The frogs were bred 
and reared in outdoor enclosures sited under forest near Wellington. 
Sample sizes were February (N = 13), March (N = 49), April (N = 18) 
and May (N = 7).

FiG. 5. Captive-reared Leiopelma pakeka on 28 March 2008 at approxi-
mately 3.5 months of age, SVL 12.0–12.1. Metamorphosis is almost 
complete, with only small tail remnant present. Photo by Ben Bell.
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of young juvenile frogs in the late summer or early fall (Table 
1). The resulting regression (y = 0.483x + 11.780) over their first 
year predicts them growing to 17.6 mm by February. Percent 
seasonal mean SVL increases were: fall 10.9% (March–May); 
winter 6.6% (June–August); spring 12.5% (September–Novem-
ber); and summer 11.2% (December–February). 
 Direct evidence from captive breeding enclosures showed 
that L. pakeka breeds in the austral spring/summer (November–
December), with offspring completing metamorphosis by late-
summer or fall (February–May; Figs. 4, 5). The evidence from 
Maud Island presented here suggests little difference between 
the timing of breeding on the island and under the relatively 
natural regimes maintained for captive frogs (Bell 1978, 1985, 
2008). The earliest reported juvenile L. pakeka on Maud Island 
was on 19 January 2010 (N. Mana, pers. comm.). Other terres-Other terres-
trial Leiopelma are also spring or summer breeders, captive L. 
hamiltoni breeding at about the same time as L. pakeka (Bell 
1985), while Archey’s Frog (L. archeyi) from warmer latitudes 
breeds a little earlier (October–November) both in the wild 
and in outdoor enclosures (Bell 1985; Thurley and Bell 1994). 
Terrestrial Leiopelma take at least 3.5 months to reach the end 
of metamorphosis (Bell 1978, 1985), so emergence of L. pakeka 
juveniles in the early fall (March–April) suggests breeding occurs 
there in late spring to early summer (November–December). 
They are K-selected species, like other terrestrial Leiopelma, 
with marked longevity, delayed maturity, small clutch size, and 
relatively infrequent breeding as compared to r-selected frogs 
(Bell et al. 2004; King et al. 2009). Breeding, growth and devel- Breeding, growth and devel-
opment depend on a range of abiotic and biotic factors, such 
as ambient temperature, phenotype, parental condition, and 
clutch size, so variation in their timing is to be expected, and 
this was the case (Fig. 4, Table 1). Despite the frogs being active 
throughout the year on Maud Island (pers. obs.), the juvenile 
growth rate was less (6.6%) in the cooler winter months (June–
August) compared with other seasons (10.9–12.5%).
 Germano and Bishop (2007) reported amplectic behavior 
in L. pakeka on Maud Island in December and January, while 
Lukis (2009) also reports summer amplexus of L. pakeka in cap-
tive enclosures in Zealandia (Karori sanctuary, Wellington) at 

about the time they bred there. These observations of amplexus 
suggest enhanced summer sexual activity in wild and captive 
populations, and lend support to summer breeding on Maud 
Island. In contrast, Germano et al. (2010) and Germano (2010) 
report that testosterone metabolites in male L. pakeka and es-
trone and progesterone metabolites in females were at their 
peak during winter for both wild and captive frogs, while the 
greatest proportion of females with large ovarian follicles also 
occurred in the winter. The reason for urinary hormonal levels 
in the population peaking well before likely summer breeding 
remains unclear, and is an unexpected but interesting issue 
that needs resolution. While much has been learned about the 
breeding biology of these threatened and evolutionarily dis-
tinct frogs, there is still more to discover, including unraveling 
this apparent paradox.
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TABle 1. Monthly size distribution of 155 juvenile Leiopelma pakeka up to 18 mm SVL caught during a series of sampling sessions on Maud 
Island over the period 1976–2010.

SVL (mm) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

18 4 4       2  3 4 17
17 1          3 1 5
16 1       2 11  3 3 20
15      1  10 8  6 1 26
14    2 2 5  13 24  2  48
13   3 7 3 4  7 9    33
12   3 1     2    6
11             0
Total 6 4 6 10 5 10 0 32 56 0 17 9 155

Mean SVL 
± SE (mm) 17.5 ± 0.3 17.8 ± 0.1 12.5 ± 0.2 13.3 ± 0.1 13.2 ± 0.3 13.6 ± 0.2  14.1 ± 0.1 14.4 ± 0.2  15.9 ± 0.3 16.9 ± 0.5
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Taxonomic Implications of Color Pattern and Meristic Variation in 
Aspidoscelis burti burti, a Mexican Whiptail Lizard

 The gonochoristic whiptail lizard 
Aspidoscelis	 burti	 burti is restricted to the 
vicinity of Guaymas on the coast of Sonora, 
México (Duellman and Zweifel 1962), near 
the southern limits of the Sonoran Desert 
(Brown and Wright 1994:70, map). Color-
pattern characters, the diagnostic basis for 
taxonomic recognition of this form, were 
summarized by Duellman and Zweifel 
(1962:174) as follows: “Typically a five- or 
six-lined lizard with relatively indistinct 
spotting developing in the dark fields only 
of largest individuals.” This brief descrip-
tion of the only member of the A.	 sexlin-
eata species group in the Guaymas vicin-
ity, coupled with Duellman and Zweifel’s 
(1962:175) opinions on the significance 
of color pattern variation in four indi-
viduals of Aspidoscelis from the Sierra 
Tetalejo about 48 km south of Hermosillo, 
Sonora, and one from about 8.0 km north 
of Hermosillo, have constituted the only 
documentation for decisions on the taxo-
nomic status of the A.	 burti complex in 
Sonora and the United States for nearly 
half a century. Specifically, we refer to 
treatment of Cnemidophorus burti Taylor 
(“1936” [1938]), maximum SVL about 98 mm, and C. sackii st-
ictogrammus Burger (1950), maximum SVL about 130 mm, as 
the subspecies A.	b.	burti and A.	b.	stictogramma (Duellman and 
Zweifel 1962; Reeder et al. 2002; Wright 1993, 1994). This taxo-
nomic arrangement has persisted though Duellman and Zweifel 
(1962:176) in reference to the aforementioned specimens also 
stated “Although we are calling these intermediate lizards inter-
grades, it is probable that they represent a population of suffi-
cient constancy to deserve taxonomic recognition.” Herein, we 
provide analyses and expanded descriptions of color pattern 
variation in what is presently known as A.	b.	burti	(Tables 1–2) 
and A.	b.	stictogramma, complemented with meristic compari-
sons (Table 3). We also discuss the implications of these find-
ings, supplemented with reassessment of variation in speci-
mens treated as intergrades by Duellman and Zweifel (1962) 
and those misidentified by Good and Wright (1984), on the tax-
onomy of the A.	burti	complex in Sonora and the United States. 
 In addition to specimens in the University of Arkansas 
Department of Zoology (UADZ) collection maintained by JMW, 
we used online and curator-assisted searches of museum data-
bases with large holdings of whiptail lizards from Sonora and 

Arizona to secure loans of specimens relevant to an ongoing 
assessment of the taxonomic relationships of the Aspidoscelis	
burti–stictogramma–costata complex. For this study, we select-
ed a total of 156 specimens from seven institutions (APPendix i), 
including taxa and putative intergrades in the A.	burti	complex 
(sensu Duellman and Zweifel 1962).
 Meristic characters analyzed (terminology after Burt 1931; 
Smith 1946; Walker 1981a,b; Table 1) included counts of (1) 
granules (= scales) at midbody from the right outer row of ven-
tral scales over the body to the left outer row of ventral scales 
(GAB), (2) dorsal granules longitudinally from the occipital 
scales to the first row of caudals (OR), (3) granules between the 

TABle 1. Color pattern characters related to body size (SVL in mm) and sex in samples of 
Aspidoscelis burti collected from Sonora, México, in 1964 (UCM 27051–73, N = 23) and 1967 
(UCM 35401–22, N = 22). Data are N (Range), mean ± SE. 

Year / Sex 5 Stripes 6 Stripes No Spots Spots Present

1964 / female 4 (65–71) 3 (57–72) 4 (57–72) 3 (65–70) 
 68.0 ± 1.5 63.0 ± 4.6 65.0 ± 3.8 67.0 ± 1.5

1964 / male 7 (64–84) 9 (68–89) 13 (64–89) 3 (73–81) 
 77.2 ± 2.5 76.6 ± 2.5 76.7 ± 2.1 77.6 ± 4.8

1967 / female 4 (67–83) 3 (70–71) 3 (70–83) 4 (67–78)  
 76.5 ± 3.4 70.3 ± 0.3 77.0 ± 3.8 71.5 ± 2.3

1967 / male 6 (73–90) 9 (69–92) 4 (69–86) 11 (73–92) 
 84.6 ± 2.6 81.7 ± 2.5 81.5 ± 4.2 83.4 ± 2.1

TABle 2. Four combinations of color-pattern characters related to body size (SVL in mm) and 
sex represented in the Sonora sample of Aspidoscelis	burti	(UCM 27051–73, 35401–22, N = 
45). Data are N (Range), mean ± SE. 

	 A.	burti 5 Striped  5 Striped 6 Striped 6 Striped
  with Spots no Spots with Spots  no Spots

	 ♀	♀	♀ ♀	 5	(65–78)	 3	(71–83)	 2	(70–71)	 	4	(57–72)
  69.2 ± 2.4 77.3 ± 3.5 70.5 ± 0.5 64.8 ± 3.7

	 ♀	♀	♂ 8 (73–90) 5 (64–86) 6 (75–93) 12 (68–89)
  81.9 ± 2.4 78.8 ± 3.9 82.7 ± 3.1 77.4 ± 2.3
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Fayetteville, Arkansas 72701, USA
e-mail: jmwalker@uark.edu
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Division of Science and Mathematics, Louisiana State University at Eunice,
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paravertebral stripes at midbody (PV; only possible for lizards 
with six stripes at midbody), (4) percent of granules around 
midbody between paravertebral stripes (PV/GAB × 100; only 
possible for lizards with six stripes at midbody), and (5) femo-
ral pores (FP, summed from both sides). Scutellation characters 
qualitatively referenced included (1) anterior extent of the cir-
cumorbital scale series between the supraocular and median 
head scales, (2) size of the postantebrachial scales on the pos-
terior part of each lower arm, and (3) size of the mesoptychial 
scales bordering the edge of the gular fold. Each specimen of 
the Aspidoscelis	 burti	 complex was sexed (via inspection of 
femoral pores, cloacal region, and/or internal organs), and its 
snout–vent length (SVL) measured to the nearest mm. 
 We used JMP v. 8 (SAS Institute, Cary, NC) to generate a 
mean ± 1 SE for each univariate meristic character, SVL for each 
sex, and population sample (Tables 1–3). For overall models 
that were statistically significant, we used Tukey-Kramer post-
hoc comparisons to determine which means differed from the 
others. This procedure preserves alpha in statistical compari-
sons of multiple means (Sokal and Rohlf 1981). 
 Based on the smallest specimens examined (e.g., CAS-SU 
16609 ♀, 53 mm SVL; UCM 27059 ♀♀,	57	mm	SVL),	we	infer	that	
juveniles of Aspidoscelis b. burti have a black to black–brown 
dorsal background color (paler near the ventral scales) that is 
divided into fields by either five or six light-colored longitudinal 

stripes. All specimens from CAS (N = 10), UADZ (N = 3), and 
UCM (N = 45) have pairs of white, cream, or buff-colored lateral 
stripes (one on each side from below the eye to the hind limb) 
and dorsolateral stripes (one on each side from above the eye 
to the base of the tail). A lizard becomes six-striped only when 
deposition of dark background color longitudinally separates a 
pale-tan middorsal band into two narrowly spaced paraverte-
bral stripes from the parietal scales to the base of the tail. The 
five-striped pattern obtains when the paravertebral separa-
tion process does not occur; it is not a result of fusion of pre-
existing stripes as stated by Duellman and Zweifel (1962:174). 
We recorded dorsal patterns in A.	b.	burti as six-striped (1) if 
the paravertebrals were visibly separated, even if by only one 
or two dark-colored scales (e.g., UCM 35410 ♂, 90 mm SVL), 
and (2) if the paravertebrals were only intermittently separated 
(e.g., Brown and Wright 1994: plate X–A; UCM 27072 ♀, 60 mm 
SVL). A hint of six incipient stripes was detected within a 2–5-
mm area near the base of the tail in some five-striped A.	b.	burti 
(e.g., Fig. 1).
 Whether five- and six-striped dorsal patterns in Aspidoscelis	
b. burti are examples of sexual, ontogenetic, or individual varia-
tion has not been assessed. The UCM sample of 45 specimens 
(14 female, 31 male) of this form from near Guaymas comprises 
these relative numbers of five- and six-striped phenotypes: 
8:6 for females, 13:18 for males, or 21:24 for both sexes. None 
of these combinations deviates significantly from a 1:1 ratio, 
indicating that stripe number in A.	b.	burti is not sexually di-
morphic. Moreover, stripe number is not an example of age/
body-size dependent variation in A.	b.	burti (Tables 1–2). Sexual 
dimorphism in SVL is apparent for both five- and six-striped 
specimens in the 1964 and 1967 UCM samples of A.	b.	burti	(N = 
23 and 22, respectively; the latter with significantly larger SVL); 
however, the ratios of stripe numbers do not differ significantly 
(Table 2). Although stripe number in A.	b.	burti does not change 
ontogenetically, stripe appearance can change. A “faded” dorsal 
pattern is observed in large/old adults as increasing paleness 
of the lateral and dorsolateral fields, loss of contrast between 
stripes and fields, progressive loss of definition of spots (if pres-
ent) in the dark fields, and blending of the background color of 
the hind limbs and tail to uniform gray–tan (Fig. 1). Unbroken 
stripes persist even in the largest adults of both sexes of A.	b.	burti	
(e.g., CAS 53425 ♂, 98 mm SVL; CAS-SU 15498 ♀, 86 mm SVL); 
however, stripe replacement by fragmentation/spot formation 
occurs during ontogeny in A.	b.	stictogramma	in Sonora, México, 
and Arizona and New Mexico, USA (e.g., Brown and Wright 1994; 
color plate X–B; Zweifel 1959; plate 46–3; Fig. 2). 
 We sought to determine the extent to which spotted and un-
spotted dorsal patterns in Aspidoscelis	b.	burti vary sexually, on-
togenetically, and individually. The 1964 UCM sample (N = 23) 
comprises seven gravid females (57–72 mm SVL) and 16 adult 
males (64–89 mm). Three of four of the five-striped females (65–
70 mm) have distinct spots in the upper lateral and dorsolateral 
fields (= the fields) and one (71 mm) is unspotted; the three six-
striped females (57–72 mm) are unspotted. Among the seven 
five-striped males (64–84 mm) from 1964, only three (73–81 

FiG. 1. Mature adult dorsal patterns in spotted five- and unspotted 
six-striped males of Aspidoscelis	burti from 1.6 km W San Carlos Bay, 
Guaymas, Sonora, México (L: UADZ 453, 89 mm SVL; R: UCM 27055, 
87 mm).
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mm SVL) have spots (all indistinct) in the fields; all nine six-
striped males (68–89 mm) are unspotted. The 1967 UCM sam-
ple (N = 22) of A.	b.	burti	comprises seven gravid females (67–83 
mm) and 15 adult males (69–92 mm). Two of four of the five-
striped females (67–78 mm) have distinct spots in the fields and 
two (78–83 mm) are unspotted. Two of three of the six-striped 
females (70–71 mm) in the sample have spots and one (70 mm) 
does not. Three of six of the five-striped males (73–90 mm) from 
1967 have indistinct spots in the fields and two (84–90 mm SVL) 
have distinct spots. Four of nine of the six-striped males (75–83 
mm) have distinct spots in the fields (e.g., Duellman and Zweifel 
1962; plate 29 [1]; Fig. 1, this study), two (90–92 mm SVL) have 
indistinct spots, and three (69–86 mm) are unspotted (e.g., see 
Wright 1993:41; A.	b.	burti Fig. 7F). Although the mean SVL of 
15 males (82.9 ± 1.8, 69–92 mm) from the 1967 UCM sample of 
A.	b.	burti	is significantly larger (P = 0.05) than that of 16 males 
(76.9 ± 1.7, 64–89 mm) from the 1964 sample, development and 
definition of spots are not unambiguously age/size dependent 
(Table 1). Among eight of the 1964 males (79–89 mm), only two 
(25.0%) have spots, whereas among 11 of the 1967 males (80–92 
mm), eight (72.7%) have spots. Our data support the follow-
ing assertion by Duellman and Zweifel (1962:174) “…relatively 
indistinct spotting developing in the dark fields only of largest 
individuals” for A.	b.	burti (Table 1). However, the occurrence 
of similarly sized large lizards with and without spots indicates 
that spot development is not entirely deterministic. The small 
number of females available for study prevented us from test-
ing whether the occurrence of spots was a form of sexual di-
morphism in A.	b.	burti. 
 To identify diagnostic characters for Aspidoscelis	 b.	 sticto-
gramma, we analyzed color pattern, meristic characters, and 
scutellation in 16 females (SVL = 88.9 ± 4.0, 66–115 mm) and 17 
males (SVL = 107.1 ± 5.1, 62–130 mm) from the Santa Catalina 
Mountains, Pinal County, Arizona, from OMNH (APPendix 1). 
We selected specimens from this population because it is well 
removed from other closely related congeners: at least 150 km 
east of A.	xanthanotha in the Ajo Mountains, Organ Pipe Cactus 
National Monument, Pima County, Arizona, and 400 km north 
of A.	 b.	 burti	and A.	 costata	 griseocephala	 in Sonora. We also 
examined 32 specimens of A.	 b.	 stictogramma from Cochise 
Stronghold Campground, Coronado National Forest, Cochise 
County, Arizona, from UADZ (APPendix 1). Variation in UADZ 
sample was similar to that observed in the OMNH Pinal County 
sample. The largest males and females of A.	 b.	 stictogramma 
among the 33 OMNH specimens from Arizona and the 14 UCM 
specimens from central Sonora are more than twice the body 
size of those of A.	b.	burti	from southern Sonora (Fig. 2). Each 
of the OMNH specimens has either six primary stripes (= pairs 
of laterals, dorsolaterals, and paravertebrals) or the ontoge-
netically derived remnants thereof; most of these specimens 
also have a very faint vertebral stripe. Among the 16 females, 
four have no vertebral stripe (66–105 mm SVL), three have an 
incomplete faint vertebral stripe (68–75 mm), and nine have a 
complete indistinct vertebral stripe (75–115 mm). All of the 17 
males (62–130 mm) in the OMNH sample either have an indis-

tinct vertebral stripe or its ontogenetic remnants. Among the 
females of A.	b.	stictogramma, five have stripes and developing 
spots in the fields (66–87 mm), five have stripes with distinct 
spots (73–95 mm), and six have partially fragmented stripes 
along with extensive spotting middorsally and vertical bars lat-
erally (100–115 mm). Among the males of A.	b.	stictogramma, 
three have stripes with developing spots in the fields (62–68 
mm), three have stripes and distinct spots (105–116 mm), and 
11 (105–130 mm) have either partially (N = 4) or completely (N 
= 7) fragmented stripes, extensive spots middorsally and later-
ally, and bars laterally. Male-biased sexual dimorphism in SVL 
and in ontogeny of color pattern (males have complete replace-
ment of stripes by spots and bars) is evident in the OMNH and 
UADZ samples of A.	b.	stictogramma, as is individual variation 
in color pattern in specimens of similar size in both sexes. Large 
adults of A.	b.	 stictogramma in the UCM sample from central 
Sonora also have dorsal patterns of spots and stripe fragments 
(Fig. 2A and B). 
 Aside from the distinctive color patterns described (as well 
as significant differences in PV and PV/GAB; Table 3), there 
are no meristic or scutellation characters that distinguish 
Aspidoscelis	 b.	 burti	and A.	 b.	 stictogramma in the context of 
variation in their clade within the A.	sexlineata species group 
(Reeder et al. 2002). We detected a significant difference be-
tween these forms in the GAB; however, broadly overlapping 
ranges render assignment of a given specimen to one of the two 
subspecies on this basis unreliable. Similarly, only characters of 
color pattern separate all populations of A.	costata	and A.	gula-
ris (including A.	 septemvittata) from these taxa. Furthermore, 
Dessauer and Cole (1989) showed strong similarities in allo-
zymes of A.	b.	stictogramma and A.	costata	griseocephala	(i.e., 
genetic distance; 0.133 [Rogers 1972] and 0.110 [Nei 1972]). 

FiG. 2. Comparisons (photographed at same settings) of size and 
adult dorsal color pattern in specimens of Aspidoscelis	stictogramma 
from 80 km N of Hermosillo on México Hwy 15, Sonora, México (A: 
UCM 35428 ♀, 118 mm SVL; B: UCM 35424 ♂, 124 mm) and A.	burti 
from 1.6 km W San Carlos Bay, Guaymas, Sonora, México (C: UADZ 
454 ♀♀,	84	mm;	D:	UADZ	453	♂, 89 mm).



Herpetological Review 42(1), 2011

3636      ARTICLES

 We provide the first reassessment of color-pattern variation 
and its significance in the four AMNH specimens discussed by 
Duellman and Zweifel (1962) bearing on the taxonomic status 
of Aspidoscelis	b.	burti. Included are two lizards that either have 
six stripes (AMNH 80599 ♀, 78 mm SVL) and spot/fragment 
remnants thereof (AMNH 80601 ♂♀,	 104	 mm)	 or	 five	 stripes	
(AMNH 80602 ♂,	♀	101	mm)	and	spot/fragment	remnants	there-
of (AMNH 80600 ♂, 82 mm SVL). Duellman and Zweifel (1962) 
regarded the five-striped condition in AMNH 80600 and 80602 
to be indicative of intergradation between A.	b.	burti and	A.	b.	
stictogramma, notwithstanding the fact that the specimens are 
very similar to A.	b.	stictogramma in all other aspects, includ-
ing ontogenesis of dorsal color pattern from stripe dominated 
to total disruption of stripes. The intergradation hypothesis is 
problematic for these specimens because no population of the 
“nominal form” has been discovered within the nearly 50-km 
hiatus between the vicinity of Guaymas and the source popula-
tion of the specimens, despite repeated efforts to identify one 
by T. P. Maslin (UCM), C. H. Lowe (UAZ), and J. W. Wright (UAZ, 
LACM). Thus, determination of past secondary intergradation 
between these forms must await formal tests using molecular 
techniques on samples from the relevant areas of Sonora.

We provide a description and discussion of six lizards (LACM 
121421–26) with distinctive color patterns from 8.0 km south of 
Hermosillo, an intermediate area between the localities for the 
AMNH and UCM specimens, which were designated as pos-
sible intergrades between A.	b.	burti and A.	b.	stictogramma by 
Duellman and Zweifel (1962). If these specimens were in fact 
intergrades, the LACM specimens would be expected to have 
the unusual pattern variability seen among hybrids (e.g., Des-
sauer et al. 2000 [Aspidoscelis	 tigris complex]; Walker 1981a,b 
[A.	 gularis complex]), based on their provenance (Duellman 

and Zweifel 1962). However, they exhibit the uniformity typical 
of a single taxon, which they may well represent. Four of these 
lizards (LACM 121421–23, 121426) were misidentified as A.	b.	
burti and used in allozyme analyses to identify the gonocho-
ristic species involved in the hybrid origin of triploid partheno-
genetic A.	exsanguis	(Good and Wright 1984). In fact, the LACM 
sample is at the opposite end of the spectrum from A.	b.	burti 
in color-pattern variation in the context of variation within the 
A.	burti complex (compare Figs. 1 and 2 with 3). One lizard (Fig. 
3A, LACM 121421 ♀, 74 mm SVL) has six stripes running most 
of the length of the body; however, the paravertebral stripes 
are in contact on the neck and indistinct spots are present in 
the dark fields. Another specimen (Fig. 3B, LACM 121423 ♂, 78 
mm) has six completely separated stripes and a profusion of 
sharply defined spots/bars, some of which contact the stripes. 
In the other four male LACM specimens, the stripes have been 
replaced by distinct gray–white spots middorsally and spots 
and bars laterally. Among these, the positions of spots/frag-
ments in the former positions of the paravertebral stripes indi-
cate that the stripes were completely separated (i.e., six striped) 
as juveniles in two specimens (Fig. 3D and F, LACM 121425, 102 
mm and LACM 121422, 102 mm, respectively), whereas two 
had incompletely separated paravertebral stripes on the neck 
as juveniles (Fig. 3C and E, LACM 121426, 82 mm and LACM 
121424, 100 mm, respectively). We did not find evidence of in-
tergradation in color pattern between specimens of A.	b.	burti	
and A.	b.	stictogramma	from Sonora, as had been asserted with-
out supporting data by Wright (1994:260). 
 Treatment of Aspidoscelis	 b.	 burti	 and A.	 b.	 stictogramma	
as subspecies for the past 47 years was based on fragmentary 
data and the tentative identification of five specimens from 
north (UCM 8605) and south (AMNH 80599–602) of Hermosillo 

TABle 3. Data for meristic characters (see text for definitions of abbreviations) for Aspidoscelis	burti	from Sonora, México (data except for OR are 
from Duellman and Zweifel 1962), A.	stictogramma from Arizona, USA, and Sonora, and	A.	stictogramma ssp. from Sonora. Data are mean ± SE 
(first row) and N and (range) (second row); means for a character with one or more superscript letters in common are not significantly different. 

Character GAB OR PV PV/GAB FP

A.	burti
 Guaymas Vicinity 93.3 ± 1.4b 198.3 ± 3.7b 1.5 ± 0.4b 1.6 ± 0.06 34.0 ± 0.7b

 AMNH, SNHM, UADZ, UCM 15 (85–101) 4 (190–207) 15 (0–7) 15 (0–8.0) 15 (30–38)

A.	stictogramma
 Pinal County, AZ 105.9 ± 1.0a 212.3 ± 1.7ab 7.5 ± 0.3a  6.9 ± 0.3a 38.3 ± 0.4a

 OMNH 33 (92–117) 33 (189–238) 26 (5–10) 26 (4.8–9.8) 33 (34–42)
 Central Sonora 100.0 ± 2.7ab 219.2 ± 6.7a 6.0 ± 1.0a 6.1 ± 0.9a 34.8 ± 0.2b

 UCM 5 (91–108) 5 (207–237) 4 (5–9) 4 (5.0–8.8) 5 (32–39)

A.	stictogramma ssp.
 N Hermosillo, Sonora 100.8 ± 2.0ab 210.2 ± 5.3ab 6.2 ± 1.0a 6.0 ± 0.9a 35.7 ± 0.2b

 UAZ 6 (94–106) 6 (194–233) 5 (4–9) 5 (4.0–8.7) 6 (35–36)
 Cerro de la Agualurca, Sonora 96.5 ± 1.7b 200.5 ± 2.5ab 5.5 ± 0.5ab 5.7 ± 0.4ab 34.3 ± 0.4b

 LACM 6 (91–102) 6 (191–208) 2 (5–6) 2 (5.3–6.0) 6 (33–36)
 Sierra Tetalejo 1, Sonora 95.3 ± 3.2b 197.3 ± 3.4b 1.5 ± 0.9b 1.6 ± 0.9b 34.0 ± 1.4b

 AMNH 4 (90–103) 4 (192–206) 4 (0–3) 4 (0–3.3) 4 (32–38)
 Sierra Tetalejo 2, Sonora 93.7 ± 2.7b 200.3 ± 8.1ab 4.0 ± 0.0ab 4.3 ± 0.0ab 34.0 ± 1.0b

 UAZ                                                                            3 (90–99)                   3 (187–215)                1 (4)                             1 (4.3)                           3 (32–35)
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as intergrades (Duellman and Zweifel 1962). The assertions of 
Wright (1993, 1994), who supported recognition of these forms 
as subspecies reportedly based on new information on inter-
gradation, were not documented by localities, voucher speci-
mens, or data on variation. We requested this information and 
offered this manuscript to Wright, but received no response 
to our queries. Consequently, we are compelled to dismiss his 
statements concerning the taxonomic status of these subspe-
cies given the absence of supporting data.
 We regard Aspidoscelis	burti, A.	stictogramma, and A.	xan-
thanota as the northwestern-most cluster (see Moritz et al. 
1989; Fig. 1) of derivatives from a prototype from which some 
southern Sonoran populations acquired the potential for de-
velopment of five-striped dorsal patterns. Of these, A.	burti (re-
stricted to a small area of coastal Sonora) and A.	 xanthanota 
(sensu Collins 1991; see Wright 1994; color plate X–C) (restrict-
ed to a small area in Arizona and possibly adjacent Sonora) 
represent peripheral isolates. A reviewer of this report opined 
that A.	burti and A.	xanthanota could be smaller-bodied popu-
lations derived from A.	stictogramma as an alternative hypoth-
esis for their origins. Aspidoscelis	burti	is an unusual member 
of the complex in having four identifiable variants: five stripes 
with and without spots and six stripes with and without spots. 
Nevertheless, A.	b.	stictogramma is at once the most divergent 
and widely distributed member of the complex, based on the 
combination of giant size (maximum SVL ca. 130 mm) and 
complete ontogenetic loss of stripes in males.
 The search for an appropriate taxonomic treatment of the 
Aspidoscelis	 burti complex has resulted in several sets of an-
swers (Table 4). Wright (1994) mentioned that extensive in-
tergradation between A.	 b.	 stictogramma and A.	 costata	 gris-
eocephala (sensu Zweifel 1959) occurs in southern Sonora; 

however, he did not present precise localities, specimens ex-
amined, and/or morphological data in support of his use of 
the name A.	burti	griseocephala. Pending publication of such 
information, there is no basis for altering the name combina-
tion A.	costata	griseocephala	(see Reeder et al. 2002). The first 
departure from Duellman and Zweifel’s (1962) taxonomic ar-
rangement for the A.	 burti complex was proposed by Collins 
(1991), who justified his nomenclatural changes primarily on 
philosophical grounds. He invoked the evolutionary species 
concept, emphasizing apparent allopatry from other members 
of the complex and presumed diagnosability, to elevate A.	 b.	
xanthanota Duellman and Lowe (1953), as well as numerous 
other subspecies of amphibians and reptiles, to species rank. 
Many of Collins’s (1991) recommendations have been adopted 
in checklists of North American amphibians and reptiles by 
Collins and Taggart (2009) and Crother (2008). By listing the 
combination A.	 b.	 stictogramma, these authors tacitly accept 

FiG. 3. Variation in dorsal color pattern of a sample (all males except 
LACM 121421) provisionally allocated to Aspidoscelis	 stictogramma 
from Cerro de la Agualurca, 8.0 km S of Hermosillo, Sonora, México (A: 
LACM 121421, 74 mm SVL; B: LACM 121423, 78 mm; C: LACM 121426, 
82 mm; D: LACM 121425, 102 mm; E: LACM 121424, 100 mm; F: LACM 
121422, 102 mm).

TABle 4. Comparison of taxonomic arrangements of the Aspidoscelis	
burti (formerly Cnemidophorus burti) complex.

Author(s) Based on
 Taxa Recognized Original Data

Duellman and Zweifel (1962); Reeder et al. (2002) Yes
	 Aspidoscelis	burti	burti
	 Aspidoscelis	burti	stictogramma
	 Aspidoscelis	burti	xanthanota

Wright (1993, 1994) No
	 Aspidoscelis	burti	burti
	 Aspidoscelis	burti	griseocephala
	 Aspidoscelis	burti	stictogramma
	 Aspidoscelis	burti	xanthanota

Collins and Taggart (2009); Crother (2008) No
	 Aspidoscelis	burti	burti
	 Aspidoscelis	burti	stictogramma
	 Aspidoscelis	xanthanota

This Study Yes
	 Aspidoscelis	burti
	 Aspidoscelis	stictogramma
	 Aspidoscelis	xanthanota
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Duellman and Zweifel’s (1962) recommendations on the status 
of	A.	b.	burti in Sonora. If zones of secondary intergradation (or 
hybridization) do exist between members of the A.	 burti com-
plex, as reported for A.	tigris	aethiops and A.	tigris	punctilinealis	(= 
Cnemidophorus tigris gracilis) in north–central Sonora by Taylor 
and Walker (1991), they have yet to be located/reported. At pres-
ent, those applying either the biological or evolutionary species 
concept would be justified in recognizing three species: A.	burti	
(monotypic), A.	stictogramma (potentially polytypic), and A.	xan-
thanota (monotypic) based on the data presented herein.
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APPendix 1
Specimens examined for Tables 1–3 and text descriptions (N = 156)

	 Aspidoscelis	burti (N = 58). MEXICO. Sonora: CAS-SU 15496–98: S 
slope of Cerro Bocochibampo, N side of Bahia Bocochibampo; CAS-SU 
CAS-SU 16606–09: E shore of Bahia San Pedro; CAS 53425: San Pedro 
Bay; CAS 104814: San Carlos Bay; UADZ 453–54, 458: 1.6 km W of San 
Carlos Bay, Guaymas; UCM 27051–73, 35401–22, CAS 100224: La Posa, 
San Carlos Bay, 16 km NW of Guaymas.

	 Aspidoscelis	 stictogramma	 (N = 79). ARIZONA. Cochise County: 
UADZ 7212, 7264, 7268, 7271, 7300–04, 7874–78, 7996–006, 8083–84, 
8143–44, 8453–54, 8511: Cochise Stronghold Campground, Coronado 
National Forest. Pinal County: OMNH 38806–38: Bonita Wash, Windmill 
Camp, bajada of Santa Catalina Mountains (32º 33.68’ N, 110º 40.453’ 
W, 1333 m). MEXICO. Sonora: UCM 35423–33: 80 km N of Hermosillo 
on México Hwy 15; UCM 42047–49: 45 km W of Santa Ana. 

	 Aspidoscelis	 stictogramma	 subsp. (N = 19; includes AMNH and 
UCM specimens identified as A.	burti	burti x A.	burti	stictogramma by 
Duellman and Zweifel 1962; LACM specimens identified as A.	b.	burti by 
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Microhabitat Use and Choice of Refuge in Sceloporus magister
 Individual lizards often occupy multiple microhabitats dur-
ing the course of a day, and thecurrent microhabitat may affect 
decisions regarding refuge selection (e.g., Cooper 1998; Cooper 
and Wilson 2007). The montane phrynosomatid lizards Scelo-
porus virgatus and S. jarrovii occupy rocks, ground, logs, and 
trees (Smith 1996) and vary aspects of their escape behavior 
and refuge selection among these microhabitats (Cooper and 
Wilson 2007). Here, I report variation in occupation of micro-
habitats and the effect of types of microhabitats on selection of 
refuges in a population of the Desert Spiny Lizard, S. magister. 
 Methods.—The abundance and ease of observation of S. 
magister in Rillito River Park in Tucson, Arizona provided an 
opportunity to make preliminary observations on substrates 
where they occur, microhabitats used as destinations or refuges 
after escape, and the effect of tree diameter on escape behav-
ior by lizards perched low on trees. All observations were con-
ducted on warm (30–36°C), sunny days in early June of 2009. 
Because lizards off paths in Rillito River Park are frequently ex-
posed to people walking, running and bicycling on the paths, 
they often do not flee when people pass. However, they flee if 
approached directly. After sighting an adult lizard, I recorded its 
initial substrate and approached it directly at approximately 1 
m/s until it fled. Sex was not ascertained. When lizards were on 
rocks or ground, I continued to approach until a lizard entered 
a refuge. For lizards initially on trees, I approached until the liz-
ard climbed out of reach or moved off the tree onto ground. I 
also recorded the perch height and diameter of the tree at its 
ground level. Finally, I recorded the type of refuge used. 
 I used a chi-square test to examine differences in frequen-
cies of occupation among the microhabitat types. For lizards 
initially on trees, I statistically examined relationships among 

perch height, tree diameter, and escape by climbing versus de-
scending to ground. I conducted a regression of perch height 
on tree diameter, an analysis of variance of perch heights in 
lizards that fled up the tree or fled down and onto the ground, 
and an analysis of variance to assess the effect of tree diameter 
on climbing upward versus fleeing to the ground. Statistical 
tests were two-tailed with a♀	=	0.05.	Effect	sizes	are	given	as	 ηn2 
for analysis of variance (Cohen 1992) and Cramer’s V for chi-
square (Gliner et al. 2002). 
 Results.—When initially sighted, 53 individuals were on the 
ground, 13 were on rocks, and 17 were on trees. Frequency of 
use varied significantly among these microhabitats (c2

2
 = 35.77, 

P < 0.001; V = 0.46). Lizards occupied ground significantly more 
frequently than rocks (c2

1
 = 24.24, P < 0.001; V = 0.61) or trees 

(c2
1
 = 18.52, P < 0.001; V = 0.52), but frequency did not differ 

significantly between rocks and trees (c2
2
 = 0.54, P > 0.10).

 Refuges used by the lizards differed among initial micro-
habitats (Table 1). The proportions of the refuge types used 
for all lizards initially on ground or rocks pooled were 0.15 for 
trees, 0.27 for ground squirrel burrows, 0.55 for yucca, Opuntia, 
and bushes, and 0.03 for others. Among lizards not initially on 
trees, only 0.15 fled to trees, a much smaller proportion than re-
mained on trees (Table 1). Lizards initially on trees were signifi-
cantly more likely to flee up and around trees than were lizards 
initially in other microhabitats (pooled; c2

1
 = 8.10, P = 0.0044; V 

= 0.31).

WILLIAM E. COOPER, JR.
Department of Biology, Indiana University Purdue University Fort Wayne
Fort Wayne, Indiana 46805, USA
e-mail: cooperw@ipfw.edu

Good and Wright [1984], and newly reported UAZ specimens). MEXICO. 
Sonora: AMNH 80599–602: 8.0 km SE of La Pintada about 48 km S of 
Hermosillo; UAZ 6657–58: Sierra Tetalejo (ca. 8.0 km S of La Pintada); 
LACM 121421–26: Cerro de la Agualurca, 8.0 km S of Hermosillo; UCM 
8605: 8.0 km N of Hermosillo; UAZ 6681–82: Tetavejo (archeological 
cave site); UAZ 6684, 6686, 6688: 22.1 km S of El Oasis (49.6 km N of 
Hermosillo); UAZ 6687: 49.9 km N of Hermosillo. 

APPendix 2
Distinguishing characters of Aspidoscelis	burti	prepared from

UCM 27051–73, 35401–22 (N = 45)

 Black to black–brown dorsal ground color, five (N = 8 ♀ and 13 ♂, 

46.6%) or six (N = 6 ♀ and	18♀	♂, 53.3%) pale colored dorsal stripes, spots 

present (N = 7 ♀ and 14 ♂ , 46.6%) or absent (N = 7 ♀ and 17 ♂, 53.3%) 
in the upper lateral and dorsolateral fields, stripes persistent through-
out life (N = 45, 100%), contrast between fields, stripes, and spots (if 
present) diminishing with age to produce a faded appearance, venter 
without a dark suffusion, circumorbital scale series ending posterior to 

frontal scale, enlarged postantebrachial scales, enlarged mesoptychial 
scales, 93.3 ± 1.4 granules around midbody, 198.3 ± 3.7 granules from 
occiput to first row of caudals, 1.5 ± 0.4, granules between the paraver-
tebral stripes at midbody, 34.0 ± 0.7 femoral pores (summed), and 98 
mm maximum SVL in males. 

APPendix 3
Distinguishing characters of Aspidoscelis	stictogramma	stictogramma 

prepared from OMNH 38806–38 (N = 33)

 Black to brown dorsal ground color, six (9.0%) or 7 (91.0%, includ-
ing an indistinct partial or complete vertebral) stripes, spots develop-
ing on stripes and in intervening dark fields early in life, females infre-
quently develop a dorsal pattern of stripe fragments and spots, males 
frequently develop a dorsal pattern of stripe-fragments, spots, and lat-
eral bars, venter without a dark suffusion, 105.9 ± 1.0 granules around 
midbody, 212.3 ± 1.7 granules from occiput to first row of caudals, 7.5 
± 0.3 granules between the paravertebral stripes at midbody, 38.3 ± 0.4 
femoral pores (summed), and 130 mm maximum SVL in males.
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 For lizards on trees, the decision to escape by climbing up-
ward versus fleeing to the ground was strongly affected by the 
diameter of the tree at its base (F

1,15
 = 14.63, P < 0.0017; effect 

size: nη2 = 0.49). Variances of tree diameter did not differ signifi-
cantly between refuge types (Levene’s F

1,15
 = 4.39, P > 0.05). The 

diameters of trees occupied by lizards that fled up and around 
trees were larger (0.30 + 0.05 m, N = 9) than those of trees oc-
cupied by lizards that fled to the ground (0.11 + 0.02 m, N = 8). 
Decisions by lizards on trees to flee to ground or climb higher 
were unaffected by initial perch height on the tree (F

1,15
 = 0.22, 

P > 0.10), presumably because all lizards were initially low on 
trees (0–1.4 m). Variances were homogeneous (Levene’s F

1,15
 = 

0.45, P > 0.10). Initial perch height and tree diameter were not 
significantly correlated (F

1,15
 = 0.39, P > 0.10). 

 Discussion.—The more frequent occupation of ground than 
the other microhabitats by S. magister is likely a consequence 
of several factors., including the fact that that lizards engage in 
social activity and forage there, the lesser availability of the oth-
er substrates, and the availability of effective refuges, such as 
spiny plants and ground squirrel burrows, on the ground. The 
proportion of lizards on the ground (0.64) was much higher in 
S. magister than in S. virgatus or S. jarrovii (Cooper and Wilson 
2007; Smith 1996). Surprisingly for a desert lizard, the propor-
tion of individuals initially sighted on trees (0.20) in S. magister 
was similar to that reported for trees and logs in S. virgatus al-
though it was lower than the proportion for S. jarrovii (Cooper 
and Wilson 2007; Smith 1996). Rocks were used by S. magister 
less frequently (0.16) than by the other species, at least in part 
because rocks are much less abundant at Rillito River Park than 
in the study sites in the Chiricahua Mountains.
 I quantified only microhabitats used by S. magister. Because 
I did not record microhabitat availability, the findings do not 
bear directly on microhabitat choice. Microhabitat use varies 
geographically in S. magister, which is arboreal, saxicolous, or 
terrestrial (Johnson et al. 1948; Parker and Pianka 1973; Vitt and 
Ohmart 1974). Presumably, this variation is related to availabil-
ity of the microhabitats themselves and of refuges therein. 
  Some of the differences in selection of refuges presumably 
were consequences of differences in availability of microhabitats 

among sites. For example, few rocks or bushes were near many 
of the trees, and rocks tended to be close to ground squirrel 
burrows, yuccas, and Opuntia. Sceloporus magister has a strong 
tendency to be arboreal, but is saxicolous or terrestrial where 
trees are scarce (Parker and Pianka 1973). Climbing out of reach 
in trees is a widespread trait in Sceloporus (Blair 1960; Cooper 
and Avalos, in press; Cooper and Wilson 2007), and may be ex-
pressed frequently by S. magister where trees are present. In the 
single population I studied, the lizards flexibly used whichever 
types of refuge were nearby.
  All trees occupied by lizards were much taller than neces-
sary for lizards to climb well above my reach, yet lizards selec-
tively left smaller trees to seek refuge elsewhere, and climbed 
higher in larger trees. Because branch diameter decreases as 
height increases within trees, trees of smaller diameter may 
not have large enough branches to provide concealment when 
lizards climb out of immediate reach. When escaping up trees, 
lizards moved to the far side and stayed out of sight. Staying 
hidden on the far side may have been less feasible in smaller 
trees. If some terrestrial snakes and perhaps mammals climb 
trees to pursue lizards that can be seen when out of reach from 
the ground, escape to refuges off small trees might be safer than 
climbing. Another possible factor is that lizards high in smaller 
trees may be more detectible by and less able to escape from 
avian predators.

	 Acknowledgments.—Field work was conducted according to ap-
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TABle 1. Types of refuges used by Sceloporus magister differed among 
initial microhabitats.

Initial substrate Refuge Proportion (N)

Ground
 Tree 0.19 (10)
 Burrow 0.30 (16)
 Bush, Yucca, or Opuntia 0.49 (26)
 Rock (far side) 0.02 ( 1)

Rock
 Bush, Yucca, or Opuntia 0.77 (10)
 Burrow 0.15 ( 2)
 Log 0.08 ( 1)

Tree
 Ground 0.53 ( 9)
 Tree 0.47 ( 8)
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 Plectrohyla hazelae, a stream-breeding tree frog from south-
ern Mexico, has been reported in the past from several localities 
in the states of Oaxaca and Guerrero (Duellman 2001). Mendel-
son and Kabay (2009), however, demonstrated that all records 
of this species were in error or at least doubtful except for those 
from the area of the type locality. The type locality is on Cerro 
San Felipe in central Oaxaca a few kilometers north of the city 
of Oaxaca. This area is also known as the Sierra Aloapaneca. 
Mendelson and Kabay (2009) further stated that this species 
was last seen alive in 1975 and probably became extinct not 
very long after that year. The extinction of P. hazelae was earlier 
proposed by Lips et al. (2004). 
 Herein, we report recent sightings of this species at two dif-
ferent localities, both not far from the type locality. On 23 June 
2003, we found two individuals in a dry streambed near the 
village of El Punto. The two males were calling at night from 
low bushes within pine-oak forest (Fig. 1). El Punto (17°20'N, 
96°36'W) is located at 2000 m elevation on the eastern slope 
of Cerro San Felipe and was listed as a locality of P. hazelae by 
Duellman (1970). 
 On 7 May 2004, Moises Kaplan and the two authors collected 
tadpoles in a small creek near Ixtlán de Juárez; these were later 
described as those of Plectrohyla hazelae (Kaplan et al. 2006). 
Ixtlán de Juárez (17°20'N, 96°29'W) is located at about 1900 
m elevation and 30 km N of El Punto. On 8 July 2004 we (PH 

and RA) returned to the same creek and found a small breed-
ing colony of at least a dozen adults. Several males were calling 
at night from a patch of small broadleaf trees within pine-oak 
forest. Our observations suggest that P. hazelae reproduces at 
the beginning of the rainy season and that the metamorphosis 
of the young occurs also at this time of the year, which implies 
that the tadpole stage may last for about one year. 
 A female we found at the locality near Ixtlán is the first 
known female of this species (Fig. 2; Duellman 2001). It had a 
snout–vent length of 38.2 mm (largest known male 38.6 mm SVL; 
Duellman 2001). We did not observe any obvious differences in 
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Plectrohyla hazelae (Taylor, 1940) Not Extinct

FiG. 1. Adult male Plectrohyla hazelae, El Punto, Oaxaca, Mexico.

FiG. 3. Adult male Plectrohyla hazelae from El Punto, Oaxaca, showing 
dark ground color and light green spotting.
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FiG. 2. Adult pair (female on left, male on right) of Plectohyla hazelae 
from Ixtlán de Juárez, Oaxaca, México. The female is the first example 
known for this species. The differences in coloration are not gender-
based, instead reflecting individual variation. Individual frogs have 
the ability to change from light to dark green.
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coloration between the genders except that the female’s throat 
is heavily mottled with dark brown whereas in males the throat 
is pale yellow and immaculate. Males and females possess the 
ability to change their dorsal coloration between bright green 
and very dark green. The pale dorsal spots, which are charac-
teristic of this species, are more pronounced when the frogs 
exhibit a dark ground color (Fig. 3).
 
	 Acknowledgments.—We thank Moises Kaplan for confirming the 
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The illustration above originally accompanied an article titled “Monitor gouldi, Gould’s Monitor Lizard,” published in 1888 within the pages of Pro-
dromus	of	the	Zoology	of	Victoria;	or	Figures	and	Descriptions	of	the	Living	Species	of	All	Classes	of	the	Victorian	Indigenous	Animals. This periodical, 
published in twenty parts from 1878 to 1890 by the National Museum of Melbourne, was met with critical acclaim and wide popular support. John 
McCoy (1823–1899), director of the National Museum of Melbourne, wrote the text and employed a number of artists to illustrate his work, includ-
ing John James Wild, the illustrator of this piece. Born in Switzerland in 1824, Wild traveled to Australia in 1881 where he was employed by McCoy 
to illustrate terrestrial and marine mammals for the Prodromus. Wild was noted for the clarity of his illustrations, his desire to depict his subjects 
in naturalistic environments, and his ability to fit an impressive amount of information onto a single page. All three of these characteristics are 
evident in this piece. Additional information can be found at: http://museumvictoria.com.au/caughtandcoloured/

—Contributed by WILL BROWN; e-mail: wbrown@blueridgebiological.com
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 Identification of individuals over time is essential for mea-
suring growth, fecundity, survival, movement, and dispersal of 
amphibians. Such individual measures usually result in more 
robust estimates of processes affecting population growth and 
declines, and likely yield more effective management recom-
mendations. There are a variety of marking and identification 
techniques that have been evaluated for use with amphibians 
including toe-clipping (McCarthy and Parris 2004; Otto and 
Scott 1999; Phillott et al. 2007; Waddle et al. 2008), passive in-
tegrated transponder (PIT) tags (Brown 1997; Gibbons and 
Andrews 2004; Otto and Scott 1999), coded wire tags (Sinsch 
1997), radio-transmitters (Richards et al. 1994; Weick et al. 
2005), pattern recognition (Gamble et al. 2008; Grant and Nan-
jappa 2006), various tattooing and branding techniques (Don-
nelly et al. 1994; Measey et al. 2001; Schlaepfer 1998), visible 
implant elastomer (VIE) marks (Grant 2008; Kinkead et al. 2006; 
Measey et al. 2001; Nauwelaerts et al. 2000; Ralston Marold 
2001), and visible implant alphanumeric (VIAlpha) tags (Bu-
chan et al. 2005; Gower et al. 2006; Heard et al. 2008; Measey 
et al. 2001). When selecting the most appropriate method, a 
researcher should consider impact on health and behavior of 
study animals, degree of invasiveness, ease and speed of use, 
handling time, mark longevity, expense, and number of unique 
marks necessary.  Researchers should select tags or marking 
procedures with the least possible effect on behavior, growth, 
and survival.

 Ambystomatid salamanders at metamorphosis are typically 
less than 40 mm SVL and weigh < 2 g (Petranka 1998). Their 
small size limits the practical options for individual identifica-
tion of juveniles. Most individuals are too small for currently 
available internal radio-transmitters. Although Otto and Scott 
(1999) demonstrated that PIT tags could be surgically implant-
ed in juvenile Marbled Salamanders (Ambystoma	 opacum) 
weighing from 2 to 4 g, ambystomatid salamanders in Mis-
souri are typically closer to 1 g at metamorphosis (Osbourn, 
unpubl. data). In addition to the body size constraints of PIT 
tagging, the necessary surgical procedure requires extra time 
and precautions, limiting the ability to mark a large number of 
individuals. Recent advancements in pattern recognition tech-
nology are very promising (e.g., Gamble et al. 2008), however 
Marbled Salamanders, Spotted Salamanders (A.	maculatum), 
and Ringed Salamanders (A.	annulatum) lack their character-
istic patterns at metamorphosis, limiting its effectiveness. Toe-
clipping is limited by the number of possible combinations, 
regeneration, and potential harmful effects (Brown 1997; May 
2004; McCarthy and Parris 2004). Though there is consider-
able debate about the potential harmful effects of toe-clipping 
versus the effects of other marking techniques (e.g., Funk et al. 
2005; Phillott et al. 2007), it is likely that stress associated with 
increased handling time impacts animal health regardless of 
marking technique (Kinkead et al. 2006). Visible implant elas-
tomers are very effective with most species. Although often suf-
ficient for marking individuals, VIEs are limited by the number 
of possible combinations of mark colors and lightly pigmented 
marking locations (Heemeyer et al. 2007). Visible implant elas-
tomers can also be inconvenient for fieldwork because of their 
tendency to become solidified and inoperative when inad-
equately refrigerated. Perhaps the greatest limitation of VIEs is 
their potential for misidentification due to tag migration. Mis-
identifications of VIE markings were reported for 19% of West-
ern Red-backed Salamanders (Davis and Ovaska 2001), 17% of 
Eastern Red-backed Salamanders (Heemeyer et al. 2007), and 
31% of Wood Frogs (Moosman and Moosman 2006). Ralston 
Marold (2001) did not observe VIE mark migration in stream 
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salamanders, however Bailey (2004) reported a misidentifica-
tion rate of 13% in Blue Ridge Two-lined Salamanders which 
she attributed to color misidentifications, overlooking of small 
marks, and incorrect mark location.
 Soft VIAlpha tags, manufactured by Northwest Marine 
Technology, Inc., are individually coded, biocompatible tags 
measuring 1.0 × 2.5 mm. They are imprinted with one letter 
(A–Z) and two numerals (00–99) on a fluorescent red, orange, 
or yellow background (also available as fluorescent lettering on 
black background or larger 1.5 × 3.5 mm tags, although these 
were not tested here). The combinations of colors and alpha-
numeric codes yield 7800 possible individual fluorescent tags. 
VIAlpha tags have been used extensively in fish (e.g., Frenette 
and Bryant 1996) and are increasingly being used for individual 
identification in a range of amphibian species (e.g., Measey et 
al. 2001; Pittman et al. 2008; Spickler et al. 2006). In contrast 
to PIT tags and similar to VIE marks, VIAlpha tags are inserted 
just below the surface of the skin and do not require deep in-
sertion into the abdominal cavity. This comparably less inva-
sive tagging procedure could translate into decreased handling 
and recovery times for small salamanders. For VIAlpha tags the 
problem of tag migration often reported for VIEs seems only 
to be a problem in amphibians with loose skin. Some studies 
examining VIAlpha tags effectiveness with frogs reported tag 
migration (Kaiser et al. 2009) or having to manipulate inverted 
tags through the skin with forceps so that they could be read 
(Heard et al. 2008; Kaiser et al. 2009). These problems have not 
been reported in species with tight connective tissue between 
skin and muscle such as salamanders and caecilians (Gower 
et al. 2006; Measey et al. 2001). We conducted an experiment 
to assess the effectiveness of VIAlpha tags for individual iden-
tification of juvenile ambystomatid salamanders by evaluat-
ing ease of application, readability, tag retention, and effect on 
body mass gained by individuals.
  Materials and Methods.—We collected Marbled Salaman-
der larvae (Ambystoma	opacum) from the Daniel Boone Con-
servation Area, Warren County, Missouri, and raised them in 
1000 L cattle watering tanks until metamorphosis. Juvenile 
salamanders were placed in individual 17 × 12 × 9 cm plastic 
containers with moist sphagnum moss and fed 4–5 crickets 
weekly. Prior to and during the experiment, salamanders were 
housed in a temperature controlled (24°C) animal care facility 
at the University of Missouri. A total of 59 individuals were ran-
domly assigned to one of four treatments. Fourteen untagged 
and non-anesthetized salamanders served as the control, 15 
were anesthetized without a tag, 15 were tagged without anes-
thetization, and 15 were tagged with anesthetization. Of the 
salamanders receiving tags, three colors (red, orange, and yel-
low) were used.
 Tricaine methanesulfonate (MS-222) is an effective and 
commonly used anesthetic for sedating and immobilizing fish 
and amphibians (Lowe 2004). We chose a concentration of 
500 mg/L of MS-222 based on the mass of our juvenile sala-
manders (Peterman and Semlitsch 2006). To achieve a neutral 
pH, we buffered the solution with 800 mg of NaHCO

3
 (sodium 

bicarbonate) (Cooper 2003). Salamanders were placed in the 
MS-222 bath until anesthetized (unresponsive to prodding and 
unable to right themselves) and for no more than 5 minutes. 
Once anesthetized, individuals were rinsed of MS-222 by dip-
ping them in a shallow dish of dechlorinated tap water.
 We individually marked juvenile salamanders with North-
west Marine Technology (NMT), Inc., (Shaw Island, Washing-
ton, USA) VIAlpha tags. During the marking procedure, one 
investigator (MSO) inserted all VIAlpha tags to insure consis-
tency, while three others monitored anesthetization, weighed 
and measured, and monitored recovery of individuals. Tags 
were placed subcutaneously under translucent epidermis near 
the lateral base of the tail (Fig. 1). We administered VIAlpha tags 
by first making a 1 to 2 mm incision with a sterile pointed scal-
pel blade and then used the injector provided by NMT to in-
sert the tag approximately 3 mm inward from the entry wound. 
Non-anesthetized individuals were restrained by hand during 
tag injection. To minimize infection, we wore nitrile gloves and 
sterilized all equipment with alcohol before each injection. 
During the four weeks of monitoring, each salamander was re-
moved from its container at weekly intervals, weighed with an 
electronic balance, and fed. The same observer (MSO) exam-
ined tags weekly for retention and assigned a ranking according 
to the following readability index: 0, tag not visible or not pres-
ent; 1, tag visible but only color discernable; 2, tag color and 
partial code visible or incorrect code read; 3, correct code only 
read with use of blue LED light and amber filter glasses; and 
4, correct code visible without aid of amber filter glasses. This 
index was a useful tool for determining whether readability and 
accuracy decreased over time. Tags were initially read without 
the use of aids and then read while using a blue LED light and 
amber filter glasses to examine the usefulness of the light and 
glasses.
 We used two-way analysis of variance (ANOVA, SAS version 
9.1) to test for significant differences between our treatment 
groups in proportion increase of body mass after four weeks. 

FiG. 1. Ambystoma	opacum	juveniles marked near the lateral base of the 

tail with VIAlpha tags as viewed with blue LED light and amber filter 

glasses.
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To adjust for differences in mean initial body mass among our 
treatments, we used arcsine square-root transformed propor-
tions.  Anesthetization (anesthetized and non-anesthetized) 
and tag (tagged and non-tagged) treatments and their inter-
action (tag x anesthetization) were fixed effects in our model. 
We then used two-way ANOVA to test these same effects for 
significant differences in tag readability index scores after four 
weeks. Finally, we tested for random effects in tag retention and 
reading accuracy between anesthetized and non-anesthetized 
salamanders with a goodness of fit G-test (Zar 1999).
 To supplement our laboratory experiment, we recorded ad-
ditional observations on 122 Spotted Salamanders marked as 
recent metamorphs for ongoing mark-recapture experiments. 
Anesthetization, VIAlpha tagging procedures, housing, and 
care of these juveniles followed similar methods as in the labo-
ratory experiment. After twelve weeks, our observer (MSO) as-
signed each salamander’s tag a readability score and recorded 
tag retention. These additional observations were useful for ex-
amining tag retention over a longer time scale and comparing 
readability between species.
 Results and Discussion.—The use of VIAlpha tags on small 
juvenile salamanders was successful. All tagged salamanders 
survived and grew during the four weeks of the experiment, 
although one small anesthetized untagged individual died af-
ter the first week. Our 100% survival of tagged individuals was 
comparable to the 96% survival of VIAlpha-tagged Pacific Tree-
frogs (Pseudacris regilla) reported by Buchan et al. (2005). En-
try wounds created during tag insertion closed rapidly, lacked 
discoloration or swelling, and were typically considered healed 
within 24 hours. Our selected MS-222 concentration of 500 
mg/L buffered with 800 mg of sodium bicarbonate was very ef-
fective, causing anesthetization in ~5 minutes with no detect-
able decline in health or behavior over four weeks. All surviv-
ing salamanders (N = 58) consistently fed and grew during the 
four-week period, increasing their mass by an average of 48%. 
There were no significant differences in the proportion of mass 
increase between tagged and untagged individuals (F

1,54 
= 0.03, 

P = 0.869), anesthetized and non-anesthetized individuals (F
1,54 

= 0.009, P = 0.621), nor was there an anesthetization by tag in-
teraction (F

1,54 
= 0.030, P = 0.3681; Table 1).

 Through experience tagging over 2000 juvenile Spotted 
Salamanders (Ambystoma	maculatum) and Ringed Salaman-
ders (A.	annulatum) in the field, we have observed the advan-
tages of VIAlpha tags and potential problems which can arise 
during tag injection. The effectiveness of VIAlpha tags appears 

to be primarily limited by the skill and experi-
ence of the operator. Although tedious and re-
quiring some initial practice to use efficiently, 
VIAlpha tags can be individually loaded in ap-
proximately 10 sec and injected into properly 
immobilized salamanders in less than 15 sec by 
a lone operator in the field. After a 5 min anes-
thetization period, handling time is often no 
more than 20 sec for immobilized salamanders. 
A recovery period of 10 to 20 min is also needed 

for anesthetized individuals. Our VIAlpha marking procedure 
time for juvenile salamanders is very similar to caecilians (< 1 
min plus anesthetization and recovery; Measey et al. 2001) and 
Pacific Treefrogs (< 15 sec with no anesthetization; Buchan et 
al. 2005). Marking procedure times for VIAlpha tags are very 
similar to VIEs. Ralston Marold (2001) reported that it took 30 
sec to inject four VIE marks and the entire procedure, includ-
ing anesthetization and recovery, took about 20 min per indi-
vidual. The VIAlpha tagging procedure can be streamlined with 
one technician loading tags and anesthetizing batches of five 
or more individuals while a second technician simultaneously 
injects and measures others.
 Attempting to inject tags into improperly restrained indi-
viduals can result in agitation and tearing in the entry wound, 
potentially affecting tag readability by tags being placed too 
deep, too shallow, or folded. Despite difficulties encountered 
while trying to administer VIAlpha tags to non-anesthetized 
juvenile salamanders, we observed no significant differences 
in tag readability between anesthetized and non-anesthetized 
individuals (F

1,22 
= 0.30, P = 0.591). If anesthesia is not preferred, 

restraining the salamander in a plastic bag and injecting the tag 
through the side of bag directly into the tail of the salamander 
is an effective technique with practice. The tradeoff of attempt-
ing to insert VIAlpha tags into non-anesthetized individuals is 
the potential for increased stress from prolonged handling time 
(however, no one has yet measured the level stress induced by 
exposure to MS-222 solution).
 The mean readability score for Marbled Salamander juve-
niles after four weeks was 3.33 ± 0.16 (± SE; N = 24), indicating 
that a typical alphanumeric code could be read clearly by em-
ploying both the blue LED light and amber filter glasses. Mar-
bled Salamanders are particularly darkly pigmented compared 
to other ambystomatids and we would expect their readability 
scores to be lower than more lightly pigmented species. For 
example, the comparably paler Spotted Salamander juveniles 
we monitored for twelve weeks had a mean readability score 
of 3.91 ± 0.03 (N = 103). A typical Spotted Salamander alphanu-
meric code could be clearly read without amber filter glasses. 
To ensure optimal readability, tags should be positioned just 
below translucent epidermis and inserted far enough away 
from the entry wound to allow it to heal and to prevent scar tis-
sue from obscuring the alphanumeric code. Although we found 
that shining a blue LED or UV light and wearing amber filter 
glasses provided by NMT greatly improved tag detection in 
more heavily pigmented salamanders, for individuals with little 

TABle 1. Mean initial body mass, mean final body mass, and mean proportion body mass 
increase (± SE) of Marbled Salamanders reared in the laboratory after being marked with 
VIAlpha tags and/or anesthetized with MS-222. 

Treatment N Initial Mass (g) Final Mass (g) Proportion Mass Increase

Anesthetized 29 1.17 1.74 0.49 (± 0.15)
Non-anesthetized 29 1.25 1.80 0.46 (± 0.17)
Tagged 28 1.29 1.90 0.48 (± 0.14)
Non-tagged 30 1.13 1.63 0.47 (± 0.18)



Herpetological Review 42(1), 2011

4646     TECHNIQUES

translucent skin or abundant patterning, VIAlpha tags may not 
be a viable marking technique.
 Tag reading accuracy is a potential problem when reading 1 
mm alphanumeric codes. Our observer incorrectly read 4% of 
227 total tag reading attempts and 10% of 30 VIAlpha tags were 
misread at least once. Our results are similar to those of Heard 
et al. (2008) who reported a VIAlpha tag misidentification rate 
by naïve observers in 3% of attempts. By comparison, Bailey 
(2004) reported a lower reading accuracy of 13% for VIEs due 
difficulty finding marks or color misidentifications. PIT tags 
probably have the lowest rate of inaccurate readings, although 
Pyke (2005) attributed a 1.8% error rate to human recording 
error.
 Placement of tags too close to the entry wound was the pri-
mary cause for tags being dropped. For the first two weeks we 
recorded 100% tag retention, but by the end of week four 20% 
of 30 tags were dropped. Though not significant (P = 0.218), all 
six dropped tags were from non-anesthetized salamanders and 
could be the result of less than optimal tag placement while at-
tempting to restrain them by hand. We found similar results in 
tag retention over twelve weeks for anesthetized Spotted Sala-
mander juveniles (16% of 122 were dropped), suggesting that 
the problem of tag retention may be independent from the use 
of anesthesia. Tag loss may be the greatest potential limitation 
of VIAlpha tags. Heard et al. (2008) observed rates of tag loss of 
~8% in frogs, which they attributed to expulsion of tags from 
slow-healing entry wounds. Tag loss has also been reported in 
PIT tags (Gibbons and Andrews 2004) however it has not been 
observed for VIEs (Bailey 2004; Moosman and Moosman 2006; 
Nauwelaerts et al. 2000) except when individuals are marked 
prior to metamorphosis (Grant 2008). Heard et al. (2008) sug-
gest mark duplication as possible insurance against tag loss. 
Adding a cohort toe clip or a VIE mark in conjunction with a VI-
Alpha tag could be helpful, however at a potential cost in hand-
ing time and stress. During the twelve weeks we made obser-
vations, a small scar was almost always detectable upon close 
inspection, allowing us to identify individuals with lost tags in 
the field.
 For individually identifying large numbers of small juvenile 
salamanders, VIAlpha tags are a reliable and effective marking 
system. They have both advantages and disadvantages when 
compared to VIE marks and PIT tags. While PIT tags are very 
effective for individual identification of larger individuals, they 
are not yet available in small enough sizes to be practical for 
most recently-metamorphosed salamanders and require a 
more invasive surgical procedure.  VIAlpha tags and VIE marks 
are both effective marking systems for small amphibians and 
each has trade-offs. One key advantage of using VIAlpha tags in 
salamanders, however, is that they do not appear prone to mi-
grate to other regions of the body as reported with VIE marks. 
While VIEs do not appear to be as prone to tag loss as VIAlpha 
tags (8–20%), the reported misidentification rates for VIEs 
(13–31%) appear to neutralize this advantage. According to the 
estimation of Nauwelaerts et al. (2000), VIEs cost about $0.06 
per mark which is much less expensive than ~$1.00 per VIAlpha 

tag or ~$6.00 per PIT tag. The price advantages of VIEs may be 
somewhat diminished when multiple colors and locations are 
used to create individual marks, plus a proportion of a VIE batch 
is often wasted due to premature hardening in the field. Ralston 
Marold (2001) reported material costs for her project increased 
substantially because of the need to mix multiple batches per 
day despite keeping VIEs on ice.  VIAlpha tags are very practical 
for fieldwork because they are extremely compact, lightweight, 
and are as visible as VIEs without requiring refrigeration.
 Ultimately, which marking technique is the most appropri-
ate depends on the question being asked. Here, we were con-
cerned with individual identification of thousands of small, 
recently metamorphosed salamanders. Our field experiments 
required identification of recaptures over relatively short time 
periods (1–12 weeks). For our short-term projects, VIAlpha tags 
worked well, however long-term retention and readability has 
yet to be tested and is of concern. Marking juvenile salaman-
ders with any method can be problematic because of their high 
rate of growth and development of pigmentation and pattern-
ing. We recaptured several Ringed Salamander juveniles the 
following field season with their tag color still discernable but 
their alphanumeric code mostly obscured. Although often te-
dious and slow when first used, an experienced operator can 
load and accurately inject tags swiftly with progressively de-
creasing handling time. When compared to other available 
marking techniques, the speed of use, cost, detection and read-
ability, number of individual combinations, and lack of ob-
served negative effects on survival or behavior, suggests that 
VIAlpha tags are highly effective for individual identification of 
small juvenile salamanders. 
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 Pipe-trap refugia are currently the most widely used method 
for sampling hylid frogs in their terrestrial habitats (Johnson et 

al. 2008; Myers et al. 2007; Pittman et al. 2008). Several studies 
have validated the technique for a variety of species and high-
lighted the potential for modifications of pipe-traps targeting 
specific species or age classes (Bartareau 2004; Moulton et al. 
1996; Zacharow et al. 2003). In a study of Gray Treefrog (Hyla 
versicolor) habitat use in mature oak-hickory forest within Dan-
iel Boone Conservation Area, Warren County, central Missouri, 
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I tested a scaled-down variant of the artificial pipe-trap refugia 
design used by Johnson (2005). I modified the pipe-trap in an 
attempt to enhance capture rates of metamorph Gray Treefrogs, 
a crucial life stage for which the ecology remains poorly under-
stood. Metamorph-specific pipe refugia were constructed in the 
same manner as the larger pipe-traps after Johnson (2005), but 
with a gray 18 mm (pipe interior diameter) polyvinyl chloride 
(PVC) pipe rather than the black 40 mm acrylonitrile butadiene 
styrene (ABS) pipe used for the larger pipe-traps. The reduced 
pipe diameter maintains accessibility for metamorph treefrogs 
while effectively excluding adult treefrogs. The restricted pipe 
diameter also limits access for several other bycatch species that 
may influence treefrog occupancy (e.g. skinks, spiders, katydids; 
pers. obs.) and reduces risks of mortality for bycatch species 
who are themselves in danger of entrapment (e.g. skinks, pers. 
obs.; flying squirrels, Borg et al. 2004). Finally, the pipe diam-
eter excludes potential predators that have been found in larger 
pipe-traps such as the Black Rat Snake (Elaphe obsoleta, pers. 
obs.).
 I distributed 96 large and 96 small pipe-traps evenly 
throughout three experimentally treated forest plots surround-
ing permanent forest ponds. Each of the three sites was com-
prised of four treatment areas: 4–5 year old clearcuts (with 
one treatment area having coarse woody debris from logging 
retained and one treatment area with coarse woody debris re-
duced), partially-thinned forest stands, and unmodified con-
trol forests (32 pairs of pipes at each site, 24 pairs of pipes in 
each habitat type). Pipes were placed on a wide variety of trees 
representative of the range of species occurring in the area, 
including White Oak (Quercus alba), Black Oak (Q. velutina), 
Red Oak (Q. rubra), Shagbark Hickory (Carya ovata), Flower-
ing Dogwood (Cornus florida), Black Cherry (Prunus serotina), 
and Black Maple (Acer	nigrum). Pipe-traps were placed in pairs 
on trees with the open upper end of the pipes approximately 
two meters above the ground. Within pairs, one large and one 
small pipe were placed side-by-side on a single tree to allow di-
rect comparison of the effectiveness of the smaller refugia for 
sampling metamorphs. In clearcuts where some trees were too 
small to place both pipes on a single tree, pipes were placed on 
trees of the same species and approximate diameter within 5 
meters of one another. 
 I monitored all pipe-traps 3 times weekly over two seasons 
of monitoring from May through October in 2007 and 2008, 
and assigned each individual a unique mark using toe clips. 
I recorded 55 captures of 32 individual Gray Treefrog meta-
morphs in pipe-traps. Comparison of metamorph captures 
between large and small pipe-traps showed gross capture rates 
of 83% (46 captures) in large pipes and 17% (9 captures) in 
small pipes. Of the 32 individuals captured, 4 were recaptured 
in adjacent pipes of different diameters showing repeated use 
of adjacent refuges of both sizes. Spring Peepers (Pseudacris 
crucifer), the only other hylid species occurring in the study 
area, were only rarely found occupying the larger pipe-traps 
and were never found in the small diameter traps. While adult 
treefrogs, large spiders, skinks, and katydids would occupy the 

large pipes, only metamorph treefrogs were found occupying 
the small diameter pipes. However, spiders would frequently 
deposit an egg sac near the mouth of the pipe temporarily 
obstructing access and potentially precluding occupancy by 
metamorph treefrogs. 
 Previous studies comparing the effects of different pipe di-
ameters on capture rates of hylid frogs have shown differential 
capture rates among multiple species as well as among age-
classes within species. Bartareau (2004), in a study of ground-
placed pipe-traps of three different diameters (13, 25, and 38 
mm), reported a significant positive relationship between pipe 
diameter and treefrog size across species. The design that I 
tested for a reduced diameter (18 mm as compared to 40 mm) 
tree-based pipe-trap targeting Gray Teefrog metamorphs was 
partially unsuccessful in that it did not show improved capture 
rates of metamorph Gray Treefrogs compared to traps of a larg-
er pipe diameter. However, the small diameter pipe did effec-
tively exclude adult treefrogs and the bycatch species common-
ly found in the large pipe-traps. Further testing of pipe-traps 
of intermediate diameters will help determine the suitability of 
such modifications for targeting Gray Treefrogs of different age 
classes. Pipe-traps remain one of the best techniques currently 
available for studying Gray Treefrogs and many other hylids 
in their terrestrial environments. I strongly encourage further 
testing of new pipe-trap designs utilizing intermediate pipe di-
ameters or other modifications to further refine the technique 
and its applications. Such modifications could lead to the de-
velopment of age-class or species-specific pipe-traps for hylid 
frogs, ultimately facilitating studies that examine the ecology 
and conservation of these species. 
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 In a study of the time of passage of prey 
through the digestive tract of a Copperhead 
(Agkistrodon	 contortrix) to compare the ef-
ficiency of digestion between envenomated 
and non-envenomated prey, it was planned to 
employ an intact snake as its own control and 
then surgically remove its venom glands and 
use it as an experimental subject. Much of the 
literature about this topic is found in relatively 
obscure sources (Alpi et al. 2009). Although Tait 
(1938) established a procedure for excising the 
venom gland of pit vipers, later refined by Lan-
glada and Belluomini (1972), it is invasive and 
can result in formation of hematomas and oth-
er complications. With that technique, healing 
requires an extended convalescence but is not 
always complete. An alternate technique developed in an ef-
fort to establish a less drastic method is the occlusion of venom 
ducts using electrocautery (Jaros 1940). This technique has 
been reported to be superior to extirpation of the venom gland, 
but would require highly specialized microsurgical techniques 
to achieve a theoretically possible reversal of the ablation. This 
technique also requires an extended convalescence and heal-
ing is not always complete. The present study attempted to cre-
ate an easily reversible alternative to these invasive techniques 
by testing whether dental composites would effectively block 
flow of venom through the fangs of the Copperhead.
 Methods.—Prior to the surgical studies, fangs of Copper-
heads dissected from deceased specimens were examined by 
scanning electron microscopy to ascertain the general char-
acteristics of the interior surface of the fang and to assess the 
potential for direct filling without amputation of the tooth. The 
structure of the fang’s opening was considered incompatible 
with a pressurized fill technique and the smooth featureless 
surface of the fang’s interior suggested that a glass ionomer fill 
might have the best chance of full adherence using a pressur-
ized fill on a partially coronectomized tooth.
 Six Copperheads were housed at North Carolina State Uni-
versity’s A.E. Finley Research and Education Center located at 

Historic Yates Mill County Park near Raleigh, North Carolina. 
Snakes were subjected to treatment on separate days. Prior to 
treatment each snake was milked and the venom collected into 
a 150-ml glass beaker covered by Parafilm. Then, the snake was 
placed into an individual reinforced rubberized container and 
transported by automobile to the North Carolina State University 

SAMANTHA AVERY
Department of Biology, North Carolina State University 
and A. E. Finley Education and Research Center
Raleigh, North Carolina 27695-7617, USA
WILLIAM V. KRUG*
Environmental Medicine Consortium and Department of Clinical Sciences
North Carolina State University College of Veterinary Medicine
Raleigh, North Carolina 27606, USA
MICHAEL K. STOSKOPF
Environmental Medicine Consortium and Department of Clinical Sciences
North Carolina State University College of Veterinary Medicine
Raleigh, North Carolina 27606, USA
HAROLD HEATWOLE
Department of Biology, North Carolina State University 
and A. E. Finley Education and Research Center
Raleigh, North Carolina 27695-7617, USA

*Corresponding author; e-mail: wvkrug@ncsu.edu

Herpetological Review, 2011, 42(1), 49–50.
© 2011 by Society for the Study of Amphibians and Reptiles

Venom Canal Occlusion as an Experimental Alternative to  
Surgically-rendered Venomoid Snakes in the Copperhead,  
Agkistrodon contortrix

TABle 1. Shedding of fangs by Copperheads (Agkistrodon	contortrix) following occlusion.

Dental Composite Snake No. Successfully Time to Shedding
   Occluded (post-treatment)

Visible-light-cured 12 (first attempt) Yes Before day 6
 glass ionomer 12 (second attempt) Yes Before day 15
 restorative 7 Yes Before day 15

Light-cured, radiopaque, 3 Yes* Before day 24
 flowable composite 4 Yes Before day 10
  9 Yes Before Day 6
  10 Yes * Before day 6

* The dentist indicated at the time of the procedure that he was not confident he had 
completely occluded these two fangs. When an attempt was made subsequently to milk 
the snake there was minor leakage that was barely perceptible.
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College of Veterinary Medicine where it was placed into a clear 
Perspex tube appropriate to its girth and anesthetized.
 Following induction with 5% isofluorane, the snake was 
intubated with an appropriately sized endotracheal tube and 
dosage was adjusted according to the snake’s physiologic pa-
rameters and plane of anesthesia. Heart and respiratory rates 
were monitored every five minutes for each snake; the snake 
was then carefully observed for muscle tone and any voluntary 
movement during treatment. The crown of each fang was am-
putated approximately halfway down its length using a tapered 
diamond burr on a high-speed handpiece with water cooling 
and the fang filled with a dental restorative (Fig. 1). A visible-
light-cured glass ionomer (GC Fuji II LC distributed by GC 
Corporation, Tokyo, Japan) was used for snakes #12 and #7. A 
radiopaque, flowable composite (PermaFlo Purple distributed 
by Ultradent Products, Inc, Utah, USA) was employed for the 
remaining four.
 Following the procedure the snakes were returned to the 
housing facility at Yates Mill Park and monitored daily for any 
aberrations in behavior. The fangs of the treated snakes were vi-
sually examined six to eight days post-operatively to ascertain 
whether or not they were intact. An attempt was also made to 
milk the snake to discover whether occlusion of the fang had 
been successful. If the fangs were not shed by eight days, they 
were checked intermittently thereafter.
 Results and Discussion.—Table 1 demonstrates that both 
composites successfully occluded the snakes’ fangs but because 
snakes shed their fangs within a short time post-treatment, some-
times within six days, the occlusion was not long-lasting. The 
times in Table 1 indicate when the new fang was first observed, 
but in some cases replacement could have occurred earlier.
 It is not clear whether the occlusion of the venom canal in-
duced exfoliation or whether fang shedding naturally occurs at 
this interval. A study is now in progress to ascertain the normal 
rate of fang replacement.
 Once the natural rate of shedding is known, experiments of 
short duration could be planned to begin at the inception of 
the new shedding cycle. Occlusion of the venom canal in the 
fang, however, does not seem a viable alternative for long-term 
experiments. Following the use of the dental composites, shed-
ding of the occluded fangs took place with the replacement 
fang being operative.
 Although the procedure is unsuccessful for long-term ex-
periments, it is a valid technique for the blockage of venom 
over short periods. There were only two instances in which the 
technique was not completely successful in blocking the flow 
of venom, causing slight leakage to occur. In both these cases 
immediately after the procedure the surgeon indicated he had 
experienced difficulty and was not positive he had blocked the 
fang completely.
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FiG. 1. A. Endotracheally intubated snake with steel tooth retention rod 
holding fang to be operated forward from the sheath. B. After amputa-
tion of the fang proximal to the venom slit, showing the use of a small 
dental file to deliver the filling material to the tooth canal.
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 The ability to individually identify animals is important in 
many types of biological studies. Mark-recapture studies are 
often utilized in the investigation of numerous natural history 
parameters of wild populations of animals including lifespan, 
habitat use, home range and behavior. Individual recognition 
is important to ex-situ managed populations as well. In zoos, 
accurate animal identification is essential to animal health, re-
cord keeping, breeding programs and collection management. 
This information is vital for the implementation and coordina-
tion of the Association of Zoos and Aquariums Species Survival 
Plans.
 Various techniques have been developed and employed for 
individual recognition in reptiles (see Ferner 2007). The most 
appropriate should be minimally invasive, allow for easy recog-
nition (ideally from a distance), and persist or be easily main-
tained. Both scale- and toe-clipping (Waichman 1992; Wood-
bury 1956) have been performed in the field and on captive 
animals, but both require the handling of individual animals for 
subsequent identifications. Scale-clipping can be unreliable as 
scales might re-grow. Toe-clipping can negatively impact loco-
motion (Bloch and Irschick 2004) and might affect survivorship 
as has been suggested by some amphibian studies (Clarke 1972; 
McCarthy and Parris 2004). Branding has been described (Clark 
1971), but also requires handling of the animal for recognition. 
The attachment of colored beads to lizard species using various 
techniques has been reported. Because beads are not shed, this 
technique could be effective long-term. However, the invasive 
methods utilized by Fisher and Muth (1989) and Rodda et al. 
(1988) are not appropriate in a zoo setting as they might prove 
distasteful to the public. All of these techniques probably involve 
some discomfort to the animal as well as possible infection at 

the site. Implantation of passive integrative transponders (PIT 
tags) is one of the most commonly employed recognition tech-
niques utilized for all taxonomic groups (Gibbons and Andrews 
2004) and has the benefit of potentially persisting throughout 
the life of the animal. Unfortunately, animals must reach a cer-
tain size before PIT tags become practical. And although PIT 
tags offer a reliable source of identification, individual recog-
nition still requires some handling of the animal. Painting has 
been employed on various squamates (Brown et al. 1984; Jones 
and Ferguson 1980; Rodda et al. 1988; Simon and Bissinger 
1983; Vinegar 1975). This technique might make individuals 
more visible and vulnerable to potential predators, although 
Jones and Ferguson (1980) and Simon and Bissinger (1983) re-
ported no effect on survivorship in Sceloporus undulatus and S. 
jarrovii, respectively. Further study is needed to determine ef-
fect of painting on survivorship and social significance (Ferner 
2007), the latter of which could affect adult zoo animals while 
predation pressure does not. In hopes of safely and effectively 
identifying Common Chuckwalla (Sauromalus ater) hatchlings 
at the Bronx Zoo without handling, we employed painting tail 
bands using livestock markers.
 Nine Common Chuckwallas hatched between 24 Septem-
ber and 26 September 2010 at a mean (± 1 Standard Error) mass 
of 5.27g (± 0.141). All hatched with the expected alternating 
black and white banded tails. On 30 September, linseed oil-
based All-Weather Paintstick® livestock markers (LA-CO®, Elk 
Grove, Illinois, USA) in red, blue or green colors were used to 
mark them. The distinct white bands were numbered in as-
cending order from the cloaca to the tail tip. A strip of color 
was applied to one of these three bands in each animal, in one 
of the three colors. Animals were then referred to by color and 
band number (e.g., Red-1 referred to the animal marked red on 
the first white band). The livestock marker was applied using a 
fine tipped file and gently applied to the skin. Although several 
tools could be used for marking, the texture of the file allowed 
the livestock marker to adhere easily to its surface during ap-
plication. Excess marker was removed with the edge of the file. 
Animals displayed no signs of discomfort and behavior was not 
obviously altered by the markers. All the marks remained easily 
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distinguishable when they were proactively touched up on 22 
October. The red and green colors were the easiest to discern; 
the blue marker attracted or held substrate more readily mak-
ing the mark appear a dull brown color, a disparity likely due 
to a slight difference in ingredients used to manufacture the 
color (Bachleda, LA-CO, pers. comm.). When the blue mark was 
wiped free of debris, however, the color was obvious. Because 
the red and green marks were so vibrant, the blue marks were 
still easily distinguishable from the other two colors. No marks 
disappeared until animals began shedding on 20 November at 
which point colors were reapplied as each animal shed.
 Some of the benefits of this technique were realized imme-
diately. The marks took little time to apply and required only 
minimal maintenance. Animals could be individually identi-
fied to monitor behavior (e.g., food consumption) with negli-
gible or no disturbance to them. The markers are ideal for use 
with communally-housed animals in captive situations where 
some of the more invasive techniques would stress the animals 
and potentially alter behaviors. It is a viable, noninvasive alter-
native to marking animals too small to receive PIT tags. Paint-
stik markings could also be useful in short-term field studies, 
allowing individuals to be distinguished from a distance so that 
an observer would not alter the animals’ behavior. Location of 
marks on the body can be easily adapted to each species.

 Paintstiks are readily available, inexpensive (costing around 
US $1.00 each), and come in nine colors, with an additional 
four colors available in fluorescent, allowing for a significant 
number of possible combinations. With each stick useful for 
hundreds of applications, this technique is optimal for short-
term use where PIT tagging is cost prohibitive. Additionally, it is 
much less invasive than PIT tagging, and animals can be identi-
fied from a distance. With longer intervals between sheds, adult 
animals might display Paintstik marks for much longer than the 
juveniles discussed here. Similarly, body location might affect 
longevity of the mark with Brown et al. (1984) reporting acrylic 
paint marks lasting four years when applied to the basal seg-
ments of the rattles of Crotalus viridis.
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 This section offers a timely outlet for streamlined presentation of research exploring the geographic distribution, host range, 
and impact of emerging amphibian pathogens, especially the amphibian chytrid fungus Batrachochytrium dendrobatidis (Bd) and 
ranaviruses. Bd is an emerging pathogen linked to mass mortality and declines of amphibians worldwide, yet Bd has also been de-
tected in amphibians without disease. Ranaviruses also cause mass mortality, but have not yet been linked to large-scale declines. 
We know relatively little about their global distribution, host range, or impacts on host populations. To improve our understanding 
of the scope of this issue, we encourage submission of studies that illuminate the geographic distribution, host ranges, and impact 
of these pathogens on amphibian populations, including research on individual species or groups of species, wild or captive ani-
mals, native or non-native species, live animals or museum specimens, environmental samples, and, provided there is sufficient 
sampling1, reports of non-detections. 
 We ask authors to: 1) restrict the Introduction of their paper to a maximum of two paragraphs to highlight the context of their 
study; 2) briefly include both field and laboratory Methods; 3) present Results in a Table, although a map might also be useful, and 
limited text; and 4) have a short discussion of a maximum of three paragraphs to touch upon key findings. Please include the fol-
lowing information in submissions as appropriate: coordinates and description of sampling areas (or please note if locations are 
extremely sensitive to reveal, and provide general area instead); species name(s) and life history stages examined, as well as other 
species present; whether samples were collected randomly or just from dead or moribund animals; date of specimen collection; 
evidence of unusual mortality; numbers of positive and negative samples; disposition of voucher specimens; name of collabora-
tive laboratory or researcher conducting histological sections or PCR analyses; and names of cooperative land owners or land 
management agencies. We encourage researchers to conduct post-mortem examinations when possible to identify the cause of 
death when reporting mortalities. We aim to expedite the review and publication process! Please e-mail submissions directly to 
Associate Editor, Dr. Dede Olson: dedeolson@fs.fed.us.

1If a sample of 30 individuals of a particular life history stage of a particular species yields no positive results, and the diagnostic test is highly 
sensitive, one can conclude that the prevalence of infection is less than 10% with 95% confidence. With a sample of 10 an infection in one of four 
individuals could go undetected. We encourage researchers to collect sufficient samples that negative results are meaningful.

 Most previous studies of the prevalence of chytridiomycosis 
(Batrachochytrium dendrobatidis, Bd) in wild frog populations 
in Australia have been in tropical or subtropical environments, 

in areas with predominantly summer rainfall (Kriger and Hero 
2007; Kriger et al. 2007; McDonald et al. 2005). As Tasmania is 
both more temperate and does not have a summer-dominated 
rainfall pattern, seasonal patterns in prevalence in Tasmania 
may not be the same as in other parts of Australia. In tropical 
and subtropical areas of Australia, Bd prevalence and clinical 
disease are both higher in the colder and drier winter months 
(Berger et al. 2004; Kriger and Hero 2006; Retallick et al. 2004). 
In a broad-scale latitudinal study of chytridiomycosis in the 
Litoria lesueuri complex in eastern Australia, Kriger et al. (2007) 
found that prevalence and intensity of Bd infection increased 
with latitude, with an order of magnitude increase in the 
intensity of infection (as measured by zoospore equivalents) 
from 17° to 37°S. This latitudinal variation appeared to be 
related to a negative association between infection intensity 
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and temperature in the warmest quarter of the year and a 
positive association between infection intensity and rainfall 
in the driest quarter. They suggested that temperate frog 
populations might therefore be particularly susceptible to 
chytridiomycosis, especially as substantial population declines 
have occurred in at least 11 frog species in south-east Australia 
(Hero et al. 2006). However, the highest latitude they examined 
was 37.26°S, close to the Victoria-New South Wales border, 
which is still in a region of predominantly summer rainfall.
 Chytridiomycosis has only recently been reported from 
Tasmania (Obendorf 2005; Obendorf and Dalton 2006; Pauza 
and Driessen 2008). It has been detected in samples from 
a number of sites surrounding the World Heritage Area in 
south-west Tasmania, in tadpoles of all four frog species 
surveyed (Litoria burrowsae, L. ewingii, Crinia signifera, and 
C. tasmaniensis; Pauza and Driessen 2008). There are concerns 
that it may threaten Tasmania’s three endemic anurans (Litoria 
burrowsae, Bryobatrachus nimbus and Crinia tasmaniensis; 
Pauza and Driessen 2008) and also the threatened green and 
gold frog, Litoria raniformis (Obendorf and Dalton 2006). 
There has not, however, been any quantitative examination of 
prevalence or intensity of infection in adult frogs, as distinct 
from tadpoles, in Tasmania. Our objective in this brief study was 
to address this gap in knowledge by estimating prevalence and 
intensity of Bd infection, and possible effects of Bd infection on 
survival and capture probability in two Tasmanian frog species.
 Our study site was in Knocklofty Reserve, Hobart, Tasmania. 
The reserve usually has several small ponds with the Brown Tree 
Frog Litoria ewingii, the Spotted Marsh Frog Limnodynastes 

tasmaniensis, and the Common Froglet, Crinia signifera (http://
www.friendsofknocklofty.org/fauna.html; accessed 5 July 2010). 
These species are common in Tasmania and also are found in 
southern mainland Australia (Barker et al. 1995). At the time 
of the study, southern Tasmania was in severe drought, with 
24-month cumulative rainfall to 1 March 2008 in the lowest 5% 
of historical totals (http://www.bom.gov.au/climate/drought/
archive/20080304.shtml; accessed 5 July 2010). Only one water 
body, a small flooded quarry at 42.881°S, 147.303°E, still held 
water at the time of the study in Knocklofty Reserve. All data 
collection was therefore concentrated at that site.
 We conducted fieldwork from December 2007 to March 
2008, with monthly field surveys of 4–5 days, conducted in 
late afternoon and early evening. Frogs were captured by 
hand after searching under rocks and logs around the edge of 
the pond. On first capture, adult frogs were measured using 
calipers and individually marked using toe “tipping.” No more 
than 2 mm of the toe tip was removed and a maximum of one 
toe tip per foot or 4 toe tips per individual were removed. To 
minimize spread of disease between individuals, all frogs were 
placed into individual plastic bags immediately after capture 
and field gear such as scissors and callipers were disinfected 
in 70% ethanol between uses on individual frogs. Individual 
frogs were handled with a new pair of latex disposable gloves. 
The first time an individual frog was captured during one of the 
monthly survey periods, it was swabbed for Bd detection using 
a standardized technique as described by Kriger et al. (2006), 
using individually packed sterile dry swabs (MW100-100, 
Medical Wire and Equipment Company, Bath, UK). Frogs were 
swabbed 10 times on their ventral and dorsal surfaces, 10 times 
on each side from the fore to hind limbs and five times on each 
foot.
 Swabs were processed using real-time quantitative TaqMan 
PCR (qPCR) as described by Boyle et al. (2004) and Hyatt et 
al. (2007) with modifications as described by Garland et al. 
(2009). DNA extracts from swabs were diluted and added to 
PCR reactions and analyzed in groups of 22 swabs, and in each 
group, a negative control swab (negative extraction control 
- NEC) and a positive extraction control swab (PEC) were 
processed. The TaqMan analyses were performed in triplicate 
for the sample extracts, NEC, no template controls (NTC) and 
PEC. Standards (100, 10, 1, 0.1 zoospore equivalents) were 
analyzed in quadruplicate. Analyses were performed on the 
Rotor-GeneT 6000 (Corbett Research) using Gene-Disc 100 
tubes and a set threshold of 0.01 to determine the PCR cycle 
at point of detection (Cycle threshold (Ct)). PCR master mix 
and diluted sample extract, diluted NEC, PEC, water (NTC), or 
standard, were added to the tubes with a CAS-1200T pipetting 
robot (Corbett Robotics). NEC, PEC, NTC and standards were 
analyzed together by qPCR for each group of 22 swabs.
 Sample extracts obtaining a negative result for the TaqMan 
assay were reanalyzed for inhibition by assessing amplification 
of the TaqMan exogenous internal positive control. Single 
analyses were performed. If the Ct value of the IPC was above 
32 then the extract was diluted to 1 in 100 and a second TaqMan 

FiG. 1. Prevalence of Batrachochytrium dendrobatidis infection in Lito-
ria ewingii (solid circles) and Limnodynastes tasmaniensis (diamonds) 
per monthly survey period, December 2007 to March 2008, from 
Knocklofty Reserve, Tasmania, Australia. Rainfall (circles) and mean 
temperature (squares) in the 30 days preceding each sampling period 
are shown. 
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assay (in triplicate) was performed on the inhibited sample. 
Samples where 1 or 2 only of the triplicate qPCR reactions were 
positive were regarded as inconclusive and not included in any 
analyses.
 Program MARK (Cooch and White 2010) was used to model 
capture-mark- recapture data, examining whether Bd infection 
affected frog survival or capture probability. Initially, capture 
probability models were constructed with fully saturated 
survival models. Secondly, survival and transition rates were 
modelled using the best supported capture models from the 
first step and evaluated using AICc weight. Model selection 
uncertainty was accounted for by model averaging (Burnham 
2002; Burnham and Anderson 2004). Prevalence was analyzed 
using logistic models implemented in R (R Development 
Core Team 2007). When the same individual was captured on 
multiple occasions in the same survey period, it was treated as 
a single observation and was scored as positive if it was clearly 
positive (3 of the 3 replicate qPCR reactions) on any of the 
capture occasions and negative if it was clearly negative (0 of 3 
qPCR reactions) on at least one of the capture occasions, even if 
inconclusive (see above) on some of the others. For analysis of 
infection intensity (zoospore counts), the maximum count per 
individual per sampling period was used in the analysis.
 At the time of first capture, 42% of L. ewingii (N = 133) tested 
positive for Bd, whereas 31% of L. tasmaniensis (N = 88) tested 
positive (Table 1). However, a Fisher’s exact test did not reject 
the null hypothesis of equal prevalence in the two populations 
(P = 0.09, 95% CI for odds ratio 0.33, 1.11). The one C. signifera 
individual captured was infected with Bd.
 Overall, L. tasmaniensis had a much higher recapture 
rate (38%) than L. ewingii (6%). A logistic model of recapture 
probability in subsequent sampling intervals as a function of 
species and infection status at the time of first capture showed 
that there was a significant interaction term (c2 = 5.52, 1 df, P 
= 0.019). A borderline significantly higher (P = 0.052 ; Fisher’s 
exact test) proportion of infected L. ewingii were recaptured 

(10.7%) as compared to noninfected individuals (1.6%). In 
L. tasmaniensis, there were more recaptures of noninfected 
individuals (42%) as compared to infected frogs (30%), although 
a Fisher’s exact test did not reject the null hypothesis of equal 
recapture probability between these species (P = 0.44).
 Although the prevalence of infection differed between 
L. tasmaniensis and L. ewingii captured in each of the four 
monthly survey periods (Figure 1; logistic model of prevalence 
as a function of species and collection month had a significant 
interaction term; c2 = 11.2, 3 df, P = 0.01), inspection of the 
data suggested that prevalence was similar for both species in 
December, January, and March, but was significantly lower in L 
tasmaniensis than in L. ewingii in February. Whereas the mean 
temperature in the 30 days preceding the sampling period 
appeared to be positively associated with prevalence (c2 = 29.8, 
1 df, P = 0.00001; see Fig. 1), a model including month, species 
and their interaction fitted the data significantly better than 
a model including species, temperature and an interaction 
(c2 = 17.3, 4 df, P = 0.002), indicating that temperature was 
not a sufficient explanation for the observed differences in 
prevalence between months and species. Similarly, although 
the interaction between species and the total rainfall in the 
30 days preceding the sampling period was associated with 
prevalence (c2 = 4.35, 1 df, P = 0.03), it was not sufficient to 
explain the observed differences in prevalence (c2 = 43.0, 4 df,  
P ≈ 0).
 Capture-Mark-Recapture modelling was only possible for L. 
tasmaniensis because the recapture rate for L. ewingii was too 
low to provide sufficient data. Models with constant capture 
probability and models with capture probability dependent 
on infection status were almost equally well supported (AICc 
weights 0.33 and 0.36, respectively). Models with survival 
dependent on disease status were more weakly supported 
(total AICc weight 0.19) than those in which survival was 
independent of disease status (Total AICc weight 0.44). Model-
averaged estimates of L. tasmanienisis monthly survival were 

TABle 1.  Recapture rates and Batrachochytrium dendrobatidis (Bd) infection status at time of first capture for Litoria ewingii and Limnodynastes 
tasmanienisis at Knocklofty Reserve, Tasmania, Australia.  Frogs caught in the last of the four sampling periods could not have been recaptured in 
a subsequent sampling period, hence the percentage of frogs recaptured in the final column is based on frogs captured in the first three sampling 
periods only. Frogs with uncertain infection status on first capture have been omitted (L. ewingii:  N = 11; L. tasmaniensis: N = 17). 

Species Bd infection N Bd No. frogs No. (%)
 status at first   prevalence captured in first recaptured in
 capture   three sampling a subsequent
    periods sampling period

Litoria ewingii Negative 77  62 1 (2)
 Positive 56 42% 56 6 (11)
 TOTAL 133  188 7 (6)

Limnodynastes tasmaniensis Negative 59  50 21 (42)
 Positive 27 31% 23 7 (30)
 TOTAL 88

Crinia tasmaniensis Negative 0  0 0
 Positive 1 100% 1 1 (100)
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therefore almost identical for diseased individuals (0.60, 
SE = 0.16) and non-diseased individuals (0.59, SE = 0.13), 
whereas the model-averaged capture probability for diseased 
individuals was 0.41 (SE = 0.13), in comparison with 0.55 (SE = 
0.16) for non-diseased individuals. Models including an effect 
of temperature on either recapture (Total AICc weight 0.18) or 
survival (Total AICc weight 0.25) were not well supported. 
 Geometric mean infection intensity (as measured by 
zoospore counts) in infected frogs was 24.0. There was no 
evidence that the monthly variation in this intensity differed 
between the species (F = 1.50, df = 3, 87; P = 0.22) or that the 
intensity of infection differed between the species overall (F = 
0.77, df = 1, 7; P = 0.38). However, the difference in infection 
intensity between months was of borderline significance (F = 
2.70, df = 3, 87, P = 0.051).
 We found evidence that the proportion of infected frogs 
that were recaptured, relative to the proportion of uninfected 
frogs that were not recaptured, differed significantly between 
L. ewingii and L. tasmaniensis. Several previous studies have 
used the proportion of frogs recaptured as a proxy for survival 
but such an effect can be due to differences in survival or 
catchability. In this case, the difference in recapture rates 
appeared primarily to be due to higher recapture rates of 
infected L. ewingii compared to uninfected L. ewingii, which 
suggests that there may be behavioral differences between 
infected and uninfected frogs rather than reduced survival of 
infected frogs. Whether it is infection status, perhaps by making 
frogs less active, which increases their probability of recapture, 
or whether frogs with certain behaviors (perhaps those which 
are most closely associated with the water body) are more likely 
to be both infected and recaptured cannot be determined from 
our results. Overall, the recapture rate of L. ewingii was much 
lower than that of L. tasmanienisis. We can only speculate on 
why this should have been the case, but it is likely to be the 
result of behavioral differences between the two species.
 Using mark-recapture methods, we were unable to detect 
any effect of Bd on the survival of Limnodynastes tasmaniensis, 
despite a relatively high prevalence of Bd infection. However, 
we conducted our study in summer only and there may be 
mortality due to Bd in other seasons. Mortality mainly occurs 
in winter and spring in northern Australia (Berger et al. 2004; 
Murray et al. 2009). Akaike weights for models with constant 
recapture probability and recapture probability depending on 
disease status were approximately equal and there is insufficient 
evidence to reject a null hypothesis that catchability is equal 
between infected and uninfected L. tasmaniensis. However, 
the significant difference between the two species in the effect 
of infection on recapture probability cautions that infection 
may influence the probability of capture. Not only does this 
mean that differences between species in the proportion of 
frogs recaptured as a function of infection status may not be 
indicative of differences in mortality induced by the pathogen, 
but it also means that prevalence in any sample may not be 
an unbiased estimate of prevalence in the frog population as 
a whole (Jennelle et al. 2007). This has potential implications 

beyond our study. With the exception of Retallick et al. (2004) 
and Murray et al. (2009), neither of which found any indication 
that infection by Bd affected catchability, we know of no other 
study that has explicitly investigated possible differences in 
catchability between infected and uninfected frogs. This means 
that all conclusions drawn about prevalence in populations 
based on prevalence in samples of adult frogs where catchability 
of infected frogs has not been assessed need to be treated with 
caution.
 Interestingly, we found that the monthly changes in 
apparent prevalence differed between our two study species. 
Although prevalence peaked in both species in January and 
declined by February, in L. ewingii it continued to decline in 
March, whereas in L. tasmaniensis it rose again. This may be 
a result of behavioral differences between the two species, 
but it does suggest that the dynamics of infection in these 
two species, although they were captured around the same 
water body, are not tightly linked. Little is known about how 
Bd is transmitted in the field. In experimental situations, 
transmission through water containing zoospores has been 
demonstrated several times (Berger et al. 1998; Rachowicz and 
Briggs 2007; Rachowicz and Vredenburg 2004). If this were the 
predominant means of transmission in the field and species 
were similar in their contact rate with water, susceptibility to 
infection and mortality and recovery rates, one might expect 
that temporal patterns in prevalence would be synchronous 
in all species sharing the water body in which transmission 
occurred. Another possibility is that transmission may occur 
through direct contact between individual frogs, particularly 
through shared use of shelter sites (Rowley and Alford 2007). 
If this is the predominant route of infection and there are 
differences in habitat use between species, then disease 
dynamics in different species would be less tightly coupled than 
if transmission occurred predominantly through a shared water 
body. Our results are consistent with either infection occurring 
predominantly through a frog-to-frog contact or differences in 
contact rate with water, susceptibility to infection, mortality 
and recovery rates.
 We detected substantial levels of Bd infection in post-
metamorphic L. tasmaniensis. In a broadscale survey of clinically 
ill frogs, Berger et al (2004) found six adult L. tasmaniensis to 
have died from chytridiomycosis. Obendorf and Dalton (2006) 
also reported Bd infection in L. tasmaniensis but their study 
investigated only tadpoles. In contrast, Woodhams et al. (2007) 
attempted to experimentally infect four Australian frog species 
(Litoria caerulea, Mixophyes fasciolatus, Litoria chloris and 
L. tasmaniensis) with Bd spores. Only L. tasmaniensis failed 
to become infected and had 100% survival over the course 
of the experiment. Furthermore, they found evidence that 
peptide skin secretions of L. tasmaniensis inhibited growth of 
Bd in vitro. These conflicting results highlight the importance 
of using caution when extrapolating laboratory experimental 
results to the field.
 Comparison of infection levels, both in terms of intensity 
and prevalence, is problematical between sites, species and 
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seasons, even if a standardized swabbing protocol has been 
applied in each case. However, it is worth noting that the 
intensity of infection in our study in both species (approximately 
30 zoospore equivalents) was relatively low in comparison with 
the mean intensity of about 1000 zoospore equivalents reported 
by Kriger et al (2007) and Kriger and Hero (2006) in L. wilcoxii at 
a similar mean temperature. Pathogenesis of Bd is dependent 
on intensity of infection and may explain the lack of mortality 
observed in this study (Voyles et al 2009).
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 Hellbenders (Cryptobranchus allegani-
ensis) are among the largest salamanders in 
the world. Hellbenders are thought to live 
over 25 years (Wheeler et al. 2003) and suc-
cessful breeding populations are generally 
limited to relatively pristine stream systems. 
Hellbender populations appear to be declin-
ing due to a number of reasons, with habitat 
degradation such as siltation being a major 
factor (Briggler et al. 2007a). However, few 
studies have looked at pathogens as a poten-
tial cause of decline.
 Batrachochytrium dendrobatidis (Bd) has 
been in the forefront of amphibian disease 
research in recent years (Duffus 2009). New 
reports of Bd range expansion and host diversity are now com-
mon in the literature (e.g., papers in Herpetological Review), 
but studies on the effect of Bd on salamander populations is 
limited, largely because of a lack of knowledge on the status of 
the populations prior to the introduction of Bd. In particular, 
there is a paucity of information regarding Bd in Georgia, USA 
(Rothermel et al. 2008; Timpe 2008), and few reports of Bd in 
Hellbenders are available: in Missouri and Arkansas, USA (Brig-
gler et al. 2008); in Kentucky, USA (G. Lipps: data available at: 
www.spatialepidemiology.net/Bd-maps). The goal of our study 
was to obtain baseline data on Bd occurrence in a Hellbender 
population in Georgia.
 Hellbenders were collected from Cooper Creek, Union 
County, Georgia, using a dip-net placed downstream of flipped 
rocks, as part of another study. Cooper Creek is a fairly swift, 
medium-sized, rocky-bottomed stream nestled within the Blue 
Ridge Mountains. Samples were collected opportunistically 
in March 2009, and in May 2009, additional samples were col-
lected from a site upstream of the March samples. Each sala-
mander was systematically swabbed 20 times along the ventral 
skin surface and feet with a sterile cotton swab. Samples were 
stored in individual cryovials, and frozen at -80° C until testing. 
Genomic	DNA	was	extracted	from	each	swab	using	the	Qiagen	

DNA Purification Kit (Germantown, MD, USA) following the 
manufacturer’s protocol and each sample was tested in dupli-
cate for Bd by polymerase chain reaction (PCR) testing as de-
scribed (Annis et al. 2004). A sample was only considered posi-
tive if both independent PCR reactions were positive; a single 
Bd-positive result was interpreted as being equivocal.
 In total, 21 of 27 samples had unequivocal results, and 10 
of 21 (48%) samples were Bd-positive (Table 1). More sala-
manders were Bd-positive during the March sampling period 
compared with May (Fisher’s exact test, p = 0.0152); however, 
the low number of salamanders in the later sample (N = 6) may 
have been insufficient for determining an accurate Bd preva-
lence at that time. Skerratt et al. (2008) recommended sample 
sizes > 59 when Bd prevalence is expected to be low. During the 
March sampling period, more adults were positive compared 
with juveniles (Fisher’s exact test, p = 0.0357), but again low 
sample sizes may have affected results (Table 1). Unfortunately, 
due to a freezer failure, the integrity of the 6 equivocal samples 
was compromised and they could not be retested.
 Despite the small sample size of this study, we document-
ed a high prevalence (48%) of Bd-positive Hellbenders. To our 
knowledge this is the first report of Bd in Hellbenders from 
Georgia, although Bd has been documented in captive Hell-
benders (Briggler et al. 2007b) and in wild Hellbenders from five 
rivers in Missouri and Arkansas (Briggler et al. 2008), and in wild 
Hellbenders in Kentucky (G. Lipps, www.spatialepidemiology.
net/Bd-maps). Further investigation is needed to determine 
the effects of Bd infection in Hellbenders. However, none of the 
salamanders that were sampled in our study exhibited clinical 
signs or had gross lesions suggestive of chytridiomycosis.
 It is interesting to note that the samples obtained in March 
were collected in an area of the stream that is utilized heavily 
by humans for camping, fishing, and other recreational pur-
suits. In contrast, the May samples, which were all negative, 
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TABle 1.  Batrachochytrium dendrobatidis (Bd) occurrence in Hellbenders (Cryptobranchus 
alleganiensis) from Georgia, USA. 

 Age Class N No. Bd-positive (%) No. Bd-negative (%) No. equivocal (%)

March 2009   
 Adults 17 9 3 5
 Juveniles 4 0 3 1
 Total 21 9 (43) 6 (28) 6 (28)

May 2009    
 Adults 1 0 1 0
 Juveniles 5 0 5 0
 Total 6 0 (0) 6 (100) 0 (0)
 Overall Total 27 9 (33) 12 (44) 6 (22)
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were from a relatively isolated site upstream. Additional stud-
ies along a gradient in the creek are needed to determine if the 
difference in Bd prevalence may be related to anthropogenic 
factors. Some species of ranids are common hosts for Bd and 
can serve as reservoirs (Sánchez et al. 2008; Daszak et al. 2004), 
so differences in amphibian communities between sites may 
affect prevalence. Additionally, there may be seasonal variation 
in the detection of Bd (Rothermel et al. 2008).
  Recent studies on the morbidity and mortality of amphib-
ians due to emerging infectious diseases, such as chytridiomy-
cosis and Ranavirus, has highlighted the need to conduct sur-
veillance for these pathogens in an effort to determine possible 
population effects (Duffus 2009). Although reports of these 
diseases in various species of salamanders are limited, they are 
increasing in number and geographic scope. The samples uti-
lized for our study were collected by researchers who were con-
ducting non-disease related research on these salamanders. 
We encourage others to take advantage of opportunities to col-
laborate with other researchers in order to carry out pathogen 
surveillance, particularly in at-risk or cryptic species.
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 The emerging pathogen Batrachochytrium dendrobatidis 
(Bd) has been implicated in amphibian declines in temperate 
(Rachowicz et al. 2006) and tropical regions (Lips et al. 2006), 
but sampling for the fungus has been heavily focused on re-
gions such as North America, Australia, and Europe. Southeast 
Asia has been comparatively underrepresented in sampling 
efforts, although Bd has been found in the region (Kusrini et 
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al. 2008; Neang and Eastoe 2010). The island of Borneo, home 
to more than 160 amphibian species of which two thirds are en-
demic (Inger and Stuebing 2005), has remained untested for Bd. 
We tested for Bd in northwestern Borneo both in the Malaysian 
state of Sarawak and in Brunei Darussalam across a variety of 
habitat types to determine if Bd is currently present in the region.
 We sampled 16 species of frogs from five different families 
(Table 1). Animals were sampled opportunistically at five sites 
across Sarawak, Malaysia and Brunei Darussalam from July 
through November 2009 (Fig. 1). Sites included urban habi-
tat, national park buffer zone, and core national park areas. All 
frogs were inhabitants of lowland mixed dipterocarp rainfor-
ests except for two individuals sampled from a lowland urban 
ditch.
 Only adults were sampled. Frogs were captured by hand. 
Skin swabs were taken from pelvic patch, legs, and toes us-
ing sterile swabs and stored in 70% ethanol. Clean gloves 
were used for each individual. Swabs were stored at 20–25°C 
for 2–4 months and shipped to the United States where they 
were	frozen	until	extraction.	DNA	was	extracted	using	a	Qiagen	
QIAamp	DNA	Minikit.	 The	 standard	 extraction	 protocol	 was	
used. Sample DNA was analyzed using a high resolution melt 
(HRM) rt-PCR protocol (Boyle et al. 2004; Hyatt et al. 2007) to 
test for the presence of Bd on swabs. Rt-PCR has been shown 
to be the most sensitive detection method for Bd (Boyle et al. 
2004; Hyatt et al. 2007). Positive and negative controls were run 
on the same plate. Samples were run in triplicate.

FiG. 1. Sites on the island of Borneo where amphibians were sam-
pled for Batrachochytrium dendrobatidis. Gunung Mulu and Kubah 
National Parks (NP) are located within the state of Sarawak, Ma-
laysia. Ulu Temburong National Park and Manggis Dua are located 
within Brunei Darussalam.

TABle 1. Amphibian species and locations sampled for Batrachochytrium dendrobatidis in Borneo. Numbers in parentheses indicate total individu-
als of that species surveyed at that GPS point.

Location Species Family

Sarawak, Malaysia  
 Gunung Mulu National Park  Ansonia	longidigita	 Bufonidae
  Staurois guttatus Ranidae
  
 Kubah National Park Limnonectes kuhlii (2) Dicroglossidae 
  Limnonectes paramacrodon Dicroglossidae 

Brunei Darussalam  
 Manggis Dua Duttaphrynus melanostictus (2) Bufonidae
  
 Ulu Temburong National Park buffer zone   Bufo divergens Bufonidae
  Hylarana glandulosa Ranidae
  Hylarana megalonesa Ranidae
  Hylarana signata (2) Ranidae
  Leptolalax gracilis Megophryidae
  Limnonectes leporinus  Dicroglossidae 
  Megophrys nasuta Megophryidae
  Phrynoidis juxtaspera Bufonidae
  Rhacophorus pardalis Rhacophoridae
  Staurois guttatus (2) Ranidae
 
 Ulu Temburong National Park core Ansonia	albomaculata	 Bufonidae
  Ansonia	longidigita	 Bufonidae
  Limnonectes kuhlii Dicroglossidae 
  Meristogenys poecilus Ranidae
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 We collected swabs from 23 individuals, and no swabs test-
ed positive for Bd. No swab tested positive in triplicate. Fur-
thermore, no single well tested positive, indicating not even 
weak infection.
 We found no evidence of Bd in lowland Sarawak, Malaysia 
or in Brunei Darussalam in this preliminary survey. Our results 
could be indicative of a small sample size (e.g., Skerratt et al. 
2008); Bd may currently be present in northwestern Borneo, but 
we simply failed to detect it. It is also possible that the pathogen 
has not yet reached the region. Despite substantial fieldwork, 
we have never observed animals showing symptoms of Bd, 
even at higher elevation sites. Bd is thought to grow fastest and 
be most infectious at lower temperatures (Berger et al. 2004; Pi-
otrowski et al. 2004). The lowland tropical sites we sampled are 
thus not the ideal habitat for Bd, although the fungus does sur-
vive in other lowland tropical sites (e.g., Whitfield et al. 2007); 
Bd may however be present or more prevalent at cooler upland 
sites within this region. We hope to collect samples from these 
regions in the future for further diagnosis of Bd.
 We submit that monitoring should continue, however, be-
cause if Bd is present but was not detected, or if it is introduced 
in the future, these lowland populations may act as a reservoir 
(Carnaval et al. 2006; Puschendorf et al. 2006), allowing Bd to 
spread across the island, through amphibians or through hu-
mans as tourists or researchers inadvertently carrying Bd on 
boots or on cars. Moreover, several of these lowland species 
also can be found at higher elevations. For example, Das (2006) 
found several of the species sampled here within the Crocker 
Range National Park in Sabah, Malaysia; such wide-ranging 
species have the potential to carry Bd into pristine highland 
sites where temperature and humidity regimes are more likely 
to foster chytridiomycosis (Bickford et al. 2010). A Bd outbreak 
could decimate the amphibian fauna of the region, including 
many poorly-known species and many species of conservation 
concern. We therefore recommend continued monitoring of 
the amphibians of Borneo for the presence of Bd, with larger 
samples and inclusion of samples from elevations which would 
be likely to be conducive to Bd outbreaks.
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Erratum

In the most recent issue (Vol 41, no. 4, p. 402), 
the caption for the group photo (Fig. 1) of turtle 
symposium participants has two misidentifications: 
“Tom Herman” is actually Steve Mockford, and 
“unknown” beside him is Jose Lefebvre, both from 
Acadia University, Wolfville, NS, Canada.
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 Evidence indicates that the pathogenic fungus Batrachochy-
trium dendrobatidis (Bd; Phylum Chytridiomycota; Longcore et 
al. 1999) has contributed to global declines of amphibian popu-
lations (Young et al. 2007) and may be anthropogenically intro-
duced (Weldon et al. 2004). Because of its life history (Longcore 
et al. 1999), Bd is typically more prevalent in amphibians that 
are intimately tied to permanent water bodies (Kriger and Hero 
2007). Bd appears particularly lethal to amphibians inhabiting 
relatively mild and stable climates (Longcore et al. 2007) and 
it is hypothesized that a range of environmental stressors may 
increase amphibian susceptibility to this disease (see Davidson 
et al. 2003). Additionally, it is hypothesized that global climate 
change may be contributing to Bd persistence in environments 
previously unsuitable for this fungus (Pounds et al. 2006). While 
Bd has been identified in amphibian populations globally (see 
Young et al. 2007), including parts of the northeastern United 
States (Longcore et al. 2007), data describing its presence in an-
urans of Cape Cod National Seashore (CACO; Fig. 1), Barnstable 
County, Massachusetts, USA are non-existent.
 CACO is a ca. 17,000 ha national park that is dominated by 
early-successional landscapes with a multitude of permanent 
and temporary wetlands that support large populations of sev-
eral anuran species (Paton et al. 2003), two of which are less 
common or extirpated (Anaxyrus	fowleri	and Scaphiopus hol-
brookii) elsewhere in New England (see Klemens 1993). CACO is 
a regional refuge for certain anuran species, but populations are 
not entirely sheltered from anthropogenic perturbations. Road 
mortality (U.S. National Park Service, unpubl. data), habitat 
changes associated with development of adjacent unprotected 
habitats (Tupper and Cook 2008), recreational use of breeding 
ponds by park visitors (Tupper et al. 2009), successional changes 

associated with invasive plants (Smith and Hanley 2005; Tupper 
and Cook 2008), and extensive predation by large populations 
of urban-tolerant predators (see MacIvor et al. 1990; O’Connell 
et al. 2006) are local stressors that contribute to anuran mor-
tality. These stressors, coupled with the implicated effects of 
climate change and the potential for Bd transmission between 
wetlands by CACO visitors and employees, have the potential to 
act synergistically (see Alford et al. 2007; Daszak et al. 2005; Di 
Rosa et al. 2007; Pounds et al. 2006, 2007) to cause declines of 
anuran populations at CACO.
  Here, our goal is to inform anuran management and con-
servation at CACO by determining if Bd is present at CACO and 
if Bd infection rates are significantly different between ecologi-
cal guilds of anurans. We broadly hypothesized that Bd would 
be present at CACO and that its distributions would be dis-
similar among ecological guilds, thus conforming to previously 
documented distributions (e.g., Longcore et al. 2007; Kriger 
and Hero 2007).
 We opportunistically collected road-killed anurans 
throughout CACO (for a detailed description of the study area, 
see Tupper et al. [2007]; Fig. 1) in June, July and August, 2009. 
All anurans were handled with new latex gloves and placed in 
individual plastic bags prior to storage at -20°C. To assay for 
Bd presence, animals were thawed and available skin surfaces 
were thoroughly sampled with sterile dry swabs in March 2010 
(no. MW113, Medical Wire and Equipment Company, Durham, 
North Carolina, USA). Sampling techniques are described by 
Hyatt et al. (2007). Skin swabs were placed in 1.5 mL microcen-
trifuge tubes containing 20 µL of proteinase K and 180 µL of 
digestion buffer. Samples were stored at 56°C and continuously 
agitated at 550 rpm on a thermomixer (Thermomixer compact, 
Eppendorf, Hamburg, Germany) for 24 hours. After digestion, 
we	followed	protocols	from	the	Qiagen	DNeasy	kit	(Qiagen	®,	
Valencia, California, USA) to isolate DNA in 30 µL of TE storage 
buffer (reduced from the protocol volume of 200 µL).
 To detect Bd, we followed the PCR protocols of Annis et al. 
(2004) and employed a nested design using modifications simi-
lar to those described by Beard and O’Neill (2005) and Goka 
et al. (2009). Each PCR reaction had a total volume of 25 µL, 
which included 2 µL of template DNA, 2 µL of primers (Bd1a 
and Bd2a [Annis et al., 2004] in 10 µM concentrations), 12.5 µL 
of GreenTaq Master Mix (Promega, Madison, Wisconsin, USA), 
and 8.5 µL of DEPC water. We modified the thermal cycling pro-
tocol used by Annis et al. (2004) to include a +5 sec/cycle time 
increase to the 1-min elongation step of each cycle. All PCR re-
actions were visualized on 1–2% TBE or TAE agarose gels. Af-
ter confirming positive test results (positive control = Bd type 
strain JEL 197) we ad libitum sequenced several positive sam-
ples to confirm the identity of bands in our gel assay. Resulting 
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FiG. 1. Batrachochytrium dendrobatidis sampling locations at Cape Cod 
National Seashore, Massachusetts, USA. Localities (towns mentioned in 
text) near specimen collection sites are indicated on the Outer Cape. 

DNA	sequences	were	 submitted	 to	GenBank	 (HQ176488–92).	
DNA sequence identity was confirmed via BLAST searches in 
Genbank. Sequence alignments were made using the program 
Sequencher 4.1 (GeneCodes, Ann Arbor, Michigan, USA). We 
used a Fisher’s exact test (Zar 1999) to assess differences in 
Bd detection rates across two broad ecological guilds (aquatic 
[Lithobates sp.] and terrestrial/arboreal [Scaphiopus holbrookii, 
Pseudacris crucifer, Anaxyrus	 fowleri]). We analyzed data with 
SPSS version 16 (www.spss.com).
 We collected 118 road-killed specimens throughout CACO. 
Our sampling was distributed across the towns of Eastham, 
Wellfleet, Truro and Provincetown where we collected 8 (7% of 
total), 34 (29% of total), 11(9% of total) and 65 (55% of total) 
samples, respectively. The majority of specimens (N = 114) were 
collected between 12 July and 1 August 2009. We also used some 
previously collected material from 5 June 2009 (N = 1) and 2 July 
2008 (N = 3). Specimens included representatives of the follow-
ing species: Anaxyrus	fowleri	(N = 50; 42% of total), Lithobates 
catesbeianus (N = 18; 15% of total), Lithobates clamitans (N = 
19; 16% of total), Scaphiopus holbrookii (N = 17; 14% of total), 
and Pseudacris crucifer (N = 5; 4% of total). We collected several 
Lithobates specimens (L. catesbeianus or L. clamitans; N = 9; 
8% of total) that were not assignable to species because of their 
disfigurement. Of these specimens, 117 were used in molecular 
analyses. Twenty one (18%) were Bd positive. With the excep-
tion of a single S. holbrookii, all Bd-positive amphibians were 
Lithobates spp. (Table 1), yielding significantly more Bd-posi-
tive samples from anurans in the aquatic ecological guild (Fish-
er’s exact test; P < 0.0001). Of the 21 samples that tested posi-
tive for Bd, we sequenced 5 and the positive control (SCHO-11, 
LICA-10, LICL-2, LICL-18, LISP-2, and JEL-197). The resulting 
DNA sequence for each was ca. 290 base pairs after trimming 
chromatogram ambiguities. We recovered 3 haplotypes among 
these fragments each differing by one or two single site poly-
morphisms.

 To our knowledge, this is the first account of Bd-infected 
anurans at Cape Cod, Massachusetts. This study, therefore, 
provides new distributional data for Bd in North America and 
contributes to the growing pool of evidence indicating that this 
pathogen is generally widespread. We also document the first 
reported case of Bd detection in S. holbrookii. The prevalence 
of Bd infection in our study (18%) was similar to that report-
ed in other parts of New England, USA (13.6%; Longcore et al. 
2007). Bd detection differed by species, with detections in L. 
catesbeianus and L. clamitans and non-detections in A.	fowleri 
corresponding to previous surveys in the northeastern United 
States (Longcore et al. 2007) and other parts of North America 
(e.g., Ouellet et al. 2005; Rodriguez et al. 2009; Rothermel et al. 
2008). Infected individuals of P. crucifer have been documented 
in the southeastern United States (Rothermel et al. 2008) but, as 
reported here, have not been documented farther north (Ouel-
let et al. 2005; Longcore et al. 2007). Given our modest sample 
sizes, however, we cannot conclude that Bd is absent from any 
species in our study area. Our finding that most Bd detections 
were from highly aquatic species is also consistent with other 
studies (e.g., Longcore et al. 2007; Pearl et al. 2007; Rodriguez 
et al. 2009), but it is important to note that the presence of Bd 
in S. holbrookii, a fossorial species, demonstrates that Bd infec-
tion is not confined to fully aquatic anurans and, in some cases, 
spans ecological guilds.
 Large-scale morbidity and mortality due to chytridiomy-
cosis have not been observed in anuran species that have 
tested positive for Bd in the northeastern United States. The 
potential biotic and abiotic factors contributing to this trend 
are, however, undetermined (but see Longcore et al. 2007 for 
hypotheses). Also poorly understood are the long-term, sub-
lethal effects of Bd in these populations and the possible syn-
ergy between Bd and other anuran stressors that could alter 
the virulence of Bd in the study region. Our results therefore 
underscore the importance of long-term monitoring of anuran 
populations at CACO to detect negative effects of this poten-
tially lethal pathogen. Effective long-term monitoring is es-
pecially important for S. holbrookii because it is a state-listed 
threatened species in Massachusetts (http://www.mass.gov/
dfwele/dfw/). This species is locally abundant at CACO but 
uncommon elsewhere in New England (Timm and McGarigal 
2010) and difficult to monitor with standardized techniques 
(R.P. Cook unpublished). Thus, rapid declines associated with 

TABle 1. Amphibian species sampled for Batrachochytrium dendrobati-
dis (Bd) at Cape Code National Seashore, Massachusetts, USA. 

Species No. Sampled No. Bd positive (%)

Anaxyrus	fowleri	 49 0
Scaphiopus holbrookii 17 1 (0.06)
Pseudacris crucifer 5 0
Lithobates catesbeianus 18 7 (0.39)
Lithobates clamitans 19 8 (0.42)
Lithobates spp. 9 5 (0.56)
Total 117 21 (0.18)
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chytrid infection at CACO could go undetected and negatively 
impact New England populations. Bd detection in L. catesbe-
ianus is also of particular interest because this species is con-
sidered a potential Bd vector (Daszak et al. 2004). Therefore, 
we discourage translocation of CACO anurans, particularly 
Lithobates spp., and recommend that equipment and waders 
be disinfected (Johnson et al. 2003) after visiting wetlands. We 
also encourage further quantification of Bd in S. holbrookii 
populations at CACO.
 Unlike in studies that use living or freshly sacrificed frogs, 
the amount of skin surface available for swabbing in our sam-
ple was variable (based on the level of vehicular injury sus-
tained). Inferring Bd zoospore load using quantitative PCR 
(qPCR) could have provided misleading results under these cir-
cumstances, so we chose to use the Annis et al. (2004) protocol 
over qPCR methods. A useful focus for future research at CACO 
would be Bd screening of live anurans from known wetlands in 
multiple seasons using qPCR, which would allow managers to 
gain an understanding of the spatial distribution of Bd at CACO 
and zoospore load across seasons. 
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 In Uruguay, the amphibian chytrid fungus Batrachochy-
trium dendrobatidis (Bd) was first detected by Mazzoni et al. 
(2003). They reported chytridiomycosis in a captive popula-
tion of Lithobates catesbeianus (Anura, Ranidae) which suf-
fered a massive death of metamorphs at a commercial farm. 
Later, Garner et al. (2006) also confirmed the presence of Bd at 
the same farm and in a new one. Subsequently, Borteiro et al. 
(2009) found Bd by histological analysis in the oral epithelium 
of native wild species larvae: Odontophrynus	maisuma	(Anura, 
Cycloramphidae), Physalaemus henselii (Anura, Leiuperidae), 
Hypsiboas pulchellus and Scinax squalirostris (Anura, Hylidae).

 We sampled native, wild amphibians for Bd in June 2009 at 
the Cerro Verde Protected Area, Rocha Department, Uruguay 
(33.945833°S, 53.508611°W) (Fig. 1). This area is character-
ized by humid subtropical climate (average temperature 16°C, 
annual rainfall 950 mm) and an ocean coastline with dunes 
(20–30 m elevation) and plains (Alonso and Bassagoda 2003). 
During nighttime sampling, Pleurodema bibroni were heard 
calling at a temporary pond of a coastal meadow. One frog was 
collected as a voucher specimen of the survey and another in-
dividual was collected under suspicion of being infected by Bd 
because it possessed some lesions on the skin (two ulcerations: 
on right side and dorsum, as described by Berger et al. 2005). 
Both specimens were taken to the laboratory and the injured 
frog died a few days later. Both were deposited at Vertebrate 
Zoology Collection, Facultad de Ciencias, Universidad de la 
República (ZVC-B 19776, ZVC-B 19775).
 To assess the presence of Bd in both frogs, skin of the under-
side of the legs, interdigital membrane of feet, and drink patch 
was comprehensively swabbed (10 times ea.). Each swab was 
broken off into an empty Eppendorf tube, and then analyzed 
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First Case of Chytridiomycosis in an Adult Specimen of a  
Native Anuran from Uruguay

FiG. 1. Location of the Cerro Verde Protected Area, Rocha Depart-
ment, Uruguay, where Batrachochytrium dendrobatidis was detected 
on Pleurodema bibroni (star).
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for the presence of Bd DNA using qPCR (Boyle et al. 2004). Bd 
infection was also analyzed histologically. Abdominal and hind 
limb ventral skin patches (~5 × 10 mm) and two toe tips were 
excised from the anurans and routinely processed for histologi-
cal examination following Berger et al. (1999).
 Both analyses (qPCR and histology) were Bd-positive only 
for the apparently healthy specimen. Zoospores and zoospo-
rangia at different stages were found at multiple sections of toe 
tips and hind limb of the infected individual, and some degree 
of hyperkeratosis at the sections from hind limbs of the speci-
men was found (Fig. 2).
 This is the first record of Bd in an adult native wild-caught 
amphibian in Uruguay, and the first report of Bd infection for 
Pleurodema bibroni. This frog is considered Near Threatened 
by the IUCN Red List (IUCN 2006) and is Threatened at a coun-
try level for Uruguay (Maneyro and Langone 2001; Canavero et 
al. 2010). The pathogen was detected 100 km northeast of the 
nearest record in Uruguay (Borteiro et al. 2009) inside a Pro-
tected Area, which is both alarming and suggests that measures 
for control and prevention of human-mediated Bd dispersal 
warrant consideration. This is particularly important because 
populations of other native species in the area, such as Mela-
nophryniscus montevidensis (Núñez et al. 2004), may be at risk 
(IUCN RED LIST: Vulnerable; IUCN 2006). 
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 Resumen.—En Uruguay la infección causada por Batrachochytrium 

dendrobatidis (Bd) había sido detectada en Lithobates catesbeianus de 

criaderos comerciales y en larvas silvestres de especies autóctonas, 

pero no había sido confirmada aún en ejemplares adultos de 

ninguna especie nativa. En junio de 2009 se colectaron dos machos 

adultos silvestres de Pleurodema bibroni en el Cerro Verde (33.935°S, 

53.5070556°W, Rocha, Uruguay), se les tomaron muestras para análisis 

de ADN (qPCR) para detectar Bd. Uno de ellos resultó positivo y 

el análisis histológico de la piel del ejemplar también confirmó la 

infección. Por tanto se diagnostica por primera vez la infección por 

Bd en adultos silvestres de esta especie en Uruguay, que además está 

considerada como Amenazada a nivel nacional y Near	Threatened para 

la IUCN. 
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 First associated with amphibian declines in 1998 from am-
phibian populations in Australia and Panama, the amphibian 
chytrid fungus Batrachochytrium dendrobatidis (Bd) has since 
been detected in amphibian populations in all continents ex-
cept Antarctica, and additional mass-mortalities thought to 
be caused by Bd are continually being observed (Berger et. al. 
1998, 2004; Bosch et. al 2001; Lips 1998; Lips et al. 2003, 2006). 
Weldon et al. (2004) found Bd on amphibian specimens col-
lected from South Africa in the 1930s, the earliest date of a Bd 
record, and suggested that Bd originated in the continent of Af-
rica. Analyses of museum specimens by Soto-Azat (2010) cor-
roborated this hypothesis. Yet to date, Bd surveillance in Africa 
has been limited. The few studies that have been carried out 
have confirmed the presence of Bd in Africa, including: 1) in 
Uganda, six amphibian species tested positive for Bd (Goldberg 
et. al. 2007); 2) in Kenya, Bd was found in all of amphibian pop-
ulations sampled in several habitat types (Kielgast et. al. 2010); 
3) in eastern Democratic Republic of Congo, Bd was detected in 
two species (Greenbaum et al. 2008); and 4) evidence of Bd was 
found in amphibians in Okomu National Park, Nigeria (Ima-
suen 2009; Reeder et al., in press). In light of the confirmed ex-
istence of Bd in Africa, regions where data are lacking warrant 
surveys for this pathogen.
 Gabon is located in the equatorial region of the Atlantic 
coast of Central Africa (Fig. 1), contains an exceptionally high 
diversity of amphibian species (IUCN 2004), and is in close 
proximity to the West African forests that have been denoted a 
global biodiversity “hotspot” (Myers et al. 2000). Yet to date, no 
Bd sampling has been conducted in Gabon. In fact, there are 
remarkably few published reports of Bd surveys from the tropi-
cal forests of Central and West Africa (www.Bd-maps.net): two 
studies in Cameroon (Blackburn et al. 2010; Dougherty-Bone 
et al. 2008) and one study in the Democratic Republic of Congo 
(DRC) (Greenbaum et al. 2008). Our aim was to determine the 
incidence of Bd in amphibian populations in Gabon. The re-
sults of our study contribute to the expanding body of literature 
on the global distribution of Bd and aid the determination of 
priority areas for amphibian conservation in equatorial Africa.
 Surveys were conducted from July through September 
2008, months coinciding with the dry season, in three regions 
of Gabon: Lastoursville (-0.816815°S, 12.708026°E), located on 
the banks of the Ogooué River in eastern Gabon; Lebamba 
(-2.210605°S, 11.476516°E); and the Station d’Etudes des Go-
rilles et Chimpanzés (SEGC), located within the 4970 km2 Lopé 
National Park (0.166667°S, -0.266667°E) (Fig. 1). The Lastours-
ville and Lebamba region contain extensive Guineo-Congolian 
tropical forest (Plana 2004), though much of our sampling oc-
curred in villages and agricultural areas that have been cleared 
of forest. SEGC lies in a lowland area featuring savannah patch-

es that are interspersed with gallery forests and small forest 
fragments, referred to locally as “bosquets.” Flanking the sa-
vannahs is a block of continuous forest in various stages of suc-
cession but typically Marantaceae and mature forest (Dowsett 
and Dowsett-Lemai 1991; White and Abernethy 1997; Christy 
and Wilmé 2003). Surveys were performed in conjunction with 
a survey of caves in this country, and thus, surveys focused on 
cave-dwelling species. With the exception of the Grotte de Las-
toursville, the caves that were surveyed were located within the 
vicinity of Lebamba, including: the Grotte de Lebamba, the 
Dilime de Mutsobulu, the Grotte de Bangouéguelé, the Grotte 
de Munganga, the Grotte de Diengu, and the Grotte de Mbena-
ltembe (for detailed account of each cave, see Frost and Testa 
2009). In general, the caves were moist and had flowing water. 
During the wet season, many of these caves flood entirely. Lo-
cal villagers and bat hunters occasionally frequent the caves, 
but none were developed for tourism. Caves were typically sur-
rounded by forestland, except the Grotte de Diengu, which was 
located in an agricultural field.
 Sampling for amphibians was performed in an opportunis-
tic manner along roads and trails, around cave entrances, and 
inside cave chambers. A tissue sample was collected from each 
captured individual by rubbing a sterile cotton swab over the 
ventral side of the body and thighs (20 strokes) and the webbing 
of the hind feet (10 strokes). Swabs were placed into microcen-
trifuge tubes, stored in freezers at SEGC and later exported to 
the Museo Nacional de Ciencias Naturales in Madrid (CSIC), 
Spain. Here, swabs were analyzed for the presence of Bd fol-
lowing Boyle et al. (2004). Positive controls were not used, but 
samples that tested positive for Bd from other surveys were 
included in the same analysis. That samples in the same plate 
tested positive confirms the functionality of the analysis. Geo-
graphic coordinates were recorded for each capture location 
using a Global Positioning System (GPS). When animals were 
captured inside a cave, coordinate locations of the cave en-
trance were used. Photographs of each morphotype were taken 
for subsequent species identification.
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 Fifty adult frogs were captured throughout the study period, 
29 of which were cave-dwelling species. Five individuals were 
captured in the area of Lastoursville. Of these five individuals, 
two Amietophrynus cf. camerunensis and one Arthroleptis poe-
cilonotus were encountered along dirt roads and walking paths 
surrounding the town. One Ptychadena aequiplicata was found 
approximately 150 m inside the Grotte de Lastoursville.
 In the Lebamba region, 35 amphibians were captured. Seven 
Petropedetes cf. vulpiae were found at the entrance of the Grotte 
de Lebamba. Three Phrynobatrachus cf. auritus were captured 
along a logging road that led to the cave entrance. Four am-
phibians were found in open grassy areas: two Amietophrynus 
maculates and two Arthroleptis	poecilonotus. Six Petropedetes 
cf. vulpiae were found at the entrance of the Grotte de Ban-
gouéguelé. One Petropedetes cf. vulpiae was found at the Dilme 
de Mutsobulu. Six Petropedetes cf. vulpiae were captured in the 
Grotte de Munganga/Iduku. When sampling in the Grotte de 
Diengu, seven Phrynobatrachus cf. auritus were captured. One 
Petropedetes cf. vulpiae was captured at the Grotte de Mbena-
ltembe under a rock pile at the entrance of the cave. In this re-
gion, all cave-dwelling frogs were found within the first 15 m of 
the cave entrance under rock piles or inside nooks in the cave 
walls.
 In Lopé National Park, 10 Cardioglossa leucomystax were 
captured. Except for one individual, which was captured along 
a dirt road leading to the SEGC biological station, these frogs 
were found along sandy streambanks in maratanacae forest.
 Bd was not detected in any of the 50 samples collected from 
these animals. Comparing these results to surveys done in 
other Central African countries, our findings mirror those from 
surveys in the neighboring country of Cameroon, where Bd was 

absent as well (Blackburn et al. 2010; Doherty-Bone et al. 2008), 
but differ from the surveys done in eastern DRC, where Bd was 
detected (Imausen 2009; Reeder et al., in press). Despite our 
findings, continued surveillance of Bd in Gabon and the Central 
African region is warranted. Skerratt et al. (2008) reported that 
59 animals should be sampled to detect Bd when prevalence 
is low, hence we cannot rule out the possibility that Bd occurs 
on our sampled species at our sampled sites in Gabon at a low 
prevalence rate. Furthermore, in an extinction-risk assessment 
for Bd, Gabon occurred in an area of both high susceptibility to 
Bd and high amphibian richness (see Figure 2B in Rödder et al. 
2009). Thus, our report should not discourage future surveys of 
Bd prevalence in Gabon but rather act as a reference by which 
to plan and execute more focused and expansive Bd monitor-
ing activities in this region.
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 Batrachochytrium dendrobatidis (Bd) is behaving as an in-
vasive pathogen in many parts of the new world where it has 
been associated with massive amphibian declines in native 
populations (Berger et al. 1998; Lips et al. 2006; Lips et al. 2008; 
Soto-Azat et al. 2010). Bd has also been found on various Pipi-
dae species in South Africa, Uganda, Malawi and Cameroon 
from as early as the 1930s, suggesting a widespread historical 
prevalence on the continent (Soto-Azat et al. 2010; Weldon et 
al. 2004). Despite these observations, many areas in Africa have 
not been systematically surveyed for Bd. Contemporary Bd 
distribution data are sorely lacking in West and Central Africa, 
including for Gabon (http://www.bd-maps.net). Yet, such data 
may prove critical in assessing the risk of Bd infection to am-
phibians on the continent, and identifying its ultimate origin.

 In November to December 2009, we surveyed amphibians 
for Bd at two lowland areas in Gabon (Fig. 1). The first site was 
located in the SW region of the country around the town of 
Gamba (2.78676°S, 0.04551°E; elevation 0–100 m). The area is 
a coastal plain covered by a mosaic of rainforest patches inter-
spersed with open, seasonally inundated grasslands (Alonso 
et al. 2006). The second site was at the Libreville campus and 

surrounding areas of L’Ecole Nationale des Eaux et Forêts 
training center in the NW region of the country (0.6030167°N, 
9.3372667°E; elevation 0–100 m). It is covered by primary and 
secondary rainforest with many streams, but most amphibians 
at this site were found in temporary wetlands formed in open 
grassy areas adjacent to the forest. At each site we opportunisti-
cally searched for amphibians in forests, streams, wetlands and 
ditches. Amphibians were captured with a gloved hand and 
were brought indoors for processing where they were swabbed 
with a sterile cotton swab (10 strokes on the belly and thigh, 
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and five strokes on each foot). Swabs were stored in tissue buf-
fer prior to DNA extraction. Specimens were identified to the 
extent possible in the field using a small reference collection 
of specimens housed on site at Gamba. We retained 129 speci-
mens for the Smithsonian’s National Museum of Natural Histo-
ry (USNM 578099 – 578232) Washington, DC, USA. We swabbed 
and released an additional 24 Hyperolius spp. at Libreville.

 Each swab was incubated in an oscillating thermal incuba-
tor at 56°C and 350 rpm in 400 ml	of	buffer	ATL	(Qiagen)	and	
proteinase	K	(Qiagen)	for	24	h.	After	incubation,	DNA	was	ex-
tracted	 from	 the	 lysate	 solutions	using	a	Qiagen	Biosprint	96	
DNA Blood Kit according to the manufacturer’s instructions for 
“extraction from buccal swabs.” Extracted DNA was eluted in 
200 ml	of	AE	buffer	(Qiagen)	and	stored	at	4°C prior to further 
analysis. To ensure successful DNA extraction, a fragment of 
16s mRNA was amplified for each sample, including negative 
controls (N = 10), and visualized on 2% agarose gels. Testing for 
the presence of Bd	was	performed	using	a	Qiagen	QuantiTect	
SYBR Green PCR Kit using the primers ITS1-3 Chytr and 5.8s 
Chytr, developed by Boyle et al. (2004). To identify potential 
false positive and false negative results, two positive and two 
negative controls were included in every PCR reaction; false 
positive/negative results were not obtained.

  A total of 86 frogs from Gamba and 66 frogs from Libreville 
were sampled, represented by five families (Table 1); all were 
Bd- negative. We used a binomial distribution to calculate the 
maximum potential prevalence rate using a 95% confidence 
limit with our sample of 0 infected swabs (successes) from 152 
frogs (trials). Assuming 100% Bd detectability on all animals 
swabbed, we can be 95% confident that—if Bd is present in wild 
frogs at these two sites—prevalence rates are lower than 2%. 
While we cannot rule out non-detection as a reason for its sup-
posed absence, we can say that if Bd is present, its prevalence 

in this region is extremely low and thus unlikely to be having 
any significant ecological impact on the sampled populations. 
These data as well as those of Daversa et al. (2011, this issue) 
therefore lend support to climate models which predict Bd has 
a low probability of affecting amphibian populations in low-
land areas (Rödder et al. 2009).
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TABle 1. Amphibian species tested for Batrachochytrium dendrobatidis 
(Bd) at two sites (Gamba and Libreville) in Gabon. 

Species Gamba Libreville Bd positive

Afrixalus	dorsalis		 3 7 0
Amietophrynus	regularis	 4 0 0
Chiromantis rufescens 0 5 0
Hoplobatrachus occipitalis 6 0 0
Hyperolius spp. 10 32 0
Hyperolius tuberculatus 2 9 0
Hyperolius cf. cinnamomeoventris  3 1 0
Hyperolius nasutus 25 2 0
Hyperolius phantasticus  15 0 0
Hyperolius platyceps 1 0 0
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Leptopelis sp. (juvenile) 2 0 0
Phlyctimantis leonardi 6 2 0
Phrynobatrachus auritus 1 0 0
Ptychadena sp. 1 5 0
Xenopus epitropicalis 6 2 0
Totals 86 66 0

FiG. 1. Locations of Libreville and Gamba, Gabon, where amphibians 
were sampled for Batrachochytrium dendrobatidis.
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 An important driver of amphibian declines is chytridiomy-
cosis, a disease caused by the pathogen Batrachochytrium den-
drobatidis (Bd; Berger et al. 1998; Bosch et al. 2001; Collins and 
Storfer 2003; Daszak et al. 1999, 2003; La Marca et al. 2005; Ron 
and Merino-Viteri 2000; Ron et al. 2003; Wake and Vredenburg 
2008; Walker et al. 2010). Bd is now known to be an emerging 
pathogen that is rapidly expanding its global range (Fisher et 
al. 2009) and now has attained a global distribution on all con-
tinents that contain amphibians (www.bd-maps.net). Research 
by Weldon et al. (2004) on the potential origin of Bd suggests 
that the panzootic originated in South Africa and has perhaps 
been dispersed by international trade in amphibians, becom-
ing established around the world (Rödder et al. 2009). To date, 
the rapid and widespread distribution of Bd infection across 
hundreds of amphibian species is alarming.

 In Spain, outbreaks of chytridiomycosis and mass mortali-
ties has been reported in many species and in different regions 
of the country (Bosch et al. 2001; Bosch and Martínez-Solano 
2006; Walker et al. 2008, 2010). In the south of Spain, Bd is wide-
ly distributed (www.bd-maps.net); Bosch et al., unpubl. data), 
suggesting that its occurrence in northern Morocco is plausi-
ble. The two regions are spatially proximate with similar Medi-
terranean ecologies, however, they are separated by the Straits 
of Gibraltar. In addition, ecological niche modelling has shown 
that the environmental envelope in northern Morocco is suit-
able for the establishment of Bd where susceptible amphib-
ians occur (Rödder et al. 2009; Ron 2005). The legal and illegal 
increase in the transport of animals for pet trade (Fisher and 
Garner 2007), and the possibility that the fungus could be vec-
tored into Morocco on the feathers of water birds, are potential 
modes of transmission between Spain and Morocco. However, 
no systematic surveillance for Bd has been undertaken across 
this region, where several endemic species occur with a high 
ecological value. The aim of the present study is to conduct the 
first survey for Bd in northern Morocco to determine the pres-
ence, prevalence, and intensity of infection in the amphibian 
populations that occur within the region. These data will allow 
us to understand the distributional patterns of Bd, providing 

essential data for the effective management and control of this 
emergent pathogen.

 Surveys for Bd were conducted between October 2005 and 
April 2009. During this period, we prospected the north of Mo-
rocco which is primarily a mountainous area (central-western 
Rif and north part of middle Atlas). Samples from the plain of 
Gharb and the Mammora regions were provided by P. de Pous 
(University of Applied Science van Hall-Larenstein, the Nether-University of Applied Science van Hall-Larenstein, the Nether-
lands). The Rif region forms a mountainous barrier that is rela-). The Rif region forms a mountainous barrier that is rela-
tively low in elevation (less than 2500 m) with approximately 
half of the surface occurring above 500 m. It is an extension of 
the Baetic Cordillera, which includes the Sierra Nevada in the 
south of Spain. The area is a sub-wet zone with an average an-
nual rainfall between 800 and 1400 mm (Bab Taza: 1361 mm/
year), and probably reaches 2000 mm on the highest summits, 
and wetlands are common. In comparison, the coastal fringe 
is dry, where rainfall does not reach 500 mm (Oued Laou, 473 
mm). Across the coast, the summer is moderate in tempera-. Across the coast, the summer is moderate in tempera-Across the coast, the summer is moderate in tempera-
ture (Oued Laou, mean maximum temperature of the hottest 
month: 28.6°C), however weather stations located inland record 
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much higher temperatures (Chefchaouen, mean maximum 
temperature of the hottest month: 33.8°C). In general, winter is 
the season when thermal contrasts are most variable, accord-
ing to the altitude and of the distance of the sea. The coastal 
fringe has a mild winter (Oued Laou, mean minimum tempera-
ture of the coldest month: 7.2°C), with high-altitude areas re-
cording harsher winters (Bab Taza, mean minimum tempera-
ture of the coldest month: 2.3°C). Separated from the Rif region 
by the corridor of Taza, the middle Atlas is the westernmost of 
three Atlas Mountains chains existing in Morocco. Its geomor-Its geomor-
phologic structure is primarily constituted by limestone (with 
an altitude more than 3000 m) and volcanic plates. The west-
ern façade, with the oceanic influence, is the most humid part 
(approximately 1000 mm/year). More continental than Rif, the 
middle Atlas experiences harsh winters, with snow occurring 
above 2000–2500 m elevation. The Riffian and the middle Atlas 
forests are rich and are characterized by a gradient of elevation 
on which are overlaid continental, oceanic, and Mediterranean 
influences. The plain of Gharb and the forest of Mammora are 
located at the northwest of Morocco. The first is a basin char-
acterized by a Mediterranean-type climate with an oceanic 
influence. The east-west rainfall gradient varies between 450 
and 530 mm, with 80% of the total rainfall occurring during 
the winter. In its south, the forest of Mammora is located in the 
semi arid bioclimatic zone. It is in extreme limit of the natural 
distribution surface of the Mediterranean cork oak. This mar-
ginal geographical location makes this ecosystem particularly 
fragile. All of these prospected ecosystems are indispensable 
for animal species, particularly amphibians, and are experienc-
ing increasing deterioration under the effect of sustained an-
thropogenic pressures.

 Amphibian specimens were collected opportunistically 
from 28 sites on the Rif region, 11 sites on the middle Atlas and 
12 sites on the Gharb plain and Mammora forest (Table 1; Fig. 
1). During nocturnal and occasional diurnal surveys, we exten-
sively searched all water bodies that exist in the survey areas for 
amphibian larvae. We also searched for adults in the areas sur-
rounding ponds. Immediately after capture, we took samples 
including toe clippings from adults and swabs from the mouth-
parts from tadpoles (MW100-100; Medical Wire & Equipment 
Co, Corsham, UK). Toe clippings were preserved in 70% ethanol 
for laboratory analysis. After sampling, animals were returned 
to their place of capture. The intensity of infection was subse-
quently assessed in the laboratory using the quantitative PCR 
(qPCR) protocol described by Boyle et al. (2004).

 We sampled 203 amphibian specimens representing six 
families and nine species captured from 51 sites (Table 1). Of 
these, 96 specimens were collected in the Rif mountains, 42 in 
the Middle Atlas and 64 in the Gharb plain. Bd was confirmed 
in just four amphibians collected from three sites (Table 1, Fig. 
1); Bd was found in Discoglossus scovazzi in the Tetouan region 
and in Hyla meridionalis and Pelobates varaldii in the Larache-
Lakser Lakbir region (total prevalence 6%). Rare detection of the 
fungus occurred, with 1/1 in Agnane (intensity of infection: 29.9 
genome equivalents, GE), 2/5 in Larach-Lakser lakbir (intensity 

of infection: 60.3 and 395.9 GE) and 1/10 in Larach (intensity of 
infection: 0.4 GE), demonstrating a low prevalence of infection 
for the fungus across these three sites.

 In Morocco, many populations of amphibian species are 
endangered and local declines of several species have been 
principally attributed to two threats: habitat destruction and 
pollution. However, no work has been conducted previously to 
assess the presence of Bd on the amphibians living in the coun-
try. In our study, we confirm the presence of Bd in Morocco and 
consequently in North Africa. This region of the world is not 
free of Bd, a finding that is in accordance with the models of 
Ron (2005) and Rödder et al. (2009), which predicted suitable 
habitats for Bd in north Morocco. The niche distribution mod-The niche distribution mod-
els of Ron (2005) assigned a maximum overlap index of 1 to this 
region, which means that 10 of 10 models predicted the survival 
of Bd, should susceptible amphibian species exist.

 The presence of Bd in Morocco and particularly in the north 
part of the country can be explained by several mechanisms. 
The presence of chytrid fungus in peninsular Iberia, especially 
in the south of Spain where it is broadly distributed, may have 
been vectored to the northern part of Morocco by anthropogen-
ic or natural processes. For example, during a survey in south-
ern Spain performed in 2004, 31% of 86 collected samples and 
29% of 17 sampled localities were Bd-positive (Bosch et al., un-
publ. data). The border between the two countries experiences 
the extensive transport of industrial and agricultural products 
and animals across the straits of Gibraltar. Moreover, the pres-
ence of two Spanish enclaves at the north of Africa without 
customs and borders with the remainder of continental Spain 
makes the possible contamination of North Africa by Bd more 
real. However, natural vectors may also transport Bd. The fun-
gus is able to survive and remain infectious for 3–6 weeks in 
the environment in the absence of an amphibian host (Johnson 
and Speare 2003), may attach to plant debris and microorgan-
isms within sterile environments, and can perhaps persist in 
soil as do some other members of the phylum Chytridiomycota 
(Johnson and Speare 2005). These life-history characteristics of 
chytrid fungi allow prediction (and possible prevention) of its 
potential accidental transport via the movement of soil such 

FiG. 1. Map of northern Morocco showing Batrachochytrium dendro-
batidis (Bd) sampling locations that were Bd-positive (closed triangle) 
and Bd-negative (open circles).
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TABle 1. Localities in northern Morocco where amphibians were sampled for Batrachochytrium dendrobatidis (Bd). Species:  Am- Alytes	maurus, 
Ds- Discoglossus scovazzi, Bm- Bufo mauritanicus, Sa- Salamandra algira, Hm- Hyla meridionalis, Ps- Pelophylax saharicus, Bb- Bufo bufo, Pb- 
Pseudepidalea boulengeri (= North African populations of Bufo viridis s.l.), Pv- Pelobates varaldii, Pw- Pleurodeles waltl. Life history stage (LHS): 
A- adult, L- larvae, J- juvenile, M- metamorph. N = sample size, IA = number of infected animals, range of Bd infection loads (Bd IL) in genomic 
equivalents detected using quantitative PCR.

Date Coordinates (UTM format) Species LHS N IA Bd IL

Nov 2006 Near Talambote (30S 301325, 3901676) Ds A 3 0 -

Nov 2006 Near Talambote (30S 296364, 3918812) Am PM 1 0 -
  Ds A 1 0 -

Nov 2006 Remilate, Tanger (30S 243011, 3968202) Bm A 1 0 -

Nov 2006 Lahcen, between Tanger and Tetouan (30S 267670, 3937240) Sa A  4 0 -
   PM 2 0 -

Nov 2006 Agnane, near Tetouan (30S 283666, 3935092) Ds PM 1 1 10–50

Nov 2006 Koudiate Drup (30S 267908, 3914926) Hm A 1 0 -

Nov 2006 Moulay Abdesalam (30S 273019, 3911252) Sa A 5 0 -
  Ds A 1 0 -

Nov 2006 Koudiate Sbaa (30S 316198, 3877741) Ds A 4 0 -
   J 2 0 -

  Sa A 5 0 -

Nov 2006 West Ketama (30S 351185, 3867558) Ds A 1 0 -

Nov 2006 West Ketama (30S 358428, 3859824) Ds A 1 0 -

Nov 2006 West Ketama (30S 351309, 3867347) Sa A 1 0 -

Nov 2006 West Ketama (30S 357507, 3860272) Am A 1 0 -

Nov 2006 Akchour, Talambote NP (30S 301325, 3901676) Ps PM 12 0 -

Nov 2006 Akchour, Talambote NP (30S 302760, 3903012) Am PM 2 0 -

Nov 2006 Jbel Moussa, Near Ceuta (30S 283414, 3974434) Ds A 3 0 -
  Sa A 1 0 -

Feb 2007 20k from Larache-Lakslakbir (29S 76944, 3881906) Ds A 1 1 50–100
  Hm A 4 1 100–500

Feb 2007 Between Zinate and Larache (30S 278118, 3923873) Bm A 2 0 -

Feb 2007 Between Zinate and Larache (30S 271385, 3918656) Bm A 2 0 -

Feb 2007 Between Zinate and Larache (30S 265300, 3916882) Bm A 4 0 -

Feb 2007 Between Zinate and Larache (30S 261159, 3912327) Bm A 1 0 -

Feb 2007 Mokrissat (30S 284012, 3871774) Am PM 1 0 -

Feb 2007 Jebel Sunna, near Chefchaouén (30S 284719, 3890398) Sa PM 1 0 -

Feb 2007 near Bab Bouidir (30S 395460, 3770906) Am L 21 0 -

Aug 2007 Bab Bouidir (30S 397165, 3770577) Hm A 1 0 -

Feb 2007 Tazekka NP (30S 392482, 3769065) Sa A 1 0 -
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TABle 1. Continued.

Date Coordinates (UTM format) Species LHS N IA Bd IL

Aug 2007 Tazekka NP (30S 394293, 3771325) Ps A 1 0 -
  Bb  A 1 0 -

Aug 2007 Tazekka NP (30S 394480, 3772051) Ps A 1 0 -
   J 2 0 -
  Ds J 1 0 -

Aug 2007 Tazekka NP (30S 393337, 3771961) Bb A 1 0 -

Aug 2007 Tazekka NP (30S 392652, 3774512) Am L 4 0 -

Aug 2007 Tazekka NP (30S 390033, 3772458) Sa L 3 0 -
  Ds J 1 0 -

Sep 2007 Between Tlet and Zerkat (30S 366709, 3858627) Ds J 1 0 -

Sep 2007 Between BabTaza and Chefchaouén (30S 323068, 3875857) Ps L 13 0 -
  Ds J 1 0 -

Sep 2007 Near Talambote (30S 302161, 3901983) Am L 1 0 -

Sep 2007 Way to Souk Khemis-des-Beni-Arouss (30S 279104, 3905682) Ds J 10 0 -

Dec 2008 Between Khenifra and Itzer (30S 274115, 3647848) Bv A 1 0 -

Dec 2008 Between Khenifra and Itzer (30S 284069, 3642310) Ds J 2 0 -

Dec 2008 Between Khenifra and Itzer (30S 284992, 3642900) Ds J 2 0 -

Jan 2009 South Sidi Yahya al Rharb (29S 747855, 3788587) Pv L 1 0 -

Jan 2009 East Salé (29S 712135, 3765885) Pv L 2 0 -

Jan 2009 East Salé (29S 712108, 3767089) Hm L 1 0 -
  Pw A 1 0 -

Feb 2009 South Oualidia (29S 493990, 3607337) Pb L 1 0 -

Mar 2009 Mamora forest (29S 721979, 3786336) Pv L 5 0 -

Mar 2009 Mamora forest (29S 732621, 3796472) Pv L 5 0 -

Apr 2009 Mamora forest (29S 732621, 3796472) Pv L 5 0 -

Apr 2009 Mamora forest (29S 739204, 3771390) Pv L 5 0 -

Apr 2009 Larache (29S 771002, 3881305) Pv L 10 1 0–10

Apr 2009 South Sidi Yahya du Rharb (29S 753741, 3793514) Pv L 5 0 -

Apr 2009 South Sidi Yahya du Rharb (29S 745156, 3787886) Pv L 2 0 -
  Ps A 3 0 -

Apr 2009 West Sidi Allal el Bahraoui (29S 722308, 3768165) Hm L 4 0 -
  Pv L 4 0 -

Apr 2009 East Kénitra (29S 737246, 3785471) Pv L 5 0 -

Apr 2009 South Kénitra (29S 718310, 3787768) Pv L 6 0 -

Apr 2009 South Taza (30S 397532, 3772137) Sa A 1 0 -
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as in extraction industries, in contaminated soil on vehicles or 
footwear of hikers, or in plant nursery products (Johnson et al. 
2003; Johnson and Speare 2005; Laurance et al. 1997). However, 
the dissemination by water birds through the migration routes 
between Europe and Africa via the Gibraltar strait may be re-
sponsible for facilitating the spread of the pathogen across this 
region, and this process is largely uncontrollable, rendering ef-, and this process is largely uncontrollable, rendering ef-
fective biosecurity of northern Africa unlikely.

 Our surveys were by no means exhaustive and further re-ur surveys were by no means exhaustive and further re-
search on both the distribution and effect of the pathogen 
across this region is needed. Our data show: 1) three Bd-posi-
tive sites (1/1 in Agnane, 2/5 in Larach-Laks lakbir, and 1/10 in 
Larach); and 2) a clustering of Bd in the western part of north-
ern Morocco, just in the south of Tangitana peninsula (Fig. 1). 
This distribution supports the hypothesis of a dissemination 
of Bd from the Iberian Peninsula to northern Morocco. How- Morocco. How-. How-
ever, confirmation of this hypothesis awaits molecular typing 
of isolates of Bd that have been recovered from these infected 
Moroccan populations.

 Our results suggest a systematic survey of the area is war- systematic survey of the area is war-
ranted in order to determine the exact situation in the region. 
Furthermore, biosecurity and population management mea-
sures warrant consideration to prevent further amphibian spe-
cies loss owing to this emergent pathogen.
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 Amphibian ranaviruses have an apparently wide distribu-
tion in North America. The type virus in the genus Ranavirus, 
frog virus 3 (FV3), was isolated from aclinically infected leopard 
frogs (Lithobates pipiens) collected in Wisconsin and Minne-
sota in 1962 (Granoff et al. 1965). Since then, FV3-like viruses 
have been identified in California (Mao et al. 1999), Saskatch-
ewan (Schock et al. 2008), Tennessee (Gray et al. 2007), North 
Carolina (Petranka et al. 2003), Alabama and Arkansas (Wolf et 
al. 1969), Ontario (Greer et al. 2005), Vermont (Clark et al. 1968), 
and Maine (Bank et al. 2007). To date, however, ranaviruses 
have not been reported from amphibians in New York State, 
although they have been isolated from Eastern Box Turtles (Ter-
rapene carolina carolina) on Long Island, New York (Johnson 
et al. 2008). Here we report that FV3-like ranaviruses are wide-
spread in New York State and associated with recurrent die-offs 
of larval Spotted and Jefferson Salamanders (Ambystoma	mac-
ulatum and A.	jeffersonianum) and Wood Frog tadpoles (Litho-
bates sylvaticus) in vernal pools.
 During routine monitoring of vernal pools for amphibian 
breeding from May through early July in 2008 and 2009, we 
noted die-offs in several vernal pools in four locations in New 
York: the Albany Pine Bush, the Huntington Wildlife Forest in 
the Adirondack Mountains, the Teatown Lake Reservation in 
the lower Hudson Valley, and the Mohonk Preserve in the Sha-
wangunk Mountains.
 In each case, live larvae or tadpoles were haphazardly col-
lected by hand or with a dip net, sent to the laboratory of JLB 
in pond water on ice, and frozen at -80°C until they could be 
screened for ranavirus infection. Samples were collected op-
portunistically and so sample sizes varied and were generally 
small. Samples from the Albany Pine Bush and Teatown Lake 
Reservation were bagged by pond rather than individually such 
that their independence cannot be guaranteed. Care was taken, 

however, to prevent contamination between ponds by disin-
fecting sampling equipment between ponds with a 10% bleach 
solution.
 In early to mid-May 2008, KEB and CG visited a pond and 
vernal pool (ca. 150 m apart) located in the Albany Pine Bush 
where essentially every tadpole (apparently all L. sylvaticus) 
visible from shore or caught with a dip net was moribund or 
dead. The tadpoles had edema, diffuse petechial lesions along 
the ventral surface, especially near the cloaca and base of the 
tailfin, and about a third had a torn peritoneum, apparently be-
cause their abdomens were severely bloated. Similar mortality 
events were not observed in these two ponds during the two or 
three visits per breeding season in the previous several years. In 
2009, both ponds dried by mid June, earlier than usual, and no 
apparent disease-associated mortality was noted.
 In mid-June 2008, SAM observed dying L. sylvaticus tad-
poles in three of eight vernal pools that have been regularly 
monitored for amphibian breeding in the Huntington Wild-
life Forest (HWF), Essex County, New York, in the Adirondack 
Mountains. Moribund (listless, occasionally edematous, with 
petechial lesions) and apparently healthy A.	maculatum larvae 
as well as L. sylvaticus tadpoles were collected from four vernal 
pools, one of which had obvious signs of mortality (pond VP65-
2; named according to a grid at the HWF) and three of which 
did not (VP43-2, VP73-3, and VP70-1). In VP65-2, an apparently 
healthy adult, female Green Frog (L. clamitans) was captured 
by hand and a toe-clip was taken with a sterile razor blade. On 
10 June 2009, moribund and dead L. sylvaticus tadpoles were 
found in two ponds that were sampled the previous year (VP43-
2 and VP65-2) and one that had not (VP42-1). Five live tadpoles 
were collected across all three ponds.
 On 19 June 2008, MJR noticed dead wood frog tadpoles in 
a vernal pool (HV2) at the Teatown Lake Reservation, in West-
chester County, New York in the lower Hudson Valley; many 
more dead tadpoles were observed 26 June. On 30 June 2008 
one to two live individuals per species were collected from each 
of five ponds: three (HV2, HV3, and HV4) where dead and dying 
Ambystoma larvae, probably A.	maculatum, were noted, along 
with apparently healthy Grey Tree Frog tadpoles (Hyla versicol-
or), and two (CL1, and DH2) where dead L. sylvaticus tadpoles 
were found. One other vernal pool observed on that day did not 
have signs of mortality and no samples were collected from it. 
Five of seven vernal pools at Teatown Lake Reservation had die-
offs of amphibian larvae in early July 2009 as well, but samples 
were not collected.
 On 15 June 2009, MBK found a die-off in the James Stokes 
vernal pool in the Mohonk Preserve, Ulster County. Many dead 
L. sylvaticus tadpoles were found as well as apparently healthy 
and moribund A.	maculatum	and A.	jeffersonianum larvae. Two 
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of each ambystomatid species were collected alive, all with le-
sions and two with slight edema by the following day. Apparent-
ly healthy H. versicolor tadpoles and later metamorphs, and L. 
clamitans tadpoles were observed in this pond during periodic 
sampling at James Stokes vernal pool throughout the rest of the 
summer. No morbidity or mortality was noted during a visit 
two weeks earlier, or at another study site, North Mud pond. 
These two ponds had been studied extensively in the previous 
two years, but this was the first time a die-off was observed.
 The carcasses or, for larger animals, one lateral half of a car-
cass was ground in cell lysis buffer with ca. 1 ml silicone-carbide 
sharp particles (1 mm diameter) using a Bead Beater 96 (Bio-
spec Products, Bartlesville, Oklahoma, USA) and digested with 
10 µl Proteinase K. DNA was then extracted using a standard 
salt extraction protocol (Sambrook and Russell 2001). In order 
to minimize surface contamination, the samples from Teatown 
and the Albany Pine Bush, which were bagged and transported 
in groups, were surface sterilized with a 10% solution of com-
mercial bleach in water and then rinsed with distilled water 
before being placed in an individual tube and extracted. It is 
impossible, however, to guarantee independence among these 
samples. Animals from the Adirondacks and Mohonk Preserve 
were individually bagged.
 Samples were screened with PCR using primers MCP4 and 
MCP5 (Mao et al. 1997), which target a ca. 500 bp region of the 

5' end of the major capsid protein (MCP) gene. PCR products 
were separated by gel electrophoresis on 1.5% agarose gels and 
visualized with ethidium bromide staining. Samples were test-
ed at least twice, but up to four times to resolve ambiguous or 
contradictory results, and scored by majority rules.
 PCR products from two L. sylvaticus from the Albany Pine 
Bush, two A.	maculatum from the Huntington Wildlife Forest, 
and three Ambystoma sp. from the Teatown Lake Reservation 
(Table	 1)	 were	 purified	 using	 the	 QIAEX	 II	 gel	 extraction	 kit	
(Qiagen,	Valencia,	California,	USA)	 and	 submitted	 to	 the	Ne-
vada Genomics Laboratory for sequencing in the forward di-
rection. Sequences were aligned using Geneious 4.0.2 (Biomat-
ters Ltd.) resulting in a common 471 bp of sequence.
 Virus isolation was attempted in the laboratory of JLB on 
six dead L. sylvaticus tadpoles from the Albany Pine Bush; five 
moribund L. sylvaticus tadpoles from the Huntington Wildlife 
Forest; one moribund and one dead A.	maculatum and two 
moribund A.	jeffersonianum larvae from the Mohonk Preserve; 
and the un-extracted lateral halves of two L. sylvaticus tadpoles 
and three Ambystoma	 larvae from the Teatown Lake Reserva-
tion (Table 1). Samples were homogenized in 5% fetal bovine 
serum in minimum essential medium with Hanks salts (Hy-
Clone, Ottawa, ON, Canada) in tubes filled with silicone-car-
bide sharp particles (Biospec Products) using a Mini-Beadbeat-
er-96 (Biospec Products). The homogenates were then filtered 

TABle 1. Ranavirus infection status, no. positive samples/no. tested, of amphibian samples from New York, USA examined using both PCR of the 
MCP gene and virus isolation with cell culture. Parentheses represent animals that were transported in the same container; cross contamination 
cannot be ruled out. # indicates MCP gene was sequenced. * indicates lateral halves of the same individuals were tested by PCR.

Site Date Pond Coordinates Species PCR Cell culture

Albany Pine Bush 
 11 May 2008 Pond1 42.7016°N, 73.8615°W Lithobates sylvaticus (9/10)# —
  Pond2 42.7012°N, 73.8683°W L. sylvaticus (1/10)# & (0/4) (6/6) 
      
Huntington Wildlife Forest 
 24 June – 3 July 2008 VP43-2 43.9838°N, 74.2048°W Ambystoma	maculatum	 0/1 —
    L. sylvaticus 0/5 —
  VP65-2 43.9825°N, 74.2330°W A.	maculatum	 3/3# —
    L. sylvaticus 0/5 —
    L. clamitans adult  1/1 —
  VP73-3 44.0091°N, 74.2226°W L. sylvaticus 0/1 —
  VP70-1 43.9842°N, 74.2230°W A.	maculatum	 1/3# —
 10 June 2009 VP42-1 43.9831°N, 74.2070°W L. sylvaticus —   2/2
  VP43-2 43.9838°N, 74.2048°W L. sylvaticus —   0/1
  VP65-2 43.9825°N, 74.2330°W L. sylvaticus —   2/2

Teatown Lake Reservation 
 30 June 2008 CL1 41.2076°N, 73.8562°W L. sylvaticus (0/2) (2/2)*

  HV2 41.2148°N, 73.8220°W L. sylvaticus 0/1 —
  HV3 41.2154°N, 73.8218°W Ambystoma	spp. (2/2)#  (2/2)*

  HV4 41.2144°N, 73.8217°W Ambystoma	spp. (2/2)# (1/1)*

    H. versicolor (0/2) —
  DH2 41.2024°N, 73.8263°W Ambystoma	spp. (1/2)# —

Mohonk Preserve 
 17 June 2008 James Stokes 41.8038°N, 74.1120°W A.	maculatum	 —   2/2
    A.	jeffersonianum	 —   2/2
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through a 0.45-µm filter and inoculated onto epithelioma pap-
ulosum cyprini (EPC) cells. Samples were passed twice, except 
for the sample from VP43-2 in which bacterial contamination 
prevented a second pass, and observed for signs of cytopathic 
effects using an inverted light microscope at 100× magnifica-
tion. Isolation of ranavirus was verified using PCR, as above.
 Twenty-two of 57 animals tested positive for ranavirus with 
PCR and ranavirus was isolated from 19 of 20 animals, includ-
ing the lateral halves of two tadpoles that were negative by PCR 
(Table 1). Animals from all three regions tested positive, in-
cluding Ambystoma	larvae and L. sylvaticus tadpoles, as well as 
the toe of one adult L. clamitans, which consistently produced 
weakly visible bands. Given our small samples sizes, imperfect 
diagnostic tests (Greer and Collins 2007), and because these 
samples were collected opportunistically from die-offs, which 
can occur very rapidly and last for only two or three weeks 
(Gray et al. 2009), it seems likely that our data underestimate 
the prevalence, geographic range, and host range of these rana-
viruses. Indeed, ranaviruses have been identified in all of the 
species we tested (Duffus et al. 2008; Gray et al. 2009), even 
though we never detected ranavirus in H. versicolor.
 The major capsid protein (MCP) gene sequences of all 
eight sequenced samples were identical to each other and to 
the published sequence of Frog Virus 3 (GenBank accession 
# AY548484) across all 471 bases. It is not clear whether these 
virus isolates are in fact a single, widespread virus. The MCP 
is highly conserved among ranavirus species, and so sequence 
data from the MCP gene alone is not sufficient to differentiate 
species (Chinchar et al. 2009). Moreover, Schock et al. (2008) 
have shown that ranavirus isolates with identical MCP se-
quences can have distinct restriction profiles and perhaps 
different ecology interactions. Isolates from L. sylvaticus and 
A.	maculatum collected from two vernal pools in the Teatown 
Lake Reservation, however, were statistically indistinguishable 
in terms of the rate and timing of mortality that they caused in 
an LD

50
 study in L. sylvaticus (Warne et al. 2010) and A.	macula-

tum (JLB, unpubl. data). Further study is required to determine 
whether there is one widespread or many, somewhat distinct 
ranaviruses in New York State.
 We must emphasize that while ranaviruses are known to 
cause catastrophic mortality in larval amphibians (Gray et al. 
2009) and several of the virus isolates we collected are highly 
lethal (Warne et al. 2010) we did not screen for other agents or 
complete a post mortem exam on these larvae and so we can-
not conclude that ranavirus was the cause of these vernal pool 
die-offs, but merely that amphibians were infected with rana-
virus during these die-offs. Whatever the cause, these were not 
the first die-offs noted in the Huntington Wildlife Forest, which 
has been systematically monitored for breeding activity every 
year since the mid 1990s. There was a report of “red-leg,” which 
can be associated with ranaviral disease (Green et al. 2002), in 
L. sylvaticus tadpoles during mortality events in 1999 and 2000 
(Quail	2001).	Similarly,	a	die-off	of	L. sylvaticus tadpoles and A.	
maculatum larvae was observed in 2006, with moribund ani-
mals showing similar signs of infection as seen in the 2008 and 

2009 die-offs. It is worth noting that there is no obvious sign of 
declines in breeding output in the vernal pools of the Hunting-
ton Wildlife Forest (SAM, unpubl. data). Moreover, die-offs may 
not be completely catastrophic to recruitment. Pond VP65-2, 
which had a die-off in mid-June of 2008, produced L. sylvaticus 
metamorphs by mid-July.
 In summary, FV3-like ranaviruses were identified in live and 
dead Ambystoma	larvae and L. sylvaticus tadpoles during mor-
tality events in vernal pools across New York State. These epi-
demics and the occurrence of ranavirus recurred in the same 
ponds over two years, as has been observed elsewhere (e.g., Pe-
tranka et al. 2007). It remains to be determined whether these 
virus isolates represent a single widespread virus or whether 
there are several closely related strains of ranavirus with dif-
ferent ecologies. It is clear, however, that these virus isolates 
are capable of infecting multiple hosts. Whether they were the 
cause of the die-offs we observed or have long-term impacts on 
their host populations is not known, but the potential for rana-
viruses to cause catastrophic mortality has been established 
(Gray et al. 2009; Green et al. 2002; Teacher et al. 2010). We urge 
amateur and professional biologists working in vernal pools in 
New York State to take basic steps to prevent the spread of these 
highly lethal viruses including washing and disinfecting boots 
and equipment between sites and taking care not to move wa-
ter, sediment, or organic materials between ponds (Bryan et al. 
2009; Green et al. 2009).
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SSAR Silent Auction Donations

SSAR announces the Fifteenth Annual Silent Auction to be held at the 2011 Joint 

Meeting of Ichthyologists and Herpetologists (JMIH) in Minneapolis, 6–11 July. 

Again this year we are glad to accept any herp-related donations including but not 

limited to frameable art (photographs, paintings, and line illustrations), books, 

music, glassware, jewelry, clothing, and gift certificates for Minnesota area services/

events during the meeting week. The SSAR Student Travel Committee organizes 

the Annual Silent Auction to raise money to fund the student travel awards to the 

JMIH. Increasing travel costs each year make it more difficult for students to attend 

meetings and become involved in societies. However, your continued support 

through donations to the silent auction helps offset these costs enabling students 

to attend, network, and present their research. If you are interested in donating 

an item or two (tax deductible for U.S. residents), please contact Mike Jorgensen 

(e-mail: mj207406@ohio.edu) for more information. 
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CAUDATA — SALAMANDERS

AMBYSTOMA OPACUM (Marbled Salamander). ALBINISM. On 
27 Sept 2009, I captured a gravid adult female (ca. 9.5 g) Ambys-
toma opacum in a wetland located at Bear Hollow Wildlife Man-
agement Area in Franklin Co., Tennessee, USA that was completely 
void of any pigmentation (Fig. 1) and is, therefore, a complete al-
bino (e.g., complete lack of melanin, red eyes: Hensley 1959. Publ. 

Mus., Michigan State Univ. 1[4]:133–159). The albino, and 17 other 
gravid females displaying typical pigmentation, was captured in a 
pitfall trap as they migrated to a wetland (35.02035°N, 86.01425°W).
 Various forms of albinism in A.	opacum have been documented in 
both the larvae and adults, in populations from six states. Dyrkacz 
(1981. Recent instances of albinism in North American amphibians 
and reptiles. Society for the Study of Amphibians and Reptiles. 31 pp.) 
reported three larvae in Maryland and eight larvae in Mississippi. 
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FiG. 1. A) Albino gravid female Ambystoma	opacum found in Franklin County, Tennessee. Note the complete lack of body pigmentation.  
B)Closeup of head showing red eyes.

cO
LO

R 
RE

PR
O

D
U

c
TI

O
N

 S
U

PP
O

RT
ED

 B
Y 

TH
E 

TH
O

M
A

S 
BE

AU
VA

IS
 F

U
N

D
 



Herpetological Review 42(1), 2011

8181NATURAL HISTORY NOTES     81

Partial albinism in larvae has been documented in Rhode Island and 
Connecticut (Deegan et al. 1998. Herpetol. Rev. 29:229). Mitchell and 
Church (2002. Banisteria 20:67–69) collected two larval leucistic A.	
opacum in Virginia and stated this form of albinism rarely occurs in 
nature. Walston and Regester (2004. Herpetol. Rev. 35:365) reported 
partial albinism in larvae and a gravid female from a population in 
Illinois. A frequency of 0.24 for the occurrence of an albino pheno-
type was reported for the Illinois population (Walston and Regester 
2004, op. cit.). I examined 9387 Marbled Salamanders at this wetland 
(5031 adults, 4356 metamorphs) between December 2007 and May 
2010 and this was the only individual exhibiting any form of albi-
nism, further illustrating the rarity in which albinism occurs in this 
species. To my knowledge, this is not only the first report of albinism 
in A.	opacum for Tennessee, but also the first report range-wide of a 
complete albino gravid female. 
 I thank Brian Miller for comments on the manuscript and Rob-
ert English and Andrea English, Leaps, for allowing the use of their 
photographs.
  JOSHUA R. CAMPBELL, Middle Tennessee State University, 1301 East 
Main Street, Murfreesboro, Tennessee 37132, USA; e-mail: jrc6t@mtsu.edu.

EURYCEA BISLINEATA BISLINEATA (Northern Two-lined Sala-
mander). LARVAL PREDATION. Eurycea bislineata is a semi-
aquatic plethodontid salamander at the northeastern extreme of 
its	geographic	distribution	in	Québec	and	New	Brunswick,	Cana-
da (Petranka 1998. Salamanders of the United States and Canada. 
Smithsonian Institution Press, Washington, D.C. 587 pp.). Terres-
trial predators of both larval and adult E. bislineata include Com-
mon Garter Snakes (Thamnophis sirtalis) (Uhler et al. 1939. Trans. 
Fourth North American Wildlife Conference. Washington, D.C.). 
Spring salamanders (Gyrinophilus porphyriticus) are known to prey 
on larval E. bislineata (Wright and Haber 1922. Copeia 105:31–32; 
Bishop 1941. The Salamanders of New York. New York State Mus. 
Bull. 324), and Rainbow Trout have been observed feeding on E. 
bislineata (Mathews 1982. J. Tennessee Acad. Sci. 57:82–83).
 American Eels (Anguilla	rostrata) are known to be generalist preda-
tors, consuming a variety of aquatic invertebrates, insects, and small 
fish (Lookabaugh and Angermeier 1992. J. Freshwater Ecol. 7:425–
431; Denoncourt and Stauffer. 1993 Am. Midl. Nat. 129:301–308; 
Daniels 1999. Diet of American Eels [Anguilla	rostrata LeSueur] in 
Five Freshwater Lakes, Maine, USA. Ph.D. dissertation, Univ. Maine, 
Orono. 61 pp.); however, amphibians have not been observed in eel 
diets. Here we document the first reported incidence of eel preda-
tion on amphibians. One E. bislineata larva (32.5 mm TL, 17.1 mm 
SVL) was recovered undigested from the stomach of an American Eel 
(354 mm TL, 61.8 g) captured as bycatch from a Fisheries and Oceans 
Canada juvenile salmonid assessment on 20 Aug 2009 in the Nash-
waaksis River, York County, New Brunswick, Canada (46.08059°N, 
66.76832°W). The stomach of this eel contained only the E. bislineata 
larva. Identification was based on comparisons with collections in 
the New Brunswick Museum. The E. bislineata larva was deposited 
in the New Brunswick Museum (NBM 9142).
 RONALD W. RUSSELL (e-mail: ron.russell@smu.ca) and DOLLIE M. 
CAMPBELL (e-mail: dollie.campbell@smu.ca), Department of Biology, Saint 
Mary’s University, 923 Robie St., Halifax, Nova Scotia, Canada B3H 3C3.

TYLOTOTRITON ASPERRIMUS (Black Knobby Newt). REPRO-
DUCTION. Tylototriton	 asperrimus is distributed in Central and 
South China, reaching the southwestern limit of its range in the 
northernmost provinces of Vietnam (Nguyen et al. 2009. Herpeto-
fauna of Vietnam, Edition Chimaira, 768 pp.). Chinese literature (Fei 

[ed.] 1999. Atlas of Amphibians of China. Henan Science and Tech-
nology Press, Zhengzhou, China) reports clutches of 30–50 eggs, 
3–4 mm in diameter, with light brown animal pole and creamy 
white vegetable pole, laid under fallen leaves on pond embank-
ments some distance away from the water. The same literature re-
fers to an aquatic phase of the adult salamanders, but reproductive 
activity has not been observed. 
 On 12 May 2010 we found an adult T.	asperrimus (Fig. 1) 75 mm 
SVL, 145 mm total length, under a large rock in a marshy area where 
part of the forest was cleared at Pia Oac, SW of Tinh Tuc at 1596 m 
altitude, in the province of Cao Bang (22°60.556N, 105°87.530E) in 
northern Vietnam. Air temperature was 22–24°C, humidity 70–75%. 
Some 30 m further, by turning stones we discovered two assemblages 
of 123 total eggs, possibly representing two clutches. One assemblage 
was found in moist soil under a stone sticking out from the side of a 
forested slope (Fig. 2); the other was situated above the same stone, 
between the stone and adjacent undergrowth. The diameter of the 
egg capsule was 10–11 mm. Judging by the shape of the creamy 
white embryos in the transparent jelly capsules, we estimated the 
eggs were about one week old. The closest water body was a shal-
low (5–10 cm deep) puddle formed by rain water in a car track on a 
path, measuring 200 × 60 cm, water temperature was 17°C, pH 6.4, 
KH 0–3, GH <3. The stone was situated beside, and not directly above 
the puddle, on a slope overgrown with ferns and bamboo. On a ver-
tical plane, one egg assemblage was some 20 cm removed from the 
level of the puddle, the other 50 cm. With the ensuing rainy season, 
the volume of the puddle would probably increase and rains would 
flush the emerging larvae from their capsules. NTT found 12 adult 
males, one female, and 24 larvae in the same puddle in early June 

FiG. 1. Adult Tylototriton	asperrimus found under a stone at Pia Oac, 
Cao Bang, Vietnam. 

FiG. 2. Egg clutch of Tylototriton	asperrimus found under a stone at Pia 
Oac, Cao Bang, Vietnam.
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2009, when the water level was higher (Fig. 3). Approximately 10 
m further down there was a marshy area ca. 30 × 30 m with a small 
stream and several small pools with submerged and bordering veg-
etation. We did not find eggs, larvae, or adults there.
 This discovery of eggs on land is comparable to an earlier find of T.	
asperrimus eggs on Mt. Tay Con Linh in Vi Xuyen district, Ha Giang 
province, Vietnam. Those eggs, believed to represent five clutches, 
were found 5 cm underground, adjacent to a small, temporary for-
est pool at 1700 m elev. (Bain and Nguyen 2004. Am. Mus. Novit. 
3453:1–42).
 We collected some of the eggs from the assemblage to study further 
development. On hatching the larvae measured 21–22 mm, had a 
long pigmented tail, no remains of yolk, no balancers, and four well-
developed legs (Fig. 4). They were very agile and strong enough to 
actively flip from the spoon by which they were handled. 
 On the basis of a number of physiological and ecological similari-
ties some authors have included T.	asperrimus in the genus Echino-
triton (Zhao and Hu 1988. Studies on Chinese Salamanders 12–26; 
Zhao and Adler 1993. Herpetology of China. Society for the Study 
of Amphibians and Reptiles, 522 pp.; Yu and Zhao 2005. Sichuan J. 
Zool. 24:646–650). One of these similarities is the laying of large eggs 

in one clutch on land, under a surface of fallen leaves. Larvae of T.	
asperrimus hatch at an advanced stage of development, and have 
resorbed the balancers, just like larvae of E. chinhaiensis (Cai and 
Fei 1984. Acta Herpetol. Sinica 3:71–78). Hatchling larvae of both 
Echinotriton species are known to migrate to the water body by 
making active leaping or wriggling movements (Utsunomiya et al. 
1979. Proc. Japan Acad. 54[1978]:341–346; Xie et al. 2000. Herpetol. J. 
10:111–118). We believe that hatchlings of T.	asperrimus are capable 
of doing the same.
 If adult T.	asperrimus	enter the water, it is difficult to imagine what 
else they would do there apart from breeding and/or foraging. Echi-
notriton species never enter the water. So in this respect T.	asperri-
mus is more similar to other species of Tylototriton, which typically 
enter water for breeding. It looks like the reproductive mode of T.	
asperrimus is situated somewhere between that of other Tylototriton 
and Echinotriton. We anticipate that future observations will provide 
additional information.
 MAX SPARREBOOM, Netherlands Centre for Biodiversity Naturalis, P.O. 
Box 9517, NL-2300 RA Leiden, The Netherlands (e-mail: m-c-sparreboom@
hetnet.nl); NGUYEN THIEN TAO, Vietnam Natural Museum of Nature, 18 
Hoang Quoc Viet St., Hanoi, Vietnam (e-mail: nguyenthientao@gmail.com); 
SERGE BOGAERTS, Honigbijenhof 3, NL-6533 RW Nijmegen, The Nether-
lands (e-mail: s-bogaerts@hetnet.nl); FRANK PASMANS (e-mail: frank.pas-
mans@ugent.be); AN MARTEL (e-mail: an.martel@ugent.be), Department of 
Pathology, Bacteriology, and Avian Diseases, Faculty of Veterinary Medicine, 
Ghent University, Salisburylaan 133, B-9820 Merelbeke, Belgium.

ANURA — FROGS

BUFO PUNCTATUS (Red-spotted Toad) and THAMNOPHIS CYR-
TOPSIS (Black-necked Garter Snake). PREY-PREDATOR. Several 
species of anurans breed in ephemeral rock pools in the American 
Southwest (Dayton and Fitzgerald 2001. Oecologia 129:430–435). 
These species breed explosively when ephemeral habitats fill and 
then rapidly complete development prior to pool drying. The ad-
vantage of breeding in ephemeral pools is that most aquatic preda-
tors require permanent water to complete their life cycle. However, 
predators that can effectively forage in ephemeral pools can poten-
tially take advantage of an abundant food source.
 On 3 July 1999, rock pools in Blackwater Canyon, Peloncillo 
Mountains, New Mexico, USA (31°30.465'N, 109°00.615'W, WGS84) 
filled overnight after a storm delivered 1.2 cm of rain. On 3 and 5 
July we collected adult Bufo punctatus that had been preyed upon 
(or scavenged) by adult Sonoran Mud Turtles (Ligon and Stone 
2003. Herpetol. Rev. 34:241–242), suggesting that breeding for this 
species began immediately after the pools filled. On 8 July 1999, 
we captured a juvenile Thamnophis	 cyrtopsis (165 mm SVL; 49 
mm tail length; 3.0 g) in a rock pool. While we were examining the 
snake, it regurgitated 35 B. punctatus tadpoles, six of which were 
still alive. We collected 24 tadpoles, and assigned Gosner stages to 
21 of these. The other tadpoles were too badly decomposed to col-
lect or stage. Gosner stages ranged from 26–29 with a mode of 28 (N 
= 10 tadpoles), indicating that tadpoles were midway through de-
velopment. The snake was measured and released, and the 24 tad-
poles were deposited in the Herpetology Division of the University 
of Central Oklahoma Natural History Museum (UCO 803).
 Thamnophis	 cyrtopsis is a well-known tadpole predator, and 
there are several observations of it preying on B. punctatus tad-
poles (Rossman et al. 1996. The Garter Snakes: Evolution and Ecol-
ogy. University of Oklahoma Press, Norman, Oklahoma. 332 pp.). 
Our observation adds to this database and provides a time frame 

FiG. 4. Eggs and recently hatched larva of Tylototriton	asperrimus from 
Pia Oac, Cao Bang, Vietnam.

FiG. 3. Larvae of Tylototriton	asperrimus in a car track puddle at Pia Oac, 
Cao Bang, Vietnam, 2009. Photo by Nguyen Thien Tao.
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for the latency to response to the environmental cue (rainfall) that 
made the interaction possible.
 We thank Mike O’Brien for field assistance and Erica Becker for 
assigning Gosner stages to the tadpoles. Fieldwork was conducted 
under permits issued by the New Mexico Department of Game and 
Fish and the U.S. Forest Service. The Office of Research and Grants 
at the University of Central Oklahoma provided financial support 
for fieldwork.
 PAUL A. STONE, Department of Biology, University of Central Oklahoma, 
Edmond, Oklahoma 73034, USA (e-mail: pstone@uco.edu); DAY B. LIGON, 
Department of Biology, Missouri State University, Springfield, Missouri 65897, 
USA (e-mail: dayligon@missouristate.edu).

CRAUGASTOR ALFREDI ALFREDI (Northern Alfred’s Rainfrog). 
PREDATION. Because anurans often are locally abundant, small 
to moderate in size, and have soft skin, they are common prey for 
a variety of predators of all classes of vertebrates, as well as some 
arthropods. Various species of predaceous spiders feed on anurans 
(Menin et al. 2005. Phyllomedusa 4[1]:39–47). In some cases the 
frogs are caught in webs and subsequently killed and eaten, but 
crab spiders, tarantulas, and other hunting spiders spring on an-
uran prey, grasp them, and kill by injection. 
 On 11 Nov 2009, I found a partly-eaten Craugastor alfredi alfredi 
in Cañón del Metlac (18.9029°N, 97.0062°W, 800 m elev.), Ixtaczo-
quitlán, Veracruz, México. The frog was found on a banana tree leaf, 
and nearby was a female hunting spider, Cupiennius salei (species 
identification based on Benítez and Castañeda 1994. La Ciencia y El 
Hombre 16:37–48), which had partially consumed the frog. Because 
of the posture of the frog and the removed skin on the posterior part 
of the body, I suspect that it was attacked from behind. Photographs 
of the frog and the spider were deposited in the Colección de An-
fibios y Reptiles, Facultad de Biología, Campus Peñuela, Universi-
dad Veracruzana. The frog measured 46 mm SVL; cephalothorax to 
abdomen length of the spider was 44 mm. Identification of the frog 
was verified by Uri Omar García Vázquez. 
 NÉSTOR RODRIGO VÁSQUEZ-CISNEROS, Facultad de Ciencias Biológicas 
y Agropecuarias, Campus Peñuela, Universidad Veracruzana; km 4.5 carretera 
Córdoba-Peñuela, S/N, Peñuela, Amatlán de los Reyes, Veracruz, México; e-mail: 
nvaz1@hotmail.com.

DUTTAPHRYNUS SCABER (Ferguson’s Toad). PREDATION BY 
BEETLES. Invertebrate predation of vertebrates is widely known 
(Duellman and Trueb 1986. Biology of Amphibians. John Hopkins 
Univ. Press, Baltimore, 670 pp.). Beetle predators that specialize on 
vertebrates are uncommon (McCormick and Polis 1982. Biol. Rev. 
57:29–58). Even rarer and little known are the beetle parasitoids 
of vertebrate hosts (Eggleton and Belshaw 1993. Biol. J. Linn. Soc. 
48:213–226). Both adult and larval carabid beetles have been docu-
mented eating frogs (Littlejohn and Wainer 1978. Vict. Nat. 95:251–
252; Ovaska and Smith 1988. Can. J. Zool. 66:599–604), but larvae in 
the carabid tribes Brachinini, Chlaeniini, Lebiini, and Peleciini ex-
hibit more specialized predatory and parasitoid life cycles (Brand-
mayr et al. 2010. Zootaxa 2388:49–58; Erwin and Erwin 1976. Bio-
tropica 8[4]:215–224; Frank et al. 2009. ZooKeys 14:1–36; Saska and 
Honek 2008. Ann. Entomol. Soc. Amer. 101[3]:533–538). The docu-
mented larvae of Peleciini and Lebiini are primarily ectoparasitic on 
chrysomelid beetle larvae and pupae, but a few non-chrysomelid 
hosts are known—other beetles (Dytiscidae, Endomychidae, and 
Hydrophilidae), mole crickets (Gryllotalpidae), and a millipede.
 The documented chlaeniine larvae consume frogs and toads. Two 
blood-feeding carabid larvae were reported parasitizing a toad in 

South Africa (Moore 1971. Ann. Nat. Mus. 20:479–482). Chlaenius 
darlingensis Castelnau was reported as consuming Crinia signifera 
(Eastern Common Froglet) and Uperoleia laevigata (Smooth Toad-
let) (Robertson 1989. Herpetol. Rev. 20:7–8; Toledo 2005. Herpetol. 
Rev. 36:395–400). Another chlaeniine, larvae of Epomis nigricans 
Wiedemann, was reported eating frogs: Hyla sp. and Rhacophorus 
schlegelii (Schlegel’s Green Tree Frog)(Shiina and Tachikawa 1998. 
Abstracts 48th Ann. Meet. Entomol. Soc. Japan; Tachikawa 1994. At-
las 48th Spec. Exhib. Otaru Museum, Otaru), and both tadpoles and 
adults of Pelophylax nigromaculatus (= Rana nigromaculata; Toledo 
2005. J. Zool. 271:170–177; Toshiaki 2006. Bull. Herpetol. Soc. Japan 
2:99–100) in Japan. Elron et al. (2007. Herpetol. Rev. 38[1]:30–33) re-
ported the biology of Epomis dejeani Dejean and Epomis conscriptus 
(Duftschmid) whose larvae attack adult frogs, Pseudepidalea viridis 
(= Bufo viridis; Green Toad) and Hyla savignyi (Yellow Lemon Tree 
frog), in Israel. Here we report another specialized carabid larval 
predator of an adult toad from India (Fig. 1).
 The observation and photograph were made around 1000 h, 1 April 
2008, near Karanji Lake, campus of the Regional Museum of Natural 
History, Mysore, Karnataka, India, 12°18.333'N, 76°40.45'E. The lawn 
was not well-maintained, and grasses and bushes along with scat-
tered puddles provided good habitat for many insects. VB startled the 
toad, which appeared lean and jumped sluggishly; then he noticed 
the larva protruding from the abdomen. The photograph was taken 
but no specimens were collected. Kotambylu Vasudeva Gururaja, an 
expert on the regional herpetology at the Indian Institute of Science, 
Bangalore, identified the toad as Duttaphrynus scaber. Duttaphrynus 
scaber is found in India (Orissa State and southwards) and at lower 
elevations of Sri Lanka (view distribution at http://berkeleymapper.
berkeley.edu/). CSC identified the larva as Carabidae based on her 
work with other carabid parasitoids of Chrysomelidae; given that 
only chlaeniines have been documented consuming frogs in this 
way, our larva is likely a chlaeniine but we cannot go further with 
an identification.
 Elron et al. (2007, op. cit.) revealed that an individual E. dejeani 
larva may use up to four frogs to complete the life cycle; the 1st instar 
is ectoparasitic, feeding on body fluids, while the 2nd and 3rd instars 
chew body tissues. Toledo et al. (2005, op. cit.) termed this behav-
ior “temporary specialized predators.” It is a challenging question 
whether such specialized feeding represents an evolutionary step 
towards parasitoidism, in which one individual completes its life 

FiG. 1. Duttaphrynus scaber from southern India with a carabid larva 
parasitoid embedded in the abdomen. Photo by V. Barve. 
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cycle on one host (Eggleton and Belshaw 1992. Phil. Trans. R. Soc. B 
337:1–20).
 We thank K. V. Gururaja for identification of the toad and C. D. 
Michener for comments on the manuscript.
 VIJAY V. BARVE, Department of Geography, 1475 Jayhawk Blvd, 223 
Lindley Hall, University of Kansas, Lawrence, Kansas 66045-7613, USA (e-mail: 
vijaybarve@ku.edu); CAROLINE S. CHABOO, Division of Entomology, Natural 
History Museum and Department of Ecology and Evolutionary Biology, 1501 
Crestline Drive – Suite 140, University of Kansas, Lawrence, Kansas 66049-
2811, USA (e-mail: cschaboo@ku.edu).

ECNOMIOHYLA MIOTYMPANUM (Small-eared Treefrog) and 
CHARADRAHYLA TAENIOPUS (Porthole Treefrog). REPRODUC-
TIVE BEHAVIOR. Ecnomiohyla miotympanum and Charadrahyla 
taeniopus are endemic to the Atlantic Versant in the Sierra Madre 
Oriental of México (Duellman 2001. The Hylid Frogs of Middle 
America. Society for the Study of Amphibians and Reptiles, in co-
operation with the Natural History Museum of the University of 
Kansas. 1170 pp.). Male E. miotympanum reach 38.4 mm SVL, and 
attract females by means of an advertisement call, whereas acous-
tic communication for mate acquisition in C. taeniopus (whose fe-
males are 70 mm SVL) does not seem to be important (Duellman 
2001, op. cit.). Despite these differences in size and presumably in 
reproductive behavior, here we report an observation of amplexus 
between these two hylid frogs.
 On 30 Oct 2009, we surveyed anurans along the Apulco River 
(19°57'N, 97°32'W; 1041 m elev.), located in the Sierra Norte of 
Puebla, México. At 0008 h, one of us (FGVC) found a male E. mio-
tympanum in amplexus with a female C. taeniopus, on a stone at 
the river’s edge (Fig. 1). Although the couple was manipulated, 
they remained in amplexus during the observation period which 
lasted for at least 23 min. We cannot be certain how long the frogs 
remained in amplexus after our observations. This kind of inter-
species interaction may increase the risk of predation, and implies 
an unsuccessful time investment that otherwise could be utilized 
for mating with conspecific individuals (Butler 2007. Herpetol. 
Rev. 38:444; Höbel 2005. Herpetol. Rev. 36:55–56). Indeed, if gam-
ete release occurred, it would mean a considerable loss of energy, 
at least for the female.
 RICARDO LURÍA MANZANO (e-mail: doumbek@hotmail.com) and FLOR 
GABRIELA VÁZQUEZ CORZAS, Laboratorio de Herpetología, Escuela de 

Biología, Benemérita Universidad Autónoma de Puebla, C.P. 72570, Puebla, 
México. 

 ENGYSTOMOPS PUSTULOSUS (Tungara Frog). PREDATION. On 
1 Aug 2010 at 2000 h local time, at Parque Nacional Palo Verde, Pro-
vincia Guanacaste, Costa Rica (10.34459°N 85.34080°W), we ob-
served a large belostomatid (giant water bug) predating an adult 
male Engystomops pustulosus (Fig. 1). This took place in a flooded 
roadside ditch, in close proximity to several calling male E. pustu-
losus. We did not observe the bug seize the frog, but the frog ap-
peared fresh and alive (though not moving), and was presumed to 
have been recently captured. As we photographed the bug, it swam 
away with the frog still in its grasp, and we presume that it con-
sumed the frog. Belostomatids are among the most common in-
vertebrate predators of frogs, and the ecologically similar Physalae-
mus cuvieri has been observed to fall prey to these insects (Toledo 
2005. Herpetol. Rev. 36:395–400). However, this is the first observa-
tion of predation of E. pustulosus by a belostomatid. Two species of 
Lethocerus are reported from Costa Rica: L. medius (Guérin-Mén-
eville) and L. collosicus (Stål) (Perez-Goodwyn 2006. Stutt. Beiträge 
zur Natur. 695:1–71). The belostomatid reported here was large (> 8 
cm), and well outside the reported geographic range of L. medius. 
Because of its size and the geographic region, the tentative identifi-
cation of this insect is L. collosicus. 

 We thank Christiane Weirauch (University of California, River-
side) for additional bug identification consultation for this note. 
This observation was made under RESOLUCIÓN No 018-2009-ACAT 
(MINAET, Ministry of Environment, Energy, and Telecomunications) 
while conducting research funded by the NSF IRES grant to the Or-
ganization for Tropical Studies.
 SEAN P. GRAHAM (e-mail: grahasp@auburn.edu), CRAIG GUYER, Au-
burn University, Department of Biological Sciences, Auburn, Alabama 36849, 
USA; BRADLEY W. SMITH, University of Florida, Indian River Research and 
Education Center, Ft. Pierce, Florida 34945, USA; LAINE A. GIOVANETTO, New 
Jersey City University, Biology Department, Jersey City, New Jersey 07305, 
USA.

HYLA CINEREA (Green Treefrog). WINTER AGGREGATION. Hiber-
nation site selection is poorly known for adult North American tree-
frogs, and true winter aggregation has not been reported. Here, I re-
port a winter aggregation of Hyla cinerea in southern Louisiana, USA.
 At 1230 h on 28 Dec 2009, I discovered 31 adult-sized H. cinerea 
between two 0.5 × 61 × 244 cm plywood boards (air temperature 

FiG 1. Male Ecnomiohyla miotympanum in amplexus with a female 
Charadrahyla taeniopus found in the Sierra Norte of Puebla, México.

FiG. 1. Belostomatid (likely Lethocerus collosicus) predating Engysto-
mops pustulosus.
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5.3°C). The boards were among ~20 others in a pile stored ~1 m 
above the ground, under the west side a house that was elevated 4 
m on pilings. Natural ground elevation was ~0.5 m, thus the frogs’ 
refuge was ~1.5 m above sea level, in an area largely surrounded by 
brackish marsh and open waterways. The pile of boards had been 
in the weather for at least 6 months, and had warped to form ~1 cm 
crevices between them. The frogs were initially clustered next to each 
other in a roughly oval shape between the boards. Within three min-
utes of removing the board hiding them, all of the frogs had crawled 
slowly until each fell off the edge onto the ground, and continued 
to disperse into vegetation. The site was located at 30.303427°N, 
90.330054°W, just south of the Joyce Wildlife Management area, ca. 
8 air km E of the village of Manchac, Louisiana, USA.
 Table 1 summarizes reported hibernation sites, most of which 
represent only one locality within each species’ geographic range. 
Note that each account includes <5 individuals. Habitat descriptions 
in the Table 1 references suggest that many species move to differ-
ent habitat for winter hibernation sites. Some of these sites were at 
higher elevation and may be above flood level, particularly in canyon 
habitat that may be prone to seasonal flooding. The present report 
is of a remote location in brackish marsh that potentially experi-
ences flooding and increased salinity by wind-driven tides through 
Lake Pontchartrain. Variation in elevation in most of this marsh is 
less than 1m, such that sustained light east wind for 2–3 days would 
likely flood most of the area. Historical floods levels in the local area 
suggest that the frogs would have been above most flooding asso-

ciated with normal weather patterns, but not catastrophic floods 
like those produced by organized storms (i.e., tropical depressions, 
tropical storms, hurricanes), which do not normally occur there 
during winter. Thus, a potential explanation for the unusually large 
aggregation of frogs reported here is that suitable hibernation sites 
above flood level are rare in the area. Alternatively, and perhaps in 
addition, a frog aggregation may reduce evaporative water loss by 
reducing the amount of exposed body surface area.
 CLIFFORD L. FONTENOT, JR., Department of Biological Sciences, South-
eastern Louisiana University, Hammond, Louisiana 70402, USA; e-mail: cfon-
tenot@selu.edu.

HYLA CINEREA (Green Treefrog). CANNIBALISM AND DEFEN-
SIVE POSTURE. Cannibalism among larval amphibians is not un-
usual (Pfennig et al. 1993. Anim. Behav. 46:87–94; Poelman and 
Dicke 2007. Evol. Ecol. 21[2]:215–227), and adults of large anuran 
species like Cane Toads (Rhinella marina) are also known to prey 
on smaller anuran species or smaller conspecifics (Pizzatto and 
Shine 2008. Behav. Ecol. Sociobiol. 63[1]:123–133). However, re-
ports of adult treefrogs cannibalizing smaller conspecifics are rare 
(McCallum et al. 2001. Herpetol. Rev. 32[2]:99–100), and to my 
knowledge there has never been a report of a Green Treefrog con-
suming a smaller conspecific.
 Here I report an incident of cannibalism of a recently metamor-
phosed Hyla cinerea (20.7 mm SVL) by an adult, male H. cinerea 
(41.6 mm SVL) (Fig. 1), which occurred on 23 June 2009 at a pond 

TABle 1. Hibernation sites for adult North American treefrogs (Hyla and Pseudacris). In the “N” column, groups of individuals found together are 
separated by a comma. 

Species Locality Month/  °C N Habitat Reference
  season

H. andersonii Georgia winter —  1 under bark Neill 1948. Herpetologica 
      4:107

H. chrysoscelis Ohio Dec 4 1, 1, 1, 1, 1 leaf litter at base of tree Burkholder 1998. 
      Herpetol. Rev. 29:231

H. chrysoscelis Tennessee Oct 15–30 1, 1, 1, 1 treehole Ritke and Babb 1991. 
      Herpetol. Rev. 22:5

H. cinerea Louisiana Dec 5 31 elevated wood pile This study

H. cinerea Illinois Nov 20 2 cliff face crevices, Garton and Brandon
  Feb — 1 under talus in holes 1975. Herpetologica 31:
  Jan 16 1–5  150

H. cinerea Georgia winter —  2–3 decaying tree under bark Neill 1948, op. cit.

H. femoralis Georgia Dec —  1 decaying log Neill 1948, op. cit.

H. gratiosa Florida Dec 14 1 ground,  under bark Franz 2005. Herpetol.
      Rev. 36:434

H. squirella Georgia winter —  1 decaying log Neill 1948, op. cit.

H. versicolor Louisiana Jan 16 3, 4 treehole Fontenot 2003. Herpetol. 
      Rev. 34:358

P. cadaverina California fall–winter  4–19 40, each rock crevices Harris 1975. 
      Herpetologica 31:236

P. regilla California Feb 9 1 under weeds, in water Brattstrom and Warren 
      1953. Copeia 1955:181
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at Bowens Mill Fish Hatchery in Georgia, USA. I observed the frogs 
from when the male had apparently just captured the juvenile (only 
the juvenile’s head was inside the male’s mouth), until he had largely 
swallowed it (only one hind leg protruded out of the mouth). Hyla 
cinerea consume a variety of invertebrate prey, including insects 
and spiders of similar size to those of recently metamorphosed con-
specifics. At the time the cannibalistic behavior occurred, recently 
metamorphosed frogs were relatively abundant at the site, and could 
thus provide a readily available food source for appropriately sized 
adults.
 During the process of being preyed on, the juvenile struggled and 
showed defensive posturing which included spreading and locking 
of arms and legs. Although these defensive postures did not deter 
further ingestion, they seemed to interfere with the predator’s ability 
to swallow its prey. It took the male more than 15 minutes to pro-
ceed beyond the outstretched arms of the juvenile, and another15 
min to swallow it to the point where only one leg protruded from 
its mouth. After more than 30 min of observation I captured the 
male to document its size, at which point he regurgitated its prey. 
Without this intervention, it is certain the juvenile would have been 
fully consumed. The juvenile was still alive, but showed a series of 
semicircular scars across its back (Fig. 1-inset). Both frogs were re-
leased at the site of capture immediately after size measurements 
were taken. 
 GERLINDE HÖBEL, University of Wisconsin-Milwaukee, Department of 
Biological Sciences, Lapham Hall, Milwaukee, Wisconsin 53201, USA; e-mail: 
hoebel@uwm.edu.

HYLA INTERMEDIA (Italian Treefrog). CANNIBALISM. Cannibal-Cannibal-
ism often occurs in crowded conditions where resources are limited 
(Crump 1983. Amer. Nat. 121[2]:281–289) and the predator benefits 
from a gain in nutrients, a reduction in competition for food, and 
consequently increased fitness. Amphibians breeding in ephemer-
al pools are especially likely to experience crowding and food limi-
tation as the pond dries, leading to intraspecific predation (Crump 
1983, op. cit.; Crump 1990. Copeia 1990:560–564; Jordan et al. 2004. 
Western N.  Amer. Nat. 64[3]:403–405). As a temporary pond dries, 
larvae are subject to intensifying pressure for oxygen, food, space, 
and there is also a build-up of waste products, which can lead to 
intra-larval competition and inhibition of growth of some larvae 
(Kovaks and Sas 2009. North-West. J. Zool. 5[1]:206–208). In such 

pond drying situations, larger larvae may prey on smaller conspe-
cifics (Kovaks and Sas 2009, op. cit.).
 We observed the larvae of the prolonged breeding anuran, Hyla 
intermedia, in an ephemeral pool formed by rainwater collecting in 
the tire tracks of agricultural vehicles. The pool was located near San 
Ruffino Lake, Le Marche, Italy (43.0011°N, 13.3844°C). Observations 
at the breeding pool were made daily from 16 May to 13 June 2010 
but the time of day at which observations were made varied. Two 
cohorts of larvae hatched in the pool during the study period. Spawn 
was laid on 17 May and 24 May. The first cohort hatched on 24 May 
and the second on 30 May. This indicates a developmental time to 
hatching of 7 and 5 days, with the increased developmental time of 
the second cohort probably reflecting the increasing temperature of 
the pool. This agrees with the observations of Sayim and Kaya (2008. 
Biologia 63[4]:588–593) who observed hatching after 5 or 6 days in 
the laboratory at 20°C in the closely related species Hyla arborea. 
The different cohorts were easily distinguished by their size and 
development stage. Early developmental stages were determined 
by comparing to those shown in Sayim and Kaya (2008, op. cit.). 
 The pond dried steadily over the course of the study and by 13 June 
there was <1 cm of water left and between 12 June and 13 June the 
younger larvae were no longer visible in the pool. There are several 
possible reasons for this. Small larvae may have burrowed into the 
mud at the bottom of the pool, but this is unlikely due to the prob-
able low O

2
 levels as the pond dried. Alternatively, larvae may have 

died due to a build-up of waste products, low O
2
 levels, or lack of 

food. However no remains were seen and we think that this would 
have been unlikely to affect all larvae simultaneously. 
 The most likely explanation is that the smaller larvae were con-
sumed by their larger conspecifics as an response to the drying up of 
a small, ephemeral pool, a condition in which cannibalism is likely 
to be common (Hoff et al. 1999. In R. W. McDiarmid and R. Altig 
[eds.], Tadpoles. The Biology of Anuran Larvae, pp. 215–239.  Univ. 
Chicago Press, Chicago, Illinois). Unfortunately, we were not able to 
compare the responses of larvae in a non-ephemeral pool. To our 
knowledge this is the first time that cannibalism has been reported 
in Hyla intermedia tadpoles.
 RACHEL GRANT, Department of Life Sciences, The Open University, Mil-
ton Keynes, MK7 6BJ, United Kingdom (e-mail: Rachelannegrant@gmail.com); 
TIM HALLIDAY, 21 Farndon Road, Oxford, OX2 6RT, United Kingdom.

HYPSIBOAS RANICEPS (Chaco Treefrog). PREDATION. Anurans 
are potential prey to all classes of vertebrates, many invertebrates, 
and even carnivorous plants (Andrade-de-Figueiredo et al. 2010. 
Herpetol. Notes 3:053–054; Ghizoni-Jr et al. 2000. Melopsittacus 
3[3]:137–139; Morais et al. 2010. Herpetol. Rev. 41[3]:336; Pombal 
2007. Rev. Bras. Zool. 24[3]:841–843). Studies on the predation of 
amphibians are sparse and are based mostly on fortuitous observa-
tions. This is due to the difficulty of observation and quantification 
of predation events, but it has been estimated that such events oc-
cur frequently (Pombal 2007, op. cit.).
 Hypsiboas raniceps is a medium-sized hylid commonly found in 
Brazilian Cerrado, Atlantic Rainforest, and Caatinga biomes (Arzabe 
1999. Ver. Bras. Zool. 16[3]:851–864; Guimarães et al. 2003. Iherin-
gia 93[2]:149–158). They occur in Amazonian Colombia, Venezuela 
(Amazonas), French Guiana, eastern Brazil, Paraguay, northern Ar-
gentina, and eastern Bolivia (Frost 2010. Amphibian Species of the 
World: an Online Reference. Version 5.4 [8 April 2010]. Electronic 
database accessible at http://research.amnh.org/vz/herpetology/
amphibia/. American Museum of Natural History, New York. Ac-
cessed 14 Sept 2010).

FiG. 1. Adult male Green Tree Frog (Hyla cinerea) consuming a recently 
metamorphosed conspecific. Inset: Semicircular scars left on back of 
juvenile. 
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 Leptodactylus latrans is also a medium-sized anuran with a wide 
distribution in South America, occurring in Paraguay, Argentina, 
Uruguay, and practically all of the Brazilian territory (Oliveira et al. 
2009. Biodivers. Pampeana 7[1]:44–46).
 On 29 Aug 2010 at 1930 h an adult male L. latrans (81.6 mm SVL) 
was observed predating an adult male H. raniceps (72.3 mm SVL) 
(Fig. 1). The observation occurred 6 m from the margin of a tempo-
rary pond at the U.C. Refuge for Wildlife Mata do Junco (10.291037°S, 
36.583701°W, 120 m elev.), in the city of Capela, Sergipe, Brazil. The 
anurans are deposited in the Herpetological Collection of the Federal 
University of Sergipe (CHUFS C0607, C0608). Leptodactylus spp. are 
well known predators of small anurans (Haddad and Sazima 1992. 
Unicamp. FAPESP. 321 pp.), and may contribute significantly to the 
anuran community structure in this region.
 ANTHONY SANTANA FERREIRA (e-mail: anthonyyferreira@hotmail.com), 
RENATO GOMES FARIA, IZABEL REGINA SOARES DA SILVA, and SOFIA 
CERQUEIRA SCHETTINO, Laboratório de Herpetologia, Universidade Federal 
de Sergipe, CEP 49000-000, São Cristovão, Aracaju, Sergipe, Brazil.

INDIRANA SEMIPALMATA (Brown Leaping Frog). REPRODUC-
TION. The ranid frog genus Indirana contains 11 species, all of 
which are endemic to the Western Ghats Mountains of southern In-
dia. Limited information is available regarding the breeding biolo-
gy of this genus other than anecdotal notes, mostly about the most 
widespread species, I. beddomii (Daniels 2002. The Book on Indi-
an Reptiles and Amphibians. Bombay Nat. Hist. Soc., Oxford Press, 
Mumbai, India. 238 pp.; Daniels 2005. Amphibians of Peninsular 
India. Universities Press India: Hyderabad 268 pp.; Das and Dut-
ta 2007. Hamadryad 31:152; Inger et al. 1984. J Bombay Nat. Hist. 
Soc. 81[2]:406; Roelants et al. 2004. Mol. Phyl. Evol. 31:730), all of 
which remark that Indirana breed on rock faces in the immediate 
surroundings of splashing water. The semi-terrestrial tadpoles of 
I. beddomii are morphologically specialized with strongly hooked 
beaks and a long, strongly developed tail with reduced fin mem-
branes which allow the tadpoles to skip across the rock surfaces 
on which they feed (Bossuyt and Milinkovitch 2000. PNAS 97:6585; 
Kuramoto and Joshy 2002. Hamadryad 27:71). Indirana semipal-
mata is a rarely encountered species, the life history of which is un-
known, except for a study on its tadpoles by Kuromoto and Joshy 
(2002, op. cit.). Herein we report observations of egg laying sites of 
I. semipalmata.
 Observations were made during the southwest monsoons, in the 
month of July at the Agumbe Rainforest Research Station (ARRS), 

Agumbe, Shivamogga District, Karnataka, India (13°N, 75°E, 600–700 
m elev). ARRS is a 3.2-ha area consisting of a Betel Nut (Areca	catechu) 
plantation and fallow paddy fields bordered by secondary tropical 
rainforest. Temperature ranges between 10–35°C and average an-
nual rainfall is ca. 7000 mm/yr. Three egg clutches were observed. 
The eggs were attributed to I. semipalmata because adult male frogs 
were observed sitting alongside possibly guarding the eggs. When 
the eggs hatched the tadpoles were similar to those of I. beddomii 
“with strongly hooked beaks and a long strongly developed tail with 
reduced fin membranes” (Kuramoto and Joshy 2002, op. cit.). The 
first egg clutch was observed on 7 July 2010 on the concrete steps 
of a bungalow located in a Betel Nut plantation. The eggs were laid 
68 cm above the ground in a film of water that accumulated from 
water splashing as it ran from the roof tiles onto the concrete area 
below the steps. Clutch size was 343 eggs and average egg diameter 
2.7 mm. The eggs hatched on 11 July 2010. Tadpoles remained on 
the concrete surface feeding post hatching. 

FiG. 1. Adult male Leptodactylus latrans predating an adult male Hyp-
siboas raniceps.

FiG. 1. Egg clutch of Indirana semipalmata on the bark of Erythrina  
variegata.

FiG. 2. Tadpole of Indirana semipalmata feeding on the bark of Eryth-
rina variegata.
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 The second egg clutch was observed on 15 July in a metal dish that 
had been left on a granite slab which formed the seat of a bench 47 
cm off the ground. This granite bench was also situated in the Betel 
Nut plantation. Clutch size was not determined as the eggs were at 
different stages of development and inferred to represent multiple 
clutches. Tadpoles remained on the granite surface post hatching 
and were observed feeding. The third egg clutch was first observed 
on 15 July under a piece of wood propped up against the bark of an 
Indian Coral Tree (Erythrina variegata) at the edge of the Betel Nut 
plantation (Fig. 1). The eggs were laid 75 cm above the ground and 
the clutch size was 143 eggs with an average egg diameter of 2.9 mm. 
Eggs began hatching on 19 July. During the day one tadpole with hind 
limbs (therefore from an earlier clutch) was observed feeding on the 
bark surface of this tree, indicating that tadpoles remain on the tree 
once they have hatched (Fig. 2). It was notable that there were no 
pools of standing water within 3 m of any of the egg deposition sites 
mentioned. 
 These observations indicate that the eggs of I. semipalmata are 
laid, develop, and hatch outside of standing water. This differs from 
previously published accounts (Daniel 2002, op. cit.; Daniels 2005, 
op. cit.; Inger et al. 1984, op. cit.; Kuramoto and Joshy 2002, op. cit.) 
for other species of this genus. In each of the cases the eggs were hy-
drated when water was splashed upon them, when it dripped from 
the leaves or roof tiles above or ran down the branch upon which 
the eggs were laid. As far as we are aware, this is the first known case 
where tadpoles have been observed feeding on a bark substrate and 
subsequently metamorphosing on the bark of a tree. Given that there 
is such high rainfall in Agumbe, an adaptation where eggs are able 
to develop out of water may be a localized phenomenon. To deter-
mine if this is a viable life history strategy elsewhere would require 
further study in the Western Ghats. 
 The highly specialized, semi-terrestrial tadpole of Indirana is re-
stricted to the Western Ghats by ecogeographical barriers (Roelants 
et al. 2004, op. cit.). The specialized life history of I. semipalmata de-
scribed here makes them vulnerable to changes in rainfall pattern/
climate and at the mercy of the monsoon. 
 BENJAMIN TAPLEY, 2 Bushy Ruff Cottages, Alkham RD, Temple Ewell, 
Dover, Kent, England, CT16 3EE (e-mail: ben_tapley@hotmail.com); CHETA-
NA BABBURJUNG PURUSHOTHAM, Agumbe Rainforest Research Station, 
Suralihalla, Agumbe, Thirthahalli Taluk, Shivamogga District, Karnataka, India 
(e-mail: chetana.puru11@gmail.com); SUZAN GIRGIN, 2 Bushy Ruff cottages, 
Alkham RD, Temple Ewell, Dover, Kent, England, CT16 3EE (e-mail: suzangir-
gin@hotmail.com).

LEPTODACTYLUS FUSCUS (Whistling Frog). HABITAT AND DIET. 
Leptodactylus fuscus is widely distributed in South America east of 
the Andes, between Panama and northern Argentina, and is found 
in open fields, pastures, marshes, degraded forests, and urban hab-
itats (Reynolds et al. 2004. In IUCN Red List of Threatened Species. 
Version 2010.1. <www.iucnredlist.org>. Downloaded 01 June 2010). 
Here we report on the occurrence of the species in mangrove for-
ests, where the abundant invertebrate fauna is likely an important 
alimentary resource.
 Leptodactylus fuscus is a “sit-and-wait” forager (Perry and Pianka 
1997. Trends Ecol. Evol. 12:360–384), which typically feeds on small 
arthropods, principally Isoptera and Coleoptera, as well as insect 
larvae (De-Carvalho et al. 2008. Biota Neotropical 18:105–115). Be-
tween April 2008 and May 2009, 30 L. fuscus (7 males, 10 females, 
and 13 juveniles) were recorded on the Bragança Peninsula in the 
Brazilian state of Pará. The local mangrove forests cover a total area 
of ca. 467 km² of mudflats, and are dominated by tree species of the 

genera Avicennia	and Rhizophora (Souza-Filho and El-Robrini 1996. 
Geonomos 4:1–16).
 The analysis of stomach contents (males: 52.1 mm SVL, females: 
47.3 mm SVL, and juveniles: 39.4 mm SVL) revealed a predominance 
of arthropods in the diet (Formicidae – 35.2%, Acari – 16.0%, insect 
larvae – 10.3%, and Coleoptera – 9.8%), as well as a crab of the spe-
cies Pachygrapsus gracilis (Crustacea: Decapoda). The observation 
of the capture of a crab of the genus Uca by a Whistling Frog (Fig. 1) 
further reinforces the ability of the species to adapt to the diversity 
of habitats and resources available within its broad geographic dis-
tribution. The exploitation of a wide range of invertebrate prey and 
the occupation of  the mangrove ecosystem, which is relatively inhos-
pitable for the majority of ectothermic vertebrates, appears to rep-
resent an advantageous adaptive strategy for L. fuscus, in particular 
by reducing competition with other organisms, including anurans, 
that compete for more typical resources in shared habitats.
 ARTHUR L. R. BRITO (e-mail: arthur_raiol@hotmail.com), ROSIVAN P. 
SILVA (e-mail: biovan02@hotmail.com), MARCUS E. B. FERNANDES (e-mail: 
mebf@ufpa.br), Laboratório de Ecologia de Manguezal, Instituto de Estudos 
Costeiros, Campus de Bragança, Universidade Federal do Pará, Al. Leandro Ri-
beiro s/n, Bragança, 68.600-000, Pará, Brazil.

LEPTODACTYLUS LATRANS (Butter Frog). DIET. Leptodactylus 
latrans is a large nocturnal frog that is widely distributed through-
out South America east of the Andes (Frost 2010. Amphibian Spe-
cies of the World: an Online Reference. Version 5.4 [8 April 2010]. 
Electronic database accessible at http://research.amnh.org/vz/
herpetology/amphibia/). The species inhabits natural environ-
ments such as ponds, rivers, and lakes as well as urban areas. Fer-
reira and Tonini (2010. Herpetol. Notes 3:237–238) reported L. la-
trans occupying crab burrows in a mangrove ecosystem, which was 
the first report of a frog living in this type of habitat. The generalist 
diet of L. latrans is well known (França et al. 2004. Stud. Neotrop. 
Fauna Environ. 39:243–248; Sanabria et al. 2005. Rev. Peruana Biol. 
12:472–477; Solé et al. 2009. Herpetol. Notes 2:9–15; Strussman et 
al. 1984. J. Herpetol. 18:138–146; Teixeira and Vrcibradic 2003. Cuad. 
Herpetol. 17:113–120). Leptodactylus latrans feeds on a variety of 

FiG. 1. Capture of a crab of the genus Uca by Leptodactylus fuscus in the 
mangrove forest on the Bragança Peninsula, Pará, Brazil. Photo by R. 
P. Silva.
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invertebrates and small vertebrates, including anurans and fish 
(Teixeira and Vrcibradic, op. cit.; Teixeira et al. 2010. Herpetol. Bull. 
112:41–42). Solé et al. (2009, op. cit.), studying a population of L. la-
trans at a Cacao plantation, reported the first decapod crustacean 
in the diet of L. latrans. In March 2005, in the mangrove ecosystem 
of the Federal University of Espirito Santo (20.2667°S, 40.3°W), an 
urban area of the municipality of Vitoria, southeastern Brazil, RBF 
observed a female (8.42 cm SVL; 92.6 g) L. latrans eating a juvenile 
Mangrove Crab. This frog was captured and brought to the labora-
tory for further examination. An examination of the stomach con-
tents revealed two coleopteran larvae, one lepidopteran larva, one 
orthopteran, and one Araneae in addition to the crab. This is the 
first published report of L. latrans eating a mangrove crab.
 RODRIGO BARBOSA FERREIRA, Utah State University, Department of 
Wildland and Ecology Center, Old Main Hill, Logan, Utah 84322-5230, USA 
(e-mail: rodrigoecologia@yahoo.com.br); HERIKA RUBIM RANGEL (e-mail: 
herikarangel@hotmail.com), and THIAGO SILVA-SOARES, Museu Nacional 
do Rio de Janeiro, Departamento de Vertebrados, Caixa Postal 68044, CEP 
21944-270, Rio de Janeiro, RJ, Brazil (e-mail: thiagossoares@ufrj.br).

LITHOBATES CATESBEIANUS (American Bullfrog). PREDATION. 
Great Blue Herons (Ardea	 herodias) commonly prey on anurans 
(Butler 1997. The Great Blue Heron: A Natural History and Ecol-
ogy of a Seashore Sentinel. UBC Press, Vancouver, British Colum-
bia) and frequently have been photographed eating bullfrogs (e.g., 
http://www.whatbird.com/forums/forums/thread/114157.aspx). On 
several occasions between April and June 2010, in a newly miti-
gated (100 m2) wetland in Hancock County, northwest Ohio, USA 
(40.9905°N, 83.7596°W), we observed A.	herodias stalking and eat-
ing frogs, many of which we tagged with transponders (Biomark 
Inc., TXP148511B, 8.5 mm × 2.12 mm, 134.2kHz ISO, 0.067 g). On 
27 Aug 2010, we located a patch of forested land with heron nests in 
three ca. 30 m tall sycamore trees (40.9849°N, 83.6904°W), the tall-
est trees in the woodlot, 5.87 km from the aforementioned wetland. 
Although the birds vacated the site at the end of July 2010, patches 
of heron droppings were visible on the ground around some trees. 
A search directly under the nests with a Pocket Reader (Biomark 
Inc.) revealed a transponder that was placed in an American Bull-
frog tadpole (95 mm total length) on 11 April 2010. The transpon-
der was located about 1 cm below a ground litter of fragmented tree 
bark, twigs, and dried leaves. A frog clavicle was found 10 cm from 
the transponder. To our knowledge this is the first reported inci-
dence of predation on frogs by herons in which the feeding habitat 
and the nesting site were determined by recovering a transponder 
from the remains of a defecated (or regurgitated) bullfrog.
 JILL A. DENTEL, ALEX REIST, OLIVIA HORNACEK, JESSICA McBRIDE, 
CHRIS WHITE, and TERRY D. SCHWANER, College of Sciences, The Univer-
sity of Findlay, 1000 North Main Street, Findlay, Ohio 45840, USA (e-mail: 
schwaner@findlay.edu); JIM SPURGAT, 6781 Country Road 26, Rawson, Ohio 
45881-9731, USA.

ODONTOPHRYNUS MAISUMA (NCN). CANNIBALISM. Odon-
tophrynus maisuma, Cycloramphidae, is a fossorial frog that was 
recently described as a new species distinct from populations of O.	
americanus (Rosset 2008. J. Herpetol. 42:135). This species occurs 
on the coast of southern Brazil and Uruguay and is associated with 
wet environments and open grasslands (Achaval and Olmos 2003. 
Anfíbios y Reptiles del Uruguay. Graphis Impresora, Montevideo, 
Uruguay. 136 pp.). On 14 May 2009 at 0900 h, we collected a female 
O.	maisuma (35 mm SVL; 7.0 g) in a pitfall trap that contained a ju-
venile O.	maisuma (23 mm SVL; 0.3 g) in her stomach. The capture 

was made in wetland habitat associated with coastal sand dunes 
(32.1654°S, 52.1523°W, datum Corrego Alegre, sea level) in munici-
pality of Rio Grande, RS, southern Brazil. The bucket in which the 
individual was captured was relatively large (40 cm diameter) and 
the individual remained in the trap for no more than 12 h, which 
perhaps reduced the possibility that the cannibalism occurred due 
to stress. Moreover, the bucket contained numerous arthropods 
that could be utilized as a food source. Records of cannibalism are 
rare among post-metamorphosed anurans, and this is the first re-
port for the family Cycloramphidae. The lack of dietary studies of 
O.	maisuma increases the importance of this information for un-
derstanding the feeding habits of the species. The anurans collect-
ed were deposited in the Collection of the Laboratório de Ecologia 
de Vertebrados Terrestres of FURG (AMRG48; AMRG49). We thank 
CNPq and Fapergs for financial support and ICMBio for collecting 
permits.
 LAÍS DA SILVA MARTINS, TATIANE P. GONÇALVES, MAURO CÉSAR 
L. M. de OLIVEIRA, MAURÍCIO BEUX DOS SANTOS, and ALEXANDRO M. 
TOZETTI, Laboratório de Ecologia de Vertebrados Terrestres. Instituto de 
Ciências Biológicas, Universidade Federal do Rio Grande. Av. Itália, km 8, Rio 
Grande, Rio Grande do Sul, Brazil (e-mail: mclmdeo@yahoo.com.br).

OLLOTIS ALVARIA (Sonoran Desert Toad). REPRODUCTION. 
Adult male anurans have been known to attempt amplexus with 
conspecific females and males, both sexes of other species of an-
urans and even inanimate objects. Streicher (2008. Herpetol. Rev. 
39:75) provided a photograph of an adult male American Toad 
(Anaxyrus	americanus) in amplexus with a tennis ball for ca. 2 min. 
in Fairfax County, Virginia. We provide observations and a photo-
graph of an adult male Sonoran Desert Toad (Ollotis	alvaria) dis-
covered in amplexus with a non-native adult male American Bull-
frog (Lithobates catesbeianus). 
 At 2200 h on 19 July 2008, CBG and M. Davis discovered a large 
adult male O.	alvaria in amplexus with a similar-sized adult male L. 
catesbeianus (Fig. 1) on the sandy margin of the Santa Maria River, 
ca. 12 km SE of Bagdad, Yavapai County, Arizona (USA) (34.484722°N, 
113.055125°W; 712 m elev.). These male anurans remained in am-
plexus and did not move from their position during the ca. 5 min 
they were observed and photographed. The surrounding soil was 
very damp due to heavy rain during the previous night.

FiG. 1. Adult male Ollotis	 alvaria in amplexus with an adult male  
Lithobates catesbeianus. Photo by Charles Grogan.



Herpetological Review 42(1), 2011

909090     NATURAL HISTORY NOTES

 CHARLES B. GROGAN, 65 Pine Ridge Road, Flagstaff, Arizona 86001, USA 
(e-mail: cgrog@earthlink.net); WILLIAM L. GROGAN, JR., Florida State Col-
lection of Arthropods, Florida Department of Agriculture and Consumer Ser-
vices, Gainesville, Florida 32614, USA (e-mail: groganw@doacs.state.fl.us). 

OOPHAGA PUMILIO (Strawberry Dart Frog). HABITAT USE. 
Oophaga	 pumilio occurs in lowland rainforests from Nicaragua 
to Panama. In these habitats, they typically will utilize the forest 
floor for foraging as well as defending territories. After eggs hatch 
in the leaf litter, the female will transport the larvae to arboreal wa-
ter sources such as bromeliads (Savage 2002. The Amphibians and 
Reptiles of Costa Rica: A Herpetofauna between Two Continents, 
between Two Seas. Univ. Chicago Press, Chicago, Illinois. 934 pp.). 
Previous research has shown that O.	pumilio will travel up to 12 m 
into a tree to deposit tadpoles (Young 1979. Biotropica 11:238–239). 
Here, I report the distance frogs will travel is far greater and that 
frogs are likely establishing territories in the canopy as well as on 
the forest floor.
 In June 2010 on Isla Colon, Bocas del Toro, Panama, I ascended 
into the canopy of a Ficus	sp. to 30 m and observed an O.	pumilio 
on a branch next to the climbing line. This frog examined a small 
bromeliad before continuing to climb up the branch higher into 
the canopy. In August 2009, I ascended a different tree to 40 m and 
heard the advertisement call of a male in the tree next to the one I 
was climbing which was approximately at my level. Further, on both 
excursions, males could be heard through the entire ascent although 
height of males could not be determined. Other individuals have 
been seen as high as 46 m into the canopy (J. Maher, pers. comm.). 
As advertisement calls vary significantly from aggressive calls in this 
species (Bunnell 1973. Copeia 1973:277–284), frogs heard calling in 
the canopy presumably were calling to establish a territory and at-
tract mates.
 Utilization of canopy resources may be more important to O.	
pumilio than previously thought. Virtually all previous research 
on this species has taken place at ground level; thus future studies 
on populations and ecology of O.	pumilio should include a canopy 
component to better understand habitat use of this species. 
 J. P. LAWRENCE, Department of Fisheries and Wildlife, Michigan State 
University, East Lansing, Michigan 48824, USA; e-mail: lawre161@msu.edu.

OSTEOPILUS SEPTENTRIONALIS (Cuban Treefrog). PREY. Osteo-
pilus septentrionalis is native to Cuba, Cayman Islands, and Baha-
mas (Meshaka et al. 2004. The Exotic Amphibians and Reptiles of 
Florida. Krieger Publ. Co., Malabar, Florida. 155 pp.), and has been 
introduced into five states in the USA, but is established only in 
Florida (Barbour 1931. Copeia 1931:140; Crother 2008. Scientific 
and Standard English Names of Amphibians and Reptiles of North 
America. SSAR Herpetol. Circ. 37, 84 pp.). In Florida, O.	septentrio-
nalis is known to prey primarily on roaches (Dictyoptera), but has 
also been documented consuming lizards (anoles and geckos), 
frogs (including its own species) (Meshaka et al. 2004, op. cit.), na-
tive Florida Brown Snake (Storeria victa) (Maskell et al. 2003. Her-
petol. Rev. 34:137) and Ring-necked Snake (Diadophis punctatus) 
(Krysko and Halvorson 2010. Herpetol. Rev. 41:339–340) in Florida. 
Herein, we report O.	septentrionalis preying upon a native Florida 
Striped Scorpion (Centruroides hentzi) in Florida. 
 On 2 Oct 2010 at 945 h, an Osteopilus	septentrionalis (ca. 49.5 mm 
SVL) was collected at the Natural Area Teaching Laboratory, Univ. 
Florida campus, Gainesville, Alachua Co. (29.63384°N, 82.36851°W, 
WGS84; elev. 26 m) inside a vertical PVC pipe set up to sample tree-
frogs. This nonindigenous O.	septentrionalis was deposited in the 

Florida Museum of Natural History (UF 160926), dissected and 
found to contain a native Florida Striped Scorpion (C. hentzi) (34.5 
mm total length) in its stomach. This is the first known record of this 
nonindigenous frog preying upon a native scorpion in Florida. 
 We thank Walter E. Meshaka, Jr. for information. 
 MICHAEL C. GRANATOSKY, LINDSAY M. WAGNER, and KENNETH L. 
KRYSKO, Florida Museum of Natural History, Division of Herpetology, P.O. Box 
117800, University of Florida, Gainesville, Florida 32611, USA (e-mail: mgrana-
to@ufl.edu).

PSEUDIS PLATENSIS (Paradox 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. 670 pp.; Pough et al. 1998. 
Herpetology. Prentice-Hall, New Jersey. 577 pp.). Pseudis platensis 
is reported to be preyed upon by Caiman yacare (Santos et al. 1996. 
Herpetol. J. 6:111–117) and the Rufescent Tiger Heron (Tigrisoma	
lineatum) (Prado 2003. Herpetol. Rev. 34:231–232). Predation of 
anurans by birds is considered to be occasional and opportunis-
tic (Toledo et al. 2007. J. Zool. 271:170–177). Predation of anurans 
by the Guira Cuckoo (Guira guira) is rare and limited to three re-
ports; Physalaemus cf. fuscomaculatus (Kokubum and Zacca 2003. 
Herpetol. Rev. 34:232–233), Leptodactylus ocellatus (Repenning et 
al. 2009. Zoologia 26:443–453), and Rhinella granulosa (Mesquita 
2009. Rev. Bras. Ornit. 17:84–85). Herein we report the predation of 
adult Pseudis platensis by a group of Guira Cuckoos.
 On 17 Sept 2010 at 0900 h, on the margin of a pond in the mu-
nicipality of Bataiporã, Mato Grosso do Sul State, Brazil (22.51645°S, 
53.28405°W, SAD 69), four events of P. platensis predation by G. guira 
were observed (Fig. 1). This is the first record of an aquatic anuran 
being preyed upon by the Guira Cuckoo; individuals captured were 
swallowed whole. The diet of the Guira Cuckoo is made up mostly 
of arthropods (Schubart et al. 1965. Arq. Zool. 12:95–249), especially 
Orthoptera (Repenning et al. 2009, op. cit.). The abundance of P. pla-
tensis in the study area is high, so predation by the Guira Cuckoo can 
be considered opportunistic.

 PAULO LANDGREF FILHO (e-mail: paulograf@yahoo.com.br), MAURÍ-
CIO NEVES GODOI (e-mail: mauricioecologia@hotmail.com), and CAMILA 
AOKI (e-mail: aokicamila@yahoo.com.br), Programa de Pós-Graduação em 
Ecologia e Conservação, Centro de Ciências Biológicas e da Saúde, Universi-
dade Federal de Mato Grosso do Sul, 79070-900, Campo Grande, MS, Brazil.

FiG. 1. Pseudis platensis being preyed on by Guira guira in Bataiporã, 
Mato Grosso do Sul State, Brazil.
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RHACOPHORUS GAUNI (Short-nosed Tree Frog). HIGH ELEVA-
TION RECORD. Rhacophorus gauni is a small, slender anuran (to 
38 mm SVL) recognized by its short rounded snout, upright point-
ed dermal spikes on the upper eyelids, noticeable white spots be-
low the eyes, light brown dorsum with indistinct dark spots, and 
reddish orange inner thighs (Inger 2005. The Systematics and Zoo-
geography of the Amphibia of Borneo. Natural History Publica-
tions [Borneo] Sdn. Bhd. Kota Kinabalu. 402 pp.; Inger and Stue-
bing 2005. A Field Guide to the Frogs of Borneo. 2nd ed. Natural 
History Publications [Borneo] Sdn. Bhd. Kota Kinabalu. 201 pp.). 
Rhacophorus gauni is endemic to Borneo, Sabah and central Sar-
awak of Malaysia, Brunei Darussalam, and western and north-
eastern Kalimantan of Indonesia (Inger et al. 2004. Rhacophorus 
gauni. In IUCN 2010. IUCN Red List of Threatened Species. Version 
2010.3. <www.iucnredlist.org>. Accessed 24 Sept 2010; Das 2007. A 
Pocket Guide: Amphibians and Reptiles of Brunei. Natural History 
Publications [Borneo] Sdn. Bhd. Kota Kinabalu. 200 pp.). The spe-
cies lives in primary forests (Malkmus et al. 2002. Amphibians and 
Reptiles of Mount Kinabalu [North Borneo]. A.R.G. Gantner Verlag 
K.G. Ruggell. 424 pp.; Inger 2005, op. cit.). Due to dwindling prima-
ry forest, R. gauni is listed as Near Threatened in the 2010 IUCN Red 
List of Threatened Species (Inger et al. 2004, op. cit.). Previous pub-
lications reported the altitudinal range for the species to be from 
near sea level to 980 m (Inger and Stuebing 2005, op. cit.; Frost 2010. 
Amphibian Species of the World: an Online Reference. Version 5.4 
[8 April 2010]. Electronic database accessible at http://research.
amnh.org/vz/herpetology/amphibia. Amer. Mus. Nat. Hist., New 
York. Accessed 24 Sept 2010). Herein we report a new elevational 
limit for R. gauni.
 On 1 Oct 2008, between 1900 and 2200 h, an adult R. gauni (29 
mm SVL, 1.2 g) was collected at Sungai Lidan (5.9839°N 116.5261°E; 
1215 m elev.), Bundu Tuhan, Ranau District, West Coast Division, 
Sabah, Bornean Malaysia. The individual was found perched on a 
2.5 m high rattan leaf overhanging the clear and moderately flow-
ing Sungai Lidan with a rocky bottom—a preferred habitat type for 
R. gauni (Malkmus et al. 2002, op. cit.; Inger 2005, op. cit.). Air tem-
perature was 16°C; relative humidity was 86.5%. Sungai Lidan is 
one of the main streams in Bundu Tuhan with rattan, bamboo, and 
ginger on the banks. Other anurans, including Ansonia	hanitschi, A.	
longidigita, Leptolalax pictus, Meristogenys orphnocnemis, Staurois 
latopalmatus, S. tuberilinguis, and Rhacophorus rufipes occur in this 
rocky stream habitat. This locality represents an extension of habi-
tat for R. gauni from lowlands and hilly terrain to the submontane 
zone. The specimen (HEP00674) was deposited in BORNEENSIS, the 
Bornean reference collection of the Institute for Tropical Biology and 
Conservation, Universiti Malaysia Sabah.
 We are grateful to Agnes James Lintanga for field assistance, Paulus 
Abas for field transportation and Haleluyah Retreat Centre for lodg-
ings support. Sampling was conducted under permission granted 
by Jawatankuasa Pemegang Amanah Hutan Simpanan dan Tanah 
Perumahan Bumiputera Kg. Bundu Tuhan, Ranau, to KBH. We also 
thank the Institute for Tropical Biology and Conservation, Universiti 
Malaysia Sabah for support.
 KUEH BOON-HEE (e-mail: kbhkelvin@hotmail.com), ELANGKUMARAN 
S/O SAGTIA SIWAN (e-mail: ela_jeevan@yahoo.com), NORASMIL ISMAIL (e-
mail: norasmilismail@yahoo.com.my), JUELBER ALBERT (e-mail: jueru_jwel@
yahoo.com), CINDY LAU EN SHING (e-mail: cindyenxi@hotmail.com), VYNER 
BAYANG ANAK NGINDANG (e-mail: peace87fe@yahoo.com), and JOSEPH 
KOH SOON PENG (e-mail: soonpeng@yahoo.com), Institute for Tropical Bi-
ology and Conservation, Universiti Malaysia Sabah, Jalan UMS, 88400 Kota 
Kinabalu, Sabah, Malaysia.

SMILISCA BAUDINII (Mexican Treefrog). PREDATION. On 24 Aug 
2010, 1600 h local time, at the Organization for Tropical Studies 
field station at Parque Nacional Palo Verde, Provincia Guanacaste, 
Costa Rica (10.34547°N, 85.33889°W), we observed a male Crax ru-
bra (Great Curassow) seize an adult Smilisca baudinii with its beak 
during a predatory attack. The frog emitted its characteristic alarm 
call as the Great Curassow quickly walked away with it. It is pre-
sumed that the bird consumed the frog, although it is possible that 
the frog eventually escaped; in any event, it is assumed the inten-
tion of the bird was to eat the frog. Although up to 5% of their diet 
is composed of small vertebrates, this is the first known instance 
of	a	Great	Curassow	feeding	upon	an	amphibian	(Mu♀oz	and	Kat-
tan 2007. Ornithologica Neotropical 18:21–36), and to our knowl-
edge the first reported instance of a bird feeding upon S. baudinii 
(Malone 2005. In M. Lannoo [ed.], Amphibian Declines: The Con-
servation Status of United States Species, pp. 489–491. Univ. Cali-
fornia Press, Berkeley).
 This observation was made under RESOLUCIÓN No 018-2009-
ACAT (MINAET, Ministry of Environment, Energy, and Telecomuni-
cations) while conducting research funded by the NSF IRES grant to 
the Organization for Tropical Studies.
 SEAN P. GRAHAM, Auburn University, Department of Biological Scienc-
es, Auburn, Alabama 36849, USA (e-mail: grahasp@auburn.edu); NATHAN 
D. BURKETT-CADENA, Auburn University, Department of Entomology and 
Plant Pathology, Auburn, Alabama 36849, USA.

SPEA HAMMONDII (Western Spadefoot). PREDATION. Inverte-
brates are a major predator of amphibians in many freshwater set-
tings. Indeed, predatory pressure on eggs by dytiscid larvae is one 
reason suggested for the diversification of oviposition strategies in 
South American anurans (Magnusson and Hero 1991. Oecologia 
86:310–318). Breeding adult amphibians have been documented as 
prey for dytiscid beetle larvae (Hinshaw and Sullivan 1990. J. Her-
petol. 24:196–197), and dytiscid beetle larvae were found to be ef-
fective predators of Rana sylvatica larvae in a naturalistic predation 
experiment (Rubbo et al. 2006. J. Zool. 269:1–5). In the latter ex-
periment, researchers found that R. sylvatica tadpoles recognized 
chemical cues and avoided areas inhabited by dytiscid beetle lar-
vae, indicating a shared evolutionary relationship. In short-dura-
tion or ephemeral pools, amphibians face trade-offs between max-
imizing tadpole age and body mass, ostensibly by inhabiting pools 
with longer hydroperiods, and minimizing predation risk through 
earlier metamorphosis driven by pools with shorter hydroperiod 

FiG. 1. Larval Spea hammondii succumbing to predation by two dytiscid 
beetle larvae.
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(Morey 1996. In Witham et al. [eds.], Ecology, Conservation, and 
Management of Vernal Pool Ecosystems, pp. 86–91. Proceedings 
from a 1996 Conference. California Native Plant Society, Sacramen-
to, California). Here, we document an isolated instance of preda-
tion on Spea hammondii by larval dytiscid beetles, which, although 
previously unreported in a vernal pool ecosystem, may be a com-
mon predator-prey relationship in intact vernal pool landscapes. 
 On 8 April 2010, at 1530 h, in an unincorporated area south of 
Rancho Murieta in northern California, we observed two large (± 
60 mm) larval dytiscid beetles (Dytiscus sp.) preying upon a larval 
S. hammondii within the upper column of an ephemeral pool (Fig. 
1). It appeared the tadpole was very recently killed, we assume by 
the beetle larvae, and at the start of our observation the tadpole 
still exhibited a righting response. Water clarity was very good, and 
no other dead tadpoles or other aquatic organisms were observed. 
The two beetle larvae had grasped the tadpole on either side of the 
body, basal to the tail. We watched for 9–10 min as the beetle larvae 
appeared to feed and wrestle the Spea larva into different positions. 
In the same pool within a slowly flowing ephemeral drainage were 
an additional 150–200 Spea tadpoles, all apparently healthy and 
mostly aggregated into shallow water with relatively thick submerged 
and emergent herbaceous vegetation (Deschampsia danthanoides, 
Glyceria declinata, Ranunculus aquatilis, R. bonariensis, Trifolium	
variegatum). Areas of deeper (ca. 60 cm) open water were present 
and water did not appear to be limiting, but tadpoles were not ob-
served in these. Most tadpoles, including the prey item, were of large 
size (50–60 mm total length) and Gosner stages 26–34 (Gosner 1960. 
Herpetologica 16:183–190). At least two cohorts were apparent. One 
additional dytiscid larva of the same approximate size as the preda-
tors was observed swimming and floating 0.5 m from the presumed 
predation event within the water column. The ambient tempera-
ture at the time of observation was ca. 25°C, water temperature was 
23.5°C.
 Like many vernal pool organisms, S. hammondii have developed 
adaptations for dealing with short hydroperiod and severe water 
chemistry attributes (Burgess 1950. Copeia 1950:49–50; Morey, op. 
cit.). Along with the abiotic criteria, predation surely plays a large 
role in regulating population processes. However, to our knowledge, 
predation by aquatic invertebrates has not been reported for Spea 
hammondii. 
 ERIC W. STITT (e-mail: estitt@ecorpconsulting.com) and PETER S. BAL-
FOUR (e-mail: pbalfour@ecorpconsulting.com), ECORP Consulting, Inc., 2525 
Warren Drive, Rocklin, California 95677, USA.

SQUAMATA — LIZARDS

BACHIA HETEROPA ALLENI (Earless Worm Lizard). ESCAPE AND 
DIGGING BEHAVIORS. From 3 to 22 June 2010 on Union Island, St. 
Vincent the Grenadines, we had 43 encounters with Bachia hetero-
pa alleni. Lizards typically were under rocks surrounded by leaf lit-
ter. Escape behaviors entailed quick retreats into leaf litter or cracks 
and crevices in hard substrates, burrowing rapidly in loose soil, or 
using their disproportionately long tails to “tail-slap” the surface, 
launching themselves into the air. We recorded examples of the lat-
ter two behaviors with a high-speed Casio Exilim FX-1 camera (Ca-
sio Computer Co., Ltd., Tokyo).
 While burrowing, the lizard employed a serpentine posture to 
provide traction while using its head as a wedge, which was jammed 
repeatedly into the soil and moved laterally to enlarge the opening 
(Fig. 1). Limbs were loosely suspended and not held tightly against 
the body, nor were they used for either traction or removing debris. 

Once initiated, the process was completed (body entirely under-
ground) in 24 sec. The tail tip protruded when efforts ceased.
 Undisturbed movement on the surface was serpentine, but liz-
ards would quickly revert to “tail-slapping” when threatened. Tail-
slapping consisted of forcefully depressing the entire tail, begin-
ning at the base, against the substrate, in the process elevating the 
body and ultimately the tail into the air. In the recorded episode, 
the lizard sporadically threw itself into the air with limbs loosely 
suspended, often losing all contact with the substrate. It frequently 
landed on its side or back, quickly rotating back to an upright posi-
tion before repeating the maneuver.
 If captured, individuals would attempt to escape by rolling their 
bodies, like turning a screw or somewhat similar to an alligator 
“death roll.” As in digging and tail-slapping, limbs were not used 
and were held loosely by the body.
 Permits to conduct research on Union Island were issued by 
Mr. Brian Johnson, Director, Department of Forestry, St. Vincent 
and the Grenadines. Protocols were approved by the Avila Univer-
sity Animal Care and Use Committee. Fieldwork was funded by a 
grant from the National Science Foundation (USA) to Robert Pow-
ell (DBI-0851610).
 REBECCA R. JOHN, Departments of Environmental Studies and Biology, 
University of California, Santa Cruz, California 95064, USA; EHREN J. BENTZ, 
Feather River College, Quincy, California 95971, USA (current address: Depart-
ment of Biology, Oregon State University, Corvallis, Oregon 97331, USA); MEL 
JOSÉ RIVERA RODRÍGUEZ, Department of Biology, University of Puerto 
Rico, Mayagüez, Puerto Rico 00681; MATTHEW E. GIFFORD, Department 
of Biology, University of Arkansas at Little Rock, Little Rock, Arkansas 72204, 
USA; ROBERT POWELL, Department of Biology, Avila University, Kansas City, 
Missouri 64145, USA (e-mail: robert.powell@avila.edu).

CARLIA AILANPALAI (NCN). HERMAPHRODITISM. Carlia ailan-
palai occurs in Manus Province, Papua New Guinea and also on 
Guam, Mariana Islands, Yap and Korae (Zug 2004. Bishop Mus. 
Bull. Zool.5:1–83). In this note I report a hermaphroditic C. ailan-
palai (SVL = 51 mm), collected June 1996 from Saipan Island, 

FiG. 1. Burrowing behavior of Bachia heteropa alleni (drawn from a 
high-speed video recording by RRJ). The head is wedged into the soil 
with traction provided by a serpentine posture primarily involving the 
tail (A), the head and body are retracted (B), the head is jammed repeat-
edly into the soil and moved laterally to enlarge the opening (C & D), 
with actions repeated until the body is covered.
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Commonwealth of the Northern Mariana Islands, (15.215391°N, 
145.722695°E, datum WGS84; elev. 0–10 m). It was deposited in the 
Bishop Museum (BPBM), Natural Sciences Department, Vertebrate 
Zoology, Honolulu, HI as BPBM 26936.
  A lateral incision was made on the lower left side and the left go-
nad was removed for histological examination. It was embedded in 
paraffin and histological sections were cut at 5 µm and stained with 
Harris’ hematoxylin followed by eosin counterstain. A voucher his-
tology slide was deposited at BPBM.  
  In the testis portion (Fig. 1A) seminiferous tubules contained 
mainly primary spermatocytes and occasional secondary spermato-
cytes. In the female portion, two follicles were present, one of which 
was a degenerating atretic follicle (Fig. 1B) in which the granulosa 
cells had markedly enlarged and projected into the interior of the 
follicle. The other appeared normal (Fig. 1C) and was not under-
going yolk deposition. It was not possible to ascertain if either the 
female or male portion of the gonad would have produced mature 
gametes. Hermaphroditism is rare in lizards (Brown 2008. Biawak 
2:87–88; Goldberg 1989. Copeia 1989:486–488). This is the first report 
of hermaphroditism in C. ailanpalai.
  I thank Christine Thacker (Natural History Museum of Los Angeles 
County) for the photomicrograph and Pumehana Imada (BPBM) for 
facilitating my examination of C. ailanpalai. 
  STEPHEN R. GOLDBERG, Department of Biology, Whittier College, Whittier, 
California 90608, USA; e-mail: sgoldberg@whittier.edu.

CNEMASPIS ASSAMENSIS (Assamese Day Gecko). HABITAT. Cne-
maspis assamensis was described from Mayeng Reserve Forest with-
in the Kamrup District of Assam. The species was recorded from 
within a subtropical evergreen forest on a tree trunk, 35–148 cm 
from the ground (Das and Sengupta 2000. J. S. Asian Nat. Hist. 5:17–
23). The species was also recorded from a tree trunk in Garbhan-
ga Reserve Forest, Kamrup District of Assam (Sengupta et al. 2000. 
J. Assam Sci. Soc. 41:372–378). Das and Ahmed 2007 (Zoos’ Print J. 
22:2720) reported the species from tropical semi-evergreen forest of 
Diffolu Camp, in the Ghorakhati Range of Kaziranga National Park. 

They observed the species on the trunk of a tree (Ficus	bengalen-
sis), 1 m above the ground and on a rock in the ground beside a 
small tree in Kukurakata Reserve Forest. In all the aforementioned 
records, the lizard was reported from within naturally forested ar-
eas. Here we report on the occurrence of this species from an an-
thropogenic habitat. 
 On 24 September 2009, we found six individual C. assamensis on 
the outer wall of a two-storied concrete building in the residential 
area of Kamakhya Temple (26.1642713°N, 91.7076637°E; 171 m elev.) 
during a herpetological investigation of Guwahati City, Kamrup Dis-
trict of Assam. Although commonly regarded as a diurnal gecko spe-
cies, we encountered them at around 1930 h. Two of the individuals 
were captured and photographed. The lizards were found at a height 
of about 2.5 m from the ground and were observed coexisting on the 
wall with Hemidactylus frenatus. 
 JAYADITYA PURKAYASTHA (e-mail: jaya_ditya@rediffmail.com) and 
MADHURIMA DAS (e-mail: write.madhu@rediffmail.com), Herpetological 
Division, Help Earth, Guwahati-781007, India.

COLEONYX BREVIS (Texas Banded Gecko). INVERTEBRATE IN-
TERACTIONS. Coleonyx brevis is a secretive and nocturnal lizard 
that often spend a considerable amount of time in dark microhabi-
tats including, but not limited to, underneath rocks, under other 
objects, and within crevices (Stebbins 2003. A Field Guide to West-
ern Reptiles and Amphibians, 3rd ed. Houghton Mifflin Co., New 
York, New York. 533 pp.). Throughout the range of C. brevis these 
same microhabitats are often cohabited by various invertebrates 
including Striped Bark Scorpions (Centruroides vittatus) (pers. 
obs.). Herein we report three instances involving hatchling Co-
leonyx brevis running towards, and stopping next to, adult Centru-
roides vittatus after their cover had been lifted. 
 On 20 June 2002 at Amistad National Recreation Area, Pandale, 
Val Verde Co., Texas, USA (30.13026°N, 101.57430°W; 482 m elev.) be-
tween 2420–2425 h, a juvenile Coleonyx brevis was found beneath a 
wooden board. Upon the initial attempt to capture the specimen, 
the gecko raised its tail in the air and ran directly to an adult Cen-
truroides vittatus whereupon it aligned its body parallel to that of 
the scorpion and became motionless. A pair of forceps was used to 
move the scorpion in an attempt to facilitate capturing the gecko. 
This elicited a flee response by the gecko and it ran towards and 
aligned itself alongside another resting Centruroides vittatus in the 
previously described manner. In both instances the gecko made 
physical contact with the scorpions and no reaction was elicited on 
their behalf.
 During a second observation the next day on 21 June 2002 at 1215 h 
in Pandale, Texas (30.075982°N, 101.574196°W), a hatchling Coleonyx 
brevis was found beneath a flat rock. When a capture attempt was 
made the lizard ran and stopped between two resting Centruroides 
vittatus. While between the scorpions, the gecko assumed a submis-
sive posture with the head lowered and body and tail pressed against 
the ground. A flight response was elicited after one of the scorpions 
was moved with a pair of forceps.
 During a third observation on 1 August 2007 in close proximity of 
Minerales de Monclova (27.87646°N, 101.30571°W), Coahuila, Mexico 
at 1356 h, a hatchling Coleonyx brevis was discovered after lifting a 
rock. During an attempt to capture the specimen it ran towards and 
paused alongside a resting Centruroides vittatus. However, continued 
capture attempts caused the scorpion to leave the area and no addi-
tional observations pertaining to the gecko and scorpion were made.
 To date we have not noticed any of the aforementioned behavior 
among adult Coleonyx brevis. Based upon our accounts it seems that 

FiG. 1. Hermaphroditic gonad of Carlia ailanpalai. A = seminiferous 
tubules; B = atretic follicle with enlarged granulosa cells; c = normal 
ovarian follicle. Bar represents 1000 µm.
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the geckos are benefiting from the presence of the scorpions without 
any consequence or cost for the scorpions. Although these behaviors 
by juvenile geckos are suggestive of commensalism, a quantitative 
analysis is required to better understand the significance of these 
observations. 
 CARL J. FRANKLIN, Amphibian and Reptile Diversity Research Center, 
University of Texas at Arlington. Box 19498, Arlington, Texas 76019, USA (e-
mail: Franklin@uta.edu); DAVID C. KILLPACK, Illumination Studios, 1605 High 
Valley Lane, Cedar Hill, Texas 75104, USA.

DIPOGLOSSUS LESSONAE (Brazilian Galliwasp) DIET. The an-
guid Diploglossus lessonae is a diurnal and active forager, widely 
distributed in northeastern Brazil (Atlantic Forest and Caatinga). 
It is a terrestrial and semi-fossorial species usually associated with 
leaf litter, fallen logs, and crevices in rocks. 
 Although described over a century ago, the ecology of this species 
is poorly known. Some data regarding its diet based on a population 
from Exu (Pernambuco State, Brazil) have been provided (Vitt 1985. 
Pap. Avul. Zool. 36:69–76; Vitt 1995. Occas. Pap. Oklahoma Mus. Nat. 
Hist. 1:1–29). However, the diet of D. lessonae remains poorly studied. 
According to these previous dietary studies, prey includes inverte-
brates of the orders Araneae, Coleoptera, Dermaptera, Hemiptera, 
Opiliones, Orthoptera, Scorpiones, and insect larvae (Vitt 1985, op. 
cit.; Vitt 1995, op. cit.). Herein, we expand the knowledge regarding 
the feeding ecology of D. lessonae through the first record of two new 
orders of invertebrates included in its diet. 
 We examined 10 individuals—four males and six females—de-
posited in the scientific collection Coleção de Herpetologia da Uni-
versidade Federal do Ceará (CHUFC). Lizards were dissected and 
diet was assessed by stomach content analysis. Prey items present 
in the stomachs were identified as the following arthropod orders: 
Araneae, Blattodea, Coleoptera (elytra and Elateriform larvae), Hy-
menoptera, Orthoptera, and Scorpiones. Therefore, this is the first 
record of the orders Hymenoptera and Blattodea included in the 
diet of D. lessonae. 
 We thank Laís Machado and Conrado Galdino for providing valu-
able suggestions on the manuscript.
 DANIEL CUNHA PASSOS (e-mail: biologodanielpassos@gmail.com), 
DJAN ZANCHI DA SILVA (e-mail: djanzanchi@yahoo.com.br), and DIVA MA-
RIA BORGES-NOJOSA (e-mail: dmbnojosa@yahoo.com.br), Núcleo Regional 
de Ofiologia da Universidade Federal do Ceará (NUROF-UFC), Campus do Pici, 
Departamento de Biologia, Bloco 905, Pici, CEP 60.455-760, Fortaleza, Ceará, 
Brazil.

HEMIDACTYLUS FLAVIVIRIDIS (House Gecko). BIFURCATION. 
Hemidactylus flaviviridis is the most common gecko of the genus 
Hemidactylus occurring throughout the Indian sub-continent. It 
occupies a variety of habitats including tree trunks, rocks, and on 
walls of buildings (Daniel 1983. The Book of Indian Reptiles. Bom-
bay Nat. Hist. Soc. Oxford University Press, Bombay. 141 pp.). On 30 
March 2010 at 1942 h we observed an adult male H. flaviviridis with 
a bifurcated (or bifid) tail in a residential house in Palus, District, 
Sangli, Maharashtra, India (16.75°N, 73.70°E). The tail of the lizard 
was bifurcated in the posterior region. The right bifurcation of the 
tail was longer than the left. There are many reports of natural oc-
currences and experimental manipulation of bifid and trifid tails in 
lizards (Brindley 1894. J. Bombay Nat. Hist. Soc. 9:30–33; Das 1932. 
J. Bombay Nat. Hist. Soc. 35:657–662). 
 SURESH M. KUMBAR, Department of Zoology, Arts, Commerce and 
Science College, Palus, District: Sangli, Maharashtra - 416310, India (e-mail: 
smkumbar@rediffmail.com); ABHIJIT B. GHADAGE, Department of Zoology, 

Arts, Commerce and Science College, Palus, District: Sangli, Maharashtra - 
416310, India; VITHOBA M. SHENDAGE, Department of Botany, Arts, Com-
merce and Science College, Palus, District: Sangli, Maharashtra - 416310, India. 

PHRYNOSOMA BLAINVILLII (Coast Horned Lizard). COMMEN-
SALISM. The use of burrows as refugia by herpetofauna that have 
been constructed by other animals (mainly rodents) has been ob-
served for a wide range of species. For some of these relationships, 
commensalism has been suggested, with the ectothermic amphib-
ian or reptile species benefiting from the microhabitat created by 
the rodent. Examples, which may be locality and temporally depen-
dent, include Oldfield Mouse (Peromyscus polionotus) burrow use 
by the Six-lined Racerunner (Aspidoscelis	sexlineatus) (Pearson and 
Nelson 1952. Copeia 1952:188–189), Southeastern Pocket Gopher 
(Geomys pinetis) burrow use by the Mole Skink (Plestiodon egregar-
ius) and Southeastern Crowned Snake (Tantilla	 coronata) (Fun-
derburg and Lee 1968. J. Herpetol. 1:99–100), California Ground 
Squirrel (Spermophilus beecheyi) burrow use by the California Tiger 
Salamander (Ambystoma	californiense) (Laredo et al. 1996. J. Her-
petol. 30:282–285), and Gunnison’s Prairie Dog (Cynomys gunniso-
ni) burrow use by the Lesser Earless Lizard (Holbrookia maculata) 
(Davis and Theimer 2003. Amer. Midl. Nat. 150:282–290).
 The use of rodent burrows by horned lizards (Phrynosoma spp.) 
is well documented (Hagar and Brattstrom 1997. Southwest. Nat. 
42:339–344; Milne and Milne 1950. Amer. Midl. Nat. 44:721–741; 
Tappe 1941. J. Mammal. 22:117–148; Wone and Beauchamp 2003. J. 
Herpetol. 37:679–686), but obligate dependency on such burrows for 
their survival is not. Here we report on the first observed commensal 
relationship between the Coast Horned Lizard (Phrynosoma blain-
villii) and the California Kangaroo Rat (Dipodomys californicus).
 Throughout its diminishing range in California, P. blainvillii occurs 
in an array of habitats including chaparral, coastal sage scrub, open 
coniferous forest, broadleaf woodland, pinyon-juniper woodland, 
Joshua Tree woodland, and grassland (Lemm 2006. Field Guide to 
Amphibians and Reptiles of the San Diego Region. Univ. California 
Press, Berkeley, 326 pp.; Stebbins 2003. A Field Guide to Western 
Reptiles and Amphibians, 3rd ed. Houghton Mifflin Co., Boston, 
Massachusetts, 533 pp.; pers. obs.). Shrubs and other low-growing 
woody vegetation are typically significant components within such 

FiG. 1. Photograph depicting the adult male Hemidactylus flaviviridis 
with bifurcated tail (right) compared with a normal-tailed female (left). 
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habitats, which horned lizards use to escape predation and for 
thermoregulation in the shade provided as the position of the sun 
shifts throughout the day (Heath 1965. Univ. California Misc. Publ. 
Zool. 64:97–129; Sherbrooke 2003. Introduction to Horned Lizards 
of North America. Univ. California Press, Berkeley, 178 pp.; Tanner 
and Krogh 1973. Herpetologica 29:327–342;  pers. obs.). 
 In a grassland community in the northern Sierra Nevada at Table 
Mountain, Butte Co., California, shrubs do not exist on the open 
plateau where a population of P. blainvillii occurs. Other shade-
providing woody vegetation (e.g., Blue Oak, Quercus douglasii, and 
Foothill Pine, Pinus sabiniana) are present only in localized areas 
on the plateau that are not inhabited by horned lizards. However, 
the open burrows of Dipodomys californicus are ubiquitous. Phry-
nosoma blainvillii occurs on expanses of exposed basalt bedrock 
on the open plateau, which lacks the loose soil characteristic of its 
habitats in other parts of California. A community of low-growing 
grasses and forbs occurs throughout the Table Mountain plateau 
between areas of exposed basalt, but the landscape is entirely de-
void of shrubs, large rocks, or any other cover that would provide 
sufficient shade for the lizards. Small basaltic rocks lie flat on the 
ground, often embedded in Hansen’s Spike-moss (Selaginella han-
senii), and are not large enough to provide suitable cover. Burrows 
of D. californicus are typically found along the edges of the exposed 
basalt. The mounds created by Botta’s Pocket Gopher (Thomomys	
bottae) activity are also present; however, the entrances to burrow 
chambers are inaccessible to retreating horned lizards as they are 
covered by soil. Burial into these exposed mounds during peak spring 
and summer temperatures is unlikely to bring sufficient protection 
from overheating due to lack of shade over the mound. Given this 
open habitat, we suggest that this population of P. blainvillii would 
likely not exist in the absence of D. californicus. This presumptive 
dependence on rodent burrows for shelter is supported by the fol-
lowing observations.
 At 1045 h on 20 May 2007, a sub-adult male P. blainvillii was 
found emerging from a Dipodomys burrow, suggesting its likely 
use as an overnight refuge. Later the same day at 1300 h an adult 
(not sexed) P. blainvillii was observed sleeping in the mouth of a 
Dipodomys burrow, head facing outward. The lizard was just out 
of reach of sunlight in the shade of the burrow. On 18 May 2008, an 
adult female P. blainvillii was discovered at 1130 h just outside the 
entrance of a Dipodomys burrow and then retreated into it. At 1145 
h that same day, a large adult male was observed sleeping inside a 
Dipodomys burrow, tail facing outward. As 37.8°C was the recorded 
high for this date, air and ground temperatures were very warm by 
this time (no temperature data available at time of observation). On 
8 June 2008, a juvenile (not sexed) was observed at 1140 h with tail 
facing outward in the mouth of a Dipodomys burrow, again during 
warming temperatures (recorded high for this date was 32.2°C). 
On 24 May 2009 a juvenile female was observed in a Dipodomys 
burrow at 1129 h; air temperature was 23°C at the time the lizard 
was observed. Because this recorded temperature is relatively cool 
for activity at this locality (pers. obs.) and the observed tempera-
ture high for this date was 26.1°C, it is possible that this individual 
might have used the burrow for an overnight refuge and had not 
yet initiated activity for the day. On 29 May 2010 a juvenile female 
was observed in a Dipodomys burrow at 1410 h, with head facing 
outward, but entirely within the burrow. Ground temperature out-
side the mouth of the burrow was 53.05°C; temperature where the 
horned lizard was located within the burrow was 21.1°C. Other, 
active horned lizard individuals observed at this locality during 
optimal conditions for surface activity were also always found on 

relatively flat, exposed basalt bedrock with kangaroo rat burrows 
in the vicinity.
 Because of the habitat characteristics of this unique community, 
other questions arise regarding the ecology of P. blainvillii and its 
relationships with these rodents: Does this population of P. blainvilli 
use the D. californicus burrows and/or the pocket gopher mounds 
for brumation sites or for oviposition sites? Was this commensal re-
lationship between P. blainvillii and rodents such as D. californicus 
a more widespread phenomenon throughout historical grassland 
communities of the Central Valley and its adjacent foothills prior 
to the lizard’s extirpation from much of the region due to extensive 
cultivation, urbanization, and introduction of invasive annuals 
(Germano et al. 2001. Wildl. Soc. Bull. 29:551–559; Leaché et al. 2009. 
PNAS 106:12418–12423)?
 We thank W. Hodges and W. Sherbrooke for their helpful comments 
and M. Garcia, C. Martin, J. Nelson, M. Ocken, K. Paul, J. Silveira, and 
M. Skram for their time and enthusiasm. 
 JACKSON D. SHEDD, P.O. Box 1117, Los Molinos, California 96055, USA 
(e-mail: jackson.shedd@gmail.com); RAYMOND J. BOGIATTO (e-mail: rbo-
giatto@csuchico.edu), and SHELLY A. KIRN (e-mail: sakirn@csuchico.edu) 
Department of Biological Sciences, California State University at Chico, Chico, 
California 95929-0515, USA.

PHRYNOSOMA MODESTUM (Round-tailed Horned Lizard). PRE-
DATION. Predation on Phrynosoma modestum has been docu-
mented for lizards (Gambelia wislizenii, Crotaphytus collaris), 
birds (Geococcyx californianus, Lanius ludovicianus), and rodents 
(Onychomys	spp.) (Degenhardt et al. 1996. Amphibians and Rep-
tiles of New Mexico. Univ. of New Mexico Press. Albuquerque. 431 
pp.; Hodges 2009. In Jones and Lovich [eds.], Lizards of the Amer-
ican Southwest, pp.186–189. Rio Nuevo Publ., Tucson, Arizona; 
Sherbrooke 2003. Introduction to Horned Lizards of North Amer-
ica. Univ. of California Press, Berkeley. 177 pp.). Herein we report 
the first record of predation on P. modestum by the Pallid Bat (An-
trozous pallidus). 
  On 11 October 2007 at 2230 h, a freshly killed female hatchling P. 
modestum (SVL 39 mm) was found under an Antrozous	pallidus night 
roost, along with various arthropod remains, at the entrance to the 
bathroom facility on Indio Mountains Research Station (IMRS), lo-
cated in the Trans-Pecos area of the Chihuahuan Desert, ca. 40 km SW 
of Van Horn, Hudspeth Co., Texas, USA (30.782778°N, 105.015278°W, 
WGS84; 1233 m elev.). The hatchling had been partially consumed, 
thereby missing its tail and the right hind limb. Nocturnal preda-
tion on P. modestum and other normally diurnal lizards by A.	pal-
lidus on IMRS (Lenhart et al. 2010. Southwest. Nat. 55:110–115) is 
not entirely surprising given their frequently observed movements 
at night during the warm months of the year (Degenhardt et al., op. 
cit.; pers. obs.). Unlike most bats on IMRS, A.	pallidus gleans most 
of its food from the ground and low vegetation (Lenhart et al., op. 
cit.). The lizard is deposited in the Herpetology Collection, Labora-
tory for Environmental Biology, Centennial Museum, The University 
of Texas at El Paso (UTEP 20007).
  VICENTE MATA-SILVA (e-mail: vmata@miners.utep.edu) and  JERRY D. 
JOHNSON (e-mail: jjohnson@utep.edu), Department of Biological Sciences, 
The University of Texas at El Paso, El Paso, Texas 79968, USA. 

PHRYNOSOMA ORBICULARE (Mexican Plateau Horned Lizard). 
ENDOPARASITES. Phrynosoma orbiculare is restricted to Mexico 
and occurs in the Sierra Madre Occidental of central western Chi-
huahua southward into Puebla and northward in the Sierra Madre 
Oriental to southern Nuevo León and Coahuila (Lemos Espinal 
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and Smith 2007. Amphibians and Reptiles of the State of Coahui-
la, México. Univ. Nac. Autón. México, México, D.F. 550 pp.). To our 
knowledge, there are no reports of helminths from this species. The 
purpose of this note is to establish the initial helminth list for P. or-
biculare. 
 One female P. orbiculare (SVL = 66 mm) collected 29 April 1966 at 
Xochimilco Districto Federal (19.5°N, 99.20166°W, datum WGS84; 
elev. 2255 m) was borrowed from the herpetology collection of the 
Natural History Museum of Los Angeles County (LACM), Los An-
geles, California, USA. The body cavity (LACM 36699) was opened 
and the digestive tract removed. Contents were examined under a 
dissecting microscope. In the large intestine were 185 nematodes. 
They were cleared in a drop of glycerol, placed on a microscope slide, 
cover slipped, studied under a compound microscope and identi-
fied as Cyrtosomum penneri. Voucher helminths were deposited in 
the United States National Parasite Collection (USNPC), Beltsville, 
Maryland as USNPC (103548). 
 Cyrtosomum penneri is a common nematode in horned lizards 
and has been reported in P. asio, P. mcallii (Gambino and Heyneman 
1960. Amer. Midl. Nat. 63:365–382), P. blainvillii (as P. coronatum) 
(Telford 1970. Amer. Midl. Nat. 83:516–564), P. cornutum, P. her-
nandesi (as P. douglassi), P. platyrhinos, P. solare (Goldberg et al. 
1993. J. Helminthol. Soc. Washington 60:234–238) as well as some 
26 additional lizard species (see McAllister and Bursey 2007. Comp. 
Parasitol. 74:179–184). Three species of Cyrtosomum have been re-
ported from Mexican hosts: C. longicaudatum, C. penneri, and C. 
scelopori (Gambino and Heyneman 1960, op. cit.; Caballero Deloya 
1971. Ann. Inst. Biol. Univ. Nac. Autón. México 42:29–34). These spe-
cies are separated based on the morphology of spicules and number 
of caudal papillae: C. longicaudatum, unequal spicules, 16 papillae; 
C. penneri, unequal spicules, 12 papillae; C. scelopori, equal spicules, 
12 papillae (Bursey and Flanagan 2002. J. Parasitol. 88:320–324). Our 
specimens fit the description of C. penneri. Cyrtosomum belongs to 
the Atractidae; transmission between hosts is not understood (An-
derson 2000. Nematode Parasites of Vertebrates, Their Development 
and Transmission. CABI Publ. Oxfordshire, U.K. 650 pp.), although 
Petter (1966. Mem. Mus. Nat. d’Hist. Natur. 39:1–252) speculated that 
infection in tortoises might occur during copulation. Phrynsoma 
orbiculare represents a new host record for C. penneri.
 We thank Christine Thacker (LACM) for permission to examine P. 
orbiculare and Daniel Covarrubias (Whittier College) for assistance 
with dissection.
 STEPHEN R. GOLDBERG, Department of Biology, Whittier College, Whit-
tier, California 90608, USA (e-mail: sgoldberg@whittier.edu); CHARLES R. 
BURSEY, Department of Biology, Pennsylvania State University, Shenango 
Campus, Sharon, Pennsylvania 16146, USA (e-mail: cxb13@psu.edu). 

SCELOPORUS MUCRONATUS (Cleft Lizard). SAUROPHAGY. 
Studies regarding the feeding habits of Sceloporus mucronatus 
have documented an omnivorous diet in which the staple prey are 
insects (Méndez-de la Cruz et al. 1992. Southwest. Nat. 37:349–355; 
Vega-López and Alvarez 1992. Acta Zool. Mex. 51:1–128). Vega-
López and Alvarez (1992, op. cit.) mentioned the presence of scales 
in the stomachs they analyzed, however, the identity of the species 
to which these belonged was not provided. Here we report a case of 
predation by S. mucronatus on a phrynosomatid lizard of the same 
genus.
 On March 2010, we captured five specimens of S. mucronatus (one 
of which was found dead; deposited in the herpetological collection 
of the Benemérita Universidad Autónoma de Puebla as EBUAP 2115), 
in an oak forest (19.033°N, 98.115°W; 2240 m elev.) from Parque Es-

tatal Flor del Bosque, located in the municipality of Amozoc, state 
of Puebla, México. To examine stomach contents, live specimens 
were stomach-flushed (Legler and Sullivan 1979. Herpetologica 
35:107–110) and subsequently released. The dead specimen was 
dissected. Analysis of stomach contents revealed the presence of a 
partly digested neonate S. grammicus (ca. 25 mm SVL), ingested by 
an adult male S. mucronatus (74 mm SVL). Other contents observed 
were plant remains in four of the five specimens examined, and ar-
thropods of the following orders: Araneae, Coleoptera, Diptera, He-
miptera, Hymenoptera (ants and others), and Lepidoptera (larvae). 
These observations confirm that at least one species of lizard is part 
of the diet of S. mucronatus, in addition to arthropods of several or-
ders and plant material. 
 RICARDO LURÍA MANZANO, Laboratorio de Herpetología, Escuela de 
Biología, Benemérita Universidad Autónoma de Puebla, C.P. 72570, Puebla, 
México (e-mail: doumbek@hotmail.com); EDUARDO Y. MELGAREJO VÉLEZ, 
Secretaría del Medio Ambiente y Recursos Naturales “Parque Estatal Flor del 
Bosque,” C.P. 72370, Puebla, México. 

TIMON LEPIDUS (Ocellated Lizard). PREDATION. Timon	 lepi-
dus is a widely distributed species in southern Europe (Gasc et al. 
1997. Atlas of Amphibians and Reptiles in Europe. Collection Pat-
rimoines Naturels, 29. SPN-IEGB-MNHN, Paris. 496 pp.), being the 
commonest large lizard in the Iberian Peninsula (Pérez-Mellado 
1997. In A. Salvador [ed.], Reptiles, Fauna Ibérica Vol. 10, pp. 198–
207. MNCN-CSIC, Madrid; Pleguezuelos et al. 2002. Atlas y Libro 
Rojo de los Anfibios y Reptiles de España. DGB-AHE. Madrid. 587 
pp.). It forms the bulk, in terms of biomass, of the lacertid com-
munities in Mediterranean environments (Pérez-Mellado 1997, op. 
cit.). Such a life history trait has driven its keystone position in the 
trophic webs of various habitats, where it forms an important part 
of the diet of a large number of predators (Martín and López 1996. 
Copeia 1996:722–726; Pérez-Mellado 1997, op. cit.).
 Although this species is commonly consumed by terrestrial preda-
tors, its occurrence in the diet of freshwater-associated predators is 
anecdotal (Ruiz-Olmo 1995. In Llorente et al [eds.], Scientia Herpeto-
logica, pp. 259–264. SHE-AHE. Barcelona; Clavero et al. 2005. Herpetol. 
J. 15:125–131.). In fact, there are no data on predation upon T.	lepidus, 
despite its relative high abundance (Pérez-Mellado 1997, op. cit.).
 We examined the feces (spraints) of a freshwater predator, the 
Eurasian Otter (Lutra lutra), for evidence of Ocellated Lizard remains. 
Spraints were stored and analyzed following standard procedures 
(Conroy et al. 1993. A Guide to the Identification of Prey Remains 
in Otter Spraints. Occas. Publ. Mammal Soc. 16, London. 52 pp.). 
The scat sample analyzed comes from the winters of 2007–2008 (21 
spraints) and 2008–2009 (32 spraints). In one out of 53 spraints we 
found the skeletal remains of an adult T.	lepidus (identified using the 
key of Barahona and Barbadillo 1997. Rev. Esp. Herpetol. 11:47–62). 
Expressed in percent biomass in the diet of the otter (applying the 
correction factors by Jedrzejewska and Jedrzejewski 1998. Predation 
in Vertebrate Communities. The Bialowieza Primeval Forest as a Case 
Study. Ecological Studies 135. Springer-Verlag, Heidelberg. 450 pp.), 
T.	lepidus comprised 0.85%, a very low proportion. 
 This observation, although interesting because otters are almost 
entirely aquatic predators (Jedrzejewska et al. 2001. Ecography 
24:165–180), most likely reflects an opportunistic feeding event be-
cause T.	lepidus rest under rocks at night while otters are foraging 
during this time period (Pérez-Mellado 1997, op. cit.).
 PABLO GARCÍA-DÍAZ, Society for the Conservation of Vertebrates (SCV), 
Apartado 270, 27070 Majadahonda, Spain (e-mail: garciap@usal.es); CÉSAR 
AYRES, ASHEGA, Barcelona 86 6ºC, 36211Vigo (Pontevedra), Spain.
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XANTUSIA GILBERTI (Gilbert’s Night Lizard). REPRODUCTION. 
Xantusia gilberti is a Baja peninsular endemic restricted to the oak 
and pine-oak woodlands of the upper elevations of Sierra la Lagu-
na, Baja California Sur, México, where it is common above 1200 m 
(Alvarez et al. 1988. In L. Arriaga and A. Ortega [eds.], La Sierra de la 
Laguna de Baja California Sur, pp. 167–184. Centro de Investigacio-
nes Biológicas de Baja California Sur A.C., La Paz). Anecdotal ob-
servations on microhabitat use of this species have been reported 
(Grismer 2002. Amphibians and Reptiles of Baja California Includ-
ing its Pacific Islands and the Islands in the Sea of Cortez. Univ. 
California Press, Berkeley, California. 399 pp.), but virtually nothing 
is known of its reproductive habits. Here we report an observation 
that contributes to the timing of reproduction in this species.
 On 26 August 2010, we captured an adult female (40 mm SVL, 47 
mm tail, 1.5 g) X. gilberti beneath a pine tree log in pine-oak wood-
land, ca. 1 km NW of the Segundo Valle in the uplands of the Sierra 
la Laguna, Baja California Sur, México (23.5575°N, 109.9844°W; NAD 
27; elev. 1745 m). Less than 10 cm from the female we observed two 
neonates (20 and 22 mm SVL; 15 and 20 mm tail; 0.3 and 0.5 g). We 
assume that these newborns were produced by the adult female 
found with them. Therefore, this is also an observation of young 
staying near the parent after birth. Based on the size of the young, 
we estimate that the birth happened during the first part of August.
 Patricia Galina verified the species identification. One of the young 
lizards was deposited in the herpetological collection of the Centro 
de Investigaciones Biológicas del Noroeste (CIBNOR), La Paz, Baja 
California Sur, México (CIBNOR 1308).
 VÍCTOR H. LUJA (e-mail: lujastro@yahoo.com), and JAVIER BRUNO 
GRANADOS, Centro de Investigaciones Biológicas del Noroeste (CIBNOR), 
Mar Bermejo #195 Colonia Playa Palo de Santa Rita, La Paz, Baja California Sur, 
23090, México.

SQUAMATA — SNAKES

BOA CONSTRICTOR (Boa Constrictor). DIET. Boa constrictor is 
a large tropical non-venomous snake that ranges from Mexico to 
northern Argentina and inhabits a variety of habitats including 
wet tropical forests, deserts, open savannahs, and cultivated fields. 
Prey include a wide variety of mammals, birds, and lizards (Reed 
and Rodda 2009. U.S. Geological Survey Open-File Report 2009–
1202. 302 pp.). Here we describe a B. constrictor preying upon a do-
mestic animal.

 On 29 August of 2005, at ca. 1400 h, an adult B. constrictor (total 
length > 1.5 m) was observed in the process of constricting a Do-
mestic Cat (Felis	silvestris	catus) in Nova Guarapari, Guarapari City, 
Espirito Santo State, Brazil (20.7227778°S, 40.5383333°W; datum 
WGS84), within the yard of a local home (Fig. 1). The snake contin-
ued to consume the prey headfirst and soon attracted a crowd of 
several people. After the snake finished consuming its prey, it was 
removed from the site and released elsewhere.
 Anthropogenic alteration or destruction of natural environments 
(e.g., deforestation and urbanization) can alter predator-prey rela-
tionships (Leme 1985. Boletim da Fundação Brasileira de Conseva-
ção da Natureza 20:57–67), force species into novel habitats, and 
result in the introduction of non-native taxa (Flinte et al. 2006. Rev. 
Bras. Entomol. 50:512–523; Schineider and Teixeira 2001. Iheringia, 
Sér. Zool. 91). This observation represents an additional record in 
the escalating list of conflicts between native and domestic wildlife 
(Bellati and Thungen 1990. In L. R. Davis and R. E. Marsh [eds.], Pro-
ceedings of the 14th Vertebrate Pest Conference, pp. 262–268. Uni-
versity of California, Davis). Importantly, B. constrictor may be one 
of the few native snakes capable of preying upon domestic or feral 
F.	s.	catus, which are widely recognized for their devastating impacts 
on populations of small native vertebrates (Burbidge and McKenzie 
1989. Biol. Coserv. 50:143–198).
 MIKAEL MANSUR MARTINELLI (e-mail: mansurmartinelli@yahoo.com.
br), THAIS DE ASSIS VOLPI, Setor de Zoologia, Museu de Biologia Prof. “Mello 
Leitão,” Avenida José Ruschi, 4, Santa Teresa, Espírito Santo, 29650-000, Brazil; 
and ALZIR VAILLANT DE MATOS,VIVERDE M.E., Rod. do Sol KM 05, S/N, Nova 
Guarapari, Guarapari, Espirito Santo, 29206305, Brazil.

BOTHROPS JARARACUSSU (Jararacussu). DIET. Bothrops jara-
racussu is a venomous pitviper (to 2 m total length) with a diet that 
includes mammals, birds, amphibians, and insects (Freitas 2003. 
Serpentes Brasileiras. Bahia, Brazil. 160 pp.; Marques 2001. Serpen-
tes da Mata Atlântica: Guia Ilustrado Para a Serra do Mar. 184 pp.). 
On 1 January 1998, an adult B. jarracussu (female; SVL = 1168 mm; 
tail length = 121 mm) was killed by a rural worker in Rio Nove, Santa 
Maria de Jetibá, Brazil (20.002087°N, 40.719045°E; datum WGS84). 
Upon dissection, we discovered three rodents, Nectomys squami-
pes (one adult and two juveniles), that had been swallowed head 
first. The lack of digestive activity indicates that the prey items had 
been swallowed recently and the presence of the adult female and 
two young rodents suggests that the snake may have raided the ro-
dents’ nest. The snake was deposited in the herpetological collec-
tion of Museu de Biologia Prof Mello Leitão (MBML 515), Santa Te-
resa, State of Espirito Santo, Brazil.
 MIKAEL MANSUR MARTINELLI (e-mail: mansurmartinelli@yahoo.com.
br), and THAÍS DE ASSIS VOLPI, Setor de Zoologia, Museu de Biologia Prof. 
“Mello Leitão,” Avenida José Ruschi, 4, CEP 29650-000, Santa Teresa, Espírito 
Santo, Brazil.

COLUBER CONSTRICTOR PRIAPUS (Southern Black Racer). 
SCAVENGING AND DIET. Coluber constrictor is an opportunistic 
predator that feeds on a wide variety of prey items including ro-
dents, lizards, birds, amphibians, insects, snakes, and even small 
turtles (Ernst and Ernst 2002. Snakes of the United States and Can-
ada. Smithsonian Institution Press, Washington D.C. 661 pp.). Here 
we describe two incidences of C. constrictor scavenging on road-
killed Opheodrys	aestivus (Rough Greensnakes). 
 On 19 June 2009, on Bald Head Island, Brunswick Co., North Caro-
lina, USA, we observed an adult C. constrictor traversing the yard of 
our residence. The animal paused when it encountered the desiccated 

FiG. 1. Adult Boa constrictor consuming an adult Domestic Cat (Felis	
silvestris catus) in Nova Guarapari, Guarapari, Espirito Santo, Brazil.
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remains of an O.	aestivus	that had been collected for measurement. 
After several tongue flicks the prey item was lifted, carried off, and 
consumed. During a snake road survey on 22 August 2009 we ob-
served another adult C. constrictor carrying the remains of a freshly 
hit O.	aestivus off the road. To our knowledge these records repre-
sent the first observations of scavenging by C. constrictor (Devault 
and Krochmal 2002. Herpetologica 58:429–436; Ernst and Ernst, op. 
cit.). Carrion foraging by snakes may be more prevalent than has 
traditionally been accepted (reviewed in Devault and Krochmal, 
op. cit.).
 BRETT A. DeGREGORIO, Bald Head Island Conservancy, PO Box 3109, Bald 
Head Island, North Carolina 28461, USA (e-mail: Baretta66@hotmail.com); ERIC 
J. NORDBERG, Pennsylvania State University, State College, Pennsylvania 
16802, USA (e-mail: Ejn5018@psu.edu).

COLUBER (= MASTICOPHIS) FULIGINOSUS (Baja California 
Coachwhip). DIET. Coluber fuliginosus preys on a variety of spe-
cies but most commonly feeds on lizards, small snakes, birds, and 
small mammals (Grismer 2002. Amphibians and Reptiles of Baja 
California including its Pacific Islands and the Islands in the Sea of 
Cortez. Univ. California Press, Berkeley, California. 399 pp.). Specif-
ically, the following prey have been reported for C. fuliginosus from 
the Baja California Peninsula or its associated islands: Sceloporus 
grandaevus, Dipsosaurus dorsalis, Aspidoscelis	hyperythra,	Sonora	
semiannulata, and Aspidoscelis	tigris	rubida	(Cliff 1954. Trans. San 
Diego Soc. Nat. Hist. 12:67–98; Grismer, op. cit.; Rodriguez-Robles 
and Galina-Tessaro 2005. Herpetol. Rev. 36:195). Here we report an 
attempted predation event, representing new diet item for C. fu-
liginosus. At 1200 h on 31 August 2007 near the Sierra del Mechudo, 
municipality of La Paz, Baja California Sur, México (24.8716667°N, 
111.2527778°W; datum WGS84; elev. 156 m) in a rocky dry arroyo, 
we saw a C. fuliginosus that was biting the neck of a Crotalus enyo 
(Baja California Rattlesnake; Fig. 1). After about four minutes, the 
C. fuliginosus noticed our presence and moved away, leaving the 
potential prey dead and with bite marks on the tail, at midbody, 
and on the neck. We believe that the coachwhip was attempting to 
feed on the rattlesnake. Although this represents the first report of 
C. enyo in the diet of C. fuliginosus, the record is not unexpected; 
the closely related Coluber flagellum is known to feed on a variety 
of snakes species, including several species of rattlesnakes (Ernst 
and Ernst 2003. Snakes of the United States and Canada. Smithson-
ian Institution Press, Washington DC. 668 pp.). 
 We thank Uri Omar García-Vázquez for comments and corrections 
to the manuscript.

 ELÍ GARCÍA-PADILLA (e-mail: eligarcia_18©hotmail.com), ISRAEL 
GUERRERO-CÁRDENAS and SERGIO ÁLVAREZ-CÁRDENAS, Centro de 
Investigaciones Biológicas del Noroeste, Mar Bermejo 195, Colonia Palo de 
Santa Rita, La Paz, Baja California Sur 23090, México.

CROTALUS HORRIDUS (Timber Rattlesnake). NEONATE 
GROWTH. Little information has been published regarding the 
ecology of neonate Crotalus horridus. Gibbons (1972. Copeia 
1972:222–226) used size class data to examine the growth rate of 
juvenile C. horridus in spring and early summer over a three-year 
period. However, neonate growth has not been measured during 
the period between dispersal from parturition sites and the critical 
months leading up to hibernation.
 We found an adult female C. horridus (SVL = 1126 mm) with a litter 
of 23 neonates (11 male, 12 female) in a shallow depression beneath 
a large log on 6 August 2009 in Baker Co., Georgia, USA. Snakes were 
held until their initial shed (5 days), after which they were measured 
and marked with either scale brands or passive integrated transpon-
ders (PIT tags). We attached 0.68 g radio transmitters to the tails of 
15 neonates using Superglue® gel and released them at the natal 
site on 11 August 2009. We were able to relocate a portion of the 
telemetered snakes at regular intervals to collect growth data. Initial 
SVL of males ranged from 292.0–327.0 mm (mean = 314.1, N = 11) 
and masses ranged from 23.0–29.0 g (mean = 26.1, N = 11). SVL of 
females ranged from 302.5–330.0 mm (mean = 325.0, N = 12), and 
masses ranged from 21.0–28.0 g (mean = 28.0, N = 12).
 Seven snakes were recaptured and measured 14 days after initial 
capture (Table 1). Neonates grew an average of 18.0 mm in SVL and 
lost 0.6 g in mass. The four snakes that were recaptured 41 days after 
initial capture had grown an average of 49.9 mm in SVL and gained 
8.0 g. Morphological measurements were collected for one snake 
captured 74 days after initial capture; this individual grew 78.5 mm 
in SVL and gained 28.0 g.

 ELIZABETH M. SCHLIMM, KEVIN M. STOHLGREN, JENNIFER M. LINE-
HAN (e-mail: jlinehan@jonesctr.org), and LORA L. SMITH, Joseph W. Jones 
Ecological Research Center, 3988 Jones Center Drive, Newton, Georgia 39870-
8522, USA. 

CROTALUS TORTUGENSIS (Tortuga Island Rattlesnake). DIET. At 
1035 h on 22 September 2009, an adult female Crotalus tortugen-
sis (SVL = 656 mm; tail length = 40 mm) was detected on Tortuga 

TABle 1. Growth data for juvenile Crotalus horridus in Baker Co., Georgia, 
USA. Data presented reflect the change in snout–vent length and mass 
from the date of the initial shed up to 74 d for one individual. 

Snake Sex SVL (mm) Mass (g)

 ID  14 d 41 d 74 d 14 d 41 d 74 d

1312 M 28.0 — — 2.0 — —

7231 M 3.5 — — -5.0 — —

1319 M — 82.5 — — 26.0 —

1B5E F 22.0 41.5 78.5 0.0 4.0 28.0

6C57 F 11.5 — — -1.0 — —

1308 F 24.5 49.5 — 1.0 9.0 —

1310 F 25.5 26.0 — -3.0 -7.0 —

1315 F 12.0 — — 2.0 — —

Mean  18.1 49.9 — -0.6 8.0 —

FiG. 1. Coluber fuliginosus attempting to consume a Crotalus enyo.  
Photo	by	Sergio	Álvarez.
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Island, Gulf of California, México (27.4333°N, 111.8667°W, datum 
WGS 84), as it rattled under rocks in a lava flow. When we located 
the snake we found it accompanied by a recently killed adult male 
Sceloporus orcutti (Granite Spiny Lizard; total length ca. 150 mm, 
Fig. 1). The snake proceeded to ingest the lizard over the next 25 
min. Reports of the diet of this endemic rattlesnake mention only 
deer mice (Peromyscus) found in the stomachs of many specimens 
examined (Klauber 1972. Rattlesnakes: Their Habits, Life Histories, 
and Influence on Mankind. Univ. California Press, Berkeley. 1533 pp.; 
Van Denburgh 1922. The Reptiles of Western North America. Proc. 
California Acad. Sci., Vols. 1–2:1–1028). This observation represents 
a new diet record for C. tortugensis.
 ELÍ GARCÍA-PADILLA (e-mail: eligarcia_18@hotmail.com), GUSTAVO 
ARNAUD (e-mail: garnaud04@cibnor.mx), OSCAR CRUZ, and MARIA LUISA 
GRACIA, Centro de Investigaciones Biológicas del Noroeste, Mar Bermejo 
195, Colonia Palo de Santa Rita, La Paz, Baja California Sur, 23090 México.

CROTALUS VIRIDIS (Prairie Rattlesnake). DIET. Adult Crotalus 
viridis are generalist predators known to feed on a variety of ver-
tebrates, including a wide range of mammals and many ground-
nesting birds, whereas juveniles feed primarily on small lizards 
(Sceloporus and Holbrookia; Werler and Dixon 2000. Texas Snakes. 
Univ. Texas Press, Austin. 437 pp.). Hamilton (1950. Herpetologica 
6:34) noted the remains of several Phrynosoma sp. (surmised to be 
P. douglasii based on geographic proximity) in adult C. viridis spec-
imens collected in the Black Hills of South Dakota, USA. This had 
been the only report of C. viridis preying upon lizards of the genus 
Phrynosoma; the following report adds P. cornutum to the diet of 
C. viridis. 
 On the morning of 4 June 2009, a live female C. viridis (TNHC 
76278; SVL = 574 mm; tail length = 32 mm; 121.1 g) was collected 
by Albert Miller and Glen Nix roughly 5 km W of Valentine, Jeff Da-
vis Co., Texas, USA (30.5607°N, 104.5928°W, datum WGS 84). Upon 
preserving the snake that afternoon, we found a recently ingested 
adult male P. cornutum (TNHC 76279; SVL = 102 mm; tail length = 
45 mm; 32.6 g; swallowed headfirst) in the stomach of the snake.

 We thank the Miller family for their support and assistance. 
 DREW R. DAVIS (e-mail: drewrdavis@gmail.com ) and TRAVIS J. LaDUC 
(e-mail: travieso@mail.utexas.edu), Texas Natural Science Center, The Uni-
versity of Texas at Austin, 10100 North Burnet Road, PRC 176/R4000, Austin, 
Texas 78758, USA.

EUNECTES MURINUS (Green Anaconda). DIET. Eunectes muri-
nus is an aquatic, nocturnal, and euryphagic snake species, feed-
ing on several vertebrate types (fishes, frogs, turtles, lizards, snakes, 
caimans, birds, and mammals; Martins and Oliveira 1998. Herpe-
tol. Nat. Hist. 6:78–150; Strimple 1993. Herpetol. Nat. Hist. 1:25–35). 
Here we report the predation of an adult Tegu Lizard, Tupinambis	
duseni, by E. murinus.
 On 17 September 2007, at 1125 h, at the edge of a stream in the 
area at Small Hydroelectric Power Plant - PCH Foz do Cedro, mu-
nicipality of Lucas do Rio Verde (14.2083°S, 56.7766°W, datum: SAD 
69), Mato Grosso State, Brazil, we observed a large adult E. murinus 
(total length > 2500 mm) in the process of constricting a T.	duseni. 
When disturbed by our presence the snake dove into the water, al-
lowing the lizard to escape.
 VÍTOR A. CAMPOS, Universidade do Estado de Mato Grosso, Departa-
mento de Ciências Biológicas, Laboratório de Zoologia, Campus de Nova 
Xavantina, Rodovia BR 158, C.P. 08, Nova Xavantina - MT, Brazil, 78690-000 (e-
mail: tupinambis_nx@hotmail.com); FABRÍCIO H. ODA, Universidade Federal 
de Goiás, Instituto de Ciências Biológicas, Laboratório de Comportamento 
Animal, Campus II Samambaia, Conjunto Itatiaia, C.P. 131, Goiânia - GO, Brazil, 
74000-970 (e-mail: fabricio_oda@hotmail.com); ROGÉRIO J. CUSTÓDIO, Uni-
versidade do Estado de Mato Grosso, Departamento de Ciências Biológicas, 
Laboratório de Zoologia, Campus Universitário de Tangará da Serra, Rodovia 
MT 358, km 07, Jardim Aeroporto, Tangará da Serra - MT, Brazil, 78300-000 
(e-mail: custodio_84@hotmail.com); MARIANA F. FELISMINO, Universidade 
Estadual de Maringá, Departamento de Biologia Celular e Genética, Maringá 
- PR, Brazil, 87020-900 (e-mail: mariferrari_82@hotmail.com).

IMANTODES CENCHOA (Blunt-headed Treesnake). DIET. Vari-
ous species are reported in the diet of Imantodes cenchoa from 
Manaus, Brazil; these include Eleutherodactylus	 fenestratus,	Ano-
lis punctatus, and A.	fuscoauratus	(Martins and Oliveira 1998. Her-
petol. Nat. Hist. 6:110–111). Imantodes cenchoa from the region of 
Los Tuxtlas, Veracruz, México feeds mainly on lizards of the genus 
Anolis	(Higareda et al. 2007. Serpientes de la Región de los Tuxtlas, 
Veracruz, México. Guía de Identificación Ilustrada. Instituto de Bi-
ología, Universidad Nacional Autónoma de México, México D.F. 88 
pp.). Here we report a new diet record for I. cenchoa. 

FiG. 1. Imantodes cenchoa feeding on a specimen of Anolis	petersii. Pho-
to by Elí García-Padilla.

FiG. 1. Crotalus tortugensis feeding on an adult male Sceloporus orcutti.
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 At 0030 on 21 July 2008, during a field expedition to the Los Tux-
tlas region, Rancho los Ramos, municipality of San Andrés Tuxtla, 
Veracruz, Mexico (18.5861°N, 95.1172°W, datum: WGS84; elev. 431 
m.) we found an adult I. cenchoa feeding on an Anolis	petersii	(Peters’ 
Anole; Fig. 1). After we photographed the snake, it finished swallow-
ing the lizard and moved away. 
 We thank Mariana Moreno Casper and Uri Omar García-Vázquez 
for comments and corrections on the manuscript.
 ELÍ GARCÍA-PADILLA, Centro de Investigaciones Biológicas del Noro-
este, Mar Bermejo 195, Colonia Palo de Santa Rita, La Paz, Baja California Sur, 
23090 México (e-mail: eligarcia_18©hotmail.com); HECTOR LUNA-ALCÁN-
TARA, Instituto de Biología, Universidad Nacional Autónoma de México.

IMANTODES CENCHOA (Blunt-headed Treesnake). DIET. Iman-
todes cenchoa is a common Neotropical arboreal snake that rang-
es from southern Mexico to Argentina. It is recognized for its long 
slender body and extremely thin neck. Solorzano (2004. Snakes of 
Costa Rica. Instituto Nacional de Biodiversidad, Santo Domingo de 
Heredia, Costa Rica. 791 pp.) states that small lizards (e.g., Norops 
and Dactyloa) and small frogs are common prey items. Addition-
ally, Henderson and Nickerson (1976. J. Herpetol. 10:205–210) and 
Landry et al. (1966. J. Ohio Herpetol. Soc. 5:93–101) suggested that 
I. cenchoa may feed on the eggs of lizards but did not provide con-
firmation of this phenomenon. Here we report two instances of liz-
ard egg predation by I. cenchoa.
 On 13 November 2006 at 1901 h, in Parque Nacional G. D. Omar 
Torrijos Herrera, Coclé Province, Panamá, we found a juvenile I. cen-
choa (SVL = 326 mm, total length = 466 mm, 3.3 g) that contained a 
small frog of the genus Craugaster (0.2 g) and a lizard egg (Polycrot-
idae; 0.4 g). The prey items totaled 18.2% of the snake’s body mass. 
The prey items and snake were photographed (UTADC 6524–25) 
and the snake was released. On 8 March 2007 at 2236 h, in Parque 
Nacional G. D. Omar Torrijos Herrera, we found a female I. cenchoa 
(SVL = 986 mm, total length = 1439 mm, 56.4 g). This snake contained 
a Dactyloa frenata (19.1 g) and a large anole egg (1.3 g). The prey 
items totaled 36.2% of the snake’s body mass. This snake was weak, 
but crawling along a branch next to the stream. It died soon after 
capture and when cut open to identify the prey item, the stomach 
was found to be perforated, presumably by a claw of the D. frenata. 
Photographs of the specimens were deposited at the Amphibian and 
Reptile Diversity Research Center, University of Texas at Arlington 
(UTADC 6526–27).
 Sources to date have not confirmed the consumption of lizard 
eggs by I. cenchoa. The second snake reported here also contained a 
lizard in the gut, but the lizard was fully intact, implying that the egg 
was ingested on a separate occasion. The first snake did not contain 
any other lizard parts in the stomach, but contained an intact lizard 
egg. These records suggest that I. cenchoa does in fact feed on lizard 
eggs independent from consumption of lizards.
 We thank J. A. Santana, Parque Nacional G. D. Omar Torrijos Herre-
ra, the Smithsonian Tropical Research Institute, Autoridad Nacional 
del Ambiente (permit numbers SE/A-44-06), National Science Foun-
dation (IBN-0429223, IBN-0429223, IOB-0519458), and researchers 
of the TADS Project for assistance, permission, and/or funding. We 
thank R. C. Jadin, J. W. Streicher, and J. A. Campbell for depositing 
the digital images at UTA.
 JULIE M. RAY, La MICA Biological Station, El Copé, Coclé, Republic 
of Panama (e-mail: la.mica@yahoo.com); ANDREW HEIN, Department of 
Zoology, 223 Bartram Hall, University of Florida, Gainesville, Florida, USA; 
AURELIO GONZALEZ, Asociación de Guías Locales de Conservación Ambi-
ental, El Copé, Panamá; SCOTT GOETZ, Department of Biological Sciences, 

Old Dominion University, Norfolk, Virginia 23529, USA; MELISSA MILLER, 
Department of Biological Sciences, Sam Houston State University, Hunts-
ville, Texas 77341, USA.

LEPTODEIRA SEPTENTRIONALIS POLYSTICTA (Central Ameri-
can Cat-eyed Snake). DIET. Leptodeira septentrionalis polysticta is 
a nocturnal colubrid that inhabits lowlands up to elevations slight-
ly in excess of 2000 m from Nayarit and southern Veracruz, México, 
southward to central Costa Rica (Duellman 1958. Bull. Amer. Mus. 
Nat. Hist. 114:72). This species is known to feed on a wide variety 
of frogs (adults and eggs), lizards, and small mammals (Cabrera-
Guzman et al. 2009. Herpetol. Rev. 40:99; Dehling 2009. Herpetol. 
Rev. 40:356; Duellman, op. cit.).
 On 8 July 2008, at 2345 h, we encountered a breeding congrega-
tion of several adult Smilisca cyanosticta at the edge of an artificial 
reservoir (3 m × 1 m × 1 m) used for watering cattle along a dirt road 
near La Perla at Los Tuxtlas, Veracruz, México (18.5634°N, 95.1271°W, 
datum WGS84; elev. 600 m). We also observed two adult L. s. poly-
sticta, one of which was in the process of feeding on a female S. 
cyanosticta (Fig. 1A–D). The snake held the hind leg of the frog and 
chewed it until the rear fangs were engaged. After three minutes, 
the frog’s movement stopped and the snake swallowed it, starting 
at the posterior body portion, over the next ten minutes. Another 
predation event involving these species was observed several days 
later at the same location. This is the first record of S. cyanosticta in 
the diet of L. septentrionalis. 

 ALFONSO HERNÁNDEZ-RÍOS, Laboratorio de Ecología, Facultad de 
Estudios Superiores Iztacala, Universidad Nacional Autónoma de México, 
Estado de México 54090, México (e-mail: fermento_etereo@hotmail.com); 
HECTOR SHIZI LUNA-ALCANTARA, Laboratorio de Herpetología, Instituto 
de Biología, Universidad Nacional Autónoma de México, Distrito Federal 
04510, México; ELÍ GARCÍA-PADILLA, Centro de Investigaciones Biológicas 
del Noroeste, Mar Bermejo 195, Colonia Palo de Santa Rita, La Paz, Baja Cali-
fornia Sur, 23090 México (e-mail: eli@bioexpediciones.com).

NERODIA FASCIATA FASCIATA (Banded Watersnake). INTER-
WETLAND MOVEMENT. Although many animals regularly dis-
play seasonal migrations or periodic long-distance dispersal, 
few instances of long-distance movements by snakes have been 

FiG. 1. Leptodeira septentrionalis polysticta feeding sequence on a  
female Smilisca cyanosticta, Los Tuxtlas, Veracruz, México. Photos by 
Alfonso Hernández Ríos. 
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reported (Browne and Bowers 2004. Landscape Ecol. 19:1–20; Roe 
and Georges 2007. Biol. Conserv. 135:67–76). Notable exceptions 
to this generalization are Australian Water Pythons (Liasis fuscus), 
which undertake up to 12 km seasonal migrations between flood-
plain and high-ground habitats (Madsen and Shine 1996. Ecology 
77:149–156) and long-distance “wandering” of snakes displaced 
by humans (e.g., Plummer and Mills 2000. J. Herpetol. 34:565–575; 
Reinert and Rupert Jr. 1999. J. Herpetol. 33:45–61). Nerodia fasci-
ata is a mid-sized natricine snake that is ubiquitous in the south-
eastern USA, occurring in virtually all aquatic habitats (Gibbons 
and Dorcas 2004. North American Watersnakes: a Natural History. 
Univ. Oklahoma Press, Norman. 438 pp.). Although this species is 
often abundant in isolated wetlands, these habitats may become 
unsuitable for aquatic snakes when severe droughts render them 
dry, sometimes for years at a time (Willson et al. 2006. Wetlands 
26:1071–1078). Large numbers of N. fasciata captured leaving wet-
lands at the onset of droughts (Seigel et al. 1995. Herpetologica 
51:424–434) have suggested that these snakes may emigrate over-
land to more permanent wetlands to escape drought conditions, 
but how far snakes travel and whether or not they successfully 
reach other aquatic habitats has not been confirmed. Here we re-
port two N. fasciata that successfully moved long distances (> 3 km) 
between wetlands in response to drought.
 Between February 2003 and June 2007, two of us (JDW and CTW) 
captured and marked over 900 individual N. fasciata at Ellenton Bay, 
a large Carolina bay wetland located on the Department of Energy’s 
Savannah River Site in Aiken Co., South Carolina, USA. Ellenton Bay 
dried partially in the summer of 2006 and fully in June 2007. In 2007, 
one of us (TML) captured two marked N. fasciata in trashcan traps 
(Luhring and Jennison 2008. J. Fresh. Ecol. 23:445–450) at Dry Bay, a 
Carolina bay with a longer hydroperiod, located approximately 3.1 
km N of Ellenton Bay. Both animals had been originally captured 
and marked with medical cautery units (Winne et al. 2006. Herpe-
tol. Rev. 37:52–54) at Ellenton Bay. The first N. fasciata was a male 
(SVL = 449 mm; 94 g), originally captured on 20 September 2005 in 
a plastic minnow trap within Ellenton Bay. It was captured three 
more times between 22 and 28 September 2005 at Ellenton Bay, 
prior to being captured 22 months later on 21 July 2007, at Dry Bay 
(SVL = 488 mm; 102 g). The second snake was a female (SVL = 603 
mm; 170 g), originally captured on 1 April 2003 in a box trap along 
a terrestrial drift fence surrounding Ellenton Bay as it attempted to 
enter the wetland following a previous extreme drought that lasted 
from 2000–2003 (Willson et al. 2006. Wetlands 26:1071–1078). This 
snake was recaptured at Dry Bay on 13 September 2007 (SVL = 802 
mm; 486 g), 4 years and 5 months after its initial capture. These two 
snakes represented 4% (2 out of 56) individual N. fasciata captured 
at Dry Bay in 2007 by TML.
 These observations provide the first unambiguous evidence that 
N. fasciata move long distances between wetlands in response to 
drought conditions. Whether this is a case of directed migration 
between known habitats or the chance outcome of undirected dis-
persal, remains unknown. The majority of the intervening habitat 
between Ellenton Bay and Dry Bay is forested and relatively undis-
turbed by development, and includes some (mostly temporary and 
dry during the 2006–2007 period) wetlands that could have been used 
during transit. However, in addition to > 3 km of distance, the route 
between Ellenton Bay and Dry Bay is bisected by a well-traveled two-
lane highway (SC Hwy 125) and a large (> 5 m across, > 1 m deep) 
creek (Upper Three Runs Creek). The motivation required to traverse 
these obstacles (roads) and potential refuges (creek) suggests that 
these snakes may have been purposefully seeking refuge at Dry Bay. 

This interpretation is supported by the fact that other Nerodia use 
wetland complexes on a landscape scale; Copperbelly Watersnakes 
(N. erythrogaster neglecta) regularly move between ephemeral wet-
lands under normal environmental conditions (Roe et al. 2004. Biol. 
Conserv. 118:79–89). Additionally, at least three species of freshwater 
turtles have been documented moving between Ellenton Bay and 
Dry Bay in the past (Buhlmann and Gibbons 2001. Chelon. Conserv. 
Biol. 4:115–127). Neither snake has been recaptured at either location 
since 2007, leaving unresolved the question of whether the snakes 
attempted to return to Ellenton Bay when normal water levels re-
sumed.
 We thank J. Whitfield Gibbons, Michael E. Dorcas, and John H. Roe 
for commenting on the manuscript. Snakes were captured under 
scientific research permits 56-2003, 07-2004, G-05-03, G-06-04, and 
G-07-03 from the South Carolina Department of Natural Resources. 
Funding for this research was provided by the American Museum 
of Natural History (through a Roosevelt Memorial Fund awarded to 
TML) and the Savannah River Ecology Laboratory under Financial 
Assistance Award DE-FC09-96SR18-546 between the University of 
Georgia and the U.S. Department of Energy.
 THOMAS M. LUHRING, Savannah River Ecology Laboratory, Drawer E, 
Aiken, South Carolina 29802, USA. Current address: University of Missouri, Di-
vision of Biological Sciences, 105 Tucker Hall, Columbia, Missouri 65211, USA 
(e-mail: tmlhwb@mizzou.edu); JOHN D. WILLSON (e-mail: willsonj@vt.edu) 
and CHRISTOPHER T. WINNE (e-mail: ctwinne@uga.edu), Savannah River 
Ecology Laboratory, Drawer E, Aiken, South Carolina 29802, USA.

PSEUDOLEPTODEIRA URIBEI (Uribe’s False Cat-eyed Snake). 
REPRODUCTION. The genus Pseudoleptodeira is endemic to 
Mexico and presently includes two species. The more recently de-
scribed species, P. uribei, is known from a small series of individ-
uals collected in the state of Jalisco (Ramirez-Bautista and Smith 
1992. Bull. Maryland Herpetol. Soc. 28:83–98) and subsequent re-
ports on individuals from the states of Guerrero (García and Cebal-
los 1994. Field Guide to the Reptiles and Amphibians of the Jalis-
co Coast, Mexico. Fund. Ecol. Cuixmala, A.C., Inst. Biol. U.N.A.M., 
Mexico City, 184 pp.), Michoacán (Mijangos et al. 2007. Herpetol. 
Rev. 37:500), and Colima (Reyes-Velasco et al. 2009. Herpetol. Rev. 
40:117–120). Many aspects of natural history remain enigmatic for 
this species. Herein we present, to the best of our knowledge, the 
first formal report of clutch size in a P. uribei.
 On 6 July 2009 at 2308 h, we found a gravid female P. uribei dead 
on a road near the city of Ixlahuacán, municipality of Ixtlahuacán, 
Colima, Mexico (19.02558°N, 103.78031°W, datum WGS 84; elev. 
309 m). Because of vehicular injuries we were unable to obtain a 
precise measurement of body size, but conservatively estimate that 
the animal was over 60 cm total length. The adult female P. uribei 
contained six undamaged eggs which when measured with a digital 
caliper following preservation in 10% formalin had a mean length 
of 28.05 mm (± 2.09 SD) and a mean width of 11.32 mm (± 1.67 SS). 
Our identification was verified by Jacobo Reyes-Velasco and the 
specimen and its eggs are deposited in the herpetological collec-
tion of the University of Texas at Arlington (UTA R-57503; Field ID, 
JAC 30668).
 Collection and exportation were conducted under SEMARNAT 
license numbers FAUT-0015 and SGPA/DGVS/8002, respectively. 
Funding was provided by NSF grant DEB-0613802 to J. A. Campbell.
 JEFFREY W. STREICHER (e-mail: streicher@uta.edu), CHRISTIAN L. COX, 
COLEMAN M. SHEEHY III, MATTHEW J. INGRASCI, and RUBEN U. TOVAR, 
Amphibian and Reptile Diversity Research Center, Department of Biology, 
University of Texas at Arlington, Arlington, Texas 76019, USA.
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REGINA RIGIDA (Glossy Crayfish Snake). TERRESTRIAL MOVE-
MENT. The overland movements and upland habitat use of wet-
land-associated reptiles has important conservation implications 
(Semlitsch and Bodie 2003. Conserv. Biol. 17:1219–1228). How-
ever, for many species, particularly snakes, we lack a basic un-
derstanding of spatial ecology and habitat use. Regina rigida is a 
poorly known species for which “observations of any kind would be 
of considerable value in understanding its biology” (Gibbons and 
Dorcas 2004. North American Watersnakes: A Natural History. Univ. 
Oklahoma Press, Norman. 438 pp.). Regina rigida is a highly aquat-
ic species and although sporadic reports exist of the snake found in 
habitats considered uplands, specific reports regarding distance to 
the nearest body of water are lacking.
 Herein we report five captures of R. rigida in pitfall or box traps 
associated with drift fences in areas relatively distant from aquatic 
habitats. On 12 June 2005, we captured a R. rigida (SVL = 224 mm) 
in Conecuh National Forest, Covington Co., Alabama, USA in a trap 
approximately 10 m from the nearest pond margin. On 19 June 2005, 
also in Conecuh National Forest, we captured a specimen (SVL = 
236 mm) 135 m from the nearest seepage creek and 1180 m from 
the nearest pond margin. Based on the position of its capture, the 
snake was moving away from the seepage toward the pond. On 13 
June 2009, we captured a specimen (SVL = 190 mm; AUM 34944) on 
Eglin Air Force Base, Okaloosa Co., Florida, USA. This site was 470 
m from the nearest aquatic habitat, a small creek. However, as the 
snake was captured in a bucket on the opposite side of the drift fence 
from this creek, the snake was either returning to the creek from a 
more distant location or originally inhabited a different water body. 
On 14 Sept 1996, we captured a R. rigida on private land in Bienville 
Parish, Louisiana, USA. The nearest water source was an intermittent 
stream 460 m from the trap. The nearest permanent water source 
was Kepler Lake, 860 m from the trap. On 3 May 2006, we captured 
a specimen on Ft. Polk Army Base, Vernon Parish, Louisiana, USA. 
The box trap that captured this snake was 70 m from an intermit-
tent stream. Together, these observations indicate that R. rigida oc-
casionally undertake significant terrestrial movements, although 
the impetus for these movements remains unknown.
 DAVID A. STEEN (e-mail: DavidASteen@gmail.com), JAMES A. STILES, 
SIERRA H. STILES, CRAIG GUYER, Department of Biological Sciences, Au-
burn University, Auburn, Alabama 36849, USA; JOSH B. PIERCE, D. CRAIG 
RUDOLPH, U.S.D.A. Forest Service, Southern Research Station, Nacogdoches, 
Texas 75965, USA; LORA L. SMITH, Joseph W. Jones Ecological Research Cen-
ter, Newton, Georgia 39870, USA. 

RHABDOPHIS CHRYSARGOIDES (Gunther’s Keelback Snake). 
MATING BEHAVIOR. Mating behavior in snakes can be conspicu-
ous but the secretive nature of snakes in general renders mating 
observations infrequent. Publishing mating observations contrib-
utes to our understanding of timing and location of reproduction, 
reproductive behaviors such as mating aggregations, and possible 
correlates of mating behavior such as sexual size dimorphism (Ri-
vas and Burghardt 2001. Anim. Behav. 62:F1–F6; Shuster and Wade 
2003. Mating Systems and Strategies. Princeton Univ. Press. Princ-
eton. 520 pp.).
 On 5 July 2009 at ca. 1900 h, we found a pair of Rhabdophis chrysar-
goides copulating along a stream in the Lambusango Reserve on Bu-
ton Island, southeast Sulawesi, Indonesia (5.2125°N, 122.8764°E, da-
tum WGS84; elev. 238 m). The pair was draped along branches ca.1.2 
m above water over the streambank in rainforest with ca. 90% canopy 
cover. The snakes were intertwined only near the tail and cloaca and 
were facing away from one another. Sperm was abundantly visible 

at the cloacae. At ca. 2200 h the snakes were still copulating in the 
same position, at which time they were collected for measurements 
and photographed; they separated shortly thereafter. The weather 
that night was ca. 24°C and partly cloudy after a rainless day. At ca. 
0630 h the following morning the snakes were found copulating in 
the bag. The snakes were sexed, measured, and released that morn-
ing at their point of capture. The female was much larger than the 
male (female: SVL = 545 mm; tail length = 145 mm; male: SVL = 392 
mm; tail length = 126 mm).
 Rhabdophis chrysargoides is frequently encountered along streams 
on Buton Island (Gillespie et al. 2005. Biotropica 37:279–290). Re-
cently hatched juveniles have been encountered in this area between 
July and September (G. Gillespie, unpubl. data). To our knowledge, 
mating has not been observed in this species. July coincides with 
the cessation of the wet season in southeast Sulawesi (Fontanel and 
Chantefort 1978. Bioclimates of the Indonesian Archipelago. Institut 
Francaise de Pondicherry).
 J. SEAN DOODY, Department of Botany and Zoology, Australian National 
University, Australian Capital Territory, 2600, Australia; GRAEME GILLESPIE, 
Melbourne Zoo, Elliot Avenue, Parkville, Victoria, 3052, Australia; DWI SUSAN-
TO, Natural Resources and Environmental Studies, Graduate School of Bogor 
Agriculture University, Darmaga, Bogor, West Java, Indonesia; ADININGGAR 
U. UL-HASANAH, Herpetological Society of Indonesia, Department of Forest 
Resource Conservation and Ecotourism, Faculty of Forestry, Bogor Agriculture 
University, Darmaga, Bogor, West Java, Indonesia; JAVIER MARÍN and REED 
MITCHELL, Operation Wallacea, Labundo Bundo, Sulawesi, Indonesia. 

SIBON ARGUS (Blotched Snail Sucker). DIET. The diet of Sibon 
spp. is reported to include mollusks (Solórzano 2004. Snakes of 
Costa Rica. Instituto Nacional de Biodiversidad, Santo Domin-
go de Heredia, Costa Rica. 791 pp.) and soft-bodied invertebrates 
(Greene 1997. Snakes: The Evolution of Mystery in Nature. Univ. 
California Press. Berkeley. 351 pp.). However, Solórzano (2002. Rev. 
Biol. Trop. 49:1111–1120) and Ryan and Lips (2004. Herpetol. Rev. 
35:278) mention the consumption of centrolenid eggs by S. argus 
and Montgomery et al. (2007. Herpetol. Rev. 38:343) documented 
the consumption of Cochranella albomaculata for the closely re-
lated and sympatric S. longifrenis.
 On 12 June 2006 at 2245 h, a male S. argus (SVL = 33.6 cm; 6.6 g) 
was found eating a clutch of Agalychnis	callidryas eggs in vegetation 
overhanging a small temporary pond in El Valle de Antón, Coclé Prov-
ince, Republic of Panamá (Fig. 1). Eight eggs were manually palped 
from the snake. Three adult male A.	callidryas were seen within 3 m 
of the snake but no other egg masses were found. This pond only 

FiG. 1. Sibon argus consuming an Agalychnis	 callidryas egg (UTADC 
6246), El Valle de Antón, Coclé Province, Republic of Panamá.
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maintains water after significant rain events and dries completely 
during the dry season. Two digital photographs were taken and were 
deposited at the Amphibian and Reptile Diversity Research Center, 
University of Texas at Arlington (UTADC 6246–47). This is the first 
confirmation that Sibon spp. feeds on A.	callidryas eggs (Ryan and 
Lips [op. cit.] suggested that this might be the case for S. nebulatus) 
and expands the species of frog eggs that are preyed upon by S. ar-
gus. This further suggests that amphibian eggs might provide an 
important component of the diet of Sibon spp.
 We thank the National Science Foundation, the Smithsonian 
Tropical Research Institute, Hotel Campestre (El Valle de Antón, Pan-
amá), researchers of the TADS project, and Autoridad Nacional del 
Ambiente for assistance, permission, and/or funding. We thank R. 
C. Jadin, J. W. Streicher, and J. A. Campbell for depositing the digital 
images at UTA.
 JULIE M. RAY, La MICA Biological Station, El Copé, Coclé, Panama (e-mail: 
la.mica@yahoo.com); BRAD WILSON, EDGARDO J. GRIFFITH-RODRIQUEZ, 
and HEIDI L. ROSS, El Valle Amphibian Conservation Center, El Valle de  
Anton, Panamá.

THAMNOPHIS ELEGANS (Terrestrial Gartersnake). FEEDING BE-
HAVIOR, PREY SUBJUGATION BY DROWNING. Thamnophis	ele-
gans has been reported to feed on a wide variety of invertebrate and 
vertebrate species including slugs, earthworms, fish, amphibians, 
birds, and small mammals (Stebbins 2003. A Field Guide to Western 
Reptiles and Amphibians. Houghton Mifflin Co., New York, New 
York. 533 pp.). Compared to other prey taxa, predation on mam-
mals poses serious risks to this species because of mammals’ high 
activity levels and the presence of sharp claws and teeth. Although 
some populations of T.	elegans regularly prey on small mammals, 
they are poor constrictors, using coiling to “pin” their prey, at which 
time ingestion of the struggling victim occurs (Gregory 1978. Can. 
J. Zool. 56:1967–1974). Because T.	elegans lack any strong immobi-
lization mechanisms (i.e., venom or efficient constriction) and are 
inefficient predators of mammals, selection may favor novel tech-
niques for subjugating these potentially dangerous prey.
 On 17 September 2009 at 1645 h, near the bank of a man-made 
pond in Logan, Utah, USA (41.720309°N, 111.845749°W, datum 
WGS84; elev. 1369 m), we observed an adult T.	elegans (total length 
ca. 50 cm) attack a mouse (body length ca. 6–9 cm). The snake struck 
the mouse at the posterior end, just above the tail. The snake at-
tempted to subdue the mouse by coiling. Although this behavior 
looks similar to the constricting behaviors exhibited by other snakes, 
T.	elegans rarely kills its prey in these attacks and uses this behavior 
to subdue the prey long enough to ingest it live (Gregory et al. 1980. 
Herpetologica 36:87–93).
 The snake continued this coiling behavior on the shore of the 
pond for approximately 1 min at which time it rolled into the pond 
with its prey. While in the water the mouse continued to struggle, 
often temporarily freeing itself from the snake’s coils long enough 
to come to the surface for air. The snake, however, still retained the 
mouse at its hind end and the mouse was quickly re-submerged and 
wrapped up. The snake and its prey continued in this manner for 7 
min, and after 2 min of complete submersion the mouse appeared 
to have drowned. During the entire predation event, the snake’s head 
remained submerged under water. At the time the mouse stopped 
moving, we were able to see that the snake had at least two coils 
wrapped loosely around the mouse. 
 The snake remained wrapped around the mouse, with its head 
still submerged, for another 3 min as the current caused the pair to 

drift to the center of the pond. We then observed the snake swim 
towards shore pushing the dead mouse in front of it for 10 m. We 
were unable to continue the observations and it is unknown if the 
snake consumed the mouse. 
 Although it is not uncommon for T.	elegans to prey upon mice 
and other small rodents, this is the first record of T.	elegans killing 
its prey by drowning. Because T.	elegans is often found near water 
(Stebbins, op. cit.), it is possible that this type of predatory behavior 
is more common than has previously been thought.
 JOSEPH S. WILSON (e-mail: joseph.wilson@usu.edu) and BRIAN G. 
GALL (e-mail: brian.gall@usu.edu), Utah State University, Biology Depart-
ment, 5305 Old Main Hill, Logan, Utah 84322, USA

THAMNOPHIS FULVUS (Central American Highland Garter-
snake). DIET. Thamnophis	 fulvus is a terrestrial and semi-aquat-
ic highland snake that is restricted to Nuclear Central America 
(Köhler 2003. The Reptiles of Central America. Herpeton, Offen-
bach, Germany. 368 pp.). Almost no information has been reported 
regarding the diet or foraging ecology of T.	fulvus, as is the case with 
a number of Mesoamerican congeners (Rossman et al. 1996. The 
Garter Snakes: Evolution and Ecology. Univ. Oklahoma Press, Nor-
man. 332 pp.). Brodie et al. (1991. Biotropica 23:58–62) stated that 
T.	fulvus was known to feed on Bolitoglossa (Caudata: Plethodon-
tidae), and in feeding trials T.	fulvus	accepted both B. rostrata and 
B. subpalmata. In Honduras, this species is found in the vicinity 
of streams, as well as temporary and permanent ponds in high-
land areas in the southwestern portion of the country. McCranie 
and Wilson (2002. SSAR Contrib. Herpetol. 19:i–x, 1–625) indicated 
that an adult specimen from Zacate Blanco (erroneously cited as 
“Zacate Grande”), Depto. Intibucá, Honduras, regurgitated a single 
Hypopachus barberi (Anura: Microhylidae). In addition, they re-
ported T.	fulvus as abundant in a stream at the type locality (Depto. 
de Ocotepeque: El Chagüitón) of Craugastor anciano (Anura: Crau-
gastoridae) where it “was probably preying on these frogs.” 
 On 24 May 2008, we collected two specimens (UF 152960–61) 
of T.	 fulvus in a cattle pond (14.146537°N, 87.844239°W, datum 
WGS84; elev. 2160 m) about 5 × 12 m in size, located about 3.4 
airline km NNW Guajiquiro, Depto. La Paz, Honduras. The adult 
male T.	fulvus (UF 152960) contained two adult Exerodonta catracha 
(Anura: Hylidae; UF 152962–63), a small hylid endemic to the 
highlands of southwestern Honduras. The adult female T.	fulvus (UF 
152961) contained one Hypopachus barberi (UF 152967), three E. 
catracha (UF 152964–66), and some frog eggs attached to the latter 
specimens. At this location, H. barberi were observed either floating 
on the surface of the pond or, in the case of calling males, sitting in 
concealed positions along the pond’s edge. Exerodonta catracha were 
found floating in the pond as well, and were also extremely abundant 
in the grass and trees around the pond. Both anuran species were 
remarkably plentiful at this site, apparently due to fact that the first 
heavy rain of the season fell the night prior to our visit.
 LORRAINE P. KETZLER, Voluntaria de Cuerpo de Paz, San Isidro, Santa 
Cruz de la Yojoa, Departamento de Cortés, Honduras; ILEANA R. LUQUE-
MONTES and CÉSAR A. CERRATO-MENDOZA, Departamento de Biologia, 
Universidad Nacional Autónoma de Honduras, Tegucigalpa, Departamento 
de Francisco Morazán, Honduras; LARRY DAVID WILSON, Centro Zamorano 
de Biodiversidad, Escuela Agrícola Panamericana Zamorano, Departamento 
de Francisco Morazán, Honduras; and JOSIAH H. TOWNSEND, School of 
Natural Resources and Environment, University of Florida, Gainesville, Florida 
32611-7800, USA, Centro Zamorano de Biodiversidad, Escuela Agrícola Pana-
mericana Zamorano, Departamento de Francisco Morazán, Honduras (e-mail: 
jtwnsnd@ufl.edu).
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CAUDATA — SALAMANDERS

AMBYSTOMA MACULATUM (Spotted Salamander). CANADA: 
QUÉBEC:	 MAniCouAGAn reGionAl CounTy MuniCiPAliTy: Uapishka 
(Monts Groulx) region, in roadside ponds along Route 389, the 
Québec-Labrador	Highway.	“Pond	1”	is	located	5.3	km	W	of	Mont	
Provencher near highway km 336 (51.480°N, 68.224°W, NAD1983; 
elev. 414 m). “Pond 2” is located 4.2 km N of Relais Gabriel, near 

highway km 324 (51.359°N, 68.148°W, NAD1983; elev. 446 m). 19 
May 2010. M. T. Jones and L. L. Willey. Verified by J. Martinez. Har-
vard University, Museum of Comparative Zoology (MCZ A-140250, 
A-140251 digital images). This site represents a northeasterly range 
extension of approximately 160 km NW of an observation near 
Godbout (also in Manicouagan RCM), and 430 km ENE of an ob-
servation near Lake Mistassini (Bider and Matte 1996. The Atlas of 
Amphibians	 and	Reptiles	of	Québec.	 St.	 Lawrence	Valley	Natural	

 Herpetological Review publishes brief notices of new geographic distribution records in order to make them available to the herpeto-
logical community in published form. Geographic distribution records are important to biologists in that they allow for a more precise 
determination of a species’ range, and thereby permit a more significant interpretation of its biology.
 These geographic distribution records will be accepted in a standard format only, and all authors must adhere to that format, as follows: 
SCIENTIFIC NAME, COMMON NAME (for the United States and Canada as it appears in Crother [ed.] 2008. Scientific and Standard Eng-
lish	Names	of	Amphibians	and	Reptiles	of	North	America	North	of	Mexico. SSAR Herpetol. Circ. 37:1–84, gratis PDF available (http://www.
ssarherps.org/pages/HerpCommNames.php); for Mexico as it appears in Liner and Casas-Andreu 2008, Standard Spanish, English and 
Scientific	Names	of	the	Amphibians	and	Reptiles	of	Mexico. Herpetol. Circ. 38:1–162), LOCALITY (use metric for distances and give precise 
locality data, including lat/long coordinates in decimal degrees and cite the map datum used), DATE (day-month-year), COLLECTOR, 
VERIFIED BY (cannot be verified by an author; curator at an institutional collection is preferred), PLACE OF DEPOSITION (where ap-
plicable, use standardized collection designations as they appear in Sabaj Pérez [ed.], 2010. Standard Symbolic Codes for Institutional Re-
source	Collections	in	Herpetology	and	Ichthyology,	an	Online	Reference.	Version 2.0 [8 November 2010]. Electronically accessible at http:///
www.asih.org/node/204) and CATALOG NUMBER (required), COMMENTS (brief), CITATIONS (brief and must adhere to format used in 
this section; these should provide a geographic context for the new record). Skip a line and give name and address in full—spell out state 
or province names—no abbreviations. Please include distance from nearest previously known record (provide a citation or refer to exist-
ing vouchered material to substantiate your report). If publishing specific locality information for a rare or endangered species has the 
potential to jeopardize that population, please consult with the Section Editor at time of record submission. If field work and/or specimen 
collection occurred where permits were required, please include permit number(s) and authorizing governmental authority in the text of 
the note.
 Some further comments. The role of the “Standard Names” lists (noted above) is to standardize English names and comment on the 
current scientific names. Scientific names are hypotheses (or at least represent them) and as such their usage should not be dictated by a 
list, society, or journal.
 Additionally, this geographic distribution section does not publish “observation” records. Records submitted should be based on pre-
served specimens that have been placed in a university or museum collection (private collection depository records are discouraged; 
institutional collection records will receive precedence in case of conflict). A good quality photograph (print, slide, or digital file) may 
substitute for a preserved specimen only when the live specimen could not be collected for the following reasons: it was a protected 
species, it was found in a protected area, or the logistics of preservation were prohibitive (such as large turtles or crocodilians). Photo-
graphic vouchers must be deposited in a university or museum collection along with complete locality data, and the photographic catalog 
number(s) must be included in the same manner as a preserved record. Before you submit a manuscript to us, check Censky (1988, Index 
to Geographic Distribution Records in Herpetological Review: 1967–1986; available from the SSAR Publications Secretary), subsequent is-
sues of Herpetological Review, and other sources to make sure you are not duplicating a previously published record. The responsibility 
for checking literature for previously documented range extensions lies with authors. Do not submit range extensions unless a thorough 
literature review has been completed.
 Please submit any geographic distribution records in the standard format only to one of the Section Co-editors: Alan M. Richmond 
(USA & Canada records only); Jerry D. Johnson (Mexico and Central America, including the Caribbean Basin); Indraneil Das (all Old World 
records); or Gustavo J. Scrocchi (South American records). Short manuscripts are discouraged, and are only acceptable when data cannot 
be presented adequately in the standard format. Electronic submission of manuscripts is required (as Microsoft Word or Rich Text format 
[rtf ] files, as e-mail attachments). Refer to inside front cover for e-mail addresses of section editors.
 Recommended citation for new distribution records appearing in this section is: Schmitz, A., and T. Ziegler. 2003. Geographic distribu-
tion: Sphenomorphus rufocaudatus. Herpetol. Rev. 34:385.
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History	Society,	Ste-Anne-de-Bellevue,	Québec),	and	well	outside	
of several published range maps (e.g., NatureServe, http://nature-
serve.org; IUCN, http://www.iucnredlist.org/apps/-redlist/de-
tails/59064/0/rangemap). Considered with the above-mentioned 
Lake Mistassini and a report from the James Bay region (Ouellet et 
al. 2009. Herpetol. Cons. Biol. 4[2]:277–284), our observation pro-
vides additional evidence that A.	maculatum may be widespread, 
but	 undersampled,	 in	Québec	north	 of	 50°N.	Twelve	 egg	masses	
were observed in Pond 1 and eight egg masses were observed in 
Pond 2. Lithobates sylvaticus egg masses were abundant in both 
locations. 
 Permission to initiate amphibian research in the Monts Groulx 
was	coordinated	by	Dominic	Boisjoly	of	the	Québec	Ministère	du	
Développement durable, de l’Environnement et des Parcs. Fund-
ing for travel to the Monts Groulx was provided by the Guy Water-
man Alpine Stewardship Fund. 
 MICHAEL T. JONES (e-mail: mtjones@bio.umass.edu), and LISABETH 
L. WILLEY, Department of Environmental Conservation, University of Mas-
sachusetts, Amherst, Massachusetts 01003, USA (e-mail: lwilley@eco.umass.
edu).

AMBYSTOMA JEFFERSONIANUM (Jefferson Salamander). USA: 
PENNSYLVANIA: WArren Co.: Spring Creek Township, 0.6 km W of 
junction of Route 426 and Cemetery Rd. (41.86730°N, 79.52540°W; 
WGS 84). 31 March 2006. Mark Lethaby. Verified by Stephen Rog-
ers. Carnegie Museum of Natural History (CM 130415, 155785). 
First county record (Hulse et al. 2001. Amphibians and Reptiles in 
Pennsylvania and the Northeast. Cornell Univ. Press, Ithaca. xii + 
419 pp.).
 MARK LETHABY, Natural History Museum at the Tom Ridge Environmental 
Center, 301 Peninsula Drive, Erie, Pennsylvania 16505, USA; e-mail: mlethaby@
verizon.net.

AMBYSTOMA OPACUM (Marbled Salamander). USA: GEOR-
GIA: BArToW Co.: Pine Log Mountain Wildlife Management Area, 
5.86 km ENE of intersection of Stamp Creek Rd. and State Rt. 411 
(34.256697°N, 84.688281°W; WGS 84). 5 May 2010. Z. Felix. AUM 
AHAP-D 274, digital image. Verified by Craig Guyer. New county 
record (Jensen et al. [eds.] 2008. Amphibians and Reptiles of Geor-
gia. University of Georgia Press, Athens. 575 pp.). One adult found 
under log in floodplain of Stamp Creek.
 ZACH I. FELIX, Biology Department, Reinhardt University, Waleska, Georgia 
30183, USA; e-mail: zif@reinhardt.edu.

AMBYSTOMA TEXANUM (Smallmouth Salamander). USA: AR-
KANSAS: seVier Co.: 2.1 km W Lockesburg off St. Hwy 24 at road-
side ditch (33.966712ºN, 94.202957ºW; WGS 84). 26 May 2002. 
H. W. Robison. Verified by S. E. Trauth. Arkansas State University 
Museum of Zoology, Herpetological Collection (ASUMZ 31568). 
New county record that fills a distributional gap in southwestern 
Arkansas among Howard (Robison and McAllister. 2007. Herpetol. 
Rev. 38:212), Little River, and Polk counties (Trauth et al. 2004. The 
Amphibians and Reptiles of Arkansas. Univ. Arkansas Press, Fay-
etteville. 421 pp.). 
 CHRIS T. McALLISTER, Science and Mathematics Division, Eastern Okla-
homa State College, 2805 NE Lincoln Road, Idabel, Oklahoma 74745, USA 
(e-mail: cmcallister@se.edu); HENRY W. ROBISON, Department of Biology, 
Southern Arkansas University, Magnolia, Arkansas 71754, USA (e-mail: hwro-
bison@yahoo.com). 

BOLITOGLOSSA MEXICANA (Mexican Mushroom-tongued Sala-
mander; Salamandra de Vientre Oscuro). HONDURAS: OCOTE-

PEQUE:	 El	 Mojonal	 (14.483333°N,	 89.283333°W;	 WGS84,	 elev.	
1350 m). 13 August 2008. James R. McCranie and Leonardo Valdés 
Orellana. Verified by Sean M. Rovito. USNM 573703. First record 
for Ocotepeque (McCranie 2007. Herpetol. Rev. 38:36) and first 
Pacific versant record for the species (McCranie and Wilson 2002. 
The Amphibians of Honduras. SSAR Contr. Herpetol. 19, x + 625 
pp.). Closest known Honduran record is 2 km N of Santa Rosa de 
Copán, Copán (McCranie 2006. Smithson. Herpetol. Inform. Serv. 
137:4), located about 65 km NNE of El Mojonal. The salamander 
was found at night on low vegetation within a coffee farm, origi-
nally in broadleaf forest.
 JAMES R. McCRANIE, 10770 SW 164th Street, Miami, Florida 33157–
2933, USA (e-mail: jmccrani@bellsouth.net); LEONARDO VALDÉS ORELLA-
NA, Gerente General de “Hondufauna,” Investigador Privado, Colonia Améri-
ca, Bloque 9, Casa 1806, Comayagüela, MDC, Honduras (e-mail: leovalor@
hotmail.com).

DESMOGNATHUS QUADRAMACULATUS (Black-bellied Sala-
mander). USA: VIRGINIA: russell Co.: Clinch Mountain Wildlife 
Management Area, 6.4 km NW of intersection of Russell County 
Routes 733 and 613 (36.931505°N, 81.831927°W; WGS 84). 16 June 
2010. Z. Felix. AUM AHAP-D 280, digital image. Verified by Carlos 
Camp. New county record (Mitchell and Reay 1999. Atlas of Am-
phibians and Reptiles in Virginia. Virginia Dept. of Game and In-
land Fisheries, Richmond. 122 pp.). One adult found under rock 
at Twin Springs, northwest of Tumbling Creek. The presence of D. 
quadramaculatus at this site extends the species’ range 20 km NW 
in Virginia, and apparently represents a rare case of sympatry with 
Desmognathus welteri, the Black Mountain Salamander (Mitchell 
and Reay, op. cit.). 
 ZACH I. FELIX, Biology Department, Reinhardt University, Waleska, Georgia 
30183, USA; e-mail: zif@reinhardt.edu.

EURYCEA GUTTOLINEATA (Three-lined Salamander). USA: 
GEORGIA: BAnks Co.: Wilson Shoals Wildlife Management Area, 
close to Grant Mill Rd 0.9 km NE of junction with Yonah Homer 
Road (34.40291°N, 83.58813ºW, WGS 84; elev. 289 m). 02 April 
2009. Robert L. Hill. Verified by Graig Guyer. AUM AHAP-D 286. 
New county record (Jensen et al. 2008. Amphibians and Reptiles of 
Georgia. Univ. of Georgia Press, Athens. 575 pp.). Previously docu-
mented in adjacent Habersham, Hall, Jackson, and Stephens coun-
ties. One adult female (49 mm SVL) and one adult male (41 mm 
SVL) retrieved from inside shallow crevices in a man-made rock 
structure near edge of stream along Grant Mill Road. Male speci-
men photographed and both released. 
 ROBERT L. HILL, Department of Conservation and Research, Atlanta Bo-
tanical Garden, Atlanta, Georgia 30309, USA; e-mail: rhill@atlantabotanical-
garden.org

NECTURUS MACULOSUS LOUISIANENSIS (Red River Mudpup-
py). USA: ARKANSAS: GrAnT Co.: 19.3 km SW Sheridan along Saline 
River backwater area (34.195901°N, 92.539814°W; WGS 84). 8 May 
2003. H. W. Robison. Verified by S. E. Trauth. Arkansas State Univer-
sity Museum of Zoology, Herpetological Collection (ASUMZ 31566). 
New county record; helps fill a distributional hiatus between Dallas 
and Hot Spring counties (Trauth et al. 2004. The Amphibians and 
Reptiles of Arkansas. Univ. Arkansas Press, Fayetteville. 421 pp.). 
 CHRIS T. McALLISTER, Science and Mathematics Division, Eastern Okla-
homa State College, 2805 NE Lincoln Road, Idabel, Oklahoma 74745, USA 
(e-mail: cmcallister@se.edu); HENRY W. ROBISON, Department of Biology, 
Southern Arkansas University, Magnolia, Arkansas 71754, USA (e-mail: hwro-
bison@yahoo.com). 
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PSEUDOTRITON RUBER VIOSCAI (Southern Red Salamander). 
USA: ALABAMA: esCAMBiA Co.: along County Road 4, 0.2 mi. E. of 
County Road 11 (31.067574°N, 86.807876°W; WGS84/NAD83). 06 
March 1999. R. Birkhead and S. M. Boback. Verified by Craig Guy-
er. AUM 35176. New county record. Fills the distribution gap be-
tween populations of P. r. vioscai to the south in Santa Rosa and 
Okaloosa counties, Florida (Ashton and Ashton 1988. Handbook of 
the Reptiles and Amphibians of Florida, Part III. The Amphibians. 
Windward Publishing. 191 pp.), and the putative zone of P. r. ruber 
× P. r. vioscai intergradation to the north in Monroe and Conecuh 
counties, Alabama (Mount 1996. The Reptiles and Amphibians of 
Alabama. University of Alabama Press. xi + 347 pp.). Collected in 
roadside ditch.
  ROGER D. BIRKHEAD, Alabama Science In Motion, Auburn University, Al-
abama 36849-5414, USA (e-mail: birkhrd@auburn.edu); SCOTT M. BOBACK, 
Dickinson College, Carlisle, Pennsylvania 17013, USA (e-mail: bobacks@dick-
inson.edu); SEAN P. GRAHAM, Department of Biological Sciences, Auburn 
University, Alabama 36849-5414, USA (e-mail: grahasp@auburn.edu).

SIREN INTERMEDIA NETTINGI (Western Lesser Siren). USA: AR-
KANSAS: Perry Co.: 3.2 km SE Hollis at roadside ditch along Bear 
Creek (34.874444°N, 93.110278°W; WGS 84). 2 June 2005. H. W. Ro-
bison. Verified by S. E. Trauth. Arkansas State University Museum 
of Zoology, Herpetological Collection (ASUMZ 31569). New county 
record; fills a distributional gap in the Ouachitas south of the Ar-
kansas River between Conway and Yell counties (Trauth et al. 2004. 
The Amphibians and Reptiles of Arkansas. Univ. Arkansas Press, 
Fayetteville. 421 pp.). 
 CHRIS T. McALLISTER, Science and Mathematics Division, Eastern Okla-
homa State College, 2805 NE Lincoln Road, Idabel, Oklahoma 74745, USA 
(e-mail: cmcallister@se.edu); HENRY W. ROBISON, Department of Biology, 
Southern Arkansas University, Magnolia, Arkansas 71754, USA (e-mail: hwro-
bison@yahoo.com). 

ANURA — FROGS

ACRIS CREPITANS (Northern Cricket Frog). USA: ARKAN-
SAS: GrAnT Co.: 1.6 km E Poyen off St. Hwy 270 (34.320614°N, 
92.624016°W; WGS 84). 16 September 2010. H. W. Robison. Verified 
by S. E. Trauth. Arkansas State University Museum of Zoology, Her-
petological Collection (ASUMZ 31567). A new county record that 
completely fills small hiatus in central Arkansas (Trauth et al. 2004. 
The Amphibians and Reptiles of Arkansas. Univ. Arkansas Press, 
Fayetteville. 421 pp.). This frog has now been documented from ev-
ery county of the state. 
 CHRIS T. McALLISTER, Science and Mathematics Division, Eastern Okla-
homa State College, 2805 NE Lincoln Road, Idabel, Oklahoma 74745, USA 
(e-mail: cmcallister@se.edu); HENRY W. ROBISON, Department of Biology, 
Southern Arkansas University, Magnolia, Arkansas 71754, USA (e-mail: hwro-
bison@yahoo.com). 

ACRIS CREPITANS (Northern Cricket Frog). USA: GEORGIA: GWin-
neTT Co.: George Pierce Park: ca. 0.87 km from junction of SR 13/US 
23 and George Pierce Park (34.05667°N, 84.05481°W; WGS 84; elev. 
280 m). 18 April 2008. Robert L. Hill. Verified by John B. Jensen and 
Joseph R. Mendelson. AUM AHAP-D 285. New county record (Jen-
sen et al. 2008. Amphibians and Reptiles of Georgia. Univ. of Geor-
gia Press, Athens. 575 pp.). Previously documented in all surround-
ing counties. Three specimens of undetermined sex observed in 
leaf litter along edge of small stream parallel to gravel hiking trail 
ca.70 m from trail entrance closest to George Pierce Park at end of 
parking lot. Specimens photographed and released. 

 ROBERT L. HILL, Department of Research and Conservation, Atlanta Bo-
tanical Garden, Atlanta, Georgia 30309, USA; e-mail: rhill@atlantabotanical-
garden.org.

ACRIS CREPITANS (Northern Cricket Frog). USA: INDIANA: Ver-
Million Co.: Highland Township: (40.09627°N, 87.43305°W; WGS 
84). 02 April 2010. Nathan Engbrecht. Verified by Chris Phillips. Illi-
nois Natural History Survey (INHS 2010j). New county record. Fills 
a distribution gap in western Indiana (Minton 2001. Amphibians 
and Reptiles of Indiana, 2nd ed., revised. Indiana Academy of Sci-
ence. vii + 404 pp.). Two adults were observed in the vicinity of a 
small farm pond. 
 NATHAN ENGBRECHT, 135 Holmstedt Hall, Indiana University School of 
Medicine-Terre Haute, Indiana State University, Terre Haute, Indiana 47809, 
USA (e-mail: nengbrecht@indstate.edu); SARABETH KLUEH and JASON 
MIRTL, Wildlife Diversity Section, Indiana Department of Natural Resources 
Division of Fish and Wildlife, 553 East Miller Drive, Bloomington, Indiana 
47401, USA (e-mail: sklueh@dnr.in.gov).

CARDIOGLOSSA ALSCO (NCN). CAMEROON: ADAMAWA PROV-
INCE: Gotel Mts., Tchabal Wadi (alternative names: Tchabel Ouade, 
Tchabal Gangroua, Chappal Waddi, Gangirwal – latter two in Ni-
geria), Cameroon – Nigeria border: 7.02921°N, 11.70576°E, 2010 m 
elev. 5 November 2009. Václav Gvozdík. National Museum, Prague, 
Czech Republic. NMP6V 74162. Verified by David C. Blackburn. 
Previously known from type locality on southern slopes of Tchabal 
Mbabo Mts. (Herrmann et al. 2004. Herpetozoa 17:119–125; Her-
rmann 2006. In IUCN 2010. IUCN Red List of Threatened Species. 
Version 2010.4. <www.iucnredlist.org>). Subadult, probably male 
(SVL 23.6 mm) collected from side of small stream fringing forest 
within montane grassland-pasture in early dry season, with occa-
sional rain. Active on wet rock-ground close to small pool at 1930 h, 
shortly after dusk. Locality is ca. 50 km by air from type locality, but 
in different mountain system. Present locality on border between 
Cameroon and Nigeria, and occurrence in Nigeria, on western 
slopes of Gotel Mountains, where Gashaka Gumti National Park 
extends, assumed. 
 Specimen collected under permit issued by Cameroonian Minis-
try of Forestry and Wildlife and Ministry of Scientific Research and 
Innovation Nos. 1010/PRBS/MINFOF/SG/DFAP/SDVEF/SC and 
0132/MINRESI/B00/C00/C10/C13.
 VÁCLAV GVOŽDÍK, Institute of Animal Physiology and Genetics, Acad-
emy of Sciences of the Czech Republic, Rumburska 89, CZ 277 21 Libechov 
& National Museum, Department of Zoology, Cirkusova 1740, CZ 193 00 
Prague, Czech Republic; e-mail: vgvozdik@email.cz. 

CARDIOGLOSSA SCHIOETZI (Acha Tugi Long-fingered Frog). 
CAMEROON: ADAMAWA PROVINCE: Gotel Mts., Tchabal Wadi 
(alternative names: Tchabel Ouade, Tchabal Gangroua, Chap-
pal Waddi, Gangirwal – latter two in Nigeria), Cameroon – Nige-
ria border (07.02921°N, 11.70576°E, 2010 m elev.). 5 November 
2009.	 Václav	 Gvoz♀dík.	 National	 Museum,	 Prague,	 Czech	 Repub-
lic. NMP6V 74164/1–4. Verified by David C. Blackburn. Previously 
known from several localities in the mountains of Cameroon and 
eastern Nigeria: Oshie-Obudu Ridge, Mount Mbam, Mount Oku 
(Amiet 1981. Ann. Fac. Sci. Yaoundé 28:117–131; Amiet and Schiøtz 
2008. In Stuart et al. [eds.], Threatened Amphibians of the World. 
Lynx Ediciones, Barcelona/IUCN- The World Conservation Union, 
Conservation International and NaturServe, Washington, D.C. 148 
pp.; Blackburn 2006. Herpetol. Rev. 37:486). Four adult males (SVL 
23.7–24.9 mm) collected from side of small stream fringing for-
est within montane grassland-pastures in early dry season when 
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occasional rains occurred. Males calling from leaf litter on banks 
close to stream from dusk until at least 2200 h. New record extends 
known range by ca. 170 km NE from nearest locality on Mount Oku. 
 Specimens collected under permits issued by Cameroonian Min-
istry of Forestry and Wildlife and Ministry of Scientific Research 
and Innovation Nos. 1010/PRBS/MINFOF/SG/DFAP/SDVEF/SC 
and 0132/MINRESI/B00/C00/C10/C13.
 VÁCLAV GVOŽDÍK, Institute of Animal Physiology and Genetics, Acad-
emy of Sciences of the Czech Republic, Rumburska 89, CZ 277 21 Libechov 
& National Museum, Department of Zoology, Cirkusova 1740, CZ 193 00 
Prague, Czech Republic; e-mail: vgvozdik@email.cz. 

EUPHLYCTIS HEXADACTYLUS (Indian Five-fingered Frog). BAN-
GLADESH: DHAKA: GAziPur disTriCT: Demurpara village, Pubail 
(23.9559°N, 90.4548°E, 70 m elev.). Digital image deposited at Raffles 
Museum of Biodiversity Research ZRC(IMG) 1.33. First record from 
Gazipur District. 28 May 2010 at ca. 1900 h near residential area. 
Verified by Monirul H. Khan. In Bangladesh, reported from west-
ern parts of Padma River as well as southeast, including Barisal and 
Khulna. Confirmed report from Jahangirnagar University Campus, 
Savar, Dhaka (Kabir et al. 2009. Encyclopedia of Flora and Fauna of 
Bangladesh. Volume 25. Amphibians and Reptiles. Asiatic Society 
of Bangladesh, Dhaka. 204 pp.). Reported from Sundarban Reserve 
Forest (Reza et al. 2000. Froglog 4[2]:1–2). First locality record from 
Gazipur District and northernmost record for Bangladesh.
 MD. SHARIF HOSSAIN SOURAV, Department of Botany, Jahangirnagar 
University, Dhaka 1342, Bangladesh (e-mail: nature.sourav@gmail.com); 
JAYADITYA PURKAYASTHA, HelpEarth, Lachitnagar, RNC path Guwahati 
781007, Assam, India (e-mail: jaya_ditya@rediffmail.com).

HYLA CHRYSOSCELIS (Cope’s Gray Treefrog). USA: ALABAMA: 
lAuderdAle Co.: Butler Creek off Co Rd 61 (34.98659°N, 87.61431°W, 
WGS 84). 28 October 2010. Christina M. Schmidt and Sean P. Gra-
ham. Verified by Craig Guyer. Photo voucher AUM AHAP-D 295. 
New county record (Mount 1975. The Reptiles and Amphibians of 
Alabama. University Alabama Press, Auburn. 345 pp.). 
 CHRISTINA M. SCHMIDT, 101 Life Sciences Building, Auburn University, 
Alabama 35849, USA.

LEPTODACTYLUS SAVAGEI (Rana Grande de la Selva). HONDU-
RAS:	ATLÁNTIDA:	Pico	Bonito	Lodge,	ca.	15	km	WSW	of	La	Cieba	
(15.70°N, 86.90°W, WGS84; elev. 100 m). 14 August 2009. James R. 
McCranie and Leonardo Valdés Orellana. Verified by W. R. Heyer. 
USNM 573361. First record for Atlántida (McCranie 2006. Smithso-
nian Herpetol. Inform. Serv. 137:33). Extends the range ca. 65 km 
W of the closest previously known locality at Balfate, Colón. The 
adult female was collected at night in the water at the edge of a 
small man-made pond surrounded by secondary lowland rainfor-
est, during a light rain about 1 h after dark.
 LEONARDO VALDÉS ORELLANA, Gerente General de “Hondufauna,” 
Investigador Privado, Colonia América, Bloque 9, Casa 1806, Comayagüela, 
MDC, Honduras (e-mail: leovalor@hotmail.com); JAMES R. McCRANIE, 
10770 SW 164th Street, Miami, Florida 33157–2933, USA (e-mail: jmccrani@
bellsouth.net).

LITHOBATES CATESBEIANUS (American Bullfrog). USA: NE-
BRASKA: roCk Co.: approx. 5.9 mi. NNW Newport in sandhill habi-
tat (42.68011667°N, 99.37136111°W, WGS 84; elev. 679 m). 15 June 
2004. Brian Hubbs. Verified by Travis Taggart. Los Angeles County 
Museum photo voucher LACM PC 1534. First county record (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, Lin-
coln. 158 pp.) Frog found in man-made farm pond.
 BRIAN HUBBS, P.O. Box 26407, Tempe, Arizona 85285, USA; e-mail: tricol-
orbrian@hotmail.com.

LITHOBATES PALUSTRIS (Pickerel Frog). USA: ILLINOIS: edGAr 
Co.: Brouilletts Creek, 0.76 km SE of intersection of County Road 
2225 E and County Road 1650 N (39.702885°N, 87.550654°W; WGS 
84). 29 August 2010. Collected by NMK and AMD. Verified by C. A. 
Phillips. INHS 2010–12. New county record (Phillips et al. 1999. 
Field Guide to Amphibians and Reptiles of Illinois. Illinois Natu-
ral History Survey Manual 8. 300 pp.). A subadult L. palustris was 
found under a log on a sandy streambank at approximately 1700 h.
 NICHOLAS M. KIRIAZIS (e-mail: nmkiriazis@eiu.edu) and ANDREW 
M. DURSO, Eastern Illinois University, Department of Biological Sciences, 
Charleston, Illinois 61920, USA (e-mail: amdurso@gmail.com).

MELANOPHRYNISCUS DEVINCENZII. PARAGUAY: ITAPÚA DE-
PARTMENT: disTriCT oF AlTo VerA: Kanguery, privately-owned 
reserve by Guyra Paraguay within the area delimited for the im-
plantation of the San Rafael National Park (26.50833°S, 55.7825°W; 
WGS 84). 18 February 2009 and 22 April 2009. K. Núñez. Verified 
by D. Baldo. Museo Nacional de Historia Natural del Paraguay, 
San Lorenzo, Paraguay (MNHNP 11392, 11400). First record of M. 
devincenzii for Itapúa Department and second record for Para-
guay. Melanophryniscus devincenzii is known in the departments 
of Rivera and Tacuarembó, northeastern Uruguay (Achaval and 
Olmos 2003. Anfíbios y Reptiles del Uruguay, 2nd ed. Graphis Im-
presora, Montevideo. 136 pp.; Langone 1995 “1994.” Mus. Damaso 
Antonio Larrañaga Ser. Divulg. 5); Misiones and Corrientes prov-
inces, northern Argentina (Baldo and Krauczuk 1999. Cuad. Her-
petol. 13:101; Baldo and Basso 2004. J. Herpetol 38:393–403; Boeris 
et al. 2010. Check List 6:395–396); the Municipality of Sertão, Rio 
Grande do Sul, Brazil (Zanella et al. 2007. Check List 3:104); Guairá 
Department, south-central Paraguay (Airaldi et al. 2009. Check List 
5:377–379). 
 This new locality is situated between the known sites of the De-
partment of Guaira (75 km SE) and the Provinces of Misiones and 
Corrientes (123 km NE and 148 km NE, respectively). 
 The collecting license was granted by Secretaría del Ambiente 
(13/2008).
 KARINA NÚÑEZ, Universidad Nacional de Asunción, Facultad de Cien-
cias Exactas y Naturales, Departamento de Biología, Ruta Mariscal Estigarribia 
km 11 (Campus Universitario), San Lorenzo, Paraguay; e-mail: ranitapy@hot-
mail.com.

OSTEOPILUS SEPTENTRIONALIS (Cuban Treefrog). USA: FLOR-
IDA: BrAdFord Co.: Starke, 703 South Orange Street (29.94015°N, 
82.115328°W; WGS84). 12 December 2009. Linda S. Stevenson. 
Verified by Melvin P. Gramke. Florida Museum of Natural History, 
University of Florida. UF 162973. First county record (Meshaka 
et al. 2004. The Exotic Amphibians and Reptiles of Florida. Krieg-
er Publ. Co., Malabar, Florida; Somma 2009. In Nonindigenous 
Aquatic Species. USGS: http://nas.er.usgs.gov/queries/FactSheet.
asp?speciesID=57). One adult collected from inside a mailbox on 
wall of a residence. Individual O.	septentrionalis have been sighted 
at this locality from early 2009 through early 2010. This established 
population is adjacent to populations of O.	septentrionalis in Ala-
chua, Clay, and Duval (Jacksonville) counties, Florida, forming part 
of a northern invasion front in Florida, from Levy Co. on the Gulf 
Coast extending northeastward to Nassau Co. (Krysko et al. 2005. 
Herpetol. Rev. 36:85–87; Somma 2009, op. cit.; Wilson and Bechler 
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2010. Herpetol. Rev. 41:376). This is Entomology Contribution No. 
1186, DPI, FDACS.
 LINDA S. STEVENSON (e-mail: stevenl@doacs.state.fl.us) and LOUIS A. 
SOMMA, Florida State Collection of Arthropods, Division of Plant Industry—
Entomology Sect., Florida Department of Agriculture & Consumer Services, 
PO Box 147100, 1911 SW 34th Street, Gainesville, Florida 32614-7100, USA 
(e-mail: sommal@doacs.state.fl.us).

PELOBATES VARALDII (Moroccan Spadefoot Toad). MOROCCO: 
temporary ponds next to road N1 between Asilah and Tanger 
(35.621983°N, 5.979220°W; WGS84). 4 April 2009. Marta Lapeña 
and Luis Javier Barbadillo. Verified by mt-DNA barcoding (IMS, un-
publ. data). Tissue vouchers of five tadpoles deposited at Instituto 
de Investigación en Recursos Cinegéticos (IMS personal collection, 
voucher numbers: IMS 1148–1152). Hundreds of tadpoles in three 
ponds < 100 m of each other, in all cases co-occurring with larvae 
of Pleurodeles waltl. Extends range 50 km N (town of Larache; see 
Bons and Geniez 1996. Anfibios y Reptiles de Marruecos [incluido 
Sáhara Occidental]. Atlas Biogeográfico. Asociación Herpetológica 
Española, Barcelona. 320 pp.).
 MARTA LAPEÑA, Avenida del Ejército Español, 1, Bloque 1, 6º D, 51002 
Ceuta, Spain (e-mail: martalape@yahoo.es); LUIS JAVIER BARBADILLO, Aveni-
da Hassan II, 2, 93000 Tetouan, Morocco (e-mail: ljbarbadillo@yahoo.es); IÑIGO 
MARTÍNEZ-SOLANO, Instituto de Investigación en Recursos Cinegéticos, Ron-
da de Toledo, s/n, 13005 Ciudad Real, Spain (e-mail: inigomsolano@irec.csic.es).

PROCERATOPHRYS PAVIOTII. BRAZIL: ESPÍRITO SANTO: Pin-
heiros, Fazenda Santa Rita (18.30ºS, 40.15ºW; WGS 84; 105 m elev.). 
25 August 2008. J. Peres and J. E. Simon. Museu de Biologia Profes-
sor Mello Leitão, Santa Teresa, Espírito Santo, Brazil (MBML 7237–
7243).Verified by G. Machado Prado. The species was previously 
known only from its type locality: Estação Biológica de Santa Lúcia 
(ca. 19.96°S, 40.53°W, elev. 560 m), Municipality of Santa Teresa, 
mountainous region of the State of Espírito Santo, southeastern 
Brazil (Cruz et al. 2005. Arq. Mus. Nac. 63[2]:289–295). This record 
extends the species distribution ca. 190 km N from type locality.
 JULIANA PERES and JOSÉ EDUARDO SIMON, Museu de Biologia Prof. 
Mello Leitão, Rua José Ruschi, 4, Santa Teresa, ES, Brazil, CEP: 29650-000 (e-
mail: simon@ebr.com.br)

PSEUDACRIS CRUCIFER (Spring Peeper). USA: GEORGIA: Meri-
WeTher Co.: Joe Kurz Wildlife Management Area, 0.64 km S of Da-
mascus Church Rd (33.12956°N, 84.53502°W, WGS 84; elev. 237 m). 
11 November 2009. Robert L. Hill. Verified by Craig Guyer. AUM 
AHAP-D 284. New county record (Jensen et al. 2008. Amphibians 
and Reptiles of Georgia. Univ. of Georgia Press, Athens. 575 pp.); 
previously documented in all surrounding counties. Specimen 
found under decaying log, photographed, and released. 
 ROBERT L. HILL, Department of Conservation and Research, Atlanta Bo-
tanical Garden, Atlanta, Georgia 30309, USA; e-mail: rhill@atlantabotanical-
garden.org.

PSEUDACRIS CRUCIFER (Spring Peeper). USA: TENNESSEE: 
union Co.: Maynardville (36.219444°N, 83.828889°W; WGS84). 27 
September 2010. Stephen K. Nelson. Verified by A. Floyd Scott. 
David H. Snyder Museum of Zoology, Austin Peay State Universi-
ty (APSU 19063, color photo). First county record (Redmond and 
Scott 1996. Atlas of Amphibians in Tennessee. Misc. Publ. No. 12, 
Center for Field Biology, Austin Peay State University, 24 pp. Inter-
net version, available at http://www1.apsu.edu/amatlas/index.
html. Accessed 25 October 2010). On road at night in rain, at an air 
temperature of 15°C.

 STEPHEN K. NELSON, University of Tennessee, Knoxville, Tennessee 
37996-0925, USA; e-mail: snelso24@utk.edu

PSEUDACRIS FERIARUM (Upland Chorus Frog). USA: TENNES-
SEE: MArshAll Co.: (35.6700°N, 86.7856°W; NAD83). 21 April 2009. 
Michael Anderson and Daniel Estabrooks. Verified by A. Floyd Scott. 
Austin Peay State University’s David H. Snyder Museum of Zoology 
(APSU 19059, photographic voucher). First record for county, ca. 
38 km from previous site in Giles Co. (Redmond and Scott 1996. At-
las of Amphibians in Tennessee. Misc. Publ. No. 12. The Center for 
Field Biology, Austin Peay State University, Clarksville, Tennessee. 
94 pp. Internet version [http://www.apsu.edu/amatlas] contains 
links to information regarding Tennessee distribution of amphib-
ians recorded since 1996; accessed 07 October 2010). Male and fe-
male in amplexus. 
 MICHAEL A. ANDERSON (e-mail: maa3t@mtmail.mtsu.edu) and DANIEL 
B. ESTABROOKS (e-mail: dbe2g@mtmail.mtsu.edu), Department of Biology, 
Middle Tennessee State University, Murfreesboro, Tennessee 37132, USA.

RHINELLA BERNARDOI. ARGENTINA: SAN JUAN: dePArTMenTo 
CAuCeTe:	 Quebrada	 de	 Las	 Flores	 (31.70083°S,	 68.09500°W,	WGS	
84;	elev.	743.5	m).	February	2009.	L.	Quiroga,	E.	Sanabria,	F.	Cano,	
R. Cortez, and V. Marinero. Herpetological Collection, Fundación 
Miguel Lillo, Tucumán, Argentina (FML 23921, male, SVL 70 mm, 
body mass 40 g, and body temperature 18°C). Verified by F. Arias. 
 Previously known only from the type locality, this record ex-
tends known distribution about 170 km S from Parque Provin-
cial Ischigualasto, Departamento Valle Fértil, San Juan, Argentina 
(Sanabria et al. 2010. Zootaxa 2396:50–60).
 EDUARDO A. SANABRIA (e-mail: sanabria.eduardoa@gmail.com), LO-
RENA B. QUIROGA, FLORENCIA A. CANO, RICARDO O. CORTEZ, and 
NANCY V. MARINERO, Departamento de Biología, F.C.E.F. y N., Universidad 
Nacional de San Juan, Avenida España 400 (N) C.P. 5400, San Juan, Argentina.

RHINELLA RUBESCENS (Rufous Toad). BRAZIL: MATO GROSSO 
DO SUL: MuniCiPAliTy oF dourAdos: (22.09613°S, 55.37456°W; SAD 
69).16 June 2007. C. Aoki and P. Landgref Filho. Coleção Zoológi-
ca de Referência da Universidade Federal de Mato Grosso do Sul, 
Mato Grosso do Sul, Brazil (ZUFMS-AMP 1213). Verified by R. A. 
Brandão. First record for Mato Grosso do Sul State (Frost 2010. Am-
phibian Species of the World: an Online Reference. Version 5.4). 
The geographic distribution of Rhinella rubescens encompasses 
the Brazilian states of Pará, Piauí, Goiás, Minas Gerais, São Paulo, 
and Bahia. Extends the known distribution of R. rubescens ca. 520 
km SW from the closest known locality (Goiás).
 CAMILA AOKI, Programa de Pós Graduação em Ecologia e Conservação. 
Universidade Federal de Mato Grosso do Sul, Cidade Universitária, s/n, Bairro 
Universitário, CEP 79070-900, Campo Grande, MS, Brazil (e-mail: aokicamila@
yahoo.com.br); PAULO LANDGREF FILHO, Centro de Ciências Biológicas e da 
Saúde, Universidade Federal de Mato Grosso do Sul, Laboratório de Zoologia, 
CEP 79070-900, Campo Grande, MS, Brazil; FABRÍCIO HIROIUKI ODA, Pro-
gramade Pós-Graduação em Ecologia de Ambientes Aquáticos Continentais. 
Universidade Estadual de Maringá, Nupélia - Núcleo de Pesquisas em Limno-
logia, Ictiologia e Aqüicultura, Laboratório de Ictioparasitologia – Bloco G-90, 
Av. Colombo, 5790, CEP 87020-900, Maringá, PR, Brazil; ROBERTO MACEDO 
GAMARRA, Programa de Pós Graduação em Ecologia e Conservação. Univer-
sidade Federal de Mato Grosso do Sul, Cidade Universitária, s/n, Bairro Univer-
sitário, CEP 79070-900. Campo Grande, MS, Brazil.

SCINAX AURATUS (Golden Tree Frog). BRAZIL: PARAÍBA: Ma-
manguape, Reserva Biológica Guaribas (06.74339°S, 035.14711°W, 
WGS84; elev.182 m). 5 June 2010. Collected by A. Santos Protázio, 
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L.	B.	Q.	Cavalcanti.	Verified	by	G.	H.	Calazans	Vieira.	Departamento	
de Sistemática e Ecologia, Coleção Herpetológica, Universidade 
Federal da Paraíba (SVL 22.38 mm; UFPB 4884; collecting license 
ICMBIO 15806-2). First state record. Scinax auratus was previously 
known from the states of Bahia, Sergipe, and Alagoas (Alves et al. 
2004. Rev. Brasil. Zool. 21[2]:315–317; Bokermann 1969. Rev. Brasil. 
Biol. 29[2]:159–162; Juncá 2005. In Juncá et al. [org.], Biodiversidade 
e Conservação da Chapada Diamantina, pp. 337–356. Ministério 
do Meio Ambiente; Nunes and Pombal Jr. 2010. Amphibia-Reptilia 
31:347–353; Santana et al. 2009. Check List 5[2]:246–248). Extends 
the species distribution ca. 406 km NE from the municipality of 
Quebrângulo,	Alagoas	state.	
 ARIELSON DOS SANTOS PROTÁZIO, LUCAS BARBOSA DE QUEIRO-
GA CAVALCANTI, DANIEL OLIVEIRA MESQUITA, Universidade Federal da 
Paraíba, Departamento de Sistemática e Ecologia, Cidade Universitária, Cep: 
58059-900, João Pessoa, Paraíba, Brazil; AIRAN DOS SANTOS PROTÁZIO, 
Universidade Estadual de Feira de Santana, Laboratório de Animais Peçon-
hentos e Herpetologia, Av. Transnordestina, S/N, Novo Horizonte, Cep: 44036-
900, Feira de Santana, Bahia, Brazil (e-mail: neu_ptz@hotmail.com).

SCINAX GRANULATUS (NCN). ARGENTINA: BUENOS AIRES: 
PArTido de GenerAl Pueyrredon: Sierra de Los Padres (37.94028°S, 
57.79472°W; WGS 84). 24 July 2010. L. E. Vega and P. J. Bellagamba. 
Verified by J. Faivovich. Herpetological Collection of Laboratorio 
Vertebrados, Departamento de Biología, Universidad Nacional 
de Mar del Plata, Mar del Plata, Buenos Aires, Argentina (UNMdP 
1809–1810). First citation for the county and the southernmost 
record known for this species. This is the first documentation of 
this frog inhabiting mountain environments at 170 m elev. Pres-
ent record extends the distribution of this frog 120 km to the SW 
from nearest known locality in Partido de General Madariaga in 
the Buenos Aires province (Barrasso and Cajade 2007. Herpetol. 
Rev. 38:99). The species was previously known from northeastern 
Argentina, south to Buenos Aires Province; Uruguay and Paraná, 
Santa Catarina, and Rio Grande do Sul, Brazil; expected in southern 
Paraguay (Frost 2010. Amphibian Species of the World: an Online 
Reference. Version 5.4 [8 April 2010]. Electronic database accessible 
at http://research.amnh.org/vz/herpetology/amphibia. American 
Museum of Natural History, New York). Barrasso and Cajade (2007, 
op. cit.) pointed out that Gallardo mentioned two specimens from 
Sierra de la Ventana, but the citation is not supported by voucher 
specimens. Two adults were captured under rocks. Another five in-
dividuals were found inactive under rocks.
 LAURA E. VEGA, PATRICIO J. BELLAGAMBA, OSCAR A. STELLATELLI, 
Laboratorio Vertebrados, Departamento de Biología, Universidad Nacional 
de Mar del Plata, Funes 3250, 7600 Mar del Plata, Argentina; GUILLERMO S. 
NATALE, Centro de Investigaciones del Medio Ambiente, Departamento de 
Química, Facultad de Ciencias Exactas, Universidad de La Plata, Calle 47 y 115 
s/n, La Plata, Buenos Aires, Argentina.

SCINAX TRAPICHEIROI. BRAZIL: RIO DE JANEIRO: MuniCiPAliTy 
oF BoM Jesus do iTABAPoAnA: River Itabapoana bank (21.106424°S, 
41.725598°W; SAD 69, elev. 139 m). 18 August 2006. Collected by 
A. L. Silveira. Museu Nacional / UFRJ, Rio de Janeiro, RJ, Brazil 
(MNRJ 42510). Verified by U. Caramaschi. The new record extends 
the known geographic distribution of species about 205 km NE 
from the closest previous record (Saquarema, ZUFRJ 6720–6723, 
Luna-Dias et al. 2009. Check List 5[2]:251–253), and constitutes the 
northern and western boundaries of this distribution. First record 
of Scinax trapicheiroi in the Atlantic Forest biome, a semidecidu-
ous seasonal forest. Species was previously known from munici-
palities of Rio de Janeiro, Maricá, Angra dos Reis (Ilha Grande), 

Mangaratiba (Ilha da Marambaia), Piraí and Saquarema, in Rio de 
Janeiro state, Brazil (Luna-Dias et al., op. cit.; Lutz 1954. Mem. Inst. 
Oswaldo Cruz 52[1]:155–197); all localities occur in area of dense 
ombrophile forest. 
 ADRIANO LIMA SILVEIRA, Setor de Herpetologia, Departamento de Ver-
tebrados, Museu Nacional / Universidade Federal do Rio de Janeiro, Quinta 
da Boa Vista, São Cristóvão, CEP 20940-040, Rio de Janeiro, RJ, Brazil; e-mail: 
biosilveira@yahoo.com.br.

CROCODYLIA — CROCODILIANS

PALEOSUCHUS PALPEBROSUS (Cuvier’s Dwarf Caiman, Jaca-
ré-paguá).	 BRAZIL:	 CEARÁ:	 iTAPiPoCA MuniCiPAliTy: Sítio São José 
(03.1825°S, 39.4369444°W; WGS84). January–February 2005. F. H. 
C. de Lima. Collection of Herpetology of Núcleo Regional de Ofio-
logia (NUROF) - Universidade Federal do Ceará, Fortaleza, Brazil 
(CHUFC C045–C046). Verified by L. M. Verdade. First state record. 
The species was also photographed and registered by visual survey 
on Serra das Almas, Crateús Municipalty (03.345°S, 40.8861111°W; 
datum WGS84), located 260 km airline SW from Itapipoca, dur-
ing January 2003. The species was previously known from basins 
of Amazonian (Colombia, Venezuela, Guianas, Bolívia, Paraguay 
and Brazil), Pantanal, Caatinga, and Atlantic Forest (Brazil) biomes 
(Carvalho 1951. Os Jacarés do Brasil. Arquivos do Museu Nacio-
nal, XLII:127–152; King and Burke 1989. Crocodilian, Tuatara, and 
Turtle Species of the World. Association of Systematics Collections, 
Washington, DC. 216 pp). In northeastern Brazil, the species was 
known from Grande River in the São Francisco River basin, state of 
Bahia (Carvalho, op. cit.), and recently from Atlantic Forest on João 
Pessoa Municipality, state of Paraíba (Santana et al. 2008. Biotemas 
21[1]:75–84). Extends known distribution ca. 660 km airline NW 
from João Pessoa, and ca. 900 km airline SW of previously known 
range to the Rio Grande/Rio São Francisco. This is the first record of 
the species from streams in dune forests (Complexo Litorâneo), ca. 
3 km from the seacoast, and is the northernmost distribution point 
in northeastern Brazil. 
 DANIEL CASSIANO LIMA, Programa de Pós Graduação em Biodivers-
idade Animal (PPGBA/UFSM), Cidade Universitária, Camobi, Km 9, 97105-700, 
Santa Maria, Rio Grande do Sul, Brazil; Universidade Estadual do Ceará, Av 
Mons. Tabosa s/n, 62500-000, Itapipoca, Ceará, Brazil; Doctorate fellowship of 
Fundação Cearense de Apoio ao Desenvolvimento Científico e Tecnológico-
FUNCAP (e-mail: dancassiano@yahoo.com.br); FRANCISCO HÉLIO COELHO 
DE LIMA , Programa de Pós-Graduação em Desenvolvimento e Meio Ambien-
te (PRODEMA/UFC), Campus do Pici, Bloco 902, 60455-760, Fortaleza, Ceará, 
Brazil; Master Fellowship of Coordenação de Aperfeiçoamento de pessoal 
de Nível Superior-CAPES (e-mail: heliosbio74@yahoo.com.br); DIVA MARIA 
BORGES-NOJOSA, Universidade Federal do Ceará, NUROF-UFC, Campus do 
Pici, Bloco 905, 60455-760, Fortaleza, Ceará, Brazil (e-mail: dmbnojosa@ya-
hoo.com.br).

TESTUDINES — TURTLES

APALONE SPINIFERA (Spiny Softshell). USA: OHIO: union Co.: 
Paris Township: Mill Creek at Swartzkopf Park in Marysville 
(40.24449°N, 83.37324°W; WGS 84). 16 July 2008. Jeffrey E. Dawson. 
Verified by Jeffrey G. Davis. Photo voucher in Cincinnati Museum 
Center, Geier Collections and Research Center (CMC HP 480). First 
vouchered record for the county (Wynn and Moody 2006. Ohio 
Turtle, Lizard, and Snake Atlas. Ohio Biol. Surv. Misc. Contr. No. 10, 
Columbus. iv + 81 pp.). Several specimens photographed as they 
basked on large woody debris within the stream. Rausch (1947. 
Am. Midl. Nat. 38:434–442) reported obtaining one A.	 spinifera	
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from Union Co. for a survey of chelonian helminths. The turtle was 
collected while basking on a rock in the Big Darby Creek imme-
diately upstream of U.S. Rte. 36/State Rte. 4 within the village of 
Milford Center (R. L. Rausch, pers. comm.). This specimen was not 
deposited as a voucher and subsequently was not included in later 
atlases of Ohio reptile distributions by Conant (1951. The Reptiles 
of Ohio. 2nd ed. Univ. Notre Dame Press, Notre Dame. 284 pp.) and 
Wynn and Moody (2006, op. cit.). Recent sightings of A.	spinifera	in 
the Union Co. section of Big Darby Creek indicate that the species 
continues to inhabit the area (J. G. Davis, pers. comm.). Both Mill 
Creek and Big Darby Creek are tributaries of the Scioto River, with 
the current record ca. 8.8 km NE (straight-line distance) of Rausch’s 
collection site. I thank Robert L. Rausch and Jeffrey G. Davis for 
their insights and comments on this note.
 JEFFREY E. DAWSON, Reptiles/Shores Region, Columbus Zoo and 
Aquarium, Powell, Ohio 43065, USA and Department of Biology, University of 
Nebraska-Kearney, Kearney, Nebraska 68849, USA; e-mail: dawsonje@lopers.
unk.edu.

CHELYDRA SERPENTINA (Common Snapping Turtle). USA: 
GEORGIA: Cherokee Co.: Reinhardt University campus, 0.42 km 
NNW of intersection of State Routes 108 and 140 (34.321556°N, 
84.555367°W; WGS 84). 17 April 2010. B. Hudson. AUM AHAP-D 275, 
digital image. Verified by Craig Guyer. New county record (Jensen 
et al. [eds.], 2008. Amphibians and Reptiles of Georgia. University 
of Georgia Press, Athens. 575 pp.). One adult found dead in pond.
 ZACH I. FELIX, Biology Department, Reinhardt University, Waleska, Geor-
gia 30183, USA (e-mail: zif@reinhardt.edu); BRYAN HUDSON, 101 Nancy Trail, 
Roswell, Georgia, USA (e-mail: bhudson7@bellsouth.net)

CHELYDRA SERPENTINA (Snapping Turtle). USA: ILLINOIS: 
WhiTeside Co.: IL-84, 0.21 km S Carroll-Whiteside county line 
(41.927920°N, 90.104456°W; WGS84). 24 May 2010. A. M. Durso. 
Verified by C. A. Phillips. Photographic voucher INHS 2010-8. New 
county record (Phillips et al. 1999. Field Guide to Amphibians and 
Reptiles of Illinois. Illinois Natural History Survey Manual 8. 300 
pp.). A live adult female C. serpentina was moved from the highway 
at 2000 h.
 ANDREW M. DURSO, Eastern Illinois University, Department of Biological 
Sciences, Charleston, Illinois 61920, USA (e-mail: amdurso@gmail.com); LO-
RIN A. NEUMAN-LEE , Utah State University, Department of Biology, Logan, 
Utah 84332, USA (e-mail: lorin215@gmail.com).

CHRYSEMYS DORSALIS (Southern Painted Turtle). USA: LOUI-
SIANA: union PArish: Upper Ouachita National Wildlife Refuge 
(32.89062°N, 92.09124°W; NAD83). 12 June 2010. John L. Carr and 
Lisa D. Brown. Verified by John L. Carr. University of Louisiana 
at Monroe Museum of Natural History (NLU 70659, 70660). New 
parish record (Dundee and Rossman 1989. The Amphibians and 
Reptiles of Louisiana. Louisiana State University Press. 300 pp.). A 
gravid female C. dorsalis was captured on 08 June 2010. The two 
hatchling vouchers were obtained from a clutch of seven eggs laid 
on 12 June 2010 when oviposition was induced with oxytocin ad-
ministered to the female. Collecting was done with U.S. Fish and 
Wildlife Service special use permit 42651-10-07 and Louisiana De-
partment of Wildlife and Fisheries collecting permit LNHP-10-048. 
 LISA D. BROWN, Department of Biology, University of Louisiana at Mon-
roe, 700 University Ave., Monroe, Louisiana 71209, USA; e-mail: brownld@
warhawks.ulm.edu.

GRAPTEMYS GEOGRAPHICA (Northern Map Turtle). USA: OHIO: 
FAirField Co.: Berne Township, Logan-Lancaster Rd. (U.S. Rte. 33 

Business) ca. 50 m E of the Hocking River and ca. 5.8 km SE of Lan-
caster (39.67103°N, 82.56126°W; WGS 84). 1 June 2010. Jeffrey E. 
Dawson and Cheri L. Dawson. Verified by Jeffrey G. Davis. Photo 
voucher in Cincinnati Museum Center, Geier Collections and Re-
search Center (CMC HP 5266). New county record (Wynn and 
Moody 2006. Ohio Turtle, Lizard, and Snake Atlas. Ohio Biol. Surv. 
Misc. Contr. No. 10, Columbus. iv + 81 pp.) and the second record 
of this species from the Hocking River system, extending the range 
in this drainage ca. 90 river km from a historical record in Athens 
Co. (Conant 1951. Reptiles of Ohio. 2nd ed. Univ. Notre Dame Press, 
Notre Dame. vi + 284 pp.). This species has also been collected from 
neighboring Franklin, Licking, and Pickaway counties in central 
Ohio. Adult female found DOR.
 JEFFREY E. DAWSON, Reptiles/Shores Region, Columbus Zoo and 
Aquarium, Powell, Ohio 43065, USA and Department of Biology, University 
of Nebraska at Kearney, Kearney, Nebraska 68849, USA; e-mail: dawsonje@
lopers.unk.edu.

GRAPTEMYS GEOGRAPHICA (Northern Map Turtle). USA: ILLI-
NOIS: WhiTeside Co.: Mississippi River, 1.64 km SW jct. Riverfront 
Dr. and Great River Trail (41.925796°N, 90.127778°W; WGS84). 12 
June 2010. L. A. Neuman-Lee. Verified by C. A. Phillips. Photograph-
ic voucher INHS 2010-9. New county record (Phillips et al. 1999. 
Field Guide to Amphibians and Reptiles of Illinois. Illinois Natural 
History Survey Manual 8. 300 pp.). An adult female G. geographica 
was observed basking on debris in the river.
 LORIN A. NEUMAN-LEE, Utah State University, Department of Biology, 
Logan, Utah 84332, USA (e-mail: lorin215@gmail.com); ANDREW M. DURSO, 
Eastern Illinois University, Department of Biological Sciences, Charleston, Il-
linois 61920, USA (e-mail: amdurso@gmail.com).

GRAPTEMYS PSEUDOGEOGRAPHICA (False Map Turtle). USA: 
ILLINOIS: CArroll Co.: Thomson, Main St., 0.22 km E jct. Lewis Ave. 
(41.958503°N, 90.109141°W; WGS84). 18 September 2010. A. M. Dur-
so. Photographic voucher INHS 2010-10. An adult female crossing 
the road at 1600 h. WhiTeside Co.: Mickelson’s Landing sand prairie, 
0.69 km NW jct. Covell Rd. and IL-84 (41.918912°N, 90.117005°W; 
WGS84). 9 June 2008. L. A.  Neuman-Lee. Photographic voucher 
INHS 2010-11. New county record. An adult female was observed 
nesting on a sand prairie. Both vouchers verified by C. A. Phillips.
 LORIN A. NEUMAN-LEE,  Utah State University, Department of Biology, 
Logan, Utah 84332, USA (e-mail: lorin215@gmail.com); ANDREW M. DURSO, 
Eastern Illinois University, Department of Biological Sciences, Charleston, Il-
linois 61920, USA (e-mail: amdurso@gmail.com).

MACROCHELYS TEMMINCKII (Alligator Snapping Turtle). USA: 
TENNESSEE: TiPTon Co.: Densford Bar Mississippi River Mile 757 
Pecan	 Point	 Quad	 (35.410308°N,	 90.026275°W,	NAD	 83).	 15	 June	
2004. Robert Colvin. Verified by A. Floyd Scott. Austin Peay State 
University Museum of Zoology (APSU 19066). New county record 
(Scott and Redmond 2008. Atlas of Reptiles in Tennessee, Center for 
Field Biology, Austin Peay State University, Clarksville, Tennessee. 
Available from http://www.apsu.edu/reptatlas/frames_file.htm, 
accessed 4 October 2010). One individual found by a fisherman. Air 
temperature at collection was 35°C.
 Voucher image made under the authority of the Tennessee Wild-
life Resources Agency; field work supported by State Wildlife Grant 
(SWG) funding under the authority of the U.S. Fish and Wildlife 
Service. 
 ROBERT COLVIN, Tennessee Wildlife Resources Agency Region I, 200 
Lowell Thomas Drive, Jackson, Tennessee 38301, USA; e-mail: Rob.Colvin@.
tn.gov
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MELANOCHELYS TRICARINATA (Tricarinate Hill Turtle). INDIA: 
MADHYA PRADESH: Kanha National Park: Phuta Tal (22.2777°N, 
80.6425°E, ca. 600 m elev., WGS84) 28 June 2009. Digital image 
voucher, ZRC (IMG) 2.128. Photographed by Durgesh Kumar 
Singh. Verified by Indraneil Das. Species known from relatively nar-
row sub-Himalayan band across NE India, Nepal, and Bangladesh. 
Nearest population in Chaibassa, in Jharkhand State, ca. 550 km to 
northeast (Das 2009. Chelonian Res. Monogr. 5:025.1–0.25.5). In-
dividual observed crossing dirt road opposite Phuta Tal at 0740 h, 
and went under dry leaf litter on forest floor. 
 DURGESH KUMAR SINGH, Taj Safaris, Banjaar Tola, Mukki, Post Baihar, 
Balaghat District, Madhya Pradesh, India; e-mail: durgesh.singh@gmail.com. 

PSEUDEMYS CONCINNA (River Cooter). USA: GEORGIA: BAld-
Win Co.: ca. 3 km E and 4 km N of Milledgeville (33.120173°N, 
83.182872°W; WGS84). 14 October 2010. Sergio Paiitucci Saieh. 
GCH 5345. Verified by John B. Jensen. New county record (Jensen et 
al. 2008. Amphibians and Reptiles of Georgia. University of Georgia 
Press, Athens. 575 pp.). Single sub-adult collected in pitfall trap on 
forest floor in mixed pine-deciduous forest near Lake Laurel. 
 SERGIO PAIITUCCI SAIEH (e-mail: sergio_patituccisaieh@ecats.gcsu.
edu) and DENNIS PARMLEY, Department of Biological and Environmental 
Sciences, Georgia College & State University, Milledgeville, Georgia 31061, 
USA. 

STERNOTHERUS MINOR PELTIFER (Stripe-necked Musk Turtle). 
USA: MISSISSIPPI: Perry Co.: De Soto National Forest (31.194439°N, 
89.129217°W; NAD83). 24 November 2010. Donald J. Newman III 
and James R. Lee. Verified by Robert L. Jones. Mississippi Museum 
of Natural Science (MMNS 17439). New county record. Although 
the species is known from eleven other counties statewide, its dis-
tribution within the Pascagoula River system appears to be limited 
(Iverson 1977. Cat. Am. Amphib. Rept. 195:1–2; McCoy et al. 1978. 
Herpetol. Rev. 9:109). We also searched Herpetological Review re-
cords from 1967–September 2010, Mississippi Department of Wild-
life, Fisheries, and Parks collection records, and all museums on 
www.herpnet.org). 
 DONALD J. NEWMAN III (e-mail: dnewman@tnc.org.) and JAMES R. 
LEE, The Nature Conservancy, Camp Shelby Joint Forces Training Center, 
CSJFTC-ENV Building 622, Camp Shelby, Mississippi 39407, USA.

STERNOTHERUS ODORATUS (Eastern Musk Turtle). USA: 
GEORGIA: Cherokee Co.: Reinhardt University campus, 0.42 km 
NNW of intersection of State Routes 108 and 140 (34.321556°N, 
84.555367°W; WGS 84). 21 April 2010. Z. Felix. AUM AHAP-D 278, 
digital image. Verified by Craig Guyer. New county record (Jensen 
et al. [eds.] 2008. Amphibians and Reptiles of Georgia. University of 
Georgia Press, Athens. 575 pp.). One adult found in pond. 
 ZACH I. FELIX, Biology Department, Reinhardt University, Waleska, Geor-
gia 30183, USA; e-mail: zif@reinhardt.edu.

TERRAPENE CAROLINA (Eastern Box Turtle). USA: ALABAMA: 
AuTAuGA Co.: Found dead on road, along Hwy 82 near the town 
of Prattville (32.441850°N, 86.413117°W; WGS84/NAD83). 19 May 
2010. R. Birkhead. AHAP-D-265 –266, digital images. ChAMBers Co.: 
I-85 near the town of Valley (32.832150°N, 85.204133°W; WGS84/
NAD83). 8 October 2009. R. Birkhead. AUM 33164, DOR. MAdi-
son Co.: Caught live across from the intersection of Slatemill Rd 
and Bell Rd in southwest Huntsville (34.610871°N, 86.577766°W; 
WGS84/NAD83). 13 July 2010. D. O’Halloran and S. Dery. AHAP-
D-262–264, digital images. All verified by Craig Guyer. New county 
records (Mount 1996. The Amphibians and Reptiles of Alabama. 

University of Alabama Press. xi + 347 pp.). Terrapene	carolina is as-
sumed to occur statewide; however, verified records are lacking for 
many Alabama counties.
 ROGER D. BIRKHEAD, Alabama Science In Motion, Auburn University, Al-
abama 36849-5414, USA ( e-mail: birkhrd@auburn.edu); DAN O’HALLORAN, 
Alabama Science In Motion, University of Alabama Huntsville, Alabama 
35899, USA (e-mail: do0001@uah.edu); SAMUAL G. DERY, 14000 Hermosa 
Drive, Huntsville, Alabama 35803, USA (e-mail: atlpunkrocker@yahoo.com).

TRACHEMYS SCRIPTA (Pond Slider). USA: GEORGIA: Cherokee 
Co.: Reinhardt University campus, 0.42 km NNW of intersection 
of State Rts. 108 and 140 (34.321556°N, 84.555367°W; WGS 84). 21 
April 2010. R. Mansfield. AUM AHAP-D 279, digital image. Verified 
by Craig Guyer. New county record (Jensen et al. [eds.] 2008. Am-
phibians and Reptiles of Georgia. University of Georgia Press, Ath-
ens. 575 pp.). Three juveniles dip-netted from pond.
 ZACH I. FELIX (e-mail: zif@reinhardt.edu), RACHEL MANSFIELD, and 
DANIELLE GLANZER, Biology Department, Reinhardt University, Waleska, 
Georgia 30183, USA.

SQUAMATA — LIZARDS 

ANOLIS EUSKALERRIARI. COLOMBIA: LA GUAJIRA: uruMiTA 
MuniCiPAliTy: Tres Picos farm, Serranía del Perijá (10.459083°N, 
72.95725°W; datum Bogotá WGS 84). 12 November 2009. J. E. Car-
vajal-Cogollo and V. A. Bernal-González. Colección de Reptiles. In-
stituto de Ciencias Naturales, Universidad Nacional de Colombia, 
Bogotá, Colombia (ICN 12075). Verified by R. A. Moreno-Arias and 
O. V. Castaño-Mora. First country record. This species was known 
only from Mesa Turik in Venezuela (Barros et al. 1996. Breviora 
[504]:1–30). Extends species range 28.5 linear km W of type locality 
“Serranía del Perijá” (Barros et al. 1996, op. cit.; Poe 1998. Herpetol. 
Monogr. 12:192–236).
 Submitted by: JUAN E. CARVAJAL-COGOLLO (e-mail: juancarvajalc@
gmail.com), and VLADIMIR A. BERNAL-GONZÁLEZ, Instituto de Ciencias 
Naturales, Universidad Nacional de Colombia, Apartado Aéreo 7495, Bogotá 
D.C., Colombia (e-mail: vlacho83@gmail.com).

HELODERMA HORRIDUM (Mexican Beaded Lizard). MÉXICO: 
DURANGO: MuniCiPAliTy oF TAMAzulA: 3 km N Jala (24.9333°N, 
106.9500°W; WGS84), elev. 650 m. 14 September 2007. Iván T. Ahu-
mada. Verified by Héctor Eliosa León. Colección Herpetológica 
de la Escuela de Biología, Benemérita, Universidad Autónoma de 
Puebla (EBUAP 2103). First record for the state and extends the 
known range ca. 60 km NNE from the closest known locality at Cos-
ta Rica, 16 mi. S of Culiacan (UIMNH 36201). The lizard was found 
in tropical deciduous forest. We thank Chris Phillips for  providing 
information from the UIMNH collection.
 IVÁN T. AHUMADA-CARRILLO, Centro Universitario de Ciencias Biológi-
cas y Agropecuarias, Universidad de Guadalajara, Zapopan, Jalisco, México (e-
mail: lepidus320@hotmail.com); CARLOS A. HERNÁNDEZ-JIMÉNEZ, Labo-
ratorio de Sistemática y Recursos Naturales, Escuela de Biología, Universidad 
Autónoma de Puebla, Edificio 112 A Ciudad Universitaria C.P. 72570 Puebla, 
México (e-mail: acaltetepon22@gmail.com); URI OMAR GARCÍA-VÁZQUEZ, 
Laboratorio de Herpetología, Museo de Zoología, Facultad de Ciencias, Uni-
versidad Nacional Autónoma de México, A.P. 70-399, México, D.F. 04510, Méxi-
co (e-mail: urigarcia@gmail.com).

HEMIDACTYLUS FRENATUS (Asian House Gecko). SOUTH-
WEST PACIFIC: COOK ISLANDS: AITUTAKI: Arutanga Wharf 
(18.83°S, 159.75°W).  First island record and approximate year of 
establishment. 5 October 1995.  B. J. Gill, Auckland Museum (AIM 
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LH1855–7). Verified by Tom Trnski, Auckland Museum.  Aitutaki is 
the second-most visited island in Cook Group, located 260 km N of 
main island of Rarotonga. No previous records on Aitutaki; known 
in Rarotonga since 1987 (Gill 1998. Tuhinga 10:151–157).  BJG spent 
a week on Aitutaki (4–10 October 1995) and searched at many sites 
across main island (including jetties at Vaipae and Tautu) and on 
some of its lagoon islets, and found none other than three caught at 
wharf buildings in main town (Arutanga) on west coast.  AHW visited 
Aitutaki in July 2000 and found species widespread along western 
side of island. Scarcity of species in 1995, their presence then at is-
land’s main wharf, and abundance in 2000 at many sites, seem to fix 
1995 as approximate year of arrival at Aitutaki, presumably in cargo.
 B. J. GILL, Auckland Museum, Private Bag 92018, Auckland, New Zealand 
(e-mail: bgill@aucklandmuseum.com); A. H. WHITAKER, 270 Thorpe-Orino-
co Road, R.D. 1, Motueka, New Zealand (e-mail: whitaker@ts.co.nz).

HEMIDACTYLUS TURCICUS (Mediterranean House Gecko). POR-
TUGAL: MOURÃO: ca. 38.3847°N, 07.3444°W. 26 July 2010. Col-
lected by Luis Ceríaco, Centro de Estudos de História e Filosofia 
da Ciência, Universidade de Évora. Specimen and photographic 
vouchers deposited at Colecção de Animais em formol of the Mu-
seu de Ciências Naturais da Escola Secundária André de Gouveia 
(MCN/MB/AC/V/39). Verified by Ana Pires. Species known from 
several localities, nearest population at western margin of Guadi-
ana (Mateus and Jacinto 2010. In Loureiro et al. [coord.], Atlas dos 
Anfíbios e Répteis de Portugal, pp. 130–131. Esfera do Caos Edi-
tores, Lisboa). Collected and photographed on village wall, at ca. 
2230 h. Individuals abundant on village walls, where groups of 2–3 
seen at a time, especially after 2100 h. 
 LUIS MIGUEL PIRES CERÍACO, Projecto “Salvem as Osgas!” and Centro 
de Estudos de História e Filosofia da Ciência, Universidade de Évora; Bairro do 
Bacelo, Rua do Viveiro nº 5D, 7005-638 Évora, Portugal (e-mail: luisceriaco@
netcabo.pt); MARIANA PIMENTEL MARQUES, Projecto “Salvem as Osgas!” 
and Escola de Ciências e Tecnologias, Universidade de Évora.

HEMIDACTYLUS TURCICUS (Mediterranean Gecko). USA: AR-
KANSAS: JeFFerson Co.: Jefferson (Sec. 11, T4S, R11W; 34.380556°N, 
92.163889°W; WGS84). 6 October 2010. Joe M. Fowler. Verified by 
S. Trauth. Arkansas State University Museum of Zoology (ASUMZ 
31565). New county record partially filling a distributional gap in 
southeastern Arkansas (Trauth et al. 2004. Amphibians and Rep-
tiles of Arkansas. Univ. Arkansas Press, Fayetteville. 421 pp.). This 
specimen was from a reproducing population as it was a hatchling 
or very young juvenile.
 JOE MIKE FOWLER, 2525 Whitewood Drive, Sherwood, Arkansas 72120, 
USA; e-mail: jfowle98@yahoo.com.

HEMIDACTYLUS TURCICUS (Mediterranean Gecko). USA: 
TEXAS: WArd Co.: 900 block Franklin Ave., 0.6 km E St. Hwy 18 
(31.593345°N, 102.892995°W; NAD83). 23 April 2008. Matthew An-
derson. Oklahoma State University Stillwater (OSUS R6137). Win-
kler Co.: 2100 block East Ave., 0.5 km N St. Hwy 302 (31.88346°N, 
103.01183°W; NAD 83). 5 May 2009. Matthew Anderson. OSUS 
R6144. Both specimens verified by Stanley Fox. New county records 
(Dixon 2000. Amphibians and Reptiles of Texas: with Keys, Taxo-
nomic Synopses, Bibliography, and Distribution Maps. Texas A&M 
University Press, College Station, Texas. 421 pp.). The presence of 
juveniles and adults at the former residence indicates a breeding 
population. At the latter site (apartment complex), a single adult 
was located on a brick wall; the only sighting made by MLA during 
three months living at this locale. These records represent a further 
expansion of this species’ range immediately north of the Pecos 

River into more arid and sparsely populated counties of west Texas; 
the closest proximate locality is southward across the Pecos River 
in Pecos Co. (Dixon 2000, op. cit.).
 MATTHEW L. ANDERSON (e-mail: matt.anderson@okstate.edu) and 
DUSTIN T. LYNCH, Zoology Department, Oklahoma State University, Stillwa-
ter, Oklahoma 74078, USA; CHRIS T. McALLISTER, Science and Mathematics 
Division, Eastern Oklahoma State College, Idabel, Oklahoma 74745, USA (e-
mail: cmcallister@se.edu).

MANTHEYUS PHUWUANENSIS (Phu Wua Rock Agama). LAOS: 
BOLIKHAMXAY PROVINCE: PAkkAdinG disTriCT: Nam Kading Na-
tional Protected Area (18.3717°N, 104.1625°E, WGS 84; 450 m elev.). 
27 May 2009. Kiangsack Bouakhasith and Chris D. Hallam. Verified 
by James A. Schulte II. North Carolina State Museum of Natural Sci-
ences (NCSM 77720). Adult male in crag of rock overhang in large 
boulder pile ca. 15 m from small, permanent, flowing stream in 
hill evergreen forest, at dusk. Female observed in syntopy but not 
captured. Third known locality for species with small range and 
district record. Originally described from Phu Wua Wildlife Sanctu-
ary in Nong Khai Province, Thailand (Manthey and Nabhitabhata 
1991. Sauria 13:3–6) and reported from Phou Khao Khouay Na-
tional Protected Area (= National Biodiversity Conservation Area) 
in Bolikhamxay Province, Thaphabat District, Laos (Ananjeva and 
Stuart 2001. Russ. J. Herpetol. 8:165–170; Manthey and Manthey 
2005. Reptilia 10:26–31). New record ca. (straight-line) 25 km from 
type locality in Thailand and 100 km from Laos locality. The species 
is geographically restricted to a small area near the Mekong River in 
these two countries, where it occurs on rock ledges, boulder piles, 
and caves in evergreen forest. 
 CHRIS D. HALLAM, Wildlife Conservation Society, Vientiane, Laos (e-
mail: challam@wcs.org); BRYAN L. STUART, North Carolina State Museum of 
Natural Sciences, Raleigh, North Carolina 27601, USA (e-mail: bryan.stuart@
ncdenr.gov); SOMPHOUTHONE PHIMMACHAK and NIANE SIVONGXAY, 
Department of Biology, Faculty of Sciences, National University of Laos, Vien-
tiane, Laos. 

PLESTIODON ANTHRACINUS (Coal Skink). USA: PENNSYL-
VANIA: VenAnGo Co.: Cranberry Township, State Game Land 45 
(41.33046°N, 79.61633°W; WGS 84). 24 June 2007. Natural History 
Museum at the Tom Ridge Environmental Center (TREC R- 00020). 
Vouchers collected at two additional Venango Co. (TREC R- 00046, 
00047). All specimens collected by Mark Lethaby and verified by 
Peter Lindeman. First vouchered county records. Extends the spe-
cies range in Pennsylvania 25 km W from the nearest record in For-
est Co. (Hulse et al. 2001. Amphibians and Reptiles in Pennsylvania 
and the Northeast. Cornell Univ. Press, Ithaca, New York. xii + 419 
pp.). Collections made under Pennsylvania Fish and Boat Commis-
sion Scientific Collector Permit 184.
 MARK LETHABY, Natural History Museum at the Tom Ridge Environ-
mental Center, 301 Peninsula Drive, Erie, Pennsylvania 16505, USA; e-mail: 
mlethaby@verizon.net

PLESTIODON FASCIATUS (Common Five-lined Skink). USA: 
GEORGIA: Cherokee Co.: Reinhardt University campus, 0.62 km NE 
of intersection of State Rts. 108 and 140 (34.319640°N, 84.547130°W; 
WGS 84). 17 April 2010. K. Thompson. AUM AHAP-D 276, digi-
tal image. Verified by Craig Guyer. New county record (Jensen et 
al. [eds.] 2008. Amphibians and Reptiles of Georgia. University of 
Georgia Press, Athens. 575 pp.). One juvenile under cover in field.
 ZACH I. FELIX, Biology Department, Reinhardt University, Waleska, Geor-
gia 30183, USA (e-mail: zif@reinhardt.edu); KATHY THOMPSON, Language 
Research Center, Georgia State University, Atlanta, Georgia, USA.
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PLESTIODON SKILTONIANUS UTAHENSIS (Great Basin Skink). 
USA: WYOMING: linColn Co.: on west bank of Bear River, 6.0 km 
N of Cokeville (42.13769ºN, 110.97446ºW; NAD27). 6 May 2010. 
Henry J. Vogel, Charlotte E. Matthews, and Leslie A. Schreiber. Veri-
fied by Christopher Phillips. Illinois Natural History Survey (INHS 
2010d). New state record (Baxter and Stone 1985. Amphibians and 
Reptiles of Wyoming, 2nd ed. Wyoming Game and Fish Department, 
Cheyenne, Wyoming. 137 pp.). One juvenile was found 10 m from 
a former dammed area on the Bear River, underneath a piece of 
tin. Temperature was 2.2°C when found, though had been sunny 
earlier in the day. Another juvenile was found on 7 May 2010, 6.4 
km NE of first specimen under a rock on a ridge, 275 m from water. 
A genetic sample was obtained from this individual. 
 CHARLOTTE E. MATTHEWS (e-mail: charlotte.matthews@wgf.state.
wy.us), HENRY J. VOGEL, and LESLIE A. SCHREIBER, Wyoming Game and 
Fish Department, 3030 Energy Lane, Casper, Wyoming 82604, USA.

SPHAERODACTYLUS DUNNI (NCN). HONDURAS: GRACIAS A 
DIOS: Región La Mosquitia, Reserva de Biósfera Río Platano, Rau-
dal Kiplatara (15.583472°N, 84.933589°W; WGS84), 230 m elev. 20 
July 2003. Jorge A. Ferrari. Verified by Konrad Klemmer. SMF 86283. 
First record for Gracias A Dios, with the closest reported locality 
being near Trujillo, ca. 115 km to the WNW (Harris and Kluge 1984. 
Occas. Pap. Mus. Zool. Univ. Michigan 706:1–59). The lizard was 
found during daytime inside a rotten tree trunk in rainforest. 
 GUNTHER KÖHLER, Forschungsinstitut und Naturmuseum Senck-
enberg, Senckenberganlage 25, 60325 Frankfurt a.M., Germany (e-mail: 
gkoehler@senckenberg.de); JORGE A. FERRARI, Organización de Rescate 
y Protección de Reptiles y Anfibios de Honduras, Tegucigalpa, Honduras (e-
mail: herpetoking@yahoo.com).

SQUAMATA — SNAKES

AGKISTRODON CONTORTRIX (Copperhead). USA: TEXAS: roCk-
WAll Co.: 32.823360°N, 96.490687°W; WGS84) 10 September 2005. 
Matthew D. Broxson. Verified by Carl J. Franklin, The University of 
Texas at Arlington Reptile and Amphibian Diversity Research Cen-
ter (UTA DV1001). New county record (Dixon 2000. Amphibians 
and Reptiles of Texas, 2nd ed. Texas A&M University Press, College 
Station, Texas. 421 pp.) Copperheads have been documented in all 
adjacent counties but not from Rockwall Co. (Dixon 2000, op. cit.). 
This may reflect the small size of the county, the prevalence of ur-
banization throughout most of the county, and the fact that a large 
portion of the county is open water.
 MATTHEW D. BROXSON, Department of Life, Earth and Environmental 
Sciences, West Texas A&M University, Box 60808, Canyon, Texas 79016, USA.

AGKISTRODON PISCIVORUS (Cottonmouth). USA: TENNESSEE: 
TiPTon Co.: Hwy 54 approximately 1 mile W of the Hatchie River in 
the Turnpike 7.5-minute USGS quad (35.3357°N, 89.2922°W; NAD 
83). 17 June 2009. Collected by Robert Colvin. Verified by A. Floyd 
Scott. Austin Peay State University Museum of Zoology (APSU 
19067). New county record (Scott and Redmond 2008. The Center 
for Field Biology, Austin Peay State University, Clarksville, Tennes-
see. Available from http://www.apsu.edu/reptatlas/frames_file.
htm, accessed 4 October 2010).
 Voucher image made under the authority of the Tennessee Wild-
life Resources Agency; field work supported by State Wildlife Grant 
(SWG) funding under the authority of the U.S. Fish and Wildlife 
Service.
  ROBERT COLVIN, Tennessee Wildlife Resources Agency Region I, 200 Low-
ell Thomas Drive, Jackson, Tennessee 38301, USA; e-mail: Rob.Colvin@tn.gov.

CHARINA BOTTAE  (Rubber Boa). USA: CALIFORNIA: sAn 
luis oBisPo Co.: Montaña de Oro State Park: Valencia Peak Trail 
(35.2636417°N, 120.87425°W; Google Earth; elev. 326 m). 02 June 
2010, 1045 h, ~16°C air, total length ca. 46 cm, in an area of rocky 
shale outcrops and coastal scrub vegetation. Steve C. Schubert. 
Verified by Richard F. Hoyer. Natural History Museum of Los Ange-
les County voucher photographs (LACM-PC 1515–1517).
 This appears to be the first documented report of Charina bot-
tae within San Luis Obispo Co. There are a few earlier sight reports 
during the past several decades within or near Montaña de Oro 
State Park; the most recent of these was in 2006, when a boa was 
found on the Coon Creek Trail in the riparian zone, but the observ-
er lacked a camera to document the find and the snake was not col-
lected (B. Stafford, California Department of Fish and Game, pers. 
comm.).
 STEVEN C. SCHUBERT, P.O. Box 6002, Los Osos, California 93412, USA; 
e-mail: s_schub1@msn.com.

COLUBER (=MASTICOPHIS) TAENIATUS (Striped Whipsnake). 
USA: WYOMING: sWeeTWATer Co.: Flaming Gorge National Recre-
ation Area, less than 1 km W of US Highway 191, 2–3 km N of the 
Utah border (41.020028°N, 109.431500°W; WGS84). 5 July 2010. 
Deborah Ambrose and Zachary Pohlen. Verified by Chris Phil-
lips. Illinois Natural History Survey (INHS 2010s [digital photo-
graphs]). First verified record for this species in Wyoming (Baxter 
and Stone 1985. Amphibians and Reptiles of Wyoming, 2nd ed. 
Wyoming Game and Fish Department, Cheyenne, Wyoming. 137 
pp.). The Striped Whipsnake is known to occur in Utah, just south 
of the Wyoming border. Although the species has been observed 
previously in the state by Jan Roth, it was not formally verified 
or considered a native Wyoming species (Zack Walker, Wyoming 
Game and Fish Department, pers. comm.). This observation for-
malizes the previous sighting and provides reason for the state of 
Wyoming to assign it a native species status. Two living individu-
als were observed on the same day within 1–2 km of each other, 
both on unpaved roads. One large adult specimen was observed 
on the side of Canyon Road/Forest Service Road 26. The second 
specimen (INHS 2010s) was observed shortly thereafter sunning 
on Flaming Gorge Road/County Road 33 and was captured for 
photographs and released. 
 KAYLAN A. HUBBARD, Wyoming Cooperative Fish & Wildlife Research 
Unit, Department of Zoology and Physiology, University of Wyoming, Lara-
mie, Wyoming 82071, USA; e-mail: khubbar4@uwyo.edu.

CROTALUS HORRIDUS (Timber Rattlesnake). USA: TENNESSEE: 
hAyWood Co.: approximately 2.1 km S of Highway 54 off of Herbert 
Willis Road and located in the Turnpike 7.5-minute USGS quad 
(35.562810°N, 89.428480°W; NAD 83). 2 June 2010. Robert Colvin. 
Verified by A. Floyd Scott. Austin Peay State University Museum of 
Zoology (APSU 19070). New county record (Scott and Redmond 
2008. The Center for Field Biology, Austin Peay State University, 
Clarksville, Tennessee. Available from http://www.apsu.edu/rep-
tatlas/frames_file.htm, accessed 4 October 2010). ). One individual 
found by a farmer on the John Willis farm. Temperature at collec-
tion was 26.1°C.
 Collection made under the authority of the Tennessee Wildlife 
Resources Agency; field work supported by State Wildlife Grant 
(SWG) funding under the authority of the U.S. Fish and Wildlife 
Service. 
 ROBERT COLVIN, Tennessee Wildlife Resources Agency Region I, 200 
Lowell Thomas Drive, Jackson, Tennessee 38301, USA; e-mail: Rob.Colvin@
tn.gov.
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DRYMARCHON COUPERI (Eastern Indigo Snake). USA: GEORGIA: 
dodGe Co.: SR 117, 0.85 km S George S Walker Road (31.937967°N, 
83.178675°W; WGS84, elev. 60 m). 23 October 2010. W. Kellner. Veri-
fied by Kenneth L. Krysko. Photographic voucher UF 163246. First 
record for county (Jensen et al. 2008. Amphibians and Reptiles of 
Georgia. University of Georgia Press, Athens, Georgia. 575 pp.). 
 WILLIAM S. KELLNER, 4851 West Blue Indigo Lane, Beverly Hills, Florida 
34465, USA; KILEY V. BRIGGS, JAVAN M. BAUDER, and DIRK J. STEVEN-
SON, The Orianne Society, Indigo Snake Initiative, 579 Hwy 441 South, Clay-
ton, Georgia 30525, USA.

DRYMARCHON MELANURUS (Central American Indigo Snake). 
HONDURAS: VALLE: Isla del Tigre, close to Amapala (13.2898°N, 
87.6555°W, WGS84; elev. 10 m). 14 July 2010. Alexander Gutsche, 
James R. McCranie, and Leonardo Valdés Orellana. Verified by 
James R. McCranie. USNM 565805. First record for Valle, ca. 35 km 
SW of the closest known locality, 20 km WNW of Choluteca, Cho-
luteca (UNAH 4232)). The snake was killed by a local in a residential 
neighborhood.
  Field work of A. Gutsche was supported by the Adolf and Hilde-
gard Isler Foundation. 
 LEONARDO VALDÉS ORELLANA, Gerente General de “Hondufauna,” 
Investigador Privado, Colonia América, Bloque 9, Casa 1806, Comayagüela, 
MDC, Honduras (e-mail: leovalor@hotmail.com); ALEXANDER GUTSCHE, 
Museum für Naturkunde, Herpetologie, Invalidenstr. 43, Berlin, Germany (e-
mail: alexander-gutsche@web.de).

DRYMOBIUS CHLOROTICUS (Green Highland Racer). MÉXICO: 
GUERRERO: MuniCiPAliTy oF leonArdo BrAVo: 10 km S of Yextla 
(17.52007°N, 99.96379°W, WGS84; elev. 2000 m). 16 June 2002. Jon-
athan A. Campbell. Verified by Luis Canseco Márquez. Museo de 
Zoología “Alfonso L. Herrera” Fac. Ciencias UNAM (MZFC 17051). 
First record for Guerrero, extending its known range 328 km (air-
line) NW of Dist. de Juquila Lachao Nuevo, ca. 10 mi N San Juan 
Lachao, Oaxaca (Wilson 1975. Cat. Amer. Amphib. Rept. 171:1). The 
snake was found DOR surrounded by pine forest.
 Field work was funded by NSF DEB-0613802 to Jonathan A. 
Campbell.
 ANDRÉS ALBERTO MENDOZA-HERNÁNDEZ (e-mail: andreasme-
her@gmail.com), EDMUNDO PÉREZ-RAMOS, and URI OMAR GARCÍA-
VÁZQUEZ, Laboratorio de Herpetología, Museo de Zoología, Facultad de 
Ciencias, UNAM, A.P. 70-399, México D.F. 04510

ENULIUS FLAVITORQUES (Pacific Long-tailed Snake, Coluda 
del Pacifico). HONDURAS: INTIBUCA: San Isidro (14.550274°N, 
88.1000208°W, WGS84; elev. 1162 m). 23 March 2010. Leonardo Val-
dés Orellana. Verified by James R. McCranie. USNM 252303. First 
record for Intibuca. The closest known locality is ca. 30 km ENE of 
San Isidro at Siguatepeque, Comoagua (UNAH 2743). The snake 
was killed at 1000 h by a local resident on a road surrounded by 
pastures formerly in subhumid forest.
 LEONARDO VALDÉS ORELLANA, Gerente General de “Hondufauna,” 
Investigador Privado, Colonia América, Bloque 9, Casa 1806, Comayagüela, 
MDC, Honduras; e-mail: leovalor@hotmail.com

FARANCIA ABACURA REINWARDTII (Western Mudsnake). USA: 
TENNESSEE: TiPTon Co.: Adult found dead on Hwy 59 in the Bax-
ter Bottoms and located in the Mason 7.5-minute USGS quad 
(35.2705°N, 89.3349°W; NAD 83). 25 April 2009. Robert Colvin. 
Verified by A. Floyd Scott. Austin Peay State University Museum 
of Zoology (APSU 19068). New county record (Scott and Redmond 
2008. The Center for Field Biology, Austin Peay State University, 

Clarksville, Tennessee. Available from http://www.apsu.edu/rep-
tatlas/frames_file.htm, accessed 4 October 2010).
 Voucher image made under the authority of the Tennessee Wild-
life Resources Agency; field work supported by State Wildlife Grant 
(SWG) funding under the authority of the U.S. Fish and Wildlife 
Service. 
 ROBERT COLVIN, Tennessee Wildlife Resources Agency Region I, 200 
Lowell Thomas Drive, Jackson, Tennessee 38301, USA; e-mail: Rob.Colvin@
tn.gov.

LAMPROPELTIS GETULA (Common Kingsnake). USA: GEORGIA: 
Cherokee Co.: Reinhardt University campus, 0.67 km NNW of in-
tersection of State Routes 108 and 140 (34.316791°N, 84.552819°W; 
WGS 84). 17 April 2010. B. Hudson. AUM AHAP-D 283, digital im-
age. Verified by Craig Guyer. New county record (Jensen et al. [eds.] 
2008. Amphibians and Reptiles of Georgia. University of Georgia 
Press, Athens. 575 pp.). One adult found active in field.
 ZACH I. FELIX, Biology Department, Reinhardt University, Waleska, Geor-
gia 30183, USA (e-mail: zif@reinhardt.edu); BRYAN HUDSON, 101 Nancy 
Trail, Roswell, Georgia, USA (e-mail: bhudson7@bellsouth.net).

LAMPROPELTIS TRIANGULUM ELAPSOIDES (Scarlet King-
snake). USA: GEORGIA: BAldWin Co.: ca. 3 km E and 4 km N of 
Milledgeville (33.117474°N, 83.187023°W, WGS84; elev. 89.6 m). 
06 June 2001. Dennis Parmley. GCH 5346. Verified by John Jensen. 
First county record (Jensen et al. 2008. Amphibians and Reptiles of 
Georgia. University of Georgia Press, Athens. 575 pp.). Single adult 
collected DOR on asphalt GCSU road that runs parallel with Cham-
pion Creek through a pine-deciduous woodlot. 
 DENNIS PARMLEY, Department of Biological and Environmental Sci-
ences, Georgia College & State University, Milledgeville, Georgia 31061, USA; 
e-mail: dennis.parmley@gcsu.edu.

LAMPROPELTIS TRIANGULUM SYSPILA (Red Milksnake). 
USA: MISSOURI: liVinGsTon Co.: Approx. 5.3 mi. NW Chillicothe 
(39.85907222°N, 93.60844444°W; WGS84, elev. 227 m). 5 June 1983. 
Brian Hubbs. Verified by Travis Taggart. Natural History Museum of 
Los Angeles County photo voucher (LACM PC 1523). New county 
record (Johnson 1997. The Amphibians and Reptiles of Missouri. 
Missouri Dept. of Conservation, Jefferson City, Missouri. 400 pp.; 
Missouri Herpetological Atlas Project. <http://atlas.moherp.org>). 
Snake found under piece of sandstone.
 BRIAN HUBBS, P.O. Box 26407, Tempe, Arizona 85285, USA; e-mail: tricol-
orbrian@hotmail.com.

LEPTODEIRA URIBEI (Uribe’s Cat-eyed Snake). MEXICO: GUER-
RERO: MuniCiPAliTy oF zihuATAneJo: 30.9 km SW Vallecitos de Zara-
goza on Mexico Hwy 134 (17.7728°N, 101.505°W, WGS84; elev. 180 
m). 27 September 2008. William H. Mertz. Verified by Daniel G. 
Mulcahy. UTA digital collection (UTADC 3700). First verified record 
for Guerrero. Fills a gap of ca. 830 km from the closest known locali-
ties in southwestern Michoacán (230 km NW; Mijangos, Huacuz, 
and	Quijada-Mascareñas	2006.	Herpetol.	Rev.	37:500)	and	southern	
Oaxaca (600 km SE; Siria-Hernandez et al. 2006. Bol. Soc. Herpe-
tol. Mex. 14:25–26). The snake was found AOR at night in tropical 
deciduous forest. This species was removed from the genus Pseu-
doleptodeira by Reyes-Velasco and Mulcahy (2010. Herpetologica 
66:99–110).
 WILLIAM H. MERTZ, Ave. La Playa, Troncones, La Union, Guerrero, Méxi-
co 39270 (e-mail: Crotalus_mx@yahoo.com); JACOBO REYES-VELASCO, Cen-
tro Universitario de Ciencias Biológicas y Agropecuarias, Carretera a Nogales 
Km. 15.5, Las Agujas, Nextipac, Zapopan, Jalisco, México (e-mail: jackobz@
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gmail.com); CHRISTOPH I. GRÜNWALD, Casa Mexico Real Estate, Ajijic Plaza 
#1, Ajijic, Jalisco, México (e-mail: cgruenwald@switaki.com).

LICHANURA TRIVIRGATA GRACIA (Desert Rosy Boa). USA: 
NEVADA: ClArk Co.: Newberry Mountains, Christmas Tree Pass 
(35.261667°N, 114.746944°W; WGS 84). 30 May 2010. Paul Lynum 
and Tony Boudreau. Verified by Carol L. Spencer. Museum of Verte-
brate Zoology (MVZ 263987). First state record.  Adult female found 
on the road at 1118 h. This is the sixth specimen found in the New-
berry Mountains by Paul Lynum—none of the previous animals 
were deposited as voucher specimens. Closest known localities for 
L. trivirgata are in the Cerbat and Hualapai Mountains of Mohave 
Co., Arizona (Stebbins 2003. A Field Guide to Western Reptiles and 
Amphibians, 3rd ed. Houghton Mifflin Co., Boston, Massachusetts. 
533 pp.; UAZ 42143, 47322, 55611). Using pattern as an indicator 
of relationships, this population is most similar to those in west-
ern Arizona rather than geographically proximate populations 
of L. t. gracia in southeastern California. Although the Colorado 
River serves as a formidable barrier to gene flow between Califor-
nia/Nevada and Arizona populations of some reptiles (Lamb et 
al. 1989. Evolution 43:76–87; Mulcahy et al. 2006. Mol. Ecol. doi: 
10.1111/j.1365-294X.2006.02892.x), it may not be insurmountable; 
snakes from the southeasternmost population of L. t. gracia in the 
Black Mountains, Imperial Co., California, phenotypically resem-
ble those from Arizona more closely than they do those occurring 
elsewhere in California.
 MITCHELL MULKS, Department of Ecology and Evolutionary Biology, 
University of California at Santa Cruz, Santa Cruz, California 95064, USA; e-
mail: mulks@biology.ucsc.edu.

OPHEODRYS VERNALIS (Smooth Greensnake). USA: PENNSYL-
VANIA: erie Co.: Amity Township, State Game Land 162 (41.9739°N, 
79.8421°W; WGS 84). 05 October 2005. Mark Lethaby. Verified by 
Peter Lindeman. Natural History Museum of the Tom Ridge Envi-
ronmental Center (TREC R- 00003). First vouchered county record 
(Hulse et al. 2001. Amphibians and Reptiles in Pennsylvania and 
the Northeast. Cornell Univ. Press, Ithaca, New York. xii + 419 pp.). 
 MARK LETHABY, Natural History Museum at the Tom Ridge Environ-
mental Center, 301 Peninsula Drive, Erie, Pennsylvania 16505, USA; e-mail: 
mlethaby@verizon.net.

PANTHEROPHIS ALLEGHANIENSIS (Eastern Ratsnake). USA: 
GEORGIA: dAWson Co.: Amicalola Falls State Park: approximately 
2.5 km from junction of Top of the Falls Rd. and Amicalola Park Rd 
(34.56138°N, 84.24833°W; WGS 84, elev. 595 m). 30 September 2009. 
Robert L. Hill and Alicia Kaylock. Verified by Joseph R. Mendelson, 
III. AUM AHAP-D 287–288. New county record (Jensen et al. 2008. 
Amphibians and Reptiles of Georgia. Univ. of Georgia Press, Ath-
ens. 575 pp.); previously documented in surrounding Cherokee, 
Fannin, Forsyth, Gilmer, Lumpkin, and Pickens counties. Speci-
men observed along edge of Creek Trail at southernmost junction 
with Mountain Laurel Trail. 
 ROBERT L. HILL, Department of Conservation and Research, Atlanta Bo-
tanical Garden, Atlanta, Georgia 30309, USA (e-mail: rhill@atlantabotanical-
garden.org); ALICIA KAYLOCK, 13 Amy Street, Bundanoon, New South Wales 
2578, Australia.

PANTHEROPHIS EMORYI (Great Plains Rat Snake). USA: AR-
KANSAS: loGAn Co.: 4.0 km W Midway off St. Hwy 22 (35.290469°N, 
93.554420°W; WGS 84). 19 June 1998. J. Denny. Verified by S. E. 
Trauth. Arkansas State University Museum of Zoology, Herpeto-
logical Collection (ASUMZ 31570). New county record. Helps fill 

a distributional hiatus among Sebastian, Scott and Yell counties 
(Trauth et al. 2004. The Amphibians and Reptiles of Arkansas. Univ. 
Arkansas Press, Fayetteville. 421 pp.). 
 CHRIS T. McALLISTER, Science and Mathematics Division, Eastern Okla-
homa State College, 2805 NE Lincoln Road, Idabel, Oklahoma 74745, USA 
(e-mail: cmcallister@se.edu); HENRY W. ROBISON, Department of Biology, 
Southern Arkansas University, Magnolia, Arkansas 71754, USA (e-mail: hwro-
bison@yahoo.com). 

PANTHEROPHIS SPILOIDES (Gray Ratsnake). USA: PENNSYLVA-
NIA: erie Co.: McKean Township, Whispering Woods Golf Club, 7214 
Grubb Road, Erie, Pennsylvania 16506 (42.03535°N, 80.14481°W; 
WGS 84). 24 May 2010. TREC R- 00074. Aimee Colaizzo. Verified by 
Peter Lindeman. First vouchered county record (Hulse et al. 2001. 
Amphibians and Reptiles in Pennsylvania and the Northeast. Cor-
nell Univ. Press, Ithaca. xii + 419 pp.)
 MARK LETHABY, Natural History Museum at the Tom Ridge Environ-
mental Center, 301 Peninsula Drive, Erie, Pennsylvania 16505, USA; e-mail: 
mlethaby@verizon.net.

PITUOPHIS CATENIFER SAYI (Bullsnake). USA: NEBRASKA: roCk 
Co.: approx. 0.3 mi. N Rose on U.S. Hwy 183 in sand hill habitat 
(42.18500833°N, 99.52629722°W, WGS 84; elev. 771 m). 2 May 2010. 
DOR. Brian Hubbs. Verified by Travis Taggart. Natural History Mu-
seum of Los Angeles County photo voucher LACM PC 1535. First 
county record (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. 158 pp.).
 BRIAN HUBBS, P.O. Box 26407, Tempe, Arizona; USA; e-mail: tricolorbri-
an@hotmail.com

PITUOPHIS MELANOLEUCUS MELANOLEUCUS (Northern 
Pinesnake). USA: TENNESSEE: deCATur Co.: Lick Creek boat 
dock loop approximately 5 km SW of junction with Little Jackson 
Road. Located in the Jeanette 7.5-minute USGS quad (35.43370°N, 
88.04220°W; NAD 83). 20 April 2009. Keith Byrd. Verified by A. Floyd 
Scott. Austin Peay State University Museum of Zoology (APSU 
19071). New county record (Scott and Redmond 2008. The Center 
for Field Biology, Austin Peay State University, Clarksville, Tennes-
see. Available from http://www.apsu.edu/reptatlas/frames_file.
htm, accessed 4 October 2010). Specimen was DOR.
 Collection made under the authority of the Tennessee Wildlife 
Resources Agency; field work supported by State Wildlife Grant 
(SWG) funding under the authority of the U.S. Fish and Wildlife 
Service. 
 ROBERT COLVIN, Tennessee Wildlife Resources Agency Region I, 200 Low-
ell Thomas Drive, Jackson, Tennessee 38301, USA; e-mail: Rob.Colvin@tn.gov.

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 individuals found in cultivated 
house garden, where species reportedly is common according to 
local gardeners. First provincial record. This introduced species 
is presently known in Gabon from the capital city, Libreville, 
Estuaire Province and Port-Gentil (Pauwels 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.
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 OLIVIER S. G. PAUWELS, Département des Vertébrés Récents, Institut 
Royal des Sciences naturelles de Belgique, Rue Vautier 29, 1000 Brussels, Bel-
gium (e-mail: osgpauwels@yahoo.fr); ELIE TOBI, Smithsonian Institution, c/o 
Shell Gabon, BP 48, Gamba, Gabon (e-mail: elie_tobi@yahoo.fr); PHILIPPE 
SARRAZIN, B.P. 1848, Port-Gentil, Gabon (e-mail: philippesarrazin@hotmail.fr).

SISTRURUS CATENATUS (Massasauga). MÉXICO: COAHUILA: 
MuniCiPAliTy oF Guerrero: 6 km S of La Piedra Parada (28.280000°N, 
100.582500°W; WGS84), 297 m elev. 18 July 2010. Manuel Nevárez 
de los Reyes. Verified by David Lazcano Villarreal. UANL 7145. First 
record for the municipality, third municipality documented for 
Coahuila, and only the third area in México where this species is 
known to occur. The other records in Coahuila are concentrated in 
the Cuatro Ciénegas region, ca. 205 km to the SW in the municipali-
ties of Cuatro Ciénegas and Sacramento (Lemos Espinal and Smith 
2007. Anfibios y Reptiles del Estado de Coahuila, México. UNAM, 
CONABIO, México, D.F. xii + 550 pp.; McCoy and Minckley 1969. 
Herpetologica 25:152–153; Minckley and Rinne 1972. Texas J. Sci. 
23:432–433). The only other record for northeastern Mexico is from 
Aramberri, Nuevo Leon, located 470 km to the S (Minton 1983. Cat. 
Amer. Amphib. Rept. 332:1–2). Vegetation at the site was a form 
of Tamaulipan thornscrub, with Cenizo (Leucophyllum texanum) 
being the dominant species, alongside Honey Mesquite (Proso-
pis glandulosa),	Don	Quixote’s	Lace	 (Yucca treculaena), Coahuila 
Yucca (Yucca coahuilensis), Cortadillo (Nolina cespitifera), and 
scattered grasses; no cacti were evident. The topography was flat 
landscape without rocks.
 MANUEL NEVÁREZ, Departamento Forestal, Universidad Autónoma 
Agraria Antonio Narro, Calzada Antonio Narro No. 1923, Buenavista, Saltillo, 
Coahuila, México, C.P. 25315; e-mail: mnevarezrey@yahoo.com.

STORERIA OCCIPITOMACULATA (Red-bellied Snake). USA: 
GEORGIA: BAldWin Co.: ca. 3 km E and 4 km N of Milledgeville 
(33.120173°N, 83.182872°W; WGS84). 15 August 2010. Sergio 
Paiitucci Saieh. GCH 5341. Verified by John Jensen. New county re-
cord (Jensen et al. 2008. Amphibians and Reptiles of Georgia. Uni-
versity of Georgia Press, Athens. 575 pp.). Single subadult collected 
on forest floor (pitfall trap) of a mixed pine-deciduous forest. 
 SERGIO PAIITUCCI SAIEH (e-mail: sergio_patituccisaieh@ecats.gcsu.
edu), and DENNIS PARMLEY, Department of Biological and Environmen-
tal Sciences, Georgia College & State University, Milledgeville, Georgia 
31061,USA.

TANTILLITA LINTONI (Linton’s Dwarf Short-tailed Snake, Culeb-
rita Enana de Linton). HONDURAS: ISLAS DE LA BAHÍA: Isla de 
Utila, Utila, Iguana Station (16.10056°N, 86.885833°W; WGS84, elev. 
40 m). 24 February 2010. Andrea Martinez. Verified by James R. Mc-
Cranie. UNAH 5571. First record for Isla de Utila, Islas de la Bahía 

(McCranie et al. 2006. Amphibians and Reptiles of the Bay Islands 
and Cayos Cochinos, Honduras. Bibliomania, Salt Lake City, Utah. 
xii + 210 pp.). The snake was found under a rock.
 ANDREA M. MARTINEZ, Iguana Research and Breeding Station, Utila, 
Bay Islands, Honduras; e-mail: andrea.martinez1985@gmail.com.

THAMNOPHIS SIRTALIS FITCHI (Valley Gartersnake). USA: WY-
OMING: linColn Co.: Cokeville Meadows National Wildlife Refuge, 
1.3 km E of County Road 207 (41.97799°N, 110.97260°W; NAD27). 
25 June 2009. Charlotte E. Matthews, Leslie A. Schreiber, and Julia 
M. Sonn. Verified by Christopher Phillips. Illinois Natural History 
Survey (INHS 2010e). First record for Lincoln Co. and extends the 
range 110 km S of nearest known location in Wyoming (Baxter and 
Stone 1985. Amphibians and Reptiles of Wyoming, 2nd ed. Wyoming 
Game and Fish Department, Cheyenne, Wyoming. 137 pp.) and ex-
tends the range to 6.1 km E from Utah border (Stebbins 2003. A 
Field Guide to Western Reptiles and Amphibians, 3rd ed. Houghton 
Mifflin Co., Boston, Massachusetts. 533 pp.). Seven adult females 
were observed.
 CHARLOTTE E. MATTHEWS (e-mail: charlotte.matthews@wgf.state.
wy.us), LESLIE A. SCHREIBER, and JULIA M. SONN, Wyoming Game and 
Fish Department, 3030 Energy Lane, Casper, Wyoming 82604, USA.

XENOPHOLIS UNDULATUS (Jensen’s Ground Snake). BRAZIL: 
PERNAMBUCO: Camaragibe (07.976044°S, 35.001488°W, WGS84; 
elev 114 m). Neighborhood Aldeia, 12 July 2008. M. J. Freitas. Col-
lection of the Laboratory of Zoology, Universidade Regional do 
Cariri, Crato, Ceará, Brazil (LAZ-URCA-952). Verified by I. J. Ro-
berto and D. Loebmann. First state record. Female: SVL 24.6 cm; 
TL 4.0 cm collected at 2300 h, next to a fragment of Atlantic Forest. 
The species was previously recorded from Paraguay and the Brazil-
ian states of Ceará, Goiás, Maranhão, Mato Grosso do Sul, Minas 
Gerais, Pará, Paraná, São Paulo, and Tocantins (Cunha and Nas-
cimento 1993. Bol. Mus. Para. Emílio Goeldi, sér. Zool. 9[1]:1–191; 
França et al. 2006. SNOMNH Occas. Pap. [17]:1–13; Loebmann 
2009. Herpetol. Rev 40:117). Our record suggests that the species 
inhabits a fragment of the Northeast Atlantic Forest (Silva and 
Casteletti 2003. In Galindo-Leal and Câmara [eds.], The Atlantic 
Forest of South America: Biodiversity Status, Threats, and Outlook, 
pp. 43–59. Island Press, Washington, DC). Extends distribution ca. 
800 km SE from Ubajara, Ceará, Brazil (Loebmann 2009, op. cit.) 
and approximately 1040 km NNE from Minas Gerais, Brazil (Freitas 
2003. Serpentes Brasileiras. Lauro de Freitas, Malha-de-Sapo Pub-
licações.120 pp.).
 SAMUEL CARDOZO RIBEIRO (e-mail: ribeiroherpeto@gmail.com), NA-
TÁLIA SOUTO MAIOR SALES VALENÇA, and MÍRIAM CAMARGO GUAR-
NIERI, Universidade Federal do Pernambuco, Departamento de Zoologia, Av. 
Prof. Moraes Rego, 1235 - Cidade Universitária, Recife, PE, Brazil, 50670-901.



Herpetological Review 42(1), 2011

117117GEOGRAPHIC DISTRIBUTION     117

 Bumdeling Wildlife Sanctuary is one of 10 protected areas 
in Bhutan and is located to the northeast. It is bordered by the 
Tawang District of Arunachal Pradesh, India, in the east, and 
by China to the north. The Sanctuary covers developmen-
tal blocks, locally called Gewogs, on the districts of Lhuentse, 
Mongar, and Trashiyangtse, and is spread over an area of 1965 
km2 and has an altitudinal range from 1500 m in the south to 
6400 m in the north (Fig. 1). Three main rivers cross the Sanctu-
ary including the Kulong Chhu in the east, the Khoma Chhu in 
the west, and the Sheri Chhu in the south. These originate in 
the alpine and snow-capped mountains of the Sanctuary and 
ultimately drain into the Brahmaputra, in Assam State, India.
 This mountainous sanctuary is dissected by steep-sided 
valleys and is subject to erosion and flooding during the sum-
mer. In some cases, land use practices exacerbate the process 
of land transformation. The Kulong Chhu River system, which 
meanders through the eastern stretch of the Sanctuary, erodes 

land and deposits sand, gravel, and cobbles at the base of the 
flood plain of the Bumdeling Valley. Further up, the alpine land-
scape is replete with signs of glacial activity, such as cirques, 
moraines, and glacial lakes.
 The Bumdeling Wildlife Sanctuary was established in 1994, 
and started functioning in 1998 with the establishment of a 
Sanctuary Head Office for human resources and other infra-
structure. However, in the last 10 years of management, there 
has been no mention of reptile conservation programs or di-
versity study records within the management plan. With the 
exception of the Royal Manas National Park, none of the pro-
tected areas of Bhutan has reports of their reptile diversity. 
 The lack of herpetological studies for the Sanctuary is not 
surprising, as the herpetological information for Bhutan as a 
whole is scanty. Biswas (1976) reported on three agamas, one 
of which was new—Calotes bhutanensis. The next two reports 
were published by Bustard (1979, 1980), explicitly on crocodil-
ians. Bauer and Günther (1992) prepared a preliminary list of 
the herpetofauna of the Kingdom of Bhutan. They based their 
list on specimens collected by a 1972 expedition of the Basel 
Natural History Museum (Switzerland) to Bhutan. These au-
thors reported seven families and 18 species, including a new 
scincid lizard. Das and Palden (1999) reported on a herpetofau-
nal collection assembled while conducting Bhutan’s first work-
shop on herpetological techniques for staff of the protected ar-
eas of Bhutan, at the Royal Manas National Park. They reported 
seven amphibians (all new records for Bhutan) of three families 
(one megophryid, one bufonid, and five ranids), three geckos, 
one agamid, two scincids, one typhlopid, three colubrids, and 
two elapids. The current literature records bring the total her-
petofauna of Bhutan to 39 species (Table 1).
 To this list we can add 10 more species records from new 
specimens at the collection of Royal Manas National Park labo-
ratory. The list is presented below (Table 1).
 Considering the unpublished records, the total number of 
species of herpetofauna known from Bhutan is 49. With this re-
port, several more species are added to this list.
 With the financial support from the Bhutan Trust Fund for 
Environmental Conservation (based in Thimphu), Bumdeling 
Wildlife Sanctuary conducted a rapid survey of its reptiles be-
tween April and December 2008. Testudines and Crocodilia are 
absent in the area, but snakes and lizards were collected from 

FiG. 1. Map showing study area located in northeastern Bhutan. Map 
source: Dzongkhag Statistics Office, Trashiyangtse.

JIGME TSHELTHRIM WANGYAL
Bumdeling Wildlife Sanctuary
Choetenkora, Trashiyangtse, Bhutan
e-mail: jigmewangyal@gmail.com
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Region of Bhutan: Review of Herpetofaunal Information and New 
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TABle 1. Known herpetofaunal records for Bhutan.

Class Order/Suborder Family Species Previous Royal Bundeling New for
    published Manas N.P. W. S. Area Bhutan
    records records (this paper) (this paper)
     (unpubl.)

Amphibia Anura Bufonidae Duttaphrynus melanostictus +    
  Dicroglossidae Amolops	marmoratus	 +    
   Euphlyctis cyanophlyctis +    
   Fejervarya	cf. limnocharis +    
   Hoplobatrachus tigerinus +    
  Hylidae Hyla cf. annectans  +  +
  Megophryidae Megophrys parva +    
  Ranidae Hylarana sp. +    
   Lithobates catesbeianus  +  +

Reptilia Crocodylia Gavialidae Gavialis gangeticus +   
 
 Squamata/Sauria Agamidae Calotes bhutanensis +    
   Calotes versicolor +  + 
   Calotes jerdonii   + +
   Japalura variegata +  + 
  Gekkonidae Cyrtodactylus khasiensis +    
   Hemidactylus brookii +    
   Hemidactylus frenatus +    
   Hemidactylus garnotii +    
   Hemidactylus platyurus +  + 
  Scincidae Asymblepharus	sikimmensis +    
   Asymblepharus	cf. sikkimensis   + +
   Eutropis carinata  +  +
   Eutropis macularia +    
   Eutropis quadratilobus +    
   Riopa punctata  +  +
   Sphenomorphus maculatus +    
   Sphenomorphus indicus +    
   Sphenomorphus sp.  +  +
  Varanidae Varanus bengalensis +    
   Varanus flavescens  +  +
 
 Squamata/Serpentes Colubridae Ahaetulla	nasuta  +  +
   Ahaetulla	prasina	 	 	 + +
   Amphiesma	platyceps +    
   Amphiesma	sieboldii	 	 	 + +
   Amphiesma	stolatum +    
   Amphiesma	sp.   + +
   Boiga cyanea   + +
   Boiga multifasciata   + +
   Boiga ochracea +  + 
   Coelognathus radiatus   + +
   Dendrelaphis cyanochloris   + +
   Dinodon septentrionalis   + +
   Dryocalamus cf. davisonii   + +
   Enhydris enhydris  +  +
   Oligodon	albocinctus	 	 	 + +
   Oligodon	cinereus	 	 	 + +
   Oligodon	dorsalis +  + 
   Oligodon	sp.   + +
   Oreocryptophis	porphyracea	 	 	 + +
   Orthriophis	cantoris	 	 	 + +
   Orthriophis	taeniurus	 	 	 + +
   Psammodynastes pulverulentus +    
   Pseudoxenodon macrops +  + 
   Ptyas korros   + +
   Ptyas nigromarginatus +  + 
   Rhabdophis himalayanus   + +
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the Sanctuary. Collections were made mostly from the south-
ern belt of the Sanctuary, an area classified as sub-tropical to 
warm broadleaved forest (Grierson and Long 1983). The altitu-
dinal range of the current work ranged from 614 m, at Sheri-
pam, Mongar to 2143 m at Barigang, Trashiyangtse.
 Collections were opportunistic, by me and colleagues, some-
times supplemented by people encountering animals and re-
porting to us. Hand searching, turning over of logs and boulders, 
looking inside crevices and tree holes, and searching along creeks 
were some other methods employed. Occasional interviews of 
local residents, as to where these animals could be located, were 
also done. A monetary reward for locals who captured live speci-
mens was another important way of obtaining specimens. To 
avoid the loss of dead animals, people were informed that they 
would be compensated even if they preserved dead animals. 
Many specimens were collected encountered on roads.
 Due to restrictions on killing of animals, most specimens 
were released after photography, with only important ones re-
tained and preserved. For several species (e.g., Bungarus bun-
garoides), only photographs could be taken. Species determina-
tions were made using standard identification guides. Features 
of scalation and morphometric measurements were recorded. 
For specimens recorded only through photo vouchers, these 
have been given an accession number and are labeled ‘photo-
graphic specimen’ throughout this report. Preserved specimens 
are housed at the collection of the Bumdeling Wildlife Sanctu-
ary Museum, Trashiyangtse, Bhutan, using a numbered system. 
For each preserved specimen, locality and microhabitat data, 
date and time (Bhutan Standard Time) of collection, altitude, 
and measurements are presented. Data on pholidosis for ven-

trals using the Dowling system and midbody scale at the half of 
the ventrals and subcaudals, excluding the final spine (for those 
juvenile specimens) is also given for snake specimens. Mea-
surements were taken with a steel tape measured to the nearest 
1 mm. A Garmin Etrek GPS was used to record locations of all 
specimens. Abundant species such as Calotes versicolor were 
closely observed only for the first 2–3 animals, while subse-
quent individuals were visually identified without capture. The 
identification references used in the field include Das (2002), 
Smith (1935, 1943), and Whitaker and Captain (2004).

SPECIES ACCOUNTS

LIZARDS
Family Agamidae

Calotes versicolor, Daudin, 1802. Photographic specimen 
BWS SPRO-L1. Sheripam, Mongar District, 869 m. 1100 h. 15 
April 2008. Photographed on fallow land near Sherichu River. 
Most abundant lizard encountered. Multiple specimens pho-
tographed at several locations. Photos show color variation. 
Remarks: Reported by Günther and Bauer (1992) from Wang-
diphodrang, and by Biswas from Samdrup Jongkhar (eastern 
Bhutan). Also reported from Gelephu town, Sarpang District by 
Das and Palden (1999). Common in southern Bumdeling Wild-
life Sanctuary. 

Calotes jerdonii, Günther, 1870. BWS KPRO-L4. Khoma, Lhuen-
tse District, 1200 m. 1130 h. 29 May 2008. From trail 3 m from 
stream, trying to cross trail facing hill side. Measurements: SVL 

TABle 1. Continued.

Class Order/Suborder Family Species Previous Royal Bundeling New for
    published Manas N.P. W. S. Area Bhutan
    records records (this paper) (this paper)
     (unpubl.)
   
   Sibynophis collaris   + +
   Sibynophis sagittarius +    
   Trachischium	guentheri +    
   Trachischium	cf. laeve   + +
   Trachischium	sp.   + +
   Xenochrophis piscator +    
  Elapidae Bungarus bungaroides   + +
   Bungarus niger +    
   Bungarus fasciatus +    
   Naja kaouthia   + +
   Naja naja +    
   Ophiophagus	hannah +  + 
   Sinomicrurus macclellandii   + +
  Pythonidae Python molurus +    
  Typhlopidae Ramphotyphlops braminus +    
   Typhlops	jerdonii +    
  Viperidae Gloydius himalayanus  +  +
   Ovophis	monticola	 	 	 + +
   Protobothrops jerdonii   + +
   Trimeresurus	erythrurus  +  +

 Testudines Testudinidae Indotestudo elongata  +  +
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90 mm; tail length 215 mm. Remarks: New record for Bhutan. 
Second specimen found at Wanglawa, Trashiyangtse District on 
10 June 2008, at 1125 h.

Japalura variegata, Gray, 1853. BWS	CKHQ-L2.	BWS	head	of-
fice, Trashiyangtse District, 1761 m. 1214 h. 30 September 2008. 
From parking lot of Bumdeling Wildlife Sanctuary Head Office. 
Found hunting insects. Measurements: SVL 67 mm; tail length 
160 mm. Second specimen obtained at Serzhong Range Office, 
Serzhong, Mongar District. Photographed (BWS SPRO-L5) on 
24 July 2008 at 1213 h. Remarks: Common in southern part of 
sanctuary.

Family Gekkonidae

Hemidactylus platyurus, Schneider, 1792. Photographic speci-
men BWS SPRO-L9. from Serzhong, Mongar District, 1,540 m. 
2133 h. 3 August 2008. Photographed at night on side of foot-
path. Photographic specimen BWS SPRO-L12, from Serzhong, 
Mongar District, 1500 m. 1913 h. 17 May 2008. Photographed 
on wall of agriculture extension agent of Gewog. Remarks: Re-
ported by Günther and Bauer (1992) from Wangdiphodrang 
District, western Bhutan. Common.

Family Scincidae

Asymblepharus cf. sikkimensis, Blyth, 1854. Photographic 
specimen BWS SPRO-L7. Serzhong, Mongar District, 1,500 m. 
1140 h. 2 August 2008. Found on edge of farm, over rock. Pho-
tographic specimen BWS SPRO-L8. Serzhong, Mongar District, 
1545 m. 1211 h. 13 August 2008. Found entering quarter of 
Range Officer. Remarks: Common.

Sphenomorphus sp. Photographic specimen BWS KPRO-L1. 
Khoma, Lhuentse District, 1170 m. 1613 h. 24 April 2008. At 
edge of playground of Khoma Lower Secondary School. 

SNAKES
Family Colubridae

Ahaetulla prasina, Boie, 1827. BWS OPA-S5. Pakadrang (below 
Yadi), Mongar District, 973 m. 1530 h. 21 September 2008. One 
of two road-killed specimens found at this locality. Measure-
ments: SVL 930 mm; tail length 520 mm. Pholidosis: Ventrals 
197; subcaudals 167; midbody scale rows 15; anal plate single. 
Remarks: New record for Bhutan. 

Amphiesma sieboldii, Günther, 1860. Photographic specimen 
BWS DPRO-S14. Dungzam, Bumdeling, Trashiyangtse, District, 
1903 m. 1000 h. 15 July 2008. Found by a heath worker in his 
garden, 30 m from Kulongchu River. Individual with broken 
tail kept in laboratory for one week, where it laid three eggs. 
Released at office complex. Remarks: New record for Bhutan. 
Second individual caught in kitchen garden of nearby house on 
19 July 2008, at ca. 0830 h.

Amphiesma sp. BWS DPRO-S8. Kwankang (Cheng), Bumdel-
ing, Trashiyangtse District, 1990 m. 1330 h. 24 June 2008. Col-
lected 10 m from Kulongchu River while crossing footpath to-
wards river. Measurements: SVL 765 mm; tail length 200 mm. 
Pholidosis: Ventrals 168; subcaudals 67; midbody scale rows 15; 
anal plate single. Remarks: Probably new record for Bhutan and 
possibly an undescribed species. 

Boiga cyanea, Duméril, Bibron & Duméril, 1854. Photographic 
specimen BWS SPRO-S4. Shingdogor (above Yarab), Sheri-
mung, Mongar District, 1929 m. 1529 h.15 April 2008. Video 
clip (7.2. megapixels digital camera) confirms identity of spe-
cies. Found in high, cool, broad-leaved forest, close to a small 
stream. Remarks: New record for Bhutan. 

Boiga multifasciata, Blyth, 1861. BWS	CKHQ-S11.	Choetenko-
ra town, Trashiyangtse District, 1761 m. 1159 h. 27 September 
2008. Caught by municipal staff while entering housing colony. 
Preserved after photography. Measurements: SVL 529 mm; tail 
length 115 mm. Pholidosis: Ventrals 230; subcaudals 117; mid-
body scale rows 21; anal plate single. Remarks: New record for 
Bhutan. Species recorded from several locations. BWS KPRO-
S8, photo taken by Chief Forest Officer of Bumdeling Wildlife 
Sanctuary, from Khoma Zam, Lhuentse District, on 13 June 
2007, at 0617 h. On 7 July 2008, at 1800 h, a laboratory techni-
cian in Trashiyangtse hospital collected a specimen (BWS CK-
HQ-S9)	from	Bimkhar,	Trashiyangtse.	On	28	November	2008,	at	
1330 h, a photographic specimen (BWS KPRO-S12) found near 
Range Office of Khoma, Lhuentse. Another photographic speci-
men (BWS SPRO-S10) brought by school teacher from near 
house at Bimkhar, Trashiyangtse. Snake caught on evening of 
15 August 2008.

Boiga ochracea, Günther, 1868. BWS SPRO-S11. Serzhong 
(Mangzhing), Mongar District, 1766 m. 1030 h. 9 June 2008. 
Specimen found in maize field. Measurements: SVL 860 mm; 
tail length 238 mm Pholidosis: Ventrals 238; subcaudals 100; 
midbody scale rows 21; anal plate single. Remarks: Reported by 
Bauer and Günther (1992), from Phuntsholing.

Coelognathus radiatus, Boie, 1827. BWS OPA-S12. Rollong, 
Trashigang District, 694 m. 1500 h. 11 November 2008. Juve-
nile on roadside, ca. 150 m from perennial stream and close 
to road construction labor office. Measurements: SVL 320 mm; 
tail length 30 mm. Pholidosis: Ventrals 244; subcaudals 91; mid-
body scale rows 19; anal plate single. Remarks: New record for 
Bhutan. 

Dendrelaphis cyanochloris, Wall, 1921. Photographic speci-
men BWS OPA-S3. Palangphu, Mongar District, 763 m. 1030 h. 
4 October 2008. Found dead on road. Remarks: New record for 
Bhutan. 

Dinodon septentrionalis, Günther, 1864. BWS DPRO-S6. Tram-
mar, Bumdeling, Trashiyangtse District, 1809 m. 1030 h. 10 June 
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2008. Specimen found under bark of fallen Alnus	 nepalensis	
tree, above farm road. Measurements: SVL 965 mm; tail length 
225 mm. Pholidosis: Ventrals 210; subcaudals 72; midbody scale 
rows 17; anal plate single. Remarks: New record for Bhutan. 

Dryocalamus cf. davisonii, Smith, 1943. Photographic speci-
men BWS DPRO-S12. Betsamang, Bumdeling, Trashiyangtse 
District, 1903 m. 0800 h. 29 June 2008. Found in litter compost 
in farm. Photographed alive and released. Remarks: New record 
for Bhutan. Another photographic specimen (BWS DPRO-S13) 
collected on 1 July 2008 by villager from Trammar, Bumdeling, 
Trashiyangtse District, from farm road, at ca. 0830 h.

Oligodon albocinctus, Cantor, 1839. BWS	CKHQ-S11.	Choeten-
kora, Trashiyangtse District, 1760 m. Collected in 2003 by man-
agement staff, and preserved in Visitor Center. Measurements: 
SVL 665 mm; tail length 185 mm. Pholidosis: Ventrals 196; sub-
caudals 63; midbody scale rows 19; anal plate single. Remarks: 
New record for Bhutan. A second specimen (photo specimen 
BWS SPRO-S10) provided by staff of Serzhong Park Range, 
Mongar. According to collectors individual was found eating 
eggs, behind Basic Health Unit office of Serzhong developmen-
tal block, on 25 May 2008, at 1400 h. A third specimen photo-
graphed by Park Range Officer of Khoma. Individual found at 
Serphu, Khoma Village, Lhuentse district, on footpath at ca. 
1000 h on 1 December 2008.

Oligodon cinereus, Günther, 1864. Photographic specimen 
BWS SPRO-S15. Serzhong, Mongar District, 1541 m. Found on 
footpath leading to village, where it was killed by farmer and 
brought to Range Office in Serzhong. Photograph taken by staff 
of Range Office on 25 June 2008, at 1643 h. Remarks: New record 
for Bhutan.

Oligodon dorsalis, Gray, 1834. Photographic specimen BWS 
SPRO-S19. Serzhong, Mongar District, 1541 m. 1831 h. 24 Au-
gust 2008. Photo taken by staff of Range Office; found in road-
side meadow. Remarks: Reported by Das and Palden (1999) 
from Royal Manas National Park, Sarpang.

Oligodon sp.	BWS	CKHQ-S7.	Choetenkora,	Trashiyangtse	Dis-
trict, 1,818 m. 1135 h. 27 June 2008. Specimen found on grassy 
lawn. Measurements: SVL 653 mm; tail length 150 mm. Pholi-
dosis: Ventrals 191; subcaudals 66; midbody scale rows 19; anal 
plate single. Remarks: New record for Bhutan. Two other pho-
tographic specimens (BWS DPRO-S1 and S5) from Tshaling, 
Trashiyangtse. First killed by farmer on 4 June 2008, second in a 
paddy field on 9 June 2008. 

Oreocryptophis porphyracea, Cantor, 1839. BWS	 CKHQ-S2.	
Bumdeling Wildlife Sanctuary Headquarters, Trashiyangtse 
District, 1761 m. 1530 h. 15 April 2008. At door of residence of 
Chief Forest Officer of Sanctuary, ca. 100 m from Kulongchu 
River. Measurements: SVL 625 mm; tail length 125 mm. Pholi-
dosis: Ventrals 199; subcaudals 62; midbody scale rows 19; anal 

plate divided. Remarks: New record for Bhutan.  Another road 
kill	of	about	the	same	size	(BWS	CKHQ-S1)	collected	from	entry	
gate to town of Trashiyangtse, in early morning (0600 h) of 16 
May 2008. Staff of Serzhong Park Range, Mongar provided pho-
to of another specimen on 21 October 2008, from Muhoong, 
Mongar District, found on trail near village, at 1530 h.

Orthriophis cantoris, Cantor, 1839. BWS SPRO-S12. Pangtala, 
Mongar District, 1790 m. 1230 h. 10 June 2008. In cultivated 
maize field. Measurements: SVL 995 mm; tail length 235 mm. 
Pholidosis: Ventrals 209; subcaudals 76; midbody scale rows 19; 
anal plate single. Remarks: New record for Bhutan. Small speci-
men (photographic specimen BWS SPRO-S12) also collected 
from maize field at Jabgang, same District and developmental 
block, on 18 May 2008. 

Orthriophis taeniurus, Cope, 1861. BWS KPRO-S1. Khoma, 
Lhuentse District, 1200 m. 1300 h. 19 April 2008. Near Range 
Office wall. Measurements: SVL 1300 mm; tail length 300 mm. 
Pholidosis: Ventrals 238; subcaudals 93; midbody scale rows 
23; anal plate divided. Remarks: New record for Bhutan. An-
other specimen (photographic specimen BWS KPRO-S3) found 
in Lhuentse town, Lhuentse District, moving towards cave on 
road. A picture of third specimen taken by Land Survey officials 
at 1200 h on 30 August 2008, at Baptong in same district and 
block. 

Pseudoxenodon macrops, Blyth, 1854. BWS DPRO-S9. Sisikang, 
Bumdeling, Trashiyangtse District, 1959 m. 1400 h. 24 June 
2008. On edge of Sisikang Stream, tributary of Kulongchu River, 
specimen was heading towards river. Flattened neck several 
times. Measurements: SVL 740 mm; tail length 195 mm. Pholi-
dosis: Ventrals 165; subcaudals 64; midbody scale rows 17; anal 
plate divided. Remarks: Reported by Bauer and Günther (1992), 
from Phuntsholing. A few days later, second specimen brought 
by farmer from Bumdeling, Trashiyangtse. On 2 November 
2008, juvenile entered our campsite at Bumdeling, Trashiyang-
tse at 1411 h. Specimen preserved and kept in the laboratory.

Ptyas korros, Schlegel, 1837. BWS OPA-S11. Rollong, Trashi-Rollong, Trashi-
gang District, 694 m. 1100 h. 4 November 2008. Juvenile cross-
ing road ca. 8 m away from perennial stream and 100 m from 
a settlement. Measurements: SVL 330 mm; tail length 142 mm. 
Pholidosis: Ventrals 181; subcaudals 140; midbody scale rows 
17; anal plate divided. Remarks: New record for Bhutan. 

Ptyas nigromarginatus, Blyth, 1854. Photographic specimen 
BWS DPRO-S2. Bumdeling, Trashiyangtse District, 1885 m. 
1130 h. 4 June 2008. Found slithering over Cyathea fern, below 
farm road, ca. 500 m from Kulongchu River. Remarks: Reported 
by Bauer and Günther (1992). First specimen recorded as road-
kill between Trashiyangtse to Mongar on 7 November 2007, at 
Yadi, Mongar. Third specimen recorded from Bimkhar, Trashi-
yangtse, on 15 June 2008, at 1130 h, killed by Bhutan Power 
Corporation staff when on power line at Trashiyangtse. Fourth 
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specimen found dead at 7 km point from Yongkola on road 
from Thimphu, Mongar, on 21 September.

Rhabdophis himalayanus, Günther, 1864. Photographic speci-
men BWS SPRO-S13. Tingtibi, Zhemgang District (not recorded 
in BWS), 1945 m. Coordinates 27°15’10”N, 91°16’24”E. Informa-
tion and photograph courtesy of D. B. Gurung, College of Natu-
ral Resources, Lobesa, Punakha. Not found in the project area. 
Remarks: New record for Bhutan.

Sibynophis collaris, Gray, 1853. BWS	 CKHQ-S13.	 Baychen,	
Trashiyangtse District, 1799 m. 1800 h. 30 September 2008. Col-
lected between school and footpath leading to Baychen village, 
at 200 m from Berzing Stream. Measurements: SVL 450 mm; 
tail length 225 mm. Pholidosis: Ventrals 181; subcaudals 115; 
midbody scale rows 17; anal plate single. Remarks: New record 
for Bhutan. Photographic specimen (BWS SPRO-S2) found at 
Kilikhar, near Mongar, on 29 April 2008 at 1614 h, on road, ca. 
300 m from stream. Third specimen found at Muroongdrang, 
Serzhong, Mongar, on 15 May 2008. Individual dead on road 
to Serzhong, probably killed by locals. In yet another incident, 
three individuals (photographic specimen BWS SPRO-S12) killed 
by	farmer	behind	the	Matron’s	Quarter	(near	girls’	dormitory)	at	
Trashiyangtse Lower Secondary School. Five juveniles found un-
der weed heaped around base of gourd plant, in a garden. 

Trachischium cf. laeve, Peracca, 1904. Photographic specimen 
BWS SPRO-S3. Serzhong, Mongar District, 1540 m. 1641 h. 4 
February 2008. Accidentally killed by a resident while garden-
ing. Remarks: New record for Bhutan. 

Trachischium sp.	BWS	CKHQ-S6.	Choetenkora, Trashiyangtse 
District, 1758 m. 1000 h. 15 June 2008. Specimen found in lawn 
of Bumdeling Wildlife Sanctuary Head Office complex. Mea-
surements: SVL 325 mm; tail length 50 mm. Pholidosis: Ventrals 
134; subcaudals 36; midbody scale rows 13; anal plate single. 
Remarks: Not referrable to T.	guentheri	or laeve. New record for 
Bhutan. 

Family Elapidae

Bungarus bungaroides, Cantor, 1839. Photographic specimen 
BWS SPRO-S11. Serzhong, Mongar District, 1541 m. 0900 h. 5 
August 2008. Collected by farmer, photographed and released. 
Remarks: New record for Bhutan. Another specimen (Photo-
graphic specimen BWS OPA-S7) found dead on road, near Ko-
rila Forest Management Unit Office, Mongar, on 21 September 
2008, at 1400 h. 

Naja kaouthia, Lesson, 1831. BWS SPRO-S5. Sheripam, Mon-
gar District, 869 m. 1705 h. 15 May 2008. Killed by farmer when 
trying to enter hen coop. Measurements: SVL 828 mm; tail 
length 242 mm. Pholidosis: Ventrals 184; subcaudals 57; mid-
body scale rows 21; anal plate single. Remarks: New record for 
Bhutan. Another specimen (BWS SPRO-S8) found along Yadi-

Serzhong Road, Mongar on 22 May 2008. Found struggling to 
escape crow attack near dry causeway of road and seen enter-
ing basement of causeway. In yet another incident, road-killed 
specimen (BWS SPRO-S16) was found at Sherichu, on 8 July 
2008. 

Ophiophagus hannah, Cantor, 1836. Photographic specimen 
BWS OPA-S5. Gomkora, Trashiyangtse District, 822 m. 1700 h. 5 
November 2007. Specimen killed by farmer. Second specimen, 
a dead juvenile (BWS KPRO-S13), collected at Khoma School, 
Lhuentse District, September 2008. Students killed the animal. 
Measurements and scales count could not be taken due to poor 
condition of specimen. Third specimen, a juvenile (BWS OPA-
S13), from Chumdu area, Trashiyangtse, 1703 m. 1200 h. 23 Oc-
tober 2008. Specimen obtained by Mr. Sherub (an ornitholo-
gist). Measurements: SVL 480 mm; tail length 87 mm. Pholidosis: 
Ventrals 254; subcaudals 30+ (could be counted only up to 30); 
midbody scale rows 17; anal plate single. Remarks: Reported at 
Manas Valley by Biswas (1975).

Sinomicrurus macclellandii, Reinhardt, 1844. BWS OPA-S8. 
Ngatshang, Mongar District, 1755 m. 1500 h. 21 September 
2008. Cross the road near the Ngatshang Basic Health Unit Of-
fice. Measurements: SVL 460 mm; tail length 50 mm. Pholidosis: 
Ventrals 460; subcaudals 50; midbody scale rows 13; anal plate 
divided. Remarks: New record for Bhutan. 

Family Viperidae

Ovophis monticola, Günther, 1864. BWS	CKHQ-S4.	Choeten-
kora, Trashiyangtse District, 1807 m. 1200 h. 7 June 2008. Most 
abundant species in Trashiyangtse and Mongar Districts, be-
ing reported not less than 21 times at Trashiyangtse alone. One 
specimen preserved. Measurements: SVL 510 mm; tail length 
100 mm. Pholidosis: Ventrals 147; subcaudals 43; midbody scale 
rows 21; anal plate single. Remarks: New record for Bhutan.

Protobothrops jerdonii, Günther, 1875. BWS DPRO-S11. Bari-
gang, Trashiyangtse District, 2143 m. 1450 h. 25 June 2008. 
Two individuals collected in same locality at a distance of ca. 
30-minute walk from each other. First released and second re-
tained in laboratory. Measurements: SVL 640 mm; tail length 
112 mm. Pholidosis: Ventrals 177; subcaudals 51; midbody scale 
rows 21; anal plate single. Remarks: New record for Bhutan. A 
third specimen reported from Phanteng, Bumdeling, Trashi-
yangtse. 1130 h. 5 June 2008. After photography (BWS SPRO-S3) 
specimen released.
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Field Guide to Frogs of Western Australia  
(4th edition)

By Michael J. Tyler and Paul Doughty. 2009. Western Australian Mu-
seum (www.museum.wa.gov.au). 160 pp. Paperback. AU $35.00 (ap-
proximately US $35.00). ISBN 978-1-920843-40-3.

David C. Blackburn
Natural History Museum and Biodiversity Institute 
University of Kansas, Lawrence, Kansas 66045, USA
e-mail: david.c.blackburn@gmail.com

 The fourth edition of the Field	 Guide	 to	 Frogs	 of	Western	
Australia by Michael Tyler and Paul Doughty provides an excel-
lent up-to-date (as of 2009) version of the guide first published 
more than 25 years ago by Tyler, Smith, and Johnstone. Updates 
to the previous version include concentrating information for a 
given species on a single page (or two), three helpful color maps 
in the inside back cover, and the inclusion of recently described 
species from the Kimberley (Doughty and Anstis 2007; Doughty 
and Roberts 2008; Doughty et al. 2009). To me, the book has all 
the hallmarks of an excellent guide regardless of your range of 
experience identifying frogs. This book is well produced and I 
would not hesitate to throw this book into my pack on my way 
out to go herping in Western Australia.

 The organization of the book is smart and straightforward. 
First, as introduced in the third edition, the front inside cover 
contains four well-labeled diagrams highlighting major mor-
phological features used in the guide for identification. In turn, 
and new to this edition, the inside of the back cover contains a 
map of Western Australia with close-up maps of the Kimberley 
and the Southwest. Following a short index, the book begins 
with a general overview of the four families of frogs found there 
(including Bufonidae for Bufo [Rhinella] marinus), followed by 
ten pages of basic information on frog biology and anatomy 
(including for tadpoles), 
and a page or so dealing 
with legislation related to 
frogs and regional com-
parisons within Western 
Australia. First introduced 
in the original edition of 
this book (accompanied by 
excellent line drawings by 
Linda Trueb and others), 
these concise descriptions 
of frog anatomy are well 
done and very accessible.
 The book then pro-
ceeds alphabetically by 
genus. Each genus is pro-
vided a concise summary 
page, which is followed by 
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separate pages for each species in the genus. The genus-level 
summaries provide an informative entry into each genus with 
details on species diversity and phylogenetic relationships, 
morphological features, reproductive mode, and etymology 
(including my favorite explanation for Litoria: “the name may 
have been coined merely for the way it sounds”). 
 Each species page has at least one color picture of the frog 
and a map showing point localities on a map of Western Austra-
lia. Collecting all of the information for each species all in one 
place (rather than a separate section of color plates) is one of 
the significant changes to the organization introduced in this 
edition. Scattered throughout the book are extra images that 
are either other color photographs of the species (sometimes 
in ventral view), line drawings depicting tadpoles or specific 
morphological features, and even a few sonograms. As a tax-
onomist, I appreciate that the authors used a color image of the 
holotype (and only) specimen of Uperoleia marmorata rather 
than excluding an image of it since there was no color image 
in life. The text for each species account contains sections pro-
viding a general morphological description and short summa-
ries of its distribution, typical habitat, advertisement call, and 
breeding biology. The etymology for each species name is also 
provided. Many species also have a short section of remarks; 
these are among the most interesting bits in the book. Each 
species also has a few references for recommended reading, 
which are helpfully annotated so one knows whether the ref-
erence pertains to evolutionary relationships, reproduction, 
population biology, tadpoles, calls, etc.
 The book concludes with other sections that are quite use-
ful; several of these were added to the book in previous editions. 
First, it has a helpful collection of references that are more 
than sufficient for enabling the amateur and specialist alike 
to dive into the literature dealing with this frog fauna. There is 
also a two-page glossary section that nicely compliments the 
morphological descriptions in the beginning of the book and 
the labeled diagrams on the inside front cover. Following the 
glossary, the authors have included keys by region (Kimberley, 
Southwest, and the intervening Arid Zone) as well as “check-
lists of frogs for urban centres” organized by region. The latter 
is among my favorite parts of the book and was originally intro-
duced in the second edition. 
 I found no problems with this book. There are only a few 
things to note for the more interested reader. The authors pre-
fer to recognize Cyclorana as a genus rather than subgenus of 
Litoria (contra Frost et al. 2006). At the same time, the authors 
have opted to utilize the Limnodynastidae as a distinct family 
rather than as a subfamily within Myobatrachidae. Not includ-
ed among the species in this book is Litoria aurifera (Anstis et 
al. 2010), which was, of course, described after the publication 
of this book.
 If and when I ever write a field guide, I would happily follow 
the model set forth in this book. I have always had a fascina-
tion with Australian frogs and this only fueled my desire to visit 
and see some of these remarkable species. The authors make 
brief reference to “overseas froggers” in their preface, probably 

without considering that such a nice field guide may serve to 
attract a good number of overseas froggers to visit them in 
Western Australia, myself included.
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 One presumes that most herpetologists are by now familiar 
with, if not enraptured by, the 47-minute documentary “Cane 

Toads: an Unnatural His-
tory,” released in 1988 and 
directed by Mark Lewis. The 
film is famous for its hilari-
ous depiction of the varied 
human responses to the in-
vasion of Rhinella (formerly 
Chaunus, formerly Bufo, 
nee Rana) marina across 
northern Australia. The di-
rector has now followed 
up on his early success 
with the 90-minute sequel 
“Cane Toads: the Conquest” 
(2010). And, in the now-
common trend of multi-
media packaging, released 
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the same year is this companion book whose stated purpose is 
“to serve as a guide to the important, intriguing, and disturb-
ing issue of rogue species.” Alas, the book seems nothing but a 
quickly patched-together marketing ploy reeking of commer-
cial cynicism.
 The book has a four-page preface by the editor and is fol-
lowed by 12 chapters treating (or at least touching on) varied 
aspects of the problem of invasive alien species. These are di-
vided into three sections: “The Cane Toad Saga” (two chapters), 
“Rogue Species and the Future of the Planet” (seven chapters), 
and “What We Can Do” (three chapters). At the end is an appen-
dix listing relevant books, websites, and organizations treating 
this issue so that the interested reader can explore the topic in 
greater depth. This is useful—and, indeed, necessary—because 
the book under consideration does such a poor job of meeting 
its stated goal. Despite the book’s title, with the exception of the 
first chapter, there is nothing of interest herein for the average 
herpetologist. 
 Let’s focus on the positive aspects of the book. As the read-
er familiar with the literature on this topic might expect, Dan 
Simberloff and James Carlton provide excellent summaries of 
their chosen (or assigned) topics. The former delivers a lucid 
and erudite case study of the invasives problem in Hawaii, one 
of the most invaded areas on earth. It provides a useful contrast 
to most of the other chapters in the book because it not only 
describes the ecological havoc caused by invasives in Hawaii 
but provides sufficient explantory detail of the underlying rea-
sons for these impacts that the reader can understand why the 
damage occurs. This chapter serves as a compelling examina-
tion of a worst-case situation. Similarly, Carlton contributes a 
detailed explanation of how and why invasives are a problem in 
the oceans, giving a historical overview of the development and 
scale of the phenomenon, with development in this case be-
ing the addition through time of new dispersal vectors. He then 
gives several examples of the consequences of these invasions 
and finishes with a brief discussion of management options, 
including the rarely discussed need for early education (read: 
toward children) about the problem to instill more responsible 
attitudes toward biotic mixing.
 In a very different vein, Nigel Turvey contributes a chapter 
replete with much new information on the history of the re-
lease of Cane Toads into Australia. The major events in the pre-
release history are already available in the literature, but Turvey, 
using	memos	from	the	historical	files	of	the	Queensland	Bureau	
of	Sugar	Experiment	Stations	and	Queensland	State	Archives,	
fills in useful details and continues the history of political ma-
neuvering past the release date in August, 1935. He provides a 
detailed case study of the contrasting political interests, human 
foibles, and mediocre judgement that continue to be replayed 
repeatedly around the world in the deliberate release of alien 
invasives. Turvey provides the best illustration of the profound 
banality of invasive-species release of which I am aware. It is 
also one of only two chapters with a specific focus on herps.

 These are the chapters that shine. So does Chapter 9, which 
is	 a	 reprint	 of	 David	Quammen’s	 seminal	 1998	 essay	 “Planet	
of Weeds,” originally published in Harper’s. This essay is an 
eloquent exposition of the biotic extinction crisis and why it 
matters, with approximately 25–30% of the space devoted to 
discussing invasives, which was one of the first attempts to 
educate the general public about the problem. However, this 
chapter is clearly dated, and its inclusion contributes nothing 
particularly important toward a current understanding of the 
invasives problem or its solution.
 Chapter 5, “The Fungus Amongus – Toad as Victim” by Chad 
Peeling, is a concise and well-written summary of the problem 
of chytridomycosis in amphibians (the second of two chapters 
with a herpetological focus). However, there are two caveats: 
(1) the title is a misnomer, since R. marina is not threatened by 
the chytrid fungus, and (2) the last paragraph asks how anyone 
could want to kill a toad (even if it is invasive), thereby missing 
the point that invasives are an issue of ecological and evolu-
tionary context, not of the species per se. This is an odd remark 
to include in a book purporting to educate the public about the 
problem of invasive species. 
 The remainder of the book is a wash; indeed much of it is 
downright awful. I could bore the reader with the details, but 
it would take too long and is not particularly relevant for a re-
view in a specifically herpetologically focused journal. To sum-
marize, the book is a poorly edited, incoherent mishmash of 
chapters revolving around the general issue of invasive alien 
species. With the exception of the chapters mentioned above, 
most do not serve to educate; some are absolutely mislead-
ing. Nor is the situation improved by the attempt to coin yet 
another term (“rogue species”) for a phenomenon already bur-
dened with a history of competing descriptors. There is noth-
ing of specifically herpetological interest in this book, with the 
exception that Turvey’s chapter will be useful for the specialist 
in herpetological invasions. For lay readers wanting a general 
introduction to the problem of alien invasions, the works by 
Bright (1998), Devine (1998), Baskin (2003), and van Driesche 
and van Driesche (2004) are infinitely better written, coherent 
treatments, and I can recommend any of them as far more de-
serving of attention than the present title.
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 Nebraska had gone over 65 years since Hudson’s (1942) 
treatment of the state’s amphibians and reptiles then, within 
weeks of one another, two new books on the topic were pub-
lished. The two new books, Amphibians	and	Reptiles	of	Nebras-
ka and A	Field	Guide	to	the	Amphibians	and	Reptiles	of	Nebras-
ka, despite their similar subject matter, are very different. The 
former is larger (18.4 × 15.4 cm and 400 pp. vs 12.1 × 19.1 cm 
and 161 pp.), with more in-depth coverage and referencing (4.5 
pages per species with 970 references cited compared to two 
pages per species and no literature cited), and a heftier price 
tag (US $45.00 vs. $17.99). They also differ in the number of spe-
cies treated; Fogell has 62, one more than Ballinger et al., as he 
treats Tiger Salamanders as two species (Ambystoma	tigrinum 
and A.	mavortium). 
	 A	Field	Guide	 to	 the	Amphibians	and	Reptiles	 of	Nebraska 
(Fogell) is a nicely laid out and designed guide that has a short 
introduction and a two-page section on habitats. This is fol-
lowed by a well done key for all amphibians and reptiles found 

in the state. The species names follow Crother (2008) with the 
exception of ratsnakes and foxsnakes for which Scotophis and 
Mintonius are used, as well as Pantherophis, without explana-
tion. The accounts are standardized to two pages per species 
and include four text sections on one page—description, habi-
tat, natural history, and distribution— and photos and a dis-
tribution map on the facing page. There are no citations in the 
text of the accounts. The maps show distribution by county, but 
do not provide information on the origin or age of the records. 
The last portion of the book includes short descriptions of spe-
cies of possible occurrence, a glossary of terms, and a checklist 
of amphibians and reptiles of Nebraska.
 This is a handy guide that fits nicely in one’s pocket and is 
appropriate for persons with a general interest in the wildlife of 
Nebraska. It falls short for the serious student of herpetology, 
however, because of the lack of references and relatively cur-
sory treatment of each species.
 Amphibians	and	Reptiles	of	Nebraska (Ballinger et al.) is a 
major treatise on the herpetology of Nebraska. The three au-
thors have over 60 combined years of experience with Nebraska 
reptiles and amphibians and over 30 collective years of work in-
vested in this book. The book has extensive introductory chap-
ters. “A Brief History of Herpetology in Nebraska,” which covers 
works from prior to Hudson (1942) to the present, including a 
mention of the (then forthcoming) field guide by Fogell, gives 
a good overview of the research that has been carried out on 
the amphibians and reptiles of the state. The “Environments for 
Amphibians and Reptiles in Nebraska” chapter is over 20 pages 
long and covers the physiographic regions and vegetation types 
found in the state. There is also a section on conservation and a 
checklist to the species found in the state.
 Ballinger et al. break up their key so the portion for each 
order is at the beginning of the sections for those species. The 
species accounts are laid out with sections on recognition, 
description, size, distribution, habitat, habits, variation, and 
remarks. There are multiple photos for each species showing 
different life stages, colorations, and habitats. The state maps 
show point localities with different dots that distinguish the 
records by age and smaller American maps show the broader 
distribution of each species. Unfortunately, the state maps all 
show gray speckling or smudging, probably due to low quality 
scans. The same problem is found in the line drawings used in 
the book.
 The species accounts vary in length from three pages to over 
10 pages. The authors mainly follow Crother (2008) for standard 
English and scientific names, except that they retain the use of 
the genera Bufo and Rana, explaining their rationale in the text. 
A single page of species of potential occurrence in Nebraska is 
presented. There is an extensive glossary and a 51-page Litera-
ture Cited section, with 970 references.
 This book is a major treatise that will stand the test of time. 
Unfortunately, numerous typos, the use of informal terms like 
“herpetile,” and the low quality maps and line drawings take 
off a little of the luster. It is too bad this book did not get the 
copyediting and design support that went into Fogell’s Field	
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Herpetofauna del Valle de México:  
Diversidad y Conservación

By Aurelio Ramírez-Bautista, Uriel Hernández-Salinas, Uri Omar 
García-Vázquez, Adrian Leyte-Manrique, and Luis Canseco-Márquez.  
Prologue by Jerry D. Johnson. 2009. Universidad Autónoma del 
Estado de Hidalgo and CONABIO, Mexico, D.F. 213 pp. Softcover. US 
$40.00 (available from Bibliomania! www.herplitsales.com). ISBN 
978-607-7607-18-2. [In Spanish]

 This volume joins a grow-
ing list of regional treatments 
of Mexico’s wonderfully diverse 
herpetofauna, and like most of 
these other recent publications 
is the work of native Mexican 
herpetologists. This publish-
ing wave reflects a movement 
to document Mexico’s herpe-
tological diversity in the face 
of growing conservation chal-
lenges. The Valley of Mexico, in 
particular, because of its long 
period of high-density human 
habitation, is a region of heav-

ily compromised ecosystems, with some species already extir-
pated and others marginalized to vestiges of native habitats. 
Individual accounts for 69 species of amphibians and reptiles 
include descriptions, natural history, and distribution (with 
dot maps). Small color photographs are included for each spe-
cies; where possible, specimens illustrated are from within the 
book’s coverage area. Separate sections review distribution—
from ecological and biogeographic perspectives—including 
levels of endemism, as well as diet, habits, and reproduction 
(noting the high percentage of viviparous squamates). The 
book concludes with a discussion of the conservation status of 
the region’s herpetofauna as a group, as well as individual spe-
cies that have disappeared already or are in imminent danger 

of regional extirpation. Herpetologists and conservation biolo-
gists with interests in Latin America will want to acquire this 
book.

A Guide to the Rock Rattlesnakes  
of the United States

By Michael S. Price. Foreword by Travis J. LaDuc. 2009. ECO 
Herpetological Publishing, Rodeo, New Mexico (www.ecouniverse.
com). 160 pp. Softcover. US $24.95. ISBN 978-0-9788979-9-4.

This book is a photograph-
ic atlas documenting the ex-
tensive phenotypic variation 
in Crotalus lepidus within the 
United States. This species has 
been Michael Price’s passion 
for a number of years, and he 
has traveled widely through-
out the American Southwest 
to observe and record Rock Rattlesnakes from the mountains 
of southeastern Arizona and adjacent New Mexico eastward 
into the desert and near-desert environments of West Texas. 
Within this region, C. lepidus occupies a broad range of eleva-
tions and habitats (nearly always rocky), and populations of 
snakes display differences in adult size and color pattern. The 
geographic range and morphological variation is even more ex-
tensive south of the U.S.–Mexico border and will be the subject 
of a future book by Price. The present volume contains hun-
dreds of high-quality color photographs depicting 240 individ-
ual snakes from 52 discrete localities (many also illustrated by 
color photographs). Price recognizes five “phenotypes”—but 
in reality these are not diagnosed morphologically but simply 
allocated to ecoregions (e.g., “Edwards Plateau / Eastern Phe-
notype,” etc.). Although this book would have benefited from 
a stronger editorial presence, its value lies in the voluminous 
compilation of images that record the variation in this diverse 
group of snakes.

Guide. It would have been nice for the users of both books if 
the authors had collaborated to use one standard names list for 
Nebraska.
 I will keep both of these books on my bookshelf. I will re-
fer to Ballinger et al. when I need information about Nebraska 
amphibians and reptiles. When I am in the field in Nebraska I 
will have Fogell in my back pocket. It is too bad that these two 
projects could not have been merged, particularly considering 
the authors were all associated in some way with the University 
of Nebraska – Lincoln.
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American Museum of Natural History’s
Southwestern Research Station

Field Herpetology of the Southwest
24 July – 3 August, 2011

During this 10-day course, participants will gain 
knowledge on the outstanding biodiversity of 

amphibians and reptiles found in a wide diversity of 
habitats throughout southeastern Arizona and parts of 

southwestern New Mexico. 

Participants will obtain hands-on experience in 
amphibian and reptile identification, collecting and 
marking techniques, and data documentation. The 

course also will cover specimen preparation of a full 
museum voucher specimen, including tissue 

vouchers and photographs. 

For more information about the course contact  Dawn Wilson  
Ph: 520-558-2396; Email: dwilson@amnh.org

http://research.amnh.org/swrs/
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