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SSAR BUSINESS

SSAR Election Results

 Results of the 2008 SSAR election are as follows:

President-Elect: .....................................................Joseph Mendelson, III
Treasurer: ....................................................................Kirsten Nicholson
Secretary: ...........................................................................Marion Preest
Board Members (Regular): 
......................................David Cundall, Kevin de Queiroz, Ann Paterson
Board Member (non-US):................................................Patrick Gregory

 All proposed amendments to the bylaws were approved. Thanks to all 
of  the nominees who agreed to stand for positions and to Dan Noble, 
Elector.
 —Marion Preest, SSAR Secretary

Seibert Award Winners for 2008 Announced

The 17th annual Seibert Awards were presented at the 51st 
Annual Meeting of the SSAR in Montréal, Québec, 23–28 July 
2008. These awards are named in honor of Henri C. Seibert, 
an early and tireless supporter of SSAR (having served as an 
offi cer for over 20 years). In recognition of outstanding student 
presentations at the annual meeting, a single award was given 
in each of the following categories: Evolution/Systematics 
(5 eligible presentations), Ecology (7 eligible presentations), 
and Conservation (9 eligible presentations). There were no 
presentations in Physiology/Morphology. All awardees will 
receive a check for US $200 and a book from Chuck Crumly at 
University of California Press.

The Winners—Systematics/Evolution: Julienne Ng, University 
of Rochester, “Dewlap color and reproductive isolation in Anolis 
distichus.” Ecology: Forrest Brem, University of Memphis, 
“Environmental transmission: a mechanism of disease-induced 
amphibian extinctions.” Conservation: David Pike, Jonathan 
Webb, and Richard Shine, University of Sydney, “Landscape-
scale reptile conservation: experimentally manipulating canopy 
cover to restore a reptile assemblage.” 

Honorable Mention—Ecology: April Barreca and Jason T. 
Irwin, Central Washington University, “Seasonal habitat use and 
movement of Cascades frogs (Rana cascadae) in Washington.” 
Conservation: Brian Todd, Thomas Luhring, Betsie Rothermel, 
and Whit Gibbons, Savannah River Ecology Lab, Austin Peay 
State University, “Interspecifi c effects of upland forest clearing 
on amphibian migrations: implications for habitat and population 
connectivity.”

The judges were Catherine Bevier (Colby College), Gerardo 
Carfagno (College of Wooster), Nirvana Filoramo (Clark 
University), Colleen Ingram (American Museum of Natural 
History), Eric Juterbock (The Ohio State University at Lima), 
Patrick Owen (The Ohio State University at Lima), and Emily 
Taylor (California Polytechnic State University).

About Our Cover: Ceratophora tennentii

The family Agami-
dae is represented in Sri 
Lanka by six genera, 
of which Ceratophora, 
Cophotis, and Lyrio-
cephalus are endemic to 
the island. Ceratophora 
contains fi ve species; 
collectively, these oc-
cupy three regional up-
lifts (massifs). The cover 
species, C. tennentii, is 
restricted to the Knuck-
les Massif, where it is a 
denizen of cool, montane 
cloud forests. These are 
slow-moving, diurnal 
lizards associated with 
moss and lichen-covered 
tree trunks. Rainfall in prime habitat ranges from 2540–5080 mm/
year. The fl attened, leaf-like appendage (better developed in males) 
distinguishes this species from congeners. Adults of both sexes at-
tain SVLs of 60–90 mm. Gravid females have been recorded dur-
ing June–August, with hatchlings observed in November and Janu-
ary; the latter tend to be more terrestrial than adults and are cryptic 
on forest fl oor litter. As with many species characterized by small, 
relictual distributions, the range of C. tennentii is compromised by 
habitat conversion for agriculture (tea and cardamom plantations) 
and invasion by exotic species. Given its status as a cool cloud forest 
species, it may face threats from warming temperatures as has been 
documented in another agamid, Cophotis ceylanica. Information for 
this account was obtained from de Silva et al. (2005 [2006]. Lyrio-
cephalus 5:55–62).

The cover photo was taken by Paul Freed, retired Herpetology 
Supervisor from the Houston Zoo. Paul’s career at the zoo spanned 
25 years, resulting in numerous scientifi c and popular articles be-
ing published in national and international journals. Just prior to his 
retirement, Paul wrote a 
book, Of Golden Toads 
and Serpents’ Roads  
(Texas A&M University 
Press), chronicling his 
world travels to observe 
amphibians and reptiles 
in the wild. Paul has 
relocated to the Pacifi c 
Northwest where he cur-
rently is focusing on the 
expansion of his herpe-
tological photographic 
library. 

While touring the 
island of Sri Lanka in 
March 2007 with promi-
nent local herpetologist 
Anslem de Silva, Freed 
photographed the adult 
pair (male left, female right) of Ceratophora tennentii at Pitawala in 
the North Knuckles Massif. He used a Canon F-1 with a 100mm f/4 
macro lens along with a Vivitar 4600 fl ash, recording the image on 
Fuji Provia 100 ISO slide fi lm.
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SSAR Grants-in-Herpetology 
2009 Call for Proposals

Proposals are now being accepted for the 2009 SSAR Grants-in-
Herpetology Program.  This program is intended to provide fi nan-
cial support for deserving individuals or organizations involved in 
herpetological research, education, or conservation.  Application 
deadline is 28 February 2009.  Grant application details are avail-
able at: http://www.ssarherps.org/pages/GIH.php.

2008 Annual Meeting, Montréal, Canada

The Annual Meeting of SSAR took place from 23–28 July, 2008 at 
the Le Centre Sheraton Hotel, Montréal, Canada. In addition to SSAR 
members, participants included members of the American Elasmobranch 
Society, the American Society of Ichthyologists and Herpetologists, The 
Herpetologists’League, Canadian Amphibian and Reptile Conservation 
Network, and Canadian Association of Herpetologists. The meeting was 
hosted by McGill University, Concordia University, Environment Canada, 
and Ministère des Ressources Naturelles et de la Faune. The local hosts 
were David Green, Andrew Hendry, Lauren Chapman, Grant Brown, 
David Marcogliese, Andrée Gendron, Alain Branchaud, Jacques Jutras, 
Heather Gray, Ronald Javitch, and Ray Saumure. The hard work of the 
local hosts, the staff of the Kansas State University Division of Continuing 
Education (especially Heide Burke and Sharon Brookshire), and over 30 
volunteers ensured that we had another smooth-running meeting.

Numbers were down somewhat at this year’s meeting. There were 862 
herpetologists and ichthyologists from 22 countries (including Australia, 
Belize, Brazil, France, Japan, Norway, Poland, and Taiwan) and 15 exhibi-
tors. Approximately 45% of attendees were students and around 480 papers 
and 250 posters were presented. Close to 40% of the papers and posters 
were herpetological. Two graduate student workshops and six symposia 
were held. One symposium was sponsored by SSAR: “Is Management of 
Sustainable Commercial Harvest of Long-Lived Organisms Possible?” 
Willem Roosenburg, Justin Congdon, Henry Mushinsky, and Rich Seigel 
were the co-organizers and SSAR thanks them for their efforts. The Henri 
Seibert Competition attracted 21 students in three categories this year. 

Most participants were in the Conservation category.
The Annual Meeting began offi cially at 0830 h on Thursday, July 24th 

with warm welcomes from David Green (chair of the Local Host Com-
mittee) and Rachel Leger (Directrice, Biodôme de Montréal). Joseph 
Mendelson, III from Zoo Atlanta then spoke about “Research, Conserva-
tion, and the 2008 Year of the Frog Campaign.” Joe presented some truly 
alarming statistics relating to amphibian declines and extinctions that 
will be familiar to many SSAR members. He indicated that research as 
usual and conservation as usual are not a suffi cient response to the crisis 
and that innovative, cross-disciplinary research is needed. Some of this 
research is outlined in the Amphibian Conservation Action Plan (http://
www.amphibianark.org/pdf/ACAP.pdf). 

Pat Gregory then presented David Green with the 2008 Distinguished 
Herpetologist Award from the Canadian Association of Herpetologists. 
Stevan Arnold was the recipient of the 2008 Fitch Award for Excellence in 

Joe Mendelson, III (left) and Greg Watkins-Colwell (right) enjoying a 
break between paper sessions. Photo by M. Preest.

This year’s President’s Travelogue was presented by Board Member 
Jimmy McGuire. Photo by M. Preest.

Participants in the SSAR-sponsored symposium “Is Management of 
Sustainable Commercial Harvest of Long-Lived Organisms Possible?” 
Top row (L to R): Willem Roosenburg, Ron Brooks, Justin Congdon, Jack 
Musick, Rich Seigel, Wade Smith, Earl McCoy; Bottom row (L to R): Tony 
Gamble, Paul Moler, Henry Mushinsky. Photo by M. Preest.
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Herpetology and Al Savitzky was presented with a plaque for receiving the 
Robert K. Johnson Award in 2007. Rick Mayden gave the ASIH plenary 
address on “A New Paradigm on Biological Species: the Nexus of Theory 
and Operationalism Essential to Biodiversity Studies.” Pat Gregory, the 
2008 Herpetologists’ League’s Distinguished Herpetologist, spoke about 
“Northern Lights and Seasonal Sex: Reproductive Ecology of Cool-Cli-
mate Viviparous Snakes.” Kenneth Goldman then made a presentation on 
the past, present, and future of the American Elasmobranch Society.

Social Events

Jimmy McGuire (Museum of Vertebrate Zoology, UC Berkeley) was 
a good choice for the President’s Travelogue and this event (on July 
24th) was attended by around 60 people. These presentations are always 
a treat and this year was no exception! Jimmy spoke on “Herpetological 
Diversity and Biogeography of Sulawesi, Indonesia—the World’s Coolest 
K-Shaped Island.”

The Joint Meeting Reception was held the next evening in the Biodôme 
de Montréal (formerly an Olympic velodome). Inside was a journey 
through fi ve ecosystems; tropical rainforest, Laurentian forest, the St 
Lawrence marine, Arctic, and Antarctic. 

This year SSAR offered 
two special social events 
for our student members. 
We hosted a very successful 
Student Reception on the eve-
ning of July 24th and invited 
all attending students and a 
number of professional her-
petologists. This was intended 
as an opportunity for the 
students to meet professionals 
in their fi eld, to make useful 
contacts, and to encourage 
their participation and con-
tributions. A variety of items 
provided by Kraig Adler and 
Dawn Wilson were offered as 
door prizes.

We also held a Pizza Lunch 
offsite on July 25th for stu-
dents particularly interested 
in becoming more involved 

Attendees at the SSAR Student Reception held on July 24th listening 
to President McDiarmid welcoming them to the meeting. Photo by M. 
Preest.

Perry Wood, one of the lucky winners 
of a door prize at the SSAR Student Re-
ception. Photo by M. Preest.

Jen Germano and Samantha Wisniewski were two of the many student 
volunteers at the highly successful joint SSAR/HL auction on the evening 
of July 27th. Photo by M. Preest

Dawn Wilson, Carola Haas, and Al and Barb Savitzky (from L to R) 
waiting for the Joint Meeting Picnic held at McGill University. Photo by 
M. Preest.

The San Luis Obispo crowd at the Joint Meeting Banquet. L to R: 
Craig Lind, Peter Jackson-Tooby, Amber Branske, Emily Taylor. Photo 
by M. Preest.
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in the Society. We talked about various ways of increasing their involve-
ment and generated a number of interesting ideas to raise funds to support 
student attendance at the Annual Meeting.

Following the group photograph, the Joint Meeting Picnic had to be held 
indoors. For the past fi ve years, three of our picnics (Norman, Tampa, and 
now Montréal) have been driven indoors because of inclement weather. We 
were however rewarded with lively traditional Québécois music and dance 
by Les Bons Diables. Most then took advantage of the close proximity of 
the Redpath Museum and spent some time wandering through the exhibits. 
There was also a live collection of local amphibians and reptiles.

The SSAR/HL Live Auction occurred on July 27th and, although the 
turnout seemed low, we raised an impressive $5,200. Several hard-work-
ing and dedicated graduate students (including Mallory Eckstut, Rocky 
Parker, Alison Hamilton, and Devin Bloom) resurrected the Silent Auction 
at the last minute (literally a week before the meeting began). This was 
a joint SSAR/ASIH effort and it raised over $2000 for graduate student 
support.

The Joint Meeting Banquet was held on the last evening of the meeting, 
and Pat Gregory served as Master of Ceremonies. Pat acknowledged Past-
Presidents of the participating Societies. Three of SSAR’s Past-Presidents 
attended the Banquet (Al Savitzky, David Green, and Darrel Frost) and 
there were certainly others at the meeting this year. HL and ASIH made 
various awards and ASIH announced the results of their recent election. 
Carl Ferraris issued an invitation to attend the 2009 Joint Meeting of 
Ichthyologists and Herpetologists in Portland, Oregon, 22–27 July).

Board Meeting and Business Meeting Summaries

Society President Roy McDiarmid called the board meeting to order 
at 0803 h on July 23rd, 2008 in the Le Centre Sheraton Hotel, Montréal, 
Canada. In attendance were eight members of the Board of Directors and 
12 editors, committee chairs, or members of the society. Minutes of the 
2007 Board of Directors Meeting (St. Louis) were approved.

Annual reports for 2007/2008 were submitted by all offi cers, editors, 
and committee chairs. President McDiarmid reported devoting much time 
since the 2007 meeting to dealing with various issues raised in St. Louis. 
For example, he has been involved in discussions with Henry Mushin-
sky (SSAR representative on the Joint Meeting Committee [JMC] and 
incoming ASIH President) and Brian Crother (SSAR President-Elect) 
on the functioning of the JMC, the perceived dominant role of ASIH in 
that activity, and the role of SSAR and other societies (e.g., HL, AES). 
Additionally, he has been working on initiatives designed to respond to 
concerns expressed by several student members at the annual business 
meeting and at other social venues in St. Louis that many did not feel 
that they were an integral part of the society and did not always have a 
positive and welcoming experience at our meetings. Following receipt 
of a letter of resignation from Geoff Smith (Editor, Journal of Herpetol-
ogy), Brian Crother and Roy reviewed the duties and current structure of 
the editorial offi ce. As a result of this review and subsequent discussions 
with Geoff Smith and a former editor (Brian Sullivan), they identifi ed and 
interviewed a candidate for the position; he is Matt Parris, University of 
Memphis, and is currently an associate editor of the journal. Roy appointed 
Raul Diaz as new web czar and arranged for Catherine Bevier and Alan 
Savitzky to represent SSAR at an AAAS/AIBS NSF funded Education 
Summit and for Jimmy McGuire to present the President’s Travelogue at 
the 2008 Annual Meeting. 

Treasurer Kirsten Nicholson reported that the society’s expenses were 
well within the approved budget limits, but they exceeded revenues by 
$15,403. This was due in large part to a signifi cant shortfall in member-
ship income. The shortfall may be offset ultimately by an increase in 
membership (new and renewing) early in 2008. The society’s Membership 
Offi ce is currently being managed by Allen Marketing and Management 
(AM&M), which assumed responsibility in May 2007. The transition to 
AM&M’s handling of membership has been somewhat rocky. However, 
overall, Kirsten is pleased with the service provided. This service is not 
inexpensive and Cecelia Widdison (in the Publication Secretary’s of-

fi ce) has indicated that she is interested in resuming membership duties 
and could do so at a substantially lower cost. The board decided to ask 
Cecelia for a formal proposal and will reconsider this matter at the 2009 
board meeting.

The society’s investments performed well and the entire portfolio in-
creased by $46,390 with nearly $3,000 in realized investment income. The 
society’s investment objective is to maximize return on investment while 
preserving the original principal amount of all restricted funds. Towards 
this end, the portfolio was rebalanced in March 2006, and has been per-
forming well. Income shortfalls necessitated cashing in $40,000 from our 
investments to pay society bills. For easier fi nancial management, Kirsten 
plans to consolidate several bank accounts into an account established by 
Allen Press. Most of the President’s Fund was used to support SSAR’s 
50th Anniversary celebration last year. Kirsten presented summaries of the 
Book Initiatives and Student Awards Funds. The Roger Conant library, 
which was picked up in Albuquerque several years ago and is now in Salt 
Lake City, will be auctioned in the near future.

In the past year, Secretary Marion Preest prepared board and business 
meeting agendas and minutes for offi cers, editors, and committee chairs. 
Additionally, she prepared a summary of the 2007 meeting for publication 
in Herpetological Review and prepared the Annual Report for this year’s 
board meeting. Ongoing duties include updating SSAR letterhead and 
material on the website, answering or forwarding numerous emails, and 
ensuring that reports from committee chairs are submitted for publication. 
Marion was involved in the student activities planned for the Montréal 
meeting, Nominations Committee duties, and she headed an effort to in-
crease email contact with members. She made copies of photographs taken 
at the 50th Anniversary celebration in 2007 available for purchase at the 
Annual Meeting (Raul Diaz is working on making photographs available 
via the website). She has also been working on compiling a list of interna-
tional herpetological societies so that SSAR can acknowledge signifi cant 
events (e.g., anniversaries) as they occur in our sister societies.

Breck Bartholomew (Publications Secretary) reported that total income 
from the Publications Offi ce in 2007 was $93,720. This included $49,564 
in membership dues collected before AM&M assumed membership du-
ties.

Andy Price (Editor, Catalogue of American Amphibians and Reptiles) 
reported that 20 accounts were published in 2007. He is revising the 
CAAR “Instructions for Authors.” He brought two issues to the board’s 
attention.

(1) For a variety of reasons the CAAR Board of Editors has been unable 
to maintain an annual publication schedule of 20 accounts. Andy therefore 
recommended that CAAR adopt an ‘as ready’ publication schedule; that is, 
when 20 accounts are ready they are published regardless of the time frame 
involved. Subscribers will then renew for the next issue of 20 accounts.

(2) Andy plans to ask the CAAR Board of Editors to begin soliciting 
authors to prepare revisions of existing accounts. He believes this step 
will be of benefi t to the Catalogue for reasons including changes in tax-
onomy, signifi cant changes in geographical ranges, substantial increases 
in the body of literature pertaining to given taxa, and our ability to publish 
color illustrations.

There was discussion of the implications of an “as ready” publication 
schedule for SSAR members who receive copies of CAAR as part of their 
membership (e.g., Plenary members, CAAR-only members). A suggestion 
was made that CAAR not be included in certain membership categories, but 
that individuals indicate when they renew if they wish to receive CAAR 
(which they would then be billed for). Plenary memberships would no 
longer be available.

The board approved Andy’s suggestion that he ask authors to prepare 
revisions of existing accounts. The board was clear that it is the editor’s 
prerogative to replace section editors should they not be performing 
adequately.

Kraig Adler (Editor, Contributions to Herpetology) reported that a 
number of books in this series were published recently. Contributions to 
the History of Herpetology, Volume 2 was distributed gratis to the del-
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egates at the St. Louis meeting. Tasks and Problems in Studying the Life 
of Reptiles in Zoos, by Hans-Günter Petzold was published in May 2008 
and Biology of the Reptilia, Volumes 20–21 are expected in September, 
2008. A number of books are planned beyond 2008, including Biology of 
the Reptilia, Volume 22 (a cumulative index of the series).

Editor of Facsimile Reprints in Herpetology, Aaron Bauer, reported that 
a softcover version of The Life and Herpetological Contributions of August 
Friedrich Schweigger is being printed in Manaus, Brazil, and the book 
will be given to all attendees of the 6th World Congress of Herpetology 
(WCH) thanks to a donation from Ronald Javitch. This will be coupled 
with a membership drive at the meeting (the new membership brochures 
will be available). A hardcover edition will be printed by September, 2008. 
Publication of Gray’s Catalogues of the Specimens of Amphibians and 
Reptiles in the Collection of the British Museum was postponed due to 
the need to complete the Schweigger volume for the WCH. Other works 
are in various stages of completion.

Herpetological Circulars Volume 37 was printed in January, and John 
Moriarty (Editor) indicated that Volume 38 would be printed by the An-
nual Meeting. The use of print-on-demand for recent Circulars keeps 
the original printing costs and inventory to a minimum, but requires the 
reprinting of better selling Circulars. This printing technique allows for 
short run reprints at reasonable prices. There previously was no budget 
item to allow for the reprints. John would like to start budgeting for 
anticipated reprints.

The Editors of Herpetological Conservation (Joe Mitchell and Robin 
Jung Brown) reported that Volume 3 (Urban Herpetology, edited by J. C. 
Mitchell and R. E. Jung Brown) is nearing completion and is scheduled for 
publication in Fall, 2008. Joe will continue as editor for one more volume, 
but Robin is stepping down. Meredith Mahoney suggested that Joe might 
consider publishing the proceedings of an upcoming SSAR-sponsored 
symposium (“Headstarting Turtles—Learning from Experience”).

Robert Hansen (Editor) reported that Herpetological Review, Volume 38 
was slightly smaller than Volume 37 and that submission rates appear to 
have leveled off. There were several staff changes during 2007. Managing 
Editor Tom Tyning ended his long-running tenure with Herpetological 
Review at the end of 2007. Meredith Mahoney (Illinois State Museum) 
became an Associate Editor in late 2007, Michael Burger concluded his 
stint as Section Editor for Herpetological Husbandry and was replaced 
by Brad Lock (Zoo Atlanta), thus ending the Dallas Zoo’s multi-decade 
long staffi ng of this position. Michele Johnson (Section Editor, Current 
Research) resigned and was replaced by Ben Lowe (San Diego State 
University). A new section, Amphibian Chytridiomycosis Geographic 
Distribution, appeared in the fi nal issue of 2007. The board continued its 
ongoing discussion of making Herpetological Review available online 
and voted unanimously to support this change. Effects on membership 
will need to be considered. Roy will ask Bob to pursue this and contact 
BioOne to discuss the possibility and implications of this change.

Geoff Smith, Editor of Journal of Herpetology, submitted his letter of 
resignation and reported a number of staff changes in the past year (two 
new Associate Editors). He supports appointing Matt Parris as his replace-
ment. Submission rates for Journal of Herpetology continue to increase 
and the rejection rate remains stable at around 60%. The 2007 budget was 
overspent by approximately $11,500 due to an increase in the average 
length of papers published and this increase in manuscript size continues 
in 2008. To deal with this, Geoff has reduced the number of papers that 
will appear in the September and December issues.

Journal of Herpetology will continue with its use of color images on 
the front cover. The paper used for printing the journal for several years 
was recently offi cially certifi ed by the Forest Stewardship Council. Geoff 
plans to work with his replacement to revise the current “Guidelines for 
Authors” on the website. Geoff is recommending that the table of contents 
revert from its subject category arrangement to the original undivided 
layout and that all papers and notes be published with author-generated 
keywords that would be searchable and used by an indexing service. The 
majority of the board voted to do away with categories and suggested us-

ing symbols that would appear on the legend on the back cover to show 
the cross-categorization of papers.

Joe Mendelson, III expressed some concern that the Journal might be 
losing potential authors because of the slow turn around time for submis-
sions. The problem appears to be due to delinquent reviewers. The editor 
needs to remind reviewers of how important timely reviews are. It might be 
necessary to increase the number of reviewers to whom each paper is sent 
and then accept the reviews of the fi rst two or three that are received. 

Matt Parris was introduced by Roy and then talked about his experi-
ence with Journal of Herpetology and what his philosophy as an editor 
would be. Matt was asked what support he would receive from his home 
institution (University of Memphis). He indicated that he will receive 
release from service responsibilities and access to an assistant funded 
out of a budget for teaching assistants. Matt was excused from the room, 
and, following brief discussion, the Board voted unanimously to approve 
Matt’s appointment as Editor of Journal of Herpetology.

The 50th Anniversary Celebration Committee was composed of Bob 
Aldridge, Janalee Caldwell, Jonathan Losos, Henry Mushinsky, Kirsten 
Nicholson, and Al Savitzky (Chair), with Robin Andrews and Roy Mc-
Diarmid serving as ex offi cio members. The 50th Anniversary celebration 
was held during calendar year 2007, with primary emphasis on events 
at the annual meeting in St. Louis. The committee acknowledges with 
gratitude the support and assistance of many individuals, particularly Roy 
McDiarmid and Kraig Adler for their tireless efforts to ensure that this 
important milestone in society history was celebrated in a manner befi tting 
the magnitude of the occasion. Major items extending throughout the year 
included the production of special covers for the Journal of Herpetology, a 
special banner on the cover of Herpetological Review, a highly successful 
celebratory banquet at the St. Louis meeting with elegant commemorative 
wine glasses etched by Ronn Altig with a modifi ed society logo of his 
own design provided to all banquet attendees, and a special edition of the 
SSAR Auction with Joe Collins reprising his role as auctioneer. SSAR 
provided several items gratis to all meeting participants. These included 
Contributions to the History of Herpetology, Vol. 2 by Kraig Adler, John 
S. Applegarth, and Ronald Altig (supported by a generous gift from Ron 
Javitch), a beautiful photographic poster by Dave Dennis (with production 
assistance from Breck Bartholomew), and a history of the society by John 
Moriarty and Breck Bartholomew.

Over the past year, the Conservation Committee (Stephen Richter 
and Betsie Rothermel, co-chairs) worked toward a long term goal of 
collaborating more with other professional committees (e.g., ASIH Con-
servation Committee) and with conservation organizations (e.g., Partners 
in Amphibian and Reptile Conservation, PARC). The committee was 
asked to lend its support to a planned symposium on the effects of roads 
on herpetofauna, to be held at the 2009 Joint Meeting in Portland. The 
Conservation Committee agreed that this was an important issue and so has 
joined with ASIH and other organizations in endorsing and promoting this 
event. In February 2008, committee member John Jensen played an active 
role as an organizer and moderator for the Southeast PARC meeting held 
in Athens, Georgia. He reported that the meeting was well attended and 
addressed many pressing concerns of interest to members of both SSAR 
and PARC, including emerging diseases, land acquisition and protection, 
and outreach and education. Stephen Richter intends to phase out of his 
role as co-chair of the committee this year and Betsie Rothermel and Joe 
Mendelson, III will serve as co-chairs.

Seven proposals of high quality were submitted for the Dean Metter 
Award this year (Joe Beatty, Committee Chair). The committee requested 
permission from President McDiarmid to make two awards this year and 
that request was granted. The fi rst awardee is Emilie Throop of Kansas 
State University. She is working on a Masters degree under the direction 
of Kimberly With in the Division of Biology and wrote an outstanding 
proposal entitled “Habitat Suitability and Metapopulation Dynamics of a 
Native Tallgrass Prairie Reptile.” The other equally impressive proposal 
was put together by Fernanda Werneck who is working on her Ph.D. under 
the supervision of Jack Sites in the Department of Integrative Biology 
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at Brigham Young University. Her proposal deals with South American 
lizards (two gekkonids and a gymnophthalmid) and is entitled “Phylo-
geography and Conservation of Lizards from Seasonally Dry Tropical 
Forests of South America.”

Erik Wild and Josh Kapfer (co-Chairs, Grants-in-Herpetology Com-
mittee) reported that 62 proposals from 23 US states and eight countries 
(including the United States) were received in 2008. The “Laboratory” 
category received the most applications (16). The following winners will 
each receive $500:

Conservation: Sara M. Maxwell, University of California Santa Cruz
Field Research: Sarah Becker, Southern Illinois University
Laboratory Research: William T. McLamb, Florida Institute of Tech-

nology
Travel: Kyna M. Hogg, University of North Dakota
International: Michael Hailu, Addis Ababa University, Ethiopia
Education: Mike Hickel, Rolling Hills Wildlife Adventure, Salina, 

Kansas

Co-Chairs of the Henri Seibert Award, Lora Smith and Margaret Gun-
zberger announced the winners of the 16th annual Seibert Award at the 
meeting in St. Louis, 2007 (published in Herpetological Review 38:380). 
SSAR wishes to thank Chuck Crumly (UC Press) for once again providing 
books for the winners. There was some discussion of whether a student 
could enter another Seibert category after they have won previously, e.g. 
if they have won the Conservation category can they enter the Morphol-
ogy/Physiology category. The board decided that strict interpretation of 
the guidelines would not permit this. Pat Owen has replaced Lora and 
Margaret as chair of this committee.

Cathy Bevier (Chair, Herpetological Education Committee, HEC) 
reported that members of this committee continue activities that are in 
line with their mission, including fi elding questions from community 
members and students about herps and conducting outreach programs 
to local groups and schools. These informal educational pursuits are 
noteworthy, but expanding the reach of the HEC to a greater section of 
the public could happen with a more extensive web page that is linked 
with the herpetology society web pages. This will be a major project over 
the next year, and information will potentially include teaching modules, 
curriculum suggestions, and links with websites from different states that 
contain information on amphibian and reptile species diversity. Several 
potential initiatives that HEC can pursue have grown from Cathy’s atten-
dance at a recent meeting, “NSF Conversation in Undergraduate Biology 
– AAAS/AIBS Biology Education Summit.” Part of the meeting focused 
on identifying the needs of resources and knowledge for successful biol-
ogy students in the 21st century.

The board discussed various projects the HEC could consider to raise 
the profi le of herpetologists, e.g., creating a “How to Become a Herpe-
tologist” webpage, including herpetology-related laboratory teaching 
modules on the webpage, posting herpetology data sets that could be used 
by classes for analysis, making back issues of Journal of Herpetology 
and Herpetological Review available either free or deeply discounted to 
students in Herpetology or Vertebrate Biology classes as a recruitment 
tool. Cathy will talk with Breck Bartholomew about the possibility of 
this last suggestion.

Lynnette Sievert (Chair, Kennedy Award Committee) announced that 
the winning paper for 2007 is by Guohua Yu, Junxing Yang, Mingwang 
Zhang, and Dingqi Rao: “Phylogenetic and Systematic Study of the Genus 
Bombina (Amphibia:Anura: Bombinatoridae): New Insights from Mo-
lecular Data,” Journal of Herpetology 41:365–377. Guohua will receive 
a check for US $200 or $400 in SSAR publications.

Henry Mushinsky reported that he was resigning from his role as 
representative for SSAR and HL on the Meeting Management Com-
mittee (MMGC). He suggested that each society should elect or select 
an individual to represent their society on this committee. He intends to 
serve on the committee for one more year as a representative of ASIH. 
During April, members of the MMGC and the Meeting Planning Com-

mittee met in Montréal and spent three days reviewing the conference 
facilities and developing the overall schedule including business meetings, 
workshops, social events, and poster and oral presentations. The deadline 
for abstract submission was extended for the 2008 meeting because the 
meeting was undersubscribed at the original deadline. Henry provided a 
reminder that each person can only submit one oral paper and one poster 
for presentation at the annual meeting. The MMGC feels that their efforts 
to better coordinate and organize symposia have been well-received and 
worthwhile. Symposia organizers have formatted their symposia to fi t 
within a predetermined schedule and have been responsive to requests to 
be sure all participants are properly registered and have submitted their 
abstracts in a timely manner. 

Meetings are planned for Portland in 2009 and Providence in 2010. 
The MMGC is aware that a World Congress of Herpetology has been 
proposed for Vancouver, British Columbia, Canada for 2012. Henry 
suggested that every effort should be made to integrate the four JMIH 
sponsoring societies into the WCH meeting plans.

Kirsten Nicholson (Chair, Nominations Committee) reported that no 
elections were held in 2007. In 2008, the society needs to elect a presi-
dent-elect, three regular board members, and one non-US board member. 
Kirsten Nicholson and Marion Preest are willing to run again for the posi-
tions of treasurer and secretary, respectively. For the fi rst time, voting will 
be carried out electronically. AM&M will post the list of candidates and 
their biographical sketches online, then will email the membership and 
provide instructions on how to login and vote. An Election Offi cer (Dan 
Noble, University of Guelph) has been appointed. 

In the context of discussion about society resolutions, a suggestion was 
made that, annually, the president writes personal letters acknowledging 
those who have served the Society in the previous year (e.g., editors, com-
mittee chairs and members, etc). Those who have provided the society with 
special service could additionally be acknowledged with a brief paragraph 
and photograph in Herpetological Review. Brian Crother and Kraig Adler 
agreed to work on this with help from Marion Preest.

The 6th edition of the Standard English and Scientifi c Names List has 
been published. Brian Crother (Chair) is working with Anne Maglia and 
Raul Diaz to put an edited 6th edition on the web. This will not be a simple 
static pdf of the hard copy, but a changeable document for easy updating. 
The 6th edition has attracted attention because of certain name usage and 
there are two items that Brian brought to the board’s attention. One is 
the authority of the list. This list is called the “Offi cial Names List” for 
SSAR, ASIH, and HL. This means that these are the standard English 
names to be used, at least for SSAR journals. This rule is simply meant 
to differentiate among competing English names lists. As for scientifi c 
names, these are hypotheses and in no way does this list dictate the use 
of scientifi c names published in SSAR journals or any other journals. The 
second item discussed related to the review of this list prior to publication. 
The publication editor, John Moriarty, sends the entire document out for 
review prior to publication. These reviews have always yielded a number 
of issues to which the committee has had to respond. Brian wondered 
whether the list should undergo a more expansive review process. The 
board did not think this was necessary. A suggestion was made that a 
description of the review process could be included on the cover of the 
issue in which the list is published.

At the board meeting in St. Louis, Dawn Wilson resigned as chair of 
the Silent Auction Committee (a service she has provided for many years). 
This committee raises funds for student travel. Dawn suggested that SSAR 
come up with other ways to raise funds. She was subsequently appointed 
as chair of the new Student Participation Committee. There was discussion 
of increasing the size and/or number of Travel Awards given each year. 
The board voted unanimously to double the size of the budget for these 
awards, i.e., ten awards of US $400 each will be given out in 2009. Dawn 
reported that the number of applicants for Travel Awards continues to be 
low (16 applications for 10 awards in 2007). 

Anne Maglia (Chair, Web Oversight Committee) thanked Zack Walker 
for his valuable service as webmaster for several years and announced 
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that he has been replaced by Raul Diaz. Among other changes, Raul has 
added the SSAR logo to the URL address bar, updated contact informa-
tion, text, and available PDFs, fi xed links on the History of Herpetology 
page and PDFs that open within the browser page, added an SSAR 
PUBLICATIONS link on the drop menu under “PUBLICATIONS” for 
a link to the publications available through HerpLit, updated the annual 
meetings section as well as other society’s conferences, and increased 
monthly bandwidth by 33%.

Al Savitzky (SSAR Representative to AIBS and BioOne) reported that 
he attended the annual BioOne Publishers and Partners meeting in April 
and the annual meeting and associated activities of the AIBS in May, 
2008. AIBS continues to serve its member societies in two major areas, 
public policy and education. Both of these offi ces were again consumed 
during the year with issues surrounding the teaching of evolution. Anti-
evolution bills appeared in several state legislatures under the new guise of 
“academic freedom” bills, with the tag line “teach the controversy.” Such 
bills are simply an attempt to re-introduce “intelligent design” curricula 
where they have previously been defeated or ruled unconstitutional. The 
Public Policy Offi ce and elected offi cers of AIBS were active in provid-
ing authoritative arguments for their defeat. Other public policy activity 
by AIBS was directed toward monitoring and supporting the funding of 
biological research by NSF, which continues to lag far behind support for 
NIH under the present administration.

Two members of the AIBS Public Policy Offi ce, Holly Menninger 
and Robert Gropp, published a booklet in 2008 entitled Communicating 
Science: A Primer for Working with the Media, which is available from 
the AIBS. As usual, the annual meeting of AIBS centered around a single 
major theme. This year’s meeting was devoted to Climate Change and 
Human Health and featured internationally prominent speakers. The AIBS 
meetings were followed by an Education Summit, which consisted primar-
ily of presentations on a range of subjects, e.g., threats to the teaching of 
evolution, increasing the involvement of under-represented groups, the 
future of textbook publishing in biology. A representative of McGraw-Hill 
said that he is informing his authors that they should plan on having only 
one or two more editions published in print, before textbooks become 
exclusively electronic. Another important element of the Summit was 
discussion of the pros and cons of establishing national standards for 
undergraduate programs in biology.

BioOne held its annual one-day meeting of representatives from pub-
lishers (primarily professional societies), academic libraries, and a few 
commercial presses. The program included updates on BioOne activities 
and presentations on several related topics. The major development in 
the coming year will be the migration of BioOne to a new platform. In 
addition to giving BioOne itself a new look, the new platform will provide 
important advantages for publishers (societies), libraries, and users.

Catherine Norton, Deputy Director of the Biodiversity Heritage Library 
(www.biodiversitylibrary.org), provided a detailed update on that project, 
which is an element of the broader Encyclopedia of Life that was launched 
in May, 2007 with major funding from foundations and several large 
biodiversity institutions. The goal of the BHL is to produce an open-ac-
cess digital library of the biodiversity literature, which includes about 5.4 
million books dating back to 1469, as well as 800,000 monographs, and 
40,000 journal titles (12,500 of them current).

Al Savitzky suggested that SSAR consider approaching the Biodi-
versity Heritage Library about scanning back issues of Herpetological 
Review. Alternatively, or in addition, SSAR might consider the benefi ts 
of publishing Herpetological Review through BioOne. Al will work with 
Bob Hansen to investigate this. A concern was expressed regarding the 
color photos and complicated formatting of Herpetological Review and 
the searchability of the material in the publication.

During the discussion period, a question arose regarding the transition 
from print to online-only publication. The answer from a staff member of 
BioOne was that such a transition was indeed still coming, and sooner than 
we expect. The impact of online-only publication on the size of society 
memberships is now a matter of immediate concern and should be the 

subject of pro-active planning.
Richard Durtsche (Symposium Coordinator) did not receive any 

symposium proposals by the February 1 deadline. Dick reported being 
contacted by HL regarding co-sponsorship as they had received three 
proposals (two requesting funding). In working with the HL symposium 
committee chair, Rafael de Sá, it was agreed that the societies (SSAR 
and HL) would co-sponsor both symposia requesting funding. The fi rst 
symposium, with lead sponsorship by HL, is entitled “Reproductive Biol-
ogy of the Ophidia.” The second symposium, with lead sponsorship by 
SSAR, is entitled “Headstarting Turtles—Learning from Experience.” The 
second symposium was later withdrawn, although plans are to resubmit 
a proposal next year. 

This concluded discussion of reports submitted, and the board then 
turned to new business. The Zoo Liaisons Committee has been defunct 
for a number of years. It was originally intended to try to bridge the gulf 
in herpetology between the “zoo people” and those in academia. Joe 
Mendelson, III led a discussion of this committee and suggested that this 
gulf does not exist to the degree it did years ago and that herpetologists 
in the zoo community typically do not attend meetings like the JMIH, not 
because they don’t feel welcome, but, rather, because they have their own 
meetings. Joe offered to spearhead a membership drive among the zoo 
community. He suggested, and the board approved, that student member-
ship rates be made available to zoo keepers. The board voted unanimously 
to abolish the Zoo Liaisons Committee. 

This year the society ran out of an issue of Journal of Herpetology and 
had to print an expensive rerun. Partly this was due to interpreting Article 
VII, Section 3 from our bylaws (see below) such that individuals who failed 
to renew their memberships would still receive copies of our journals in 
March and June of the year in which they were delinquent. 

Article VII. Dues
Section 3. A member in arrears for payment of dues for a period 

of 6 months after conclusion of the current membership year shall be 
dropped from the role after due notice from the Secretary.
The board voted to ask the membership to approve rewording Article 

VII, Section 3 of the bylaws (as below) so as to avoid this problem in the 
future. This will be included in the 2008 ballot.

“A member in arrears for payment of dues for a period of 2 months 
after conclusion of the current membership year shall be dropped from 
the role after due notice.”
Earlier in 2008, Roy and Brian approved a request for $1000 towards 

publication of a book titled “Lizards of the American Southwest: A Photo-
graphic Field Guide.” In this agreement they arranged for SSAR to get four 
gratis copies and the opportunity to buy copies of the book at $13 (45% of 
retail). Roy and Brian agreed to look at a draft of the book, as well as other 
works produced by the publisher, and decide whether it is appropriate for 
the SSAR logo to appear on the book. Decisions like this could be made 
at the level of the board rather than solely by the president.

There is some inconsistency in the membership dues listed in various 
places, e.g., on the website, in Journal of Herpetology, in the new member-
ship brochure, etc. In order to prevent this from occurring in the future, 
membership pricing will only be included on the website and any changes 
to the dues structure will be made there. Following a consideration of past 
dues increases and comparison with dues for ASIH and HL, the board 
voted unanimously to increase individual dues by 15% (rounded up) and 
institutional dues by 20% (rounded up). Thus, a regular membership will 
increase from $60 to $70 and a student membership will increase from 
$30 to $35. This change will take effect immediately. 

Aaron Bauer conveyed some information about the 2012 WCH in 
Vancouver (Aug 8–14). The fi rst formal announcement will be made in 
January, 2011. Aaron indicated that accommodation at a variety of prices 
($30–$170 per night) would be available and that registration fees would 
likely be $350–450 depending on the number of registrants. SSAR has 
previously indicated that it will participate in this meeting.

There was discussion of implementing page charges for non-members 
publishing in SSAR journals. Effectively, members are underwriting 
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the costs of publication by nonmembers. According to Geoff Smith, ap-
proximately 40% of papers submitted to Journal of Herpetology include 
at least one author who is a member of SSAR. There was concern that 
instituting page charges would affect submission rate from nonmembers 
from outside the United States. The board decided not to impose page 
charges on nonmembers. Rather, the editor or president would send a 
copy of the new membership brochure with a letter encouraging joining 
SSAR  to nonmember authors once a manuscript has been accepted for 
publication.

There was discussion of various ways of encouraging students to 
participate more in SSAR and of ways to raise funds to support students. 
One proposal was that we could run a raffl e, e.g., for a trip. This will be 
discussed further with students.

Several minor amendments to the bylaws are necessary because of the 
switch to electronic voting. The board agreed to send these amendments 
to the members along with the 2008 ballot.

The proposal to formalize the planning, management and fi nancing 
of the JMIH was rejected outright by the ASIH Executive Committee 
earlier in the day, and thus was not considered further by SSAR. The 
board however recognizes that this is a very important issue and must 
be addressed.

A balanced budget for 2009 of $277,860 was approved. The meeting 
was adjourned at 1630 h.

The Annual SSAR Business Meeting was called to order by President 
McDiarmid at 1618 h on July 26th. Approximately 41 SSAR members 
were in attendance. In contrast to recent business meetings, each offi cer, 
editor, and committee chair in attendance then presented their own an-
nual reports (rather than the president summarizing reports) and relevant 
information from the board meeting.

Winners of the 2008 Dean Metter Award, Kennedy Award, Henri Seib-
ert Student Awards, Grants in Herpetology Awards, and Student Travel 
Awards were announced. 

Richard Wassersug (Resolutions Chair) then acknowledged a number 
of individuals who have served SSAR in a variety of ways. Robin Jung 
Brown is stepping down as co-editor of Herpetological Conservation Vol. 
3. Richard mentioned that anyone lucky enough to see a copy of Urban 
Herpetology will appreciate the great effort that went into producing this 
volume. Richard also acknowledged Breck Bartholomew’s contributions 
to Herpetological Conservation, Vol. 2 (Ecology, Conservation, and 
Status of Reptiles in Canada). Breck was instrumental in fi nalizing and 
seeing this volume through to press. Managing Editor Tom Tyning was 

thanked for his many years of involvement with Herpetological Review. 
Among other services to SSAR, Tom (along with George Pisani) was 
instrumental in the conversion to electronic composition of Herpetological 
Review in early 1990s. Michael Burger (Section Editor, Herpetological 
Husbandry) and Michele Johnson (Section Editor, Current Research) were 
also thanked, and Richard acknowledged Sarah Bouchard who resigned 
as Associate Editor for Journal of Herpetology. Margaret Gunzburger 
and Lora Smith, who served as co-chairs of the Seibert Award committee 
for several years, are stepping down. They were thanked for continuing 
the tradition of acknowledging papers of high quality presented at the 
Annual Meetings. 

Richard acknowledged on behalf of the society the 50th Anniversary 
Celebration Committee: Al Savitzky (Chair), Bob Aldridge, Robin An-
drews, Jan Caldwell, Jonathan Losos, Roy McDiarmid, Henry Mushinsky, 
and Kirsten Nicholson. Kraig Adler, Ron Altig, John Applegarth, Breck 
Bartholomew, Joe Collins, Marty Crump, David Dennis, Bob Hansen, 
Julian Lee, John Moriarty, Jim Murphy, John Simmons, Geoff Smith, 
and many, many others also contributed to making this celebration such a 
success. SSAR wishes to thank Ron Javitch who has been, and continues 
to be, a major benefactor for our Society activities. He has been a major 
supporter of SSAR’s many publications, including books, the Facsimile 
series, and Herpetological Circulars. He supports the society auctions by 
donating and bidding on many items. 

Henry Mushinsky is stepping down as SSAR representative on the 
Meeting Management Committee, having served this role for several years. 
Richard commented that members who have been attending meetings for 
a couple of decades or so, know that Henry’s efforts on behalf of SSAR 
in regards to meetings extend back beyond his service on this committee. 
Henry’s work on behalf of SSAR (much of which is behind the scenes) 
is greatly appreciated and the success of these meetings owes much to 
his labors. SSAR owes a debt of gratitude to Dawn Wilson who guided 
the Silent Auction for many years (often single-handedly). Although she 
offi cially resigned this year as coordinator, she will continue to provide 
input and guidance to student fund raising activities. Zack Walker recently 
resigned after serving as webmaster for several years. His designs and 
efforts greatly improved the web page and raised the society’s image. 
Everyone who worked either directly or indirectly with Zack found him 
a pleasure to work with. Jim McGuire was thanked for presenting the 
President’s Travelogue on the fi rst evening of the meeting. Richard noted 
that SSAR depends entirely on volunteers, and the Society as a whole 

The traditional passing of the gavel from President McDiarmid (left) 
to President-Elect Crother (right) at the end of the Business Meeting. 
Photo by M. Preest.

2008 Henri Seibert Award winners (from L to R) David Pike (Con-
servation Category), Forrest Brem (Ecology Category), and Juliet Ng 
(Systematics/Evolution Category). The winners each receive a check for 
$200 and a book of their choice from UCPress kindly donated by Chuck 
Crumly. Photo by M. Preest.
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thanks the many people whose hard work keep SSAR running: the of-
fi cers, members of the board, chairs and members of various committees, 
editors of journals plus the associate and section editors they rely on. In 
regards to our journals, the society also thanks individuals who review the 
many manuscripts we receive and those who help with the presubmission 
review of manuscripts by non-English speakers. Finally, Richard thanked 
those in attendance for coming to the meeting. He noted that it is because 
of the dedication and hard work of both students and professionals that 
SSAR is as strong a society as it is.

On a personal note, I would like to acknowledge what a pleasure it has 
been for me to work with Roy McDiarmid (as it was with previous presi-
dents Janalee Caldwell and Robin Andrews). My job and those of other 
offi cers, plus editors and committee chairs, are made so much easier when 
we have someone as dedicated to the society as Roy is at the helm. Roy 
is just the tip of the iceberg, however, and as Richard noted, this society 
has a fantastic group of volunteers many of whom I interact with on a 
weekly basis. I look forward to working more with Brian Crother when 
he offi cially assumes the president’s position and I hope SSAR continues 
to elect presidents who are as committed to the society’s future and best 
interests as those with whom I have had the opportunity to work.

The business meeting ended with the traditional passing of the gavel 
from outgoing President McDiarmid to President-Elect Crother  and was 
adjourned at 1747 h.

—Respectfully submitted by Marion Preest, SSAR Secretary

The Sixth World Congress of Herpetology
Manaus, Amazonas, Brazil

 The Sixth World Congress of Herpetology in Manaus, Amazonas, Brazil 
took place 17–22 August 2008 and was attended by 565 delegates from 
43 countries—greater attendance than for either of the last two World 
Congresses.  North America was represented by 117 (21%) registrants, 
South and Central America with 256 (45%), Europe with 98 (17%), Asia 
and Oceania with 83 (15%), and Africa 11 (2%).  This cosmopolitan 
group of herpetologists included 270 professionals, 164 students, 18 
accompanying persons, and 110 local committee and support staff.  We 
obviously did not need such a large local committee; however, when I 
asked for volunteers, the local students from Manaus  universities came 
out in force, willing and eager to participate. I was able to bring them into 
the participation of the event through grant monies obtained from local, 
state, and federal Brazilian governmental agencies as well as a generous 
grant from Conservation International.    
 The quality of the scientifi c presentations was outstanding.  There were 
293 oral presentations including the 15 distinguished plenary lectures, 15 
symposia, and contributed oral paper sessions.  The  poster presentations 
were held at the end of each day in the book and equipment exhibition 
room complete with bar service, providing the exchange between the 
authors and audience in a more relaxed atmosphere.  Each day a different 
group of 50 posters was presented following various themes, most notably 
genetics, conservation, and ecology.   The abstracts were available on line 
prior to the meeting on the 6WCH web site and also distributed on CD at 
the meeting in accordance with my ideas initiated at the Joint meeting in 
2003 that we do not have to have printed abstracts.  However I was forced 
by the Secretary General of the EC of the WCH to make available some 
printed abstract books as well. Copies of the 421-page tome are available 
from me at a 50% discount while they last for US $40 plus shipping.  
 The meeting got underway early, at 1230 h on Sunday August 17, with 
the Conservation International sponsored Amphibian Conservation Work-
shop.  The event got a send off pitch from Claude Gascon and Jim Collins, 
followed by 13 reports from around the world.  This well attended event 
was followed by the fi rst two Plenary Lectures, Bill Magnusson speaking 
on the evolution of herpetological studies in the Brazilian Amazon and 
Russ Mittermeier delineating priorities for global reptile and amphibian 

conservation.  This was followed by the opening social in and around one 
of the swimming pools in Hotel Tropical.  
 Throughout the week each morning and afternoon session was initiated 
by a Plenary Presentation followed by six papers in fi ve different lecture 
rooms simultaneously.  One of the most exciting plenary lectures was that 
of Peter Narins, who enlightened us about the ultrasonic vocalizations that 
some species of Bornean  frogs are making in their mating calls given 
amidst the din of waterfalls. Thus opening up an entire new dimension in 
anuran communication studies.  How many times have you been sitting 
next to a silent frog that was actually calling?
 Monday afternoon at the poster session we had a 400 capirinha send 
off for the presentation of two Conservation International fi nanced books: 
Las Tortugas y Los Cocodrilianos de Los Paises Andinos del Tropico, by 
Jose Vicente Rueda Almonacid et al., and Field Guide to the Anurans 

Camila Ferrara, James Parham, and Brian Horne with Podocnemis 
erythrocephala.

Luana, student from Manaus, presenting her turtle poster.
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of the Pantanal and Surrounding Cerrados, by Masao Uetanabaro et al. 
Some of the et al. authors of the books were present to sign copies: Russ 
Mittermeier, John Carr, Dick Vogt, and Domingos de Jesus Rodrigues.  
At the same time, Vogt also introduced his new books on Amazon turtles 
published in English, Spanish, and Portuguese as well as Rainforests.
 Ian Swingland, a meeting Sponsor and the Director of the First World 
Congress of Herpetology in 1989, invited all of the turtle biologists to his 
presidential suite for cocktails and munchies on Tuesday evening, it was 
well attended by professors and students alike.  
 The rain gods smiled down on the meeting and we were able to have 
both the picnic on the beach of the Rio Negro complete with live native 
folkloric dancers and the banquet as well under the stars with no hint of 
rain.  
 Meeting participants ventured out on post meeting fi eld trips to Reserva 
Ducke, Jau Nacional Park, Virua Nacional Park, turtle farms, and up the 
Rio Negro.  A number of turtle biologists accompanied Camila Ferrara  
and me up the Rio Negro to the Rio Itu and Rio Jaupiri.  Here we were 
able to collect and release a few dozen Podocnemis erythrocephala and 
P. sextuberculata, showing our guests the  differences between the turtles 
inhabiting black water and white water habitats.  It was a stellar group 
with three plenary speakers: John Legler, Oscar Flores Villela, and James 
Parham. Also on board to help lead stimulating discussions about turtle 
conservation and biology were Brian Horne, Andrew Walde, Gerald 
Kuchling, Joanna Burger, Glen Gerber, Chuck Schaffer, and Rick Hudson.  
Juliette Velosoa came all the way from Madagascar to join our trip to 
compare the habitat of Peltocephalus to that of  the similar Erymnochelys 
from her native land.  The group also had the opportunity to swim with 
and feed wild pink dolphins in the Rio Negro.  
   The editors of the electronic journal Herpetological Conservation and 
Biology are soliciting all those who presented posters at either the WCH 
in Manaus or the Joint Meeting in Montreal to submit notes to be pub-
lished essentially as presented in the poster.  These notes will, of course, 
have to be submitted to the review process, but most of them should be 
publishable.  Contact Malcolm McCallum for details (e-mail: Malcolm.
McCallum@tamut.edu).  The plenary speakers are also writing down 
their thoughts to be published as a volume of the HCB as well.  Some 
of the symposia  speakers are organizing their presentations for private 
publication in hard copy while others will be published in HCB.    
 I thank you all for attending and making this meeting one of the great 
ones to remember!

—Dick Vogt, Director 6WCH

NEWSNOTES

Slowinski Award Announced for 2008

 The Center for North American Herpetology is pleased to an-
nounce that the recipient of The Joseph B. Slowinski Award for 
Excellence in Snake Systematics for 2008 is Frank T. Burbrink of 
the College of Staten Island/City University of New York.
 On 12 September 2001, the world lost one of its premier her-
petologists, a loss that went virtually unnoticed in the wake of the 
tragedy that befell the United States the previous day. Joseph Bruno 
Slowinski, the 39 year old curator of herpetology at the California 
Academy of Sciences in San Francisco, died in the jungles of 
Burma from the bite of a venomous snake. Joe was bitten on 11 
September and succumbed to the effects of the bite the next day. 
Eventually, the world took notice and media outlets throughout the 
U.S. and beyond chronicled Joe Slowinski’s exemplary career, cut 
so tragically short.  
 A distinguished committee, comprised of Simon Creer (Uni-
versity of Wales, Bangor), Hussam Zaher (Museu de Zoologia da 
Universidade de Sao Paulo, Brazil), and Christopher L. Parkinson 
(committee chairperson, University of Central Florida, Orlando), 
has deemed the paper “How and when did Old World ratsnakes 
disperse into the New World?” published in volume 43 of Mo-
lecular Phylogenetics and Evolution, as the most distinguished 
paper on snake systematics to appear during 2007. The paper was 
co-authored with Robin Lawson (California Academy of Sciences, 
San Francisco).  
 As senior author of the paper, Dr. Burbrink becomes the sixth 
recipient of The Slowinski Award, and will receive a check from 
The Center for North American Herpetology for US $500 along 
with a commemorative memento in recognition of his achieve-
ment.

2008 Sabin Award for Amphibian Conservation

 Sathyabhama Das Biju has been selected from a pool of out-
standing candidates from around the world to receive the 2008 
Sabin Award for Amphibian Conservation. This award, which 
is in its second year, was instigated by the Amphibian Specialist 
Group of IUCN/SSC (http://www.amphibians.org) to recognize 
an individual or group that has made a signifi cant contribution to 
amphibian conservation and/or research.
 This award recognizes Biju’s extreme dedication to discover-
ing and conserving the amphibian fauna of the rapidly vanishing 
Western Ghats biodiversity hotspot.
 For fi fteen years, S. D. Biju has been tirelessly working to docu-
ment the amphibians of the Western Ghats, often using his personal 
earnings to fund his explorations. His mission: to document and 
propose conservation priorities through scientifi c methods. When 
he started his self-funded research project, he worked as a plant 
systematist in Tropical Botanic Garden and Research Institute in 
Kerala. Later, he quit this job to fully focus on frog research, and 
transferred to the Vrije Universiteit Brussel to obtain a PhD on 
amphibians of the Western Ghats. He is now leading a research 
group at the University of Delhi as an associate professor.

John Legler mobbed by appreciative students.
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 When he initiated his research in the Western Ghats, there was 
very little objective evidence for assessing conservation priori-
ties of the amphibian fauna. Biju conducted over 1000 fi eld visits 
throughout the Western Ghats and documented over 850 distinct 
populations of amphibians. Through directed fi eld expeditions, he 
tracked and re-discovered rare species which were known only 
from century old descriptions.
 After 15 years of exploration and research, Biju has gathered 
evidence for about 100 species new to science. The discovery and 
description of an entirely new frog family (Nasikabatrachidae, ‘the 
purple frog’), sent ripples through the entire scientifi c community 
and also caught international attention of the popular press. This 
species was described as ‘the coelacanth of frogs’ and ‘a once in 
a century fi nd.’ Biju’s prolifi c outputs brought a fresh fascination 
for amphibians among many Indian scientists and forest offi cials, 
and provided the push needed to increase the pace of amphibian 
research in India. The burrowing purple frog also has important 
conservation implications. Inundation of large chunks of valley 
forests in the Western Ghats by dam projects could spell disaster 
to this ancient amphibian and many other endemic taxa. India now 
has Nasikabatrachus to use as a fl agship to promote the conserva-
tion of important habitats in the region.
 SSAR congratulates Dr. Biju on this important recognition.

ICZN Proposal Regarding Electronic Publication 
of New Names

 The International Commission on Zoological Nomenclature 
(ICZN) rules governing availability of animal names require pub-
lication in a durable medium. To date, that has been interpreted as 
including paper and ‘hard’ digital media such as CD-ROMs, but 
this has become increasingly problematic as electronic publication 
becomes more common. To address this issue the Commission is 
considering an amendment to the Code that will permit electronic 
publication of new names and nomenclatural acts. A draft has been 
published in Zootaxa, and will be followed by publication in other 
journals, including the Bulletin of Zoological Nomenclature. This 
initiates a year-long period for community input, after which a fi nal 
amendment will be drafted and voted upon by the Commission.
 The published draft may be downloaded from the ICZN web-
site (www.iczn.org) or the Zootaxa website http://www.mapress.
com/zootaxa/.
 The summary points are 1) electronic-only publications should 
be allowed, if mechanisms can be found that give reasonable assur-
ance of the long-term accessibility of the information they contain; 
2) some method of registration should be part of the mechanism of 
allowing electronic publication of names and nomenclatural acts; 
and 3) works that are not paper-based (e.g., CD-ROMs, DVDs) 
should be disallowed.
 Comments may be addressed to the ICZN through Dr. Ellinor 
Michel, Executive Secretary (iczn-em@nhm.ac.uk).

MEETINGS

Meetings Calendar

 Meeting announcement information should be sent directly to the Editor 
(rwh13@csufresno.edu) well in advance of the event.

27–29 March 2009—32nd Annual Herpetology Conference (with 
6th Annual Southeastern Ecology and Evolution Conference), 
Paramount Plaza Hotel and Suites Conference Center, Gaines-
ville, Florida, USA. Sponsored by the University of Florida, 
Florida Museum of Natural History, and the Reptile and Amphib-
ian Conservation Corps. Information: Benjamin Atkinson (e-mail: 
bka@ufl .edu).

19–23 April 2009—16th International Conference on Aquatic Inva-
sive Species, Fairmont Queen Elizabeth Hotel, Montreal, Canada. 
A forum on Bullfrog Eradication and Control will be part of the 
program. Registration: http://www.icais.org/; information: www.
bullfrogcontrol.com.

22–27 July 2009—52nd Annual Meeting, Society for the Study of 
Amphibians and Reptiles; 89th Annual Meeting, Amercian Society 
of Ichthyologists and Herpetologists; 67th Annual Meeting, The 
Herpetologists’ League. Portland, Oregon, USA. Information: 
http://www.dce.ksu.edu/jointmeeting/.

CURRENT RESEARCH
 The purpose of Current Research is to present brief summaries and 
citations for selected papers from journals other than those published by 
the American Society of Ichthyologists and Herpetologists, The Herpetolo-
gists’ 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; postal and e-mail addresses may be found on the inside front 
cover. 
 The current contents of various herpetological journals and other pub-
lications can be found at: http://www.herplit.com/contents. 

Aquatic and Terrestrial Egg Laying in a 
Panamanian Treefrog

 Adaptations that have allowed terrestrial oviposition, especially 
with regard to oxygen uptake and water retention, broadly confl ict 
with the requirements for aquatic egg laying, ensuring that few 
species are known to display variable reproductive modes. In this 
study, the authors described the fi rst example of a vertebrate that 
is able to lay eggs both in the water and on land, the neotropical 
treefrog, Dendropsophus ebraccatus (formerly Hyla ebraccata), 
from Panama. This species was originally thought to lay eggs 
terrestrially, however, of the 148 clutches laid near a pond at the 
site of a former gravel quarry, 28% were completely submerged, 
48% were laid at the water surface, and 24% were laid terrestri-
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ally. This contrasted with exclusively terrestrial egg laying at two 
nearby ponds. By exposing breeding pairs from each pond to 
shaded and unshaded breeding sites in a series of experiments, the 
authors demonstrated that aquatic egg laying was a response to a 
lack of shade availability, which presumably increases the risk of 
desiccation.  Furthermore, mating pairs could lay both aquatic and 
terrestrial eggs on the same night, highlighting the plasticity of this 
response. As this species is basal to a clade of terrestrial breeders 
within a large lineage of aquatic breeders, the authors conclude 
that this plastic response is an intermediate form in the evolution 
of terrestrial egg laying.
TOUCHON, J. C., AND K. M. WARKENTIN. 2008. Reproductive mode 

plasticity: Aquatic and terrestrial oviposition in a treefrog. PNAS 
105:7495–7499.

Correspondence to: Justin Touchon, Department of Biology, Boston 
University, 5 Cunnington Street, Boston, Massachusetts 02215, USA; 
e-mail: jtouchon@bu.edu.

Male Moor Frogs do not Lek with Kin

 Although most commonly associated with birds, lekking behav-
ior is observed in a number of diverse taxa, including amphibians. A 
subordinate male may secure relatively more mating opportunities 
at a lek, simply by being close to more preferred male, or by being 
in areas that are favored by females. Alternatively, if a subordinate 
male is closely related to the top males in a lek and large leks at-
tract more females than smaller ones, then kin selected benefi ts 
can accrue, without the subordinate male securing matings. In this 
study, the authors examined the importance of kin selection on 
lek formation in the Moor Frog, Rana arvalis, in Scania, southern 
Sweden. Eight microsatellite loci were used to determine genetic 
relatedness of 203 males from seven leks across two populations. 
The degree of relatedness between males in a lek was found to be 
low, with leks containing closely related males no more often than 
would be expected by chance. The authors suggest that lek forma-
tion in this species may be a result of two types of female choice. 
The fi rst type is female choice for breeding aggregations, which 
due to the high levels of male-male competition characteristic of 
leks may maximize her chance of mating with a desirable male. 
The second type is female choice for habitat that is suitable for 
oviposition.  
KNOPP, T., M. HEIMOVIRTA, H. KOKKO, AND J. MERILÄ. 2008. Do male moor 

frogs (Rana arvalis) lek with kin? Molecular Ecology 17:2522–2530.

Correspondence to: Theresa Knopp, Ecological Genetics Research Unit, 
Department of Biology and Environmental Sciences, PO Box 65 FIN-
00014, University of Helsinki, Finland; e-mail: Theresa.knopp@helsinki.
fi .

Threatened Tuatara Species has Reduced MHC 
Variation

 Genes of the major histocompatibility complex (MHC) are an 
important component of the vertebrate immune system. Due to 
the way in which these MHC genes function, heterozygotes are 
thought to be more fi t due to their capacity to provide a greater 
diversity of antigens than homozygotes. The genetic consequences 
of population bottlenecks at neutral genetic loci have been well 

studied, however, little work has been done on the impact of 
bottlenecks on fi tness-related genes. Of the two extant species of 
tuatara, Sphenodon punctatus is comprised of two genetic groups 
divided among several islands, while the only remaining natural 
population of Sphenodon guntheri is on North Brother Island (NBI) 
in eastern Cook Straight off the coast of New Zealand. Previous 
work on these populations has shown that S. guntheri has low levels 
of microsatellite diversity compared to S. punctatus. In this study, 
the authors determined the impact of a population bottleneck on 
fi tness-related genes by sequencing regions of the MHC class I 
exon 2. The NBI population demonstrated signifi cantly reduced 
MHC variation when compared to a population of S. punctatus 
on nearby Stephens Island. Only three MHC sequences and three 
(out of a possible six) genotypes were present on NBI, compared 
to 15 sequences and 21 genotypes in a similar sample size from 
Stephens Island. The authors conclude that the low MHC diversity 
observed in NBI tuatara could severely reduce this population’s 
capacity to respond to new diseases.
H. C. MILLER, K. A. MILLER AND C. H. DAUGHERTY. 2008. Reduced 

MHC variation in a threatened tuatara species. Animal Conservation 
11:206–214.

Correspondence to: Hilary C. Miller, Allan Wilson Centre for Molecular 
Ecology and Evolution, School of Biological Sciences, Victoria University 
of Wellington, PO Box 600, Wellington, New Zealand; e-mail: hilary.
miller@vuw.ac.nz.

Ecological Separation in a Polymorphic 
Salamander

 Polymorphic species provide a unique opportunity to investigate 
the importance of reproductive isolation in sympatric speciation. 
In this study, the authors examined a polymorphic population of 
the Red-backed Salamander, Plethodon cinereus, in the Cuyahago 
Valley National Park, Ohio (USA), which is composed of striped 
and unstriped morphs. Previous studies in this species have dem-
onstrated a correlation between climate and color morphology, 
however, no studies have examined whether diet and mate choice 
vary between the color morphs. Mate choice was determined by 
examining the composition of adult pairs cohabitating beneath 
ceramic wall tiles placed on the forest fl oor. Based on the fi ndings 
of a previous study, cohabitating adults were assumed to be mated 
pairs. In total, 94 mated pairs were observed, of which 68 were 
same-color pairs, and 26 were non-matching pairs. Gut analysis 
was used to determine diet composition, with striped morphs con-
suming a more varied and profi table diet than unstriped morphs. 
Additionally, in agreement with previous studies in this species, 
the authors found that unstriped morphs withdrew from the forest 
fl oor when temperatures fell earlier than striped morphs. Despite 
the observed ecological separation, and the observed incidence 
of selective mating, the authors suggest that due to the level of 
intermorph matings, they are unlikely to be undergoing divergence. 
However, as the morphs respond differently to environmental 
conditions, climate warming may open new niches which could 
encourage future divergence in this species. 
C. D. ANTHONY, M. D. VENESKY, AND C. M. HICKERSON. 2008. Ecological 

separation in a polymorphic terrestrial salamander. Journal of Animal 
Ecology 77:646–653.
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Correspondence to: Carl Anthony, Department of Biology, John Carroll 
University, University Heights, Ohio 44118, USA; e-mail: canthony@jcu.
edu. 

Impact of Agriculture on Reproduction in the 
Toad, Bufo marinus

 Studies of the impact of pollutants on wildlife commonly have 
compared polluted and unpolluted sites. However, as pollutants 
can be transported hundreds of miles from the point of applica-
tion, essentially no site can be considered completely pollutant 
free. In this study, the authors examined gonadal function and 
abnormalities in Bufo marinus from south Florida, USA, from 
fi ve sites that differed in intensity of agricultural land use. There 
was an increased frequency of intersex individuals (specimens 
exhibiting both female and male reproductive tissue) from the 
two most agricultural sites. By examining the extent of male and 
female reproductive tissue within intersex toads, the authors were 
also able to quantify the severity of the intersexed condition, and 
found that toads became more intersexed as agriculture increased. 
Furthermore, secondary sexual traits, such as skin color, nuptial 
pad number and forearm width were all altered in toads from the 
highly agricultural sites. The authors suggest that these intersex 
toads are feminized and demasculinized male toads. Finally, they 
conclude that as agricultural chemicals are distributed globally, 
and appear to illicit a dose dependent response on reproductive 
function, they may be linked to amphibian population declines. 
K. A. MCCOY, L. J. BORTNICK, C. M. CAMPBELL, H. J. HAMLIN, L. J. GUIL-

LETTE JR, AND C. M. ST. MARY. 2008. Agriculture alters gonadal form and 
function in the toad Bufo marinus. Environmental Health Perspectives 
doi: 10.1289/ehp.11536.

Correspondence to: Krista A. McCoy, Smithsonian Tropical Research 
Institute, Unit 0948, APO AA 34002 USA; e-mail: kristam@bu.edu. 

Male Responses to Aggressive and Submissive 
Signals in the Jacky Dragon

 Intraspecifi c confl ict over resources can be costly for both 
winners and losers, both in terms of energy expended as well as 
increased risk of injury or vulnerability to predation. These sig-
nifi cant costs have led to the evolution of non-combative confl ict 
resolution, a common example of which involves an individual 
dynamically signaling their fi ghting ability and motivation. The 
Australian jacky dragon, Amphibolurus muricatus, displays a 
number of signaling behaviors, with males commonly performing a 
stereotyped push-up display, which has been shown to play a part in 
opponent assessment. Previous research has also demonstrated that 
two other behaviors, slow arm-waves and slow head-bows, signal 
submission in confl ict situations. In this study, the authors used 
interactive video playback of an animated stimulus lizard, which 
allowed them to examine responses to these different behaviors 
while controlling for signaler morphology. Five display animations 
were produced, each starting with a series of push-up displays. In 
the control treatment, the animated lizard then displayed a number 
of substrate licks. In the “aggressive” treatment, the animated lizard 
responded to all behaviors of the focal male with push-up displays.  

In the “submissive” treatment, all behaviors were matched with 
slow arm-waves. A “matching” treatment, where the behavior of 
the focal male was matched by the animation, and an “opposite” 
treatment were also produced. The aggressive treatment failed 
to suppress attacks as compared to the control treatment, and the 
submissive treatment actually increased the rate of attack. Interest-
ingly, attacks were frequent when the animated male responded to 
a submissive display by the focal male, suggesting that behaviors 
are monitored closely and are sensitive to social contingencies.
D. A. VAN DYK AND C. S. EVANS. 2008. Opponent assessment in lizards: 

examining the effect of aggressive and submissive signals. Behavioral 
Ecology 19:895–901.

Correspondence to: Daniel Van Dyk, Centre for the Integrative Study 
of Animal Behaviour, Macquarie University, New South Wales 2109, 
Australia; e-mail: daniel@galliform.bhs.mq.edu.au. 

Boldness Linked to Foraging Success in an 
Invasive Gecko

 Lepidodactylus lugubris, a parthenogenetic gecko that arose 
from the hybridization of two sexual species from the Marshall 
Islands, is now widespread throughout the Pacifi c Islands. There 
are four major clone lineages that differ ecologically, and are 
thought to have arisen from independent hybridization events. 
Since the mid-1990s, A-clones have become the most common 
clone, increasing in both abundance and distribution. In this study, 
the authors investigated whether A-clones are displacing B-clones 
due to behavioral differences related to foraging success and ag-
gression. A- and B-clones were selected from a laboratory-reared 
population that had been captured one generation previously from 
Oahu, Hawaii. Geckos were placed in one of two experimental 
enclosures, one which, in addition to a shelter, contained a number 
of opaque plastic barriers designed to add to the structure of the 
environment. The other enclosure was of equal size, but contained 
only a shelter. A number of behavioral variables were measured, 
including foraging attempts, total consumption and activity. A-
clones were superior foragers, having greater consumption and 
a reduced time to fi rst successful foraging attempt, and did so at 
the expense of B-clones. Interestingly, A-clones displayed lower 
levels of activity than B-clones overall; however,  B-clones used and 
defended shelters more frequently. The complexity of the habitat 
affected foraging, aggression and activity levels in both clones, 
with A-clones remaining superior foragers in both treatments. The 
authors conclude that the increased use and defense of shelters by 
B-clones may explain their persistence in structurally complex 
habitat, such as forests. In contrast, A-clones have an advantage in 
structurally simple environments, such as human landscapes, due 
to their innate boldness perhaps enabling them to exploit scarce 
food resources.
HARFMANN SHORT, K., AND K. PETREN. 2008. Boldness underlies forag-

ing success of invasive Lepidodactylus lugubris geckos in the human 
landscape. Animal Behaviour 76:429–437. 

Correspondence to: Kristen Harfmann Short, Department of Biological 
Sciences, University of Cincinnati, Ohio 45221-0006, USA; e-mail: 
harfmaka@email.uc.edu.
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Uncovering the Introduction History of Australian 
Bell Frogs into New Zealand

 Two species of Australian bell frogs, Litoria raniformis and 
L. aurea, were introduced into New Zealand in the late 1800s to 
control mosquito larvae and provide food for ducks. Despite these 
two species now being threatened in Australia, they are widespread 
and abundant in New Zealand. As both the precise release locations 
and the source populations for introduced frogs are unknown, the 
authors of this study have used molecular techniques to investi-
gate the introduction history of bell frogs in New Zealand. Partial 
sequences of the mitochondrial DNA region cytochrome oxidase I 
were obtained from across the native range of both species. Results 
of the molecular analyses indicated that L. aurea was introduced 
from two areas of Australia, northern and southern coastal New 
South Wales, and into the North Island of New Zealand. L. rani-
formis was introduced from the vicinity of Melbourne, Victoria, 
and into New Zealand’s South Island, from which they dispersed 
to the North Island. Previously, it was thought the L. raniformis 
was introduced into New Zealand from Tasmania, however this 
hypothesis was rejected. Finally, the authors observed extremely 
diverse mitochondrial lineages in L. raniformis within mainland 
Australia, perhaps pointing to the existence of a cryptic species.
VŌRÖS, J., A. MITCHELL, B. WALDMAN, S. GOLDSTIEN AND N. J. GEMMELL. 

2008. Crossing the Tasman Sea: Inferring the introduction history of 
Litoria aurea and Litoria raniformis (Anura: Hylidae) from Australia 
into New Zealand. Austral Ecology 33:623–629.

Correspondence to: Judit Vōrös, Department of Zoology, Hungarian 
Natural History Museum, Baross u. 13, Budapest H-1088, Hungary; 
email: jvoros@nhmus.hu. 

Horned Lizards Use Mucus to Incapacitate 
Dangerous Prey

 Horned lizards, genus Phrynosoma, feed almost exclusively on 
ants, in particular, the venomous harvester ants (genus Pogono-
myrex). Unlike most other lizard species that consume dangerous 
prey, horned lizards do not incapacitate their prey by biting or 
chewing. Instead, they combine prey capture, transport and swal-
lowing into a single stage. In this study, the authors examined 
how horned lizards are able to consume dangerous prey without 
fi rst incapacitating them mechanically. It was found that horned 
lizards possess unique pharyngeal papillae that secrete mucus 
which incapacitates and immobilizes prey. More mucus secreting 
folds exist in the esophagus which the ants pass through as they 
are consumed. Ants examined from the gut of horned lizards were 
bound in mucus and curled into balls. The authors suggest that by 
using mucus to incapacitate dangerous prey, horned lizards are able 
to consume a larger number of ants in a single feeding bout. This 
reduces the chance of being attacked by predators while feeding or 
being detected by the ant colony and being mobbed by aggressive 
worker ants. The authors suggest that this feeding adaptation may 
be one result of an ongoing co-evolutionary relationship between 
harvester ants and horned lizards.
SHERBROOKE, W. C., AND K. SCHWENK. 2008. Horned lizards (Phrynosoma) 

incapacitate dangerous ant prey with mucus. Journal of Experimental 
Zoology 309A:447–459.

Correspondence to: Kurt Schwenk, Department of Ecology and Evolution-
ary Biology, University of Connecticut, Storrs, Connecticut 06269-3043, 
USA; e-mail: kurt.schwenk@uconn.edu. 

Lizards from Rocky Habitats Evolve a Flatter 
Body Plan

 The occurrence of similar morphological traits among unrelated 
organisms from similar habitats has often been used as evidence 
of convergent evolutionary change. For example, many unrelated 
lizard species display head and body fl attening that appears associ-
ated with the use of vertical rocky habitats. However, whether this 
morphology is solely the result of the occupation of rocky habitats 
has never been rigorously tested. Using phylogenetic comparative 
methods, the authors examined 18 tropical skink species from 
northeast Queensland that occupy three broad habitat categories 
(generalist, leaf litter, rock-dwelling) to test whether the observed 
patterns of morphological convergence in this lizard clade are 
related to the use of rocky habitats. This work revealed that de-
spite relatively few morphological differences overall, rock-using 
species have consistently and repeatedly evolved a dorsoventrally 
fl attened body and head. This study highlights the role of rocky 
habitats in driving adaptive shifts in morphology that is likely 
associated with increased selection on enhanced running and 
climbing performance, movement into and within rock crevices, 
and improved camoufl age of species from rocky habitats.
GOODMAN, B. A., AND J. L. ISAAC. 2008. Convergent body flattening in a 

clade of tropical rock-using skinks (Scincidae: Lygosominae). Biologi-
cal Journal of the Linnaean Society 94:399–411.

Correspondence to: Brett A. Goodman, School of Marine and Tropical 
Biology, James Cook University, Townsville, QLD 4819, Australia; e-mail: 
brett.goodman@jcu.edu.au. 

Amphibians: On the Leading Edge of a Sixth 
Mass Extinction

 The history of life on earth has been punctuated by periodic 
extinction events that saw as many as 95% of all species become 
extinct. Many researchers have suggested that we are currently 
experiencing a biodiversity crisis on par with past extinction events. 
The authors set out to examine this hypothesis from an amphib-
ian perspective. Amphibian species are widely understood to be 
disproportionately threatened relative to other taxonomic groups. 
As of 2004, 32.5% of known amphibian species were “globally 
threatened,” as calculated by the Global Amphibian Assessment. 
In this article, the authors detail amphibian declines in California’s 
Sierra Nevada and the Central American Highlands. These case 
studies exemplify how numerous factors, climate change and infec-
tious disease (chytridiomycosis) in particular, are acting in concert 
to push amphibian species to the brink of extinction and beyond. 
The tropics are of special concern as they are high in amphibian 
richness, are home to species with smaller distributions relative to 
temperate species, and are experiencing extreme rates of habitat 
conversion. The authors conclude that we are in the midst of an 
amphibian mass extinction event, as current extinction rates are 221 
times higher than background rates. Furthermore, they conclude 
that humans are ultimately responsible for this mass extinction 
event.
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WAKE, D. B., AND V. T. VREDENBURG. 2008. Are we in the midst of the 
sixth mass extinction? A view from the world of amphibians. PNAS 
105:11466-11473.

Correspondence to: David Wake, Museum of Vertebrate Zoology and 
Department of Integrative Biology, University of California, Berkeley, 
California 94720-3160, USA; e-mail: wakelab@berkeley.edu.
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Bert Langerwerf (1944–2008): 
Lizard Breeder Extraordinaire

RUSS GURLEY
Living Art Publishing

Turtle and Tortoise Preservation Group
114 E. Kings Road, Ada, Oklahoma  74820, USA

e-mail: russgurley@cableone.net

and
RONALD L. TREMPER

Center for Reptile and Amphibian Propagation
217 Upper Cibolo Creek Road, Boerne, Texas 78006, USA

e-mail: rtremper@gvtc.com

Renowned herpetoculturist Bert Langerwerf passed away on 11 
August 2008 following a courageous battle with cancer. Bert was 
born on 28 February 1944 in Waspik, Netherlands, on his father’s 
birthday. Bert’s father, Wilhelmus Langerwerf, was a farmer; his 
mother, Coralie, was the youngest daughter of a boatman. Various 
aunts and uncles lived on boats that transported goods, mostly 
coal and other raw materials, along the Rhine River from Basel 
to Rotterdam.

Although Bert was formally educated at the University of 
Amsterdam and subsequently taught physics at Dr Mollercollege 
in Waalwijk, his passion was lizards. He recalled catching his 
fi rst lizard as a nine-year-old during a break from a soccer game 
at school: “It was a nice warm day in May and there was a dry 
ditch at the northern edge of the soccer fi eld. I went to look for 
animals in that dry ditch. Rush…there ran a lizard! A real lizard 

being chased by me on the sunny southern slope of that dry ditch. 
Out of excitement I did not hear the shouting boys anymore, but 
rather a kind of music, when I found my fi rst lizard. I followed 
the lizard and caught it without breaking its tail. I reached for my 
shoe, took off a sock, and put the shoe on again. The lizard went 
inside the sock and I was rushing home, forgetting everything 
else. I guess they may have missed me the rest of that school day. 
A few months later the lizard, a Zootoca vivipara, died in a glass 
jar, and with that I learned that I did something wrong, because I 
wanted to keep the lizard alive.”

Bert built his fi rst outdoor terrarium in 1954 and joined the Dutch 
Club for Terrarium Keepers in 1958. Since these early days, he 
has maintained memberships in herpetological societies around the 
world, and has spoken to local reptile clubs, as well as scientifi c 
herpetological societies in the U.S. and Europe.

Aside from lizards, Bert’s other passions were music and lan-
guages; he was fl uent in English, Dutch, German, French, Spanish, 
Italian, Danish, Finnish, Swedish, and Russian, and still learning 
more. He enjoyed the music of the exotic places associated with his 
searches for lizards, often treating his traveling companions to the 
music of Morocco, Egypt, Russia, Finland, and elsewhere—played 
loudly given his near-deafness in recent years.

Bert’s early love of lizards grew into his life’s work. Over the 
years, he traveled the world searching for lizards to establish in 
captivity. Although best known for his work with Argentine Tegus, 
Australian Water Dragons, Prehensile Tailed Skinks, and Chinese 
Crocodile Lizards, he successfully bred over 135 species of lizards, 
turtles, and amphibians, and for some time he was the only private 
individual to maintain tuatara in captivity.

In 1982, Bert made his fi rst trip to the U.S. to speak at the an-
nual meeting of SSAR in Raleigh, North Carolina. There he met 
many herpetologists, including long-time friends Sean McKeown 
and RLT, who would later be infl uential in Bert’s decision to move 
to the States.

In 1985, Bert took his family from their native Netherlands to 
Gran Canaria, Canary Islands, where he dreamed of building a 
lizard breeding facility and zoo. Within two years, Reptilandia—the 
world’s fi rst reptile park—was born. Soon thereafter, however, the 
Langerwerf family moved again, traveling to New Zealand.

By 1989, at the urging of friends, Bert and family moved to a 
seven-acre farm near Birmingham, Alabama, where he established 
Agama International Herpetocultural Institute. Here, he was able 
to reach full stride, as his lizards thrived in the warm, humid 
climate of Alabama. Bert constructed over 400 outdoor terraria 
and numerous outbuildings, all built with his own two hands and 
simple tools. But the daily operation of the facility was a family 
affair and a path that few people will ever fully know. 

Over the course of his career, Bert made several important dis-
coveries. These included his observations of Temperature-depen-
dent Sex Determination (TSD) in a number of lizard species. He 
was among the fi rst to recognize the critical role of ultraviolet light 
in successful husbandry of diurnal lizards. And he was a pioneer in 
the captive breeding of numerous lizard species. In recent years, 
Bert spent a great deal of time traveling to conferences and speak-
ing about his advancements and discoveries in lizard behavior, 
nutrition, lighting, thermoregulation, and reproduction. His travels 
found him in the company of the world’s leading herpetologists 
and herpetoculturists, many of whom called him friend and col- Bert Langerwerf, up a tree, surveying the hundreds of outdoor ter-

raria at Agama International, in 2000.
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league for decades.
Bert is survived by his mother, Coralie Poppelier Langerwerf 

(age 100), Hester, his wife of 39 years, and sons Aleksis and 
Timo. 

Bert was a truly unique character—brilliant, obsessively focused, 
innovative, generous, and funny. Surely there will not be another 
like him. His passion has been an inspiration to us all.

ZOO VIEW
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Updating the Bookshelves Part II: Medical and 
Captive Management, Conservation, Biographies,  

Regional Books, History
   

WHAT WILD DESIRES, WHAT RESTLESS TORMENTS SEIZE

THE HAPLESS MAN, WHO FEELS THE BOOK -DISEASE . . . 
THE BIBLIOMANE EXCLAIMS, WITH HAGGARD EYE,

“NO MARGIN!” TURNS IN HASTE, AND SCORNS TO BUY . . . 
AT EV’RY AUCTION, BENT ON FRESH SUPPLIES,

HE CONS HIS CATALOGUE WITH ANXIOUS EYES:
WHERE’ER THE SLIM ITALICS MARK THE PAGE,

“CURIOUS AND RARE” HIS ARDENT MIND ENGAGE.
 
 DR. JOHN FERRAIR DESCRIBING BIBLIOMANIA IN A GENTLE MADNESS: BIBLIOPHILES, BIB-
LIOMANES, AND THE ETERNAL PASSION FOR BOOKS, BY NICHOLAS A. BASBANES, 1995.

Medical Management

 Every so often, a book arrives on the scene that is destined to become 
a classic and that time has come again. Elliott R. Jacobson, professor of 
zoological medicine in the Department of Small Animal Clinical Servic-
es in the College of 
Veterinary Medi-
cine at the Univer-
sity of Florida, has 
compiled a book 
of such scope and 
magnitude that it 
will likely grace 
the reference li-
brary collection 
of virtually every 
veterinarian and 
pathologist work-
ing with reptiles. 
The fi rst chapter on 
biology, anatomy, 
and histology is 
particularly valu-
able for the herpe-
tologist as there are 
many pictures of 
skulls and a variety 
of skeletal prepa-
rations with major 
bones identifi ed. 
Jacobson’s book, 
Infectious Diseases 
and Pathology of 

Reptiles: Color Atlas and Text (2007, CRC Press, Boca Raton, Florida, 
ISBN 10:0-8493-2321-5, ISBN 13:978-0-8493-2321-8), is truly awe-
some: 716 pages, with approximately 1400 high-quality color images. 
The thirteen chapters, some written by other experts, cover the following 
topics: reptile biology, anatomy, and histology; immunology; circulat-
ing infl ammatory cells; necropsy techniques; host response to infec-
tious agents and identifi cation of pathogens in tissue section; identifying 
pathogens using electron microscopy; molecular diagnostics; serodiag-
nostics; viruses and viral diseases; bacterial diseases; mycotic diseases; 
parasites and parasitic diseases; and isolation of pathogens. 

Captive Management of Salamanders

On 20 September 2005, a meeting was held at Conservation Inter-
national in Washington, DC to explore the need to develop assurance 
colonies for imperiled amphibians. One of the presenters was Jean Raf-
faëlli, recognized as one of the world's leading authorities on the cap-
tive management of salamanders and newts. I was impressed by his talk, 
accompanied by photos of breeding urodeles living in state-of-the-art 
enclosures. Later, he contributed to the captive breeding chapter of the 
Amphibian Conservation Action Plan (ACAP), headed by Joe Mendel-
son of Zoo Atlanta.

Written in French, Raffaëlli’s book Les Urodèles du Monde (2007; 
Penclen Edition; ISBN 978-2-9528246-0-6) has now appeared and sets 
the standard for a book of this type. In my view, it is the best multi-
species salamander book available, covering all species described at the 
time of publication.

In the fi rst part, Raffaëlli describes his travels around the globe, relat-
ing his fi eld experiences and the number of prominent amphibian biolo-
gists he encountered. In the next part, his detailed study of some 650 
forms of urodeles appears which includes almost all temperate taxa and 
several tropical species—304 pages of descriptions of families, genera, 
and species—featuring maps (over 500) and species accounts describing 
their taxonomy, biology, ecology, behavior, and sections on maintenance 
and breeding in captivity (Notes d´ élevage). The book has 515 photo-
graphs, most in color. The bibliography alone is worth the price of the 
book. This guide will be of immense value to serious amateurs, such as 
those in the French Urodela Group (FUG), and professionals alike who 
wish to learn more about taxonomy, biology, and ecology of salamanders 
and also how to keep these amphibians alive and well.

The book can be purchased directly from the author (e-mail: jean.

Elliott Jacobson’s new book is the most detailed 
reference on infectious diseases and pathology.

Each of these three examples of Fire Salamander Salamandra salamandra 
was drawn from a living specimen by artist John Green. This was originally 
a colored illustration from Anatomy of the Salamander by Eric T. B. Francis 
in 1934, slightly modifi ed from Edward G. Boulenger’s paper in Proc. Zool. 
Soc. London 1911. Boulenger was curator of reptiles at the London Zoo be-
ginning in 1911.
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raffaelli@laposte.net or via post: PENCLEN 56420-Plumelec, France) 
or from Bibliomania (http://herplit.com/Urodeles/).

Conservation

Believing that virtually all large mammals throughout Asia and Af-
rica are inevitably going to become extinct during this century, Donlan 
et al. (2005. Re-wilding North America. Nature 436:913–914) proposed 
a plan to restore predators and prey that disappeared 13,000 years ago 
from Pleistocene North America. They proposed using extant represen-
tatives as genetic reservoirs of ancestral stock to bring about this new ra-
diation—African Lions, African Cheetahs, Asian and African elephants, 
horses, asses, and Bactrian Camels, but also the endangered Bolson Tor-
toise (Gopherus fl avomarginatus)—a taxon which lived across the Chi-
huahuan Desert in North America during the Late Pleistocene. Presently, 
Bolson Tortoises are restricted to a limited area in northern Mexico. In 
the view of Donlan et al., North America offers the best option for es-
tablishing these colonies, comprising both predators and prey, on public 
lands and private game ranches. 

If zoo workers are going to ever be asked to embrace the plan to pro-
duce hundreds of Bolson Tortoises—or other herps related to ancestors 
long gone—to populate protected tracts of land in order to support this 
alternative conservation strategy, this handy reference might help—Re-
wilding North America: A Vision for Conservation in the 21st Century, 
by Dave Forman (2004, Island Press; Washington, Covelo, London; 
ISBN 1-55963-060-4 [cloth]; ISBN 1-55963-061-2 [paper]), divided 
into three main parts: bad news, good news, and taking action.

The Wildlife Conservation Society (WCS), headquartered at the Bronx 
Zoo, was long led by William G. Conway, who retired as Director of the 
then New York Zoological Society. WCS has long supported a number of 
fi eld researchers engaged in studies focused on conservation and habitat 
protection throughout the world. Conway is internationally known for 
his leadership and 
vision, writing one 
of the classic works 
in zoo philosophy 
in 1973: “How to 
exhibit a bullfrog: 
a bed-time story 
for zoo men.” 
(Int. Zoo Yearb. 
13:221–226). 

In Act III in Pa-
tagonia: People 
and Wildlife (2005, 
Island Press, Wash-
ington, Covelo CA, 
London; ISBN 
1 - 5 5 9 6 3 - 5 1 8 -
5 [hardbound]), 
Conway explores 
12,000 years in Pa-
tagonia (Act I), de-
scribes Hunting’s 
High Tide (Act II), 
and summarizes 
The Road to Con-
servation (Act III). 
This is an impor-
tant and graceful 
read written by one 
of the pillars of zoo 
conservation.

I admire Michael Lannoo. He is certainly one of the most productive 
and infl uential herpetologists in highlighting amphibian declines and the 
need for dramatic conservation measures. In 1998, he edited Status and 
Conservation of Midwestern Amphibians (Iowa City: University of Iowa 
Press; ISBN 0-87745-631-3). Seven years later, he produced a volume 
of such scope that it will clearly be the defi nitive reference for years to 
come: Amphibian Declines: The Conservation Status of United States 
Species (2005, Berkeley: University of California Press, ISBN 0-520-
23592-4 [hardbound]). Imagine coordinating 215 contributing authors, 
reviewing over 50 chapters, and compiling species accounts for all of 
the US taxa—resulting in a volume of nearly 1100 pages. He succeeded 
brilliantly at this monumental task.

Most herpetologists would sit back and enjoy the fruits of their la-
bor but not Lannoo. He has produced yet another volume—Malformed 
Frogs. The Collapse of Aquatic Ecosystems (2008, Berkeley: University 
of California Press; ISBN 978-0-520-25588-3). Using data from ecol-
ogy, parasitology, and other disciplines, he outlines the possible causes 
of these deformities, identifi es which amphibians have been affected, 
and addresses questions about what these malformations might mean to 
human populations. Lannoo paints a grim picture, identifying the par-
ticulars in the usual litany of causes: chemical, nutrient, and pesticide 
runoff into wetlands. If this book’s title and content are not terrifying 
enough to attract the attention of citizens, politicians, and policy-makers 
globally, then one must wonder what type of ecological disaster it will 
take for humans to pay attention to the perilous state of our world and 
begin to take steps to remediate the inevitable disasters looming.

Deformed anurans have been reported from Europe as well. Jean Ros-
tand described and pictured a number in the book Les anomalies des 
amphibiens anoures (Paris, Société d'edition d'enseignement supérieur, 
1958). The species depicted were Midwife Toad (Alytes obstetricans), 
Edible Frog (Rana esculenta), European Common Frog (Rana tempo-
raria), and Common European Toad (Bufo bufo). Some of the most gro-
tesque anomalies imaginable are shown in fi gures 12–14, 22, 29, 31, 34, 
and 37.

In his book The Windward Road, the late Archie Carr tells us of his 
fondness for frogs: “I have always liked frogs. I liked them since before 
I ever took up zoology as a profession; and nothing I have had to learn 
about them since has marred the attachment. I like the ‘looks’ of frogs 
and their outlook, and especially the way they get together in wet places 
on warm nights and sing about sex.” If Carr would have had the oppor-
tunity to read Lannoo’s books before he died, he would be saddened to 
learn that there are far fewer places where he could hear frogs sing.

Is it too late for amphibians? Every zoo biologist must immediately 
read this paper: Wake, D. B., and V. T. Vredenburg. 2008. Are we in the 
midst of the sixth mass extinction? A view from the world of amphib-

William Conway holding a James’s Flamingo in 
the Chilean Andes at 14,800 feet in 1960. From Gath-
ering of Animals: An Unconventional History of the 
New York Zoological Society, by William Bridges, 
1974.

Imprint: New York, Harper & Row.
Credit: Wildlife Conservation Society, headquar-

tered at Bronx Zoo.

As aquatic ecosystems collapse around us, the Mudpuppy (Necturus 
maculosus) is particularly at risk, although malformations have not been re-
ported for this taxon. This amphibian has a broad geographical range but 
populations have declined in Maryland, Indiana, North Carolina, and Iowa, 
due in part to chemical pollutants, increased siltation, and widespread use as 
fi sh bait. Illustration from Georges-Louis Duvernoy’s La Règne Animal par 
Georges Cuvier, Reptiles volume. Disciple edition. Paris 1842. This image 
(plate 41 in vol. 6.) is from the Disciple’s edition of Cuvier, published in 
Paris after his death by his students (i.e., disciples). The herpetology volumes 
(text plus atlas) are by Duvernoy. Credit: Courtesy of Kraig Adler.



Herpetological Review 39(4), 2008 403

ians. PNAS 105 (suppl.1):11466–11473. (pdf available at: http://web.
me.com/vancevredenburg/Vances_site/Publications.html)

Biographies

In a book entitled The Remarkable Life of William Beebe: Explorer 
and Naturalist (2004, Island Press, Washington, Covelo CA, London; 
ISBN I-55963-858-3 [softbound]), author Carol Grant Gould has writ-
ten an account equal to Beebe’s extraordinary personal and professional 
life. In 1899, he began working at the Bronx Zoo (New York Zoological 
Society). The relationship among the three famous department heads at 
that time, J. Alden Loring (mammalogy), Raymond L. Ditmars (herpe-
tology), and Beebe (ornithology), was described by Gould: “Despite vast 
differences in their educational backgrounds, the three young assistant 
curators got along well. They shared powerful common interests, and 
each had idiosyncratic skills and areas of special knowledge to share.”

Ornithologist Beebe, although most often associated with the Society’s 
Tropical Research Station in South America, published a number of papers 
in herpetology. Some of the subjects included preparation of snake skins, 
his unsuccessful attempts to collect lizards with a net in St. Thomas until 
a young girl taught 
him how to use a 
noose, encounter 
with a bushmaster 
in South America, 
Amphibia and Rep-
tilia of the Bartica 
District, reptiles 
of the Galápagos 
Islands, habits of 
garter and ribbon 
snakes, develop-
ment of the toad, 
sea snakes, and 
fi eld notes on the 
lizards and snakes 
of British Guiana 
and Venezuela.

Albertus Seba: 
In the 1500s, 
wealthy Europeans 
had large collec-
tions of preserved 
animals, including 
many herpetologi-
cal treasures. Ex-
plorers were trav-
eling the world to 
bring artifacts to 
Europe. Collec-
tors searched for 
examples of rare and wondrous objects to place in these cabinets that 
exemplifi ed the Renaissance search for knowledge and understanding of 
the world. These collections were called “cabinets of curiosities”—also 
known as Wunderkammern, or cabinets of wonder—refl ecting both the 
trait of curiosity that drives human search for knowledge, and the ex-
traordinary qualities of the objects in the cabinets. These private cabinets 
held biological treasures, arranged in no particular order, to excite won-
der—monsters or other natural oddities such as a two-headed calf, ani-
mals with extra or missing legs, human birth defects, or a horned horse.

A reasonably priced book presents the collection of Albertus Seba in 
Cabinet of Natural Curiosities: Locupletissimi rerum naturalium the-
sauri 1734–1765: based on the copy in the Koninklijke Bibliotheek, The 
Hague (2006, published by Barnes & Noble, Inc. by arrangement with 

Taschen GmbH, Köln; London; ISBN 13:978-0-7607-8204-0; ISBN 
10:0-7607-8204-0). Although it is believed by some that zoo workers are 
notoriously well-paid, a hand-colored original is likely beyond reach—
according to Kraig Adler, the last copy offered fetched a sum of nearly 
US $500,000! This is a fi ne reproduction of one of the classic natural 
history books of all time, with nearly 450 plates shown in color. In the 
introduction, Seba’s life and collection of natural history specimens are 
described. 

 
Joseph Bruno ‘Joe’ Slowinski: Slowinski, an American herpetologist 

who worked extensively with elapid snakes, died in an isolated region in 
northern Burma (Myanmar) after being bitten by a small Multi-Banded 
Krait (Bungarus multicinctus) in 2001. A detailed account of his life and 
career has recently been published in a book by Jamie James entitled 
The Snake Charmer: A Life and Death in Pursuit of Knowledge (2008, 

William Beebe dressed in expedition garb in 
British Guiana in 1917. From Gathering of Ani-
mals; An Unconventional History of the New York 
Zoological Society, by William Bridges, 1974.

Credit: Wildlife Conservation Society, head-
quartered at Bronx Zoo.

Illustration of chelonian neonates and eggs from Albertus Seba’s Loc-
upletissimi rerum naturalium thesauri accurata descriptio, et iconibus 
artifi ciosissimis expressio, per universam physices historiam : Opus, cui, 
in hoc rerum genere, nullum par exstitit / / Ex toto terrarum orbe colle-
git, digessit, descripsit, et depingendum curavit Albertus Seba ….

Imprint: Amstelaedami: Apud J. Wetstenium, & Gul. Smith, & Jans-
sonio-Waesbergios, 1734–1765.

Credit: Collections of Ernst Mayr Library, Museum of Comparative 
Zoology, Harvard University. 
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Hyperion Press, New York; ISBN 13:978-1-4013-0213-0). James’ narra-
tive begins with Slowinski’s early childhood, development of interest in 
natural history, and subsequent career as a postdoctoral student working 
at the National Museum of Natural History and Louisiana State Univer-
sity. He eventually took a position as professor of biology at Southeast-
ern Louisiana University until his dream job opened—curator for the 
Department of Herpetology for the California Academy of Sciences.

The account of his envenomation and the heroic measures taken by his 
companions to try and save him for 30 hrs was tough reading, certainly 
not to be used as a light bedtime distraction before sleeping. James does 
a masterful job of treating Joe as the complex person he was, especially 
about his approach to catching venomous snakes. I am not sure how I 
feel about Joe and his escapades—clearly he was a gifted, productive 
person but, oh, so careless and reckless with venomous snakes. Because 

In this peculiar image from Frederik Ruysch’s natural history cabinet in 
1710, a human’s severed arm and hand holding a sea turtle emerging from 
an egg in a bottle of preservative is displayed—Frederici Ruischii . . . The-
saurus animalium primus = / Het eerste cabinet der dieren / van Frederick 
Ruysch . . . 

Imprint: Amstelædami: apud J. Wolters.
Credit: Collections of Ernst Mayr Library, Museum of Comparative Zool-

ogy, Harvard University. 

I worked with dangerous snakes in a zoo for over 30 years without a bite, 
I am amazed at how cavalier he was about the dangers; in fact, we talked 
several times at herpetological meetings about the danger of working 
with venomous snakes, especially elapids, and the precautions needed to 
work safely with them. Although Joe suffered eight bites and many close 
calls, he continued to free-handle them. 

This statement in Joe's article in California Wild in 2000 was pro-

This hand-colored woodcut is reproduced from the fi rst illustrated surgical 
book, Buch der C[h]irurgia (Book of Surgery), published in 1497 by Hiero-
nymus Brunschwig. Three doctors are attending to a victim bitten by a viper 
encircling the leg. Credit: provided by Kraig Adler.

Drawing by R. Mintern of Common Basilisk (Basiliscus vittatus) from 
Albert Carl Ludwig Gotthilf Günther’s Biologia Centrali-Americana. [vol. 
7], Reptilia and Batrachia, 1885–1902. 

Imprint: London, Pub. for the editors by R. H. Porter.
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phetic, “Neurotoxic proteins are extremely effective at bringing about 
death with minimal disturbance to the body. Viperid venoms, on the 
other hand, are messy—tearing apart tissue and literally melting cells. 
So an elapid venom is more likely to kill you but will leave a far prettier 
corpse.” The picture facing page 180 with Joe next to the Burmese Spit-
ting Cobra (Naja madalayensis), a taxon he described, pretty much sums 
it up—why wasn’t he wearing a welder’s mask or goggles to protect his 
eyes instead of those small sunglasses, especially because he had expe-
rienced several episodes when snakes had directed a stream of venom 
toward him?

For anyone working with dangerous reptiles, use this book as a cau-
tionary tale and be bloody careful—that juvenile krait was less than 10 
inches long! 

Herpetofauna of Honduras

In 1969, John R. Meyer fi nished his dissertation, A Biogeographic 
Study of the Amphibians and Reptiles of Honduras. Thirteen years later, 
a book appeared called The Snakes of Honduras by Larry David Wilson 
and Meyer (Milwaukee Public Museum, Milwaukee, Wisconsin; fol-
lowed by a second edition in 1985). From that time on, the amphibians 
and reptiles of Honduras and surrounding islands have been featured in 
a number of papers, mostly written by Wilson, Meyer, James R. McCra-
nie, and Gunther Köhler.

Four excellent books have been published on Honduras in the new 
millennium. The fi rst is The Amphibians of Honduras (2002, Society 
for the Study of Amphibians and Reptiles; Salt Lake City, Utah; ISBN 
0-916984-57-5 [hardbound]) by James R. McCranie and Larry David 

Wilson with a foreword by Jay M. Savage. This is a large book—625 
pages, 126 maps and fi gures, 33 tables and 20 color plates.

The next year, Gunther Köhler’s Reptiles of Central America (Her-
peton Verlag, Offenbach, Germany; ISBN 3-936180-02-4 [hardbound]) 
became available with a foreword by Wilson. A prolifi c author, most of 
Köhler’s work has centered in Central America and this book covers 
the reptiles occurring from the Isthmus of Tehuantepec in Mexico to the 
southern extent of the Panamanian isthmus.

The next book is The Amphibians & Reptiles of the Bay Islands and 
Cayos Cochinos, Honduras (2005, Bibliomania, Salt Lake City, Utah; 
ISBN 1-932871-07-1 [hardbound]) by James R. McCranie, Larry David 
Wilson, and Gunther Köhler with a foreword by John R. Meyer. 

The latest book is The Amphibians & Reptiles of Cusuco National 
Park Honduras / Los Anfi bios y Reptiles del Parque Nacional Cusuco 
Honduras, by Josiah H. Townsend and Larry David Wilson (2008, Bib-
liomania, Salt Lake City, Utah; translated by Pauline M. Kulstad; ISBN 
978-1-932871-12-8). Like so many other cloud forest herpetofaunal as-
semblages, this one is at risk. The authors put it this way, “…we predict 
that with continued human population growth, Cusuco National Park will 
come under increasing pressure from subsistence farming and urban-
ization.” Each taxon account in Spanish and English includes common 
name, holotype specimen and type locality, similar species, description, 
distribution, localities in Cusuco, natural history, conservation status, 
remarks, and references. Rather than using a map to identify all named 
localities, a gazetteer is provided. Again, this fi ne book matches the qual-
ities of the other books on Honduras except for maps—illustrated keys, 
readable text, splendid color photographs, and glossary.

The University of Georgia Press has published several books since 2005 which cover the amphibians and reptiles of the southeastern United States and some 
representatives are pictured here. These plates are by artist J. W. Hill from James Ellsworth De Kay’s Zoology of New York, or the New-York Fauna: compris-
ing detailed descriptions of all the animals hitherto observed within the state of New York, with brief notices of those occasionally found near its borders, and 
accompanied by appropriate illustrations, 1842–1844.

Imprint: Albany, New York, W. and A. White and J. Visscher. 
Series: Natural history of New York.
Plate 7 shows the Musk Tortoise (Sternothærus odoratus, now Sternotherus odoratus) above and Red-Bellied Tortoise (Emys rubriventris, now Pseudemys 

rubriventris); Plate 10 depicts the Black Snake (Coluber constrictor) above and Chain Snake (Coluber getulus, now Lampropeltis getula); Plate 19 includes 
Common Toad (Bufo americanus, now Anaxyrus americanus), Hermit Spade-Foot (Scaphiopus solitarius, now Scaphiopus holbrookii) and Bullfrog (Rana 
pipiens, now Lithobates catesbeianus) from top to bottom.
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Amphibians and Reptiles of the Southeastern United States

The University of Georgia Press has published four exquisite books 
on the herpetofauna of the southeastern United States since 2005. The 
fi rst is Snakes of the Southeast, by J. Whitfi eld Gibbons and Michael 
E. Dorcas (Athens, Georgia and London, ISBN 13 978-0-8203-2652-8). 
Three years later, three other books have appeared—Turtles of the South-
east, by Kurt. A. Buhlmann, Tracey D. Tuberville, and Whit Gibbons 
(ISBN 13: 978-0-8203-2904-4; ISBN 10: 0-8203-2902-9); Amphibians 
and Reptiles of Georgia, edited by John B. Jensen, Carlos D. Camp, 
Whit Gibbons, and Matt J. Elliott (ISBN 10: 0-8203-3111-2; ISBN 13: 
978-08203-3111-9); and Frogs and Toads of the Southeast, by Michael 
E. Dorcas and Whit Gibbons (ISBN 13: 978-0-8203-2922-2;  ISBN 10:  
0-8203-2922-3). 

All are of uniformly high-quality, clearly written, with an attractive 
layout. Each has solid introductory information, detailed species de-
scriptions, excellent range maps and color photographs, line drawings 
showing defi ning features, and a strong conservation message. There is 
an explanation as to how to use the species accounts which will be of 
value to the lay reader. Several of the books also use “Did You Know?” 
sidebars to briefl y explain interesting facts. One feature, used in the tur-
tle and snake books, is the use of an illustrated sidebar for each taxon to 
help the non-herpetologist identify an unknown reptile.

 Whit Gibbons, now retired Professor of Ecology at the University of 
Georgia (since 1989) and Senior Research Ecologist, Savannah River 
Ecology Lab, has written three other books: Their Blood Runs Cold: 
Adventures with Reptiles and Amphibians (ISBN 0-8173-0133-X, Uni-
versity, Alabama: University of Alabama Press, 1983), Keeping All the 
Pieces: Perspectives on Natural History and the Environment (ISBN 
1-56098-224-1, Washington, DC: Smithsonian Institution Press, 1993), 
and Ecoviews. Snakes, Snails, and Environmental Tales (ISBN 0-8173-
0919-5, University, Alabama: University of Alabama Press, 1998). These 
books are for a broad audience.

Bon Appétit

Imagine this scenario. You invite that very special someone to your 
home for a romantic, candlelit dinner. To prepare for the occasion, you 
pull out your best china, linen, crystal, and silver. When your guest ar-
rives, the lights are turned down and soft music plays in the background. 
A lovely bottle of wine is opened. After a pleasant interlude of stimulat-
ing conversation, dinner is served. You bring the entree in a silver serv-
ing dish, remove the cover and plop a Deep Fried Brandied Amphiuma 
on your guest’s plate. Could anyone imagine a more pleasant evening!

Even if this approach does not appeal to you, you must have The Cu-
linary Herpetologist (2005, Bibliomania: Salt Lake City, Utah; ISBN 1-
932871-05-5 [hardbound]; ISBN 1-932871-06-3 [paper]), by Ernest A. 
Liner. The book features over 950 recipes using amphibians and reptiles, 
though Liner does not recommend exploiting these for food. Rather, he 
stresses that these recipes are mostly listed for historical purposes.

I have enjoyed Ernie’s cooking on several occasions. One of the most 
memorable followed the SSAR meeting in New Orleans in 1990 where 
dozens of guests were invited to a Cajun cookout. A huge grill on wheels 
was rolled into his front yard where roasted meats were prepared. Li-
bations fl owed freely and a merry time was had by all. Mercifully, as 
far as I know, Roasted Poison Dart Frog (Campa Indian Style) was not 
served.

The Bartlett Society

Abraham Dee Bartlett (1812–1897) was the great nineteenth century 
Superintendent of the Zoological Society of London from 1859–1897. 
Two of his books mention herps: Wild Animals in Captivity Being an 
Account of the Habits, Food, Management and Treatment of the Beasts 
and Birds at the ‘Zoo’. . . (1899) and Bartlett’s Life Among Wild Beasts 

at the‘Zoo’ . . . (1900). The fi rst book covered the habits of tortoises, in-
cluding a charming story about a museum curator, alone at night when a 
loud commotion was heard. One of the tortoises, varnished and properly 
labeled, revived and knocked the other preserved chelonians all over the 
museum. 

In honor of his name, the Bartlett Society was formed for individuals 
who have an interest in the history of zoos, aquariums, and wild animal 
husbandry. Clinton Keeling and others founded the Bartlett Society in 
England on 27 October 1984 (the birthday anniversary of A. D. Bartlett). 
Soon after this an independent but corresponding branch was formed in 
North America, covering the United States and Canada.

The Bartlett Society in Britain, which accepts international members, 

Banquet scene from Peter Pindar’s PETER’S PROPHECY … or, An im-
portant epistle to Sir J. Banks, on the approaching election of a president 
of the Royal Society. With an etching by an eminent artist. Third edition. 
London: printed for G. Kearsley, 1788. Reproduced from Slithy Toves: Illus-
trated Classic Herpetological Books at the University of Kansas in Pictures 
and Conversations, by Sally Haines. 

Imprint: [Ithaca, New York]: Society for the Study of Amphibians and 
Reptiles, in cooperation with the Kenneth Spencer Research Library at the 
University of Kansas, 2000. 

Force-feeding python at Central Park Zoo in New York. Credit: undated 
postcard, possibly around 1913, provided by Brint Spencer.
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produces bi-monthly newsletters, annual journals, and occasional special 
publications, as well as maintaining a zoo history website and holding 
meetings. There is an annual membership subscription and conditions 
for membership apply.

The North American branch publishes its own newsletter, and there 
is no subscription fee, although they do not hold meetings or produce 
additional publications.

For those interested in zoo history there is also the unrelated Indian or-
ganization—The Society for Promotion of History of Zoos and Natural 
History in India and Asia.

For more information about the Bartlett Society—admin@zoohistory.
co.uk or http://zoohistory.co.uk or write to Paul D. Murphy, 81 St James 
Avenue, Upton, Chester, CH2 1NN. UK.

The founder of the Bartlett Society, the late Clinton Harry Keeling, 
published many books on British zoos, menageries, aquariums, and wild 
animal collecting: Year of Janus 2000; Where the Leopard Lazed 1999; 
Where the Macaw Preened 1993; Where the Penguin Plunged 1995; 
Wonderful Year 1995; Chessington Story: The Story of the Chessing-
ton Zoological Garden 1996; One Man and His Animals 1994; Little 
Acorns Grow: The Early History of the Linton Zoological Garden . . . 
2003; Where the Elephant Walked 1991; Where the Peacock Screamed. 
. . 2002; Sir Peter's Way: An Account of the Crucial First Year of Whip-
snade. . . 1999; Where the Zebu Grazed: A Further Study and Discussion 
on Forgotten Animal. . . 1989; Where the Crane Danced: More about 
Zoological Gardens of the Past 1985; and Where the Lion Trod: A Study 
of Forgotten Zoological Gardens 1984. Several are particularly relevant 
to herpetology: A Short History of British Reptile Keeping 1992; Here, 
There and Regent's Park 1992; The Life and Death of Belle Vue 1987; 
Remember Belle Vue 1997; Belle Vue Bygones: A Farewell to the Man-
chester Zoological Garden 1990; and They All Came Into the Ark: A Re-
cord of the Zoological Society of London in . . . 1988. All were privately 
published by Keeling (Clam Publications, Guilford, England).

The Zoological Society of London (ZSL) developed four important 
serials. The Proceedings of the Zoological Society of London, begun in 
1833 and later changed to Journal of Zoology, Series A, was the vehicle 
for publishing scientifi c papers, many in herpetology. The Transactions 
were absorbed into Journal of Zoology, Series B. In 1987, Series A and 
Series B were merged to form Journal of Zoology.

The annual International Zoo Yearbook, launched in 1960, is the pre-
mier publication for research by zoo and aquarium personnel worldwide. 
In 1864 the fi rst volume of The Record of Zoological Literature was 
edited by Albert C. L. G. Günther and this series remains a valuable bib-
liographic reference over 140 years later. The ZSL Symposia series was 
started in 1960 and many of the volumes are devoted to topics of inter-
est to zoo professionals: captive and medical management, conservation, 
and other relevant issues. 

Art was an important component in the Transactions and Proceedings 
of the ZSL, detailed in two excellent books—Transactions of the Zoo-
logical Society of London: An Index to the Artists, 1835–1936, compiled 

by Nina J. Root and Bryan R. Johnson. New York: Garland Publishing, 
1986; and Proceedings of the Zoological Society of London: An Index to 
the Artists, 1848–1900, compiled by Nina J. Root and Bryan R. Johnson. 
New York: Garland Publishing, 1986.

Acknowledgments.—I am grateful to Emily Becker, Dana Fisher, and 
James Hanken from the Museum of Comparative Zoology, Harvard Univer-
sity, for providing most of the illustrations. All colored originals have been 
converted to a black-and-white format. Thanks are also due to Kraig Adler, 
Danté Fenolio, Marla Krauss, Polly Lasker, Paul Murphy, Robert Olley, Les-
lie Overstreet, Jennifer Pramuk, Brint Spencer, and Daria Wingreen. My wife 
Judith Block read early drafts and made critical changes to make my articles 
comprehensible.

Part III will appear in the next issue.

—James B. Murphy, Section Editor

Sampling of snake art from the Proceedings of the Zoological Society of London between 1858–1863 (left to right): African Bush Viper (Atheris burtonii, 
now A. squamigera); African Burrowing Python (Calabaria fusca, now C. reinhardtii); Tentacled Snake (Herpeton tentaculatum, now Erpeton tentaculatum). 
Credit: collections of the Smithsonian Institution libraries, Washington, D.C.
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Hanzaki Pilgrimage: A Visit to the Home of the 
Giant Amphibian

KEN KAWATA
23 Arielle Lane, Staten Island, New York 10314, USA

e-mail: Buteo007@aol.com

 The Japanese Giant Salamander, Andrias japonicus, is a huge 
aquatic salamander that occurs on southwestern Honshu Island 
and two southern islands—Shikoku and Kyushu. The species is 
commonly known in Japanese as “hanzaki” or “hanzake,” literally 
“cut in half,” in reference to a false belief that it is able to regen-
erate itself even if cut in half (Goris et al. 2004). Studies on this 
indigenous amphibian by Japanese scientists began in 1887 with an 
account by Prof. Chujiro Sasaki (Kobara 1985; Kuwabara 2007). 
Captive breeding was fi rst recorded in the Amsterdam Aquarium 
in 1903 (van Bruggen 2003). More recently, groups of researchers 
left the familiar zoo and aquarium boundaries for fi eld research. Dr. 
Jiro Kobara of Asa Zoo, Hiroshima (opened in 1971) was the fi rst 
of these workers; by 1973 their work was well under way. In 1975, 
Takeyoshi Tochimoto, Director of Himeji City Aquarium, began 
fi eldwork (Kawata 2006; Murphy 2007). Based on data from the 
fi eld, Asa Zoo formulated a captive breeding program, and larvae 
hatched in 1979 (Kuwabara et al. 1989), more than three-fourths 
of a century after Amsterdam’s fi rst breeding.
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 Hanzaki is protected by Japanese national law. In 1951 the 
species as a whole (with no specifi c geographical distributions, 
as in many other protected species) was designated as a Natural 
Monument by the Japanese government. In the following year it 
was upgraded to Special Natural Monument (SNM) status, which 
placed hanzaki under stricter protective measures. Interestingly, the 
government agency in charge is the Agency for Cultural Affairs, 
not the Ministry of the Environment, as one would expect. Thus, 
in theory the species is regarded as a cultural heritage, rather than 
a part of nature. The SNM designation adds charisma and potential 
political clout to the presence of the species. For instance, under 
the provision of the law a research project that could alter the 
existing conditions (physical manipulations, capture, transport or 
invasive surgical procedures) requires a special permit issued by 
the Agency for Cultural Affairs. 
 In practice, the process of permit issuance is handled by the board 
of education of a prefecture. (Japan is divided into four dozen or 
so administrative and political units called prefectures, similar to 
provinces or states.) Because of the perceived aura attached to the 
SNM status, bureaucrats in the prefectural governments within the 
range of hanzaki tend to guard hanzaki as their heritage. This could 
easily lead to increased political and territorial control. As a result, 
every step of permit application and implementation requires jump-
ing through hoops, which handicaps researchers. Moreover, there 
is hardly any communication among prefectural offi cials. There 
existed an urgent need for those involved in hanzaki conservation 
to meet in person. Mr. Tochimoto organized a national annual 
conference, Asa Zoo staff assisted in administrative aspects, and 
the fi rst conference was held in 2004. Fifty enthusiasts and experts 
gathered, an attendance fi gure which exceeded expectations, to 
open a communication channel. The attendance grew to 90 for 
the second conference, and for the third meeting, 150 assembled 
for technical sessions on a variety of topics. The fourth confer-
ence in 2007 was attended by about 100 delegates. With growing 
interest and concern over the threats to in situ populations, hanzaki 
continues to carry a larger-than-life image, which I was about to 
explore.  
 In April 2008, I made a trip to western Japan, into the range 
prefectures of hanzaki. The trip was prompted by an invitation 
to a college class reunion, and as a retired zoo man I took this 
opportunity to visit zoological collections. Also, a part of 
the itinerary was set aside for paying tribute to those who are 
associated with the study of this legendary animal. On 6 and 
7 April the pilgrimage began at Asa Zoo in Hiroshima. In the 
science museum of the zoo was a huge preserved specimen, 150.5 
cm long and weighing 27.6 kg at the time of its death on 14 July 
2002 (it had been maintained elsewhere in Hiroshima Prefecture). 
There were leafl ets and fl yers about hanzaki for children, and live 
specimens, including adults and larvae, were on exhibit at the 
zoo. I also visited the off-premises breeding area (Fig. 1). It is 
here that the four-chamber breeding tank was built, designed after 
the breeding dens in the wild. In 2007, full second-generation 
hanzaki in captivity were born, three decades after the beginning 
of the zoo’s fi eld study. 
 After the zoo visit it was time to leave the bustling city, and 
early on 9 April, Dr. Kuwabara of Asa Zoo picked me up. As 
he drove through country roads, we reached a pastoral area that 
can best be described as satoyama: for centuries, the center of 

Japan’s rural life was represented by an environment consisting 
of a paddy system (often terraced), streams, ponds, and woods, 
interconnected with a village where rice farmers lived. This is 
called satoyama, a stable habitat for many wildlife species. 
(Recently, satoyama has been vanishing at a rapid pace due to 
development.) The car pulled up behind a gasoline station and 
Kuwabara said, “This is it, the habitat, our study site.” I got out of 
the car. There was nothing exotic or special about this piece of the 
land for wet cultivation of rice. A stream named Matsuzaigawa 
fl ows through paddies and bamboo bushes along houses and a 
country highway (Fig. 2). But a large sign by the stream, with a 
cartoon-like hanzaki, clearly states, “Where culture and nature 
richly intermingle: Forest and river in which hanzaki babies 
grow.” Abruptly, a long-held romantic myth from childhood 
crashed into fl ame. For decades, written accounts have convinced 
us that hanzaki, a mysterious monster, lives in pure streams high 
up in remote mountains. In reality the pure stream water makes a 
poor habitat, and hanzaki often live side by side with rural people, 

FIG. 1. Off-exhibit hanzaki propagation area, with breeding tanks, Asa 
Zoo, Hiroshima.

FIG. 2. On the surface it appears to be a typical Japanese pastoral scene; 
it also represents a hanzaki habitat and the Asa Zoo study site, in Hiroshima 
Prefecture.  A stream (Matsuzaigawa), 1–2 m wide, fl ows through rice 
paddies; under the shed lies an artifi cial breeding den. 
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as well as in remote mountainous areas. 
 We met with Mr. Fukunaga, the local representative of the han-
zaki program. We then walked across the highway. Before arriv-
ing at a Buddhist temple we passed a bridge over a stream which 
included a hanzaki breeding den. Mrs. Asaeda, the monk’s wife, 
and their daughter greeted us; Mrs. Asaeda was the director of a 
kindergarden on the temple grounds. The kindergarden was not 
in session but we walked in, and noticed cloth models of hanzaki, 
more educational material, newsletters, and other publications. 
The curriculum centered on hanzaki, and special events are held 
to celebrate the life of hanzaki. The word “conservation” was 
largely absent, yet the educational approach no doubt leaves a 
strong impression on the children’s minds. It is essential that local 
citizens participate in the wildlife research and conservation effort, 
and a grassroots environmental movement is evident in this small 
rural community. The villagers have been a vital part of the zoo’s 
research team. For example, the egg-laying season constitutes the 
most crucial period for researchers, during which they conduct a 
minute-by-minute, around the clock observation. The temple offers 
lodging for biologists, who take six-hour shifts for a week to 10 
days. 

The community participation has its roots in the culture and 
history of the region. In some parts of Japan, hanzaki is regarded 
as a delicacy and still is being poached, but that is not the case 
here. Hanzaki has long been regarded as the mythical master of 
the river. The zoo group introduced the study of biology and a new 
meaning for the species to this traditional view. Villagers take pride 
in their heritage, as noted in the curriculum of the kindergarden. 
That also explained why the community leaders welcomed this 
expatriate, who came from New York to see the study site. The 
community-based effort, however, represents an exceptionally 
bright spot; hanzaki is lucky to have infl uential allies in the form 
of community leaders on its side. After the temple visit we were 
back to the stream, a habitat that had already gone through a major 
alteration. Even this serene satoyama could not dodge the marching 
force named progress. 

Whatever a visitor sees in Japan could be peculiarly deceiv-
ing. The maximum protection by law does not interfere with the 
devastating act of habitat destruction, which jeopardizes the very 
survival of hanzaki. Herein lies the ultimate irony concerning 
the protection of wild hanzaki populations. The construction of 
weirs and dams, the so-called “reinforcement” of river banks and 
bottoms with concrete, and the alteration of rivercourses prevent 
migration, access to nest sites, and limit food supply. The altering 
of the environment has increasingly fragmented hanzaki’s suitable 
habitats. The relentless destruction of Japan’s natural environ-
ments, little known to the West, has been chronicled eloquently 
by Kerr (2001). Should the current course continue, “The future 
of these magnifi cent animals, which may be the largest living 
amphibians, still remains bleak (Goris et al. 2004).” In fact a fl eet 
of bulldozers descended upon the zoo’s study site for a project to 
restructure paddies for mechanized farming. By the time a plan 
was underway in 1984, the zoo staff had accumulated enough data 
as a conservation tool. 

The stream (Matsuzaigawa) had a population density of 50 
hanzaki/km. The stream gradient was about 4 m for a 290-m 
segment that required, according to the plan, 12 weirs. At this 
juncture the zoo staff made four recommendations to the civil 

engineers: 1) avoid straight lines when altering the water course, 
because fl oods will push hanzaki downstream; 2) banks may 
be concreted, but leave the bottom as natural as possible; 3) 
weirs must have ladders with footholds, properly spaced out to 
enable climbing by the animals; and 4) build artifi cial dens. All 
recommendations were incorporated and the work was completed 
in March 1985 with the fi rst artifi cial dens in Japan (Fig. 3). In 
September of the same year, egg-laying was noted in an artifi cial 
den, thus hanzaki’s adaptability to a changing environment 
came as a pleasant surprise for everyone. Villagers continue to 
participate in the hanzaki project. They patrol the area to ensure 
that sand and gravel do not block the entrance and the tube to the 
artifi cial den after a fl ood. Through a narrow footpath between 
rice paddies I reached an artifi cial den and stared into dark water, 
imagining how a den master would defend eggs during the 
breeding season. 

It was time to hit the road again. Already into the afternoon 
Dr. Kuwabara was moving fast, and I was unaware that we had 
left Hiroshima into another prefecture, Shimane. Soon, the car 
slowed and two red-slate-roofed buildings were awaiting us. 
We stepped in the Hanzake Field Museum (opened in 2000), 
a richly interpretive facility with an auditorium, exhibit halls 
with graphics, panel displays, preserved and live animals, and 
a gift shop (Fig. 4). I purchased picture postcards, and picked 
up attractive leafl ets and an excellent booklet on hanzaki (all in 
Japanese, as usual). The museum is also keen on natural history 
of the region, in addition to the giant salamander. There are events 
such as after-dark observation workshops (giant salamanders are 
mostly nocturnal). There is even a children’s song about the giant 
amphibian; in a nearby township there are a trail and a building 
over a stream for observation. 

However, wandering through the exhibits and chatting with 
the staff, I could not shake off a question. For this rural area, 
the museum and other facilities appeared to be a luxury. Well, 
almost. The town is so far away from any major city, away from 
hordes of tourists. It must be costly for them to build and operate 
such a disproportionately large facility, particularly featuring a 

FIG. 3. A cross-section of an artificial breeding den, designed by Asa 
Zoo staff, patterned after an in situ model.  A tube, 15 cm in diameter and 
70 cm long, leads to a cylindrical concrete den.  Modifi ed after Kuwabara 
(2004). 
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creature that is not cute and cuddly. The grass-roots enthusiasm 
must be infectious, but promoting it requires funds and a political 
will. (Without my asking the question, Ms. Shabana, the museum 
director, later wrote to me, explaining that the museum was built 
as a base for an eco-museum concept, and actively being utilized 
for environmental education.)

As we began our long drive back to Hiroshima, we talked 
about a new threat to hanzaki. According to IUCN (2008): “It 
might also be facing competition from the introduced Chinese 
Giant Salamander (Andrias davidianus). Genetic uniformity in 
this species is high, which increases its vulnerability to threaten-
ing processes.” A newspaper account noted that Prof. Masafumi 
Matsui of the University of Kyoto surveyed hanzaki populations 
in various rivers in 2005 and 2006, and found a large population 
in Kansai district (west-central Japan). A DNA test revealed that 
four out of 22 specimens turned out to be davidianus, which may 
have established a breeding population. These four were found in 
the entrance area of a breeding den during the egg-laying season. 
The professor commented that davidianus could present a serious 
threat to the conservation of the indigenous japonicus. These alien 
salamanders can be traced back to some 800 davidianus that were 
imported by a dealer in Okayama Prefecture in 1972, and were 
distributed to restaurants (Anon. 2007). Apparently, the intended 
culinary delight never caught on, and some of them found their 
way into local freshwater systems, such as the Kamogawa River 
in Kyoto. 
 Also, A. davidianus is sporadically found in Japan, after pos-
sible release by (or escape from) individuals who imported them. 
One such example was noted by a Westerner who watched a large 
specimen in an aquarium in Hakone, Shizuoka Prefecture. “I would 
have liked to know things like how long it’s been at this aquarium 
and where it came from, but the staff there were few in number and 
pretty clueless, to say the least. At a couple of other facilities I’ve 
seen in Japan, the A. davidianus were all ‘wild-caught’ by fi sher-
men after having been released into local rivers—either having 
escaped from the menu or having been released after becoming 
too big and troublesome to be kept in captivity (Johnson 2007).” 
 From Hiroshima, I headed east and arrived at Hyogo Prefecture, 
skipping Okayama Prefecture in between. Early in the morning 
of 12 April, Kakinoki, a young biologist from the Japan Hanzaki 

Institute, picked me up in front of the train station in Himeji, a city 
known for the grandest of Japan’s remaining feudal castles. After 
leaving the city, the car started to climb a series of highways into 
mountainous regions. The higher we climbed, the more desolate 
the landscape became and soon, a river loomed on the left side of 
the highway. Up on the steep hillside were tall cedar trees, forming 
an economically feasible, artifi cially nurtured forest. What 
caught my eye, however, was an orange-colored piece of heavy 
equipment scraping up the riverbed in a repetitive motion (Fig. 5). 
A layer of vegetation had largely been peeled off of the hillsides, 
replaced with panels of square concrete frames, possibly for bank 
reinforcement, as if postage stamp sheets have been slapped upon 
a naked surface of mucous membrane. This view reminded me 
of the book by Alex Kerr (2001), which vividly portrays how 
rivers and streams get violated with emotional impunity. Then 
the river departed, and our journey to Japan Hanzaki Institute 
continued. It takes about an hour by car from Himeji, but using 
public transportation is a different story. It requires a train ride 
from Himeji, changing trains once, and after one hour one takes a 
local bus ride for 30 minutes. 
 After retirement from the directorship of Himeji City Aquarium 
in April 2005, Takeyoshi Tochimoto established the Japan Hanzaki 
Institute (Fig. 6). It is located in his study site in this mountainous 
area, some 470 m above sea level. Surrounded by steep canyons 
and valleys, this small community typifi es a dilemma facing remote 
agricultural and forestry regions in Japan. Younger generations 

FIG. 5. Rivers and streams are being altered at a rapid pace, a common 
sight in Japan, Hyogo Prefecture. 

FIG. 4. Hanzake Field Museum, Shimane Prefecture. 
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depart for cities, leaving behind aging and shrinking populations, 
cut off from the economic prosperity of urban areas. There was an 
elementary school that had been closed for over a decade. Located 
by the river, it consisted of a classroom building, a gymnasium, a 
principal’s residence, and a swimming pool. Mr. Tochimoto rented 
this facility and converted it into the institute. He gave me a tour 
of the facility. The images that I had seen earlier in the institute’s 
newsletters began to blend into reality. The classroom building 
houses a library, lecture rooms, a depository of natural history 
specimens and artifacts, and his offi ce. The children’s swimming 
pool has become a temporary holding station for hanzaki during 
river “reinforcement” projects (at my visit he had 60 hanzaki in 
modifi ed tanks). The foundation is here for the formation of a 
natural history museum.
 Field research is by far the primary mission for the institute. Thus 
far, 1350 hanzaki have been individually identifi ed in the area. Tag-
ging and recording the pattern of blotches on the tail constituted 
the initial methods. It became evident, however, that tags fall off, 
and illustrating the color patterns of so many individuals proved 
to be an unrealistic approach. Transponders offered a solution, 
and about 750 animals have been identifi ed by this approach. The 
long-term goal is to trace their lives in the natural habitat. Hanzaki 
have a long generation time; sexual maturity takes 16–17 years 
in captivity. Thus, it might take several generations of researchers 
to determine the natural life span of hanzaki. Another task for the 
institute is environmental education. Through classes and other 
activities, children are taught the importance of hanzaki in their 
own surroundings. The institute also plans to help to revive the 
declining village community. By nurturing increased awareness, 
hanzaki can become the theme for this endeavor and hopefully 
will attract tourists. At this time the institute is largely a one-man 
operation, and a step has been taken toward incorporation into a 
non-profi t organization. Currently the institute is open to visitors 
by advance appointment. 
 The wholesale destruction of freshwater environments, which 
has swept the Japanese archipelago, is at work even in this remote 
region. In a nearby river a fl ood fl ushed down a large number of 
hanzaki below a dam, and 100 of them were seen at the bottom, 
trying in vain to move back upstream. At the institute I saw a 

photo of one of them with injured feet, as a result of a desperate 
attempt to climb a concrete wall. More recently, at the urging of 
biologists, civil engineers and government agents have responded. 
Mr. Tochimoto showed me some of the remedial measures that 
construction companies have devised. One was the “shelter block” 
to be installed on the concreted riverbank. There are various types, 
but they all have entry holes and cavities for aquatic creatures from 
invertebrates to fi sh and hanzaki. Another one resembles a bunch of 
grapefruits, but instead is made of large stones chained and strung 
together (Fig. 7). This can be bolted by a weir or dam to enable 
hanzaki and other creatures such as crabs to climb over.
 Mr. Kakinoki’s next stop was the site of a large-scale civil en-
gineering project at the Izushigawa River. But we fi rst reviewed 
commercial trout ponds. During the project hanzaki had to be 
captured and held, and the civil engineering fi rm rented rainbow 
trout ponds for them. At one time Mr. Kakinoki held 400 hanzaki. 
With the project nearing its end, hanzaki were now being returned 
to the river. We left the trout ponds for the river, climbed on the 
riverbank and walked down to stand on top of an artifi cial hanzaki 
breeding den. I scanned the panoramic waterscape; it was concreted 
and reshaped, so far removed from the gentle and embracing image 

FIG. 6. Japan Hanzaki Institute; underneath the bridge flows a river, 
another hanzaki habitat.  Hyogo Prefecture.  

FIG. 7. Stones chained and strung together, to function as a ladder for 
aquatic animals from crabs to hanzaki.  At the Japan Hanzaki Institute. 

FIG. 8. Notice the shelter blocks installed (to the left) on the concreted 
riverbanks. Izushigawa River, Hyogo Prefecture. 
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of a river. I noted many shelter blocks in use, and Mr. Kakinoki 
told me that 49% of the 15-km stretch had been treated with shelter 
blocks (Fig. 8). That constituted quite an effort. It was late in the 
afternoon, we had to drive back to Himeji and I turned around to 
take a good look. There is hope, but can hanzaki continue its life 
cycle in an altered new environment? The jury is still out.    
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 Recent publication of the new Dictionary of Herpetology (Lil-
lywhite 2008) has evoked reassessment of the historical origins 
of the North American-based herpetological societies: ASIH, HL, 
and SSAR. Notices about the new book have appeared in emails 
distributed by the Center for North American Herpetology, and 
specifi c references to the entries for these societies in the Diction-
ary require some expanded comments. Here I provide historical 
details from the published record to clarify the situation.

ASIH

 The new Dictionary entry for the American Society of Ichthy-
ologists and Herpetologists (ASIH) states that the society was 
established in 1913 by J. T. Nichols.  This is not strictly correct 
if one refers to the offi cial chronology published by ASIH (Berra 
1984). In 1916 a publication committee was established for Co-
peia and consisted of John T. Nichols, Henry Fowler, and Dwight 
Franklin, who collectively organized the American Society for 
the Study of Fishes and Reptiles. In the same year bylaws were 
adopted, and the name of the society was changed to American 
Society of Ichthyologists and Herpetologists, which held its fi rst 
offi cial meeting on March 8, 1916 at the American Museum of 
Natural History. Previously, in December of 1913, John T. Nich-
ols had published the fi rst issue of Copeia, named in memory of 
Edward D. Cope. During these early years the journal was pub-
lished privately by John T. Nichols. There is no mention of ASIH 
in the early issues of Copeia through 1916.  
 It is a common confusion that the journal Copeia and the soci-
ety of ASIH began at the same time, but this is not true. However, 
some herpetologists consider the history of the Society “as one 
continual event dating back to 1913,” and there is little historical 
information available to judge the defi nitive history of the Soci-
ety during its early formative years (Berra 1984). While some 
may consider the publication of Copeia as the rudimentary origin 
of the ASIH, it seems best to mark the formal birth of the Society 
as 1916 when the name was offi cially designated by a duly em-
powered body.

The Herpetologists’ League

 With respect to the The Herpetologists’ League, the organiza-
tion’s past (but not current) website stated that the HL was estab-
lished in 1936, as does the entry for “Herpetologists’ League” in 
the new Dictionary of Herpetology. To the contrary, this is the 
year marking the fi rst publication of the journal Herpetologica, 

 Hydromantes shastae (Shasta Salamander). USA: California: Shasta 
Co., vic. Shasta Reservoir. Illustration by Jackson D. Shedd.
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founded by C. Grant, W. L. Necker, and H. K. Gloyd. Grant and 
Necker edited the fi rst issue with the essential support of Gloyd, 
who was Director of the Chicago Academy of Sciences and al-
lowed Necker to have free access to the printing facilities of the 
Academy. During these early years the journal was published pri-
vately by Chapman Grant. As a society, the HL was started later 
in 1946 (Smith 1986). There is no mention of The Herpetologists’ 
League in early issues of Herpetologica prior to 1946. It is of 
interest to note that the HL was founded originally as an affi liate 
of AAAS, and the society met jointly with AAAS for many years 
until the latter organization terminated meetings with all smaller 
societies at its annual meetings.  As with the ASIH, there is obvi-
ous confusion or difference of historical interpretation concern-
ing the origins of the HL being separate from the journal that has 
been published by that society. Hobart M. Smith (1986) wrote: 

 The strangest fact in the history of the Herpetologists’ League is 
that it was born, in 1946, of its journal, Herpetologica, established 
in 1936; the reverse is normal for societies, popular and scientif-
ic, and their publications….  A somewhat similar history (Grant, 
1947:146) exists in a sister journal, Copeia, founded in 1913 by 
John Treadwell Nichols; the journal was later (1924, No. 126) 
adopted by the American Society of Ichthyologists and Herpe-
tologists (already in existence for eight years) as its offi cial organ 
(Dunn, 1924; Nichols, 1923).

 As a further complicating historical note, the apostrophe in The 
Herpetologists’ League did not appear anywhere in the League’s 
publications until 1960 (Grant, cited in Smith 1986).

SSAR

 There is further misunderstanding concerning the beginnings 
of SSAR. The new Dictionary of Herpetology states the origin 
of this society as being founded in 1967, but the origins of the 
SSAR can be traced to 1958 when The Ohio Herpetological So-
ciety was founded by Kraig Adler and David M. Dennis (Preest 
2007). At the birth of the OHS, the early offi cers felt a need to 
form a regional society at a time when the ASIH and HL were 
already in existence. However, the OHS grew to 75 members and 
10 institutions, representing 11 states and four countries, within 
its fi rst year. In 1967 the OHS changed its name from The Ohio 
Herpetological Society to the Society for the Study of Amphib-
ians and Reptiles, while retaining the same offi cers, publications, 
and constitution. The change of name was made to refl ect the in-
creasingly international membership and mission of the Society, 
which had grown to exceed the regional identity of the organiza-
tion. Thus, while strict interpretation of the origin of the named 
society (SSAR) may be problematic to some, OHS and SSAR 
are one and the same organization, in spite of the name change in 
1967. The Society itself regards the SSAR as a “continuation” of 
the OHS, as recorded in its offi cial silver and golden anniversary 
publications (Ford and Collins 1983; Moriarty and Bartholomew 
2007). Indeed, SSAR celebrated its 50th anniversary meeting last 
year in Saint Louis, thus recognizing 1958 as its year of found-
ing.
 There is an important distinction between the founding of the 
SSAR and the other two societies.  Both Copeia and Herpetolog-
ica were started and run privately by individuals for many years 
before the two later-associated societies came into being.  The 

OHS, however, began as a society with journal and newsletter 
from its inception in 1958.  What occurred later in 1967 was a 
mere change of name (to SSAR). 
 For all three societies discussed here, a few persons have ar-
gued for different years, modes of origin, and founders of the 
organizations and/or with journals that have become the respec-
tive central arms of these societies. This statement is important, 
because I do not wish for the society entries in the 2008 Diction-
ary of Herpetology to be cited as a fi nal authority. It should be up 
to each society to record its own history. Disagreement will likely 
continue in spite of the suggestions here favoring the stringent 
interpretations stated, which are based on the published record. 

 Acknowledgments.—This communication is published with the ap-
proval and support of the Presidents of each of the societies that are 
discussed: Henry Mushinsky (ASIH), David Cundall (HL), and Roy Mc-
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The Lesser Siren (Siren intermedia) is an unusual two-legged 
salamander with external gills retained into adulthood. They in-
habit shallow semi-permanent and permanent wetlands, sloughs 
and ponds that have abundant aquatic vegetation and deep mucky 
to sandy sediment that provides burrowing sites (Petranka 1998; 
Smith and Minton 1957). Lesser Sirens are able to survive droughts 
by using crayfi sh burrows or burrowing into mud to depths from 
8 cm to 1 m where they aestivate until the pool refi lls (Blatchley 
1900; Cagle 1942; Harding 1997). 

The Lesser Siren also has an unusual distribution, inhabiting 
the Atlantic and Gulf Coastal Plains with a northern extension 
through the mid-Mississippi, Illinois, and Wabash Vallies (Leja 
2005; Petranka 1998). The western subspecies (S. i. nettingi) is 
found in Indiana throughout the Wabash and Kankakee drainages 
with isolated populations in the Lake Michigan drainage in extreme 
northwestern Indiana (Atkinson 1896; Minton 2001). The northern 
populations in Indiana are often fragmented and isolated (Brodman 
2003; Brodman and Kilmurry 1998; Leja 2005; Petranka 1998).

Because these amphibians are highly secretive and diffi cult to 
observe, relatively few ecological studies have been conducted on 
Lesser Sirens (Petranka 1998), and, moreover, very few of these 
studies have been on northern populations. Ecological studies and 
natural history observations of northern populations of Lesser 
Sirens should provide useful information for conservation and 
increase the understanding of the ecology of species distributed 
along a north-south axis. Herein fi eld and laboratory observations 
of population trends, body size, diet, habitat preference, and aes-
tivation for Lesser Siren populations in northern Indiana over an 
eleven-year period are provided.

 
METHODS

 
Lesser Sirens were sampled from 1998–2008 from 21 sites at 

Jasper-Pulaski Fish and Wildlife Area in Indiana. These popula-
tions are among the most northern extant populations known for 
this species (Fig. 1). The sites consisted of 11 seasonal to semi-
permanent wetlands, two permanent wetlands, fi ve shallow lakes 
and three drainage ditches. Each site was visited several times a 
year in May, June, and October after sundown to search for active 
sirens by fl ashlight. However the primary method for sampling 
sirens was using un-baited metal minnow traps in March, April, 
June, September, October, and November. Minnow traps were 

placed in shallow areas near aquatic vegetation. The number of 
traps and the number of days that traps were set varied among sites 
and among years because ponds dried at different times and could 
no longer be surveyed. I recorded the number of animals caught 
per trap-day for each site and year to standardize the data. 

All traps were checked within 24 h of being set and all of the 
animals caught by traps were identifi ed and released. The sirens 
were measured (TL) and inspected for scars and malformities be-
fore being released. Sirens were not sexed or marked. Sirens greater 
than 18.0 cm in TL were recorded as adults (Petranka 1998). A 
small number of sirens escaped before being measured and another 
small number of sirens were found dead in the minnow traps. All 
of the dead sirens were preserved as vouchers in 70% isopropyl 
alcohol and deposited in the Saint Joseph’s College Zoology col-
lection. Sirens were later dissected to determine stomach contents. 
Prey items were identifi ed to family using Pennak (2001).  

Habitat characteristics of each site (depth, vegetation type, 
hydroperiod) were recorded. In 2003 samples of the substrate 
where minnow traps were placed were collected and analyzed to 
determine soil characteristics and pH.

In 1998 half of the minnow traps were baited with sardines and 
half were un-baited to determine if bait would increase the number 
of sirens caught in traps. In 1999 half of the minnow traps were 
plastic and half were metal to determine if one type was more ef-
fective in capturing sirens. In 2004 half of the minnow traps were 
altered by increasing the opening from 3 to 5 cm to determine 

FIG.1. The distribution of the Lesser Siren (indicated in gray), adapted 
from Minton (2001) and Lannoo (2005). The black area indicates the 
location of the study sites at Jasper-Pulaski Fish and Wildlife Area.
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if a larger opening would increase the maximum size of sirens 
captured.

Six adult sirens in fall 1998 and 18 sirens (nine juveniles and 
nine adults) in fall 2004 were collected from one site and kept in 
aquaria for observations of behavior and feeding. In 1998 pairs 
of similar sized sirens were kept in three 56.8-liter glass aquaria 
fi lled with 40 liters of un-chlorinated well water over a 3 cm layer 
of aquarium gravel. The sirens were observed in captivity for four 
weeks and then released at the site of capture. The sirens were fed a 
variety of live prey including earthworms, Tubifex worms, aquatic 
insects, crustaceans, snails, clams, tadpoles, fi sh, and also processed 
food such as shrimp pellets, mussels, and sardines. Each siren was 
observed a number of times during the day and after sundown with 
1-lux lights covered with red cellophane fi lters. 

In 2004 individual sirens were kept in eighteen 17.9-liter plastic 
containers measuring 26.5 cm H × 32.5 cm L × 23.5 cm W to study 
aestivation. A control group (three adults and three juveniles) had 
a 13 cm layer of sediment from the natural pond and 7.5 liters of 
pond water added to the container which resulted in a layer of 
standing water 10.5 cm above the surface of the pond substrate. To 
prevent aestivation in the control group, pond water was periodi-
cally added to these containers to maintain the water level. Two 
treatment groups were set up to simulate pond drying. The slow 
drying treatment (three adults and three juveniles) had 4.5 liters 
of pond water added to the containers resulting in a 7.5 cm layer 
of standing water over a 13 cm layer of pond substrate. The fast 
drying treatment (three adults and three juveniles) had 3.0 liters 
of water added to containers resulting in 6 cm of standing water 
over a 13 cm layer of pond substrate. The drying treatments were 
allowed to dry to initiate aestivation of sirens. Until sirens initiated 
aestivation, they were fed live earthworms and observed daily after 
sundown with 1-lux lights covered with red cellophane fi lters. The 
position of each siren was recorded (water column, on substrate, 
body inside borrow but with head out, inside burrow with opening 
unplugged, inside burrow with opening plugged with mud) during 
each observation. Sirens were considered to be aestivating when 
they were buried in the substrate with the burrow opening plugged 
with mud for an extended number of days. The experiment was 
terminated after four months when aestivating sirens were removed 
from the dry mud. The presence of a secreted cocoon around an 
inactive siren was used to confi rm aestivation. Aestivating sirens 
were then re-hydrated with un-chlorinated well water. Surviving 
sirens were released at the site of capture.

Regression was performed as exploratory analyses to determine 
if there were any relationships among abundance, TL, size class, 
diet, substrate (soil type and pH), coexisting species, habitat and 
recovery from aestivation. ANOVA was used to determine if 
minnow trap treatments (altered vs. unaltered opening, plastic vs. 
metal, baited vs. un-baited) affected the number or size of sirens 
captured. MANOVA was performed to test the effects of drying 
treatments and age class on siren behavior and survival. 

RESULTS

Population trends.—From 1998–2008 a total of 167 sirens were 
captured in 2633 trap-days. This is a mean of 15.2 sirens captured 
in 239 trap-days per year. The number of sirens captured per trap-
day fl uctuated from year to year with spikes in abundance in 1998, 

2001, and 2007 followed by declines over the following two years 
(Fig. 2). There were no signifi cant differences (α = 0.05) in the 
number of sirens captured in baited traps, plastic traps or traps 
with enlarged openings compared to un-baited, metal, unaltered 
minnow traps.

The mean and SE of the TL of sirens captured in minnow 
traps was 26.5 cm ± 1.1 (range 13.0–43.2 cm, N = 118) and has 
increased signifi cantly over time (Regression; F1,10 = 28.138, P < 
0.001, r = 0.870). The mean and SE of the TL of adults was 32.3 
cm ± 0.9 and the mean and SE of the TL of juveniles was 15.9 cm 
± 0.4. Overall 66% of the sirens captured were adults and 34% 
were juveniles. The proportion of adults to juveniles (Fig. 3) has 
increased signifi cantly over time (Regression; F1,10 = 10.884, P = 
0.009, r = 0.740). Adults made up 75% of the sirens captured from 
2002–2008 but only 41% of the sirens captured from 1998–2001. 
There was no signifi cant difference in the TL of sirens captured in 
altered traps (5 cm openings) compared to unaltered traps (3 cm 
openings). Sirens captured from a given site in a given year were 
typically of the same size class.

In addition to sirens, 9779 individuals of other taxa were captured 
in the minnow traps. These included 249 large aquatic insects (pre-
daceous diving beetles, Dysticidae; dragonfl y naiads, Anisoptera; 
water scorpions, Nepidae; giant water bugs; Belostomatidae), 344 

FIG. 2. Population trends of Lesser Sirens at Jasper-Pulaski Fish and 
Wildlife Area. Values are the number of sirens caught per trap-day of 
effort from 1998–2005.

FIG. 3. The percentage of Lesser Sirens caught each year that were 
adults.
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crayfi sh, fi ve Eastern Newts (Notophthalmus viridescens), 5353 
larval and adult anurans (Spring Peeper, Pseudacris crucifer; 
Western Chorus Frog, P. triserata; Eastern Gray Treefrog, Hyla 
versicolor; American Bullfrog, Rana catesbeiana; Green Frog, R. 
clamitans), six snakes (Eastern Ribbon Snake, Thamnophis sau-
ritus; Western Fox Snake, Elaphe vulpina; Northern Watersnake, 
Nerodia sipedon), and 1028 fi sh (Central Mudminnow, Umbra 
limi; Black Bullhead, Ameiurus melas; Pickerel, Esox america-
nus; Green Sunfi sh, Lepomis cyanellus; Lake Chub, Couesius 
plumbeus; Pugnose Minnow, Opsopeodus emiliae). There was a 
positive relationship between the number of sirens caught and the 
number of fi sh and crayfi sh caught (Regression; F1,21 = 13.04, P 
= 0.002, r = 0.638).

Habitat.—Sirens were found in 6 (28.6%) of the 21 surveyed 
sites. Three of these sites were shallow lakes, two were semi-per-
manent wetlands, and one was a drainage ditch. Sirens were not 
signifi cantly more abundant in lakes and ditches than wetlands 
(Regression; F1,20 = 3.337, P = 0.084, r = 0.387). The lakes and 
wetlands with siren populations all had more than 50% of the 
surface area with abundant emergent vegetation and the ditch 
had more than 50% of its surface area covered with large mats 
of green algae. 

A few of the sirens that were observed by fl ashlight at night were 
swimming in the water column, but usually sirens were observed 
motionless on the substrate with a portion of the tail and body hid-
den in the vegetation or under an algal mat. When disturbed sirens 
would either swim into the cover of vegetation or algal mats, or 
into the substrate under rocks or logs. 

The sites with sirens all had very poorly drained, loamy, fi ne 
sand substrates with near neutral pH (6.0–7.5) and water with 
high turbidity while substrates from sites that 
lacked sirens had silty acidic substrate soils and 
clear acidic water (5.1–6.0). Siren abundance 
was signifi cantly greater at sites with higher 
substrate pH (Regression; F1,5 = 10.140, P = 
0.033, r = 0.847). 

Diet.—Sirens kept in captivity were observed 
to eat a wide variety of prey. They readily ate live 
earthworms (Oligochaeta), Tubifex worms (Oli-
gochaeta), dragonfl y naiads (Odonata: Anisop-
tera), damselfl y naiads (Odonata: Zygoptera), 
crawling water beetles (Coleoptera: Haliplidae), 
water boatmen (Hemiptera: Corixidae), isopods 
(Crustacea: Isopoda), crayfi sh (Crustacea: De-
capoda), spire snails (Lymnaeidae), fi ngernail 
clams (Sphaeriidae), tadpoles (Pseudacris 
triseriata and Rana clamitans), and Central 
Mudminnows (Umbra limi). Sirens reacted to 
prey by fanning their heads from side to side to 
orient and move toward prey in such a way that 
vision is unlikely to be the primary sense used 
to fi nd food. They primarily ate smaller prey, 
such as worms, aquatic insects, spire snails, 
fi ngernail clams and isopods, by suction feed-
ing. However for prey that was too large to be 
swallowed whole, the sirens would kill and eat 
the prey by taking bites out of it. For example, 
sirens would bite off the viscera of mudminnows 

and R. clamitans tadpoles or the carapace of crayfi sh. Some of the 
adult sirens (TL = 29–33 cm) were able to kill and eat relatively 
large (TL up to 10 cm) crayfi sh in this manner. After eating the 
viscera, sirens would often leave the carcass alone and then scav-
enge on it the next evening. I also observed sirens scavenging 
dead fi sh and mussels and also eating commercial fi sh food such 
as shrimp pellets.

Some of the sirens captured in 1998, 1999, and 2001 in deeper 
water (≥1 m) during hot weather in September died in the trap. 
Starting in 2002, minnow traps were kept in shallower water 
with the top of the trap just above the surface when temperatures 
were higher than 25ºC. I dissected 17 sirens (N = 11 adults, six 
juveniles; mean TL = 24.7 ± 1.9 cm, range TL 14.0–33.0 cm) that 
were found dead in minnow traps to analyze stomach contents. 
A total of 128 prey items of 13 taxa were found in the stomachs 
and identifi ed (Table 1). All sirens had at least two prey items and 
as many as 23. Dragonfl y naiads were the most abundant prey 
item (29% of prey items) and found in the most sirens (52%). 
Four prey taxa (dragonfl y naiads, caddisfl ies, aquatic beetles, and 
ostracods) made up 75% of the prey items. Dragonfl ies, aquatic 
beetles, ostracods, and tadpoles were eaten by the most sirens. 
Minor constituents of the diet included clams, tadpoles (Pseudacris 
and Rana), oligochaetes, chironomid larvae, damselfl y naiads, 
dobsonfl y larvae (Megaloptera), crayfi sh and Daphnia (Cladoc-
era). The TL of the sirens signifi cantly affected the diet. Juveniles 
ate signifi cantly more caddisfl ies (Regression; F1,16 = 4.765, P = 
0.045, r = -0.50), ostracods (Regression; F1,16 = 6.966, P = 0.019, 
r = -0.57), and snails (Regression; F1,16 = 6.666, P = 0.021, r = -
0.56) and signifi cantly fewer tadpoles (Regression; F1,16 = 9.571, 
P = 0.007, r = 0.41) than adults. One juvenile and one adult siren 

TABLE 1. The diet of Lesser Sirens from examination of stomach contents (N = 17). Data 
are the mean number of prey items for each prey taxon per siren, the percentage of sirens that 
ate each taxa, and the mean number of prey items per juveniles (N = 6) compared to adults 
(N = 11).

Prey taxa prey items % of sirens juvenile adult

Dragonfl y naiads 2.18 53 2.17  2.18
Caddisfl y larvae 1.59 12 4.50 0
Crawling water beetles 1.06 47 1.33 0.91
Ostracods 0.82 29 2.00 0.18
Snails 0.47 18 1.33 0
Clams 0.29 18 0.50 0.18
Tadpoles 0.24 24 0 0.36
Oligochaetes 0.24 18 0.17 0.27
Chironomid larvae 0.24 12 0.50 0.09
Damselfl y naiads 0.18 6 0 0.27
Dobsonfl y larvae 0.12 6 0.33 0
Cladocerans 0.06  6 0 0.09
Crayfi sh 0.06 6 0 0.09
Total Prey Items 7.53 100 12.83 4.63

Additional stomach contents
Nematodes 0.76 24 0 1.18
Algae 0.12 12 0.17 0.09
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had algae in their stomach and a total of 13 Ascaridida nematodes 
were found in four of the adult sirens. The nematodes ranged in 
size from 1.5–1.7 cm in length and unlike other taxa they showed 
no signs of being digested. 

Aestivation.—Sirens that were placed in containers with mud 
and water were observed to dig burrows into the mud. The sirens 
were often observed either lying on the substrate or with their heads 
and forebodies in the water while their hindbodies and tails were 
in the burrow. Sirens were observed to initiate aestivation when 
the depth of standing water was 1–5 cm. On day 22 of the experi-
ment the mean depth of water in the slow drying treatment (4.08 
± 0.13 cm) was signifi cantly greater (MANOVA; F1,12 = 23.021, P 
= 0.001) than the fast drying treatment (1.80 ± 0.20 cm), and half 
of the sirens in both treatments were buried in the substrate with 
the opening of the burrow plugged with mud. No sirens in the fast 
drying treatment were observed out of the substrate after day 22 
and no sirens in the slow drying treatment were observed out of the 
substrate after day 32. After those dates, all of the sirens were buried 
in the substrate with the burrow openings plugged with mud. On 
day 36 of the experiment, all of the fast drying treatment contain-
ers had no standing water and on day 53 of the experiment, all 12 
containers in the drying treatments had no standing water. From 
day 33 to completion of the experiment on day 120, all 12 sirens 
in the drying treatments remained burrowed into the substrate. 
None of the control sirens ever buried themselves with a plugged 
opening and were observed to be active throughout the experiment. 
There was a signifi cant effect of age class on the number of days 
that sirens were active before entering aestivation (MANOVA; 
F1,17, F = 6.640, P = 0.024). Juveniles (28.33 ± 0.13 days) were 
active signifi cantly longer than adults (22.83 ± 0.83 days). Drying 
treatment had no signifi cant effect on the mean number of days 
that sirens were active. 

Drying treatments had a signifi cant effect on the survival of sirens 
(MANOVA; F2,17 = 6.333, P = 0.013). All six control sirens sur-
vived throughout the experiment. All six sirens in the slow drying 
treatment had secreted cocoons surrounding the animal. However, 
one juvenile and one adult were found dead. Only two sirens, one 
adult and one juvenile, survived the fast drying treatment. Most 
of the dead sirens were desiccated but each had a secreted cocoon 
layer indicating that they went into aestivation before dying. One 
of the dead adults in the fast drying treatment was in similar body 
condition to the sirens that survived but it did not revive after 24 
h of re-hydration. All of the surviving sirens became active within 
an hour after being re-hydrated.

DISCUSSION

This is the fi rst report of population trends of the Lesser Siren. 
Populations fl uctuated over an eight-year period with two peaks in 
abundance followed by two declines. Siren density is likely to be 
high during the peak abundance years. Mean density can be as high 
as 1.3 sirens/m2 (Gehlbach and Kennedy 1978). The abundance 
of Lesser Sirens was positively associated with the abundance of 
crayfi sh and fi sh. 

It has been concluded that it is diffi cult to determine adundance 
of sirens because of their secretive nature and diffi culty catching 
them with dip nets (Leja 2005; Petranka 1998). However, other 
observations that Lesser Sirens are easily caught at various times of 

the year by un-baited minnow traps (Gehlbach and Kennedy 1978; 
Gibbons and Semlitsch 1991; Raymond 1991; Sever et al. 1996) 
were confi rmed. For the sites in which sirens were present, they 
were captured at a mean rate of about 1 siren per 12 trap-days.

The range of TL of adult sirens in this study fi ts the range of 
18–50 cm for other populations (Petranka 1998). However during 
the fi rst year of the study most sirens captured were juveniles and 
small adults that were similar in size to Indiana specimens reported 
by Minton (2001). Minton (2001) found that the mean TL of 13 
adult Lesser Sirens from Indiana was 23.1 cm with a range of 
18.3–28.4 cm. It is possible that northern populations are a smaller 
race. However Smith (1961) found that there were no trends in 
geographic variation in TL of specimens captured in four regions 
of Illinois, and larger sirens were observed after the fi rst year of 
this study in northwest Indiana.

Samples from other populations show aggregations of 2–4 size 
classes within a population (Cagle and Smith 1939; Gehlbach 
and Kennedy 1978; Petranka 1998). Samples in this study best fi t 
two size classes (juveniles 13–18 cm and adults 23–43 cm) with 
a small percentage (< 6%) of individuals intermediate (19–22 cm) 
between these size classes. Often, nearly all of the individuals from 
a specifi c site in a specifi c season were from the same size class. It 
is possible that same-aged cohorts aggregate in a habitat resulting 
in fl uctuations from year to year in TL and juvenile to adult ratio 
at a particular sampling site. 

In this study sirens were found to be more abundant in habi-
tats with soft sandy loam bottoms and in habitats with abundant 
emergent vegetation and leaf litter. Juveniles live in burrows or in 
thick mats of aquatic vegetation (Petranka 1998) and adult sirens 
hide in individual retreats in burrows, beneath logs or in thick 
vegetation (Asquith and Altig 1987; Bennett and Taylor 1968; 
Davis and Knapp 1953). The habitats in this study where sirens 
were abundant would allow for burrowing into soft substrates 
and refuge in thick vegetation. Sirens were observed to forage on 
pond bottoms at night, often with the tail end of the body hidden 
in vegetation or leaf litter as has been reported elsewhere (Fauth 
et al. 1990; Minton 2001; Noble and Marshall 1932). All of the 
sites with sirens present were either semi-permanent or perma-
nent bodies of water that held water for at least six months of the 
year. Sirens have never been seen or captured in any of the many 
temporary and seasonal wetlands at Jasper-Pulaski that have been 
observed to dry for more than six months of the year (Brodman 
2003; this study). These observations support the hypothesis that 
Lesser Sirens are restricted to wetlands that hold water at least six 
months a year (Snodgrass et al. 1999). Southern populations of 
Lesser Sirens have been associated with acidic conditions (Carr 
1940; McAllister et al. 1994). However, the northern populations 
in this study were associated near neutral pH and were absent from 
sites where the pH was below 6.0.

There has been some disagreement over whether Lesser Sirens 
feed on small fi sh (Altig 1967; Davis and Knapp 1953; Hurter 1911; 
Pope 1964; Scroggin and Davis 1956). It has been hypothesized 
that Lesser Sirens feed by fi lter feeding through bottom material or 
within the burrow (Altig 1967; Reilly and Altig 1996) and are not 
capable of catching larger or more mobile prey (Davis and Knapp 
1953). Stomach contents from the study population indicate that 
Lesser Sirens primarily eat small benthic aquatic invertebrates but 
also eat larger more mobile prey such as tadpoles. Captive Lesser 
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Sirens were observed to use suction feeding when foraging on 
small prey, but adults also predated and scavenged prey that was 
too large to swallow whole, such as mudminnows, tadpoles, and 
crayfi sh.  

Juveniles have been reported to feed mostly on zooplankton and 
small macroinvertebrate prey such as amphipods, cranefl ies and 
lumbriculid worms (Carr 1940). In this study juveniles ate more 
ostracods, caddisfl ies, and spire snails than adults while adults 
were more likely to eat tadpoles than juveniles. Adults have been 
reported to eat a wide variety of small aquatic invertebrates such 
as crustaceans, insect larvae, snails, clams as well as some larger 
prey such as crayfi sh, tadpoles, and salamander larvae (Davis and 
Knapp 1967; Fauth 1999; Fauth and Resetarits 1991; Fauth et al. 
1990; Scroggin and Davis 1956). Cladocerans, ostracods, snails, 
sphaeriid clams, and mayfl ies have been reported to be the most 
important prey, often making up more than 80% of the diet (Altig 
1967; Davis and Knapp 1953; Scroggin and Davis 1956). Drag-
onfl ies, caddisfl ies, crawling water beetles, ostracods, spire snails, 
sphaeriid clams, and aquatic oligochaetes were the most important 
prey items in the diet of the study population. These observations 
and reports confi rm that Lesser Sirens eat a wide variety of prey and 
the diet is likely dependent on prey availability in the habitat. 

Nematode parasites, including intestinal parasites in the order 
Ascaridida, have been documented in Lesser Sirens (Dyer 1973; 
McAllister and McDaniel 1992; McAllister et al. 1994). Ascaridida 
were found in about a quarter of the dead specimens examined 
in this study. Ascaridida are hypothesized to infect sirens from 
ingestion of minnows (McAllister and McDaniel 1992). Observa-
tion of sirens preying upon mudminnows in the lab and the fact 
that nematodes were only present in the digestive tract of adult 
sirens that are large enough to eat small fi sh make this hypothesis 
plausible.

Filamentous algae have been documented from dietary studies 
of Lesser Sirens (Bennett and Taylor 1968; Davis and Knapp 1953; 
Noble and Marshall 1932; Scroggin and Davis 1956) and were 
confi rmed in some specimens in this study. Algae and plant debris 
pass through the gut undigested and are likely to be accidentally 
swallowed along with prey while foraging among vegetation (Davis 
and Knapp 1953; Petranka 1998).

When the habitat dries, Lesser Sirens retreat to depths of 0.45–1 
m into crayfi sh burrows (Cagle 1942; Pope 1964) or burrow into 
mud to aestivate (Harding 1997). It has been hypothesized that 
the western edge of the range of Lesser Sirens is limited by dry 
conditions (Gehlbach et al. 1973). Under laboratory conditions 
juvenile and adult Lesser Sirens were able to aestivate in a shal-
low (13 cm) layer of pond substrate and survive for 2–3 months. 
However survivorship was dependent upon the drying regime. 
Aestivation can last from several weeks to > 1 year (Gehlbach et al. 
1973). In Indiana, Lesser Sirens were found aestivating at a depth 
of 8–10 cm in the dry mud of a pond bottom that had been dry for 
8 months (Blatchley 1900). In the lab, small sirens are reported 
to starve 12–14 weeks after initiating aestivation, but large sirens 
survive at least 16 weeks (Gehlbach et al. 1973; Petranka 1998). 
Adults initiated aestivation sooner than juveniles. However there 
was no difference in mortality between size classes over a 12–14 
week period of aestivation. 

Loss of habitat and habitat fragmentation are threats to Lesser 
Siren populations (Bury et al. 1980; Petranka 1998). They are 

possibly extirpated from the Great Lakes drainage basin because 
of habitat loss and rotenone treatment (Harding 1997). Loss of 
extensive wet prairie in Illinois and Indiana (Brodman and Kil-
murry 1998; Prince 1997) has likely reduced siren populations in 
the lower Midwest (Leja 2005). Ecology and natural history infor-
mation will be needed for the conservation of threatened Lesser 
Siren populations. Future studies need to be conducted on dispersal 
and colonization to understand how habitat fragmentation and the 
geographic isolation of northern populations affect the long-term 
survival of this species in the lower Midwest. 
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Conservation efforts could be improved markedly by involving 
health professionals (e.g., Deem et al. 2001; Kock 1996) and, 
conversely, disease control efforts could be improved markedly 
by involving ecologists (e.g., Kazura and Bockarie 2003; 
Wasserburg et al. 2002). The role of ecologists in dealing with 
disease threats to wildlife is destined to grow, in response to 
increasing recognition that local (e.g., Ross 2002) and global (e.g., 
Chan et al. 1999) environments infl uence disease transmission 
and prevalence, and, in turn, that environmental improvement 
can mitigate the consequences of disease (e.g., Woodroffe 1999). 
As ecologists become more involved in studying disease threats 
and other risks to individuals, they are likely to encounter data 
aggregation problems that, although familiar to researchers in a 
wide variety of other disciplines, seem not to be familiar to many 
ecologists. Ecologists must become more aware that these serious, 
but diffi cult to recognize, problems can arise any time one infers 
individual attributes from population-level attributes. I present 
a detailed illustration of one such data aggregation problem, 
involving studies of upper respiratory tract disease (URTD), an 
emergent disease of turtles. 

Emergent diseases are those whose incidences have increased 
within the past two decades or threaten to increase in the near 
future (Lederberg et al. 1992), and they are recognized in wildlife, 
as well as in humans and domesticated animals (Daszak et al. 
2000; Williams et al. 2002). The principal causal agent of URTD 
is the bacterium Mycoplasma agassizii (Baseman and Tully 1997; 
Brown et al. 1994; McLaughlin 1997; Schumacher et al. 1993). 
Mycoplasma agassizii was unknown until the early 1990’s, when 
it was recorded from the Desert Tortoise, Gopherus agassizii, in 
the southwestern U.S. (Jacobson et al. 1991, 1995), and from the 
Gopher Tortoise, G. polyphemus, in the southeastern U.S. (Beyer 
1993), but URTD has become a major concern for researchers 
studying North American tortoises. Mycoplasma agassizii is 
easily transmitted by direct contact between individuals (Brown 
et al. 2002; McLaughlin 1997), and URTD is potentially lethal 
(e.g., Berry 1997; Jacobson et al. 1991; Seigel et al. 2003 and 
references therein). Gopherus polyphemus researchers have 
speculated that URTD may not affect individuals of all sizes 
equally, because of size-specifi c differences in encounter rates, 
which, in turn, result in size-specifi c differences in the probability 
of infection or re-infection with M. agassizii.

A study by Seigel et al. (2003) addressed the question of 
whether the risk of death from upper respiratory tract disease 
(URTD) is related to body size. The study compared the mean 
size of individuals found dead, as a direct or indirect consequence 
of URTD, to the mean size of live individuals in the same 
population. The authors concluded that the mean sizes of dead 
and live individuals could not be distinguished for either sex, 
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although “live males were somewhat larger than males found 
dead, and the difference bordered on statistical signifi cance” 
(Table 1). I compared the mean size of individuals found dead 
to the mean size of live individuals at a site where intact shells 
of dead individuals were found during transect surveys (McCoy 
et al. 2006, 2007). The mean size of dead males could not be 
distinguished from the mean size of live males, but the mean size 
of dead females was smaller than the mean size of live females 
(Table 1).

The fact that similarly designed studies reached different 
conclusions will not surprise many ecologists: they would likely 
attribute the difference simply to natural variation. However, 
careful examination of the experimental design employed in 
these studies suggests another possible reason for the difference. 
The question of interest is whether risk of death per individual is 
independent of body size. Because direct information on individual 
risk is not available, the size distribution of dead individuals is used 
as surrogate data. The test then applied to the surrogate data is a 
comparison of the mean size of dead individuals to the mean size 
of live individuals. This experimental design requires, therefore, 
that both the risk of death per individual and any difference in 
mean sizes of dead and live individuals have the same cause, 
namely URTD. The difference in mean sizes of dead and live 
individuals depends on the size distribution of live individuals 
in a population, however, which varies among populations for 
reasons that could have little or nothing to do with URTD, such 
as differences in individual growth rates (Mushinsky et al. 1994). 
If the experimental design is inappropriate for the reason I have 
suggested, then these two studies have not addressed the question 
of interest.

Comparison of the data (Table 1) strongly suggests that the two 
studies indeed are not addressing the question of interest. The 
mean sizes of dead males were similar between studies (244 and 
246 mm), as expected if URTD actually was targeting individuals 
by size. At our study site, more shells of dead individuals than 
expected from the size distribution of live individuals were 
intermediate in size (156–263 mm; χ2 = 8.67, P < 0.01). The 

mean sizes of dead males in two other studies that reported only 
sizes of dead individuals (Table 1) also were < 246 mm. So, 
there is reason to suspect that relatively small males are affected 
more severely by URTD. The difference between the mean sizes 
of dead and live was insignifi cant for the population with the 
mean size of live males (248 mm) more similar to that of dead 
males (McCoy et al., unpubl. data), but “bordered on statistical 
signifi cance” for the population with the mean size of live males 
(259 mm) less similar to that of dead males (Seigel et al. 2003). 
In other words, the size distributions of live males are driving the 
conclusions, and obscuring whatever connection between body 
size and URTD that may exist. For females, the mean sizes of 
live individuals are similar between studies (263 and 265 mm), 
but the mean sizes of dead individuals are not as similar (261 and 
244 mm). Consequently, the conclusions depend on the nature 
of the size distributions of dead individuals: comparison of the 
means sizes of dead and live females indicated a signifi cant 
difference for the population with a relatively small mean size 
of dead individuals (McCoy et al., unpubl. data), but not for the 
population with a relatively large mean size of dead individuals 
(Seigel et al. 2003). Perhaps no size-specifi c effects of URTD 
exist for females; perhaps URTD affects females differently than 
males; perhaps the larger mean sizes of dead females (261 and 
262 mm) in two of the four studies may be a simple consequence 
of the populations and/or sexes being in different phases of the 
progression of the disease. The available data do not offer any 
insight into these possibilities. 

Data aggregation problems may occur whenever population-
level attributes, such as size distributions, infl uence assessment 
of individual attributes, such as risk of death. These problems 
apparently are not commonly recognized in ecology (but see 
Levins and Lewontin 1985), although they are well recognized 
in a variety of other disciplines (King 1997). For example, 
public health researchers have long considered data aggregation 
problems a serious impediment to their research (Greenland 
2004; Koopman 1977; Rose 1992; Schwartz and Carpenter 
1999), and have dubbed the resulting inferential error “Type III 

TABLE 1. Mean sizes (carapace length) of live (two studies) and dead (four studies) individuals of the Gopher Tortoise, and one-way ANOVA com-
parisons of the mean sizes of live and dead individuals. 

  LIVE (mm) DEAD (mm) F df P

Seigel et al. (2003)* 
 Females 263 + 28.6 (N = 51) 261 + 35.3 (N =  9) 0.05 1, 58 0.82
 Males 259 + 25.3 (N = 71) 244 + 34.2 (N = 11) 3.02 1, 80 0.09

McCoy et al. (unpubl. data) 
 Females 265 + 11.8 (N = 11) 244 + 15.5 (N =  7) 6.52 1, 16 0.02
 Males 248 + 11.0 (N = 10) 246 + 16.0 (N =  7) 0.04 1, 15 0.85

Blihovde (unpubl. data) 
 Females — 246 + 24.6 (N = 41)
 Males — 240 + 15.1 (N = 25)

Gates et al. (2002) 
 Females — 262 + 19.7 (N = 16)
 Males — 246 + 20.6 (N = 39)

* Used plastron length as the measure of size, which, when plotted against carapace length, displays a slope close to 1 for the individuals in a popula-
tion.
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statistical error” (Schwartz and Carpenter 1999; but see Crawford 
et al. 1998; Leventhal and Huynh 1996; Marascuilo and Levin 
1970). These problems are insidious because one actually fi nds a 
correct answer, but it is not for the question of interest (Schwartz 
and Carpenter 1999). Furthermore, these problems could bear 
substantial associated costs (Shrader-Frechette and McCoy 1992). 
For the gopher tortoise/URTD interaction, they could prevent 
increased understanding of the transmission of URTD. Additional 
studies employing the same design could not be employed as 
replicates to strengthen the answer to the question of interest, for 
example (see Johnson 2002; Palmer 2000; Underwood 1999). 
Worse, these problems could be detrimental to the well-being of 
the Gopher Tortoise. For example, one might infer from the very 
different conclusions of the two studies that no general relationship 
between risk of death from URTD and body size exists, when, 
in fact, URTD may selectively target relatively small adults. 
The ultimate result of this false inference could be failure to 
prevent the deaths of some of the most demographically valuable 
individuals. Data aggregation problems such as the one illustrated 
here probably are more common in ecological research than often 
recognized, but they may become more noticeable as ecological 
studies increasingly focus on the management of relatively small 
numbers of individuals in disturbed and fragmented landscapes. 
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Since the nineteenth century, melanism has attracted the attention 
of evolutionary biologists, who have focused their research on its 
evolutionary signifi cance (Cook et al. 2005). Recent studies on 
mammals and birds corroborate the hypothesis that melanism has 
a genetic basis and that it is a powerful driver of species evolution 
(Eizirik et al. 2003; Mundy 2005). Nachman et al. (2003) provided 
a good example of the adaptive importance of melanism in Rock 
Pocket Mice, Chaetodipus intermedius, which, depending on the 
background, exhibits different colorations. In order to improve 
crypsis, light-colored mice live on light-colored rocks while 
melanistic mice live on dark lava rocks. Nachman et al. (2003) 
also demonstrated that melanism evolved independently in several 
mice populations and they found that different mutations located 
on different genes were responsible for melanism. 

As in mammals and birds, melanism is quite common in reptiles 
(Jandzik 2004; Korsos and Nagy 2006; Mateo and López-Jurado 
1994; Pérez-Mellado 1984; Trocsanyi and Korsos 2004; Zuffi  
1986). Partial melanism is frequent and partially melanistic in-
dividuals typically have ventral scales, which are not completely 
black coloured (Trocsanyi and Korsos 2004). In some cases the 

populations of certain lizards and snakes are formed by a mixture of 
melanistic and normally coloured animals (Bittner and King 2003), 
while in other cases entire populations consist only of melanistic 
or only of normally colored animals (Daniels et al. 2004; Pearse 
and Pogson 2000). Melanism in Lacerta (Zootoca) vivipara has 
been described in central and northern Europe, but not in the Pyr-
enees nor in Spain (Cavin 1993; Kuranova 1989; Malkmus 1976; 
Petzold 1978; Westrin 1985, 1986). In comparison to other species 
(Thiesmeier 2002), melanistic Common Lizards occur at very 
low frequencies, indicating that melanism in the Common Lizard 
might be a rare rather than a well-established polymorphism. An 
explanation for its rarity might be high selective pressures acting 
against melanistic individuals (Andrén and Nilson 1981; Husak 
et al. 2006). Contrary to the rock pocket mice, melanistic and nor-
mally colored Common Lizards are usually observed in the same 
habitat and on the same background (Gvozdik 1999). Given that 
melanistic individuals lose the cryptic dorsal patterns, their dorsal 
coloration contrasts more with the background (Forsman 1995), 
making them more visible for predators (Husak et al. 2006). This 
suggests that melanistic individuals may suffer from increased pre-
dation risk (Andrén and Nilson 1981), potentially explaining their 
low frequency. Additionally, high predation risk may also result in 
decreased foraging effi ciency and in increased physiological stress 
both negatively affecting body condition (Pérez-Tris et al. 2004; 
Rands and Cuthill 2001). 

On the other hand, it is suggested that the potentially nega-
tive effects of melanism on viability and reproduction may be 
compensated, for example, through increased thermoregulatory 
capabilities (Gibson and Falls 1979; Rosenblum et al. 2004). This 
hypothesis is known as the “thermal melanism hypothesis” (Ellers 
and Boggs 2002; Parkash and Munjal 1999; Vences 2002). It has 
been shown to play an important role in many species, including 
eight lizard species (Daniels et al. 2004). The thermal melanism 
hypothesis predicts that melanistic individuals should have an 
advantage under conditions of low temperature since they heat up 
faster than light-coloured individuals (Clusella Trullas et al. 2007). 
This indicates that the advantage of melanism should increase with 
decreasing temperature and thus, that the frequency of melanism 
should increase with altitude (Clusella Trullas et al. 2007).

To test these hypotheses we used data from several Common 

FIG. 1. Photograph of the melanistic Lacerta vivipara found in the 
Southern Pyrenees, Spain.
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Lizard populations to estimate the frequency of melanistic lizards 
and we compared body condition and several morphological traits 
between melanistic and typically colored adult male Common 
Lizards of the same population.

On 19 April 2007, we found a completely melanistic male 
Common Lizard, Lacerta (Zootoca) vivipara, at the Puerto de 
Ibañeta, Navarra (Southern Pyrenees, Spain, 43.02158889ºN, 
1.320416667ºW, elev. 1062 m). Although melanism has already 
been described in Europe for L. vivipara, this is the fi rst time a 
melanistic individual has been described in the Pyrenees and also 
the fi rst record for Spain. Thus it is the fi rst record of a melanistic 
Common Lizard belonging to the oviparous clade, which mainly 
inhabits the Pyrenees and the Cantabrian mountains (Surget-Groba 
et al. 2001) and which may belong to a new species that hardly 
interbreeds with the Common Lizard (Heulin et al. 1989; Heulin 
et al. 1999). The melanistic adult male showed a uniformly black 
coloration (dorsally and ventrally), with a slightly blacker vertebral 
line (Fig. 1). The melanistic male was captured in a pre-alpine 
meadow whose predominant vegetation consists of Ulex gallii 
and Erica vagans. We discovered him in a small bush (U. gallii), 
in which we saw and captured several other conspecifi c lizards. 
To compare the melanistic individual with typically colored in-
dividuals of the same population, we captured an additional 54 
adult males. Subsequent to the capture, all lizards were measured 
following Pérez-Mellado and Gosá (1988). For the analyses of 
body condition we used the residuals of the regression with SVL 
as the independent variable and body mass as the dependent vari-
able (Wilson 1991). In order to compare the measurements of the 
melanistic individual with the other males of the same population, 
we applied Wilcoxon signed-ranks tests. 

To estimate the frequency of melanistic individuals we analyzed 
data from the population where the melanistic lizard was captured 
and from six other populations from the Spanish Pyrenees (Provin-

cia de Aragón) that we sampled during spring and summer 2007. 
The six populations were located at an average elevation of 1453 ± 
94 m (range: 1140–1700 m). We captured a total of 515 L. vivipara 
and only one of these individuals was melanistic. Taking into ac-
count that not all observed lizards could be captured (captured to 
not-captured ratio is at most 1:3), we estimate that the frequency 
of melanistic individuals is maximally 1 per 2000 individuals. This 
estimate corresponds to a very conservative measurement because 
melanistic individuals are easier to detect, given that they stand 
out more against the surrounding vegetation (Andrén and Nilson 
1981), and because in population censuses conducted in 2005 and 
2006 (ranging from Vielha, Llerida, to Guipuzcoa) no melanistic 
lizards were observed. 

The melanistic male did not signifi cantly differ from the other 
males in body size, tail length, body condition, or in the number of 
scales (Table 1). Only the number of infralabial and collar scales 
was in the lowest percentile (0–10% percentile). Our results on 
body weight and snout–vent length agree with those obtained by 
Gvozdik (1999), who did not fi nd differences between melanistic 
and typically colored common lizards. 

The frequency estimation clearly shows that melanistic L. vivi-
para are rare in the Spanish Pyrenees. A potential explanation for 
the rarity might be provided by the thermal melanism hypothesis 
(Ellers and Boggs 2002; Parkash and Munjal 1999; Vences 2002). 
This hypothesis predicts that melanism should provide an advan-
tage in cold climates. For example, in the Western Cape (South 
Africa) melanistic populations of cordylid lizards are associated 
with zones of upwelling cold water in the coast, or with mountain-
ous zones with high incidence of fog and cloud cover (Mouton 
and Oelofsen 1988; Mouton et al. 2002). This hypothesis would 
also predict that melanism should be more frequent in mountain-
ous habitats. However, our observations do not support this given 
that the observed melanistic individual was found in the Puerto de 

TABLE 1. Traits of the melanistic male and 54 adult males of the same population of Lacerta vivipara. Given are the mean ± SE, as well as the 
median of the 54 males and the measurements of the melanistic male. We further show to which percentile of the distribution the measurement of the 
melanistic male corresponds and we give Wilcoxon signed-ranks tests to test for differences between the melanistic male and the other 54 males.

characters mean ± SE (range) median melanistic percentiles  z P
   male

body weight (g) 3.7049 ± 0.6304 (4.8390–2.7140) 3.739 3.3890 20 -0.66144 0.5083
body condition -0.0026 ± 0.0396 (-0.7345–0.6967) -0.0064 0.1402 70 0.72443 0.4688
SVL (mm) 55.8333 ± 0.3 (61–52) 56 53 10 -1.30307 0.1926
total length (mm) 137.5741 ± 1.82 (162–113) 138.5 125 20 -0.94568 0.3443
tail length (mm) 81.7407 ± 1.7609 (102–57) 83 72 20–40 -0.75649 0.4494
head length (mm) 10.3611 ± 0.0753 (11.5–9) 10.5 10.5 50–70 0.29572 0.7674
head width (mm) 6.9639 ± 0.0417 (7.6–6.2) 6.95 6.8 30 -0.98198 0.3261
number dorsal scale rows 32.6852 ± 0.3115 (38–27) 32.5 32 40 -0.12781 0.8983
number transverse ventral scale rows 20.7963 ± 0.1358(23–19) 21 21 50–70 0.19958 0.8418
number supralabial scales 6.3889 ± 0.0811 (8–5) 6 6 10–60 -0.66406 0.5066
number infralabial scales 5.4815 ± 0.0825 (6–4) 6 4 0–10 -1.77265 0.0763
number chin shields 4.9259 ± 0.0446 (6–4) 5 5 10–90 0.1264 0.8994
number gular scales 18.2222 ± 0.1786 (22–16) 18 19 70–80 0.77874 0.4361
number collar scales 8.5185 ± 0.1513 (11–6) 9 6 0–10 -1.65811 0.0973
number subdigital lamellae 17.9074 ± 0.157 (21–16) 18 17 10–30 -0.8488 0.396
number femoral pores 10.9815 ± 0.1226 (13–10) 11 11 40–60 0.06652 0.947
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Ibañeta population, which is located at the lowest elevation (1062 
m), and no melanistic lizards were found in populations located 
at higher altitudes and thus in colder habitats. Further, capture 
effort was higher in the six other populations, which indicates 
that the frequency of melanistic individuals is likely much lower 
than in the Puerto de Ibañeta population. Consequently, it is un-
likely that thermal advantages explain the observed frequencies. 
Furthermore, heating rates did not differ between melanistic and 
normally colored L. vivipara (Gvozdik 1999). It is also unlikely 
that melanism may have other advantages in the oviparous clade 
of the L. vivipara: i) melanism was rare; ii) melanism is genetically 
determined (King 2003; Majerus and Mundy 2003; Mundy 2007; 
Rosenblum et al. 2004); iii) slight selective advantages should 
rapidly translate into increased frequencies (Falconer 1960), in 
short-lived species such as L. vivipara. Alternately, the low fre-
quency might be the result of strong selective pressures against 
melanistic individuals (Andrén and Nilson 1981). Given that the 
melanistic male was observed in the same habitat and on the same 
background as typically colored individuals, he should also be 
more conspicuous than normally colored individuals (Andrén and 
Nilson 1981; Forsman 1995). In comparison to typically colored 
individuals, detection of the melanistic male was markedly easier. 
However, we could not fi nd evidence that higher conspicuousness 
might have resulted in decreased body condition (Forsman 1995; 
Perez-Tris et al. 2004). Further, most of the measured traits were 
in the 10–90% percentile and only two of fourteen morphological 
measurements were in the 0–10% percentile. This suggests that 
the observed melanistic male did not differ from typically colored 
males in traits other than coloration. Melanism usually results from 
mutations (Majerus and Mundy 2003; Mundy 2007; Rosenblum et 
al. 2004) and it has been suggested that in some species melanism 
is controlled by neutral alleles (Nahrung and Allen 2005), which 
are maintained at a constant low level. Given that we found no 
evidence for positive or negative selection, our results are in line 
with the neutral allele hypothesis, which states that black alleles 
are not eliminated by natural or sexual selection because black 
alleles are neither favorable nor unfavorable to survival or repro-
duction (Nahrung and Allen 2005). This hypothesis might also 
explain why the frequency of melanistic animals is very low in 
the Spanish Pyrenees. However, to understand the reasons why 
melanistic Common Lizards might be very rare, further sampling 
needs to be carried out to increase the sample size and thus the 
analytical power. 
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Large size, generalist eating habits, and high reproductive 
capacity have made the Bullfrog (Rana catesbeiana) an extremely 
successful invader and important competitor with native species 
of amphibians (Hecnar and M’Closkey 1997). Increased 
specialization, competitive inferiority, and predation by Bullfrogs 
make native species susceptible to declines (Mayuri et al. 2004). 
Introduction of Bullfrogs has contributed to the decline of native 
species of Rana in western North America (Bury and Luckenbach 
1976; Clarkson and DeVos 1986; Hammerson 1982; Moyle 1973). 
Rana catesbeiana is a recently introduced species to the Andean 
region of Mérida, Venezuela (Barrio 2001) although anecdotal 
evidence suggests this species has has been present since the 
mid-1980s. Further, in this introduced population, the pathogen 
Batrachochytrium dendrobatidis, the agent for chytridomycosis, 
has been identifi ed in 96% of healthy individuals (Hanselman et 
al. 2004). This infectious fungal disease is responsible for mass 
mortality in amphibian species worldwide (Ron and Merino 
2000).

Because introduced Bullfrogs have proven to negatively 
impact native frog populations in other regions, the discovery of 
Bullfrogs in the Andes of Venezuela prompted us to undertake a 
variety of studies on their ecology to determine the extent of their 
impacts on native frog populations. Here, we report the diet of 
Bullfrogs from a recently established population. 

This study was conducted at a 1 km2 pond in a location known 
as “La Carbonera” (8.6148333°N, 71.3630556°W, 2360 m elev.), 
30 km NW of Mérida city, located in the “Cordillera de Mérida” in 
the Andes of Venezuela. The surrounding habitat consists mostly 
of secondary forest (Díaz de Pascual and Chacón-Ortíz 2001). 

The Bullfrog was the most common frog in the pond, and was 
found extensively throughout and around the pond. Fieldwork 
was conducted monthly from March to November 2002. Large 
Bullfrogs were captured by air-rifl e and small ones by hand and net. 
Immediately after capture, we measured snout–vent length (SVL; 
to the nearest 0.1 mm) and mass (to the nearest 0.1 g). Frogs were 
dissected, the stomachs were removed and the contents placed 
in 10% formalin for later analysis. Bullfrogs that contained at 
least one prey item in their stomachs (N = 338) were divided into 
four categories based on size and morphological characters: 1) 
Recently-metamorphosed: legs fully developed and tail partially 
absorbed; 2) Juveniles: tail completely absorbed, 51–69 mm 
SVL; 3) Sub-adults: 70–103 mm SVL; and 4) Adults: 104–180 
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mm. In the sample of 338 
individuals, we had 90 
recently metamorphosed, 
92 juveniles, 77 sub-adults, 
and 79 adults. 

Organisms in the stomach 
analysis were classifi ed as 
adults or immature stages to 
the family level according 
to Smith and Silva (1983). 
Diet was quantifi ed as the 
number and volume of prey individuals and then was scored to 
order level. Prey length was also measured with a dial caliper to 
the nearest 0.01 mm. Prey volume was determined by use of the 
water displacement method (precision of 0.1 cc). We determined 
volumetric and numeric percentages of each prey per frog size 
category as follows: % volume = (Total volume of diet item) × 
100 ÷ (Total volume of all items). % N = (Number of samples 
containing diet item) × 100 ÷ (Total number of all items). These 
two measurements provide different insights into the feeding 
habits. To integrate them we calculated an index of 
relative importance of each prey as the average of 
numeric and volumetric percentages of prey items 
per each frog size-category. 

Food niche width, which characterizes the food 
resource spectrum used by Bullfrogs in each size cat-
egory, was calculated based on the index of relative 
importance described above. Niche overlap among 
frog size categories was calculated using the program 
“Niche Measures” (Krebs 2002). A one-way ANOVA 
and a post-hoc Bonferroni test were performed to 
examine differences among frog size categories and 
prey size. Pearson correlation analysis was used to 
examine the relationship between frog size (SVL) and 
prey size. Statistical analyses were performed using 
SPSS statistical package ver. 10 for Windows (User’s 
Guide, Cary, SPSS Inc., NC, 1999). 

We identifi ed 474 prey items from stomach contents. 
Means and standard deviation of all measurements 
obtained from all frogs in each size category are 
given in Table 1. Terrestrial prey constituted a greater 
proportion of the diet for recently metamorphosed 
individuals and juveniles, compared to sub-adults and 
adults (Table 2). This may be a result of differential 
habitat use among the age classes as adults are known 
to use more aquatic habitats than juveniles (Werner et 
al. 1995). Vertebrates found in the stomach contents 
were mainly Poecilia reticulata, Rana catesbeiana, 
Leptodactylus meridensis, and Hyla meridensis. 
Juvenile Bullfrogs were the largest diet item and were 
common in adults and sub-adults. The frequencies of 
occurrence of conspecifi cs in the stomach contents 
were less in sub-adults (5%) and higher in adults 
(32%). Most conspecifi cs were smaller individuals 
(SVL < 50 mm).

Niche breath decreased from 0.93 for recently 
metamorphosed to 0.77 for adults (Table 2), 
indicating a tendency for less generalized feeding as 

bullfrogs grow. Juveniles had a higher diet overlap with recently 
metamorphosed and sub-adults 64% and 60%, respectively. 
Lower overlap of 54% was obtained between sub-adults and 
adults (Table 3). 

Following log-transformations, variable variances among 
groups were not homogeneous (Levene statistic = 12.38, p = 0.000). 
However, we chose to use parametric statistical methods because 
of large sample sizes (Zar 1999). ANOVA detected signifi cant 
differences among prey size and frog size category (F3, 334 = 45.02, 

TABLE 1. Snout–vent length (SVL) and mass of 338 Rana catesbeiana from the Andes of Venezuela and the cor-
responding morphological variables of the prey items. 

Class Size  SVL (mm) Mass (g) Prey Number Prey length (mm) Prey volume (mm3)
 Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD
 
Rec. Met. 56.54 ± 4.54 28.20 ± 2.97 1.74 ± 1.49 10.61 ± 2.79  0.14 ± 0.06
Juveniles 60.62 ± 7.24 30.67 ± 8.60 1.85 ± 1.71 11.10 ± 5.26 0.34 ± 0.32
Sub-adults  85.26 ± 10.58  74.47 ± 26.41 2.59 ± 1.86 15.48 ± 8.51 1.95 ± 6.44
Adults 142.65 ± 15.08 415.39 ± 117 1.39 ± 0.85 34.21 ± 22.09 13.94 ± 15.59

TABLE 2. Importance index of prey found in the stomach content of Rana catesbeiana 
size groups. Prey habitat types are in parenthesis as follows: A = aquatic, T = terrestrial. 
Rec. Met. = recently metamorphosed.

 Rec. Met. Juvenile Sub-Adult Adult

INSECTA    
Coleoptera(T) 11.81 30.49 36.11 10.83
Orthoptera(T) 4.67 6.14 7.68  1.76
Odonata(T) 28.41 19.68 13.91 10.38
Diptera(T)  24.95 10.55  0.73
Homoptera(T)  16.84 2.58  0.81
Hymenoptera(T) 30.96 31.59 15.46 4.59
Isoptera(T)  1.93 1.83 
Lepidoptera(T)    
Larval Lepidoptera(T)  2.47 4.15 1.67
Larval Coleoptera(T)    1.33
Larval Diptera(A) 22.17 19.73 0.79 
ARACHNIDA    
Araneae (T)  3.33 2.58 
MOLLUSCA    
Gastropoda(A) 8.11 5.60 0.96 
CRUSTACEA    
Branchiopoda(A)  4.09  
Malacostrata(T) 3.12 4.82  
Diplopoda(T) 4.36 5.83 1.13 
VERTEBRATA    
Pisces(A)  10.59 7.66 6.94
Anura(A)   21.75 64.25
Aquatic prey 27.67 11.55 67.50 67.74
Terrestrial prey 72.33 91.03 33.97 31.84
Niche breadth /  0.93 0.92 0.87 0.77
95% Confi dence Limits (0.88-0.96) (0.87-0.95) (0.82-0.92) (0.69-0.83)
Sample size 90 92 77 79
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P = 0.000) and pos-hoc Bonferroni test found signifi cant mean 
differences between adults and all other categories (α = 0.05). 
There was signifi cant and positive relationship between Bullfrog 
length (SVL) and prey length (r = 0.578, N = 338, P = 0.01). 
Bullfrog size explained only 33% of the prey size variability. 
The remainder of the variation is probably due to other factors 
including behaviour, physiological needs, prey availability and 
habitat use.

Rana catesbeiana has a generalist diet, but probably has a 
preference for some prey items such as Odonata, Coleoptera, Hy-
menoptera, and vertebrates (fi sh and frogs). There was a tendency 
to increase vertebrate consumption as bullfrog size increased. It 
was observed mainly in large frogs (sub-adults and adults). Can-
nibalism can have strong effects on reducing population size and 
community structure (Fox 1975). 

The diet of Bullfrogs introduced into Colombia mostly consisted 
of insects (56%), with vertebrates constituting only 2% of the diet 
(Daza and Castro 1999). However, in Japan it was found that adults 
fed mainly on crayfi sh (49.6%) with vertebrates not represented 
in the diet (Hirai 2004). 

Our results confi rmed that R. catesbeiana is an opportunistic 
species, with both invertebrates and vertebrates comprising the 
diet. Differences in diet are related to differences in body size and 
microhabitat selection (Wu 2005). This invasive species may af-
fect native amphibians as predators, competitors, agents of habitat 
change, and disease reservoirs. Therefore, management and control 
should be attempted.
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Salmonella is a zoonotic bacterium that causes gastrointestinal 
disease in humans and can be carried asymptomatically by ani-
mals (Chiodini and Sundberg 1981). While most human infec-
tions are caused by the consumption of contaminated food (Tauxe 
1991), reptiles are also a source of infection and may cause as 
many as 70,000 human cases annually in the United States (Mer-
min et al. 2004). Public health concerns have led to studies to 
identify the rate of Salmonella shedding in captive turtles from 
zoos (Otis and Behler 1973), commercial turtle farms (Siebeling 
et al. 1984), and private collections (Abalem de Sá and Solari 
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2001). Comparatively little is known, however, about Salmonella 
infections in wild, free-ranging turtles. Generally, wild turtles are 
believed to shed Salmonella at lower rates than captive turtles 
because they either lack exposure to stressors that increase shed-
ding rates or because they are not natural carriers of the bacterium 
(Du Ponte et al. 1978; Richards et al. 2004; Saelinger et al. 2006). 
A few recent studies on wild chelonians have, however, reported 
a high prevalence of Salmonella in turtles (Chambers and Hulse 
2006; Gaertner et al. 2008), with wild turtles having similar prev-
alence of Salmonella infection to captive turtles (Gaertner et al. 
2008). 

We examined the prevalence of Salmonella in wild Red-eared 
Sliders (Trachemys scripta elegans). Red-eared Sliders are com-
mon in the pet trade, and numerous studies have quantifi ed Sal-
monella shedding rates in this species in captivity (Abalem de Sá 
and Solari 2001; Chassis et al. 1986; McCoy and Seidler 1973; 
Otis and Behler 1973; Pasmans et al. 2002a). They are also noto-
rious as a globally invasive species, and they inhabit a variety of 
aquatic habitats. Our goal was to estimate the prevalence of Sal-
monella in wild Red-eared Sliders in Illinois where they inhabit a 
variety of natural water bodies and man-made agricultural ponds. 
We hypothesized that the prevalence of Salmonella in turtles 
would differ among habitat types because turtles might have ex-
perienced persistent stressors in man-made habitats, which might 
have increased shedding rates, or because man-made habitats 
might have increased infection risk directly. Such a result would 
have public health implications, and might help to explain varia-
tion in shedding rates observed among previous studies of wild 
turtles.

Turtles were sampled from water bodies in southern Illinois, a 
region characterized primarily by a mosaic landscape of forest, 
grassland, and intensive row crop agriculture. Five natural ponds 
(37.0688°N–37.1080°N, 88.5934°W–88.4677°W; NAD83) 
and fi ve artifi cial ponds were sampled (37.4622°N–37.4089°N, 
88.6900°W–88.6508°W; NAD83). Natural ponds, oxbow lakes 
along the Ohio River fl oodplain, were large (mean ± S.E.: 28.4 ± 
11.5 ha), and supported a high diversity of fi shes (Readel, unpubl. 
data) as well as diverse turtle assemblages (Dreslik et al. 2005). 
Artifi cial ponds, built in the 1970s as agricultural retention ponds, 
were small (1.1 ± 0.3 ha), contained only common lentic turtle 
species, and have been stocked with game fi sh (Readel, unpubl. 
data). Both habitat types were used as public or semi-public fi sh-
ing grounds, and Red-eared Slider turtle abundance (trap-hours 
required to capture one turtle) was similar between sites (natural: 
33.8 ± 9.5; manmade: 41.5 ± 13.7; Readel, unpubl. data). 

Turtles were captured using baited hoop traps and were held 
in individual bleach-decontaminated tubs up to 4 h until sam-
pling. Cloacal swabs were collected from turtles by rubbing a 
sterile polyester swab against the inner cloacal lining to obtain 
fecal material. Each swab was then agitated into 10 mL of sele-
nite cystine broth (Edge Biologicals, Memphis, Tennessee, USA) 
that was incubated for 18 h at 37°C and then plated on xylose 
lysine desoxycholate (XLD) agar (Edge Biologicals, Memphis, 
Tennessee, USA) to isolate individual bacterial colonies. Plates 
were incubated at 37°C for 24 h and suspect colonies (colonies 
morphologically consistent with Salmonella) were inoculated 
into 0.2 ml tubes containing tryptic soy agar (Becton, Dickinson 
and Company, Sparks, Maryland, USA) for transport to the labo-

ratory. If suspect colonies were not present after 24 h, plates were 
incubated at room temperature for an additional 24 h. Colonies 
were re-streaked on XLD agar and re-isolated in the laboratory.

All suspect colonies were subjected to a diagnostic PCR for 
Salmonella. Isolated colonies were inoculated into 0.5 ml of 
Luria-Bertani broth (Becton, Dickinson and Company, Sparks, 
Maryland, USA), which was incubated for 18 h at 37°C. Bacterial 
cells were then pelleted by centrifugation, and DNA was extracted 
using the DNeasy Mini Kit (Qiagen, Valencia, California, USA) 
eluted in a 100 μl volume, according to the manufacturer’s pro-
tocol. The Salmonella specifi c primer pair invA-1 (5'- ACAGT-
GCTCGTTTACGACCTGAAT) and invA-2 (5'- AGACGACTG-
GTACTGATCGATAAT) was used to amplify a 243-bp segment 
of the Salmonella invA gene, which has been shown to be both 
sensitive and specifi c for this bacterial genus (Chiu and Ou 1996). 
As an internal control for DNA extraction and amplifi cation, an-
other published PCR primer pair of 16S-F (5'- AGACTGCTAC-
GGGAGGCAGCAGT) and 16S-R (5'- GTTGCGCTCGTTGC-
GGGACTTAA) was used to amplify a 755-bp fragment of the 
16S ribosomal RNA subunit gene, which is present in all bac-
teria (Villalobo and Torres 1998). PCRs were conducted in 12.5 
μl volumes containing 1X DyNAzyme EXT buffer (Finnzymes 
OY, Finland), 3.5 mM MgCl2, 200 μM dNTPs, 0.3 μM each of 
primers 16S-F and 16S-R, 0.06 μM each of primers invA-1 and 
invA-2, and 0.125 units of DyNAzyme EXT DNA polymerase 
(Finnzymes OY, Finland). Reactions were cycled in an i-Cycler 
thermocycler (BioRad Inc, Hercules, California, USA) at 94°C 
for 2 minutes, then for 30 cycles at 94° C for 30 seconds, 57°C 
for 30 seconds, and 72°C for 45 seconds, followed by a fi nal 72°C 
4-minute extension step and an indefi nite 4°C soak. A sample of 
wild-type Salmonella typhimurium DNA from the University of 
Illinois Veterinary Diagnostic Laboratory was used as a posi-
tive control, and sterile, distilled water was used as a negative 
control. Amplicons were visualized by electrophoresis in 1.5% 
agarose /TAE buffer followed by ethidium bromide staining and 
digital imaging under ultraviolet light. Samples were considered 
positive only if PCR produced both the 243-bp invA band and the 
755-bp internal control 16S rRNA band. To confi rm amplifi cation 
of the correct gene, one invA PCR product from the positive con-
trol isolate was purifi ed using the Zymoclean Gel DNA Recovery 
Kit (Zymo Research, Orange, California, USA) and submitted 
to the University of Illinois, Biotechnology Center for sequenc-
ing. The resulting sequence was compared to published sequence 
data (BLAST tool from the National Center for Biotechnology 
Information). 

One hundred wild Red-eared Sliders were captured between 
June 18–29, 2006. Fifty turtles were captured from natural ponds 
and an equal number were captured from artifi cial ponds. Suspect 
colonies (colonies that were morphological consistent with Sal-
monella on XLD agar) were recovered from nine of 50 turtles in 
natural ponds and 12 of 50 turtles in artifi cial ponds.

PCR testing of suspect colonies failed to yield amplicons of the 
invA gene in any suspect colony, although amplifi cations of the 
internal control 16S rRNA fragment yielded positive results in 
all cases. Our Salmonella positive control yielded amplicons of 
both invA and 16S, and DNA sequencing confi rmed that we had 
indeed amplifi ed invA. These results demonstrated that DNA ex-
traction and PCR were universally successful. The prevalence of 
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Salmonella spp. in the turtles sampled was therefore 0%, with an 
upper 95% confi dence limit of 4.4% for the entire population of 
100 turtles (calculated using the modifi ed Wald method; Agresti 
and Coull 1998). All suspect colonies were, therefore, likely to be 
normal enteric organisms that produce hydrogen sulfi de.  

The absence of Salmonella in wild turtles in our study was con-
sistent with fi ndings of other studies on wild turtles in the United 
States that have reported a prevalence of 0–8% (Brenner et al. 
2002; Harwood et al. 1999; Jackson et al. 1969; Richards et al. 
2004; Saelinger et al. 2006), but was lower than those reported 
from Spain (12–15%; Hidalgo-Vila et al. 2006), Pennsylvania 
(100%; Chambers and Hulse 2006), and Texas (51%; Gaertner 
et al. 2008). Studies on captive turtles have reported Salmonella 
in 12–41% of T. scripta (Abalem de Sá and Solari 2001; Chas-
sis et al. 1986; McCoy and Seidler 1973; Otis and Behler 1973; 
Pasmans et al. 2002a), and in 3–72% of all turtle species (Abalem 
de Sá and Solar 2001; Cambre et al. 1980; Corrente et al. 2004; 
Geue and Löschner 2002; Jackson and Jackson 1971; Nakadai 
et al. 2005; Onderka and Finlayson 1985; Otis and Behler 1973; 
Pasmans et al. 2002a). Our results supported the conclusion that 
the prevalence of Salmonella is low in wild compared to captive 
turtles.

Turtles might be natural carriers of Salmonella, but rarely shed 
the bacterium unless physiologically stressed (Du Ponte et al. 
1978; Richards et al. 2004; Saelinger et al. 2006). In this study, 
artifi cial habitats were not associated with increased shedding in 
wild Red-eared Slider turtles. The habitats in which our turtles 
resided might not have experienced stress levels high enough to 
activate shedding. Alternatively, wild turtles may not be natural 
carriers of Salmonella, but rather only become infected through 
their environment (Richards et al. 2004; Saelinger et al. 2006). 
For instance, wild turtles admitted to a veterinary hospital were 
not shedding Salmonella upon entrance or after three weeks in 
captivity, and gastrointestinal mucosal samples from dead or eu-
thanized wild turtles were also negative (Saelinger et al. 2006), 
suggesting that these turtles were not carriers of Salmonella be-
fore capture (Saelinger et al. 2006). Our results were consistent 
with another study that found no effect of habitat on the preva-
lence of Salmonella in aquatic turtles (Gaertner et al. 2008). 

 Our methods might have limited our ability to detect turtles 
with occult Salmonella infection, because we did not sacrifi ce 
turtles and sample regions of their gastrointestinal tracts where 
Salmonella can reside (Pasmans et al. 2002b). However, we used 
methods that were similar to previous studies (Corrente et al. 
2004; Saelinger et al. 2006). Corrente et al. (2004), for example, 
showed that the quantity of feces on swabs was not correlated 
with a greater recovery rate, because of the effi ciency of the en-
richment step. Repeated culture with several media over time 
may have increased our chance of detecting intermittently shed 
organisms like Salmonella (Smith et al. 2002). Nevertheless, our 
failure to detect Salmonella in any of the 100 turtles indicated 
that, if the bacterium existed in this population, its point preva-
lence was below 4.4%. 

Overall, our results were consistent with previous observations 
that wild turtles have low prevalence or shedding rates of Sal-
monella, and that these rates are lower than in captive turtles. To 
the extent that our results can be generalized, the public health 
problem of zoonotic salmonellosis of turtle origin may be largely 

characteristic of farmed and otherwise captive turtle populations; 
wild turtles may not represent an important source of the bacte-
rium, even in habitats that are artifi cial and/or impacted by human 
activity. Red-eared Sliders, a notoriously ecologically plastic 
(and globally invasive) species, may be able to adapt to areas of 
high human impact without serious health-related consequences. 
It remains to be seen whether other, less adaptable turtle species 
show similar patterns.
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Lizards of the genus Tropidurus occur throughout South 
America, mainly in open habitats such as Caatinga and Cerrado, 
occupying a wide variety of microhabitats (Rodrigues 1987). Many 
Tropidurus species (e.g., T. oreadicus, T. hispidus, T. torquatus, and 
T. etheridgei) are abundant, widespread, and ecologically diverse 
(Rodrigues 1987). Tropidurus are diurnal, heliophilous, sit and 
wait predators, consuming a wide variety of arthropods and oc-
casionally vertebrates (Bergallo and Rocha 1993; Colli et al. 1992; 
Rocha and Siqueira 2008). With few exceptions, reproduction of 
Tropidurus species is non-continuous, occurring during the dry-wet 
season (Van Sluys et al. 2002) and involves a sexual dimorphism, 
both in color and size (Wiederhecker et al. 2002).

Although several aspects of life history of some Tropidurus spe-
cies have been studied (e.g., Bergallo and Rocha 1994; Carpenter 
1977), little is known about geographic variation in ecological 
attributes of the widely distributed species T. etheridgei. 

Wide-ranging lizards often exhibit geographic variation in 
life-history and ecological traits (Qualls and Shine 1997). Under-
standing sources of this variation is essential for understanding the 
success and evolution of lizard species (e.g., Vitt and Colli 1994). 
Moreover, modifi cation or the maintenance of ecological attributes 
between different populations of the same species may indicate 
the infl uence of historical or ecological factors on the structure of 
lizard communities (Vitt et al. 1998).

Tropidurus etheridgei is a medium-sized lizard distributed in the 
dry habitats of the Chaco, the Cerrado and the Pantanal regions, 
in Brazil, Paraguay, Bolivia and Argentina (Cei 1993; Rodrigues 
1987). In spite of following the same patterns of other Tropidurus 
with a seasonal reproductive cycle, sexual dimorphism in color 
and shape and a generalized diet, there are some differences in the 
biology of T. etheridgei between the Chaco (Cruz 1997; Cruz et al. 
1998) and the Cerrado (Vitt 1991) populations, mainly with respect 
to diet, reproduction and habitat use. However, information about 
populations in these two regions is limited. Herein, we describe 
the reproduction and diet of T. etheridgei in rocky areas of the 
Pantanal, Western Brazil. In addition, we compare reproductive 
and feeding data to those reported for T. etheridgei in the Chaco 
and the Cerrado regions.

Materials and Methods.—The study was conducted in three 
rocky areas (19.1802778°S, 57.5381111°W; 19.1672222°S, 

 Scinax staufferi tadpole. México: Quintano Roo (KU 157690). Illus-
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57.5573056°W; 19.0709167°S, 57.4858889°W) in the munici-
pality of Ladário, Mato Grosso do Sul state, Brazil. The area is 
characterized by rock substrate covered mainly by bromeliads 
(Deuterochomia sp. and Bromelia balansae) and patches of dry 
forest. The climate is characterized by an Aw type of Köppen 
classifi cation, with mean precipitation of 1120 mm, concentrated 
in October–March (Soriano 1997).

Lizards were captured from July 1997 to June 1998 by noose 
or hand, with a sampling effort of 36 h/month. The following 
variables were measured for each lizard: snout–vent length (SVL), 
head length (HL), head width (HW), head height (HH), body width 
(BW), body height (BH), tail length (TL), foreleg length (FL) and 
hind leg length (LL) using an electronic caliper (Mitutoyo®; ± 
0.1 mm). Lizard body mass was measured with Pesola® spring 
scales (± 0.2 g).

To examine morphological variation due to sex, we log-trans-
formed all morphometric variables of adult individuals and made 
separate regressions of all variables with log10 SVL. We then used 
a multivariate analysis of variance (MANOVA) on the residuals of 
the regressions, with the sex as factor. The differences in SVL of 
males and females were tested by a Mann-Whitney Z test.

For diet analysis, the lizards were with an injection of Thiopen-
tal® dissected, stomachs removed, and prey items identifi ed to the 
lowest taxonomic level possible. The length (l) and width (w) of 
intact prey were recorded with electronic calipers and prey volume 
(V) was estimated as an ellipsoid: 

where L is the prey length and W is the prey width. 
Numeric and volumetric percentages of each prey categories 

were calculated for allow comparisons with other studies and for 
calculations of niche breadths, which were computed using the 
inverse of Simpson’s diversity index (Simpson 1949):  

where p is the numeric or volumetric proportion of prey category I, 
and n is the number of categories. In addition, a 
standardized niche breadth (niche breadth divid-
ed by number of prey categories) was calculated 
for comparisons between the populations of T. 
etheridgei from Chaco (Cruz et al. 1998) and 
Cerrado (Vitt 1991). To investigate the relation-
ship between lizard SVL and mean prey length 
we performed a Pearson correlation. 

Lizards were sexed by dissection and gonads 
were examined. Males (N = 8) were considered 
reproductive if they contained convoluted epi-
didymides. Females (N = 17) with vitellogenic 
follicles (N = 14) or oviductal eggs (N = 3) were 
considered reproductively active. Simultaneous 
presence of vitellogenic follicles and eggs was 
considered as an indication of production of 
more than one clutch per reproductive season. 

Size at sexual maturity was estimated as the smallest female con-
taining vitellogenic follicles and the smallest male with convoluted 
epididymides. Length and width of testes and follicles and/or eggs 
were recorded with a digital caliper and volume was estimated 
using the ellipsoid formula described above.

Results.—Reproduction and diet of T. etheridgei are based on 31 
individuals: 8 adult males, 17 adult females and 6 juveniles. No 
sexual dimorphism in SVL for 8 adult males (54.70 ± 12.86 mm) 
and 17 adult females was detected (54.29 ± 13.95 mm) (Mann-
Whitney U test = 62, P = 0.75). Likewise, no sexual dimorphism 
for body shape between the sexes was verifi ed (Wilks λ = 0.50; 
F8,16 = 1.99; P = 0.11; N = 25), although some variables, such as 
tail length were different (Table 1). The smallest mature male was 
47.6 mm in SVL and the smallest mature female was 42.8 mm. 
Mean clutch size based on three females was 4.33 ± 2.08, and 
mean egg volume was 186.02 ± 108.21 mm3 (N = 13 eggs). None 
of these females contained evidence of production of more than 
one clutch. Females with oviductal eggs (N = 3) were captured 
from October–December and skin in the gular region was dark, 
in contrast to the grayish gular region of non-gravid females from 
January–September.

Of the 31 stomachs of T. etheridgei dissected, 25.8% (8) were 
empty. We identifi ed 17 prey types (N = 779 items) that were 

TABLE 1. Summary of descriptive statistics (range) of 17 adult female and 8 adult male 
Tropidurus etheridgei from rocky habitats of the Pantanal, Brazil. Means are ± 1 standard 
deviation.

Variables Males Females

SVL 54.70 ± 12.86 (47.57–81.57) 54.29 ± 13.95 (42.79–78.01) 
Body width 13.52 ± 4.05 (10.44–19.66) 14.25 ± 4.3 (10.44–20.29)
Body height 8.13 ± 2.32 (7.65–12.57) 9.08 ± 3.62 (5.54–16.03)
Head width 15.86 ± 3.68 (9.96–18.22) 15.31 ± 3.27 (8.76–13.29) 
Head length 11.04 ± 2.97 (13.91–23.48) 10.27 ± 2.27 (12.68–20.48)
Head height 7.92 ± 1.74 (6.76–11.18) 7.86 ± 2.20 (6.03–11.99)
Foreleg 25.55 ± 7.32 (18.86–41.86) 24.50 ± 5.52 (18.24–31.32)
Hind leg 38.31 ± 9.47 (31.89–61.91) 38.40 ± 9.55 (28.21–49.54)
Tail 78.44 ± 27.72 (71.54–144.01) 84.66 ± 18.40 (64.68–118.49)

FIG. 1. Relationship between mean prey length and snout–vent length 
(SVL) of the lizard Tropidurus etheridgei in rocky areas of central Bra-
zil.
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mainly insects (83.7% in volume), although arachnids comprised 
13.65% of the total volume and spiders were the second most 
frequent prey type in number (5.13%). Ants were the most fre-
quent in number (75.22%) and Orthoptera was greatest in volume 
(35.26%; Table 2). 

Niche breadth of T. etheridgei was 1.74 in number and 4.90 
in volume. Mean number of prey was 28 ± 22.53 (4–89), with a 
mean length of 3.39 ± 2.75 mm (N = 639), mean width of 1.14 ± 
1 mm and a mean volume of 9.94 ± 42.27 mm3. Mean prey length 
was signifi cantly correlated with lizard SVL (r = 0.29, P < 0.001; 
Fig. 1). 

Discussion.—Many aspects of the ecology of T. etheridgei in the 
Pantanal were similar to those of the Chaco and Cer-
rado populations (Table 3). However, some differences 
regarding reproduction were apparent. Clutch size of 
T. etheridgei from the Pantanal is smaller than that 
of lizards of the Chaco and the Cerrado regions. Fur-
thermore, the Cerrado and Chaco populations produce 
multiple clutches (Cruz 1997; Vitt 1991). However, 
absence of multiple clutches and the low clutch sizes 
in the present study may be due to our sample size. 
Environmental factors, such as rainfall, strongly af-
fect reproductive characteristics of lizard populations 
at the local level (Colli 1991; Van Sluys et al. 2002). 
Mesquita and Colli (2003) found that populations of 
Cnemidophorus in highly seasonal biomes (Cerrado 

and Amazonian Savannas) produce larger clutches and 
have a shorter reproductive season than in habitats with 
unpredictable climates (Caatinga). This may partially 
explain the cyclical reproductive season in the Pantanal 
(with a highly seasonal climate), but not clutch size. 
Clutch size is infl uenced by female body size and mi-
crohabitat preferences (Vitt 1981). Rocky habitats may 
also constrain the availability of prey, which ultimately 
can affect energy invested in reproduction (Vitt et al. 
1996). 

Dark gular patches in gravid females were reported for 
the second time for a Tropidurus species. These occur 
in T. chromatops (a species that resembles T. etheridgei) 
from Serrania de Huanchaca, Bolívia (Harvey and Gut-
berlet 1998). Dichromatism most likely provides signals 
in social interactions. The lack of sexual size dimorphism 
found here may result from our small sample size, since 
many larger males were observed in the fi eld. Male 
Tropidurus generally have larger SVL than females (Vitt 
1993; Vitt et al. 1996). This includes the Chaco popula-
tions, where males are considerable larger than females 
(Cruz 1997).

The diet of T. etheridgei in the Pantanal consisted 
almost exclusively of arthropods, with a high percent-
age of ants. However, lizards from the Chaco population 
(Cruz et al. 1998) also feed on vertebrates. Similarly to 
the Chaco lizards, we did not fi nd fl owers in the diet 
of T. etheridgei, in contrast to the diet of the Cerrado 
population where this was an important item, although 
we collected year-round (Vitt 1991). In spite of this, the 
diet is similar among populations, being ants, beetles 
and larvae the most important prey items. Differences 

in diet between populations may refl ect geographic variation in 
prey availability, seasonality and dietary preferences (Mesquita 
and Colli 2003). Moreover, the diet of T. etheridgei follows the 
general pattern found in many species of Tropidurus, with a con-
sumption of a great variety of prey, especially a lot of ants (Vitt et 
al. 1997). They also occasionally prey on vertebrates, including 
conspecifi cs (Kiefer and Sazima 2002). This can be confi rmed by 
the high values of niche breadth found in many Tropidurus species, 
although in our study the niche breadth values, both numerically 
and volumetrically resembles the Chaco populations studied by 
Cruz et al. (1998).

With the exception of differences related to clutch size and few 

TABLE 2. Numbers, proportion of number (P/N), total volume and percent volume 
of prey types in the diet of Tropidurus etheridgei, with respective percentages and 
niche breadth.

 N P/N VOLUME % VOLUME
   (mm3)

INSECTA    
Blattaria 2 0.26 65.00 1.09
Coleoptera 35 4.49 1163.84 19.56
Diptera 1 0.13 0.15 0.00
Insect larvae 34 4.36 894.98 15.04
Hemiptera 13 1.67 182.45 3.07
Homoptera 4 0.51 61.77 1.04
Hymenoptera    
Ants 586 75.22 454.96 7.64
Other 4 0.51 37.73 0.63
Isoptera 24 3.08 22.29 0.37
Orthoptera 14 1.80 2098.50 35.26
Phasmatodea 2 0.26  
CHILOPODA 4 0.51 66.36 1.12
ARACHNIDA    
Aranae 40 5.13 599.36 10.07
Others 3 0.39 213.17 3.58
PLANT MATERIAL 9 1.16 83.08 1.40
STONES 3 0.39 7.39 0.12
SHED SKIN 1 0.13 0.27 0.00
TOTAL 779 100 5951.32 100
NICHE BREADTH  1.74  4.90

TABLE 3. Ecological comparisons of Tropidurus etheridgei in three different biomes 
of South America: Chaco (Cruz 1997; Cruz et al. 1998; Fitzgerald et al. 1999), Cerrado 
(Vitt 1991), and Pantanal (this study). Sample sizes are in parentheses. 

 CERRADO PANTANAL CHACO

Mean SVL (mm) 68.9 (71) 62.0 (31) 68.9 (150)
% volume of ants in diet 36.6 7.64 27.11
Mean prey length (mm) 4.7 (117) 3.39 (639) 9.14 (386)
Numeric niche breadth 0.21 0.10 0.16
Volumetric niche breadth 0.47 0.29 0.27
Mean clutch size 4.9 (45) 4.3 (3) 6.2 (15)
Multiple clutches yes no? yes
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prey types, the biology of T. etheridgei is similar in three different 
biomes of South America. However, further studies are necessary 
to identify the infl uences of historical and ecological factors in 
the differences.
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Vertebrate gastrointestinal tracts (GITs) are complex ecosystems 
inhabited by hundreds of microbial species (Bäckhed et al. 2004; Lu 
and Walker 2001). Vertebrates have coevolved with commensal and 
mutualistic microbes and microbiota is now considered an essential 
component of mammalian physiology (Dethlefson et al. 2007). 
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Microbial cells living in and on the human body are estimated to 
outnumber human cells by a factor of ten (Turnbaugh et al. 2007). 
The use of molecular techniques to study the human microbiota 
is revolutionizing the study of human biology (Dethlefsen et al. 
2007). Bacteria of the GIT have an important infl uence on nutri-
tional, physiological, and immunological processes of their hosts 
and provide multiple benefi ts (Turnbaugh et al. 2006; Zoetendal 
et al. 2004). In humans, benefi cial bacteria synthesize vitamins, 
break down indigestible substances, and provide protection from 
the colonization of pathogenic bacteria by competing for food and 
living space or by producing antimicrobial substances (Xu and 
Gordon 2003). Mutualistic and commensal bacteria play a key role 
in educating the immune system to provide tolerance and reduce 
allergic responses (Braun-Fährlander et al. 2002). The intestinal 
microbiota also has a profound affect on nutrient acquisition. 
Mouse GIT microbiota suppress gene expression of fac-
tors produced by the intestinal epithelium and promote 
absorption of monosaccharides resulting in increased fat 
storage (Bäckhed et al. 2004). Turnbaugh et al. (2007) 
recently wrote, “To understand the range of human ge-
netic and physiological diversity, the microbiome and the 
factors that infl uence the distribution and evolution of 
the constituent microorganisms must be characterized.” 
Surely the importance of microorganisms is not restricted 
to humans and an understanding of microbe host rela-
tionships in vertebrates is critical to understanding their 
biology and ecology.    

 Snakes, especially pitvipers, are useful organisms 
for studies of vertebrate energy budgets (Beaupre 1996, 
2002). Microbiota of the GIT are likely to play an inte-
gral role in nutrient and energy acquisition in snakes, yet 
very little is known about the microbial communities of 
snake GITs and nothing is known about the function of 
microorganisms for nutrient acquisition in snakes. An un-
derstanding of the diversity and function of intestinal fl ora 
of snakes is likely to increase our knowledge of nutrient 
acquisition and energy budgets in these animals. 

Gastrointestinal microbiota have been relatively well 
studied in humans (Hooper et al. 2001; Wang et al. 2003), 
lab mice (Bäckhed et al. 2004), and agriculturally im-
portant animals (Leser et al. 2002; Simpson et al. 2002). 
Less is known about the GIT microbiota of non-human 
and non-agricultural taxa and the implications of GIT 
microbiota for studies of ecophysiology have yet to be 
explored. Despite their importance to ecophysiological 
research, virtually nothing is known about the structure 
and function of microbial communities in reptile GITs. 
To date, only the microfl ora of the mouth, esophagus, 
and feces of snakes have been characterized using tradi-
tional microbiological (culturing) techniques (Graves et 
al. 1988; Grupka et al. 2006; Lutterschmidt et al. 2007). 
Because culture-based techniques fail to cultivate many 
microbial species (Raskin et al. 1997; Ricke and Pillai 
1999), their use may drastically underestimate microbial 
diversity. Furthermore, to fully understand the structure 
and function of the microbial communities in reptilian 
guts, all organs of the digestive tract should be studied. 
From an energy acquisition standpoint the small intestine 

is especially important because nutrient absorption occurs there. 
Molecular techniques for identifying complex microbial commu-

nities can alleviate problems associated with traditional culturing 
techniques because selective cultivation and isolation conditions 
are not needed. Denaturing gradient gel electrophoresis (DGGE) 
is a commonly used culture-independent technique for modeling 
complex microbial communities (Ercolini 2003). To determine bac-
terial species diversity of a sample using DGGE, DNA is extracted 
from the sample. The polymerase chain reaction (PCR) is then used 
to amplify the 16s rRNA gene, present in all bacteria, and produce 
products of the same size but with different sequences (Muyzer et 
al. 1993). The products are subsequently separated on a denaturing 
gel with an increasing gradient to produce a banding pattern unique 
to each bacterial community sampled. Individual bands obtained 
during electrophoresis may be excised and sequenced. Sequences 

 FIG. 1. DGGE gel electrophoresis band patterns of bacteria samples isolated from 
organs of the gastrointestinal tract of a juvenile Agkistrodon piscivorus (APJ), an 
adult A. piscivorus (APA), and an adult Crotalus horridus (CH). ES = esophagus; ST 
= stomach; SI = small intestine; LI = large intestine. Lettered bands were excised, 
sequenced, and identifi ed to the most closely related bacterial taxa using GenBank. 
a) Parabacteroides sp., b) Fusobacterium sp., c) Bacteroides sp., d) Lactobacillus 
fermentum, e) Lactobacillus lactis, f) Firmicutes, g) Lactobacillus sp., h) Lactobacil-
lus hammesii, i) Bacteroides sp., j) Bacteroides fragilis.



Herpetological Review 39(4), 2008 435

can be compared to known sequences of bacterial taxa which are 
published in the GenBank database to identify bacteria (Altschul 
et al. 1990). The number of bands from a sample provides a close 
estimate of the number of bacterial species in the sample but may 
not directly correspond to the number of bacteria species present 
(Nübel et al. 1996; von Wintzingerode et al. 1997) and bacteria 
present in low numbers may not be detected by PCR/DGGE 
(Muyzer et al. 1993).

To the best of our knowledge, no published studies have utilized 
PCR/DGGE to determine the bacterial diversity in the GIT of 
any reptile. The objective of this research was to determine the 
usefulness of PCR/DGGE for determining the bacterial diversity 
of snake GITs. We used PCR/DGGE to analyze samples from 
different organs in the GIT of two species of viperid snake and 
sequenced electrophoretic bands to identify some of the bacterial 
species present. Our results provide the fi rst data on bacterial spe-
cies diversity of reptilian stomachs and small intestines. 

Materials and Methods.—One Timber Rattlesnake (Crotalus 
horridus) and two Western Cottonmouths (Agkistrodon piscivorus 
leucostoma) were captured opportunistically in Madison County, 
Arkansas in August and October of 2006, respectively. Specimens 
were held in captivity for less than 24 h, euthanized, measured 
for snout–vent length (SVL), total length (TL), weighed using an 
electronic balance, and dissected. During dissection, tissue from 
the esophagus, stomach, small intestine, and large intestine was 
removed, placed in sterile plastic bags, and frozen at -80°C. The 
esophagus was not sampled from the adult A. piscivorus due to 
fi nancial limitations. 

We used a QIAamp DNA stool mini kit (Qiagen, Valencia, CA) to 
extract bacterial DNA from 180–220 mg of tissue from the mucosa 
of the dissected gastrointestinal tract samples. The V2–V3 region  
of the 16s rRNA gene, corresponding to positions 339–539 of the 
Eschericia coli genome,  was amplifi ed by PCR using previously 

published primers (Fasoli et al. 2003; Johansen et al. 2006) and 
reaction conditions (Hume et al. 2003). Electrophoresis and gel 
staining were carried out according to the protocol of Johansen et 
al. (2006). Gels were viewed under UV transillumination and total 
number of bands and band comparison among electrophoretic lanes 
were analyzed using Quantity One gel analysis software (Bio-Rad, 
Richmond, California).

Twenty-fi ve of the most brightly stained bands were excised 
from the gel for sequencing. Excised gel fragments were disrupted 
by forcing gel through a pin hole in the bottom of a 0.5 ml mi-
crocentrifuge tube, centrifuged at 14,000 rpm for 5 minutes, and 
collected in a 1.7 ml microcentrifuge tube. Disrupted gels were 
suspended in 300 μl of TE buffer, vortexed, and incubated at 65°C 
for 15 minutes. Contents were fi ltered through a 0.2μm fi lter (Pall 
Life Sciences, East Hills, New York) and the fi ltrate was mixed 
with 1333 μl of NH4OAc in EtOH (10% vol/vol 7.5M NH4OAc; 
90% EtOH) and 1 μl of glycogen (20mg/ml) (EMD Biosciences). 
The sample was vortexed and stored at -80°C for 10 minutes 
then centrifuged at 14,000 rpm for 15 minutes. The supernatant 
was discarded and the pellet washed twice in cold 70% EtOH 
and resuspended in 4.5 μl of TE. DNA was sequenced with the 
same primers as used for amplifi cation but without the GC clamp. 
Sequencing was carried out on an ABI 3100 capillary analyzing 
system and sequences were compared with the GenBank database 
using the BLAST algorithm (Altschul et al. 1990).

The gastrointestinal tract profi les were compared using the 
Quantity One software (Bio-Rad). Similarities were compared 
based on the Dice similarity coeffi cient which uses an arithmetic 
determination to analyze the degree to which banding patterns 
are alike. Dendrograms were created based on the grouping and 
relatedness between samples (each lane) and the amount of related-
ness is indicated by the percentage bar above each dendrogram. A 
chicken ceca intestinal sample was used as an out-group to root 

TABLE 1. List of bacterial taxa identifi ed from gastrointestinal tract organs of snakes. Juvenile Agkistrodon piscivorus (APJ), adult A. piscivorus 
(APA), and adult Crotalus horridus (CH). ES – esophagus, ST – stomach, SI – small intestine, LI – large intestine. * – Digesta present in the organ. 
X – Bacterial taxa present. Total bands refers to the number of bands in the gel from each sample.

Bacterial Taxa APJ-ES APJ-ST APJ-SI* APJ-LI APA-ST* APA-SI* APA-LI* CH-ES CH-ST CH-SI CH-LI

Bacteroides fragillis   X   X X    
Bacteroides
? Species 1     X X     
Bacteroides
? Species 2   X   X X    
Parabacteroides
? Species  X X  X X     
Firmicutes
? Species           X
Lactobacillus fermentum   X   X X X X X X
Lactobacillius lactis  X  X   X X X X 
Lactobacillus hammesii X X X X   X    
Lactobacillus
? Species X X  X X X     
Fusobacterium
? Species   X   X     
Total Bands 13 18 25 12 24 27 12 13 12 8 11
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the tree for this analysis.
Results.—Gastrointestinal tract samples were obtained from one 

adult female C. horridus (69.0 cm SVL, 73.5 cm TL, 218.6 g), one 
adult female A. piscivorus (56.2 cm SVL, 75.0 cm TL, 171.6 g), 
and one juvenile female A.  piscivorus (32.0 cm SVL, 37.6 cm TL, 
37.4 g). All the digestive organs of the adult C. horridus specimen 
were devoid of digesta. The stomach, small intestine, and large 
intestine of the adult A. piscivorus contained digesta. The juvenile 
A. piscivorus specimen had digesta in the small intestine and the 
remaining organs were devoid of digesta. 

Electrophoretic gel lanes from individual snake GIT organ 
samples contained from 8 to 27 bands (Fig. 1, Table 1). When 
all GIT organ samples were combined the C. horridus specimen 
contained a total of 18 bands, the juvenile A. piscivorus specimen 
contained 57 bands, and the adult A. piscviorus specimen contained 
46 bands. A total of 66 different bands were present from all three 
snakes and 12 were in common to all three specimens.

Of the 25 bands excised from the gel for sequencing, 10 were 
successfully sequenced and assigned to a species, genus, or higher 
taxa by the GenBank database using the BLAST algorithm (Fig. 1, 
Table 1). Insuffi cient DNA was present in the remaining 16 bands 
for sequencing. Bands identifi ed as Parabacteroides, Bacteroides, 
and Fusobacterium were only found in A. piscivorus (Table 1). 
Bands identifi ed as Bacteroides and Fusobacterium were found 
in the small intestines and stomachs of both A. piscivorus speci-
mens but not in the esophagus and large intestines. Lactobacillus 
fermentum and Lactobacillus lactis were found in one or more 
organs of all three snakes (Table 1).

Similarity comparisons of the samples indicate several trends 
(Fig. 2). Three of the four samples which contained digesta had 
less than 40% homology with each other and the other samples. 
Most of the samples that did not contain digesta were 75% or 

more homologous but the C. horridus large intestine sample was 
quite unique (<10% homology). Aside from the above trends, the 
samples roughly grouped by individual.  

Discussion.—The total number of unique electrophoretic bands 
observed for each of our specimens was similar to totals found 
in other vertebrates for which data are available. A PCR/DGGE 
analysis of chicken ceca found 26 bands (Hume et al. 2003). 
Samples from the ilea and ceca of chickens contained 17 bands 
(Lu et al. 2003). Rumen of steer guts showed approximately 12 
bands (Simpson et al. 2002). 

Lutterschmidt et al. (2007) detected nine bacterial species in 
the mouth and esophagus of wild A. piscivorus using culture 
based techniques. Our two esophageal samples both contained 13 
bands. Our study did not identify any of the species found by Lut-
terschmidt et al. (2007) but we only sequenced 10 bands out of the 
66 present in our samples. The nine species found by Lutterschmidt 
et al. (2007) might be present in our samples but were not among 
the bands we selected for sequencing. It is also possible the nine 
species found by Lutterschmidt et al. (2007) are indigenous to the 
oral cavity, a region we did not sample.  

Variation in bacterial species diversity among our samples 
might be attributable to interspecifi c differences related to diet 
(Dethlefsen et al. 2007; Lutterschmidt et al. 2007), the presence 
or absence of digesta in the organ (Simpson et al. 2002), the de-
velopmental stage of the individual (Lu et al. 2003; Lentle et al. 
2006), or the functional role and environmental conditions of the 
specifi c GIT organ (Lu et al. 2003; Wang et al. 2003). We lacked 
suffi cient samples to test any of these possibilities statistically and 
future studies should be conducted to investigate these issues. We 
speculate that microbial diversity in our individual GIT organs was 
infl uenced by the presence or absence of digesta. Organs without 
digesta were generally more similar to one another than those with 
digesta and organs containing digesta appeared to show higher 
microbial diversity than those devoid of digesta (Table 1). The 
presence of digesta in an organ might increase microbial diversity 
because bacteria are introduced into the gut upon ingestion of prey 
or because resident bacteria, that were undetectable in empty or-
gans, increase to detectable numbers in the presence of digesta. 

All of the bacterial taxa identifi ed from the GITs of our snake 
specimens are typical gut fl ora found in other vertebrate hosts (Lu et 
al. 2003; Xu and Gordon 2003; Sakamoto et al. 2007). Lactobacil-
lus, Bacteroides, and  Fusobacterium were among the ten genera 
which comprise 99% of  the microbiota in human intestines (Xu 
and Gordon 2003). The small intestine of both A. piscivorus speci-
mens contained B. fragilis, and an unidentifi ed Bacteroides species. 
Bacteria in the genus Bacteroides affect nutrient uptake and fat 
accumulation in lab mice (Turnbaugh et al. 2006) and are likely to 
affect nutrient uptake in our snake specimens as well. All the snakes 
in our study were found to be carrying Lactobacillus fermentum 
and L. lactis in one or more organs. Because these Lactobacilli 
were found in both snake species having such different diets, they 
are also likely to be indigenous fl ora. Lactobacilli are common in 
the GIT of humans and other vertebrates and are considered health 
promoting or “probiotic” fl ora because they produce antimicrobial 
compounds that inhibit the growth of pathogens (Amit-Romach et 
al. 2004; Soomro et al. 2002). Lactobacillus lactis produces the 
antimicrobial agent nisin which is also produced commercially 
to prevent food spoilage (Vandenbergh 1993). Additional studies 

 FIG. 2. A comparison of the similarity of the DGGE gel electrophoresis 
patterns of intestinal bacteria isolated from the esophagus (ES), stomach 
(ST), small intestines (SI), and large intestines (LI) of a juvenile Agkistro-
don piscivorus (APJ), an adult A. piscivorus (APA), and an adult Crotalus 
horridus (CH). Relative similarity of banding pattern is indicated by the 
grouping on the dendrogram and the percent of similarity coeffi cient (bar). 
* - organ contained digesta.
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will be required to determine the functional role of bacteria in the 
GIT of snakes.

Results of this study demonstrate that DGGE is a useful approach 
for studying bacterial diversity in snake GITs. With this tool we 
characterized bacterial communities present in different GIT organs 
of individual snakes and identifi ed some likely indigenous species. 
Application of this technique to snake microbial gut ecology could 
provide valuable insight into the interactions of snakes with GIT 
bacteria and would likely increase our understanding of nutrient 
acquisition in snakes and other reptiles. 

Alternative molecular methods for characterizing microbial com-
munities include Terminal Restriction Fragment Length Polymor-
phism (T-RFLP, Osborn et al. 2000) and pyrosequencing (Liu et al. 
2007; Luna et al. 2007). Both T-RFLP and DGGE have problems 
with PCR introduced bias but additional bias is introduced with 
T-RFLP because PCR products are enzymatically digested—adding 
signifi cant bias towards certain products (Hartmann and Widmer 
2008). Also, because T-RFLP is a fl uorescence-based analysis some 
peaks represent artifacts and not bacteria (Hartmann and Widmer 
2008). Pyrosequencing aims at identifi cation of all bacterial species 
in a sample and is typically used in a clinical setting for analysis of 
microbial communities with minimal diversity (Luna et al. 2007). 
Our objective was to compare microbial communities and identify 
some bands of interest. Therefore, DGGE was a more appropriate 
and cost effective method than pyrosequencing for this study.

A number of interesting questions regarding snake GIT micro-
biota could be addressed using PCR/DGGE and similar techniques. 
For example, when snakes consume whole animal prey allochtho-
nous microbes are introduced to their guts. How does the snake 
GIT cope with such an assault? Snake GITs are subject to large 
variations in activity level and environmental conditions. Because 
many snakes feed infrequently on large meals the gastrointestinal 
tract is upregulated during feeding and downregulated during 
periods of non-feeding (Secor and Diamond 1995). Does micro-
fl ora contribute signifi cantly to the increase in gut biomass which 
occurs during up-regulation? What happens to the GIT microfl ora 
during periods of non-feeding in the active season and during low 
temperature hibernation? How is the microfl ora reestablished 
when feeding ensues? How does temporal variation in the GIT 
microbial community infl uence a snake’s ability to obtain energy 
and nutrients from its environment? Molecular techniques for the 
analysis of complex microbial communities will be useful tools for 
answering these and other important questions that will increase 
our understanding of how reptiles obtain energy and materials 
from their environments. 
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Salamanders often are considered to be the most abundant 
vertebrate organisms in headwater-riparian ecosystems, contribut-
ing a signifi cant amount of biomass to ecological and ecosystem 
processes (Burton and Likens 1975; Davic and Welsh 2004; Peter-
man et al. 2008). Research has shown that salamanders can exert 
signifi cant top-down limitations on ecosystem processes, acting as 
predators of detrivorous organisms (Davic 1983; Wyman 1998), 
but larval salamanders are susceptible to bottom-up limitations of 
leaf litter in largely allochthonous-based headwater ecosystems 
(Johnson and Wallace 2005). Though salamanders are thought to 
be integral components to fi shless headwater streams, acting as 
predators and prey, actual quantifi cation of their importance has 
been limited by accurate estimation of population sizes and densi-
ties (Bailey et al. 2004; Dodd and Dorazio 2004).

Eurycea wilderae (Blue Ridge Two-lined Salamander) is the 
most abundant larval species encountered in many Appalachian 
headwater streams (WEP, unpubl. data). Like a number of other 
species, two-lined salamanders exhibit a variable activity pattern 
(Hairston 1949; Orser and Shure 1972; Petranka 1984). During the 
day, larval two-lined salamanders seek refuge under rock cover 
or in interstitial spaces in the gravel streambed and at night move 
about the stream feeding (Petranka 1984). These variable activity 
patterns can result in drastically different measures of abundance 
and habitat use (Crawford 2007). Previous estimates of larval 
salamander abundance and density have employed a variety of 
techniques that include passive sampling using leaf litter bags, 
drift nets, or funnel traps (e.g., Bruce 1986; Waldron et al. 2003; 
Willson and Dorcas 2003), daytime visual encounter surveys 
that include lifting of cover objects (e.g., Barr and Babbitt 2001; 
Lowe and Bolger 2002; Smith and Grossman 2003; Welsh and 
Ollivier 1998), active dipnetting (Willson and Dorcas 2003), or a 
combination of methods (Nowakowski and Maerz, in press). Data 
collected through these various methods have been analyzed us-
ing mark-recapture techniques (Johnson and Wallace 2005; Lowe 
2003), removal equations (Jung et al. 2005; Spight 1967), or using 
replicated counts (Dodd and Dorazio 2004).

Though there are a variety of sampling and estimation options 
available, researchers are often restricted by time and resources 
in conducting surveys. In this study, we assess two population 
estimation techniques: passive trapping with mark-recapture and 
active depletion sampling. We compare both the time and resources 
involved with each of these techniques and population estimates 
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calculated from each method. 
Methods.—Surveys for larval two-lined salamanders were 

conducted at four headwater streams in the southern Appalachian 
Mountains near Highlands, North Carolina, USA during June and 
July of 2007. All streams were located within 5 km of Highlands, 
and were separated by at least 300 m. The four study sites did not 
differ substantially with regards to habitat characteristics, which 
were measured at each trap location and then averaged across all 
sites; values are reported as means (± SD). All four of the gravel 
substrate streams were fi shless headwater streams (i.e., fi rst or 
second order) that fl owed through mixed hardwood forests. Rho-
dodendron spp. dominated the understory along the stream banks. 
Width and depth were measured with a meter tape and ruler, and 
were 3.21 m (± 0.72) and 105 mm (± 9.43), respectively. Canopy 
cover averaged 91.9% (± 1.78) and was measured from the center 
of the stream using a spherical crown densiometer. The area of 
streambed covered by surface sedimentation averaged 28% (± 
3.18) and was measured using a 0.25 m2 sampling grid divided 
into 25 sections. The average elevation of study streams was 1044 
m (± 151).

Passive trapping of larval salamanders was done using leaf litter 
traps (Nowakowski and Maerz, in press), which differ from leaf 
bags in that they are generally easier to search (WEP, pers. obs.) 
and they cover a greater area of stream while utilizing less material 
than leaf bags. Traps were constructed from 53 × 26 × 6 cm plastic 
plant pallets. Each trap was covered with 1.9 cm2 garden mesh, 
which was held in place using 10 cm plastic cable ties on three 
sides. Traps were then fi lled with leaf litter and the fourth side was 
secured with a metal binder clip. Three traps were deployed at each 
stream, at least 5 m apart. Each trap was placed on the streambed 
and weighted with one or two rocks to keep it in place and tied to 
a secure branch or root on the stream bank to prevent loss from 
drift. Traps were set for ten days prior to checking to allow for 
colonization by invertebrates and salamanders. Leaf traps were 
checked once every three days for a total of four sample periods 
(nine days between fi rst and last sample). Though it is possible 
to make population estimates after just two sampling events (e.g., 
Lincoln-Peterson; Lincoln 1930), three or more samples are gen-
erally recommended (Mazerolle et al. 2007) and we chose to use 
four sample periods for this study with the goal of obtaining more 
precise estimates and narrower confi dence intervals. 

To check for larvae, one researcher would quickly remove the 
leaf trap from the water and place it over a 60 × 40 × 22 cm Rub-
bermaid® container. Immediately after the trap was lifted from the 
streambed, a second researcher would use a 15 × 20 cm baitnet 
with <1 mm mesh to sweep directly under the trap (an area ap-
proximately 0.75 × 0.50 m). One researcher would then shake 
and agitate the trap over the large container while another poured 
approximately 35 liters of water over the trap. The resulting water 
and sediments were then poured from the large container through 
the 15 × 20 cm baitnet. The consolidated contents were then 
transferred into a white tray (40 × 30 × 8 cm) and sorted. Larvae 
were identifi ed, counted, and given a cohort mark by clipping the 
tail fi n at a 45° angle. All salamanders were then released at the 
upstream edge of the trap after it was reset. Following the fourth 
and fi nal trapping period, all salamanders were released at the trap 
location after traps were removed from the stream.

Depletion sampling was conducted in plots centered on the area 

where leaf traps were previously set (i.e., three plots per site). Flags 
were placed in the stream bed to delineate the search area (0.75 
m × 0.75 m) for depletion sampling. Depletion sampling began 
three days after the last trapping session. Each site was searched 
twice a night by two researchers (at least 45 minutes between 
searches) for three consecutive nights (six total samples). Sites 
were sampled in a different order each night to accommodate 
potential temporal variation in surface activity. Surface active 
larvae were captured using dipnets and turkey basters. No rocks 
or other cover objects were lifted or disturbed during depletion 
sampling. Following each sample, larvae were released at least 
15 m downstream from the most downstream sample location. 
This distance effectively removed larvae from the depletion plots 
as most larval salamander movement occurs in the downstream 
direction, and movements upstream are generally less than 3 m 
(Johnson and Wallace 2005).

Mark-recapture data collected from trapping were analyzed 
using a Schumacher-Eschmeyer estimator (Seber 1982). Data 
from the three traps were pooled together for a single abundance 
estimate for each site. Abundance estimates were converted into 
density•m-2 estimates, assuming that the total area covered by each 
trap was 0.375 m2 (0.75 × 0.50 m per trap). This area is greater 
than the trap size to account for the area searched with the dipnet. 
Removal data were analyzed in Program CAPTURE using Pollock 
and Otto’s closed population estimator (Pollock and Otto, 1983) 
and abundance estimates were converted to density•m-2 estimates 
by dividing by the depletion plot area (0.75 × 0.75 m) .

Results.—We caught a total of 211 larvae with leaf litter traps 
and 237 were captured using active depletion sampling. Most of 
the captured larvae (93% and 92% for trapping and depletion, 
respectively) were smaller than 15 mm snout–vent length and are 
likely representative of the new cohort of two-lined salamanders, 
which generally have a larval period lasting about a year. The vast 
majority of larval captures in traps were two-lined salamanders, 
but traps captured a low number of larval Red Salamanders (Pseu-
dotriton ruber) and larval Black-bellied Salamanders (Desmog-
nathus quadramaculatus) at some sites. Density estimates could 
not be made using depletion sampling at Site 2 because of a lack 
of captures; nor could estimates be made using mark-recapture at 
Site 4 because of a severe storm and high water that disturbed the 
traps. For all other sites, density estimates calculated using mark-
recapture and depletion sampling did not differ signifi cantly (Table 
1, Fig. 1). Estimates made through mark-recapture ranged from   
75 larvae•m-2 (95% CI = 69.34–79.58) to 137 larvae•m-2 (95% CI 
= 113.87–160.80) and estimates from depletion sampling ranged 
from 50 larvae•m-2 (95% CI = 40.30–73.48) to 99 larvae•m-2 (95% 
CI = 83.83–128.43; Table 1, Fig. 1). 

During the course of data collection, the time needed to com-
plete a sample was recorded, where a sample is equal to the time 
needed to check three traps at a site or search three plots during 
depletion sampling. Both methods required about 0.50 h per site 
per sample period (two researchers per site per sample period; ~1 
total man h; Table 2). More sample periods (six samples) were 
required to get estimates using depletion methods than for the 
mark-recapture methods (four samples; Table 2), as population 
estimation via depletion is dependent on reducing the population 
size (i.e. capturing fewer animals in each subsequent sample pe-
riod). Following four sample periods, capture numbers at each site 
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were only reduced 55% on average, but were reduced 83% 
following six sample periods. As a result of our use of six 
sample periods, the total effort for depletion sampling was 
substantially greater and the cost in time per salamander 
was lower using depletion sampling (Table 2).

Discussion.—We successfully obtained density estimates 
for larval two-lined salamanders using two different closed 
capture techniques. In order for the results obtained from 
these techniques to be valid, four assumptions needed to 
be met: 1) the population was closed from immigration or 
emigration; 2) all animals had the same chance of being 
caught in a sample (i.e., must be a non-biased sample); 
3) marking animals did not affect their catchability or 
survivability; and 4) animals did not lose marks between 
sampling periods (White et al. 1982). We are confi dent that 
these assumptions were satisfactorily met, as both studies 
(once started) were completed in nine days or less. The 
marks could not be lost over such a short time period and 
movement into or out of sample populations was likely 
minimal. Survivability and catchability are harder to esti-
mate, but these same techniques have been used in longer 
term studies (WEP, unpubl. data) without apparent adverse 
effects on survivability. 

Justifying all the assumptions of closed population mod-
els is diffi cult as few detailed, long-term studies of larval 
salamanders have been conducted. Johnson and Wallace 
(2005) found that only 35.7% of larvae moved more than 
one meter from the point of capture and the mean movement 
for all marked salamanders at their reference stream was 
2.38 m (N = 122). These data were collected while con-
ducting an 18-month mark-recapture study using monthly 
sampling. Taking the results of Johnson and Wallace (2005) 
into consideration, movement into or out of our seemingly 
confi ned sample plots was likely minimal.

Trapping with mark-recapture and depletion sampling 
provided estimates of population density that were not 
signifi cantly different, though success per hour effort was 
about 33% less using depletion sampling. Confi dence in-
tervals and estimates for both techniques could likely be 
refi ned with the inclusion of more sample periods. Trap-
ping and mark-recapture of larval salamanders proved to 
be relatively cost effective, time effi cient, and required no 
previous experience in locating and effectively capturing 
salamanders. All of these are important and attractive attri-
butes for implementing replicated studies using minimally 
trained personnel. One drawback to this method is the ini-
tial cost in getting materials to make and check traps. The 
plant pallets can be purchased from plant nurseries for ~ 
US $0.40 each, while garden mesh can be purchased from 
the hardware store in bulk (65 m2) for ~$30.00. The Rub-
bermaid® container, white sorting tray, and dipnet cost an 
additional $18.00. Also, it is diffi cult to quantify the extra 
time involved with having to set traps and waiting to check 
them (10 days in this study).  

Nighttime depletion sampling required only a dipnet, a 
turkey baster (~$10.00 total) and a headlamp, but there is 
a signifi cant amount of researcher effort and experience 
required, which are also hard to objectively quantify. In 
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order to get accurate estimates from depletion sampling, sample 
sizes need to show a steady, progressive decline over time (White et 
al. 1982), which can be variable depending on weather conditions, 
stream conditions, or time of sample period (Barr and Babbitt 2002; 
Hairston 1949; Orser and Shure 1972; WEP, pers. obs.). After four 
sample periods in this study, capture numbers were only 55% lower 
than the fi rst sample, but decreased 83% after the sixth sample.

Estimated densities for larval salamanders are rare in the litera-
ture. Previous density estimates for larvae of the Eurycea bislineata 
complex have varied substantially with nearly all studies reporting 
densities less than 5 larvae•m-2 (Table 1). The lone exception to 
this is the study of Nowakowski and Maerz (in press), on which 
our leaf trapping methodologies were based. It is hard to determine 
whether this variation is attributable to geography, species, or the 
quality of habitat. Some likely factors contributing to the variable 
density estimates include the area of stream surveyed (i.e., selected 
quadrats vs. entire pools or reaches), the presence of fi sh or other 
predators, and whether or not surveys were conducted during the 
day or night (e.g., Barr and Babbit 2002; Burton and Likens 1975; 
Johnson and Wallace 2005). The costs in time and effort among 
the different studies listed in Table 1 are diffi cult to quantify, 
but search time would largely be affected by the complexity and 
amount of suitable, searchable habitat. In order to gain a greater 
understanding of how larval densities differ among species and 
regions, standardized sampling needs to be conducted. We have 

shown that E. wilderae densities in North Carolina are comparable 
to E. cirrigera densities in Georgia using similar techniques. Future 
research on E. bisleanata in northern regions utilizing leaf traps and 
area constrained dipnetting may provide clarity to the question of 
larval density in headwater streams as well as explain or alleviate 
the variability in density estimates currently in the literature.

Our estimates of 75 (95% CI = 69.34–79.58) to 137 (95% CI = 
113.87–160.80) E. wilderae•m-2 using passive trapping are among 
the highest reported, and support claims that salamanders are likely 
important and infl uential organisms in headwater streams (Burton 
and Likens 1975; Davic and Welsh 2004; Peterman et al. 2008). 
Though high in comparison to previous studies, we feel our density 
estimates are describing the three-dimensional nature of headwater 
streams. As suggested by Ward (1989), there are four dimensions 
to lotic systems: the lateral, longitudinal, vertical, and time dimen-
sions, and it is the vertical dimension within streambed interstices 
that larval salamanders often inhabit. It is widely understood that 
terrestrial salamanders are fossorial in nature, and Petranka and 
Murray (2001) demonstrated that only a small fraction of the 
population is surface active at any point in time, thus requiring 
several successive sample periods to adequately deplete popula-
tion numbers. Similarly, only a fraction of the larval salamanders 
were surface active or inhabiting our traps during a given sample 
period, and only with repeated sampling and marking of animals 
could accurate estimates be made. 

The importance of salamanders to headwater stream commu-
nities is becoming more evident (Peterman et al. 2008), further 
reinforcing their ecological importance (Davic and Welsh 2004). 
From the results of our study, we suggest that larval salamanders 
can be effectively sampled passively using either a leaf litter 
trapping technique with mark-recapture or by active depletion 
sampling, but there are costs and benefi ts to both. The quality and 
resolution of the subsequent results are largely dependent upon the 
number of sample periods used. Here we have demonstrated that 
four sample periods can be suffi cient to get estimates using simple 
cohort marking and Schumacher-Eschmeyer estimation methods, 
while six sample periods were suffi cient for removal sampling. 
The number of samples needed is likely to vary, depending on 
several factors and may be more or less dependent on one’s study 
design and research objectives, but we feel that there is much less 
variability involved with trapping, allowing for a more equitable 
comparison among study sites. With refi ned sampling techniques 
and estimation capabilities, future research should address eco-
logical and ecosystem processes that include both larval and adult 
salamanders. 

FIG. 1. Estimated larval density and 95% confidence intervals for the 
four study sites and the two estimation methods. No data were available 
to make estimates at Sites 2 and 4 using depletion and mark-recapture 
sampling, respectively.

 TABLE 2. Estimated effort involved with each sampling method. The mark-recapture study was concluded after four sample periods; depletion was 
concluded after six sample periods. Time per sample is the time needed for two researchers to search three traps or three depletion plots at a single 
site; time per site is the cumulative time needed to sample a site (time per sample x number of samples); total effort is the cumulative time needed to 
collect data for abundance estimates at four sites (time per site x number of sites); and salamanders per hour are the total number of salamanders that 
were captured divided by the hours of total effort.

Method Time per sample (h) Time per site (h) Total Effort (h) Salamanders/h 

Mark-recapture 0.48 1.92 7.68 27.47

Depletion 0.54 3.24 12.96 18.29
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Amphibian chytrid fungus Batrachochytrium dendrobatidis 
(Bd) presence in anurans is well documented, both nationally 
and globally, resulting in population declines and/or extinctions 
(Berger et al. 1998; Carnaval et al. 2006; Garner et al. 2005; Lips 
et al. 2006; Skerratt et al. 2007). Recent increased Bd sampling 
in North American wild amphibian populations has resulted in its 
documentation in numerous species and demonstrated its wide-
spread geographic distribution (Adams et al. 2007; Briggler et al. 
2007a; Longcore et al. 2007; Ouellet et al. 2005; Pearl et al. 2007; 
Reeves and Green 2006). When compared to anurans, reports of 
Bd in populations of North American caudates are limited. In 
North America, the presence of Bd has previously been reported 
in ambystomatids in Arizona, California, and Canada (David-
son et al. 2003; Ouellet et al. 2005; Padgett-Flohr and Longcore 
2005), salamandrids in California and Canada (Ouellet et al. 
2005; Padgett-Flohr and Longcore 2007) and cryptobranchids in 
Missouri (Briggler et al. 2007a). 

In Missouri and Arkansas, Cryptobranchus alleganiensis al-
leganiensis (Eastern Hellbender) and C. a. bishopi (Ozark Hell-
bender) have experienced severe population declines (Wheeler 
et al. 2003). Causes of Hellbender decline are mainly linked to 
habitat degradation or alteration, chemical contaminants, intro-
duced species, commercial exploitation, and diseases and patho-
gens, such as Bd (Briggler et al. 2007b). These large, aquatic sala-
manders live in cold, spring-fed rivers and streams in the Ozark 
Highlands of Missouri and Arkansas (Nickerson and Mays 1973) 
that provide ideal conditions for supporting Bd (Piotrowski et 
al. 2004). Bd was fi rst reported in C. a. bishopi from the North 
Fork of the White River, Ozark County, Missouri (Briggler et al. 
2007a). This initial detection of Bd in conjunction with known 
Hellbender population declines and optimal conditions for sup-
porting Bd in other Ozark rivers prompted us to sample additional 

Hellbender populations. Herein, we report additional distribution 
records of Bd in wild Hellbender populations in the Ozark High-
lands of Missouri and Arkansas. Both subspecies are listed as 
critically imperiled in Arkansas and Missouri, and state endan-
gered in Missouri. In addition, C. a. bishopi is a candidate for fed-
eral listing under the U.S. Endangered Species Act (NatureServe 
2008). Because of the sensitive nature of this declining species 
we do not provide specifi c locations or sample sizes, and thus, 
only report to the river system level within each county.

Hellbenders captured during annual surveys in 2006 and 2007 
were tested for Bd by swabbing with a cotton-tipped wooden 
shaft applicator over the ventral surface of each foot, the belly, 
and around the thigh and vent area. Both the cotton swab end 
and the posterior wooden tip end of the swab were rubbed back 
and forth over each of these regions approximately 10 times. The 
wooden tip end was used to better scrape the skin layer. Once 
collected, the two ends of the swab were cut or broken off the ap-
plicator and placed in a 2.0-ml screw-cap tube with 1 ml of 70% 
ethanol and shipped to Pisces Molecular, Boulder, Colorado, for 
PCR (polymerase chain reaction) assay.

Positive Bd test results were detected in fi ve rivers in nine 
counties in Missouri and Arkansas (Fig. 1; Table 1). Bd was de-
tected in C. a. alleganiensis in the Big Piney and Niangua Rivers 
in four counties and in C. a. bishopi in fi ve counties in the Current 
River, Eleven Point River, and North Fork of the White River 
(Table 1). Both male and female C. alleganiensis tested positive 
for Bd. Cryptobranchus a. alleganiensis had an average (± SD) 
total length of 47.9 ± 3.7 cm, snout–vent length of 31.9 ± 2.9 cm, 
and mass of 778.8 ± 151.5 g compared to an average (± SD) total 
length of 43.3 ± 2.0 cm, snout–vent length of 29.5 ± 1.4 cm, and 
mass of 528.0 ± 81.6 g for C. a. bishopi (Table 1).

Our results not only document the fi rst report of Bd in C. a. al-
leganiensis but also show that Bd is geographically widespread 
in C. alleganiensis in the Ozark Highlands. With the decline of 
C. alleganiensis throughout most of its range, further sampling 
for Bd to determine the geographic extent and prevalence of this 
pathogen in wild Hellbender populations is warranted. Addition-

FIG. 1. Counties where Cryptobranchus alleganiensis alleganiensis 
(Areas A, B, C, and D) and C. a. bishopi (Areas E, F, G, H, and I) tested 
positive for Batrachochytrium dendrobatidis in Missouri and Arkansas, 
USA.
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ally, further research is needed to understand the effects Bd may 
have on these animals, and whether or not its occurrence has 
bearing on recent population declines.
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Amphibian population declines driven by chytridiomycosis, a 
fungal disease caused by Batrachochytrium dendrobatidis (Bd), 
have become a major concern worldwide (Berger et al. 1999; 
Lips et al. 2006). Although there is evidence that not all reported 
amphibian declines were caused by Bd (Daszak et al. 2005), the 
disease chytridiomycosis has been linked to species declines and 
extinctions on several continents (Lips et al. 2006; Mendelson 
et al. 2006; Schloegel et al. 2006; Weldon and du Preez 2004). 
Ecological niche modeling based on point distribution data of Bd 
predicts it to be widely distributed, occurring under a wide variety 
of temperature and precipitation regimes (see fi gures 1–2, Ron 
2005, for details). The Brazilian Atlantic rainforest was listed as 
one of the most suitable areas in the Neotropics for the occurrence 
of Bd (Ron 2005).

In Brazil, most amphibian population declines have been re-
ported in the Atlantic rainforest of southeastern Brazil (Eterovick 
et al. 2005; Guix et al. 1998; Heyer et al. 1988; Weygoldt 1989) 
and, more recently, in the Cerrado at Serra do Cipó (Eterovick 
et al. 2005). In the Atlantic rainforest, Bd appears to be widely 
distributed, as it has been detected in histological samples of sev-
eral frog species, from Rio Grande do Sul (southernmost state) 
to Pernambuco (northeastern) (Carnaval et al. 2006; Toledo et al. 
2006a, b). However, there is not suffi cient evidence linking this 
pathogen to population declines in this region.

Melanophryniscus moreirae is a small bufonid (mean SVL < 
20 mm) found above 1800 m on the Mantiqueira mountain range 
(Itatiaia Plateau) in southeast Brazil (Bokerman 1967; Marques et 
al. 2006; Weber et al. 2007) (Fig. 1). Guix et al. (1998) reported 
population declines for this species although no systematic moni-
toring has ever been conducted. Previous histological screenings of 
species from several localities showed Bd to be widely distributed 
in the Atlantic Rainforest of eastern Brazil, including the Itatiaia/
Mantiqueira mountain chain (Carnaval et al. 2006; Toledo et al. 
2006a, b).  Considering that histology is less precise than molecular 
techniques such as real-time PCR in the detection of Bd (Boyle 
et al. 2004; Hyatt et al. 2007; Kriger et al. 2006), the number of 
positive cases found by Carnaval et al. (2006) and Toledo et al. 

(2006a, b) might be underestimated. We examined M. moreirae 
for the presence of Bd using PCR assays.

Methods.—The study was conducted along the Rio Campo 
Belo Valley in the Itatiaia National Park (22.27ºS,  44.57ºW to 
22.46ºS, 44.7ºW), within the states of Rio de Janeiro, Sao Paulo, 
and Minas Gerais. This is a mountainous region with high plateau 
vegetation characterized by humid subalpine grasslands (“campos 
de altitude”) (Safford 1999).

In 2006, 50 adult male Melanophryniscus moreirae were cap-
tured during October–November, when toads were breeding in 
shallow puddles (Bokerman 1967; Guido-Castro 2006; Starrett 
1967). Toads were captured in individual plastic bags and mea-
sured for snout–urostyle length (± 0.1 mm). A swab was run ten 
times over the body’s ventral surface, the sides—from groin to 
armpit, and the thigh’s ventral surface (Kriger et al. 2006). Ad-
ditionally, we performed fi ve outward strokes on the undersides 
of each toad’s feet. Swabs were initially stored in ice, and within 
24 h transferred to -19.0°C. Toads were marked by toe-clipping 
to avoid resampling. 

We analyzed swabs using quantitative (real-time) PCR tech-
niques in a single assay: all 50 samples plus a set of four standards 
and three negative controls were run on a single plate. Subse-
quently, positive samples were run in triplicate assays with a new 
set of standards and controls (Boyle et al. 2004; Kriger et al. 2006). 
DNA was extracted from swabs using PrepmanTM Ultra (Applied 
Biosystems, California) according to manufacturer instructions as 
previously described (Boyle et al. 2004). Real-time Taqman PCR 
assays were performed using an Applied Biosystems Prism 7000 
Sequence Detection System according to Boyle et al. (2004). We 
classifi ed each sample as positive or negative for infection with 
Bd. We used the number of Bd zoospores present on the swab as a 
measurement of toad’s intensity of infection. The concentration of 
each sample was estimated by comparison with a standard curve of 
the four serial dilution points (100, 10, 1, and 0.1) of Bd-zoospore 
equivalents. Our estimate of the number of zoospores in infected 
individuals was given by the mean value of Bd equivalents detected 
in the PCR assay run in triplicate based on the standard curve.

Results.— Of 50 adult males examined, only two (4%) were in-

FIG. 1. Distribution of Melanophryniscus moreirae in southeastern 
Brazil, in the Itatiaia Plateau municipalities: 1) Itamonte/ MG; 2) Queluz/ 
SP; and 3) Aiuruoca/ MG (modifi ed from Weber et al. 2007).
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fected with Bd (SUL = 24.9 mm and 26.1 mm). One was collected 
on 23 October (22.37°S,  44.7°W) and the other on 23 November 
2006 (22.37°S,  44.41°W). The numbers of zoospore equivalents 
were low (14 and 15 zoospore equivalents). No evident clinical 
or abnormal signs were observed in these toads.   

Discussion.—This is the fi rst report of Bd in M. moreirae and the 
fi rst for the genus. Even though the prevalence and the severity of 
infection were low, these results suggest precautionary measures 
should be taken considering the restricted geographic range of M. 
moreirae.

Our work adds to the few other studies of Bd  infection in 
Brazilian anurans (Carnaval et al. 2006; Toledo et al. 2006a, b). 
However, few inferences on the epidemiological status of the 
fungus in Brazilian anuran communities can be made because 
very little information is available. At this point, we have no data 
on the impact Bd might have on individual toads, populations, or 
communities in the studied area. We found no indication that the 
toads we sampled showed symptoms of the disease. There have 
been reported cases of Bd presence with no apparent impact on 
infected populations (e.g., Retallick et al. 2004) and reservoir hosts 
are known for many diseases. In general, whenever a species is 
considered to be the reservoir host for a given pathogen, its preva-
lence of infection is maintained at high rates, once the pathogen has 
little or no effect on the reservoir species (McCallum and Dobson 
1995). The prevalence of 4% found here was rather low. Monitor-
ing of M. moreirae should contribute to our current understanding 
of the dynamics of this disease and to determine and try to avoid 
possible impacts of Bd on this endemic species.
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To date, few surveys for the presence of the fungal pathogen 
Batrachochytrium dendrobatidis (Bd) have been conducted or 
published on amphibian populations in the southeastern United 
States (Daszak et al. 2005; Green and Dodd 2007). This may be 
due in part to a lack of concern because amphibian mass mortalities 
attributable to Bd have not been reported. Georgia hosts one of the 
country’s richest and most diverse amphibian faunas, including 55 
described species of salamanders and 31 species of frogs (Jensen 
et al. 2008). The goal of this study was to conduct a baseline 
survey for Bd in a large number of amphibian taxa in a variety of 
physiographic regions and ecosystems in Georgia.

From June 2006 to June 2008, we captured and swabbed adult 
amphibians of as many species as we could locate in each of the 
fi ve major physiographic regions in Georgia (Cumberland Plateau, 
Ridge and Valley, Blue Ridge, Piedmont, and Coastal Plain; Whar-
ton 1978). Survey methods included visual encounter surveys and 
road cruising, both of which were conducted in conjunction with 
other research (Graham 2007; Graham et al. 2007). We swabbed 
each amphibian captured per Brem et al. (2007) and samples were 
analyzed via PCR by one of two laboratories (Veterinary Pathol-
ogy Laboratory of M. Levy, North Carolina State University; 
Wildlife Disease Laboratory of A. Pessier, Zoological Society of 
San Diego, CA). 

Bd-specifi c real-time Taqman (Applied Biosystems, Foster City, 
CA) PCR was performed according to the method of Boyle et al. 
(2004). Briefl y, dried swabs were processed by adding 30–40 mg 
of 1.0 mm glass beads (Research Products International Corp, Mt. 
Prospect, IL) and 100 μl Prepman Ultra (Applied Biosystems, 
Foster City, CA) and processed for 1 min in a Mini Beadbeater 
(Biospec Products, Bartlesville, OK) at 5000 rpm. Following 10 
min in a boiling water bath the tubes were cooled for 2 min at room 
temperature and centrifuged at 13,000 rpm in a Marathon 16km 
centrifuge (Fisher Scientifi c, Pittsburg, PA). Twenty microliters 

(μl) of liquid was removed, used immediately or stored at 4°C 
for later analysis. One μl of this mixture was used as template 
for the PCR assay. Positive controls consisted of Bd isolate 197 
(Longcore et al. 1999) cultured on 1% tryptone agar at 23–25°C, 
and negative controls consisted of deionized water and/or pond 
water from a Bd-free site.  

Our results offer baseline information regarding the presence and 
prevalence of Bd in Georgia (Fig. 1). In terms of number of species 
(N = 47) and geographic scope (> 400 km and 43 localities), to our 
knowledge this study represents one of the most comprehensive 
surveys to date for Bd in eastern North America. We sampled 10 
of the 12 families (83%) of amphibians in Georgia, including 18 
of 22 genera (82%) and 47 of 86 species (55%) (Table 1). Of 533 
samples taken from amphibians throughout the state from June 
2006 to June 2008, 10 were Bd-positive, suggesting a low overall 
prevalence (1.88%). Eight of these positive results were taken 
from three Green Frogs (Rana clamitans), three Pickerel Frogs 
(R. palustris) and two Spotted Dusky Salamanders (Desmogna-
thus conanti) from the same site (Crockford-Pigeon Mountain 
WMA) located on Pigeon Mountain in the Cumberland Plateau 
of northwest Georgia (34.7100°N, 85.3750°W) on 27 July 2006. 
Pigeon Mountain is an ecologically unique area of Georgia, thus the 
detection of Bd may be cause for concern. Not only is this site and 
the surrounding areas home to protected amphibian species (e.g., 
Green Salamander, Aneides aeneus; Tennessee Cave Salamander, 
Gyrinophilus palleucus), it is the sole location of the endemic Pi-
geon Mountain Salamander (Plethodon petraeus). Our fi nding of 
Bd in the plethodontid salamander D. conanti heightens concern 
for these other plethodontids. The remaining positive samples were 
taken from two Southern Leopard Frogs (R. sphenocephala) from a 
site in the Coastal Plain of eastern Georgia (4.0 km N of Matthews; 
33.2380°N, 82.2979°W) on 10 June 2006. All of the Bd-positive 
individuals appeared healthy and did not exhibit physical or be-
havioral symptoms of chytridiomycosis (Daszak et al. 1999). 

Our study supports the fi ndings from other surveys, confi rming 
that Bd is present in southeastern North America (Daszak et al. 
2005; Green and Dodd 2007; B. Rothermel, pers. comm.). Due to 
the low number of individuals from each taxon sampled, we can-

FIG. 1. Counties within five physiographic provinces of Georgia, USA, 
where amphibians were sampled for the presence of Batrachochytrium 
dendrobatidis from 2006–2008.
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not estimate the prevalence of Bd for individual species. Similar to 
statewide Bd studies in the northeastern United States (Longcore 
et al. 2007), our survey indicates that the overall prevalence of Bd 
is low (1.88%). Hence, rigorous sampling of many individuals and 
many localities may be needed in some cases to detect the pres-
ence of this pathogen in certain species or areas. It is important to 
know the distribution of amphibian populations that contain Bd-
positive individuals in order manage them to prevent the spread 
of Bd from the southeastern United States to other regions of the 
world (e.g., via fi sheries or wildlife management or studies, trans-
fer of untreated water between sites, pet and food trade), because 
elsewhere, chytridiomycosis is linked to population declines and 
extinctions.
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TABLE 1.  Number of individuals per amphibian species surveyed for Batrachochytrium dendrobatidis (Bd) in fi ve physiographic regions of Geor-
gia, USA. ( ) represents number of individuals that tested positive for Bd. CuP = Cumberland Plateau; RV = Ridge and Valley; BR = Blue Ridge; PM 
= Piedmont; CoP = Coastal Plain.

Frogs Physiographic Region Salamanders Physiographic Region
 CuP RV BR PM CoP  CuP RV BR PM CoP

Acris crepitans 0 1 0 10 0 Ambystoma maculatum 0 0 0 3 0
A. gryllus 0 0 0 0 7 A. opacum 0 0 0 4 0
Bufo americanus 0 0 0 2 0 A. talpoideum 8 0 0 0 0
B. fowleri 0 0 0 1 3 Amphiuma means 0 0 0 0 1
B. terrestris 0 0 0 0 2 Desmognathus aeneus 0 0 3 0 0
Gastrophryne carolinensis 0 0 0 1 1 D. apalachicolae 0 0 0 13 16
Hyla chrysoscelis 0 0 1 4 0 D. conanti 39 (2) 11 0 24 12
H. cinerea 0 0 0 0 1 D. marmoratus 0 0 7 0 0
Pseudacris crucifer 1 0 0 1 0 D. monticola 0 20 40 0 0
P. feriarum 0 0 0 1 0 D. ocoee 0 0 57 0 0
P. ornata 0 0 0 0 1 D. quadramaculatus 0 0 22 0 0
Rana capito 0 0 0 0 3 Eurycea chamberlaini 0 0 0 1 0
R. catesbeiana 2 1 0 2 3 E. cirrigera 23 2 0 17 5
R. clamitans 15 (3) 5 0 2 3 E. guttolineata 0 0 0 3 8
R. heckscheri 0 0 0 0 1 E. longicauda 4 4 0 0 0
R. palustris 5 (3) 1 0 0 0 E. lucifuga 3 0 0 0 0
R. sphenocephala 0 0 0 6 2  (2) E. quadridigitata 0 0 0 0 12
R. sylvatica 0 0 0 2 0 E. wilderae 0 0 4 0 0
Scaphiopus holbrookii 0 0 0 2 2 Gyrinophilus porphyriticus 1 0 3 2 0
      Hemidactylium scutatum 0 0 0 1 0
      Necturus beyeri 0 0 0 0 1
      Notophthalmus viridescens 4 0 0 5 6
      Plethodon glutinosus complex 5 1 3 3 7
      P. serratus 2 0 0 0 0
      P. ventralis 6 0 0 0 0
      P. websteri 0 0 0 2 0
      Pseudotriton montanus 0 0 0 1 3
      P. ruber 3 1 1 7 5
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Venezuela is among the ten most biodiverse countries in the 
world, particularly in terms of amphibians (IUCN et al. 2006). 
However, 18 amphibian species endemic to this country are criti-
cally endangered (IUCN et al. 2006; Rodríguez and Rojas-Suárez 
1995); seven of these have not been observed in their natural 
habitats since the early 1990s despite intensive sampling efforts 
during the last decade (La Marca and Lötters 1997; La Marca and 
Reinthaler 1991; Manzanilla and La Marca 2004). Although the 
causes for most of these declines are not well understood, the high 
prevalence of the chytrid fungus Batrachochytrium dendrobatidis 
(Bd) in museum specimens of species collected just before their 
disappearance lead us to question whether chytridiomycosis was 
linked to the declines of some Venezuelan amphibians (Bonaccorso 

et al. 2003; Lampo et al. 2006b).
In Venezuela, the Cordillera de Mérida and the Cordillera de 

La Costa harbor most of the critically endangered species, includ-
ing nine Atelopus species, a neotropical genus severely affected 
by declines (IUCN et al. 2006; La Marca et al. 2005; Lötters et 
al. 2004). As with other regions, most declines occurred at high 
altitudes in relatively pristine habitats. Other high-elevation pris-
tine habitats where unusual mortalities of frogs were reported 
during the 1980s are the remote tepuis (tabletop mountains) of 
the Guianan Basin. This area is particularly interesting in light of 
hypotheses about human-mediated translocation of Bd, because 
human contact has been very limited on these tepuis (Lampo and 
Señaris 2006). Therefore, Bd should be absent from these remote 
and isolated areas.

To assess the risk that Bd represents to Venezuelan amphibian 
biodiversity, several studies have been conducted aiming to detect 
Bd in anuran species, identify hosts and reservoirs, quantify preva-
lence or identify variables affecting the prevalence and intensity 
of infection (Hanselmann et al. 2004; Lampo et al. 2006b; Lampo 
et al. 2006a; Lampo and Señaris 2006; Nicolás 2007; Rodríguez-
Contreras et al. 2008; Sánchez et al. 2008). Based on these studies 
and one new host species reported here, we summarize the species 
and geographic distribution of Bd in Venezuela. Samples were 
taken from live wild frogs or museum specimens collected from 
three montane regions: the Cordillera de Mérida, the Cordillera de 
la Costa, and the Guianan tepuis (Table 1). In all these localities 
species have suffered declines (Bonaccorso et al. 2003; Lampo et 
al. 2006b; Lötters et al. 2004; Manzanilla and La Marca 2004) or 
unusual mortalities have been reported (Ayarzagüena et al. 1992; 
Gorzula and Señaris 1998). Detection of Bd from museum speci-
mens was conducted using histology (Berger et al. 1999). Except 
for all infected bullfrogs reported in Hanselmann et al. (2004), all 
live specimens were diagnosed by conventional PCR (Annis et al. 
2004) and real time PCR assays (rt-PCR) (Boyle et al. 2004) (Table 
1). Standards for zoospore quantifi cation in rt-PCR assays were 
provided by the Animal Health Laboratory (Australia). We adopted 
the species nomenclature published in the Amphibian Species of 
the World (Frost 2007) and listed the geographic coordinates for 
all sampling locations, except for that of A. cruciger. Whenever 
samples from a species included more than two locations, we 
provided the upper left and bottom right geographic coordinates 
for the distribution polygon (Table 1). Except for the two locali-
ties in the remote tepuis of the Guianan Basin, species with only 
negative records were not included; some were the result of small 
sample sizes and others had no geographic coordinates associated 
in the original publications.

In Venezuela, Bd has been detected in species that have suffered 
population crashes in the past (Bonaccorso et al. 2003), and also 
in many other common species showing no evidence of declines 
(Table 1). This pathogen appears to be widespread in amphibian 
communities of the Cordillera de Mérida between 8.50ºN, 71.25ºW 
and 8.67ºN, 71.50ºW, in altitudes from 120 to 2600 m (Fig. 1). 
Therein, Bd infects 17 species in six families found in ephemeral 
and permanent ponds, streams and terrestrial habitats of cloud 
forests or highly disturbed areas (Table 1) (Lampo et al. 2006b; 
Lampo et al. 2006a; Sánchez et al. 2008). Among infected species 
in the Cordillera de Mérida, the American Bullfrog (Lithobates 
catesbeianus [formerly Rana catesbeiana]) appears to be a key 
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reservoir; it has the highest prevalence of infection (80–96%) but 
no apparent clinical signs (Hanselmann et al. 2004; Sánchez et al. 
2008). Although L. catesbeianus currently occupies an area less 
than 50 km2, its geographic distribution is expanding. Thus, the 
exposure of endemic species to Bd is likely to increase as bullfrogs 
invade new geographic areas.

Most critically endangered species of the Cordillera de Mérida 
have not been observed since the early 1990s. Nontheless, Bd ap-
pears to persist in remnant populations of some of these species. 
For example, it was detected in the only Andean Atelopus frog 
seen since 1994 (Atelopus mucubajiensis) (Lampo et al. 2006a), 
and in one Aromobates meridensis, a species with a few known 
populations (IUCN et al. 2006). Although it is not well understood 
why some species have suffered crashes while many others coex-
ist with Bd with no apparent effect, increasing evidence suggests 
that species-specifi c responses (Blaustein et al. 2005; Carey et 
al. 2006; Daszak et al. 2004; Lampo et al. 2006a; Nichols et al. 
2001) and environmental stressors are important in determining 
the relationship between infection and disease (Alford et al. 2007; 

Berger et al. 2004; Daszak et al. 2004; Di Rosa et al. 2007; Pounds 
et al. 2006).

In the Cordillera de la Costa, two sympatric frogs, Atelopus cru-
ciger and Mannophryne herminae, tested positive for Bd (Nicolás, 
2007; Rodríguez-Contreras et al. 2008) (Fig. 1; Table 1). Atelopus 
cruciger is a critically endangered species that occurs in this region 
whose disappearance for almost two decades was associated with 
Bd (Bonaccorso et al. 2003). Before 1986, its altitudinal distribution 
ranged from sea level to 2400 m, however, all recently discovered 
populations are located below 500 m (Rodríguez-Contreras et al. 
2008). In these populations the prevalence and intensity of infec-
tion appears to be low. However, one adult male was found morbid 
with excessive sloughing and severe infection (244,484 zoospores 
in 1–3 mg of tissue) (Rodríguez-Contreras et al. 2008). This evi-
dence suggests that A. cruciger could be recovering only in those 
locations where Bd growth is limited by high temperatures. Man-
nophryne herminae, on the contrary, is a widely distributed frog of 
the Cordillera de La Costa whose habitat overlaps extensively with 
that of A. cruciger. The presence of Bd in this species could affect 

FIG. 1. Geographic distribution of the amphibian chytrid fungus Batrachochytrium dendrobatidis (Bd) in Venezuela. White polygons contain all 
sampling locations (positive and negative) and represent the areas sampled for Bd. Black polygons are subsets of the white polygons that contain 
all positive samples and delimit the areas for which we have evidence of infection. Polygons were constructed using the minimum convex method 
adopted by the IUCN for determining extent of occurrence (http://www.iucnredlist.org/info/categories_criteria1994).



Herpetological Review 39(4), 2008 451

T
A

B
LE 1. G

eographic and species distribution of the am
phibian chytrid fungus Batrachochytrium

 dendrobatidis (B
d) in Venezuela. IU

C
N

 red list categories (see http://w
w

w.iucnredlist.
org/info/categories_criteria2001): C

R
 = critically endangered; N

T = N
ear Threatened; EN

 = Endangered; LC
 = Least C

oncern; V
U

 = V
ulnerable. M

H
N

LS = M
useo de H

istoria N
atural La 

Salle (voucher specim
en num

ber indicated).

R
egion/State/ 

Species 
Bd detection 

Specim
ens 

M
ethod of 

D
ate of

Location 
(R

ed list categories) 
 (N

o. specim
ens) 

exam
ined 

detection 
occurrence

C
ordillera de la C

osta, A
ragua

1.  
Extrem

ely sensitive to reveal 
Atelopus cruciger (C

R
) 

4 
24 

rt-PC
R

 
2006

 
 

 
 

 
 

(R
odríguez-C

ontreras et al. 2008)
2.  

10.40°N
, 67.74°W

     
10.32°N

, 67.65°W
 

M
annophryne herm

inae (N
T) 

27 
209 

rt-PC
R

 
2006–2007

  
 

 
 

 
 

(N
icolás 2007)

C
ordillera de la C

osta, C
arabobo

3.  
10.3°N

, 68.22°W
 

Atelopus cruciger (C
R

) 
1 

59 
H

istology 
1986

 
 

 
 

 
 

(B
onaccorso et al. 2003)

C
ordillera de Los A

ndes, M
érida

4.  
08.62°N

, 71.47°W
 

Arom
obates m

eridensis (C
R

) 
1 

5 
rt-PC

R
 

2006
 

 
 

 
 

 
(Present study, M

H
N

LS 18995)

5.  
08.65°N

, 71.39°W
 

Atelopus carbonerensis (C
R

) 
1 

18 
H

istology 
1988

 
 

 
 

 
 

(Lam
po et al. 2006b)

6.  
08.85°N

, 70.71°W
 

Atelopus m
ucubajiensis (C

R
) 

2 
14 

H
istology 

1988
 

 
 

 
 

 
(Lam

po et al. 2006b)

7.  
08.84°N

, 70.73°W
 

Atelopus m
ucubajiensis (C

R
) 

1 
1 

rt-PC
R

 
2004

  
 

 
 

 
 

(Lam
po et al. 2006a)

8.  
08.26°N

, 71.72°W
 

Atelopus sorianoi (C
R

) 
4 

17 
H

istology 
1988 

 
 

 
 

 
 

(Lam
po et al. 2006b)

9.  
8.69°N

, 71.47°W
 

D
endropsophus m

eridensis (EN
) 

28 
105 

rt-PC
R

 
2003–2004

 
8.57°N

, 71.33°W
 

 
 

 
 

(Sánchez et al., in press)

10.  8.82°N
, 71.46°W

 
Engystom

ops pustulosus (LC
) 

2 
3 

rt-PC
R

 
2003, 2005

 
 

 
 

 
 

(Sánchez et al., in press)

11.  8.70°N
, 71.44°W

 
G

astrotheca nicefori (LC
) 

1 
1 

rt-PC
R

 
2004

 
 

 
 

 
 

(Sánchez et al., in press)

12.  8.69°N
, 71.42°W

 
G

astrotheca nicefori (LC
) 

1 
1 

rt-PC
R

 
2005

 
 

 
 

 
 

(Sánchez et al., in press)

13.  8.58°N
, 71.33°W

 
H

yloscirtus platydactylus (V
U

) 
1 

1 
rt-PC

R
 

2005
 

 
 

 
 

 
(Sánchez et al., in press)

14.  8.58°N
, 71.37°W

 
H

ypsiboas crepitans (LC
) 

1 
20 

rt-PC
R

 
2003–2006

 
8.51°N

, 71.31°W
 

 
 

 
 

(Sánchez et al., in press)



Herpetological Review 39(4), 2008452

T
A

B
LE 1. C

ontinued.

R
egion/State/ 

Species 
Bd detection 

Specim
ens 

M
ethod of 

D
ate of

Location 
(R

ed list categories) 
 (N

o. specim
ens) 

exam
ined 

detection 
occurrence

15.  08.49°N
, 71.53°W

 
Leptodactylus sp. 

1 
1 

H
istology 

1996 
 

 
 

 
 

 
(Lam

po et al. 2006b)

16.  08.60°N
, 71.36°W

 
Lithobates catesbeianus (N

T) 
44 

48 
H

istology 
2002 

 
 

 
 

 
 

(H
anselm

ann et al. 2004)

17.  8.65°N
, 71.38°W

 
Lithobates catesbeianus (N

T) 
279 

408 
rt-PC

R
/PC

R
  

2003–2005
 

8.58°N
, 71.31°W

 
 

 
 

 
(Sánchez et al., in press)

18.  8.50°N
, 71.55°W

 
M

annophryne collaris (EN
) 

1 
2 

rt-PC
R

 
2005

 
 

 
 

 
 

(Sánchez et al., in press)

19.  08.88°N
, 70.64°W

 
M

annophryne cordilleriana (V
U

) 
1 

1 
H

istology 
2002

 
 

 
 

 
 

(Lam
po et al. 2006b)

20.  8.78°N
, 71.55°W

 
Pseudis paradoxa (LC

) 
1 

1 
rt-PC

R
 

2005
 

 
 

 
 

 
(Sánchez et al., in press)

21.  8.61°N
, 71.62°W

       8.51°N
, 71.31°W

 
Rhinella m

arina (LC
) 

2 
20 

rt-PC
R

 
2003–2004; 2006

 
 

 
 

 
 

(Sánchez et al., in press)

22.  8.78°N
, 71.58°W

 
Scarthyla vigilans (LC

) 
4 

35 
rt-PC

R
 

2004–2005
       8.51°N

, 71.31°W
 

 
 

 
 

(Sánchez et al., in press)

G
uianan Basin, Bolívar (A

uyán-tepui M
assif)

23.  6.03°N
, 62.67°W

 
Tepuihyla edelcae (LC

) 
0 

13 
H

istology 
1983–1984 

 
5.95°N

, 62.42°W
 

 
 

 
 

(Lam
po and Señaris 2006)

G
uianan Basin, Bolívar (C

him
antá M

assif)
24.  5.33°N

, 62.34°W
 

Tepuihyla edelcae (LC
) 

0 
24 

H
istology 

1984–1986 
 

5.00°N
, 61.98°W

 
 

 
 

 
(Lam

po and Señaris 2006)]



Herpetological Review 39(4), 2008 453

the dynamics of chytridiomycosis in A. cruciger, depending on the 
relative magnitude of interspecifi c transmission (Nicolás 2007). 
Therefore, in situ conservation efforts for A. cruciger must neces-
sarily include the monitoring of Bd infection in M. herminae.

The remote highlands of the Guianan tepuis is the only area in 
Venezuela were unusual mortalities were reported between 1984 
and 1986, but no evidence of Bd was found in 37 museum speci-
mens collected during those years (Fig. 1) (Lampo and Señaris 
2006). No detection of Bd from museum specimens from this area 
do not necessarily indicate the absence of the pathogen. However, 
the accumulation of evidence from this and other secluded areas 
will be important in evaluating the hypothesis of human-mediated 
translocation of Bd (Lampo and Señaris 2006).

Conserving endangered amphibian species is a major environ-
mental challenge. Rates of extinction in the Neotropics are among 
the highest in the world, yet data to inform conservation efforts 
remain scarce. Although several factors likely contribute alone 
and synergistically to amphibian declines in the Neotropics (La 
Marca et al. 2005; La Marca and Reinthaler 1991; Lampo et al. 
2006b; Pounds and Puschendorf 2004; Pounds et al. 1999; Pounds 
et al. 2006; Pounds and Crump 2004), amphibian chytridiomycosis 
appears to be a key factor (Bonaccorso et al. 2003; La Marca et 
al. 2005; Lampo et al. 2006b; Lips et al. 2003; Lips et al. 2005a; 
Lips et al. 2005b; Lips et al. 2006; Pounds et al. 2006; Pounds and 
Crump 2004; Puschendorf et al. 2006a; Rodríguez-Contreras et al. 
2008). Bd also seems to be widespread among species for which 
there is no evidence of declines (Beard and O´Neill 2005; Kriger 
and Hero 2007; Nicolás, 2007; Ouellet et al. 2005; Puschendorf 
et al. 2006b; Sánchez et al. 2008; Woodhams and Alford 2005). A 
comprehensive map of pathogen distribution in relation to species 
declines as well as a thorough understanding of the relationship 
between infection and disease under different ecological and 
climatic scenarios are necessary before we can asses the risk as-
sociated with this emerging disease.
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39, Number 1 (March 2008).

CAUDATA — SALAMANDERS

ANEIDES AENEUS (Green Salamander). DIGIT MORPHOL-
OGY. Green Salamanders are known to have unique digits that 
are thought to be an adaptation to a climbing lifestyle on rock out-
crops and trees (Petranka 1998. Salamanders of the United States 
and Canada. Smithsonian Institution Press, Washington D.C. 
587 pp.). Although the complete osteology of the genus Aneides 
shows that A. aeneus has a curved terminal phalanx (Wake 1963. 
J. Morphol. 113:77–118), no studies have been done to determine 

 FIG. 1. Sagittal section showing terminal phalanx (TP), squamous tis-
sue layer (Sq), and ventral position (V). 200x. 

 FIG. 2. Horizontal section showing doublet tips of terminal phalanx 
(TP), glandular cells (G), squamous tissue layer (Sq), and distal (Di) 
orientation. 200x. 
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what cellular structure(s) comprise the digits on the distal end of 
each digit. Here, we report the cellular morphology of the digit 
structure using light micrographs and stained histological prepa-
rations. 
 Digits (N = 60) were amputated from preserved A. aeneus from 
the West Virginia Reptile and Amphibian Museum at Marshall 
University. Digits were decalcifi ed, dehydrated in ethyl alcohol 
and xylene, immersed in melted paraplast overnight, and embed-
ded in fresh melted paraplast in embedding molds. Digits were 
oriented in molds to produce sagittal and horizontal sections. 
Digits were then sectioned at 10μm with a microtome and stained 
with hematoxylin and eosin Y. 
 Sagittal sections (Fig. 1) revealed an increased thickening of 
squamous cell layers from two cell layers at the crest of the ter-
minal phalanx, to four or more layers thick at the tip of the termi-
nal phalanx. This thickness remains through the distal portion of 
the digit tapering sharply to two cell layers thick on the ventral 
portion of the digit. Horizontal sections (Fig. 2) expose glan-
dular cells lining the perimeter of the digit just underneath the 
squamous tissue layer. Glandular cells appear in clusters of 9–20 
ovular shaped cells arranged in a spherical profi le. The number 
of squamous cell layers was also shown to increase around the 
doublet tip of the distal most part of the terminal phalanx. 
 It is unknown how the terminal phalanx infl uences the climb-
ing ability of A. aeneus. With the degree of dermal thickening and 
glandular cells associated with the terminal phalanx, it is possible 
that these structures act as a simple friction-based mechanism. 
The thick dermis and glandular structures could lend to the shape 
while allowing the distal portion of the digit to be fl exible enough 
to grip irregularities on the substrate surface. It is also unknown 
to what extent the glandular cells secrete mucous that might aid 
in the adhesive capabilities of the digit, effectively allowing A. 
aeneus to cling to different substrates. To our knowledge, this is 
the fi rst report disclosing the cellular morphology and possible 
adhesive mechanism of A. aeneus digits. 

 Submitted by ERIC H. DIEFENBACHER (e-mail: 
ericdiefenbacher@yahoo.com), and THOMAS K. PAULEY (e-
mail: pauley@marshall.edu), Department of Biological Sciences, 
Marshall University, Huntington, West Virginia 25755-2510, 
USA

EURYCEA BISLINEATA (Northern Two-lined Salamander). 
HABITAT USAGE. Eurycea bislineata is a streamside salaman-
der that lays eggs and passes through its larval stage in cool run-
ning waters throughout its broad range (Petranka 1998. Salaman-
ders of the United States and Canada. Smithsonian Institution 
Press, Washington, D.C., 587 pp.).  In New York State, the spe-
cies is abundant and widely distributed, and generally occupies 
the same habitats as elsewhere, with adults found along streams 
and in surrounding forests, and eggs and larvae occurring in lo-
tic systems (Gibbs et al. 2007. The Amphibians and Reptiles of 
New York State. Oxford University Press, New York, 422 pp.). A 
single, startling exception is found in Lake Minnewaska, Ulster 
Co., New York, where adults, larvae, and eggs of this species are 
found within the lake to depths exceeding 10 m (Bahret 1996. 
J. Herpetol. 30:399–401). Herein, we report another important 
exception—an established population of E. bislineata occupying 

semi-permanent marl ponds in central New York State. 
 The salamanders live along and within a chain of ten, glacier-
created kettle ponds surrounded by mixed deciduous forest and 
agriculture in Cortland Co., New York. The ponds range in size 
from 0.14 to 1.2 ha in surface area with depths to 3 m, and are 
separated by 10–30 m. Their substrates are calcareous and their 
waters clear and oligotrophic. Hydroperiods vary among the 
ponds and range from drying completely every year, to drying 
during late summer one in every four or fi ve years, to never dry-
ing completely during the 17 years of our observation. The two 
streams nearest to the ponds are 1.2 and 1.6 km away and sepa-
rated from the ponds by busy multi-lane roads and commercial 
buildings with large parking lots. Adult E. bislineata are abun-
dant beneath stones and logs surrounding and within each of the 
ponds in the chain. The dominant vegetation in the ponds is the 
alga, Chara. Some or all of the ponds support populations of other 
salamanders (Ambystoma jeffersonianum complex, A. macula-
tum, Notophthalmus viridescens), frogs (Bufo americanus, Pseu-
dacris crucifer, Hyla versicolor, Rana clamitans, R. palustris, R. 
pipiens, and R. sylvatica), and turtles (Chelydra serpentina and 
Chrysemys picta). 
 One pond (0.14 ha surface area), which dries about once every 
fi ve years, was part of repeated herpetological surveys in the area 
over the last 17 years. We found adult E. bislineata each year 
at this pond and have captured newly metamorphosed juveniles 
there in fi ve different years. Larvae have been seen in the pond in 
summer and fall, and captured in dip nets. Because the surveys 
did not include disturbing the stones deep within the ponds, eggs 
have not been observed. 
 Taken together, the high abundance of adult E. bislineata, the 
presence of many newly metamorphosed individuals, the obser-
vation of larvae, and the signifi cant distance to the nearest lotic 
system, suggest that this is an isolated population of this species 
successfully reproducing within a series of semi-permanent marl 
ponds. Voucher specimens are held in Bowers Science Museum, 
SUNY at Cortland.

 Submitted by BRANDON WHEELER (e-mail: 
Steele720@gmail.com), and PETER K. DUCEY, Department 
of Biological Sciences, State University of New York at Cortland, 
Cortland, New York 13045, USA.

PLETHODON GLUTINOSUS (Northern Slimy Salamander). 
REFUGIA FROM DROUGHT. Plethodon glutinosus is con-
sidered to be a strictly terrestrial salamander (Petranka 1998. 
Salamanders of the United States and Canada, Smithsonian Inst. 
Press, Washington, DC. 587 pp.). Rare cases exist where indi-
viduals have been removed from the stomachs of fi sh presumably 
after being washed into lotic environments by storms (Sorrell et 
al. 2005. Herpetol. Rev. 36:429). Under normal rainfall condi-
tions P. glutinosus has been observed to occupy small (< 9 m) 
home ranges (Wells and Wells 1976. Herpetologica 32:156–162). 
Documented responses to drought include aggregating in large 
numbers under logs (Wells and Wells 1976, op. cit.) or migrating 
from surrounding forests into caves (Humphries 1956. Copeia 
1956:122–123). It has not been previously documented that these 
salamanders use cover objects in dry streambeds during droughts 
to avoid desiccation. 
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 The summer of 2007 was historically dry in Alabama with 
rainfall well below normal (National Climate Data Center 2007. 
[http://www.ncdc.noaa.gov/oa/ncdc.html]). On 9, 11, and 12 Sept 
2007, 7 P. glutinosus were found under fl at stones in the riffl es of 
a fi rst order stream. At this time epigean fl ow had been reduced to 
isolated pools leaving riffl es and runs dry. This stream is located 
in a mixed hardwood forest of secondary growth in the Talladega 
National Forest (WGS 84, 33.5469°N, 85.8224°W). Searches of 
cover objects in the streambed were performed only during day-
light hours. As the microhabitat under logs and in leaf litter on 
the surrounding hillsides were extremely dry it is thought that 
these individuals were seeking refuge from desiccation under 
moist rocks in the streambed. An additional individual was found 
drowned in an isolated stream pool that was ~ 7 cm deep. The 
presence of this drowned individual may attest to the terrestriality 
of these animals and how extreme the conditions were to force 
this species to move to such a perilous environment. 

 Submitted by CLIFFORD J. WEBB (e-mail: 
canonegro@yahoo.com), and SARA E. VIERNUM (e-mail: 
sviernum@yahoo.com), Department of Biology, Jacksonville 
State University, Jacksonville, Alabama 36265, USA.

PSEUDOTRITON MONTANUS MONTANUS (Eastern Mud 
Salamander). HABITAT USE. Habitat use by adult Pseudotri-
ton montanus has been reported as mesic habitats along rivers 
or swamps (Petranka 1998. Salamanders of the United States 
and Canada. Smithsonian Press, Washington, D.C. 587 pp.). As 
part of a herpetofaunal survey of Hobcaw Barony in Georgetown 
County, South Carolina, I set up a plus-shaped drift fence array 
in Longleaf Pine (Pinus palustris)/ Turkey Oak (Quercus laevis) 
habitat at WGS 84 33.30682°N, 79.26372°W. The drift fence ar-
ray was made of silt fencing with each arm ca. 16.5 m in length 
and four funnel traps along each of the four arms. On 10 May 
2007 two adult P. m. montanus were found in the funnel traps. 
The previous evening 39.6 mm of rain fell at nearby Georgetown, 
7.5 km NNW of Hobcaw Barony (www.wunderground.com/
weatherstation/WXDailyHistory.asp) and there was evidence of 
precipitation at the trapping site. This is the fi rst report that I am 
aware of P. m. montanus using a xeric habitat. One of the speci-
mens (JDC-2137) will be deposited in the Charleston Museum, 
Charleston, South Carolina, USA.
 I thank the Belle W. Baruch Foundation for funding the survey 
access to the study site.

 Submitted by JEFFREY D. CAMPER, Department of Biol-
ogy, Francis Marion University, Florence, South Carolina 29506, 
USA; e-mail: jcampte@fmarion.edu.

RHYACOTRITON KEZERI (Columbia Torrent Salamander). 
LARVAL DIET. Bury and Martin (1967. Copeia 1967:487) re-
ported on the stomach contents of 36 post-metamorphic R. var-
iegatus from northwestern California, the only diet study for any 
species of Rhyacotriton. Data on larval diet are lacking entirely. 
Herein, we report on larval diet for R. kezeri.
 TLH made one observation in a small (< 2 m wide), 2nd-or-
der (Strahler 1952. Geol. Soc. Am. Bull. 63:923–938) tributary 
of Minnie Creek, off the South Fork Willapa River, Willapa 

Hills, southwestern Washington State, USA (WGS 84, 46.580°N, 
123.726°W, elev. 224 m). This site was in 2nd-growth forest man-
aged for timber by the Washington Department of Natural Re-
sources (WDNR). Western Hemlock (Tsuga heterophylla) with 
interspersed Western Red Cedar (Thuja plicata) dominate the 
overstory; Sword Fern (Polystichum munitum) is prominent in 
the understory.
 At 1549 h on 9 July 2007, during measurement of a larval R. 
kezeri (31 mm SVL, 18 mm tail) in a clear polyethylene bag partly 
fi lled with water, TLH observed the animal regurgitate two Neo-
diprion sawfl y larvae. The larvae were immediately preserved in 
95% ethanol for subsequent examination. The R. kezeri had been 
found in sand beneath a 10 cm cobble in a riffl e in the non-fi sh-
bearing portion of the stream (126 m above the point where the 
last fi sh was recorded).
 Both sawfl y larvae had a narrow (1 mm wide) pale mid-dorsal 
stripe and one dark stripe (2 mm wide) running dorsolaterally 
the length of each side, typical of the Hemlock Sawfl y, N. tsugae 
(Hard et al. 1976. Hemlock Sawfl y. USDA Forest Service, Forest 
Insect and Disease Leafl et. Online at: http://www.fs.fed.us/r6/nr/
fi d/fi dls/fi dl31.pdf). The relatively intact larger of the two larvae 
(ca. 20 mm total length [TL]), was pale green, had a black head 
capsule with a lighter dorsal patch, and matched the size of the 
last larval (= pre-pupal) instar of N. tsugae (Hard et al. 1976, op. 
cit.). The smaller larva (15 mm TL), consisted of only a head and 
outer skin, but we could not distinguish whether this was from 
digestion or simply represented a previously shed larval skin con-
sumed by the salamander.
 At 1056 h on 11 July 2007, DEM made a second observation 
while sampling at the same site. A larval R. kezeri (30 mm SVL, 
16 mm tail), found beneath a cobble in a riffl e 282 m upstream 
from the fi rst observation, had a Neodiprion larva (ca. 10 mm 
TL) sticking out of its mouth. As previously, the larva was im-
mediately preserved. This larva was similar to the previous two, 
but the striping was less pronounced, and the head capsule was 
mostly white with black shading.
 Sawfl ies are hymenopterans known for their phytophagous lar-
vae (Smith 1993. In Wagner and Raffa [eds.], Sawfl y Life History 
and Adaptations to Woody Plants, pp. 3–32. Academic Press, Inc., 
San Diego, California). Members of Neodiprion feed exclusively 
on conifers, tend toward monophagy (feed on but one host spe-
cies), and several species are well known for eruptions in larval 
numbers that can defoliate large areas (Haack and Mattson 1993. 
In Wagner and Raffa [eds.], op. cit., pp, 503–545). Given Neodi-
prion life history and that mature N. tsugae larvae are active from 
late June through August (Hard et al. 1976, op. cit.), opportunity 
exists for sawfl y larvae to serve as an important seasonal food 
source for forest-dwelling species. Prepupal migration is not well 
understood, but if N. tsugae larvae fall from the canopy and ini-
tiate pupation, typically in August, either terrestrially or in low 
shrubs (Hard et al. 1976, op. cit.), those that drop into aquatic 
habitats may become prey for torrent salamanders.
 Fieldwork was supported by the Forests and Fish Adaptive 
Management Program, Washington Department of Fish and 
Wildlife (WDFW). WDNR facilitated work on their land. Studies 
were done under a programmatic WDFW handling permit pro-
vided to employees in the course of their work. David R. Smith, 
research entomologist (retired, Systematic Entomology Labo-
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ratory, Agricultural Research Service, U.S. Dept. Agriculture, 
Beltsville, Maryland) identifi ed both larvae collected on 09 July 
2007 as Neodiprion. R. Bruce Bury provided helpful comments. 
This is contribution No. 20 of the WDFW Habitat Program Am-
phibian Research Group.

 Submitted by TIFFANY L. HICKS, Washington Department 
of Fish and Wildlife, Habitat Program, 600 Capitol Way North, 
Olympia, Washington 98501, USA (e-mail: hickstlh@dfw.
wa.gov); DORÉ E. MANGAN, 224 Harvard Avenue East, Se-
attle, Washington 98102, USA; AIMEE P. MCINTYRE, and 
MARC P. HAYES, Washington Deptartment of Fish and Wild-
life, Habitat Program, 600 Capitol Way North, Olympia, Wash-
ington 98501, USA.

ANURA — FROGS

ALSODES PEHUENCHE (NCN). LARVAL BIOLOGY. Al-
sodes pehuenche is a telmatobiine frog known only from the type 
locality, the Pehuenche Valley in the Central Andes of Argenti-
na, on the border with Chile (Cei 1976. Atti. Soc. Ital. Sci. Nat. 
Museo Civ. Stor. Nat. Milano 117[3–4]:159–164). Its tadpole was 
described as belonging to Telmatobius montanus (Cei and Roig 
1965. Copeia 1965[4]:421–425), but was later re-assigned to Al-
sodes pehuenche (Cei 1976, op. cit.). The species was described 
from mountain snowmelt streams with stony banks covered in 
herbaceous vegetation, near permanent snow, and from ponds of 
spring water, probably thermal, rich in sulphurous deposits (Cei 
1965. Publ. Occ. Inst. Biol. Univ. Nac. Cuyo 7:1–4; Cei and Roig 
1965, op. cit.; Cei 1976, op. cit.). Since the species was fi rst de-
scribed (Cei 1976, op. cit.), no contributions have been made to 
the knowledge of its biology, and its current population status 
is unknown. The species has been categorized as Data Defi cient 
(IUCN et al. 2004. Global Amphibian Assessment. <www.global-
amphibians.org>). This note provides life history information on 
the larval population structure and larval habitat of the species.
 During February 2007 (austral summer) two visits were made to 
the type locality in the Pehuenche Valley (WGS 84, 35.97342°S, 
7038181°W, 2523 m elev.), in western Mendoza Province, Ma-
largüe Department, Argentina. Habitat is a high mountain, steep, 
desert landscape, with wet meadows and snowmelt streams. The 
climate is harsh and is characterized by a long winter and a short 
favorable season. Average precipitation (mainly in the form of 
snow) is 800 mm annually. The area is inaccessible from May to 
November (Cei and Videla 2003. Bol. Mus. Reg. Sci. Nat. Torino 
20[2]:275–290). Following Cei’s 1964 itinerary, we travelled ca. 
30 km along Provincial Route Nº 224 towards Paso Pehuenche 
along the Pehuenche Valley (1900–2530 m elev) in search of Al-
sodes pehuenche tadpoles in streams, meadows, and temporary 
pools. Of nine streams visited, A. pehuenche tadpoles were found 
only in the four located nearest to the International Pass, between 
2491 and 2523 m elev, in agreement with Cei (1965, op. cit.). The 
frog Pleurodema bufoninum was found in temporary pools, and 
no anurans were found in the meadows.
 Streams with A. pehuenche tadpoles are in very steep areas, 
although they have long stretches with gentle gradients and nu-
merous waterfalls, and are surrounded by wet meadows. They 
have a maximum width of 2 m, carry a low volume of water 
and are exposed to strong summer radiation, with water tem-

perature reaching 19°C at midday. Streambeds are stony, with 
fi ne organic sediment; periphyton and bacteria form a conspicu-
ous reddish brown layer on the bottom. Snowmelt water in the 
streams is pure and contains a low concentration of ions, having 
very low conductivity (28–41μS/cm) and low hardness (CaCO3 
11.68–15.01 mg/l). The concentration of sulphur is also very low 
(sulphides 0.3–2.44 mg/l). The pH was 5.9–7. No sulphur springs 
were found in the area. Midday air temperature was ca. 22°C. 
The tadpoles observed were concentrated in backwater sections 
of the streams. Groups were found ranging from 12–15 tadpoles 
occupying a surface area of 0.3 × 0.5 m or 0.5 × 0.8m, to groups 
of 50 tadpoles occupying surface areas of 1 × 1 m, giving den-
sity estimates ranging from 30 to 80 individuals/m2. In all the 
streams, we found different cohorts of tadpoles of different sizes 
and stages (Gosner 1960. Herpetologica 16:183–190) living to-
gether, including newly hatched tadpoles (< 20 mm, Stage 25), 
medium-sized tadpoles (40 mm, Stage 26), large tadpoles (54–58 
mm, Stages 31–34), and tadpoles near metamorphosis (62 mm, 
Stage 41; 57 mm, Stage 42).
 Alsodes pehuenche tadpoles seem to prefer backwater sections 
of the streams, as they have no morphological adaptations to fast-
fl owing waters. None of the streams where A. pehuenche was 
found had characteristics of thermal waters with sulphurous de-
posits, nor any sign of volcanic activity. Cei and Roig (1965, op. 
cit.) mentioned fi nding adults and tadpoles in a “natural sulphur 
spring.” There are two possible explanations for this statement. 
They may have mistaken the reddish-brown sediments (charac-
teristic of these streams that drain wet meadows), for sulphurous 
deposits, perhaps infl uenced by the fact that the Termas de Cajón 
Grande hot springs, with their sulphurous pools, are located 20–
30 km E of the area. The other possible explanation is that in 
1964 there may have been an upwelling of sulphurous water that 
later disappeared as a result of the dynamics of volcanism itself.
 Of the 17 species of the genus Alsodes, only A. pehuenche, A. 
gargola, A. tumultuosus, and A. montanus inhabit high mountain 
bodies of water in the Andes Range with similar environmen-
tal restrictions. The type locality of A. pehuenche has snowmelt 
streams with low conductivity and hardness, a long winter period 
with snow cover seven months a year, and an abrupt transition to 
summer with strong radiation and high temperatures, as do the 
high elevation localities of Alsodes gargola (Logares and Úbeda 
2004. Herpetol. Rev. 35:368–369; Logares and Úbeda 2006. Am-
phibia-Reptilia 27[2]:263–267), A. tumultuosus, and A. montanus 
(Díaz and Valencia 1985. Oecologia 66:353–357). In this type of 
environmental scenario, the A. pehuenche tadpole development 
pattern bears similarities with the other three species.
 The cohort of small, Gosner Stage 25 tadpoles found in Febru-
ary indicate a recent hatch during the summer that samples were 
taken. Similarly, for A. montanus and A. tumultuosus, early tad-
poles (Stages 25–26) were reported in December–January (Díaz 
and Valencia 1985, op. cit.), and it was suggested that spawning 
occurred early in the favorable season. Similarly, A. gargola tad-
poles hatch during a limited period in mid-summer (January–Feb-
ruary) (C. Úbeda, pers. obs.). Cei and Roig (1965, op. cit.) men-
tioned the coexistence of A. pehuenche tadpoles of all stages and 
assumed that this could be due to repeated ovipositions during the 
summer season. Nevertheless, the large differences in size and 
development stage found among cohorts show that they belong 
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to ovipositions of different summers, as reported for A. gargola, 
for which there are up to three simultaneous cohorts of tadpoles, 
each cohort having hatched during a different summer (Logares 
and Úbeda 2004, op. cit.). 
 Cei (1965, op. cit.) suggested that tadpoles probably do not 
complete metamorphosis in a single period, but their larval life 
extends over two annual cycles. Our fi eld observations support 
a long larval period in A. pehuenche and tadpole overwintering 
for at least two winters. It has now been shown that A. gargola 
tadpoles overwinter in high Patagonian Andean aquatic environ-
ments subject to a long winter season with snow cover (Logares 
and Úbeda 2004, 2006, op. cit.). An extended larval stage, tad-
poles that overwinter, and a similar pattern of sizes and stages 
have also been found for A. montanus and A. tumultuosus (Díaz 
and Valencia 1985, op. cit.).
 Our fi nding of A. pehuenche tadpoles nearing transformation in 
the middle of the favorable season matches the date recorded for 
A. gargola (Logares and Úbeda 2004, op. cit.), A. tumultuosus, 
and A. montanus, which had large metamorphosing larvae at the 
beginning of the favorable season, and recently transformed frog-
lets during summer (December–March) (Díaz and Valencia 1985, 
op. cit.). 
 The habitat of A. pehuenche may soon be altered when the 
road through the Andes between Argentina and Chile is paved. 
Traffi c is expected to increase over the following years, along 
with the consequent impact on the only known populations of the 
species. The streams occupied by A. pehuenche cross the road, 
and tadpoles have been found just a few meters upstream and 
downstream from the road. Although this contribution provides 
new information on basic aspects of larval natural history and 
microhabitat, further studies are needed. Because of this species’ 
restricted range and the lack of information on its biology, we 
believe that further studies are urgently needed to develop con-
servation plans.
 We thank Dirección de Recursos Naturales Renovables de la 
Provincia de Mendoza for subsidizing water analysis, and Gus-
tavo Baffi co for helpful comments on the interpretation on these 
analyses.

 Submitted by VALERIA CORBALÁN, Instituto Argentino de 
Investigaciones de las Zonas Áridas (IADIZA-CRICYT-CONI-
CET), Av. Ruiz Leal s/n, Parque Gral. San Martín, C.C. 507, 
5500 Mendoza, Argentina (e-mail: corbalan@lab.cricyt.edu.ar); 
GUILLERMO DEBANDI, Instituto Argentino de Investigacio-
nes de las Zonas Áridas (IADIZA-CRICYT-CONICET), Av. Ruiz 
Leal s/n, Parque Gral. San Martín, C.C. 507, 5500 Mendoza, Ar-
gentina (e-mail: gdebandi@lab.cricyt.edu.ar); and CARMEN A. 
ÚBEDA, Centro Regional Bariloche, Universidad Nacional del 
Comahue, Unidad Postal Universidad, R-8400-FRF Bariloche, 
Prov. de Río Negro, Argentina (e-mail: cubeda@arnet.com.ar).

ASCAPHUS TRUEI (Coastal Tailed Frog). ATYPICAL AM-
PLEXUS. Cross-species amplectic behavior has been reported 
with some frequency among anurans, but reports are limited to 
lentic-breeding amphibians (Brodie 1968. Herpetologica 24:86; 
Brown 1977. J. Herpetol. 11:92–94; Storm 1952. Herpetologica 
8:108). Herein, we report the fi rst observed case of inter-species 
amplexus involving the stream-breeding Ascaphus truei.

 This observation was made on a small (< 1 m wide), 1st-order 
(Strahler 1952. Geol. Soc. Am. Bull. 63:1117–1142), seasonally 
intermittent, non-fi sh-bearing stream, a tributary of the South 
Fork Willapa River, Pacifi c County, Washington, USA (WGS 84, 
46.585°N, 123.731°W, elev. 248 m). This site, located in a 50-
year old second-growth forest managed for timber by the Wash-
ington Department of Natural Resources (WDNR), is dominated 
by Western Hemlock (Tsuga heterophylla) with Sword Fern (Po-
lystichum munitum) and Oregon Oxalis (Oxalis oregona) in the 
understory.
 On 15 May 2007, KMP and TRC found an adult (38 mm SVL) 
male A. truei in amplexus with a dead juvenile (45 mm SVL) 
Rana aurora in a small (0.8 m long, 11 cm deep) gravel-dominat-
ed pool. Both frogs were encountered ventral side up with the A. 
truei clasping the waist of the R. aurora. The R. aurora, dead, was 
slightly bloated, had its digestive track partly everted through its 
mouth, its left hand missing, and only one digit on its right hand. 
The male tailed frog’s “tail” appendage was erect, directed ante-
riorly, and visibly engorged. Notably, the A. truei made no obvi-
ous response when picked up with the R. aurora from the pool, 
becoming active only after it was carefully removed for measure-
ment from its fi rm grip on the dead R. aurora. The A. truei was 
released at the point of capture and the R. aurora was discarded.
 Whether the R. aurora died before or after being clasped is 
unclear. The typical amplectic posture by the male A. truei (Slater 
1931. Copeia 1931:62–63; Wemz 1969. J. Herpetol. 3:167–169) 
involves hand clasping from an inguinal position. This appeared 
to direct pressure on the mid-abdomen, and may have resulted 
in the partial eversion of the digestive track we observed. More-
over, if the R. aurora was alive when clasped, as a juvenile, it 
would not have responded. Noble and Aronson (1942. Bull. Am. 
Mus. Nat. Hist. 80:127–142) showed experimentally that frog 
girth represents a primary amplectic inducement for male frogs, 
so the A. truei may have perceived the juvenile R. aurora as a key 
stimulus; the juvenile R. aurora was about the size and shape of a 
gravid female A. truei.
 Fieldwork was supported by the Forests and Fish Adaptive 
Management Program, Washington Department of Fish and 
Wildlife (WDFW). WDNR facilitated work on their land. Studies 
were done under a programmatic WDFW handling permit pro-
vided to employees in the course of their work. This is contribu-
tion No. 21 of the Forests and Fish Section of the WDFW Habitat 
Program Amphibian Research Group.

 Submitted by FRITHIOF T. WATERSTRAT (e-mail: 
waterftw@dfw.wa.gov), AIMEE P. MCINTYRE (e-mail: 
mcintam@dfw.wa.gov), and MARC P. HAYES (e-mail: 
hayesmph@dfw.wa.gov), Washington Department of Fish and 
Wildlife, Habitat Program, 600 Capitol Way North, Olympia, 
Washington 98501, USA; KALEIGH M. PHILLIPS, 3138 
Overhulse Road, Olympia, Washington 98502, USA (e-mail: 
somegirlsmail@hotmail.com); and TIERRA R. CURRY, Cen-
ter for Biological Diversity, PO Box 11374, Portland, Oregon 
97211, USA (e-mail: tierra.curry@gmail.com).

BOKERMANNOHYLA CIRCUMDATA (Espirito Santo Tree-
frog). PREDATION. Amphibians are commonly preyed upon 
by spiders and snakes (Neill 1948. Herpetologica 4:158; Rowe 
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et al. 2000. Herpetol. Nat. Hist. 7:145–152; Aucone and Card 
2002. Herpetol. Rev. 33:48). The treefrog Bokermannohyla cir-
cumdata occurs in the Cerrado and Atlantic Forest of Brazil. This 
terrestrial, nocturnal treefrog is associated with forested areas and 
is usually found on tree trunks or branches close to water bod-
ies (Eterovick and Sazima 2004. Amphibians from the Serra do 
Cipó. PUC Minas, Belo Horizonte; Izecksohn and Carvalho-e-
Silva 2001. Anfíbios do Município do Rio de Janeiro. Editora 
Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil). 
Xenodon neuwiedii is a terrestrial and diurnal snake species that 
feeds strictly on anurans (Jordão 1996. Master´s thesis. Insti-
tuto de Biociências, Universidade de São Paulo, São Paulo. 93 
pp.; Silva and Rodrigues 2001. Herpetol. Rev. 32:188). Herein, 
we report predation of an adult B. circumdata in Atlantic High 
Montane Forest in the Duas Barras Farm, Santa Maria do Salto 
(10.7693°N, 41.3501°W, SAD 69; 950 m elev.), Minas Gerais, 
southeastern Brazil. On 2 May 2005, between 1000 and 1040 h, 
one of us (AS) observed an adult Xenodon neuwiedii (ca. 450 
mm TL) on a fallen tree near the permanent stream’s edge (Fig. 
1) preying on a adult B. circumdata (ca. 80 mm SVL). The snake 
used its jaws to support and ingest the treefrog headfi rst, while 
maintaining its tail curled in a thin branch.

 Submitted by HERBERT SERAFIM and SUSAN IENNE, 
Depto. de Genética e Biologia Evolutiva, Instituto de Biociên-
cias, USP, CEP 05508-900, São Paulo, SP, Brazil; ALEXANDRE 
SALINO, Depto. de Botânica, Instituto de Ciências Biológicas, 
UFMG, CEP 30123-970, Belo Horizonte, MG, Brazil; and PAU-
LO J. P. CICCHI, Depto. de Zoologia, Instituto de Biociências, 
Universidade Estadual Paulista, CEP 18.618-000, Botucatu, São 
Paulo, Brazil.

DENDROPSOPHUS LEUCOPHYLLATUS (Bereis’ Tree 
Frog). PREDATION. Spiders are known to prey on frogs, in-
cluding species of Dendropsophus (Pramuk and Alamillo 2002. 
Herpetol. Rev. 33:46). Herein, we provide the fi rst record of a 
spider of the genus Ancylometes (Araneae: Ctenidae) feeding on 
D. leucophyllatus. On 8 Jan 2006 at 2310 h AS observed an adult 
D. leucophyllatus being eaten by an adult spider near a small tem-
porary pond located on the Hacienda San Sebastian, Provincia 
Ñufl o de Chavez, Dept. Santa Cruz, Bolivia (WGS 84, 16.383°S, 
62.010°W, 566 m elev.) (Fig. 1). At the time of observation, the 
spider was observed motionless in the grass 25 cm from the 
pond’s border. When the frog jumped nearby, the spider caught it 
and immediately began feeding. 
 Spider identifi cation was verifi ed by H. Hoefer (Staatliches 
Museum für Naturkunde, Karlsruhe, Germany) by photographs.

 Submitted by MARTIN JANSEN and ARNE SCHULZE, 
Forschungsinstitut und Naturmuseum Senckenberg, Senckenber-
ganlage 25, 60325 Frankfurt am Main, Germany (e-mail: martin.
jansen@gmx.net).

 
ELEUTHERODACTYLUS COQUI (Coquí). PREDATION. 
This endemic frog from Puerto Rico is distributed along the is-
land, concentrated mainly in two distinct large populations (Velo-
Antón et al. 2007. Mol. Phylogenet. Evol. 45:716–728). Many 
natural predators are known for this frog, including scorpions, 
spiders, frogs, lizards, birds, and mammals (Joglar 2005. In Jo-
glar [ed.], Biodiversidad de Puerto Rico, Vertebrados Terrestres 
y Ecosistemas, Serie de Historia Natural, pp. 37–96. Editorial del 
Instituto de Cultura Puertorriqueña). Sympatric tarantulas and 
spiders (Sprassidae, genera Olios and Stasina) have been docu-
mented as important predators (Formanowicz et al. 1981. Herpe-
tologica 37[3]:125–129; Stewart 1985. J. Herpetol. 19[3]:391–
401). Ctenidae and Ctenizidae spiders have also been reported as 
predators (Formanowicz et al., op. cit.; Stewart and Woolbright 
1996. In Reagan and Waide [eds.], The Food Web of a Tropical 

 FIG. 1. Bokermannohyla circumdata preyed upon by Xenodon neuwie-
dii, Minas Gerais, southeastern Brazil, May 2005.

FIG. 1. A spider (Ancylometes sp.) feeding on an adult Dendropso-
phus leucophyllatus at the Hacienda San Sebastian, Department of Santa 
Cruz, Bolivia. Photograph by A. Schulze.
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Rain Forest, pp. 302–309. University of Chicago Press, Chicago, 
Illinois). 
 On 5 July 2006 we observed a ground spider (Corinnidae) at-
tacking a juvenile E. coqui (Fig. 1). This event took place at 2227 
h (27°C) in Las Casas de la Selva, Patillas, a rainforest reserve in 
the southern central highlands of Patillas, Puerto Rico (WGS 84, 
18.067°N, 66.033°W). The attack took place on the forest fl oor 
over leaf litter. A sequence of 12 photographs taken in ca. 1 min-
ute intervals revealed that the spider struck the frog by sticking its 
chelicerae in the dorsal pelvic girdle region, presumably injecting 
venom to the sciatic nerves of the frog. Once the frog was sub-
dued, the spider released it, and walked away. The frog remained 
immobile with both legs paralyzed, and died about 1 min later; 
unfortunately, the spider escaped without capture. Because the 
SVL of the frog was comparable to the spider’s cephalothorax + 
abdomen length, we think it is unlikely that the spider could have 
engulfed its prey whole. Instead, we suggest that this spider’s for-
aging strategy is to stun its prey with venom, and later return to 
suck the juices of a partially digested protein-rich meal. 
 We are grateful to the Tropic Ventures staff at Las Casas de la 
Selva for allowing us to work in their property, to G. Muriente-
Pastrana for the photographs, to N. I. Platnick, D. R. Smith, J. 

Mercado, and A. Bonaldo for speculating on the identity of the 
spider, and to R. L Joglar for comments on earlier versions of this 
note. 

 Submitted by JUAN D. DAZA (e-mail: jdaza@uprrp.edu), 
PATRICIA A. BURROWES (e-mail: paburrowes@uprrp.edu), 
and PAMELA MEDINA (e-mail: pamelacoqui@gmail.com), 
University of Puerto Rico, Biology Department, P.O. Box 23360, 
San Juan, Puerto Rico 00931-3360.

ELEUTHERODACTYLUS RICHMONDI (Coquí Caoba). RE-
PRODUCTION. Eleutherodactylus richmondi is a medium-
sized frog (female max SVL 43.5 mm), found in the interior 
uplands of Puerto Rico; females are usually found on the forest 
fl oor and males call from the lower vegetation up to 1.5 m above 
ground (Joglar 1998. Los Coquíes de Puerto Rico: Su Historia 
Natural y Conservación, Editorial de la Universidad de Puerto 
Rico, San Juan. 232 pp.). Herein, we offer the fi rst report of re-
production in E. richmondi since 1962 and include information 
on nesting site, parental care, clutch and egg size, and SVL of 
newly hatched juveniles. 
 Two egg clutches were found on 31 Jan 07 in the Carite For-
est Reserve in eastern Puerto Rico. Both clutches were found 
inside a fallen tree-fern log on the forest fl oor and were sepa-
rated from each other by a distance of 25 cm. An adult female 
E. richmondi was found inside the log, suggesting some degree 
of parental care. There are previous reports suggesting parental 
care for this species but it was unknown which parent provides 
such care (Joglar 1998, op. cit.). One of the clutches (UPRRP 
6394) was in an advanced stage of development and contained 29 
eggs (mean = 5.76 mm diameter; range = 5.4–6.3; N = 5). Fully 
formed embryos were readily observed and exhibited the typi-
cal brown and brick color pattern of the adult. This characteristic 
facilitates clutch identifi cation at advanced stages. Eggs began 
hatching on 1 Feb 07 and in less than 24 h, 20 of 29 eggs hatched. 
Mean SVL of newly hatched juveniles was 7.7 mm (7.5–8.0; N 
= 20). By 4 Feb, only 21 of 29 eggs hatched. The second clutch 
(UPRRP 6393) was comprised of more recently deposited eggs 
and contained 29 eggs (mean = 5.26 mm diameter; 5.0–5.5; N = 
5). 
 We thank V. Vélez, S. Ocasio, R. Cordero, J. Fuentes, G. 
Vázquez, and J. D. Daza for fi eldwork and P. A. Burrowes for 
reviewing this note.

 Submitted by PAMELA MEDINA (e-mail: 
pamelamedina4@hotmail.com) and RAFAEL L. JOGLAR (e-
mail: rjoglar@uprrp.edu), Universidad de Puerto Rico – Recinto 
de Río Piedras, Departamento de Biología, PO Box 23360, San 
Juan, Puerto Rico 00931-3360. 

GASTROPHRYNE CAROLINENSIS (Eastern Narrow-mouthed 
Toad). HIND LIMB MALFORMATION. Amphibian malfor-
mations are one of the major concerns in the loss of global am-
phibian biodiversity. Some abnormalities are a result of mutation, 
developmental errors, or trauma; however, these occurrences are 
thought to be uncommon and most often result in missing digits 
or parts of a limb (Blaustein and Johnson 2003. Front. Ecol. En-

 FIG. 1. Photograph taken in the field of a ground spider (Corinnidae) 
attacking a juvenile Eleutherodactylus coqui.
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viron. 1:87–94). Other causes of amphibian malformations are 
UV radiation, chemical contamination, and parasitic infection 
(Blaustein and Johnson 2003, op. cit.). These types of exposures 
can result in a wide range of malformations from whole body 
abnormalities to missing limbs and/or digits to extra limbs and/
or digits. Although it is known that UV radiation, chemical con-
tamination, and parasitic infection can cause malformations, it is 
likely these variables interact with each other. Because the com-
plex interaction of all three is unclear, we can better understand 
the mechanisms that cause deformities by adding to the growing 
breadth of knowledge on amphibian malformations.
 We collected 200 larval Gastrophryne carolinensis from a per-
manent manmade wildlife pond in the Davy Crockett National 
Forest, Houston County, Texas, USA on 8 Aug 2007. The pond 
was created in 1992 and is located in a 72-acre Short-leaf Pine 
(Pinus echinata) stand. The stand was planted in 1990 and re-
ceived a prescribed burn in 2003 and 2005 and has not been treat-
ed with herbicides or pesticides. Upon observation we noticed 
that one of the larvae had a malformed right hind limb. The lower 
portion of the right hind limb is enlarged (Fig. 1); however, it is 
unclear if the tibiafi bula is duplicated. Also, the right hind foot 
has 13 digits that are oriented ventrally (Fig. 2A, 2B). The left 
hind limb is normal and the left hind foot has 5 normally posi-

tioned digits (Fig. 2A, 2C). The larva is Gosner Stage 41 (Gos-
ner 1960. Herpetologica 16:183–190) and has a broken tail. After 
close examination we concluded that the type of malformation 
could be polymelia, polydactyly, or polyphalangy (Meteyer 2000. 
Biological Science Report USGS/BRD/BSR-200-0005), or some 
combination of the three. Of the 200 individuals that were col-
lected at this site this was the only one that had malformations. To 
our knowledge this is the fi rst record of hind limb malformations 
in G. carolinensis. The larva was deposited in the Texas Coopera-
tive Wildlife Collections, TCWC 92886. 
 We thank T. J. Hibbitts, M. A. Kwiatkowski, and L. D. Mc-
Brayer for comments on the manuscript.

 Submitted by CORY K. ADAMS (e-mail: coryadams@fs.fed.
us), DANIEL SAENZ, Southern Research Station, USDA Forest 
Service, Nacogdoches, Texas 75965, USA; and ERIN FUCIK, 
Stephen F. Austin State University, Nacogdoches, Texas 75961, 
USA.

LEPTODACTYLUS DIPTYX (Tropical Bullfrog). ENDO-
PARASITES. Leptodactylus diptyx occurs in the Lower Chaco 
and oriental region of Paraguay; eastern lowlands of Santa Cruz 
(Bolivia), and northern Argentina (IUCN 2007. Conservation 
International and NatureServe. Global Amphibians Assessment. 
http://www.globalamphibians.org. Accessed 22 Oct 2007). To 
our knowledge, no previous report of parasitism exists for L. dip-
tyx. The purpose of this note is to report Catadiscus sp. (Trema-
toda) and Centrorhynchus sp. (Acanthocephala) in Leptodactylus 
diptyx from Argentina. Two adult Catadiscus sp. in large intestine 
and fi ve acanthocephalan larvae Centrorhynchus sp. in the coelo-
mic cavity were found in a female L. diptyx (27.6 mm SVL) from 
the herpetological collection of Universidad Nacional del Nor-
deste (UNNEC 9000) collected 22 Nov 2006, Corrientes (city), 
Corrientes Province (WGS 84, 27.466°S, 58.783°W, elev. 65 
m). In Argentina, species of Catadiscus are known from the an-
urans Leptodactylus latinasus, Leptodactylus ocellatus, Pseudo-
paludicola boliviana, Lysapsus limellus, Pseudis minuta, Pseudis 
paradoxa, and Hypsiboas pulchellus (Lunaschi and Drago 2007. 
Zootaxa 1476:51–68). Centrorhynchus sp. has been documented 
from several South American amphibians (Smales 2007. Zootaxa 
1445:49–56; Smales 2007. J. Parasitol. 93[2]:392–398), but only 
two species from Argentina: Leptodactylus latinasus and Lepto-
dactylus bufonius from Corrientes Province (Hamann et al. 2006. 
Acta Parasitol. 51[4]:294–299; González and Hamann 2006. Rev. 
Esp. Herpetol. 20:39–46).
 Leptodactylus diptyx represents a new host record for Catadis-
cus sp. and Centrorhynchus sp. We thank L. Lunaschi for verifi -
cation of the organisms.

 Submitted by VICTOR ZARACHO and MATIAS LA-
MAS, Laboratorio de Herpetología, Facultad de Ciencias Exac-
tas y Naturales y Agrimensura, Universidad Nacional del Nor-
deste, Av. Libertad 5470, (3400) Corrientes, Argentina (e-mail: 
victorza@exa.unne.edu.ar and lamasmatias@yahoo.com.ar).

LITORIA RANIFORMIS (Southern Bell Frog). CLUTCH 
SIZE. Currently, there is no documented assessment of the clutch 

 FIG. 1. Dorsal surface of Gastrophryne carolinensis tadpole with mal-
formed right hind limb.

 FIG 2. (A) Ventral surface of Gastrophryne carolinensis tadpole with 
malformed right hind limb. (B) Right hind limb of Gastrophryne caroli-
nensis with 13 digits. (C) Normal right hind limb of same individual.
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size of Litoria raniformis. A recent review of the biology of L. 
raniformis suggested that the number could range from several 
hundred, as indicated by dissections, up to thousands as in the 
closely related L. aurea (Pyke 2002. Austral. Zool. 32:32–48). 
Five amplecting pairs of L. raniformis were caught in Central 
Otago, South Island, New Zealand on the night of 30 Oct 2007. 
These pairs were housed in separate containers until they laid 
eggs, after which the frogs were removed and the eggs counted. 
The fi ve clutches contained the following numbers of eggs: 2448, 
3090, 3191, 3644, and 4563. Litoria aurea is known to lay an av-
erage of 5000 eggs with large clutches reaching over 11,000 eggs 
(van de Mortel and Goldingay 1996. Austral. Zool. 30:398–404). 
This suggests that the clutch sizes of L. raniformis are smaller 
than that of similarly-sized L. aurea.

 Submitted by JENNIFER M. GERMANO and HELEN 
WHITE, Department of Zoology, University of Otago, PO Box 
56, Dunedin, New Zealand (e-mail: Jen.Germano@otago.ac.nz).

OOPHAGA PUMILIO (Strawberry Poison Frog). PARENTAL 
CARE. Parental care is complex in dendrobatid frogs, all of 
which are diurnal and transport tadpoles (Duellman and Trueb 
1994. Biology of Amphibians. Johns Hopkins Univ. Press. Bal-
timore, Maryland. 670 pp.). On 5 July 2007 at 1047 h at Popa 
Island, in the Bocas Del Toro Archipelago, Panama, I observed a 
male Oophaga pumilio carrying a wriggling tadpole on his back 
(Fig. 1). The frog was observed on the southern part of the island, 
in an open area adjacent to the coast. The male was discovered 
while it was calling among numerous calling males at the same 
site. The male moved when the chorus stopped, but when the 
chorus began again the male stopped moving and started to call. 
The behavior continued for ca. 20 minutes, after which the male 
climbed up the tree until lost from sight. This is the fi rst report of 
a male O. pumilio transporting tadpoles in the fi eld since the fi rst 
report from captive individuals (Weygoldt 1980. Behav. Ecol. 
Sociobiol. 7:329–332). 

 Submitted by RICARDO COSSIO, Smithsonian Tropical 
Research Institute, Apartado 153, Balboa, Republic of Panama; 
e-mail: cossior@si.edu.

RANA BOYLII (Foothill Yellow-legged Frog). NECROGAMY. 
Necrogamy has not been reported in Rana boylii. Here we report 
on a male R. boylii attempting to amplex with a dead female R. 
boylii. During R. boylii egg mass surveys on Canyon Creek, Trin-
ity County, California, USA conducted on 20 June 2006, an adult 
male R. boylii was photographed in amplexus with a long-de-
ceased female R. boylii at 1328 h. (Fig. 1.). The deceased female 
was badly decomposed and covered with a fi lm of fungal hyphae. 
Measurements of animals were not taken to avoid disturbing the 
mating event. This behavior may have negative implications with 
disease transmission of pathogens such as Batrachochytrium 
dendrobatidis or iridoviruses.

 Submitted by JAMES BETTASO (e-mail: jamie_bettaso@fws.
gov) and ANTONIA HAGGARTY, U.S. Fish and Wildlife Ser-
vice, 1655 Heindon Road, Arcata, California 95521, USA; and 
ERIC RUSSELL, Humboldt State University, Department of 
Biological Sciences, Arcata, California 95521, USA.

 
RANA CATESBEIANA (American Bullfrog). PREDATION. 
Although predation on amphibians by Western Burrowing Owls 
(Athene cunicularia hypugaea) has been previously documented 
(Bond 1942. Condor 44:183; Clark 2008. Herpetol. Rev. 39:80–
81; Green et al. 1993. Northwest Sci. 67[2]:88–93; Hoetker and 

 FIG. 1. Oophaga pumilio male carrying a tadpole up a Ficus sp., 5 July 
2007, at Popa Island, Bocas Del Toro Province, Panama.

 FIG. 1. Male Rana boylii in amplexus with deceased female conspe-
cifi c in Canyon Creek, Trinity County, California. 
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Gobalet 1999. J. Raptor Res. 33[4]:333–335; Munro 1929. Con-
dor 31[3]:112–116; Scott 1940. Amer. Midl. Nat. 24[3]:585–593; 
Thomsen 1971. Condor 73:177–192), published documentation 
of predation on Rana catesbeiana is lacking. We observed numer-
ous dead R. catesbeiana at the entrance of a Western Burrowing 
Owl burrow adjacent to a cattle stock pond within a vernal pool 
complex near Roseville, Placer County, California, USA (NAD 
83, 38.8222°N, 121.3847°W) on 23 Sept 2003. Forty-three late-
stage tadpoles and subadult R. catesbeiana, ranging from ca. 
30–80 mm SVL, were collected at the burrow entrance. All of the 
frogs were desiccated and were missing brain cases or their entire 
head. Although this is the fi rst published report of Western Bur-
rowing Owl predation on R. catesbeiana of which we are aware, 
similar instances of predation, including brain case consumption, 
have been observed on other amphibians including California Ti-
ger Salamander (Ambystoma californiense), Couch’s Spadefoot 
(Scaphiopus couchii), and Great Plains Toad (Bufo cognatus) (C. 
Conway, pers. obs.; L. Rugge, pers. comm.).

 Submitted by ADAM S. BALLARD (e-mail: 
aballard@ecorpconsulting.com) and PETER S. BALFOUR, 
ECORP Consulting, Inc., 2525 Warren Drive, Rocklin, Cali-
fornia 95677, USA (e-mail: pbalfour@ecorpconsulting.com); 
and COURTNEY J. CONWAY, USGS Arizona Cooperative 
Fish and Wildlife Research Unit, 208 Biological Sciences East, 
School of Natural Resources, University of Arizona, Tucson, Ari-
zona 85721, USA (e-mail: cconway@usgs.gov).

TELMATOBIUS OXYCEPHALUS (NCN). PREDATION. 
Herein I report two cases of predation on juvenile and adult Tel-
matobius oxycephalus. The observations were made during 15–
17 Aug, 18–21 Dec, 27–30 Dec, 2006 and 29 Jan–1 Feb 2007 
at two branches of a small stream tributary of the Huasamayo 
River 10 km from the city of Tilcara, province of Jujuy, northern 
Argentina. 
 On 31 Jan 2007 at 2110 h, a non-adult wolf spider (Lycosa cf. 
thorrelli; Lycosidae) was observed hidden under a small rock at 
the margin of a branch of the stream (max width 1 m) preying 
upon a juvenile T. oxycephalus. Only the hindlegs of the frog 
were distinguishable because the spider covered the rest of the 
specimen with its body. When found the frog was dead and a 
large area of necrotic tissue existed in the dorsal area; the whole 
body was a pallid color. The spider remained motionless for ca. 
10 min. and then left the prey when it was disturbed during an 
attempt to collect it.
 On 12 Dec 2006 at 2000 h, a Rainbow Trout (Oncorhynchus 
mykiss) was collected from a pool ca. 30 cm from the stream. 
The pool was ca. 150 × 80 cm, 50 cm deep, and had clear water; 
water temp. was 9°C, and air temp. was 17°C. As the pond did 
not have direct connection with the stream it is possible that the 
trout got there during a fl ood that occurred a week prior to the 
observations. Searching under the stones around the pool yielded 
a live female T. oxycephalus (SVL = 44.8 cm). Upon dissec-
tion of the trout, an adult T. oxycephalus (SVL = 45 cm) in an 
intermediate state of digestion was found in the stomach. The 
inhabitants of the area reported that Rainbow Trout have been 
released in the area annually for at least three years. However, 

they indicated that the summer fl oods cause high mortality and 
drive the adult trout downstream where they likely die because 
of water turbidity. Additional searches were conducted at the site 
but no other trout were found. These observations indicate that 
introduced salmonids do prey on Telmatobius. Although suspect-
ed (Merino-Viteri et al. 2005. Monog. Herpetol. 7:9–37), I am 
unaware of any published report of predation, although trout are 
known to prey on other anurans (e.g., Bradford et al. 1993. Cons. 
Biol. 7[4]:882–888; Fox et al. 2005 Copeia 2005:921–929; Katz 
et al. 2003. Div. Distrib. 9:99–110; Lips et al. 2005. Biotropica 
37[2]:222–226). Whether this predation occurs at a scale that 
could drive local populations to extirpation, as suggested for Tel-
matobius ceiorum (Barrionuevo and Ponssa 2008. Herpetologica 
64:47–62), remains to be studied.
 The specimens of T. oxycephalus, the stomach of O. mykiss, 
and the spider are deposited at the Museo Argentino de Ciencias 
Naturales “Bernardino Rivadavia” División Herpetología.
 I thank Julian Faivovich for provide helpful comments on this 
manuscript and L. Piacentini for identifi cation of the spider.
 

 Submitted by ANDRÉS BRUNETTI, División Herpetología 
Museo Argentino de Ciencias Naturales Bernardino Rivada-
via Ángel Gallardo 470, Buenos Aires 1405, Argentina; e-mail: 
andresbrunetti@gmail.com.

TURTLES

ACTINEMYS MARMORATA (Western Pond Turtle). PREDA-
TION ATTEMPT. Actinemys marmorata inhabits a variety of 
aquatic habitats from western Washington, USA south to north-
western Baja California, Mexico (Stebbins 2003. Western Rep-
tiles and Amphibians. Third Ed. Houghton Miffl in. New York, 
New York. 533 pp.) and is a California Species of Special Con-
cern (Jennings and Hayes 1994. Amphibian and Reptile Species 
of Special Concern in California. Report to the California Depart-
ment of Fish and Game, Rancho Cordova, California. 260 pp.). 
Among the predators that are known to feed on A. marmorata is 
the North American River Otter (Lontra canadensis). Manning 
(1990. Northwest. Nat. 71:38–42) observed cracked and chewed 
A. marmorata shells as well as a live individual with all four legs 
bitten off, which was attributed to predation by L. canadensis. 
However, no direct observations of L. canadensis feeding on A. 
marmorata have been documented. 
 On the morning of 31 May 2006 I observed eight A. marmorata 
basking on a large boulder along the edge of the Klamath River 
near Yreka, California (41.861315°N, 122.566127°W) from the 
opposite bank using binoculars. As I watched these turtles at ca. 
0845 h, three L. canadensis leaped from the water, in unison, 
onto the rock. One L. canadensis came onto the rock from the 
downriver side, one from the upriver, and one from the middle. 
Each L. canadensis grasped an individual basking A. marmorata 
with their forelimbs and rolled back into the water. A fourth L. 
canadensis leapt onto the rock and made attempts to capture an-
other escaping A. marmorata, but was unsuccessful. As the attack 
ensued, the remaining fi ve A. marmorata quickly fl ed into the 
river. Shortly after, the three successful predator otters returned 
to the rock, and all four otters scrambled around the boulder ap-
pearing to search for A. marmorata. All four otters then returned 
to the river channel and disappeared. After the attack, a boulder 
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on the same bank ca. 45 m upstream had two other basking A. 
marmorata that were undisturbed.
 Many populations of A. marmorata are sensitive to factors that 
affect reproduction and recruitment such as habitat loss, non-na-
tive predators, disturbance, water quality, and natural predation. 
Though actual predation on A. marmorata by L. canadensis was 
not confi rmed during this observation, the cooperative hunting 
strategy utilized by L. canadensis during this observation pro-
vides insight into predator/prey interactions between these spe-
cies.

 Submitted by REBECCA S. STUDEBAKER, California De-
partment of Fish and Game, 619 Second Street, Eureka, Califor-
nia 95501, USA; e-mail: RStudebaker@dfg.ca.gov.

PSEUDEMYS CONCINNA (Eastern River Cooter). MOVE-
MENT. On 24 July 2007 a female Pseudemys concinna (cara-
pace length = 329 mm; mass = 4020 g), was uniquely marked 
by drilling holes in the marginal scutes (ID = 655) and released 
from a baited hoop trap at 1000 h. Later that same day (1500 h), 
it was recaptured 1470 m downstream during snorkeling surveys. 
Capture locations were determined with a Trimble Geo3 Explorer 
GPS (accuracy 1–5 m). To our knowledge, this is the longest dai-
ly movement recorded for P. concinna.  On 6 July 2008 another 
female P. concinna (carapace length = 383 mm; mass = 5610g), 
was also uniquely marked (ID = 946) and released from a baited 
hoop trap at 0900 h.  On 9 July 2008 at 1315 h, the same female 
was recaptured during a snorkel survey 6280 m downstream.  A 
female and male P. concinna were observed to move a maximum 
distance of 358 and 321 m in a Virginia population over the course 
of a two-month study (Buhlmann and Vaughan 1991. J. Herpetol. 
25:72–78). Dreslik et al. (2003. Chelon. Cons. Biol. 4:706–710) 
found P. concinna in an Illinois pond to move 336.9 m ± 200.9 m, 
with females moving 321.9 m ±197.3 m during the day. March-
and (1942. M.S. thesis, Univ. Florida, Gainesville. 113 pp.), dur-
ing a two-year study, found that 14 P. c. suwanniensis moved, on 
average, > 640 m between recaptures and observed one move-
ment of 8.9 km. It was mentioned that these movements may be 
attributed to extended handling and releasing groups of turtles at 
the same place. Long, linear movements of riverine turtle species 
have been attributed to nesting voyages by females (Moll and 
Moll 2005. The Ecology, Exploitation, and Conservation of Riv-
er Turtles. Oxford University Press. New York). In the southern 
United States, P. concinna generally nest in May and June (Ernst 
et al. 2004. Turtles of the United States and Canada. Smithson-
ian Institution Press. Washington, D.C. 578 pp.). The two  move-
ments we observed may have been associated with either nesting 
or disturbance from handling, although attempts were made to 
minimize handling disturbance in the fi eld.
 

  Submitted by SEAN C. STERRETT, LORA L. SMITH, 
M. BRENT HOWZE, AUBREY M. HEUPEL, and CARLA 
L. ATKINSON, Joseph W. Jones Ecological Research Cen-
ter, Route 2, Box 2324, Newton, Georgia 39870, USA (e-mail: 
sterretts@warnell.uga.edu). 

TERRAPENE ORNATA (Ornate Box Turtle). PREDATION 
ON CLIFF SWALLOWS. Turtles are known to have broad, 
omnivorous diets that include plant material, aquatic and terres-
trial invertebrates, and vertebrates (Klimstra and Newsome 1960. 
Ecology 41:639–647). During a 25-year study of Cliff Swallows 
(Petrochelidon pyrrhonota) in southwestern Nebraska, we ob-
served Terrapene ornata prey, or attempt to prey, on swallows. 
Cliff Swallows feed exclusively on insects caught in fl ight. They 
are quick, agile fl iers and rarely alight on the ground (Brown 
and Brown 1996. Coloniality in the Cliff Swallow: The Effect 
of Group Size on Social Behavior. University of Chicago Press. 
Chicago, Illinois). Consequently, they are very unlikely prey for 
turtles. 
 On 4 July 2002, one of us (MBB) was netting Cliff Swallows 
with a stationary mist-net placed near the entrance of a culvert 
underneath a railroad embankment near Keystone, Keith County, 
Nebraska, USA (41.3841667°N, 101.7988889°W). The colony 
consisted of 200 swallow nests. On one occasion as large num-
bers of birds fl ushed and hit the net, the weight of the birds pulled 
the net down to ground level. One T. ornata, which was seen 
regularly at the colony, approached one adult Cliff Swallow that 
was very low in the net and killed it by biting and eating its head. 
After killing the bird, the turtle walked away carrying the head. 
Nesting at Cliff Swallow colonies is usually quite synchronous 
(Brown and Brown 1996, op. cit.). Most colonies are initiated 
in mid-May, incubation lasts until mid-June, and most nestlings 
have fl edged by mid-July. It is not uncommon for nestling Cliff 
Swallows to fall out of their nests (or jump out in response to nest 
parasites). Because these birds are too young to fl y back to their 
nest and parent swallows do not attend nestlings on the ground, 
these nestlings become chilled, starve, and die. During peak pe-
riods of nesting synchrony, relatively large numbers of doomed 
nestlings can be found on the ground underneath nests at large 
colonies. From 2002–2007, at one large (1000–1800 nests) Cliff 
Swallow colony near Keystone, Keith County, Nebraska, USA 
(41.3555556°N, 101.6286111°W), we regularly observed two T. 
ornata patrolling the ground underneath the nests, killing and eat-
ing the moribund nestlings and scavenging dead nestlings. The 
turtles would walk up to nestlings that were alive and bite their 
heads, usually grabbing the nestlings by the front part of the head 
(in the beak and mouth area). Based on unique markings on their 
carapaces, we are confi dent that the same two turtles were present 
at this colony throughout the nesting season, and we suspect that 
the same two turtles returned to this colony site to feed for several 
consecutive years. T. ornata are known to be most active during 
June, which coincides with the swallow’s nestling period (D. Fer-
raro, pers. comm.). T. ornata are rarely seen at colonies during 
the birds’ incubation period or after most of the nestlings have 
fl edged. Our observations are anecdotal in nature, but it appears 
that T. ornata recruit to and remain at Cliff Swallow colonies 
during the nestling period, when a reliable food resource is avail-
able. 

 Submitted by MARY BOMBERGER BROWN, Tern and 
Plover Conservation Partnership, University of Nebraska, Lin-
coln, Nebraska 68583-0931, USA (e-mail: mbrown9@unl.edu); 
and CHARLES R. BROWN, Department of Biological Scienc-
es, University of Tulsa, Tulsa, Oklahoma 74104, USA. 
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SQUAMATA — SNAKES

AGKISTRODON CONTORTRIX MOKESON (Northern Cop-
perhead). MID-WINTER THERMOREGULATION. On 6 
January 2007, I found two adult Agkistrodon contortrix mokeson 
thermoregulating at their hibernacula (41.35°N, 74.27°W, 244 m 
elev.) Chester, New York, USA. The latest date this species has 
been observed above ground in New York is 4 November and the 
earliest reported emergence is 2 March. Agkistrodon c. mokeson 
was considered to be inactive during the brumation period in the 
winter (Conant and Collins 1998. A Field Guide to Reptiles and 
Amphibians of Eastern and Central North America, 3rd edition. 
Houghton Miffl in, Boston. 450 pp.). Unusual warm weather 
probably contributed to this facultative basking. The average high 
temperature for 6 January is 1.7°C and the average low –7.8°C 
compared with the recorded high temperature of 21.1°C and the 
actual low temperature of 11.1°C on the day of this observation. 
This observation suggests that A. c. mokeson facultatively ther-
moregulates during winter months and appear to be able to detect 
external temperatures while in hibernacula. 

 Submitted by BRYANT ABBUHL, 28 Pine Hollow Road, 
Slingerlands, New York 12159, USA; e-mail: brymannol@aol.
com.

AGKISTRODON PISCIVORUS LEUCOSTOMA (Western Cot-
tonmouth). SCAVENGING. Scavenging by wild snakes is thought 
to be rare, and has been documented in only 26 species (reviewed 
in DeVault and Krochmal 2002. Herpetologica 58:429–436). 
Scavenging may actually be quite common, but rarely documented, 
because typical diet analysis makes it diffi cult to determine whether 
prey items were dead or alive when encountered. On 31 May 2004 
at 2125 h, I observed a juvenile A. piscivorus leucostoma (~ 350 
mm SVL) scavenge an adult, road-killed Hyla cinerea (~ 50 mm 
SVL) from County Road 1985, 3.4 rd mi W of Texas State Highway 
124, in Chambers County, Texas, USA. The posterior end of the 
frog was stuck to the road, so that the snake had to pull several times 
in order to peel the frog off the road. After removing the frog from 
the road, the snake traveled into the grassy shoulder as it swallowed 
the frog. The road passes through marshy coastal plain, where there 
is a high density of amphibians, especially Hyla cinerea and Rana 
sphenocephala, and a variety of amphibian-eating snakes including 
fi ve species of Nerodia and two species of Thamnophis, in addition 
to A. piscivorus. Road-killed amphibians are common after rains 
in this area, thus providing ample opportunity for scavenging of 
amphibians by snakes. This is only the second documented case 
of amphibian scavenging by a viperid in the wild (see DeVault and 
Krochmal, op. cit.). It is interesting that the species observed here 
was A. piscivorus, as Savitzky (1992. In Campbell and Brodie, Jr. 
[eds.], Biology of the Pitvipers, pp. 347–368. Selva, Tyler, Texas) 
suggests that the Cottonmouth is primarily a scavenger.

 Submitted by DAVID W. HALL, Department of Biological 
Sciences and Texas Memorial Museum, The University of Texas, 
1 University Station C0930, Austin, Texas 78712, USA.
 

ALSOPHIS PORTORICENSIS ANEGADAE (Racer). CANNI-
BALISM. Feeding on conspecifi cs is an uncommon but broadly 
observed phenomenon in snakes (e.g., Loveridge 1944. Copeia 
1944:254; Lourdais et al. 2005. Biol. J. Linn. Soc. 84:767–774). 
However, it has not been previously reported in Alsophis portori-
censis (Henderson and Powell. In press. Natural History of West 
Indian Amphibians and Reptiles. University Press of Florida, 
Gainesville). Here we report on several such cases observed on 
Guana Island, British Virgin Islands, in 2006. 
 The most defi nitive evidence for cannibalism occurring in 
nature was obtained on 12 October 2006, when staff alerted us 
to the presence of a dead snake at the dump. We found an adult 
male (596 mm SVL, 229 tail length [TL], MCZ R-184654) with 
the posterior end of a smaller female (545 SVL, 177 TL, MCZ R-
184655) emerging from its mouth. Because the two snakes may 
have tried to swallow a single prey item, we dissected the speci-
men but found no prey item. The larger snake had abundant fat 
deposits and appeared in good condition. A second case occurred 
in captivity on 7 October, when two snakes were placed in a single 
cloth bag. Two days later, only the larger animal (female, 440 SVL, 
247 TL, MCZ R-184643) could be found. Upon dissection it was 
found to contain the other individual, a hatchling (241 SVL, 116 
TL, also MCZ R-184643). Hotel staff brought a third instance to 
our attention. They had observed two snakes “fi ghting” and photo-
graphed the event. Unfortunately, they did not allow the interaction 
to continue, but the photograph is inconsistent with known snake 
combat behavior, which has never been observed in this species. 
Instead, the larger individual had grasped the smaller snake behind 
the head, presumably in an attempt to subdue it for ingestion. The 
smaller snake was bleeding profusely, according to the report.
 We are surprised that a behavior not noted in the past, despite 
extensive work on the species (e.g., Barun et al. 2007. Copeia 
2007:93–100), appeared to be common this year. The past year 
had been unusually wet on Guana Island, vegetation is abundant, 
and anoles, the principal prey of A. portoricensis, are common. 
Consequently, the prevalence of cannibalism is diffi cult to explain. 
However, if cannibalism occurs frequently, that could explain why 
smaller animals were relatively uncommon in the sample examined 
by Barun et al. (op. cit.).
 We thank A. Bates, V. Jardine, J. Lazell, and K. LeVering for 
assistance in the fi eld and J. Rosado for curatorial assistance. 
Conservation Agency and Texas Tech University provided support. 
This is manuscript T-9-1119 of the College of Agricultural Sciences 
and Natural Resource Management, Texas Tech University.

 Submitted by GAD PERRY, Department of Natural Resource 
Management, Texas Tech University, Lubbock, Texas 79409, 
USA; and ROBERT POWELL, Department of Biology, Avila 
University, Kansas City, Missouri 64145, USA.

ATROPOIDES OLMEC (Tuxtlan Jumping Pitviper). REPRO-
DUCTION and PARASITES. Atropoides olmec is a terrestrial 
viviparous pitviper  distributed as disjunct populations in the Sierra 
de Los Tuxtlas (Veracruz), Cerro Baúl (Oaxaca), and Ocozocuautla 
(Chiapas) in México and in Baja Verapaz, Guatemala. It occurs 
in upper tropical rainforest and cloud forest from elevations of 
530–1100 m and probably higher ( Campbell and Lamar 2004. The 
Venomous Reptiles of Western Hemisphere. Comstock Publishing 
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Associates, Ithaca, New York; Castoe et al. 2003. Herpetologica 
59:421–432; Pérez-Higareda et al. 1985. Bull. Maryland. Herpetol. 
Soc. 21:97–106). 
 On 28 July 2006 we collected two gravid A. olmec females (580 
mm SVL, 645 mm total length(CNAR 12230); 582 mm SVL, 644 
mm total length) on El Bastonal, Santa Marta volcano, Catemaco, 
Veracruz, México (18.333°N, 94.89°W, WGS 84). Both were under 
rocks in a secondary forest at 1100 m elevation. The snakes were 
captured in order to obtain venom samples and were individually 
housed in cages at Instituto de Biotecnología, Universidad Nacional 
Autónoma de México (UNAM). 
 One of the snakes (CNAR 12230) never fed in captivity and died 
on 8 August 2006. Upon dissection we found 18 partially developed 
embryos (CNAR 12231–12248), ranging from 93–105 mm SVL 
(mean SVL = 101.9, SD = 3.3). We also found 23 adult hookworm 
nematodes Kalicephalus inermis (CNHE 5617) parasitizing her 
intestine and stomach. Nineteen of these were females ranging 
in length from 9.73–12.55 mm and four were males ranging in 
length from 8.23–10.02 mm. The other snake was maintained in 
captivity and gave birth to 15 live offspring on 15 October 2006. 
Neonates ranged from 161–186 mm SVL (mean SVL = 168.6 mm, 
SD = 8.3). This snake and two snakes of the litter are still alive in 
captivity at the Miguel Alvárez del Toro Zoo, Chiapas, México.
 The only other report of litter size in this species is of a gravid 
female found at Los Tuxtlas in late May that birthed 12 offspring 
in mid-June (Pérez-Higareda et al. 2007. Serpientes de la Región 
de Los Tuxtlas, Veracruz, México. Guía de Identifi cación Ilus-
trada. Universidad Nacional Autónoma de México, Mexico City). 
Based on these three litters, mean litter size is 15 and falls within 
the range reported for other, closely related, Atropoides species 
(Campbell and Lamar, op. cit.; Solórzano-López 1989. Rev. Biol. 
Trop. 37:133–137, Solórzano-López 1990. Copeia 1990[4]:1154–
1157).
 Kalicephalus spp. nematodes have been reported from a broad 
spectrum of reptile hosts worldwide, mostly from snake species but 
also from several  lizard species (Baker 1987. Occas. Pap.  Biol., 
Memorial University of Newfoundland, St. John, Newfoundland; 
Schad 1962. Can. J. Zool. 40:1035–1165). Kalicephalus inermis 
has been described as a parasite of other genera of pitvipers 
(Agkistrodon, Bothrops, Crotalus) in America, including México 
(Baker 1987, op. cit.; Grego et al. 2004. Vet. Rec. 154:559–562; 
Pfaffenberger et al. 1989. J. Wildl. Dis. 25:305–306; Schad 1962, 
op. cit.). The life cycle of K. inermis is unknown, but direct 
development is suspected, with free living larvae and parasitic 
adults. Snakes can be infected experimentally by oral inoculation 
of third-stage larvae which invade the stomach or intestinal wall 
and become encapsulated in the mucosa where development to 
the fourth stage takes place. How snakes become infected under 
natural conditions is unknown. Because this reptile group tests 
their environment with their tongues, it is suggested that larvae 
might attach to the latter. There is also the possibility that infective 
larvae could invade soft-bodied animals such as snails, slugs and 
amphibians cohabiting with the snakes. There is no evidence that 
skin penetration occurs in snakes so ingestion is the most probable 
mechanism for infection (Anderson 2000. Nematode Parasites of 
Vertebrates. Their Development and Transmission. 2nd ed. CABI, 
International Publishing, New York; Schad 1956. Can. J. Zool. 
43:425–452).

 It has been reported that juvenile Atropoides mexicanus and At-
ropoides occiduus feed on orthopterans and lizards. Adults of these 
species (as well as Atropoides nummifer) feed on small rodents 
(Campbell and Lamar, op. cit.). No data on the natural diet of A. 
olmec are available, but in captivity both juvenile and adults fed 
on rodents (newborn and adult mice) and frogs (Pérez-Higareda 
et al. 2007, op. cit.).
 The ecology of A. olmec has been poorly studied, and its habitat 
is fragmented, isolated, and dangerously subject to increasing 
pressure from human use. A better understanding of the species’ 
natural history is necessary to help in conservation of the remaining 
populations. Specimens were deposited in the Colección Nacional 
de Anfi bios y Reptiles (CNAR) and the Colección Nacional de 
Helmintos (CNHE), Instituto de Biología, Universidad Nacional 
Autónoma de México. 

 Submitted by ELISA CABRERA-GUZMÁN, Colección 
Nacional de Anfi bios y Reptiles, Instituto de Biología. Departa-
mento de Zoología, Universidad Nacional Autónoma de México, 
Circuito exterior, Ciudad Universitaria, México D. F. C.P. 04510 
(e-mail: anfi sbenido@yahoo.com); ALEJANDRO CARBAJAL 
SAUCEDO and ISAAC DELGADILLO, Instituto de Biotec-
nología, UNAM. Av. Universidad 2001. Col. Chamilpa. C.P. 62210. 
Cuernavaca, Morelos. México (e-mail: bothrops@ibt.unam.mx).

BOA CONSTRICTOR (Boa Constrictor). DIET. Boa constrictor is 
a widely-distributed generalist predator that is abundant throughout 
many neotropical systems and is known to consume a wide variety 
of reptiles, mammals, and birds (Greene 1983. In Janzen [ed.], Cos-
ta Rican Natural History, pp. 380–383. University of Chicago Press, 
Chicago, Illinois). Avian prey taken by B. constrictor includes a 
diversity of ground- and canopy-dwelling species (Boback et al. 
2000. Herpetol. Rev. 31:244–245; Sironi et al. 2000. Amphibia-
Reptilia 21:226–232), yet the actual number of documented prey 
species remains relatively small. Here we report predation on an 
additional species of passerine bird, Hylocichla mustelina (Wood 
Thrush), at La Selva Biological Station, Puerto Viejo de Sarapiquí, 
Herédia Province, Costa Rica (10.4313°N, 84.0036°W). On April 
6, 2005 at 1320 h, DLR was radio-tracking adult Wood Thrushes 
that had been equipped with external transmitter backpacks, and 
found that one bird (60–65 g, 20 cm long including tail feathers) had 
been consumed by a female B. constrictor (1203 mm SVL, 772.3 
g). At the time of capture, the snake was resting on a 70 cm high 
branch, and had rectrices protruding from its mouth. We believe 
this to be the site of actual predation, because additional feathers 
were visible on the ground directly below the snake and tracked 
H. mustelina typically foraged in similar understory habitat. The 
snake was returned to the lab for data collection. Six days later it 
defecated 7.5 g of feathers, one partially-digested tarsus, the max-
illa and mandible, and the 2 g intact transmitter, and subsequently 
was released at point of capture.

 Submitted by DENNIS K. WASKO, Department of Biology, 
University of Miami, Coral Gables, Florida 33124, USA (e-mail: 
Dennis@bio.miami.edu); and DINA L. ROBERTS, Department 
of Fish and Wildlife, University of Idaho, Moscow, Idaho 83844, 
USA (e-mail: DinaRoberts@vandals.uidaho.edu). 
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BOTHROPS JARARACUSSU (Jararacussu). OPHIOPHAGY. 
Ophiophagy in the wild has been reported for many species of 
the genus Bothrops (Martins et al. 2002. In Schuett et al. [eds.], 
Biology of the Vipers, pp. 307–328. Eagle Mountain Publ., Eagle 
Mountain, Utah). On March 2007 at 1130 h, we watched a B. jara-
racussu (ca. 500 mm TL) prey upon an adult of Liophis miliaris 
(Common Water Snake; ca. 500 mm TL) at Alto Ribeira State Park 
(24.583°S, 48.583°W), Iporanga, São Paulo, Brazil. The prey was 
partially inside of a crevice on the banks of a small stream and was 
swallowed head fi rst. Marques et al. (2004. Herpetol. Rev. 35:58) 
reported B. jararacussu preying on Chironius bicarinatus. 
 I thank Luiz FML Ciscato and Reginaldo J. Silva (IQUSP) for 
the fi eld observations.

 Submitted by MARCELO RIBEIRO DUARTE, Laboratório 
de Herpetologia, Instituto Butantan, Av. Vital Brazil, 1500, CEP 
05503-900, São Paulo, SP, Brazil; e-mail: mrduarte@butantan.
gov.br. 

BOTHROPS MOOJENI (Brazilian Lancehead). PREDATION. 
Bothrops moojeni is a large pitviper from riparian areas in Cen-
tral and Southeastern Brazil (Nogueira et al. 2003. J. Herpetol. 
37:653–659). On 23 Nov 2006 at 0723 h we found a juvenile B. 
moojeni (315 SVL) being eaten by a Tarantula (Acanthoscur-
ria sp., Theraphosidae) above a rock in a semideciduous forest 
(18.0922222ºS, 57.4755556°W, WGS84 datum, 117 m elev.) in 
the Reserva Natural Engenheiro Eliezer Batista, Serra do Amolar, 
Brazilian Pantanal, Mato Grosso do Sul. The spider was holding 
the snake with its chelicerae. When disturbed, the spider fl ed 
while carrying the snake and attempted to hide under rocks. We 
captured the pair and released the spider. The snake was fi xed in 
formalin and deposited at the Coleção Zoológica de Referência do 
Campus de Corumbá, Universidade Federal de Mato Grosso do Sul 
(CEUCH 3761). Invertebrates are known to prey on small, secre-
tive snakes and juveniles of larger species (Greene 1997. Snakes: 
The Evolution of Mystery in Nature. University of California 
Press, Berkeley. 351 pp.), however most predators on pitvipers 
are vertebrates (e.g., Valdujo and Nogueira 2000. Herpetol. Rev. 
31:45; Martins et al. 2003. Herpetol. Rev. 34:148; Oliveira and 
Santori 1999. Stud. Neotr. Fauna Environ. 34:72–75; Rodrigues 
2005. Herpetol. Rev. 36:68). To the best of our knowledge this is 
the fi rst published record of predation on B. moojeni.
 We thank MMX Mineração e Metálicos S. A., Instituto Homem 
Pantaneiro, and Leonardo Hasenclever for assistance. 

 Submitted by ROBSON W. ÁVILA, Programa de Pós-Gradu-
ação em Biologia Geral e Aplicada, Departamento de Parasitologia, 
Instituto de Biociências, Universidade Estadual Paulista, Distrito 
de Rubião Jr., s/nº, CEP 18618-000, Botucatu, São Paulo, Brazil (e-
mail: robsonavila@gmail.com); GRASIELA E. O. PORFÍRIO, 
Departamento de Ciências do Ambiente, Laboratório de Zoologia, 
Campus de Corumbá, Universidade Federal de Mato Grosso do 
Sul. Av. Rio Branco, 1270, Caixa Postal 252, CEP 79301-970, 
Corumbá, Mato Grosso do Sul, Brazil.

CACOPHIS CHURCHILLI (Northern Crowned Snake). RE-
PRODUCTION. Cacophis churchilli is the only snake endemic 

to the Wet Tropics of Australia. A small cryptozoic elapid, it oc-
curs in a range of habitats from rainforest to well-vegetated urban 
gardens, from sea level to 1000 m (Covacevich and McDonald 
1993. Mem. Queensland Mus. 34:189–1999; pers. obs.). Very little 
is known of the natural history of this species beyond its present 
distribution and diet. Currently there is no published information 
on reproduction. 
 On 15 December 2006, a female was collected in the township 
of Atherton on the Atherton Tablelands (North Queensland) from 
an urban garden (17.2618°S, 145.4865°E). At the time the snake 
was “rescued” from the depredations of a domestic cat (Felis ca-
tus). Judging by the size and shape of the snake (330 mm SVL; 38 
mm tail length; 12.8 g) it was thought to be gravid, an observation 
that was confi rmed later in the day when the snake deposited four 
oblong eggs into a cloth bag in which the animal was being held 
prior to release. The eggs were 21.2 × 10.1 mm; 23.1 × 9.6 mm; 
23.7 × 9.7 mm and 24.7 × 9.1 mm. An attempt was made to hatch 
the eggs with no success. 
 

 Submitted by ALASTAIR FREEMAN, Threatened Species 
Group, Environmental Protection Agency, Atherton, Queensland 
4883, Australia; e-mail: alastair.freeman@epa.qld.gov.au.

CONOPHIS LINEATUS (Road Guarder). DIET. Conophis lin-
eatus is a medium-sized snake that feeds on vertebrates, especially 
lizards of the genus Aspidoscelis and rodents (Lee 1996. The 
Amphibians and Reptiles of the Yucatán Peninsula. Cornell Univ. 
Press, Ithaca, New York, 500 pp.; Wellman 1963. Univ. Kans. Publ. 
Mus. Nat. Hist. 15[6]:251–295). At ca. 1300 h on 13 October 1996 
on Isla Mujeres Quintana Roo, México (21.2472°N, 86.7417°W), 
one of us (OH-G) observed a C. lineatus on a sand beach below 
a shrub (Suriana maritima). The snake was in the process of con-
stricting a juvenile Ctenosaura similis, which was later ingested 
head fi rst (photographic vouchers, CNAR-RF 21 a–b).

 Submitted by OSWALDO HERNÁNDEZ-GALLEGOS, 
FELIPE RODRÍGUEZ-ROMERO, GISELA GRANADOS-
GONZÁLEZ, Centro de Investigación en Recursos Bióticos, 
Facultad de Ciencias, Universidad Autónoma del Estado de 
México, México, Instituto Literario #100, 50000, Toluca, Estado 
de México, México (e-mail: ohg@uaemex.mx); and FAUSTO 
R. MÉNDEZ, Departamento de Zoología, Instituto de Biología, 
Universidad Nacional Autónoma de México, A.P. 70-153, C.P. 
04510, México, D.F., México.

CROTALUS ADAMANTEUS (Eastern Diamond-backed Rattle-
snake). PREY. Known prey items for C. adamanteus include 
rodents, squirrels, rabbits, and a few species of birds. The latter 
group includes several passerines, Northern Bobwhite (Colinus 
virginianus), juvenile Wild Turkey (Meleagris gallopavo), and 
Pileated Woodpecker (Dryocopus pileatus) (Timmerman 1995. 
Bull. Florida Mus. Nat. Hist. 37:127–158; Timmerman and Martin 
2002. Herpetol. Circ. 32:1–70; Ernst and Ernst 2003. Snakes of the 
United States and Canada. Smithsonian Inst. Press, Washington, 
DC. 668 pp. and references therein; D. B. Means, pers. comm.). 
We note here another species of passerine bird captured by C. 
adamanteus in the fi eld and one accepted in captivity. 
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 At 0700 on 4 October 2007 one of us (CR) found a C. ada-
manteus (ca. 1500 mm TL) lying under a 60 cm2 wooden feeding 
platform in a 2.4 × 7.3 m welded wire chicken coop on the north 
end of Cumberland Island, Camden County, Georgia (30.9226°N, 
81.4361°W) that was eating an adult Cardinal (Cardinalis cardina-
lis). The habitat adjacent to the coop has an open canopy of pecan 
trees and a sparse understory that is part of a small settlement of 
houses. The snake had apparently killed but did not eat a 2/3 grown 
domestic chicken the day before. Upon discovery, the adult male 
Cardinal was in the same place as the chicken and being swallowed 
by the snake. The snake fi nished swallowing the bird in a plastic 
cooler after capture. It also ate a dead Carolina Wren (Thryothorus 
ludovicianus) offered to it in a cage on 16 October 2007. Captive C. 
adamanteus has been reported to eat Goldfi nches, Chipping Spar-
rows, and warblers in captivity (Williams 1892. Science 20:345). 
Our observations add one new species of bird to the natural diet 
of this rattlesnake (Cardinal) and one new species accepted by a 
captive individual (Carolina Wren). 

 Submitted by JOSEPH C. MITCHELL, Mitchell Ecological 
Research Service, LLC, P.O. Box 5638, Gainesville, Florida 32627-
5638, USA (e-mail dr.joe.mitchell@gmail.com); and CAROL 
RUCKDESCHEL, Cumberland Island Museum, P.O. Box 796, St. 
Marys, Georgia 31558, USA (e-mail: cimuseum@yahoo.com). 

CROTALUS CATALINENSIS (Santa Catalina Island Rattlesnake). 
ARBOREALITY. Crotalus catalinensis is generally considered 
an adept climber (Grismer 2002. Amphibians and Reptiles of Baja 
California, Including Its Pacifi c Islands and the Islands in the Sea 
of Cortés, University of California Press, Berkeley, California. 409 
pp.), however, there are few data to support this assumption. Here I 
present fi eld observations that corroborate the presumed proclivity 
for arboreality. During an ecological study in 2003–2004 we visited 
Santa Catalina Island on seven occasions: thrice between March 
and June (dry season), and four times between July and October 
(rainy season). We spent a total of 276 person-hours searching for 
snakes over 32 days. We searched for snakes between 1900 and 
2400 h and recorded sex, snout–vent length (SVL), color phase, 
place of capture (on ground or on vegetation) and height above 
ground level. Seventeen of 45 C. catalinensis were found on 
vegetation during the dry season and three of 159 were found on 
vegetation in the rainy season. Of the twenty snakes (mean SVL = 
527 ± 128 mm, range = 276–733 mm, N = 20) found on vegetation, 
twelve were males and eight were females, and of these, eleven 
were gray phase and nine were brown phase. Mean height above 
ground level was 36 ± 19 cm (range = 10–75 cm). Plant species 
used included Cardon Cactus (Pachycereus pringlei; N = 5), Copal 
(Bursera hindsiana; N = 4), Elephant Tree (Bursera microphylla; 
N = 3), Palo Verde Tree (Cercidium microphyllum; N = 2), Cholla 
Cactus (Opuntia cholla; N = 1), Jojoba (Simmondsia chinensis; N 
= 1), and four not registered. 
 According to Klauber (1982. Rattlesnakes: Their Habits, Life 
Histories, and Infl uence on Mankind. University of California 
Press, Berkeley. 350 pp.) this behavior is common among some 
rattlesnakes and can be related to foraging activities. Santa Catalina 
Island Deer Mice (Peromyscus slevini), the main prey of C. cata-
linensis (Avila-Villegas et al. 2007. Copeia 2007:80–84), are also 
frequently found climbing in shrubs (pers. obs.), lending credence 

to the notion that C. catalinensis uses vegetation as hunting sites. 
However, I have also observed C. catalinensis traveling consider-
able distances (e.g., 3.0 m) in a straight line through vegetation at 
heights of 0.6 m in January 2005 (Avila-Villegas 2006. Herpetol. 
Rev. 37:476), which may suggest that frequent presence in vegeta-
tion is due to transit upon it. 
 I thank G. Arnaud, M. Martins, F. Torres, N. Villalejo, C. Ven-
egas, V. Ortíz, J. Navarro, A. Tejas, A. Cota, M. Villarejo, F. Cota, 
S. Avila, E. Zarza, M. Mainers and M. A. Leal for assistance.

 Submitted by HECTOR AVILA-VILLEGAS, Centro para 
el Conocimiento y Conservación del Patrimonio Natural y Cul-
tural de México, A.C. Auxiliadoras #122, Fraccionamiento Villa 
Teresa 20260, Aguascalientes, Aguascalientes, México; e-mail: 
avila_hec@yahoo.com.mx.

CROTALUS MOLOSSUS NIGRESCENS (Mexican Black-tailed 
Rattlesnake). BEHAVIOR. Snakes present a broad variety of 
defensive behaviors when confronted with potential predators. 
The most common include fl eeing, vibrating the tail, gaping 
the mouth, cloacal discharge, hissing, and biting (Martins 1996. 
Anais de Etologia 14:185–199). Some elapids gape their mouths 
and spit venom at potential predators (Young et al. 2004. J. Exp. 
Biol. 207:3483–3494). Anti-predator behaviors also vary with 
the level of menace perceived by the snake (Whitaker and Shine 
1999. Wildl. Res. 26:689–704). Herein, we report venom spitting 
by Crotalus molossus. 
 On 12 January 2005, at the Laboratory of Biodiversity (Direc-
ción General de Divulgación de la Ciencia-Universidad Nacional 
Autónoma de México), an adult C. molossus (890 mm SVL) 
was temporarily placed in a plastic container, while its cage was 
cleaned. When the snake was returned to its cage it adopted a defen-
sive posture, arching the body in an “S” form, opening the mouth 
widely, and hissing loudly. Immediately, the handler (CAMS) 
moved approximately a meter away. The snake lunged forward 
with its mouth agape and ejected venom into the handler’s eyes, 
resulting in a feeling of intense heat and momentary blindness over 
the course of the next 3 min. The handler’s eyes were immediately 
fl ushed with copious amounts of water and over the remainder of 
the day the handler didn’t present any other symptoms. However, 
at ca. 0730 h the next morning, the handler experienced nausea, 
tachycardia, and a decrease of arterial pressure. He also fainted 
several times over a period of ca. 5 min. Under medical supervi-
sion, the patient was treated with Meticortelone® corticosteroid 
and completely recovered over the course of seven days.
 Current evidence suggests that the ability to spit venom has 
evolved multiple times within the cobras (Wüster 1996. Toxicon 
34:399–406; Keogh 1998. Biol. J. Linn. Soc. 63:177–203). Mul-
tiple appearances of this defensive behavior in the evolutionary 
history of elapids suggests it has broad adaptive value. While this 
observation appears to be an isolated observation, it may represent 
a latent behavior in Crotalidae that presents irregularly or only 
under certain conditions. Interestingly, one of us (CJBV) has ob-
served similar behavior in Crotalus atrox. Alternatively, agitated 
pitvipers might accidentally and prematurely eject venom in some 
circumstances.

 Submitted by CARLOS AUGUSTO MADRID SOTELO (e-
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mail: madridherp@aol.com) and CARLOS JESÚS BALDERAS 
VALDIVIA (e-mail: cjbv@servidor.unam.mx), Laboratorio de 
Biodiversidad, Dirección General de Divulgación de la Ciencia, 
Universum, UNAM, Zona Cultural Universitaria, CP 04510, 
México, D.F. 

CROTALUS RAVUS (Mexican Pygmy Rattlesnake). DIET. There 
are few reports regarding the feeding habits of Crotalus ravus. 
However, lizards (Sceloporus grammicus, S. megalepidurus), 
mammals (Mus musculus, Microtus mexicanus), and insects (He-
miptera and Orthoptera) have been reported in the diet of this spe-
cies (Uribe-Peña et al. 1999.  Anfi bios y Reptiles de las Serranías 
del Distrito Federal, México. Instituto de Biología, Universidad 
Nacional Autónoma de México. 119 pp.; Mendoza-Hernández et 
al. 2004. Herpetol. Rev. 35:63).
 In May 2001 we found a C. ravus at the base of a cactus (Opuntia 
sp.) near La Preciosa Lake (19.3678°N, 97.3867°W, WGS84; 2040 
m), Las Minas, Puebla State, México. The snake was eating an adult 
Sceloporus spinosus. Photographic vouchers (MZFC 1604–05) are 
in the Herpetological Collection of Museo de Zoología, Facultad 
de Ciencias, Universidad Nacional Autónoma de México. 
 Furthermore, on 12 May 2007 we collected an adult female 
C. ravus (167 mm SVL, 186 mm TL), in Delegación Magdalena 
Contreras (19.2879°N, 99.2670°W, WGS84; 2580 m) in the south-
ern mountains of Distrito Federal, México. The specimen (MZFC 
20902) was found crossing a trail in oak forest. A fragment of a 
snake tail was found in the snake’s stomach. We identifi ed the prey 
as Thamnophis scalaris, by comparing the tail fragment to the tails 
of other snakes collected in the same area. This is the fi rst report 
of a snake in the diet of C. ravus.
 We thank Manejo de Ecosistemas y Desarrollo Humano, Uni-
versidad Nacional Autónoma de México (SDEI-PTID-02) for 
fi nancial support.

 Submitted by ISRAEL SOLANO-ZAVALETA (e-mail: crota-
lus.viper@gmail.com), URI OMAR GARCÍA-VÁZQUEZ and 
MARTHA L. CALDERÓN-ESPINOSA, Museo de Zoología, 
Facultad de Ciencias, Universidad Nacional Autónoma de México, 
Apartado Postal 70-399, México, Distrito Federal 04510, Méxi-
co.

EUNECTES MURINUS (Green Anaconda). LONGEVITY. 
Anacondas and other large reptiles tend to live many years and 
grow slowly later in life. However, long-term data on growth 
rates for wild snakes are in short supply. Here we report recapture 
of a Eunectes murinus after 13 years. These observations were 
made in the course of conducting an on-going mark-recapture 
project (running since 1992) in the Venezuelan llanos, Distrito 
Muñoz, Apure State (7.5ºN, 69.3ºW). All snakes were marked 
using scale clipping and by copying the ventral pattern covering 
the fi rst 15 subcaudal scales (Rivas et al. 2007. In Henderson and 
Powell [eds.], Biology of the Boas and Pythons, pp. 128–138. 
Eagle Mountain Publishing Company, Eagle Mountain, Utah). 
 On 27 August 1994 we captured a female (E548, 324 cm 
SVL, 21 kg). Thirteen years later on 19 March 2007, we caught 
E548 again and although the scale clipping mark was diffi cult 
to read, we were able to identify the individual unequivocally 

by comparing the subcaudal pattern with our records. Upon 
recapture E548 measured 366 cm SVL and 25 kg. E548 was 
wounded, weakened, and had a subcutaneous nematode (possibly 
Dracunculus sp.) which has been found in other individuals in 
this population (Calle et al. 1994. J. Zoo. Wild. Med. 25:53–64). 
 This may be the longest recapture record of any individual 
snake in the wild. Twelve-year recaptures have been reported 
by Madsen and Shine (2000. J. Anim. Ecol. 69:952–958). It is 
surprising that in 13 years E548 only grew 42 cm. It is expected 
that the growth rate of large reptiles will decrease towards older 
age (e.g., Madsen and Shine, op. cit.), but E548 is still far from the 
largest size recorded for this region (exceeding 500 cm, Rivas et 
al., op. cit.) and even further from other literature records. Cursory 
evaluation of our mark/recapture data suggest that anacondas in 
the wild may take more than a decade to reach 320 cm SVL, so 
E548 could be in her mid-twenties or perhaps even older. 
 The harvest of anacondas have been present for more than 
two decades driven largely by demand for luxury snakeskin 
products in the global market (Waller et al. 2007. In Henderson 
and Powell [eds.], Biology of the Boas and Pythons, pp. 340–362. 
Eagle Mountain Publishing Company, Eagle Mountain, Utah). 
However, rural populations may also be increasing their harvest 
in response to changes associated with macroeconomic packages 
that are affecting much of South America (Rivas 2007. Iguana. 
14:10–21). Nevertheless, a recent three-year study monitored the 
experimental harvest of wild Eunectes noteus (Yellow Anaconda) 
and concluded that harvest could be sustainable based primarily 
on high reproductive rates, large distribution, and low human 
density (Waller et al., op. cit.). However, if the extremely slow 
growth rate presented here is the norm, we believe that the notion 
of sustainability is suspect in regions with high harvest/mortality 
(see Rivas, op. cit.; Rivas et al. 1999. Herpetol. Rev. 30:101; 
Rivas 2000. Unpubl. Ph.D. dissertation, University of Tennessee. 
287 pp.; Rivas et al. 2001. Herpetol. Rev. 32:107–108).
 We thank the Wildlife Conservation Society, Zoo de Doue la 
Fontaine-France, Miami Metro Zoo, Anaconda Investments LLC, 
COVEGAN, J. and T. Dunbar, and T. Hughes for assistance.

 Submitted by JESÚS A. RIVAS, Department of Math and 
Natural Sciences, Somerset Community College, 808 Monticello 
Street, Somerset, Kentucky 42501, USA; and SARAH J. COREY, 
Department of Evolution, Ecology, and Organismal Biology, The 
Ohio State University, 318 W. 12th Avenue, Columbus, Ohio 
43210, USA.

FARANCIA  ABACURA (Mud Snake). PREDATION. Few re-
cords exist regarding predators of Farancia. Palmer and Braswell 
(1995. Reptiles of North Carolina. University of North Carolina 
Press, Chapel Hill) reported that American Alligators (Alligator 
mississippiensis) and Cottonmouths (Agkistrodon piscivorus) 
consumed Farancia abacura and these appear to be their only 
documented predators. It has been suggested that birds of prey 
and wading birds predate mud snakes (Ernst and Ernst 2004. 
The Snakes of the United States and Canada. Smithsonian Press, 
Washington, D.C.) and birds have been used experimentally to 
elicit death feigning (Doody et al. 1996. Herpetol. Rev. 27:82–83). 
However, there are no records of birds preying upon Mud Snakes 
in situ.
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 On 2 March 2008 at ca. 1830 h a Barred Owl (Strix varia) was 
observed attacking a juvenile F. abacura (238 mm SVL, 6.8 g) 
on a road at Lake Martin, St. Martin Parish, Louisiana, USA 
(30.214°N, 91.898°W). The owl fl ed when approached leaving the 
snake behind. The snake was collected alive without conspicuous 
external injuries although it expressed a slow righting response and 
locomotor diffi culties. The snake died approximately one hour later. 
Ambient temperature was 20.9°C with 59% humidity. 

 Submitted by PAUL M. HAMPTON, Department of Biology, 
University of Louisiana at Lafayette, Lafayette, Louisiana, 70504, 
USA; e-mail: pmh3227@louisiana.edu.

LAMPROPELTIS TRIANGULUM (Milksnake). DIET. Although 
L. triangulum is known to prey on snakes, Arizona elegans (Glossy 
Snake) has not been previously reported as prey (Ernst and Ernst 
2003. Snakes of the United States and Canada. Smithsonian Institu-
tion Press, Washington, D.C. 668 pp; Williams 1978. Systematics 
and Natural History of the American Milksnake, Lampropeltis tri-
angulum. Milwaukee Public Mus. Publ. Biol. Geol. [2]:1–258). At 
2355 h on 1 June 2006, we encountered an adult male L. triangulum 
(622 mm SVL, 63 mm tail, 83 g) in the process of swallowing an 
adult female A. elegans (561 mm SVL, 89 mm tail, 61 g) that was 
74% of its mass at the Caprock Wildlife Area, Chaves County, 
New Mexico, USA (33.4541667°N, 103.7923611°W, WGS84). We 
monitored this interaction from discovery to complete ingestion 
which occurred at 0130 h on 2 June 2006. This is the fi rst docu-
mentation of L. triangulum preying on A. elegans. Both individuals 
were collected and deposited in the University of New Mexico 
Museum of Southwestern Biology (MSB 72600, 72601).

 Submitted by TAYLOR B. COTTEN, MICHAEL T. HILL, 
Department of Wildlife and Fisheries Sciences, Texas A&M Univ., 
2258 TAMU, College Station, Texas 77843, USA; and CHARLES 
W. PAINTER, New Mexico Department of Game and Fish, En-
dangered Species Program, 1 Wildlife Way, Santa Fe, New Mexico 
87507, USA.

LAMPROPELTIS TRIANGULUM TRIANGULUM (Eastern 
Milksnake). DICEPHALISM. A dicephalic neonate Lampropeltis 
triangulum collected 26 September 2004 by Glen Tricarico beneath 
a rock in a rock wall surrounding a backyard in Winthrop, Maine 
(44.3356°N, 69.9850°W) measured 200 mm total length (TL) and 
weighted 4.0 g. The snake shed for the fi rst time on 7 October 2004. 
Since then it has shed 35 times and currently measures 735 mm TL 
and weighs 98 g. After continued refusal of various invertebrate 
prey, it readily fed upon Scincella lateralis on 5 November 2004. 
It was weaned onto pinkie mice for its second meal and has eaten 
303 since then. Of those feedings, 200 were by the right head and 
103 by the left. Initially both heads fought over food but they have 
learned to cooperate in feeding.
 Previously published records of dicephaly in L. triangulum in-
clude Bancroft (1769. An Essay on the Natural History of Guiana, 
in South America. Becket and De Hondt, London, 214 pp.) for a 
New York specimen, W. Smith (1882. Rep. U.S. Geol. Surv. Ohio 
4:690) for a Michigan specimen, Blatchley (1906. Proc. Acad. Nat. 
Sci. Philadelphia 58:421) for an Indiana specimen, Hyde (1925. 
Natural History 25:187) for another New York specimen, and Ernst 
(1960. Trans. Kentucky Acad. Sci. 26:67) for a Pennsylvania speci-
men. This is the sixth documented case of L. triangulum although 
three unverifi ed reports exist (Cunningham 1937. Axial Bifurcation 
in Serpents. Duke Univ. Press, Durham, North Carolina. 91 pp.). 
 

 Submitted by VAN WALLACH, Museum of Comparative 
Zoology, Harvard University, Cambridge, Massachusetts 02138, 
USA; e-mail: vwallach@oeb.harvard.edu.

LEPTODEIRA ANNULATA (Banded Cat-Eyed Snake). DIET. 
Leptodeira annulata is a nocturnal, arboreal colubrid snake which 
habits primary and secondary forests (Vitt 1996. Herpetol. Nat. 
Hist. 4:69–76). The dissection of 260 L. annulata specimens 
originally collected in southeastern and midwestern Brazil and 
deposited in the Instituto Butantan (IB) collection, revealed 22 
prey items consumed by 17 snakes (three individuals consumed 
two prey each and one individual consumed three). Hylid, lepto-
dactylid, and bufonid anurans constituted 77% of these prey items. 
Other identifi ed prey include one Hemidactylus mabouia (ingested 
by a 449 mm SVL juvenile female), beetles and plant material 
(probably ingested incidentally), and two colubrid snakes. The 
colubrids were an Atractus zebrinus (318 mm SVL, 41 mm tail 
length [TL]) consumed by a female L. annulata (612 mm SVL, 
25.1 mm head length [HL]) and an Oxyrhopus guibei (195 mm 
SVL, 55 mm TL) consumed by a male L. annulata (526 mm SVL, 
19.7 mm HL). Prey were consumed head-fi rst excepted by the 
A. zebrinus, which was consumed tail fi rst. Our observations are 
consistent with previously published data suggesting that anurans 
comprise the majority of prey items consumed by this species 
(Martins and Oliveira 1999. Herpetol. Nat. Hist. 6:78–150) and 
that small lizards can be occasionally eaten as well (Amaral 1978. 
Serpentes do Brasil. Iconografi a colorida. Melhoramentos/Univ. 
São Paulo, Brazil; Vitt 1996. Herpetol. Nat. Hist. 4:69–76; Cunha 
and Nascimento 1978. Ofídios da Amazônia. Museu Paraense 
Emilio Goeldi, Brazil). However, these are the fi rst records of 
ophiophagy in this species. Atractus zebrinus is a terrestrial and 
fossorial snake, sympatric with L. annulata while O. guibei is 
a terrestrial snake which inhabits semi-deciduous forests, open, 

 FIG. 1. Adult male Lampropeltis triangulum ingesting an adult female 
Arizona elegans. Chaves County, New Mexico. Photo taken on 1 June 
2006.
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and disturbed areas. There are no records of O. guibei in the area 
where L. annulata was collected. This suggests that O. guibei may 
have been consumed opportunistically after its collection while 
transported with other snakes or even in the captivity if it was 
kept with other specimens before it was preserved. Furthermore, 
our data suggest that this arboreal snake may forage both on the 
vegetation and on the ground.

 Submitted by MAURÍCIO CANTOR and LÍGIA PIZ-
ZATTO, Universidade Estadual de Campinas, Departamento de 
Zoologia, CP 6109, 13083-970, Campinas, SP, Brazil (e-mail: 
maucantor@gmail.com).

MASTICOPHIS MENTOVARIUS (Neotropical Whipsnake). AT-
TEMPTED PREDATION AND DIET. Masticophis mentovarius 
is a large diurnal species distributed from Sonora, México to Co-
lombia (Savage 2002. The Amphibians and Reptiles of Costa Rica: 
A Herpetofauna Between Two Continents, Between Two Seas, 
University of Chicago Press, Chicago. 934 pp.). Little is known 
regarding the biology of northern populations and few predators 
or predatory attacks have been documented for the species.
 On 1 August 2005 at 2219 h we observed a large adult (ca. 
1070 SVL) Common Kingsnake (Lampropeltis getula) writhing 
on the road after being struck by a passing vehicle near Navajoa, 
Sonora. A large section of snake’s gut was exposed revealing the 
partially digested remains of a recently consumed juvenile M. 
mentovarius. 
 On 3 August 2005 at 2249 h we observed a large adult M. men-
tovarius (ca. 1700 mm SVL) crawling rapidly onto a paved road 
between Navajoa and Minas Nuevas, Sonora. Upon stopping, we 
noticed the snake being chased by a small adult American Badger 
(Taxidea taxus). The badger repeatedly bit the snake and in one 
instance shook it at mid-body. Our presence caused the badger to 
retreat into the vegetation. Upon inspection we noticed that the 
snake was injured and bleeding from several sections of its body. 
The snake contained a large food bolus, which might have hindered 
its escape. The snake voluntarily regurgitated the prey item, an 
adult Norway Rat (Rattus rattus). 
 Masticophis mentovarius has been reported as a prey of both the 
Great Black Hawk (Buteogallus urubitinga) in Guatemala (Ger-
hardt et al. 1993. Biotropica 25:349–352), and the White Tailed 
Hawk (Buteo albicaudatus) in Colombia (Smith 1942. Copeia 
2:85–88). Our observations provide novel information regarding 
the predators of this species in Sonora, Mexico. 

 Submitted by ERIC A. DUGAN (e-mail: edugan1@hotmail.
com) and ALEX FIGUEROA (e-mail: afigueroa21@gmail.
com), Department of Earth and Biological Sciences, Loma Linda 
University, Loma Linda, California 92350, USA.

MICRURUS BRASILIENSIS (Brazilian Coralsnake). DIET. On 
7 January 2005 we found what we believe to be an Apostolepis 
assimilis (500 mm SVL, 40 mm TL, 15 g) in the stomach of a 
DOR adult Micrurus brasiliensis (610 mm SVL, 40 mm TL, 32 
g) collected at Fazenda Floryl (13.95ºS 46.01ºW), near the mu-
nicipality of Correntina, Bahia. Specifi c identifi cation of the prey 
species was not possible as the head was missing. The snakes 

were deposited in the Coleção Herpetológica da Universidade de 
Brasília, Brasília, Brazil (M. brasiliensis - CHUNB 39081 and 
A. cf. assimilis - CHUNB 39079). Martins and Oliveira (1998. 
Herpetol. Nat. Hist. 6:78–150) recorded predation of Apostolepis 
sp. by Micrurus spixii in Manaus region, Central Amazon, Brazil. 
However, our observation is the fi rst record of Apostolepis in the 
diet of M. brasiliensis. 
 We thank F. Floryl/Jatobá and D. F. Silva for assistance.
 

 Submitted by ADRIANA BOCCHIGLIERI, Programa de 
Pós-graduação em Ecologia, Universidade de Brasília, 70910-
900, Brasília, DF, Brazil (e-mail: adriblue@hotmail.com); and 
MARCELO LIMA REIS, Diretoria de Conservação da Biodi-
versidade/ICMBio, 70818-900, Brasília, DF, Brazil.

MICRURUS CORALLINUS (Painted Coralsnake). DIET. Mi-
crurus corallinus is a fossorial and diurnal coralsnake that ranges 
from Rio Grande do Norte to Rio Grande do Sul states in Brazilian 
Atlantic Forest (Campbell and Lamar 2004. The Venomous Rep-
tiles of the Western Hemisphere. Cornell University Press, Ithaca, 
New York). This species feeds primarily on elongate ectothermic 
prey such as snakes, lizards, and amphisbaenians (Cunha and 
Nascimento 1978. Mus. Par. Emílio Goeldi Publ. Avuls. 31:1–218; 
Marques and Sazima 1997. Herpetol. Nat. Hist. 5:88–93). 
 On 27 May 2007 at 1230 h, I observed an adult male of M. 
corallinus (MNRJ 15119; 430 mm SVL, 31 mm tail length [TL]) 
feeding on an adult male Tantilla melanocephala (Crowned 
Snake; MNRJ 15120; 205 mm SVL, 62 mm TL) above a rock at 
Boqueirão, Pontal do Atalaia, Arraial do Cabo, Brazil (22,5899°S, 
41,9999°W, 28 m elev.). The M. corallinus was swallowing the T. 
melanocephala headfi rst before I interrupted. Marques and Sazima 
(op. cit.) reported a positive correlation between prey total length 
and predator SVL in Micrurus corallinus. Prey length ranged from 
21–93% of the snake SVL. This is the fi rst record of M. corallinus 
preying on T. melanocephala. 

 Submitted by ROBERTA R. PINTO, Departamento de Veteb-
rados, Museu Nacional, Universidade Federal do Rio de Janeiro, 
Quinta da Boa Vista, s/n, 20940-040, São Cristóvão, Rio de Janeiro, 
Rio de Janeiro, Brazil; e-mail: robertarich@gmail.com. 

NERODIA SIPEDON (Northern Watersnake). MORTALITY 
CAUSED BY MUSSEL. Interactions between freshwater mol-
lusks and aquatic vertebrates are not uncommon. Freshwater 
bivalves are prey items for many vertebrates (muskrats, fi sh, 
turtles, etc.) and many freshwater mollusks have larval stages that 
parasitize vertebrates. Freshwater mussels of the family Unionidae 
have larvae, “glochidia,” which are ectoparasites on vertebrates, 
generally fi sh species although one species parasitizes the Mud-
puppy, Necturus maculosus (Parmalee and Bogan 1998. The 
Freshwater Mussels of Tennessee. The University of Tennessee 
Press, Knoxville, Tennessee. 328 pp.). Freshwater mussels have 
evolved different methods of attracting their host to increase their 
reproductive success, the most dramatic example being species 
that produce an extension of their mantle that resembles small fi sh, 
complete with eye-spots and tails. Furthermore, brooding fresh-
water mussels will fl ap and wave these mantle displays to mimic 
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fi sh movements, all the while attracting the piscivorous fi sh that 
are the host for their larvae (Haag and Warren 1999. Freshwater 
Biol. 41:1–6). However, these species interactions rarely end in 
the death of the vertebrate.
 On 13 July 2006 we found a Nerodia sipedon that might have 
attempted to strike at a displaying rabbitsfoot mussel (Quadrula 
cylindrica) at a site in the Little River in southeast Oklahoma, 
USA. The snake’s jaw was caught in the grasp of the mussel’s 
valves (Fig. 1), and the snake was dead, likely from drowning in 
the several inches of water where they were found. Given that Q. 
cylindrica larvae parasitize small fi sh in the genus Cyprinella, and 
that they have been reported to brood larvae and display from May 
to July (Parmalee and Bogan 1998, op. cit.), we believe that the 
mussel’s display behavior was in part responsible for the snake’s 
death. Because northern N. sipedon are known to feed on small 
fi sh (Sievert and Sievert 1993. Reptiles of Oklahoma. Oklahoma 
Department of Wildlife Conservation, Oklahoma City, Oklahoma. 
104 pp.), we think it is possible that the snake was striking at a 
fi sh that was attracted to the displaying mussel. Alternatively, the 
snake could have thought that the mussel’s display itself was an 
appropriate food item, and struck at the display. Somewhat less 
likely is the possibility that the snake thought the whole mussel 
could have been its prey. When any foreign object is thrust into 
the opening of a mussel shell, the mussel almost always closes its 
valves. To our knowledge this is the fi rst report of a snake being 
killed by a mussel and the fi rst time any of us have seen anything 
like this in our 30+ years of experience of fi eld work in rivers and 
streams. 
 We thank the Oklahoma Department of Wildlife Conservation 
for fi nancial assistance.

 Submitted by DANIEL C. ALLEN (e-mail: dallen@ou.edu), 
DANE M. MORRIS, and CARYN C. VAUGHN, Oklahoma 
Biological Survey, University of Oklahoma, 111 E. Chesapeake 
Street, Norman, Oklahoma 73069, USA.

NERODIA TAXISPILOTA (Brown Watersnake). DIET. Nerodia 
taxispilota is known to feed primarily on fi sh, particularly catfi sh 

(Ictaluridae; Camp et al. 1980. J. Herpetol. 14:301–304). Herein, 
we report N. taxispilota feeding on an invasive catfi sh previously 
undocumented as a prey species.
 On 17 May 2007 at 1730 h, one of us (AT) observed an adult N. 
taxispilota (ca. 80 cm total length) on the bank of the Ichawayno-
chaway Creek at the Joseph W. Jones Ecological Research Center, 
Baker County, Georgia, USA. The snake was holding the anterior 
end of a live Pylodictis olivaris (Flathead Catfi sh, ca. 20 cm TL). 
Over the course of ca.1 h, the N. taxispilota swallowed half the 
catfi sh. Pylodictis olivaris is an introduced invasive in the Flint 
River and its tributaries, including Ichawaynochaway Creek.

 Submitted by ALEX TYSON, DAVID A. STEEN, and 
LORA L. SMITH, Joseph W. Jones Ecological Research Cen-
ter, Route 2 Box 2324, Newton, Georgia 39870, USA (e-mail: 
LexTyson@AOL.com)

PLIOCERCUS ELAPOIDES AEQUALIS (Variegated False 
Coralsnake). DIET. Pliocercus elapoides is a wide ranging and 
variable mimic of venomous coralsnakes. It inhabits rainforest and 
cloud forest slopes in México and Central America. 
 On 24 June 2007 at 0900 h we observed a male P. elapoides 
aequalis (287 mm SVL, 496 mm total length) feeding on a ca. 28 
mm SVL Gastrophryne elegans (Microhylidae; Elegant Narrow-
mouthed Toad). The observation was made on a narrow dirt path at 
the edge of tropical rainforest near Laguna Escondida, Los Tuxtlas, 
Veracruz, Mexico (18.5908ºN, 95.0882°W, 150 m elev., WGS84). 
The snake held the anterior body portion of the dead frog inside its 
mouth and spent ten minutes to swallow it completely. The event 
was photographed and the snake was measured and released. 
 It is known that P. elapoides feed on amphibians. Stuart (1948. 
Misc. Publ. Mus. Zool. Univ. Michigan 69:1–109) and Duellman 
(1963. Univ. Kansas Publ. Mus. Nat. Hist. 15:205–249), mentioned 
that in Guatemala P. elapoides diet consists of salamanders of the 
genus Bolitoglossa. Also, Seib (1985. Unpubl. Ph.D. dissertation, 
Univ. California, Berkeley. 229 pp.) reported Bolitoglossa and 
Eleutherodactylus parts and terrestrial amphibian eggs in Chiapas 
(southern México) and adjacent Guatemala as stomach contents. 
This is the fi rst record of Gastrophryne elegans in the diet of this 
species. 

 Submitted by ELISA CABRERA-GUZMÁN, MARCO 
ANTONIO MÁRQUEZ, and VÍCTOR HUGO REYNOSO, 

Colección Nacional de Anfi bios y Reptiles, Instituto de Biología, 
Departamento de Zoología, Universidad Nacional Autónoma de 
México, Circuito exterior, Ciudad Universitaria, México D.F., C.P. 
04510 (e-mail: anfi sbenido@yahoo.com).

SIPHLOPHIS COMPRESSUS (Red-eyed Liana Snake). 
CANNIBALISM. Siphlophis compressus is a rare, primarily 
nocturnal and often arboreal forest colubrid occurring from Costa 
Rica south to Brazil, including Trinidad (Martins and Oliveira 
1999. Herpetol. Nat. Hist. 6:78–150; Boos 2001. Snakes of 
Trinidad and Tobago. Texas A&M University Press, College 
Station, Texas; Solórzano 2005. Snakes of Costa Rica. Instituto 
Nacional de Biodiversidad, Costa Rica). Data on the diet of S. 
compressus indicate that the species is primarily a lizard specialist 

 FIG. 1. Nerodia sipedon caught in grasp of a Rabbitsfoot Mussel, Qua-
drula cylindrica.
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(Cunha and Nascimento 1993. Boletim do Museu Paraense Emilio 
Goeldi 9:1–191; Martins and Oliveira, op. cit.), and there have 
been no previous reports of S. compressus consuming snakes of 
any species. In this note, we report the fi rst case of S. compressus 
preying upon another snake, and the fi rst case of cannibalism for 
this species. 
 On 30 January 2007 at ca. 1000 h, on the Soconusco Estate, 
Santa Cruz, Trinidad and Tobago (10.716°N, 61.483°W), we 
observed two S. compressus among leaf litter in a forested area 
dominated by Balisier (Heliconia bihai). One snake (ca. 1 m total 
length) was in the last stages of ingesting another, similarly sized 
conspecifi c. A dead, apparently regurgitated Anolis sp. (ca. 15–20 
cm total length) was ca. 1.5 m from the two S. compressus.
 Although the initial interaction between the snakes was not 
observed, it is likely that this observation was a case of accidental 
cannibalism. Anolis are a common prey item for S. compressus 
(Cunha and Nascimento, op. cit; Martins and Oliveira, op. cit.) 
and it may be that one S. compressus encountered the other while 
in the process of ingesting the lizard, eventually resulting in 
accidental cannibalism.
 We thank H. W. Greene for assistance. 

 Submitted by JAHSON B. ALEMU I., 827 East 2nd Street 
Crescent, Edinburgh 500, Chaguanas, Trinidad and Tobago 
(e-mail: jahsonb@gmail.com); and JODI J. L. ROWLEY, 
Conservation International Indo-Burma, PO Box 1356, Phnom 
Penh, Cambodia (e-mail: jodi.rowley@gmail.com).

SISTRURUS MILIARIUS BARBOURI (Dusky Pigmy Rattle-
snake). DIET. Sistrurus miliarius has been recorded feeding on 
frogs, lizards, snakes, small mammals and birds, insects, spiders, 
and centipedes (Campbell and Lamar 2004. The Venomous Rep-
tiles of the Western Hemisphere. Comstock Publishing Associates, 
Ithaca and London, 898 pp.; Ernst and Ernst 2003. Snakes of 
the United States and Canada. Smithsonian Books, Washington, 
668 pp.). Only the Western Pigmy Rattlesnake (S.  m. streckeri) 
is known to feed on shrews (Blarina brevicauda) (Jacob 1981. 
Report for the Tennessee Wildlife Resources Agency (project #E-
1-2).  Herein, we document S. m. barbouri consuming Short-tailed 
Shrews (Blarina carolinensis). 
 Two Sistrurus m. barbouri (UF 146057, 23.0 cm snout–vent 
length [SVL], 3.1 cm tail length [TL]; UF 146951, 49 cm SVL, 
7.5 cm TL) were collected DOR on 27 October 1985 and 4 March 
1987, respectively, on Long Pine Key, Research Road, 0.5 km E 
of the Daniel Beard Research Center in Everglades National Park 
(25.3893°N, 80.6742°W, datum: WGS84; elev. < 1 m).  Both of 
these snakes had a single B. carolinensis in their stomach, augment-
ing diet data for this native species in Florida. 

 Submitted by SCOTT L. TRAVERS, KENNETH L. KRYS-
KO, SARAH J. ALLRED, and LUIS R. TIRADO, Florida 
Museum of Natural History, Division of Herpetology, University 
of Florida, Gainesville, Florida 32611, USA.

SISTRURUS MILIARIUS MILIARIUS (Carolina Pigmy Rattle-
snake) MORPHOLOGY. On 28 August 2005 at 1839 h I found 
a newborn Sistrurus miliarus miliarius (127 mm SVL, 152 mm 
total length, 4 g) crossing an asphalt road in Chesterfi eld County, 

South Carolina. The snake’s head appeared short and the eyes 
appeared to be incompletely developed and bulged out laterally. 
Some features appeared normal; the pit and naris were present. 
Although a superfi cial examination suggested that this might be a 
case of brevicephaly (shortening of the skull), this was merely an 
illusion created by a head that is disproportionately wide across 
the eyes. The specimen’s head measured 12.1 mm from the snout 
to the posterior margin of the jaws. Head length of the specimen 
is 8.2% of the total body length, which is not remarkably different 
from six other juvenile specimens that I measured (mean = 8.3%). 
The width of the head, across the eyes, measured 11.3 mm. On the 
other juveniles I measured, a line transecting the venom glands 
represented the widest part of the head and the average width 
across the eyes was 86% of the width across the venom glands. In 
the present case, the width of the head across the eyes was 136% 
of the width across the venom glands. Furthermore, head width 
(across the eyes) on the typical juveniles averaged 52.8% of head 
length. On this specimen, the width of the head across the eyes 
is 93.4% of the head length. The snake is deposited in the North 
Carolina Museum of Natural Sciences (NSM 68554).

 Submitted by KEVIN MESSENGER, 2715 Vanderbilt Ave, 
Raleigh, North Carolina 27607, USA.

STILOSOMA EXTENUATUM (Short-tailed Snake). DIET 
AND PREDATION. Stilosoma extenuatum is known to feed on 
small, smooth-scaled colubrid snakes and rarely on lizards, both 
in the wild and in captivity (Rossi and Rossi 1993. Herpetol. Rev. 
24:100–101, and literature cited therein]. On 14 March 2007, a 
partially eaten (tail and posterior to gall bladder), adult S. extenu-
atum was found in the garage at 4085 Ramona Drive, Spring Hill, 
Florida. The snake appeared to have been killed by a dachshund. 
Gut contents of the snake contained a partially digested, adult 
Ramphotyplops braminus (Brahminy Blind Snake), the fi rst record 
of this introduced typhlopid in the diet of S. extenuatum and a new 
county record for R. braminus. Both specimens were deposited in 
the National Museum of Natural History under the same catalog 
number (NMNH 563619). 

 FIG. 1. Juvenile Sisturus miliarus miliarius with abnormal head mor-
phology. 
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 Submitted by J. STEVE GODLEY, SHANNON M. GON-
ZALEZ, and MARY C. GONZALEZ, Biological Research 
Associates, 3905 Crescent Park Drive, Riverview, Florida 33578, 
USA.  

TANTILLA GRACILIS (Flathead Snake). COURTSHIP. Tantilla 
gracilis is a small, semi-fossorial, saxicolous snake that occurs in 
Arkansas, Kansas, Louisiana, Missouri, Oklahoma, Texas, and 
southwestern Illinois (Trauth et al. 2004. The Amphibians and 
Reptiles of Arkansas. University of Arkansas Press, Fayetteville). 
In Louisiana and Texas, most individuals are collected from be-
neath rocks in spring or early summer, with gravid females found 
in June and July and oviposition (clutch size of 2–3 eggs) occurring 
in these months (Dundee and Rossman 1989. The Amphibians and 
Reptiles of Louisiana. Louisiana State University Press, Baton 
Rouge; Cobb 1990. Southwest. Nat. 35:222–224). Relatively little 
is known about courtship in this species or when it occurs.
 On 15 March 2008 at 1530 h CST, we captured an adult male 
(157 mm total length) and female (226 mm total length) together 
beneath a large sandstone rock (50 x 25 x 6 cm) in the Kisatchie 
Ranger District of Kisatchie National Forest, Natchitoches Parish, 
Louisiana (31.476611°N, 93.076361°W, 34 m elev., WGS84). 
The male was lying in a loose coil on top of the female with the 
posterior third of his body partially intertwined with hers. The 
vegetation of this habitat is dominated by Longleaf Pine and the 
area is actively managed for Red-cockaded Woodpeckers and 
had been recently burned (within a week of our observation). The 
terrain had a moderate slope, the ground was covered by a loose 
assortment of sandstone rocks, and there were a series of streams 
and springs that occurred at irregular intervals. Our observation is 
the fi rst report of courtship behavior for this species and indicates 
that mating occurs as early as March in the southern portion of its 
range. 

 Submitted by VICTOR R. TOWNSEND, JR., Department 
of Biology, Virginia Wesleyan College, 1584 Wesleyan Drive, 
Norfolk, Virginia 23502, USA (e-mail: vtownsend@vwc.edu);  
JONATHAN A. AKIN, Department of Biological Sciences, 
Northwestern State University of Louisiana, Natchitoches, Loui-
siana 71497, USA; and DANIEL N. PROUD, Department of 
Biology, University of Louisiana at Lafayette, Lafayette, Louisiana 
70504-2451, USA.

THAMNOPHIS SIRTALIS FITCHI (Valley Gartersnake). 
HABITAT AND BEHAVIOR. Thamnophis sirtalis is the most 
widely distributed snake in North America and is typically found 
near both lentic and lotic waters in meadows, farms, and damp 
woodlands up to 1800 m (Behler and King 1991. The Audubon 
Society Field Guide to North American Reptiles and Amphibians. 
Alfred A. Knopf, New York. 743 pp.). Here we describe Thamno-
phis sirtalis fi tchi using the nest of Neotoma fuscipes annectens 
as a shelter.
 On 27 September 2007, we disassembled four N. f. annectens 
nests in a willow (Salix) riparian woodland along the banks of 
Uvas-Carnadero Creek, Santa Clara County, California (36.9167°N, 
121.5333°W, NAD27). From a nest built around a willow tree, we 
removed one adult T. s. fi tchi and four juveniles from the lower 

level of the nest containing decomposing vegetation and relocated 
them to a leaf litter layer near the creek. Woodrat nests are probably 
attractive shelters and retreats for reptiles. Whereas larger snake 
species (e.g., Crotalus and Pituophis), might prey upon woodrats 
or their young while using the burrows, this is unlikely to be true 
of T. sirtalis. In this case, use of the burrows represents a com-
mensal relationship in that the gartersnakes benefi t from the use 
of the woodrat burrows, but the woodrats are largely unaffected 
by the interaction. 
 We thank N. R. Sisk, D. P. Newman, and S. I. Hagen for assis-
tance. Permits and support provided by the California Department 
of Fish and Game, and the Santa Clara County Water District 
provided additional support.

 Submitted by HOWARD O. CLARK, JR., H. T. Harvey and As-
sociates, Fresno, California, USA (e-mail: hclark@harveyecology.
com); and JENNIFER R. GWOREK, H. T. Harvey and Associ-
ates, Los Gatos, California, USA.

TROPIDOPHIS WRIGHTI (NCN). NEONATES. On 11 April 
2001 an adult female Tropidophis wrighti (385 mm SVL, 50 mm 
tail length [TL], 17 g) was found in submontane rainforest in 
Altiplanicie El Toldo, Moa municipality, Holguín province, Cuba 
(20.45°N, 74.90°W). The female was held in captivity, provided 
water ad libitum, and was fed Anolis sagrei, Eleutherodactylus spp. 
and small Bufo peltocephalus. The snake shed on 21 May and 6 
August 2001. On 27 August 2001, the female gave birth to three 
neonates: two live (124 mm SVL, 22 mm TL and 127 mm SVL, 
21 mm TL) and one dead (136 mm SVL, 21 mm TL). I could not 
determine if the dead neonate had died before or after parturition. 
Two additional yolk masses (10 x 6 mm and 9 x 6 mm) found on 8 
September 2001 indicated that two additional ova failed to develop. 
The female’s mass after parturition was 15.5 g. On 29 September 
2001, another female (ca. 40 mm total length) maintained in captiv-
ity and of unknown origin, gave birth to fi ve neonates. 
 Our observations of litter size in T. wrighti fall within the range 
reported for other species of this genus (Schwartz and Henderson 
1991. Amphibians and Reptiles of the West Indies: Descriptions, 
Distributions and Natural History. Univ. Florida Press, Gainesville; 
Powell et al. 1992. Bull. Chicago Herpetol. Soc. 27:116–117; Fong 
2005. Herpetol. Rev. 36:118–119) and neonatal sizes reported here 
are similar to the only other record (Fernandez and Alonso 2005. 
Herpetol. Rev. 36:330). 
 I thank Luis M. Diaz and Josefi na Blanco for assistance.

 Submitted by ANSEL FONG G., Centro Oriental de Eco-
sistemas y Biodiversidad (BIOECO), Museo de Historia Natural 
“Tomás Romay,” Enramadas #601, Santiago de Cuba 90100, Cuba; 
e-mail: ansel@bioeco.ciges.inf.cu.

VIRGINIA STRIATULA (Rough Earth Snake). AGGREGA-
TION AND URBAN HABITAT. Snakes form aggregations in 
social and non-social contexts, such as courtship (e.g., Luiselli 
1996. J. Zool. 239:731–740; Shine et al. 2005. Anim. Behav. 
69:1251–1258), thermoregulation (Graves and Duvall 1987. Her-
petologica 43:259–264), hibernation (Cobb et al. 2005. Southeast. 
Nat. 4:723–730), and refuge use (Gregory 2004. Herpetologica 
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60:178–186). Individuals of at least one species (Crotalus hor-
ridus) preferentially aggregate with siblings, indicating that some 
species may engage in complex social behavior by forming family 
groups (Clark 2004. Proc. Royal Soc. Biol. Sci. Ser. B 271 (Suppl. 
4):S243–S245). Natricine snakes, including Virginia striatula, fre-
quently exhibit complex sociality during the reproductive season. 
Several males may simultaneously court a single female, forming a 
“ball” of mating snakes (Ernst and Ernst 2003. Snakes of the United 
States and Canada. Smithsonian Inst. Press, Washington, DC. 668 
pp.). The natural habitat of V. striatula is typically under logs and 
loose bark in forests and fi elds; however, individuals may occur 
in abundance in areas disturbed by humans, such as in the plant 
litter of fl ower gardens adjacent to houses (Dundee and Rossman 
1989. The Amphibians and Reptiles of Louisiana. Louisiana St. 
Univ. Press, Baton Rouge. 295 pp.). Mating occurs in March and 
April in southern regions of its range as individuals emerge from 
hibernation (Dundee and Rossman, op. cit.).
 On 11 March 2006, we observed six individual Virginia striatula 
in close spatial proximity in a highly urbanized landscape in a 
subdivision of Lafayette, Louisiana (30.2091oN, 92.0755oW). At 
1900 h, we observed these and one other individual within a 2.5 
x 3 m2 area in close-cropped Bermuda grass between a sidewalk 
and a townhouse. The largest individual was a female (230 mm 
SVL, 33 tail length, 7.6 g), whereas all others were males (177–218 
mm SVL, 25–44 mm tail length, 2.8–4.6 g). The subdivision was 
a series of town houses around which yards and public areas were 
maintained in short grass and manicured sidewalks. The location 
in which the snakes were found was across the sidewalk to a small 
yard maintained as a fl ower garden watered frequently by the 
owner. We assumed that these snakes use the garden as a refugium 
during dry conditions. The snakes were active on the surface during 
dry weather and appeared to be scent trailing. 
 We interpret the sex ratio of one female to fi ve males, their close 
proximity, and apparent scent trailing behavior as a mating aggrega-
tion. The date of observation is the earliest known for reproductive 
behavior in Louisiana (Dundee and Rossman, op. cit.). This report 
documents that V. striatula populations can occupy small, highly 
urbanized areas if moist gardens and other landscaped areas are 
maintained nearby. This observation has implications for manage-
ment and restoration of this small colubrid in urban habitats.

 Submitted by JOSEPH C. MITCHELL (e-mail: dr.joe.
mitchell@gmail.com) and SUSAN C. WALLS, Mitchell Eco-
logical Research Service LLC, P.O. Box 5638, Gainesville, 
Florida 32627-5638, USA (e-mail: dr.susan.walls@gmail.com); 
and JAMES W. BECK, 100 Aurelien Loop #101, Broussard, 
Louisiana 70518, USA (e-mail: agkistrodon@worldnet.att.net). 

VIRGINIA VALERIAE (Smooth Earth Snake). THREAT 
DISPLAY. Virginia valeriae is a wide-ranging and diminutive 
natricine snake found in the southeastern United States (maximum 
reported total length: 393 mm). Many colubrid snakes, especially 
natricines, will gape, vibrate the tail, and eventually strike to ward 
off predators if unable to fl ee. However, it is less common to see 
such threat displays among small-bodied semi-fossorial or “leaf-
litter” snakes, possibly because such behaviors are non-threatening 
and ineffectual deterrents due to the small size and lack of serious 
consequence to predators that results from encounters with such 

undersized snakes. Nevertheless, one small-bodied natricine, 
Storeria occipitomaculata, is known to exhibit an unusual threat 
display known as “lip-curling” when molested, whereby the lips 
are curled back and the teeth are revealed (Amaral 1999. J. Zool. 
(London) 248:289–293). A similar “lip-curling” display has also 
been described for one female V. valeriae observed in Ohio (Conant 
1951. Reptiles of Ohio. Notre Dame Press). On 22 April 2007, I 
observed a threat display in a male V. valeriae (111 mm SVL) while 
photographing the animal in situ in an open canopy pine forest in 
the early morning in Barnwell County, South Carolina. The snake 
faced me and repeatedly gaped, open-mouthed, in a strike position 
when approached closely with the camera. During the approximate 
two minutes of repeated display, the snake accompanied its gap-
ing on two occasions with lively tail vibrations that lasted 3–5 
seconds. At no time did the snake strike. To my knowledge, this 
is the fi rst report of a threat display involving tail-vibrations and 
gaping in any species of Virginia, a seldom reported or apparently 
rare behavior among small-bodied snakes. It is unclear whether 
this threat display is distributed more widely among species than 
previously assumed, is a product of phylogenetic conservatism and 
the natricine heritage of V. valeriae, or was an atypical occurrence 
resulting from a highly agitated individual. 

 Submitted by BRIAN D. TODD, University of Georgia, Savan-
nah River Ecology Laboratory, Drawer E, Aiken, South Carolina 
29802, USA; e-mail: btodd@uga.edu.

WAGLEROPHIS MERREMI (False Yarara) DIET. Waglerophis 
merremi is a medium-sized colubrid that occurs in a variety of 
habitats in Argentina, Paraguay, Bolivia, Brazil, and Guayanas 
(Campbell and Lamar 1989. The Venenous Reptiles of the Latin 
America. Cornell Univ. Press, Ithaca, New York; Peters and Orejas 
Miranda 1970. Catalogue of Neotropical Squamata. Part. I. Snakes. 
Bull. U.S. Natl. Mus. 297). The majority of prey consumed by this 
snake are amphibians. 
 In Novembrer 2006 we captured and euthanized six specimens 
from Pago Largo (29.97ºS, 58.28ºW), Curuzú Cuatiá, Corrientes, 
Argentina. Dissection of the stomach and intestine showed remains 
of Rhinella (= Chaunus) schneideri (Rococo Toad) and also ribs 
and scales of characid fi shes in one snake. The snakes and their 
prey were deposited in the Laboratorio de Herpetológica of the 
Universidad Nacional del Nordeste Argentina (UNNEC 09413, 
09432–435, 09411). To our knowledge, this is the fi rst published 
record of fi sh in the diet of W. merremi.

 Submit ted  by  ADRIANA AROZTEGUI (e-mai l : 
adrianam2003@hotmail.com), BEATRIZ ÁLVAREZ (e-mail: 
balvarez@exa.unne.edu.ar), and JORGE CÉSPEDEZ (e-mail: 
cespedez2003@yahoo.com.ar), Laboratorio de Herpetología, 
Anatomía Comparada de los Cordados, Departamento de Biología. 
Facultad de Ciencias Exactas y Naturales y Agrimensura, Univer-
sidad Nacional del Nordeste, Campus Universitario, Corrientes. 
Cp 3400, Av. Libertad 5740, Argentina.
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GEOGRAPHIC DISTRIBUTION
 Instructions for contributors to Geographic Distribution appear 
in Volume 39, Number 1 (March 2008, p. 102). Please note that the 
responsibility for checking literature for previously documented range 
extensions lies with authors. Do not submit range extension reports 
unless a thorough literature review has been completed.

CAUDATA – SALAMANDERS

AMBYSTOMA LATERALE (Blue-spotted Salamander). USA: 
WISCONSIN: RICHLAND CO.: Lone Rock Unit – Lower Wisconsin 
State Riverway (43.1815333ºN, 90.2118833ºW). 24 June 2008. 
Tim Muehlfeld and Mathew Muehlfeld. Photographs verifi ed by 
Robert Hay (Wisconsin Department of Natural Resources-Bureau 
of Endangered Resources) and Gary Casper (Great Lakes Ecologi-
cal Services). Illinois Natural History Survey catalogue number: 
INHS 2008.e. New county record. Extends range of species in Wis-
consin (Casper 1996. Geographic Distributions of the Amphibians 
and Reptiles of Wisconsin. Milwaukee Public Museum, 87 pp.). 
One individual captured by hand under abandoned railroad tie.
 Submitted by TIM MUEHLFELD, We Energies, 333 W. 
Everett St., Milwaukee, Wisconsin 53203, USA; MATTHEW 
MUEHLFELD, 4116 Knollcrest Circle N., Martinez, Georgia 
30907, USA; JOSHUA M. KAPFER, Natural Resources Consult-
ing, Inc., 209 Commerce Parkway, PO Box 128, Cottage Grove, 
Wisconsin 53527, USA.

AMBYSTOMA MACULATUM (Spotted Salamander). USA: 
TEXAS: HOUSTON CO.: 1.4 rd km SE Jct TX 21 on FR 511, Davy 
Crockett National Forest compartment 19 (31.55835863ºN, 
95.16437ºW). 13 February 2007. Terry L. Hibbitts. Verifi ed by 
James R. Dixon. Texas Cooperative Wildlife Collections, TCWC 
91796. New county record and fi rst record east of the Neches River 
in Texas. The specimen collected is a partial egg mass. Two egg 
masses were observed. (Dixon 2000. Amphibians and Reptiles of 
Texas. Second Ed. Univ. of Texas A&M Press, viii + 421 pp.).
 Submitted by TOBY J. HIBBITTS, Texas Cooperative Wildlife 
Collections, Department of Wildlife and Fisheries Sciences, Texas 
A&M University, 2258 Tamu, College Station, Texas 77843-2258, 
USA (e-mail: thibbitts@tamu.edu); TERRY L. HIBBITTS, 484 
CR 396, Camp Wood, Texas 78833, USA; DANIEL SAENZ, 
CORY ADAMS, and JOSH PIERCE Wildlife Habitat and Sil-
viculture Laboratory, Southern Research Station, USDA Forest 
Service, Nacogdoches, Texas 75965, USA.

AMBYSTOMA TALPOIDEUM (Mole Salamander). USA: 
TENNESSEE: CARROLL CO.: Milan Army Ammunition Plant 
(35.9081°N, 88.6947°W). 22 June 2008. Eric Johansen. Verifi ed 
by A. Floyd Scott. David H. Snyder Museum of Zoology, Austin 
Peay State University (APSU 18846). Three larvae taken in 
fi shless pond at 0830 h. New county record (Redmond and Scott. 
1996. Atlas of Amphibians in Tennessee. Misc. Publ. 12:1–
94;The Center for Field Biology, Austin Peay State University, 
Clarksville, Tennessee. 94 pp. Hard copy and Internet [http://
www.apsu.edu/amatlas/] versions, the latter accessed 02 June 
2008).

 Submitted by ERIC PAUL JOHANSEN, Department of 
Biology and Center of Excellence for Field Biology, Austin Peay 
State University, Clarksville, Tennessee 37044, USA; e-mail: 
ejohansen14@apsu.edu.

EURYCEA CHAMBERLAINI (Chamberlain’s Dwarf Salaman-
der). USA: ALABAMA: BULLOCK CO.: Collected crossing Bull-
ock County Rd. 35 (32.121311°N, 85.566736°W; WGS 84). 29 
December 2007. S. Graham and S. Hoss. Verifi ed by Craig Guyer. 
AUM 37614. CLARKE CO.: Fred T. Stimpson Nature Sanctuary. In 
sphagnum seep draining into bay swamp tributary of Salt Creek 
(31.607766°N, 87.9637951°W; WGS 84). 1 February 2008. G. 
Sorrell and C. Raimond. Verifi ed by Craig Guyer. AUM 37648–
37649. CONECUH CO.: Collected crossing Conecuh County Rd. 106 
1.9 km E of Conecuh County Rd. 29 intersection (31.707097°N, 
96.925850°W; WGS 84). 20 December 2007. S. Hoss. Verifi ed 
by Craig Guyer. AUM 37600. LEE CO.: Keisel Park (Lee County 
Rd. 51). Across nature trail from small pond (32.585351°N, 
85.544435°W; WGS 84). 23 September 2008. A. Dunn. Verifi ed 
by Craig Guyer. AUM 37825. LOWNDES CO.: Collected crossing 
Lowndes County Rd. 40 (32.331481°N, 86.652537°W; WGS 84). 
18 November 2007. S. Graham and K. Gray. Verifi ed by Craig 
Guyer. AUM 37591–37594. MACON CO.: Tuskegee National Forest. 
Collected along edge of pond near intersection of Forest Service 
Rd. 906 and 900 (32.485284°N, 85.607894°W; WGS 84). 06 Feb-
ruary 2002. R. Birkhead. Verifi ed by Craig Guyer. AUM 35594. 
These represent the fi rst state records of Eurycea chamberlaini 
in Alabama. Their presence in these counties suggests a fairly 
widespread distribution in Alabama from the Fall Line Sandhills to 
the Red Hills physiographic regions and a contiguous distribution 
from nearby populations in Georgia (Means 2008. In J. Jensen et al. 
[eds.], Amphibians and Reptiles of Georgia. University of Georgia 
Press, Athens and London. 595 pp.). Older range maps (Mount 
1975. Amphibians and Reptiles of Alabama. Auburn University 
Agricultural Experiment Station, Auburn, Alabama. 347 pp.) il-
lustrate a similar range for E. quadridigitata and were no doubt 
based on collections of both E. quadridigitata and E. chamberlaini. 
However, after our recent, extensive explorations of the Alabama 
Coastal Plain, we have only found Eurycea quadridigitata (sensu 
stricto) in extreme southeasternmost Alabama (Houston County). 
We have also found other forms of the E. quadridigitata complex 
(of uncertain taxonomic assignment) in Covington, Escambia, 
and Baldwin counties; identity of this form awaits detailed phy-
logenetic and systematic analyses which are currently underway 
(Means 2008, op. cit. ).
 GGS thanks J. Grand, A. Silvano, F. Pringle, and C. Nettles for 
logistical support. SPG thanks A. Dunn for collecting salamanders 
for this note and C. Guyer for verifying these records. These 
collection trips were supported in part by an ALDCNR SWG to 
J. Grand, and by NIH grant R01-A149724 to T. Unnasch, under 
ALDCNR Permit 4268.
 Submitted by SEAN P. GRAHAM, GEOFFREY G. SOR-
RELL, ROGER D. BIRKHEAD, SHANNON K. HOSS, 
Department of Biological Sciences, Auburn University, 331 
Funchess Hall, Auburn University, Alabama 36849, USA (e-mail: 
grahasp@auburn.edu); and COREY RAIMOND (e-mail: corey.
raimond@gmail.com).
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GYRINOPHILUS PORPHYRITICUS (Spring Salamander). 
USA: GEORGIA: MERIWETHER CO.: F. D. Roosevelt State Park. 
Captured in seepage at the headwaters of Sparks Creek along the 
Pine Mountain Trail (32.861189°N, 84.727916°W; WGS 84). 21 
November 2007. S. Graham. Verifi ed by Craig Guyer. AHAP-D 
90. New county record.
 Submitted by SEAN P. GRAHAM, Auburn University Depart-
ment of Biological Sciences, 331 Funchess Hall, Auburn Univer-
sity, Alabama 36849 USA; e-mail: grahasp@auburn.edu.

NECTURUS MACULOSUS (Mudpuppy) USA: INDIANA: 
PARKE CO.: 39.89840ºN, 87.23302ºW. 18 September 2001. John O. 
Whitaker, Jr, and Vertebrate Zoology Class. ISUVC 4036. Verifi ed 
by Dale W. Sparks. New county record (Minton 2001. Amphibians 
and Reptiles of Indiana. Second Ed. Indiana Acad. Sci. 404 pp.)
 Submitted by B. JAGGER FOSTER, Indiana State University, 
Biology Department, 600 North 6th St. Terre Haute, Indiana 47809-
1905, USA.

NECTURUS MACULOSUS (Mudpuppy). USA: MINNESOTA: 
DODGE CO.: Salem Creek upstream from County Road 13 cross-
ing (92.7367630°W, 43.9624329°N; NAD 83). 29 May 2008. 
Philip A. Cochran and Jacob D. Zanon. James Ford Bell Museum 
(JFBM P-266). Verifi ed by Kenneth H. Kozak. Single specimen 
captured by electrofi shing in area of fractured slab bedrock; no 
other specimens were observed during three previous samples at 
this location and two other sites on Salem Creek during 2008. First 
county record (Oldfi eld and Moriarty 1994. Amphibians & Reptiles 
Native to Minnesota. University of Minnesota Press, Minneapolis, 
Minnesota. 237 pp.). 
 Submitted by PHILIP A. COCHRAN (e-mail: pcochran@smumn.
edu) and JACOB ZANON, Biology Department, Saint Mary’s 
University of Minnesota, 700 Terrace Heights, Winona, Minnesota 
55987, USA (e-mail: jdzano05@smumn.edu).

NOTOPHTHALMUS VIRIDESCENS (Eastern Newt). USA: 
TENNESSEE: CARROLL CO.: Milan Army Ammunition Plant 
(35.8403°N, 88.6761°W). 09 November 2007. Eric Johansen 
and Nathan Parker. Verifi ed by A. Floyd Scott. David H. Snyder 
Museum of Zoology, Austin Peay State University (APSU 18819). 
One gilled female adult taken in fi shless pond at 1120 h. New 
county record (Redmond and Scott 1996. Atlas of Amphibians 
in Tennessee. Misc. Publ. No. 12, The Center for Field Biology, 
Austin Peay State University, Clarksville, Tennessee. 94 pp. Hard 
copy and Internet [http://www.apsu.edu/amatlas/] versions, the 
latter accessed 2 June 2008).
 Submit ted by ERIC PAUL JOHANSEN  (e-mail : 
ejohansen14@apsu.edu) and NATHAN LEIGH PARKER, 
Department of Biology and Center of Excellence for Field Biol-
ogy, Austin Peay State University, Clarksville, Tennessee 37044, 
USA.

PSEUDOTRITON MONTANUS (Mud Salamander). USA. TEN-
NESSEE: HAWKINS CO.: Near Stone Mountain School (36.43603°N, 
83.11426°W). 28 April 2007. Justin Crisp and John E. Copeland. 
Verifi ed by A. Floyd Scott. David H. Snyder Museum of Zoology, 
Austin Peay State University (APSU 18598). One specimen caught 
within leaf litter of ephemeral stream. First record for Hawkins 

County. (Redmond and Scott 1996. Atlas of Amphibians in Ten-
nessee. Misc. Publ. 12:1–94;The Center for Field Biology, Austin 
Peay State University, Clarksville, Tennessee. 94 pp. Hard copy 
and Internet [http://www.apsu.edu/amatlas/] versions).
 Submitted by JOHN E. COPELAND (e-mail: john.
copeland@lmunet.edu) and JUSTIN CRISP, Department of 
Mathematics and Natural Sciences, Lincoln Memorial University, 
Harrogate, Tennessee 37752, USA.

SIREN INTERMEDIA (Lesser Siren). USA: TEXAS: SAN AU-
GUSTINE CO.: 2.3 air km S and 4.7 air km W Jct TX 103 and TX 
147, Angelina National Forest compartment 13 (31.37253226ºN, 
94.24970428ºW). 29 June 2007. Toby J. Hibbitts. Verifi ed by 
James R. Dixon. Texas Cooperative Wildlife Collections, TCWC 
92440. USA: TEXAS: TRINITY CO.: 0.5 air km N and 2.3 air 
km W Jct FM 2262 and FM 357 south, Davy Crockett National 
Forest compartment 114 (31.14958055˚N, 94.90181944˚W). 20 
April 2007. David Laurencio. Verifi ed by James R. Dixon. Texas 
Cooperative Wildlife Collections, TCWC 91992–93. New county 
records (Dixon 2000. Amphibians and Reptiles of Texas. Second 
Ed. Univ. of Texas A&M Press, viii + 421 pp.).
 Submitted by TOBY J. HIBBITTS (e-mail: thibbitts@tamu.
edu) and DAVID LAURENCIO, Texas Cooperative Wildlife 
Collections, Department of Wildlife and Fisheries Sciences, Texas 
A&M University, 2258 Tamu, College Station, Texas 77843-2258, 
USA; DANIEL SAENZ, CORY ADAMS, and JOSH PIERCE 
Wildlife Habitat and Silviculture Laboratory, Southern Research 
Station, USDA Forest Service, Nacogdoches, Texas 75965, 
USA.

ANURA – FROGS

ACRIS CREPITANS (Northern Cricket Frog). USA: MINNE-
SOTA: WINONA CO.: Prairie Island Park at spillway of Mississippi 
River 5A dam (44.0789909°N, 91.6828156°W; NAD 83). 26 Au-
gust 2008. Philip A. Cochran. James Ford Bell Museum (JFBM 
P-292-293). Verifi ed by Kenneth H. Kozak. Multiple specimens 
observed along shoreline both upstream (Pool 5A) and downstream 
(Pool 6) of spillway. I fi rst observed this species here on 18 Sep-
tember 2006, and I have heard calling males along a backwater 
channel across Straight Slough from this spot. Another population 
was located 2.4 km away (JFBM P-294-295). The recovery of a 
Cottonmouth (Agkistrodon picivorus) in this vicinity from a barge 
originally loaded in Louisiana (Cochran 2008. Northeast. Nat. 
15:461–464) suggests the possibility that Acris crepitans might 
also have been transported north. Recent summaries of geographic 
distribution do not include Winona Co. (Gray et al. 2005. In M. 
J. Lannoo [ed.], Amphibian Declines: The Conservation Status 
of United States Species, pp. 441–443. Univ. California Press, 
Berkeley). Although some natural resource agency personnel are 
aware of Northern Cricket Frogs in the Winona area and their 
occurrence was mentioned in a newspaper article (Dankert 2006. 
Winona Daily News, Nov. 9, p. 1A), it is not clear that the species 
has been formally documented or that its geographic extent within 
the county has been assessed.
 Submitted by PHILIP A. COCHRAN, Biology Department, 
Saint Mary’s University of Minnesota, 700 Terrace Heights, Wi-
nona, Minnesota 55987, USA; e-mail: pcochran@smumn.edu.
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ANAXYRUS FOWLERI (Fowler’s Toad). USA: TENNESSEE: 
CAMPBELL CO.: Norris Dam State Park (36.24461°N, 84.12098°W). 
15 May 2006. John E. Copeland. Verifi ed by A. Floyd Scott. Da-
vid H. Snyder Museum of Zoology, Austin Peay State University 
(APSU 18596). One specimen caught on Rock Creek Trail. First 
record for Campbell County. (Redmond and Scott 1996. Atlas 
of Amphibians in Tennessee. Misc. Publ. No. 12. The Center for 
Field Biology, Austin Peay State University, Clarksville, Tennes-
see. 94 pp.).
 Submitted by JOHN E. COPELAND Department of Mathemat-
ics and Natural Sciences, Lincoln Memorial University, Harrogate, 
Tennessee 37752, USA; e-mail: john.copeland@lmunet.edu.

DUTTAPHRYNUS MELANOSTICTUS (Common Asian Toad). 
BRUNEI DARUSSALAM: BRUNEI MUARA DISTRICT: 
Bandar Seri Begawan, Jalan Muara (04.95ºN, 14.9666667ºE); 
16 December 2006. J. K. Charles and I. Das. From grassy edge 
of ditch in an urbanized area. Brunei Museum (BM 2006.23). 
First report for Brunei Darussalam (Das 2007. A Pocket Guide. 
Amphibians and Reptiles of Brunei. Natural History Publications 
[Borneo] Sdn Bhd. Kota Kinabalu. viii + 200 pp.), and previously 
known from Sabah, Sarawak, and Kalimantan, and other parts 
of South and Southeast Asia (Inger and Tan 1996. Raffl es Bull. 
Zool. 44:551–574.). We thank Awang Mahdi bin Abdullah, Brunei 
Museum, for curatorial assistance.
 Submitted by JOSEPH K. CHARLES, Department of Biology, 
Universiti Brunei Darussalam, Jalan Tunku Link, Gadong, Bandar 
Seri Begawan 2028, Brunei Darussalam (e-mail: jcharles@fos.
ubd.edu.bn); and INDRANEIL DAS, Institute of Biodiversity 
and Environmental Conservation, Universiti Malaysia Sarawak, 
94300 Kota Samarahan, Sarawak, Malaysia (e-mail: idas@ibec.
unimas.my).

ELEUTHERODACTYLUS (=SYRRHOPHUS) CYSTIGNA-
THOIDES CAMPI (Rio Grande Chirping Frog). USA: TEXAS: 
BEE CO.: Intersection of State Highway 181 and State Highway 
59 on the outskirts of Beeville (29.09114°N, 97.29095°W). 28 
June 2008. Romey Swanson, Vincent Farallo, Jeff Troy, and Glen 
Hood. Verifi ed by James R. Dixon, Texas Cooperative Wildlife 
Collection (TCWC 93074). A single adult was found and captured 
by hand under a piece of plywood near a drainage ditch running 
parallel with the east bound frontage of Highway 59. New county 
record (Dixon 2000. Amphibians and Reptiles of Texas: with Keys, 
Taxonomic Synopses, Bibliography, and Distribution Maps. Publ. 
Texas A&M University Press. 421 pp.). 
 Submitted by ROMEY L. SWANSON (e-mail: rs56761@txstate.
edu), VINCENT R. FARALLO, JEFF R. TROY, GLEN R. 
HOOD, and MICHAEL R. J. FORSTNER, Department of Biol-
ogy, Texas State University, San Marcos, Texas 78666, USA.

HYLA  ARENICOLOR (Canyon Treefrog). USA: NEW MEXICO: 
SAN MIGUEL CO.: along Gallinas River above Montezuma; ca. 122 
m upstream of USGS gauging station; 2095 m elev; 35.6519ºN; 
105.3183ºW; datum NAD 27. 10 June 2003. Chris Cudia. Verifi ed 
by Tomas Giermakowski. University of New Mexico Museum of 
Southwestern Biology (MSB 71908). New county record and the 
fi rst specimen of this species from the Pecos River drainage in New 
Mexico (Degenhardt et al. 1996. Amphibians and Reptiles of New 

Mexico. Univ. New Mexico Press, Albuquerque. 431 pp.).
 Submitted by CHRIS CUDIA, 1031 6th Street, Las Vegas, New 
Mexico 87701, USA (e-mail: chris-cudia@nmenv.state.nm.us); and 
CHARLES W. PAINTER, Endangered Species Program, New 
Mexico Department of Game and Fish, 1 Wildlife Way, Santa Fe, 
New Mexico 87507, USA (e-mail: charles.painter@state.nm.us).

HYLA VERSICOLOR / CHRYSOSCELIS SIBLING SPECIES 
COMPLEX (Gray Treefrog / Cope’s Gray Treefrog). USA: TEN-
NESSEE: ANDERSON CO.: 324 Bland Road, Clinton (36.14701°N, 
84.10603°W). 12 June 2006. John E. Copeland. Verifi ed by A. 
Floyd Scott. David H. Snyder Museum of Zoology, Austin Peay 
State University (APSU 18596). One specimen caught on trunk 
of a tree. First record for Anderson Co. (Redmond and Scott 1996. 
Atlas of Amphibians in Tennessee. Misc. Publ. No. 12. The Center 
for Field Biology, Austin Peay State University, Clarksville, Ten-
nessee. 94 pp.).
 Submitted by JOHN E. COPELAND Department of Mathemat-
ics and Natural Sciences, Lincoln Memorial University, Harrogate, 
Tennessee 37752, USA; e-mail: john.copeland@lmunet.edu.

HYLA VERSICOLOR (Gray Treefrog). USA: WISCONSIN: 
JEFFERSON CO.: Watertown (43.18094506°N, 88.71355654°W; 
NAD83, Garmin III Plus). 12 July 2008. Collected by JMK and 
JJK. Verifi ed by Christopher Phillips, INHS 2008.g (MPEG video 
clip of calling males). Numerous males heard calling in ornamental 
shrubs near a commercial property. New county record, fi lling gap 
in Wisconsin distribution (Casper 1996. Geographic Distributions 
of the Amphibians and Reptiles of Wisconsin. Milwaukee Public 
Museum, 87 pp.). JMK also heard calling males in a wetland ca. 
0.4 km SW of this location in June 2008. A prior specimen record 
(MPM 16168) cataloged as “Hyla verisicolor complex,” collected 
21 May 1974 by B. Dudiak at Koshkonong, T5N R13E, could be 
H. chrysoscelis.
 Submitted by JOSHUA M. KAPFER, Natural Resources 
Consulting, Inc., 209 Commerce Parkway, PO Box 128, Cottage 
Grove, Wisconsin 53527, USA; GARY S. CASPER, University 
of Wisconsin-Milwaukee Field Station, 3095 Blue Goose Rd, 
Saukville, Wisconsin 53080, USA; and JENNIFER J. KAPFER, 
512 S. 10th St., Watertown, Wisconsin 53094, USA.

GASTROPHRYNE CAROLINENSIS (Eastern Narrow-mouthed 
Toad). USA: ALABAMA: CHILTON CO.: 6.3 km S of CR 25 on 
CR 73 (33.01960°N, 87.52418°W; WGS84). 01 October 2007. 
J. Burling and J. Wicknick. Verifi ed by Joseph R. Mendelson 
III. University of Montevallo Collection of Vertebrates (UMCV-
AA0075). New county record; fi lls a gap among Shelby, Bibb, and 
Perry counties and the Coosa River (Mount 1975. The Reptiles 
and Amphibians of Alabama, The University of Alabama Press, 
Tuscaloosa. 347 pp.). Alabama Department of Conservation and 
Natural Resources collecting permit number 4368 (JAW).
 Submitted by JILL A. WICKNICK1 and JOHN W. BUR-
LING2, Departments of Biology1 and Psychology2, Univer-
sity of Montevallo, Montevallo, Alabama 35115, USA; e-mail: 
wicknickja@montevallo.edu.

KALOULA PULCHRA (Painted Bull Frog). BRUNEI DARUS-
SALAM: BRUNEI MUARA DISTRICT: Bandar Seri Begawan, 
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Universiti Brunei Darussalam Campus, Gadong (4.9666667ºN, 
114.8833333ºE). From a toilet. Collected by J. K. Charles. 10 
January 2007. Brunei Museum (BM 2007.01). Verifi ed by In-
draneil Das. First record for Brunei Darussalam (see Das 2007. 
A Pocket Guide. Amphibians and Reptiles of Brunei. Natural 
History Publications [Borneo] Sdn Bhd. Kota Kinabalu. viii + 
200 pp.). Previous Bornean records were from Sabah (Inger and 
Tan 1996. Raffl es Bull. Zool. 44:551–574); the species generally 
is widespread in Southeast Asia (Inger 1999. In W. E. Duellman 
[ed.], Patterns of Distribution of Amphibians. A Global Perspective, 
pp. 445–482. The John Hopkins University Press, Baltimore and 
London). I thank Awang Mahdi bin Abdullah, Brunei Museum, 
for curatorial assistance.
 Submitted by JOSEPH K. CHARLES, Department of Biology, 
Universiti Brunei Darussalam, Gadong, Tungku Link, Bandar Seri 
Begawan, Brunei Darussalam; e-mail: jcharles@fos.ubd.edu.bn.

LITHOBATES CATESBEIANUS (American Bullfrog). MA-
LAYSIA: JOHOR: Gunung Ledang Recreational Forest (02.34°N, 
102.63°E). La Sierra University Herpetological Collection LSUHC 
8968. 07 June 2008. Juvenile, SVL 46 mm. Chan K. O., P. L. Wood 
Jr., and J. L. Grismer. Verifi ed by L. L. Grismer. Currently known 
from N America, north to Nova Scotia, New Brunswick, S Quebec, 
and S Ontario (Canada), west to the central plains and south to 
Veracruz (Mexico); introduced on Cuba, Isla de Juventud (= Isla 
de Pinos), Puerto Rico, Hispaniola, and Jamaica in the Antilles; 
Europe, in Netherlands, Bordeaux region of France, Belgium, 
northern Italy, western Spain; Asia, in Java, Bali, Japan, northern 
Thailand, Korea, and Taiwan (Lever 2003. Naturalized Reptiles 
and Amphibians of the World. Oxford University Press, Oxford. 
318 pp.). Specimen collected 2010 h from muddy drain by main 
trail. Another observed on the same night on rock besides main 
stream. The two juveniles in a natural habitat are suggestive of a 
local breeding population, and a cause for concern as this invasive 
species presents a danger to native anurans. Gunung Ledang is situ-
ated at least 8 km from the nearest town and is surrounded by oil 
palm and rubber estates. Because of its isolated location, specimens 
found are considered naturalized and not escapees from pet or food 
industry. First report in the wild from Peninsular Malaysia.
 Submitted by CHAN KIN ONN, Institute for Environment and 
Development (LESTARI), Universiti Kebangsaan Malaysia, 43600 
Bangi, Selangor Darul Ehsan, Malaysia (e-mail: kin_onn@yahoo.
com); PERRY L. WOOD, JR., Department of Biology, Villanova 
University, Villanova, Pennsylvania 19085, USA (e-mail: perry.
wood@villanova.edu); and JESSE L. GRISMER, Department 
of Biology, Villanova University, Villanova, Pennsylvania 19085, 
USA (e-mail: jesse.grismer@villanova.edu).

LITHOBATES CATESBEIANUS (American Bullfrog). MÉXI-
CO: HIDALGO: Municipality of Mineral el Chico, Ejido La 
Estanzuela (20.1088°N, 98.45255°W, WGS 84), 2734 m elev. 
03 November 2007. Christopher Duifhuis Rivera. Verifi ed by 
Luis Canseco Márquez. Colección Herpetológica del Museo de 
Zoología Alfonso L. Herrera, UNAM (MZFC-21372). First pre-
cise locality for Hidalgo, extending the known range ca. 80.23 
km SW from the nearest known records in the Sierra Norte de 
Puebla (Smith and Smith 1976. Synopsis of the Herpetofauna of 
Mexico: Source Analysis and Index for Mexican Amphibians, IV. 

J. Johnson, North Bennington, Vermont. 1–9, A-A 1-G 12 pp.). 
The species was reported from Hidalgo by Canseco-Marquez et 
al. (2004. In Luna et al. [eds], Biodiversidad de la Sierra Madre 
Oriental, pp. 417–437. Las Prensas de Ciencias, México, D.F.), 
but with no specifi c locality. The specimen was found around the 
marshy edge of La Estanzuela’s municipal water source located 
in pine forest.
 Submitted by CHRISTOPHER DUIFHUIS RIVERA (e-
mail: christopherduifhuis@gmail.com), URI OMAR GARCIA 
VAZQUEZ, and GASTÓN ZAMORA HEBREGO, Museo de 
Zoología, Facultad de Ciencias, UNAM, A.P. 70-399, México 
D.F.04510, México.

LITHOBATES CATESBEIANUS (American Bullfrog). USA: 
NEW MEXICO: MORA CO.: Wind River Ranch, farm pond along 
the Mora River, ca. 2.5 km N NM Hwy 161, ca. 8 air km NW Wa-
trous, (35.84121°N, 105.05317°W; NAD 27, 1992 m). 15 August 
2008. Theresa Lorraine McInnes and Andrea F. Currylow. Verifi ed 
by J. Tomas Giermakowski. University of New Mexico, Museum 
of Southwestern Biology (MSB 74454). Specimen represents a 
new county record and the fi rst record of the species from the 
Mora River (Degenhardt et al. 1996. Amphibians and Reptiles of 
New Mexico. Univ. New Mexico Press, Albuquerque. 431 pp.). 
Approximately 30 juvenile and 10 adult R. catesbeiana were en-
countered during the nocturnal survey. 
 Submitted by THERESA LORRAINE MCINNES, 1500 15th 
Street, Albuquerque, New Mexico 87109, USA; ANDREA F. 
CURRYLOW, 7225 Cristobal Avenue, Atascadero, California 
93422, USA; CHARLES W. PAINTER and JAMES N. STU-
ART, Endangered Species Program, New Mexico Department of 
Game and Fish, P.O. Box 25112, Santa Fe, New Mexico 87504, 
USA.

LITHOBATES CATESBEIANUS (American Bullfrog). USA: 
TENNESSEE: GIBSON CO.: Bradford (36.05871ºN, 88.79968ºW; 
datum WGS 84). 25 April 2008. Joshua M. Hall. Verifi ed by A. 
Floyd Scott. David H. Snyder Museum of Zoology, Austin Peay 
State University (APSU 18902 [color photo]). Numerous individu-
als found calling from a small pond. One adult male photographed 
and released. New county record (Redmond and Scott 1996. Atlas 
of Amphibians in Tennessee. Misc. Publ. 12:1–94; Center for Field 
Biology, Austin Peay State University, Clarksville, Tennessee; hard 
copy and Internet [http://www.apsu.edu/amatlas/] versions).
 Submitted by JOSHUA M. HALL, 4105 Caldwell Drive, Milan, 
Tennessee 38358, USA.

LITHOBATES SPHENOCEPHALUS (Southern Leopard Frog). 
USA: TENNESSEE: GIBSON CO: Milan (35.87669º N, 88.76290ºW: 
datum WGS 84). 22 July 2008. Joshua M. Hall. Verifi ed by A. Floyd 
Scott. Austin Peay State University’s David H. Snyder Museum 
of Zoology (APSU 18930 [color photo]). Numerous individuals 
found at edge of a small pond. One adult specimen photographed 
and released. New county record (Redmond and Scott 1996. Atlas 
of Amphibians in Tennessee. Misc. Publ. 12:1–94; Center for Field 
Biology, Austin Peay State University, Clarksville, Tennessee; hard 
copy and Internet [http://www.apsu.edu/amatlas/] versions).
  Submitted by JOSHUA M. HALL, 4105 Caldwell Drive, Milan, 
Tennessee 38358, USA.
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OLLOTIS (=BUFO) NEBULIFER (Gulf Coast Toad). USA: 
TEXAS: SAN AUGUSTINE CO.: 4.5 air km N, 1.0 air km jct TX 
103 and TX 147, Angelina National Forest compartment 13 
(31.43484098°N, 94.19057968°W). 29 June 2007. Toby J. Hib-
bitts. Verifi ed by James R. Dixon. Texas Cooperative Wildlife 
Collections, TCWC 92441. New county record (Dixon 2000. 
Amphibians and Reptiles of Texas. Second Ed. Univ. of Texas 
A&M Press, viii + 421 pp.).
 Submitted by TOBY J. HIBBITTS, Texas Cooperative Wildlife 
Collections, Department of Wildlife and Fisheries Sciences, Texas 
A&M University, 2258 Tamu, College Station, Texas 77843-2258, 
USA (e-mail: thibbitts@tamu.edu); DANIEL SAENZ, CORY 
ADAMS, and JOSH PIERCE, Wildlife Habitat and Silviculture 
Laboratory, Southern Research Station, USDA Forest Service, 
Nacogdoches, Texas 75965, USA.

OSTEOPILUS SEPTENTRIONALIS (Cuban Treefrog). USA: 
FLORIDA: CLAY CO.: Orange Park, 2884 Golden Pond Boulevard 
(30.18358°N, 81.78956°W; WGS84). 15 March 2008. Kenneth 
Beyerly. Florida Museum of Natural History, University of Florida 
(UF 152919). Adult female. New county record. In their map of 
Cuban Treefrog distribution in Florida, Meshaka et al. (2004. The 
Exotic Amphibians and Reptiles of Florida. Krieger Publ. Co., 
Malabar, Florida. 155 pp.) show a record from Clay Co. and cite 
Meshaka (1996. Herpetol. Rev. 27:37–40), who does not men-
tion this county. A search of museum databases failed to fi nd any 
specimens from this county. FRANKLIN CO.: Carrabelle, 312 East 
Meridian Avenue (29.8518ºN, 81.661ºW). 5 July 2006. Rod Fas-
che. UF 151399. New county record and only the third voucher 
from the panhandle (Johnson 2004. Herpetol. Rev. 35:405; Krysko 
et al. 2005. Herpetol. Rev. 36:85–87). LAKE CO.: Fruitland, U.S. 
Highway 441, 1.6 km S of Lake Griffi n State Park (28.8440oN, 
81.8975oW). 28 June 2005. John W. Strawbridge. UF 152458. New 
county record. PASCO CO.: New Port Richey, 5824 Baker Road 
(28.2440oN, 82.6995oW). 14 October 2002. David DeWitt. UF 
134614–15. New county record. PUTNAM CO.: Hastings, County 
Road 13, 0.6 km S of State Road 207 (29.7085oN, 81.5082oW). 11 
April 2006. John R. Rossi. UF 146299–300. Found in leaf of palm 
tree. New county record. SUMTER CO.: Lake Panasoffkee, 2095 
County Road 416N (28.7862oN, 82.1454oW). 28 May 2008. Nancy 
Dwyer. UF 152955–56. Found on house. New county record. Iden-
tifi cation of all UF specimens was verifi ed by Max A. Nickerson. 
Osteopilus septentrionalis has now been documented from 40 of 
51 counties in peninsular Florida. It has not been reported yet from 
Baker, Bradford, Dixie, Gilchrist, Hamilton, Lafayette, Madison, 
Nassau, Suwannee, Taylor, and Union counties, all of which are 
located in the northern peninsula and have relatively low human 
population densities. Human-mediated dispersal of this species 
has been rapid and discontinuous via transport on cultivated palm 
trees, ornamental plants, vehicles, and trailers (Meshaka 1996, op. 
cit.). According to Meshaka (1996, op. cit.), O. septentrionalis 
was recorded from most counties in the southern two-thirds of the 
peninsula; since then, it has been recorded from 13 counties in the 
northern one-third of the peninsula and three of 16 counties in the 
panhandle. Reproducing populations are known to be present in 
Alachua, Levy, and Duval counties in the northern peninsula.
 Submitted by KEVIN M. ENGE, Florida Fish and Wildlife 
Conservation Commission, 1105 SW Williston Road, Gainesville, 

Florida 32601, USA (e-mail: kevin.enge@myfwc.com); STEVEN 
A. JOHNSON, Department of Wildlife Ecology and Conserva-
tion and Gulf Coast Research and Education Center, University 
of Florida — IFAS Plant City Campus, 1200 North Park Road, 
Plant City, Florida 33563, USA (e-mail: tadpole@ufl .edu); and 
KENNETH L. KRYSKO, Florida Museum of Natural History, 
Division of Herpetology, University of Florida, Gainesville, Florida 
32611, USA; e-mail: kenneyk@fl mnh.ufl .edu. 

SCAPHIOPUS HOLBROOKII (Eastern Spadefoot). USA: 
INDIANA: PARKE CO.: 39.68113ºN, 87.37843ºW. 05 July 2008. 
Tim Thomas, Kelly Thomas, and B. Jagger Foster. ISUVC 4113. 
Verifi ed by John Crawford. New county record (Minton 2001. 
Amphibians and Reptiles of Indiana. Second Ed. Indiana Acad. 
Sci. 404 pp.) 
 Submitted by B. JAGGER FOSTER, Indiana State University, 
Biology Department, 600 North 6th St., Terre Haute, Indiana 47809-
1905, USA.

GYMNOPHIONA — CAECILIANS

DERMOPHIS OAXACAE (Oaxacan Caecilian). MÉXICO: MI-
CHOACÁN: Municipality of Aquila: Federal Road 120, 2.5 km 
NE Aquila (18.5996°N,103.486°W; WGS84), 406 m elev. 18 July 
2005. Jacobo Reyes-Velasco, Tim Burkhardt, and Jason Jones. 
UTA Digital Collection (UTADC 1016). Verifi ed by Marvalee H. 
Wake. Second record for the state of Michoacán, fi lling a gap in 
the distribution of the species between Autlán, Jalisco (160 km 
NW) and Zitacuaro, Michoacán (320 km NE) (Wake 1998. Cat. 
Amer. Amph. Rept. 661:1–2).
  Submitted by JACOBO REYES-VELASCO, Centro Universi-
tario de Ciencias Biológicas y Agropecuarias, Carretera a Nogales 
Km. 15.5. Las Agujas, Nextipac, Zapopan, Jalisco, México (e-mail: 
jackobz@gmail.com); TIM BURKHARDT, 2941 Benton St. 
Wheat Ridge, Colorado 80214, USA (e-mail: triprionco@aim.
com); and JASON M. JONES, 16310 Avenida Florencia, Poway, 
California 92064, USA (e-mail: jjones@switaki.com). 

CROCODILIA – CROCODILIANS

CAIMAN CROCODILUS (Common Caiman). BRAZIL: 
CEARÁ: Crateús Municipality: District of Ibiapaba, Poty River 
(5.048579°S, 40.912588°W; WGS84). 24 April 2003. D. M. 
Borges-Nojosa. Collection of Herpetology of Núcleo Regional de 
Ofi ologia (NUROF) - Universidade Federal do Ceará, Fortaleza, 
Brazil (CHUFC C044, adult, skin and bones). Verifi ed by L. 
M. Verdade. Other specimen was observed walking on the road 
(5.116674°S, 40.804554°W; WGS84) between the local lagoons, 
showing the same habit registered by Olmos and Souza 1991 
(Herpetol. Rev. 22:28–29). The species was previously known 
from Colombia, Peru, Bolivia, and in the Brazilian states of 
Amazonas, Pará, Maranhão, Mato Grosso, and Piaui (at Serra da 
Capivara National Park and basin river Parnaíba) (Carvalho 1951. 
Arquivos do Museu Nacional, XLII:127–152; King and Burke 
1989. Crocodilian, Tuatara, and Turtle Species of the World. As-
sociation of Systematics Collections, Washington. 216 pp.). First 
state record; extends known distribution ca. 400 km airline NE of 
previously known range within Serra da Capivara National Park 
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(Arruda 1997. Conservação, Ecologia Humana e Sustentabilidade 
na Caatinga: Estudo da Região do Parque Nacional da Serra da 
Capivara - PI. IBAMA, Brasília. 96 pp.), and ca. 440 km airline 
from Lagoa do Muqueri (8.406687°S, 42.369043°W; WGS84), 
and Fazenda Veneza (8.751346°S, 42.265451°W; WGS84) (Olmos 
and Souza, op. cit.). 
 Submited by DIVA MARIA BORGES-NOJOSA, Universidade 
Federal do Ceará, NUROF-UFC, Campus do Pici, Bloco 905, 
60455-760, Fortaleza, Ceará, Brazil (e-mail: dmbnojosa@yahoo.
com.br ); and DANIEL CASSIANO LIMA, Universidade Es-
tadual do Ceará, Av Mons. Tabosa s/n, 62500-000, Itapipoca, 
Ceará, Brazil (e-mail: dancassiano@yahoo.com.br).

TESTUDINES – TURTLES

CARETTA CARETTA (Loggerhead Sea Turtle). TRISTAN DA 
CUNHA: near Edinburgh (37.04°S, 12.18°W), 6 May 2008. Veri-
fi ed by Bruce L. Wing, Curator, Reference Collections, NMFS 
Auke Bay Marine Station, Juneau, Alaska. Photographs and corre-
spondence archived (AB 2008-0025) in herpetological collections 
of NMFS Auke Bay Marine Station. Edinburgh is on the north shore 
of Tristan da Cunha, ca. 4000 km E of South America, 2700 km 
W of South Africa, and 1100 ± km N of Antarctic Convergence. 
Juvenile female washed ashore on rocky coastline during a storm, 
tangled in discarded fi shing net. Turtle had minor injuries as a 
result of struggle with netting and rocks, but was alert, vigorous, 
and apparently healthy. Released in waters off a sandy beach. First 
record from Tristan da Cunha. 
 Submitted by ROBERT PARKER HODGE, ME2, POB 1521, 
Gig Harbor, Washington 98335, USA; and ERIK MACKENZIE, 
Edinburgh, Tristan da Cunha.

DERMOCHELYS CORIACEA (Leatherback Sea Turtle). 
TRISTAN DA CUNHA: Nightingale Island (37.24°S, 12.29°W), 
March 1979. Verifi ed by Denise Hamerton, Natural History Col-
lection Manager, Iziko Museum: SA Museum. Nightingale Island 
is 38 km SSW of Tristan da Cunha, which is ca. 4000 km E of 
South America, 2700 km W of South Africa, and 1100 ± km N of 
Antarctic Convergence. Adult male, accessioned as SAM ZR 44953 
on 24 February 1982 at Iziko Museum: South Africa Museum, 
Cape Town. First record from Tristan da Cunha.
 Submitted by ROBERT PARKER HODGE, ME2, POB 1521, 
Gig Harbor, Washington 98335, USA; and ERIK MACKENZIE, 
Edinburgh, Tristan da Cunha.

GOPHERUS BERLANDIERI (Texas Tortoise). USA: TEXAS: 
ARANSAS CO.: Aransas National Wildlife Refuge (28.309478ºN, 
96.803242ºW). 20 November 2007. Russell Jackson. Voucher 
images were taken by Darrin Welchert. Verifi ed by Jonathan Camp-
bell. Amphibian and Reptile Diversity Research Center UTADC 
1974–1980. New county record (Dixon 2000. Amphibians and 
Reptiles of Texas, 2nd Edition. Texas A&M Univ. Press, College 
Station, Texas. 421 pp.). The captured adult male presented a heavy 
keratinous fungal infection on the marginal and costal scutes of 
the carapace, and the entire plastron. The specimen was marked 
and released in the Aransas National Wildlife Refuge. 
 Submitted by AKIKO FUJII, Department of Biology, Texas State 
University, San Marcos, Texas 78666, USA (e-mail: af@txstate.

edu); DARRIN WELCHERT, Aransas National Wildlife Refuge, 
Victoria, Texas 77904, USA (e-mail: darrin_welchert@fws.gov); 
and MICHAEL R. J. FORSTNER, Department of Biology, 
Texas State University, San Marcos, Texas 78666, USA (e-mail: 
mf@txstate.edu).

GRAPTEMYS PSEUDOGEOGRAPHICA KOHNII (Mississippi 
Map Turtle). USA: TEXAS: MILAM CO.: Hatchling captured in the 
Little River (30.84188°N, 96.71916°W; NAD 83). 11 July 2008. 
James R. Dixon. Verifi ed by Toby Hibbitts. Trapping conducted 
for the Texas Parks and Wildlife Department freshwater turtle as-
sessment (Permit No. SPR-0102-191). Specimen deposited in the 
Texas Cooperative Wildlife Collection (TCWC 93025) at Texas 
A&M University College Station. New county record (Dixon 2000. 
Amphibians and Reptiles of Texas. 2nd Edition. Texas A&M Univ. 
Press, College Station. 421 pp.).
 Submitted by DONALD J. BROWN and MICHAEL R.J. 
FORSTNER, Department of Biology, Texas State University 
– San Marcos, San Marcos, Texas 78666, USA; and JAMES R. 
DIXON, Department of Wildlife and Fisheries Sciences, Texas 
A&M University, College Station, Texas 77843, USA.

MACROCHELYS TEMMINCKII (Alligator Snapping Turtle). 
USA: TENNESSEE: HAMILTON CO.: Collegedale, Spalding Road, 
Wolftever Creek (35.0316°N, 85.0313°W). 03 June 2003. David B. 
Ekkens. Verifi ed by A. Floyd Scott. Austin Peay State University 
photo archive, APSU 17486. New county record. Female turtle, 
exhibiting 8 annuli. Turtle trapped in a downstream-facing 0.94-m 
hoop trap baited with sardines. Paul Moler, Florida Fish & Wildlife 
Conservation Commission, performed analysis of the mitochon-
drial DNA from a tail-clipped tissue sample. The results showed 
that the turtle belonged to Haplotype A, commonly found in the 
Tennessee River system. Therefore, it is not clear if this animal is 
a natural occurrence or one that has been translocated, given that 
the nearest record on the Tennessee River is 550 river km from 
the present location. 
 Submitted by DAVID B. EKKENS, Biology Department, 
Southern Adventist University, Collegedale, Tennessee 37315, 
USA (e-mail: dekkens@southern.edu); and DAVID COLLINS, 
Curator of Forests, Tennessee Aquarium, Chattanooga, Tennessee 
37401, USA (e-mail: dec@tennis.org).

PSEUDEMYS NELSONI (Florida Red-bellied Cooter). USA: 
FLORIDA: BRADFORD CO.: Starke, SR 16, 1.6 km W Clay County 
line (29.95483°N, 82.06454°W). 13 March 2008. J. M. Butler. 
Verifi ed by M. A. Nickerson. UF 152531. Sub-adult male found 
DOR. A second specimen UF 153667 was found DOR on 30 
August 2008. New county record (Jackson 2006. In P. A. Meylan 
[ed.], Biology and Conservation of Florida Turtles, pp. 313–324. 
Chelonian Research Monographs No. 3.
 Submitted by BENJAMIN K. ATKINSON (e-mail: bka@ufl .
edu) and J. MICHAEL BUTLER, Department of Herpetology, 
Florida Museum of Natural History, University of Florida, Gaines-
ville, Florida 32611, USA.

TERRAPENE ORNATA (Ornate Box Turtle). USA: ILLINOIS: 
SCOTT CO.: 7.4 km WSW of Winchester, and 8.9 km WNW of 
Alsey, crossing 700E (Hillview Road), 0.08 km S of jct with 500N 
(Lashmett Road) (39.59365ºN, 90.52889ºW). 01 June 2008. Veri-
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fi ed by Chris Phillips, Illinois Natural History Survey. Photographic 
voucher INHS 2008.13. New county record (Phillips 1999. Field 
Guide to Amphibians and Reptiles of Illinois. Illinois Natural His-
tory Survey Manual 8:xv, 1–282). Adult female collected by John 
K. Tucker. Turtle was returned alive to collecting locality after 
tissue sample was obtained.
 Submitted by JOHN K. TUCKER, Illinois Natural History Sur-
vey, 8450 Montclair Ave, Brighton, Illinois 62012, USA; CHAD 
R. DOLAN, Iowa Department of Natural Resources, Lake Darling 
Station, 110 Lake Darling Road, Brighton, Iowa 52540, USA; and 
JAMES T. LAMER, Western Illinois University, 1 University 
Circle, Macomb, Illinois 61455, USA.

TRACHEMYS SCRIPTA TROOSTII (Cumberland Slider). USA: 
NORTH CAROLINA: MADISON CO.: 7.1 km NW Hot Springs, 
French Broad River near Huff Island (35.933477°N, 82.886194°W, 
WGS84). 07–08 August 2008. Jeffrey C. Beane, Robert A. Davis, 
and L. Todd Pusser. Two juveniles taken in hoop-style turtle trap 
baited with sardines. Verifi ed by William M. Palmer. North Caro-
lina State Museum of Natural Sciences (NCSM 74447–74448). A 
third subadult was observed basking in the French Broad River at 
4.8 km NW Hot Springs (35.924467°N, 82.86235°W, WGS84) on 
08 August 2008. New county records and fi rst confi rmed records 
for North Carolina (Palmer and Braswell 1995. Reptiles of North 
Carolina. University of North Carolina Press, Chapel Hill. 412 
pp.). Extends range ca. 50 km SE of nearest records in Tennes-
see (Iverson 1992. A Revised Checklist with Distribution Maps 
of Turtles of the World. Privately published, Richmond, Indiana. 
xiii + 363 pp.).
 Submitted by JEFFREY C. BEANE, North Carolina State 
Museum of Natural Sciences, Research Laboratory, MSC# 
1626, Raleigh, North Carolina 27699-1626, USA (e-mail: jeff.
beane@ncmail.net); ROBERT A. DAVIS, 413 West Aycock Street, 
Raleigh, North Carolina 27608, USA (e-mail: radavis413@msn.
com); and L. TODD PUSSER, P.O. Box 122, West End, North 
Carolina 27376, USA (e-mail: tpusser@nc.rr.com).

SQUAMATA – LIZARDS

AGAMA AGAMA AFRICANA (African Rainbow Lizard). USA: 
FLORIDA: HILLSBOROUGH CO.: Apollo Beach: NE corner U.S. 41 
and county road 672 (27.793155°N, 82.383603°W; WGS84). 26 
December 2007. J. Steve Godley. Verifi ed by Kenneth L. Krysko, 
Florida Museum of Natural History (FLMNH), Gainesville, Florida 
(UF 152540, color photo; USNM 565101, specimen). New county 
record (Enge et al. 2004; Florida Sci. 67:303–310). Population 
of 12–15 individuals fi rst detected at 7-11 store on road corner 
noted above. On this same day one adult female and three juve-
niles observed at an abandoned building 180 m to the N and ca. 
30 observed 365 m to the NE at the 2.0-ha compound of Segrest 
Farms #1 (complete search not possible), all within NE quadrant 
of road intersection. A follow-up survey on 06 June 2008 showed 
similar numbers of active agamas at the 7-11 store and Segrest; the 
abandoned building had been removed with none observed. Three 
adult males, two females, and two juveniles also seen from outside 
the south fence of a Cemex Ready-Mix plant 200 m E of Segrest. 
Searches of other likely edifi carian sites within 1.6 km of this 
intersection failed to detect the species on either day. Both sexes 

and multiple size classes observed at 7-11 store, Segrest Farms, and 
Cemex plant suggests an established, breeding population that may 
total 100 adults. The owner of Segrest Farms (Jack Brandon, pers. 
comm.), an exotic fi sh and reptile dealer, acknowledged they had 
sold A. a. agama up to 3–4 years ago, and despite multiple security 
fences “some may have escaped.” Additional Hillsborough County 
populations are catalogued in the Florida Museum of Natural His-
tory (FLMNH UF 152788 and 153456–153457, photo vouchers; 
UF 153458, specimen)..
 Submitted by TODD S. CAMPBELL, Department of Biology, 
University of Tampa, 401 W. Kennedy Blvd., Tampa, Florida 
33606, USA (e-mail: tcampbell@ut.edu); STEVE GODLEY, 
Biological Research Associates, a Division of Entrix, Inc., 3905 
Crescent Park Drive, Riverview, Florida 33578, USA; DAVID 
SANDMANN, Department of Information Technology, University 
of Tampa, 401 W. Kennedy Blvd., Tampa, Florida 33606, USA; 
and JEREMY HOROWITZ, Department of Biology, University 
of Tampa, 401 W. Kennedy Blvd., Tampa, Florida 33606, USA.

ANOLIS CAROLINENSIS (Green Anole). USA: TEXAS: DE-
WITT CO.: State Highway 183 in the town of Cuero (29.09114°N, 
97.29095°W; WGS84). 28 June 2008. Romey Swanson, Vincent 
Farallo, Jeff Troy, and Glen Hood. Verifi ed by James R. Dixon, 
Texas Cooperative Wildlife Collection (TCWC 93071). A single 
adult was found and captured by hand on the sidewalk of the town 
square. This individual represents the fi rst recorded occurrence of 
this species in DeWitt County (Dixon 2000. Amphibians and Rep-
tiles of Texas: with Keys, Taxonomic Synopses, Bibliography, and 
Distribution Maps. Publ. Texas A&M University Press. 421 pp.). 
 Submited by ROMEY L. SWANSON , VINCENT R. FAR-
ALLO, JEFF R. TROY, GLEN R. HOOD, and MICHAEL R. 
J. FORSTNER, Department of Biology, Texas State University, 
San Marcos Texas 78666, USA (e-mail: rs56761@txstate.edu).

BASILISCUS VITTATUS (Brown Basilisk). USA: FLORIDA: 
HENDRY CO.: Clewiston, 0.5 km SE of Evercane Road on Old U.S. 
Highway 27 (26.7449°N, 80.8979°W; WGS84). 17 May 2008. 
Tom Crutchfi eld. Florida Museum of Natural History, University 
of Florida (UF 152897). Juvenile collected along canal on S side 
of road; all age classes observed. Verifi ed by Kenneth L. Krysko. 
New county record and extends range 59 km W of nearest known 
population in Palm Beach Co. (Krysko et al. 2005. Herpetol. Rev. 
36:85–87).
 Submitted by TOM E. CRUTCHFIELD, 4681 SW 33rd 
Avenue, Fort Lauderdale, Florida 33312, USA (e-mail: 
tomcrutchfi eld@hotmail.com); and KEVIN M. ENGE, Florida 
Fish and Wildlife Conservation Commission, 1105 SW Wil-
liston Road, Gainesville, Florida 32601, USA (e-mail: kevin.
enge@myfwc.com).

HEMIDACTYLUS FRENATUS (Common House Gecko). 
VANUATU: MALEKULA: Nabelchel Bungalows, Norsup 
(16.073679ºS, 167.398024ºE). Philip de Pous. Verifi ed by Wouter 
Beukema. Specimen (http://calphotos.berkeley.edu, digital image 
voucher 0000 0000 0908 0035) found on wall of dining room on 
29 July 2007. Besides Efate and Esperitu Santo (Case et al. 1991. 
Evol. Ecol. 5:272–290), Malekula is the third island invaded in 
Vanuatu Archipelago. 
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 Submitted by PHILIP E. DE POUS, Department of Animal 
Management, University of Applied Sciences Van Hall Larenstein, 
8934 CJ Leeuwarden; e-mail: phillip.depous@wur.nl.

LEIOCEPHALUS CARINATUS (Northern Curly-tailed Liz-
ard). USA: FLORIDA: ALACHUA CO.: Gainesville, University of 
Florida campus, McCarty Hall (29.646487ºN, 82.34582ºW, Datum 
WGS84). 25 September 2008. Kenneth L. Krysko, Michael C. 
Granatosky, and Tina M. Bouse. UF 153707. Verifi ed by Steve 
A. Johnson. New county record, and extends known range of this 
species ca. 177.5 km SW of closest known record in Jacksonville, 
Duval County (Krysko and Burgess 2008. Herpetol. Rev. 39:368). 
Collected on limestone boulder. 
 Submitted by KENNETH L. KRYSKO (e-mail: kenneyk@fl mnh.
ufl .edu) and MICHAEL C. GRANATOSKY, Florida Museum of 
Natural History, Division of Herpetology, University of Florida, 
Gainesville, Florida 32611, USA; TINA M. BOUSE, Florida De-
partment of Environmental Protection, GTM NERR, Ponte Vedra, 
Florida 32082, USA; and STEVE A. JOHNSON, Department 
of Wildlife Ecology and Conservation, Gulf Coast Research and 
Education Center, University of Florida-IFAS Plant City Cam-
pus, 1200 N. Park Road, Plant City, Florida 33563, USA (e-mail: 
mgranato@ufl .edu).

LYGOSOMA BOWRINGII (Bowring’s Supple Skink) MA-
LAYSIA: PENANG: PULAU PINANG: Su Batu Pea (05.16ºN, 
100.14ºE) (La Sierra University Herpetological Collection. 
LSUHC 8986 male, LSUHC 8985 female). 12 June 2008. P. L. 
Wood Jr. and J. L. Grismer. Verifi ed by L. L. Grismer. Collected 
at 1540 h from under logs and debris on beach. Currently known 
to range from Andaman and Nicobar Islands of India, Peninsular 
Malaysia (including offshore islands of Pulau [= P.] Aceh, P. Aur, P. 
Besar, P. Harimau, P. Ibol, P. Lima Besar, P. Mawar, P. Mensirip, P. 
Mentigi, P. Mertang Tengah, P. Mertang Timur, P. Nangka Kecil, P. 
Papan, P. Pemanggil, P. Rawa, P. Sembilang, P. Seribuat, P. Setidan, 
P. Sibu, P. Sibu Tengah, P. Tengah, P. Tinggi, P. Tioman, and P. 
Tunas Seletan), Singapore, and possibly Sumatra, Indochina, and 
China (Grismer 2005. Amphibians and Reptiles of the Tioman Ar-
chipelago, Malaysia. Forestry Department of Peninsular Malaysia, 
Kuala Lumpur. 224 pp.). First report from Pulau Pinang.
 Submitted by PERRY L. WOOD, JR. (e-mail: perry.
wood@villanova.edu) and JESSE L. GRISMER (e-mail: jesse.
grismer@villanova.edu), Department of Biology, Villanova Uni-
versity, Villanova, Pennsylvania 19085, USA; and MUIN, M. A., 
School of Biological Sciences, Universiti Sains Malaysia, 11800 
Penang, Malaysia.

MABUYA ALTAMAZONICA (NCN). COLOMBIA: META: 
“Finca Santa Teresita 15 km NE Villavicencio” (04.1533°N, 
73.635°W; WSG 84, Fallingrain Gazetteer) University of Texas 
at Arlington (UTA R-3304), 14 June 1969, W. F. Pyburn; “Near 
Caño Blanco, ca. 15 km WSW Vista Hermosa” (03.0864°N, 
73.7514°W,WSG 84, Fallingrain Gazetteer), (UTA R-3358), J. R. 
Glidewell, 10 March 1971; Lomalinda (not traced; UTA R-3546 
and R-5027), respectively 16 September, 1971 by J. K. Salser, Jr., 
and 21 June 1974 by W. F. Pyburn. VAUPÉS: Timbó (approxi-
mately 01.10°N, 69.92°W, elev. 168 m, fi de Campbell and Clarke 
1998. Herpetologica 54:301–317; UTA R-3586), J. K. Salser, Jr., 

25 June 1972; Wacará (this locality is located east of Mitú near the 
Brazilian border at approximately 1.15°N, 69.92°W, elev. 213 m, 
fi de Campbell and Clarke 1998, op. cit.; UTA R-3944–46), J. K. 
Salser, Jr., 4–19 September 1973. ECUADOR: PASTAZA: “Río 
Cononaco.” This specimen was found about 4 m above ground in 
the thatched roof hut in primary rainforest in a small village of 
Auca Indians (1–2°S, 76.5–75.5°W), M. B. Harvey, June, 1984. 
Verifi ed by E. N. Smith.
 These records are the fi rst reports of Mabuya altamazonica 
from Colombia and Ecuador. Reported from Peru in the original 
description (Miralles et al. 2006. Zootaxa 1188:1–22), this species 
extends south in rainforests along the Andes to Buenavista, Santa 
Cruz, Bolivia (Harvey et al. 2008. Zootaxa 1828:43–56). 
 Submitted by MICHAEL B. HARVEY, Department of Biology, 
Broward College, 3501 S.W. Davie Road, Davie, Florida 33314, 
USA; e-mail: mharvey@broward.edu.

PHELSUMA MADAGASCARIENESIS GRANDIS (Madagas-
car Day Gecko). USA: FLORIDA: MONROE CO.: Key West, 1225 
South Street (24.552797ºN, 81.787325ºW, WGS84; elev. < 1 m). 
7 May 2008. Phyllis Rose. Verifi ed by Kevin M. Enge. Florida 
Museum of Natural History (photographic voucher UF 152814). 
New island and most southern record in the United States (Krysko 
and Hooper 2007. Gekko 5:33–38). PALM BEACH CO.: Lake Worth, 
820 North O Street (26.625634ºN, 80.05083ºW, WGS84; elev. < 
1 m). 30 August 2008. Carl D. May. Verifi ed by Kevin M. Enge. 
Florida Museum of Natural History (photographic voucher UF 
153515). New county record and extends the range ca. 190 km N 
of the closest known locality on Plantation Key, Monroe County 
(Krysko and Hooper 2007, op. cit.). 
 Submitted by KENNETH L. KRYSKO, Division of Her-
petology, Florida Museum of Natural History, Dickinson Hall, 
University of Florida, Gainesville, Florida 32611, USA (e-mail: 
kenneyk@fl mnh.ufl .edu); ANDREW P. BORGIA, P.O. Box 
4346, Key West, Florida 33041, USA; and CARL D. MAY, 1311 
N Lakeside Drive, Lake Worth, Florida 33460, USA.

PLESTIODON (=EUMECES) EGREGIUS (Mole Skink). USA. 
FLORIDA. WALTON CO.: Nokuse Plantation, 3.5 km NE of Bruce 
and 57 m E of SR 81 (30.495867ºN, 85.930457ºW). 14 April 2008. 
Matthew J. Aresco. Verifi ed by Jason Butler, Florida Museum of 
Natural History, Gainesville, Florida (UF 153017). New county 
record (Ashton and Ashton 1991. Handbook of Reptiles and Am-
phibians of Florida. Part II. Lizards, Turtles & Crocodilians. Second 
Edition. Windward Publishing, Miami, Florida. 191 pp.). Adult 
found dead on surface following prescribed burn.
  Submitted by MATTHEW J. ARESCO, FRANK N. 
CUCHENS, SANTIAGO H. CRUZ, and ROBERT N. WALK-
ER, Nokuse Plantation, 13292 Co. Hwy 3280, Bruce, Florida 
32455, USA (e-mail: aresco@nokuse.org).

SCELOPORUS SUGILLATUS (Variable Yarrow’s Spiny Lizard). 
MÉXICO: DISTRITO FEDERAL: Delegación Magdalena Con-
treras, Cuarto Dínamo, área de Coconetla (19.259°N, 99.302°W, 
WGS 84), 3385 m elev. 19 January 2006. Uri Omar García 
Vázquez. Verifi ed by Edmundo Pérez Ramos. Museo de Zoología, 
Facultad de Ciencias, Universidad Nacional Autónoma de México 
(MZFC 19893). First record for Distrito Federal, extending the 
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known range ca. 23 km N from Parque Nacional Lagunas de 
Zempoala, Huitzilac, Morelos (Smith 1942. Proc. U.S. Nat. Mus. 
92:349–395). The specimen was under a rock in fi r forest. Field 
work funded by “Manejo de Ecosistemas y Desarrollo Humano” 
UNAM (SDEI-PTID-02). 
 Submitted by ANDRÉS ALBERTO MENDOZA-HERNÁN-
DEZ (e-mail: andalmeher@ yahoo.com), URI OMAR GARCÍA-
VÁZQUEZ (e-mail: urigarcia@hotmail.com), and ADRIÁN 
NIETO-MONTES DE OCA, Museo de Zoología, Facultad de 
Ciencias, Universidad Nacional Autónoma de México, Apartado 
Postal 70-399, México, Distrito Federal 04510, México.

SQUAMATA – SNAKES

AGKISTRODON CONTORTRIX CONTORTRIX (Southern 
Copperhead). USA: ARKANSAS: SEARCY CO.: ca. 0.5 km E of jct 
AR 14 and Searcy Co. Rd. 61 (36.0153°N, 92.3231°W; NAD 83). 
11 August 2008. M. B. Connior. Verifi ed by S. E. Trauth. Arkansas 
State University Museum of Zoology Herpetology Collection 
(ASUMZ 31240). Adult found DOR on Searcy Co. Rd. 61. First 
county record (Trauth et al. 2004. The Amphibians and Reptiles of 
Arkansas. Univeristy of Arkansas Press, Fayetteville. 421 pp.).
 Submitted by MATTHEW B. CONNIOR, Department 
of Biological Sciences, Arkansas State University, P.O. Box 
599, State University, Arkansas 72467, USA; e-mail: matthew.
connior@smail.astate.edu.

CLONOPHIS KIRTLANDII (Kirtland’s Snake) USA: INDIANA: 
HENDRICKS CO.: 39.67542ºN, 86. 34102ºW. 02 August 2004. B. 
Jagger Foster and the Indianapolis Airport Authority Bat Crew. 
ISUVC 3893. Verifi ed by Dale W. Sparks. New county record 
(Minton 2001. Amphibians and Reptiles of Indiana. Second Ed. 
Indiana Acad. Sci. 404 pp.)
 Submitted by B. JAGGER FOSTER, Indiana State University, 
Biology Department, 600 North 6th St. Terre Haute, Indiana 47809-
1905, USA.

COLUBER CONSTRICTOR FLAVIVENTRIS (Eastern Yellow-
bellied Racer). USA: TEXAS: MCMULLEN CO.: Hwy 72, 6 km E of 
jct with Hwy 16 (28.46025°N, 098.49085°W; WGS 84). 28 June 
2008. Vincent Farallo, Romey Swanson, Jeff Troy, and Glen Hood. 
Verifi ed by James R. Dixon, Texas Cooperative Wildlife Collection 
(TCWC 93076). The snake was found crossing the road at ca. 0100 
h and represents the fi rst recorded specimen for McMullen County 
(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.). 
 Submit ted by VINCENT R.  FARALLO (e-mai l : 
VF1030@txstate.edu), ROMEY L. SWANSON, JEFF R. 
TROY, GLEN R. HOOD, and MICHAEL R.J. FORSTNER, 
Department of Biology, Texas State University, San Marcos, Texas 
78666, USA.

COLUBER CONSTRICTOR LATRUNCULUS (Black-masked 
Racer). USA: TENNESSEE: FAYETTE CO.: Wolf River Wildlife 
Management Area, Yager Drive just south of Yager Bridge 
(35.0313889°N, 89.2469444°W). May 2007. Eric P. Johansen 
and Joshua T. Ream. Verifi ed by A. Floyd Scott. David H. Snyder 

Museum of Zoology, Austin Peay State University (APSU 
18934). Adult found dead on road. New county record (Thomas 
et al. 2000. Herpetol. Rev. 31:54). 
 Submitted by ERIC PAUL JOHANSEN (e-mail: 
ejohansen14@apsu.edu) and JOSHUA TAYLOR REAM, 
Department of Biology and Center of Excellence for Field 
Biology, Austin Peay State University, Clarksville, Tennessee 
37044, USA.

CONOPSIS ACUTA (NCN). MÉXICO: GUERRERO: Municipal-
ity of Malinaltepec: Ejido Tres Marías (17.07357°N, 98.41424°W, 
WGS 84), 2331 m elev. 29 June 2006. Uri García Vázquez and 
Itzel Durán Fuentes. Verifi ed by Luis Canseco Márquez. Museo 
de Zoología, Facultad de Ciencias, UNAM (MZFC 20906). First 
record for Guerrero, extending its known range ca. 83.21 km 
(airline) E from the closest locality, 3 mi SE of Tlaxiaco, Oaxaca 
(Goyenechea and Flores-Villela 2006. Zootaxa 1271:1–27). The 
snake was found under a rock in pine-oak forest.
  Submitted by URI OMAR GARCÍA-VÁZQUEZ (e-mail: 
urigarcia@gmail.com), EDMUNDO PÉREZ-RAMOS, and 
ITZEL DURÁN-FUENTES, Museo de Zoología, Facultad de 
Ciencias, UNAM, A.P. 70-399, México D.F. 04510, México.

CROTALUS HORRIDUS (Timber Rattlesnake). USA: TEXAS: 
MONTAGUE CO.: Hwy 677 (33.845ºN, 97.489ºW), large adult male 
DOR. 21 May 2008. Jesse M. Meik and Felipe Avila. Verifi ed by 
Carl Franklin. University of Texas at Arlington Collection of Ver-
tebrates (UTA R-55989). First county record (Werler and Dixon 
2001. Texas Snakes: Identifi cation, Distribution, and Natural 
History. Univ. Texas Press, xv + 437 pp.). Crotalus horridus has 
a fragmented distribution throughout the eastern third of Texas; 
UTA R-55989 represents the northwestern-most locality for the 
state. Habitat at the time of collection consisted of a mosaic of 
rural/agricultural lands and Post Oak (Quercus stellata)/Blackjack 
Oak (Q. marilandica) woodlands.
 Submitted by JESSE M. MEIK (e-mail: jmeik@uta.edu) and 
FELIPE AVILA, Department of Biology, The University of Texas 
at Arlington, Arlington, Texas 76019, USA.

CROTALUS TRANSVERSUS (Cross-banded Mountain Rattle-
snake). MÉXICO: DISTRITO FEDERAL: Delegación Magda-
lena Contreras, Cerro Panza, Valle del Tezontle (19.13155°N, 
99.1782°W; datum WGS 84). 3430 m elev. 20 May 2007. Uri Omar 
García Vázquez. Museo de Zoología, Facultad de Ciencias, Uni-
versidad Nacional Autónoma de México (MZFC 20521). Verifi ed 
by Oscar Flores Villela. First record for Distrito Federal, extending 
the known range of the species ca. 21.4 km N from Parque Nacional 
Lagunas de Zempoala, Huitzilac, Morelos (Campbell and Lamar 
2004. Venomous Reptiles of the Western Hemisphere. Cornell 
Univ. Press, Ithaca, New York. 870 pp.). The specimen was found 
crawling on a road in pine forest. Field work funded by Manejo de 
Ecosistemas y Desarrollo Humano, UNAM (SDEI-PTID-02). 
 Submitted by URI OMAR GARCÍA-VÁZQUEZ (e-mail: 
urigarcia@hotmail.com), ISRAEL SOLANO-ZAVALETA, and 
ADRIÁN NIETO-MONTES DE OCA, Museo de Zoología, 
Facultad de Ciencias, Universidad Nacional Autónoma de México, 
A. P. 70-399, México, Distrito Federal 04510, México. 
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CROTALUS WILLARDI MERIDIONALIS (Southern Ridge-
nosed Rattlesnake). MÉXICO: DURANGO: Municipality of 
Tepehuanes: 24 km SW Tepehuanes (25.1°N, 105.8°W; WGS84), 
2600 m elev. 31 July 2007. Jason M. Jones. UTA Digital Collection 
(UTADC 1088). 28 km SSE Tepehuanes (25.1°N, 105.5°W, 
WGS84), 2600 m. elev. 1 August 2007. Chris I. Grünwald, Jacobo 
Reyes-Velasco and Ginny N. Weatherman. UTA Digital Collection 
(UTADC 1089). Both specimens verifi ed by Robert W. Bryson, 
Jr. Northernmost records for Crotalus willardi meridionalis and 
extends known range ca. 150 km N from localities near El Salto, 
Durango (Armstrong and Murphy 1979. Univ. Kansas Publ. Mus. 
Nat. Hist. Spec. Publ. No. 5:1–88). The locality is also ca. 300 km 
SE from the southernmost locality for C. willardi silus, located 
between Urique and Cerocouhui, Chihuahua (Tanner 1985. Great 
Basin Nat. 45:615–676). 
 Submitted by JACOBO REYES-VELASCO, Centro 
Universitario de Ciencias Biológicas y Agropecuarias, Carretera 
a Nogales Km. 15.5, Las Agujas, Nextipac, Zapopan, Jalisco, 
México (e-mail: jackobz@gmail.com); CHRISTOPH I. 
GRÜNWALD, 450 Jolina Way, Encinitas, California 92024, 
USA (e-mail: cgruenwald@switaki.com); JASON M. JONES, 
16310 Avenida Florencia, Poway, California 92064, USA (e-
mail: jjones@switaki.com); and GINNY N. WEATHERMAN, 
1812 Arkansas, Lawrence Kansas 66044, USA (e-mail: 
ginnykansas@gmail.com).

HELICOPS ANGULATUS (Water’s snake). BRAZIL: CEARÁ: 
Aquiraz Municipality: Batoque Lagoon. (03.995253°S, 
38.241394°W; WGS84). 11 June 2008. V. Lima-Verde, P. C. M. 
D. Mesquita, and H. Fernandes-Ferreira. Collection of Herpetol-
ogy of Núcleo Regional de Ofi ologia (NUROF) - Universidade 
Federal do Ceará, Fortaleza, Brazil (CHUFC 2961). Verifi ed by C. 
Strüssmann. The species was previously known from Amazon For-
est (Ecuador, Venezuela, Colombia, Bolivia, Peru, French Guiana, 
Trinidad, and Brazil (states of Acre, Amazonas, Maranhão, Pará, 
and Rondonia) (Cunha and Nascimento 1978. Publicações Avul-
sas do Museu Paraense Emílio Goeldi 31:1–218; Jorge-da-Silva 
1993. Herpetol. Nat. Hist. 1:37–86; Frota 2005. Phyllomedusa 
4[1]:61–67), Pantanal (State of Mato Grosso) (Marques et al. 
2005. Serpentes do Pantanal. Holos, Ribeirão Preto. 184 pp.), and 
Atlantic Forest (State of Paraíba) (Santana et al. 2008. Biotemas 
21[1]:75–84). First state record; extends known distribution ca. 510 
km airline E of previously known range within Nova Vila (Maran-
hão; 03.768042°S, 45.164173°W, WGS84), and 770 km airline NW 
from João Pessoa (Paraíba; 07.136732°S, 34.860413°W, WGS84). 
This specimen and a H. leopardinus were found in a lacustrine en-
vironment (freshwater marshes and dunes). This is the fi rst record 
for this species from the coastal environment.
 Submited by DIVA MARIA BORGES-NOJOSA (e-mail: 
dmbnojosa@yahoo.com.br), PAULO CESAR MATTOS DOU-
RADO DE MESQUITA (e-mail: paulocmdm@gmail.com), and 
HUGO FERNANDES-FERREIRA, Universidade Federal do 
Ceará, NUROF-UFC, Campus do Pici, Bloco 905, 60455-760, For-
taleza, Ceará, Brazil (e-mail: hugofernandesbio@gmail.com).

LAMPROPELTIS CALLIGASTER RHOMBOMACULATA 
(Mole Kingsnake). USA: ALABAMA: CHILTON CO.: 9.0 km S of 
CR 25 on CR 73 (33.00685°N, 86.52074°W; WGS84). 25 May 

2000. J. Burling. Verifi ed by Joseph R. Mendelson III. University 
of Montevallo Collection of Vertebrates (UMCV-RS0083). Female 
containing fi ve eggs found dead on road. New county record; fi lls 
a gap among Shelby, Bibb, and Coosa counties (Mount 1975. 
The Reptiles and Amphibians of Alabama. Univ. Alabama Press, 
Tuscaloosa. 347 pp.). Alabama Department of Conservation and 
Natural Resources collecting permit number 1044 (JWB).
 Submitted by JOHN W. BURLING1 and JILL A. WICK-
NICK2, Departments of Psychology1 and Biology2, Univer-
sity of Montevallo, Montevallo, Alabama 35115, USA; e-mail: 
wicknickja@montevallo.edu.

LETHEOBIA CROSSI (Crosse’s Blind Snake). TOGO: CEN-
TRAL REGION: Fazao (08.42°N, 00.48°E). Between June and 
December 2007. Collector unrecorded. Institut de Recherche pour 
le Développement at Dakar (IRD 92-T). Verifi ed by Youssouph 
Mané. First record for Togo. Extension of range by ca. 600 km W 
from closest known locality at Wushishi in Nigeria (Butler and 
Reid 1990. Nigerian Fld. 55:19–40). The genus Letheobia was re-
cently revived (Broadley and Wallach 2007. Zootaxa 1515:31–68). 
Species also obtained from a farmer at Alédjo Kadara (09.15°N, 
01.13°E) (IRD 102–T). Before these records,  L. crossi was known 
from Nigeria, including Asaba (type locality: 06.11°N, 06.45°E), 
Agweri (06.20°N, 06.53°E), Wushishi (09.44°N, 06.04°E), and 
Calabar (04.48°N, 08.21°E) (Butler and Reid 1990. Nigerian Fld. 
55:19–40; Roux-Estève 1974. Mém. Mus. Nat. Hist. Nat., Ser. A, 
87:1–313).
 Submitted by JEAN-FRANÇOIS TRAPE, Institut de Recherche 
pour le Développement (IRD), Laboratoire de Paludologie et Zo-
ologie médicale, B.P. 1386, Dakar, Sénégal (e-mail: trape@ird.sn); 
and GABRIEL HOINSOUNDE SEGNIAGBETO, Département 
de Zoologie et Biologie animale, Faculté des Sciences, Université 
de Lomé, B.P. 1515, Lomé, Togo (e-mail: h_segniagbeto@yahoo.
fr).

MICRURUS DISTANS OLIVERI (Western Mexican Coral 
Snake). MÉXICO: MICHOACÁN: Municipality of Aquila: 1.8 km 
N Maruata, on road to Pomaro, 26 m elev. (18.2903°N, 103.346°W; 
WGS84), 26 m elev. 15 August 2007. Brendan O’Connor and Rich-
ard L. Gassaway. Verifi ed by Jonathan A. Campbell. UTA digital 
collection (UTADC 1086). First state record for this subspecies. 
All other records for the species in Michoacán come from the arid 
Balsas-Tepalcatepec Basin and represent M. d. michoacanensis 
(Campbell and Lamar 2004. Venomous Reptiles of the Western 
Hemisphere, Vol. 1. Comstock Publ. Assoc., Cornell Univ. Press, 
Ithaca, New York. 476 pp.). The snake was found AOR at night 
in tropical deciduous forest. 
  Submitted by JACOBO REYES-VELASCO, Centro 
Universitario de Ciencias Biológicas y Agropecuarias, Carretera 
a Nogales Km. 15.5. Las Agujas, Nextipac, Zapopan, Jalisco, 
México (e-mail: jacobz@gmail.com); CHRISTOPH I. 
GRÜNWALD, 450 Jolina Way. Encinitas California 92024, USA 
(e-mail: cgruenwald@switaki.com); and JASON M. JONES, 
16310 Avenida Florencia, Poway, California 92064, USA (e-
mail: jjones@switaki.com).
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PANTHEROPHIS EMORYI (Great Plains Ratsnake). USA: 
NEW MEXICO: SIERRA CO.: found at residence ca. 21.7 rd km 
S Hillsboro, 1.0 rd km W NM Hwy 27; 1621 m elev., 32.768ºE, 
107.554ºW; datum NAD 27. 29 June 2008. Randall L. Gray. 
University of Kansas Photo Archive (KUDA 002399). Verifi ed by 
James N. Stuart. Specimen photographed and released at capture 
site. New county record (Degenhardt et al. 1996. Amphibians and 
Reptiles of New Mexico. Univ. New Mexico Press, Albuquerque. 
xix + 431 pp.).
 Submitted by RANDALL L. GRAY, 62 Black Range Road, 
Hillsboro, New Mexico 88042, USA (e-mail: randygray1@msn.
com); and CHARLES W. PAINTER, New Mexico Department 
of Game and Fish, 1 Wildlife Way, Santa Fe, New Mexico 87507, 
USA (e-mail: charles.painter@state.nm.us).

PITUOPHIS CATENIFER SAYI (Bullsnake). USA: WIS-
CONSIN: TREMPELEAU CO.: Northeast of Perrot State Park 
(44.02334226°N, 91.41473959°W). 10 May, 1 June, and 12 June 
2008. Mary Wanatka. Photographs verifi ed by Gary Casper (Great 
Lakes Ecological Services). Photograph voucher, Illinois Natural 
History Survey catalogue number INHS 2008.f. New county re-
cord. Fills gaps in currently known range of species in Wisconsin 
(Casper 1996. Geographic Distributions of the Amphibians and 
Reptiles of Wisconsin. Milwaukee Public Museum, 87 pp.). Single 
individual seen near residence on 10 May 2008 and near road on 
1 June 2008 (MW). Two individuals seen near residence on 12 
June 2008 (MW). 
 Submitted by JOSHUA M. KAPFER, Natural Resources Con-
sulting, Inc., 209 Commerce Parkway, PO Box 128, Cottage Grove, 
Wisconsin 53527, USA; ROBERT HAY, Wisconsin Department 
of Natural Resources-Bureau of Endangered Resources, PO Box 
7921, Madison, Wisconsin 53707, USA; MARY WANATKA, 
N12798 Drieslien Road, Trempealeau, Wisconsin 52661, USA.

PYTHON RETICULATUS (Reticulated Python). PHILIPPINES: 
BATANES PROVINCE: Itbayat Island (20.75ºN, 121.8333333ºE). 
10 February 2001. Specimen released alive. Photograph verifi ed 
by M. Auliya (MCZ R-186014). A widespread and commonly 
encountered species, being found throughout mainland Southeast 
Asia and the Indo-Malay-Philippine archipelago but the true 
limits of its range are more diffi cult to determine because most 
authors are satisfi ed to list countries rather than exact localities. 
The southeastern limits of the range are the islands to the west of 
New Guinea, i.e., Seram and Tanimbar Islands (Rooji 1917. The 
Reptiles of the Indo-Australian Archipelago. Vol. II. Ophidia. E. J. 
Brill, Leiden. xiv + 334 pp; Kopstein 1927. Zool. Meded. [Leiden] 
9:71–112; de Haas 1950. Truebia 20:511–625). The northern limits 
of the range are more diffi cult to determine. This species is not 
believed to occur in China even though de Haas (op. cit.) records 
“S. China?”, Zhao and Adler (1993. Herpetology of China. Society 
for the Study of Amphibians and Reptiles, Oxford, Ohio. 522 pp. 
+ 48 pl. + 1 folding map) omitted the species, and Pope (1935. 
The Reptiles of China. Natural History of Central Asia. Vol. 10. 
American Museum of Natural History, New York. li + 604 pp.; 27 
pl.) stated that despite earlier reports, it is unlikely that P. reticu-
latus is part of the Chinese herpetofauna, further suggesting that 
occasional specimens might have been deliberately transported into 
the country by travelers. Neither has P. reticulatus been recorded 

from Taiwan (Kuntz 1963. Snakes of Taiwan. US Naval Research 
Unit No. 2:1–80). de Haas (op. cit.) recorded P. reticulatus from 
“Burma; Siam as far north as lat. 18°; Indochine.” Taylor (1965. 
Univ. Kansas Sci. Bull. 45[9]:609–1096) stated that the species is 
found throughout Thailand “except perhaps the northern parts.” 
Smith (1943. Fauna of British India: Reptilia and Amphibia. Vol. 
III. Serpentes. Taylor and Francis, London. xii + 583 pp. + 1 map) 
listed “Tenasserim” in southern Burma (Myanmar), Siam (Thai-
land) as far north as lat. 18°, and French Indo-China (Vietnam) as 
far north as “Yen-Bai in Tong-King.” Yen-Bai is both a province 
and provincial capital located at 21°45'N, 104°50'E. Khan (1982. 
Wildlife of Bangladesh: A Checklist. Univ. Dhaka, Dhaka. 173 
pp.) records P. reticulatus from Sylhet Division, between 24°00' 
and 25°10'N and includes a plate of an identifi able processed skin, 
this being the northernmost record for Bangladesh, the earlier re-
port from the Shishak River on the border with northeastern India 
(Mountfort 1969. The Vanishing Jungle: The Story of the WWF 
Expedition to East Pakistan. Houghton Miffl in, New York. 286 
pp.), being a misidentifi ed P. molurus (Funk 1979. Bull. Chicago 
Herpetol. Soc. 14[3]:92).
 All the major islands of the Philippines fall within the known 
range of P. reticulatus. Alcala (1986. Guide to Philippine Flora 
and Fauna. Vol. X. Amphibians and Reptiles. Natural Resources 
Management Centre, Ministry of Natural Resources and University 
of the Philippines, Manila. xiv + 195 pp.) records it as “Found all 
over the Philippines.”
 In the process of fi lming a documentary in the Philippines, we 
visited Itbayat, the northernmost inhabited island in the Batanes 
Islands, 320 km N of Luzon and 200 km SE of Taiwan. The 
herpetofauna of Itbayat is low in diversity and we recorded only 
Hemidactylus frenatus (Common House Gecko) and P. reticulatus, 
the latter as two specimens. One was a 2.0–3.0 m captive specimen 
in Mayan town. It had been captured in a chicken coop and offered 
to us for sale. Ownership of the python was negotiated, without 
payment, before it was photographed extensively and released. A 
second specimen, killed near a goat paddock, was much larger. A 
large part of its skin was preserved as a tanned roll and some had 
been used on a local banjo. These two Itbayat specimens constitute 
the northeasternmost, possibly also the northernmost, records for 
P. reticulatus. 
 We thank YAP Films and Animal Planet for support of the proj-
ect.
 Submitted by MARK O’SHEA, West Midland Safari 
Park, Bewdley, Worcestershire, DY12 1LF, England (e-mail: 
oshea@snakemos.demon.co.uk); and JAMES D. LAZELL, JR, 
The Conservation Agency, 6 Swinburne Street, Jamestown, Rhode 
Island 02835, USA (e-mail: hq@theconservationagency.org).

RAMPHOTYPHLOPS BRAMINUS (Brahminy Blind Snake). 
VANUATU: AMBRYM: Wakon village, Lake Fanteng Conser-
vation area (16.221831ºS, 167.923889ºE). Two specimens found 
by Philip de Pous and Diederik Dingemans. Verifi ed by Wouter 
Beukema. The specimens (see http://calphotos.berkeley.edu, digital 
image voucher 0000 0000 0908 0036 and 0000 0000 0908 0037) 
were found under bark of two dead trees, ca. 1 m from ground on 
11 July 2007. R. braminus is widespread along the coast of the 
island and became established before 1990 (Jessy Saksak, pers. 
comm., 2007). After Efate (Medway and Marshall 1974. Philos. 
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Trans. R. Soc. Lond. B. Biol. Sci. 272:423–465) and Esperitu Santo 
(Shea and Wallach 2000. Pacifi c Sci. 54:70–74), Ambrym is third 
island invaded in Vanuatu Archipelago. 
 Submitted by PHILIP E. DE POUS, Department of Animal 
Management, University of Applied Sciences Van Hall Larenstein, 
8934 CJ Leeuwarden (e-mail: phillip.depous@wur.nl); and DIE-
DERIK J. DINGEMANS, Department of Animal Management, 
University of Applied Sciences Van Hall Larenstein, 8934 CJ 
Leeuwarden (e-mail: diederik.dingemans@wur.nl).

RHINOCHEILUS LECONTEI (Long-nosed Snake) USA: 
UTAH: BOX ELDER CO.:15 airline km NE town of Lucin, 1362 m 
elev. (41.4843806ºN, 113.6217056ºW). 12 June 2002. T. A. Scott 
Newbold and Nathan E. Welch. University of Kansas Natural His-
tory Museum color transparency (KU-CT 11933). Verifi ed by John 
E. Simmons. This record extends the distribution of this species 
northward by ca. 137 km, beyond the northern margin of the Great 
Salt Lake (Cox and Tanner 1995. Snakes of Utah. Brigham Young 
University Press, Provo, Utah. 91 pp.). Two other, unvouchered 
individuals of this species were seen in the immediate vicinity of 
this site (23 May 2001, 24 June 2003). There is an additional, previ-
ously unreported record from further south in Box Elder Co. (BYU 
47356). Considered together, these records suggest a continuous 
distribution along the western side of the Great Salt Lake.
 Submitted by T. A. SCOTT NEWBOLD (e-mail: scott@biology.
usu.edu), JOSEPH R. MENDELSON III, Department of Biology 
and the Ecology Center, Utah State University, Logan, Utah 84322-
5305, USA; and NATHAN E. WELCH, Department of Biology, 
Duke University, Durham, North Carolina 27708, USA.

STORERIA DEKAYI WRIGHTORUM (Midland Brownsnake,) 
USA: INDIANA: HENDRICKS / MORGAN CO. line: 39.63066ºN, 
86.38850ºW. 22 July 2004. B. Jagger Foster. ISUVC 3894. Veri-
fi ed by John O. Whitaker, Jr. New county record (Minton 2001. 
Amphibians and Reptiles of Indiana. Second Ed. Indiana Acad. 
Sci. 404 pp.).
 Submitted by B. JAGGER FOSTER, Indiana State University, 
Biology Department, 600 North 6th St. Terre Haute, Indiana 47809-
1905, USA.

THAMNOPHIS PROXIMUS PROXIMUS (Orange-striped 
Ribbonsnake). USA: ARKANSAS: SEVIER CO.: off US 70, vic. 
Cossatot Community College, De Queen (34.025°N, 94.216°W). 
28 April 2008. D. Arbour. Verifi ed by S. E. Trauth. Arkansas 
State University Herpetological Museum (ASUMZ photographic 
voucher 31238). New county record fi lling a distributional hiatus in 
extreme southwestern Arkansas near a previous record in Howard 
County (Trauth et al. 2004. Amphibians and Reptiles of Arkansas. 
Univ. Arkansas Press, Fayetteville. 421 pp.). 
 Submitted by CHRIS T. MCALLISTER, RapidWrite, 102 
Brown Street, Hot Springs National Park, Arkansas 71913, USA 
(e-mail: drctmcallister@aol.com); HENRY W. ROBISON, De-
partment of Biology, Southern Arkansas University, Magnolia, 
Arkansas 71754, USA (e-mail: hwrobison@saumag.edu); and 
DAVID ARBOUR, De Queen, Arkansas 69337, USA (e-mail: 
arbour@windstream.net).

THAMNOPHIS PULCHRILATUS (Mexican Highland Gar-
tersnake). MÉXICO: TLAXCALA: Municipality of Santa Cruz 
Tlaxcala; 1.5 km N of Santa Cruz (19.2201°N, 98.0858°W; datum 
WGS 84), 2404 m elev. 20 July 2007. Uri Omar García Vázquez 
and Omar Gabriel Salvatierra García. Verifi ed by Luis Canseco 
Márquez. Colección Herpetológica, Facultad de Ciencias, UNAM 
(MZFC 20901). First record for the municipality and second record 
for Tlaxcala, extending the known range 44.14 km SW (airline) 
from Mimiahuapan, Tlaxco, Tlaxcala (Fernández et al. 2006. Acta 
Zool. Mex. [n.s.] 22:159–162). The specimen was collected under 
a rock in pine forest. 
 Submitted by URI OMAR GARCÍA-VÁZQUEZ, Museo de 
Zoología, Facultad de Ciencias, UNAM, A.P. 70-399, México D.F. 
04510; e-mail:urigarcia@gmail.com.

THAMNOPHIS SIRTALIS SIRTALIS (Eastern Gartersnake). 
USA: ARKANSAS: SEARCY CO.: Off AR 14, ca. 1.5 km down 
Ramblewood Trail (36.0642139ºN, 92.5971056ºW). 05 May 2008. 
M. B. Connior. Verifi ed by S. E. Trauth. Arkansas State University 
Museum of Zoology Herpetology Collection (ASUMZ 31140). 
This adult female is the fi rst county record (Trauth et al. 2004. 
The Amphibians and Reptiles of Arkansas. Univeristy of Arkansas 
Press, Fayetteville. 421 pp.).
 Submitted by MATTHEW B. CONNIOR, Department 
of Biological Sciences, Arkansas State University, P.O. Box 
599, State University, Arkansas 72467, USA; e-mail: matthew.
connior@smail.astate.edu.

TROPIDODIPSAS ANNULIFERA (Western Snailsucker). 
MÉXICO: MICHOACÁN: Municipality of Chinicuila: 8 km 
(by air) SSE Villa Victoria (18.6927°N, 103.328°W; WGS84), 
1357 m elev. 9 June 2005. Christoph I. Grünwald and Jason M. 
Jones. Verifi ed by Jonathan A. Campbell. UTA Digital Collection 
(UTADC 1036). First record from Michoacán, fi lling a large gap 
between localities in SW Jalisco and central Guerrero (Kofron 
1988. Amphibia-Reptilia 9:145–168). The snake was found DOR 
in a tropical deciduous forest/oak forest ecotone.
  Submitted by JACOBO REYES-VELASCO, Centro 
Universitario de Ciencias Biológicas y Agropecuarias, Carretera 
a Nogales Km. 15.5. Las Agujas, Nextipac, Zapopan, Jalisco, 
México (e-mail: jackobz@gmail.com); CHRISTOPH I. 
GRÜNWALD, 450 Jolina Way, Encinitas California 92024, USA 
(e-mail: cgruenwald@switaki.com); and JASON M. JONES, 
16310 Avenida Florencia, Poway, California 92064, USA (e-
mail: jjones@switaki.com).

 Pseudoleptodeira latifasciata. México: Guerrero; vic. Zihuatanejo. Il-
lustration by Jackson D. Shedd.
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with friends and researchers—Joe was meticulous and kept most 
written interactions with everyone he encountered. Additionally, 
James conducted numerous (and very long) interviews with fam-
ily, friends, and fellow researchers to provide even more detail on 
Joe’s life to relay a real sense of his mannerisms and rough but 
loveable personality. The result is a pretty detailed journey through 
Joe’s life that is seasoned with quotes and stories from his family, 
friends, and (importantly for our crowd) luminaries in herpetology 
and evolutionary biology. 

For many people curious about this book, I am sure that a pri-
mary motivation for purchasing it is to read the gruesome events 
documenting Joe’s fi nal tragic collecting expedition near Rat Baw, 
Burma. Certainly much of Joe’s life has been boiled down in the 
popular press to his fi nal 36 hours and his struggle for life after be-
ing bitten by a krait (Bungarus). The last events of Slowinski’s life 
are defi nitely covered here, in fact nearly a third of book describes 
every aspect of this grim event—including funding, preparation, 
hardships in the fi eld, ineffi ciency of the Burmese government, 
tensions among the fi eld crew, Joe’s bite, resuscitation efforts, his 
death, handling the remains, and subsequent grief for all those who 
cared about him. Thankfully, The Snake Charmer covers much 
more of Slowinski’s life and personal achievements.

The Snake Charmer is broken into 13 unnumbered chapters and 
one epilogue. Each chapter is named after a single snake species 
and is prefaced by an illustration and an accompanying discussion 
of various aspects of the biology of the particular serpent. Most 
of these snakes are in some way tied to particular events in Joe’s 
life in said chapter. I thought this was a clever way to introduce 
different events or facets of Joe’s life and, excluding Oxyura-
nus microlepidotus, I am certain Slowinski collected all of these 
snakes. The book also provides two sections of photos—the fi rst 
are shots capturing Joe’s childhood with friends and family (and 
some herps) and the second is composed mostly of pictures of 
Joe and colleagues in Burma. I wish a section of photographs had 
been included showing reptiles and amphibians that Joe would 
have encountered or worked on throughout his life (or at least the 
ones named in his honor).

The Snake Charmer opens with a discussion of venomous snake 
mimicry (emphasizing the model/mimicry system in Dinodon 
and Bungarus), krait venom, and Joe’s fatal encounter with this 
snake. The following chapters detail Joe’s life chronologically 
and do not return to the fatal encounter with the krait until the last 
section of the book, entitled ‘The Expedition.’ In between, James 
traces Joe’s interest and academic development in general science, 
geology, and ultimately herpetology. Along with descriptions of 
his keen intellect, we are also given a fairly accurate depiction of 
the warmth, humor, generosity, debauchery, and rough and rowdy 
ways that characterized Slowinski’s personality. Joe’s early life 
in Manhattan, Tokyo, and Kansas City are thoroughly explored 
through interviews with his family and it clearly shows how an 
inherently curious kid, capturing a rat snake (Pantherophis obsol-
etus) at the age of fi ve, was encouraged and aided by his mother to 
study natural history. Eventually, this would develop into a passion 
for snakes. As an undergraduate at the University of Kansas, we 
learn about Joe’s passion for evolution, paleontology, and snakes. 
In these chapters covering Joe’s early life, it is evident that he was 
completely fascinated with collecting snakes and venomous ones 
in particular—leading to two crotaline envenomations. 
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It seems nearly impossible 
that a person could write a 
credible biography of some-
one they never met and ac-
curately capture the subject’s 
personality and the intimate 
details of their life. Jamie 
James has not only done this 
with his biography of Joe 
Slowinski in the new book, 
The Snake Charmer: a Life 
and Death in the Pursuit of 
Knowledge, but he has actu-
ally done it well and given us 
an entertaining read to boot. 
I anticipated the release of 
this book for sometime and 
am very pleased with the 
fi nal product. I will admit 
that my review of this book is somewhat biased as Joe Slowinski 
was a very good friend of mine and I was interviewed extensively 
by James for this book. Nevertheless, I think it is not only an 
important document for the layperson interested in the process of 
science, snakes, and adventure, but also a fantastic contribution 
to the history of herpetology. Ultimately, James admits that he 
wrote this book to question what drives a person to spend their life 
investigating snake evolution at the expense of health, fi nances, 
relationships, and personal comfort. Obviously, for most readers of 
Herpetological Review, the answer to this question is obvious—it’s 
what we do for fun and we can’t help it. Jamie James traces the life 
of Joe Slowinski in order to get an even better understanding of 
how to frame such a question and I’ll not spoil the book by giving 
my impression of that. 

Beyond exploring this somewhat nebulous question, the real 
charm in The Snake Charmer is that it explores and documents 
the life of Joe Slowinski, with an emphasis on his academic devel-
opment, life as a fi eld researcher, personal relationships, and the 
social nature of herpetologists. For those who did not know Joe, I 
can honestly say that James’ writing captures Joe’s personality and 
passion for herpetology well. So, how is it that James, who never 
met Joe, was able to provide us with such a good characterization 
of Slowinski’s personality and abilities as a scientist? James thor-
oughly examined all of Joe’s personal journals and correspondence 
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The book then turns to Joe’s career as a doctoral student at the 
University of Miami, where he was mentored by Jay Savage, and 
his early contributions to herpetology and evolutionary biology. For 
herpetologists interested in the social aspects of our fi eld, the book 
becomes particularly important for documenting the personality of 
other major players in the fi eld. For me, a quote by Savage on page 
73 about why scientists build phylogenies when we know they may 
be incorrect is classic and completely worth the price of this book. 
After completing his doctorate on the taxonomy of New World 
coral snakes, the book traces Joe’s life through his postdoc years 
researching krait evolution at the National Museum of Natural His-
tory and Louisiana State University Museum of Natural Science, 
where he was again envenomated by another crotaline (Sistrurus 
miliarius). As the book correctly describes, these were tough days 
for Slowinski—he had great diffi culty obtaining a professorial 
position at a university and was living on a very meager salary. 
Although these aspects of his life may seem somewhat dry, I can 
assure you they are not. These sections are laced with some pretty 
spicy and exciting stories that illustrate Joe’s wild side, including 
some run-ins with the law.

The last portion of the book describes his curatorial position 
at the California Academy of Sciences, research in Burma and 
China, and his success at obtaining a massive NSF grant to fund 
expeditions in Burma. With funds for research, a new romance, and 
respect in the fi eld, we learn how life was certainly looking up for 
Joe. And then the book turns to his last trip to Burma. James relates 
in excruciating detail Joe’s fi nal collecting trip to northern Burma 
and the hardships faced by him and his crew on this adventure. I 
think anyone reading this will fi nd the end of the book diffi cult to 
stomach. The account of Joe’s fatal bite, the impossibilities faced 
by his crew to sustain his life, and Slowinski’s eventual passing 
is pretty rough stuff. Hopefully, this last episode will teach sci-
entists working with venomous snakes to proceed with caution. 
‘The Expedition’ section is appropriately followed by an epilogue 
that frames life at the California Academy after Joe’s death and 
discusses the species named in his honor. 

The Snake Charmer is a quick read, well written, and should be 
of great interest to readers of this journal. In fact, I doubt many 
books reviewed here contain as much drama, action, and adven-
ture—peppered with a host of romantic and villainous characters 
(you can fi gure out who the villains are). Other than a few errors 
about Joe being the only academic herpetologist killed in the fi eld 
from a venomous snake bite (although Schmidt and Mertens were 
envenomated in their labs, it could be argued that Fred Shannon 
was an academic herpetologist and certainly he died in the fi eld 
from the bite of a Crotalus scutulatus), and some half-baked theo-
ries on why Boa constrictor does not lay eggs and a prediction of 
impending infertility for dwarf members of this same species in 
Cozumel, the text is thorough and well-researched. At a cover price 
of US $24.95, even the most frugal herpetologist should be able to 
afford it. This book sits on my shelf right next to other stalwart clas-
sics in the history of herpetology (or herpetological biographies): 
Snakes and Snake Hunting (Kauffeld 1957), Snakes: the Keeper 
and the Kept (Kauffeld 1969), Edward H. Taylor: Recollections 
of a Herpetologist (Taylor et al. 1975), A Field Guide to the Life 
and Times of Roger Conant (Conant 1997), and Contributions to 
the History of Herpetology (Adler 1989, 2007). As the artist Jack 
Kirby used to say “Don’t ask, just buy it!”
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This volume is a com-
prehensive review of re-
search on snapping turtles. 
In the tradition of Gib-
bons’ (1993) volume on 
slider turtles, Steyermark, 
Finkler, and Brooks have 
assembled an impressive 
roster of turtle biologists to 
write individual chapters 
relating to all aspects of 
snapping turtle biology. 
The book begins with an 
introduction by Whit Gib-
bons. The majority of the 
book is divided into three 
sections. The fi rst, contain-
ing Chapters 1–4, covers 
taxonomy and systematics. The second section, containing Chap-
ters 5–11, covers physiology, energetics, and growth. The third 
section, with Chapters 12–17, covers life history and ecology. The 
book concludes with a list of references and an index.

Chapter 1, by Carl Ernst, is a taxonomic overview of chelydrid 
turtles. Distribution, characteristics, geographic variation, and re-
corded fossils are provided for all extant chelydrid taxa including 
the alligator snapping turtle (Macrochelys temminickii) and the 
central and South American snapping turtles (Chelydra rossignonii 
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and C. acutirostris). 
J. Howard Hutchison reviews fossil chelydrids in Chapter 2. 

Prior to reading this chapter I was unaware of the broad geographic 
distribution of fossil chelydrids and was surprised to learn of early 
Eocene snapping turtle fossils from Ellesmere Island in Canada! 
This chapter presents a phylogenetic analysis of fossil chelydrids 
although it could be easily overlooked as there is no discussion of 
the methods used and the resulting phylogenetic tree is only about 
3 cm wide, part of an eight-panel, quarter page fi gure. 

Chapter 3, by Eugene Gaffney, provides an overview of the 
snapping turtle skull and a summary of the literature pertaining 
to snapping turtle morphology. A large amount of descriptive 
and comparative work has been published concerning snapping 
turtle morphology in the past and Gaffney does an outstanding 
job summarizing that literature. The chapter is illustrated with 
several line drawings of snapping turtle skulls. There are, how-
ever, some missing citations pertinent to snapping turtle skeletal 
morphology such as Zangerl (1939) and recent papers by Sheil 
and Greenbaum (2005) and Jamniczky and Russell (2007). These 
omissions though do not detract from the thoroughness and useful-
ness of this chapter. 

Shaffer, Starkey, and Fujita use Chapter 4 to examine several 
long-standing systematic issues of chelydrid turtles. The authors 
focus on the following questions using molecular data: i) Are 
Macrochelys and Chelydra sister taxa? ii) Does current taxonomy 
refl ect the evolutionary diversity present in Chelydra? iii) Is the 
Asian big-headed turtle (Platysternon) allied with the Chelydridae? 
The authors do a good job explaining why these are important 
systematic questions and put forward satisfactory answers. The 
chapter ends with some taxonomic recommendations and identi-
fi cation of areas needing additional research.

Chapter 5, by Nigel West, covers respiratory and cardiovascular 
physiology. Much of the emphasis is on gas exchange and ties in 
nicely with chapter nine on overwintering.

Mahmoud and Alkindi review snapping turtle reproductive 
physiology in Chapter 6. Gonadal cycles and hormone levels in 
both male and female snapping turtles are discussed. Much of the 
information covered in this chapter is taken from papers co-au-
thored by the senior author. 

Chapter 7, by Spotila and Bell, is about thermoregulation and 
feeding biology. Much of the chapter is spent discussing thermo-
regulation in turtles generally and comparing snapping turtles to 
other turtle species. As in other chapters, I was struck by how little 
is known about snapping turtle thermal biology and the great need 
for further study in this fi eld. 

Robert Gatten, in Chapter 8, covers metabolism and energetics of 
eggs and turtles. Gatten does a good job showing the relevance of 
energy use to major life history characteristics such as incubation 
environment, sex determination, growth, and overwintering. 

Ultsch and Reese discuss overwintering in Chapter 9. The adap-
tations needed to survive in low oxygen environments and at cold 
temperatures are fascinating and this chapter is a great overview of 
this topic. The authors also mention the importance of protecting 
hibernating turtles. This is wise advice particularly as commercial 
harvesters in Minnesota and other northern states are known to 
collect overwintering snapping turtles through holes in the ice. 

Chapter 10, by Michael Ewert, is about embryos and incubation 
with a strong focus on energy utilization and latitudinal variation. 

Importantly, this chapter utilizes previously unpublished data in 
new analyses in a comparison of snapping turtle egg incubation 
from Tennessee and Minnesota. Ewart’s results suggest a suite of 
physiological adaptations of snapping turtles eggs to the shorter 
growing seasons of northern latitudes. 

Anthony Steyermark writes about snapping turtle growth pat-
terns in Chapter 11. The chapter is generally written and serves 
as a good introduction to the importance of growth to individuals 
and species. Growth, and the factors affecting it, are discussed for 
both embryos and juvenile/adult stages. Like most chapters, there 
is a section on directions for future research. 

Justin Congdon, Judith Greene, and Ron Brooks review the 
nesting behavior and reproductive ecology of female snapping 
turtles in Chapter 12. This chapter has some overlap with several 
other chapters in the book but it is different enough so that it 
doesn’t seem repetitive. Additionally, much of the information 
presented in this chapter is unpublished having being collected at 
the long-term study sites of the authors: Savannah River in South 
Carolina; E. S. George Reserve in Michigan; and Algonquin 
Provincial Park in Ontario. This chapter is very well written and 
offers a clear and concise overview of snapping turtle life history 
and reproduction. 

Chapter 13 by Ackerman, Rimkus and Lott overviews water rela-
tions of snapping turtle eggs. The authors state, “It is probable that 
what we think that we understand about the role and importance 
of egg and embryonic water exchange for reptile eggs rests largely 
on the study of the eggs of C. serpentina.” If this statement is true 
then this chapter provides not only a thorough introduction to water 
exchange in snapping turtle eggs but in reptile eggs as a whole. 
The chapter is well written and does indeed offer a thorough and 
concise introduction and summary to this important fi eld. 

Snapping turtles have been important models in the study of tem-
perature-dependant sex determination (TSD), the topic of Chapter 
14 by Fred Janzen. Understanding the adaptive signifi cance of TSD 
is key to understanding the evolution of sex-determining mecha-
nisms and the maintenance of TSD. Janzen provides a thorough 
overview of these topics as well as some of the functional aspects 
of TSD. A comprehensive compilation of snapping turtle incuba-
tion data from the literature provides a sort of meta-analysis on 
the infl uence of temperature on hatchling gender. Janzen writes a 
concise introduction to TSD that will serve as an important entry 
into the fi eld of sex determination in snapping turtles specifi cally 
and reptiles as a whole. 

Ecology and physiology of hatchling turtles is outlined in Chap-
ter 15. Michael Finkler and Jason Kolbe review in great detail what 
is known about snapping turtles in the period from hatching through 
the fi rst year. The chapter highlights the interactions between 
hatchling turtles and their environment during hatching, overland 
migration from the nest to the water and fi nally, interactions once 
in the water. The topics covered in this chapter have similarities 
with other chapters in the book but, as with Chapter 12, it is not 
repetitive, and highlights the integrative nature of the volume.

Chapter 16 by David Galbraith examines population biology 
and population genetics of snapping turtles. The chapter is divided 
roughly into thirds, with a portion devoted to age estimations in 
snapping turtles, a section on life history characteristics and de-
mography, and fi nally a thorough section on population genetics. 
Within the last section on genetics, Galbraith poses eight predic-
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tions regarding snapping turtle genetic structure based on the snap-
ping turtle’s unique life history characteristics. These predictions 
provide a defi ned series of testable hypotheses to future researchers 
making this chapter one of the most useful in the whole book. 

Chapter 17 by Don Moll and John Iverson covers geographic 
variation and life-history traits. The content is an extension of 
Iverson et al. (1997) and uses the data presented in that paper, 
as well as results of studies conducted since then, to examine 
how morphological and reproductive characteristics vary across 
the large geographic range of C. serpentina. Despite numerous 
studies involving snapping turtles, there is still much more work 
needed to fully understand the range of life-history variation and 
its possible causes. 

The book appears well put together although the margins, par-
ticularly at the top of the page, are a bit tight. I noticed few print 
errors: one spelling mistake in the References section, on page 
220, “ski” instead of “skin” in the title of Yntema 1974b; and 
“Brooks 1992,” cited on page 169 in Chapter 16, is not listed in 
the Literature Cited. As mentioned before, fi gure 2.3 is too small 
and could have easily fi lled an entire page. 

Overall the editors and authors did a good job integrating the 
subject matter to provide a very complete picture of snapping 
turtle biology. That said, some minor inconsistencies occur where 
a statement made in one chapter contradicts information presented 
in another. For example, in both chapters 5 and 16, C. serpentina 
is said to occur throughout North and Central America south to 
Ecuador. The fi rst and fourth chapters of the book make clear that 
the Central and South American Chelydra are not C. serpentina 
but C. acutirostris or C. rossignonii. These mistakes appear to be 
oversights by the authors and editors and not a rejection of current 
snapping turtle taxonomy. There are additional inconsistencies in 
Chapter 1. Discussing relationships of the Chelydridae to other 
turtles, Ernst says “… all other extant cryptodirans are their sister 
group.” While this relationship has been proposed, Chapter 4 
makes a strong case that chelydrid turtles are nested well within the 
Cryptodira. Similarly, Chapter 1 states there are two fossil species 
of Macrochelys while Chapter 2 lists three species. Finally, Chapter 
1 states that the earliest Chelydra fossil is from the Pliocene, citing 
Chapter 2 of the same volume, instead of the Miocene as correctly 
listed in Chapter 2. 

One topic missing, sadly, is a chapter on conservation and man-
agement. While snapping turtles are relatively abundant throughout 
their range, they are harvested in large numbers in some areas 
(Brooks et al. 1988), suffer from high levels of road mortality 
(Steen and Gibbs 2004), and accumulate elevated levels of envi-
ronmental contaminants (Helwig and Hora 1983; Ashpole et al. 
2004). Snapping turtles are considered vulnerable in two U.S. states 
and two Canadian provinces (NatureServe 2008). Conservation and 
management are briefl y mentioned in the chapters by Congdon, 
Greene, and Brooks (Ch. 12) and Galbraith (Ch 16), as well as the 
introduction by Whit Gibbons. Nonetheless, a dedicated chapter 
for reviewing the threats to snapping turtles and their management 
would have been a worthwhile addition.

Summarizing what we know about a species makes obvious 
our gaps in scientifi c knowledge. Publication of a book like Biol-
ogy of the Snapping Turtle can help guide future research in fi ll-
ing those gaps. Most chapters in Biology of the Snapping Turtle 
have a section detailing potential directions for future research. 

Chelonian biologists should consult this volume when designing 
research plans involving snapping turtles, or any turtle species for 
that matter. One obvious gap in knowledge repeatedly mentioned 
throughout the book relates to intraspecifi c variation across the 
species’ distribution. Almost all of the authors comment on how 
we only have data from a few populations, representing a fraction 
of the snapping turtle’s continent-wide range. Additionally, many 
of these data are from the northern portions of the distribution. 
It is obvious after reading Biology of the Snapping Turtle that 
conducting research across the full range of the snapping turtle’s 
distribution, particularly involving populations in the southern 
United States and Mexico, should be a priority. 

Biology of the Snapping Turtle is a well-executed volume fi lled 
with useful information. The strong emphasis on physiology is par-
ticularly welcome and anyone conducting physiological research 
on reptiles and reptile eggs is advised to get this book. While the 
publisher’s list price is a bit steep, wildlife managers, fi sheries 
biologists, herpetologists, and vertebrate physiologists will fi nd it 
a handy reference to this widespread turtle species. 
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This is a comprehensive con-
sideration of vernal pools of the 
Northeast—here defined as the 
area that was glaciated during 
the Late-Wisconsin glaciation 
(35,000–11,000 years B.P.) and 
bounded on the west by the forest-
prairie interface and in the north by 
the current tree line. The region en-
compasses the states and provinces 
from Minnesota and Manitoba east 
to New England and the Atlantic 
provinces of Canada and south 
to the terminal moraines of New 
York, Pennsylvania, Ohio, Indiana, 
Illinois, and Missouri. 

The book is divided into three 
sections dealing with 1) the physical (geomorphology, hydrology, 
remote and fi eld identifi cation of vernal pools), and 2) biological 
setting (fl ora and fauna) of vernal pools, and 3) aspects of conser-
vation in the human modifi ed landscapes that dominate in much 
of the region covered by the book. Each of the 16 chapters by 33 
authors is self-standing, with its own set of references. The book 
is a companion to an earlier volume by Colburn (2004), which 
concentrated on the plants, invertebrates, and microorganisms of 
these wetlands. In contrast, this volume has a strong herpetologi-
cal component, with fi ve chapters (totaling 114 pages) devoted 
largely to amphibians and reptiles. In addition, the 12 color plates 
illustrating the book include eight images of vernal pool-associated 
amphibians and reptiles. 

“Ecology and Conservation of Pool-Breeding Amphibians” 
by Semlitsch and Skelly deals with the life cycles, distribution, 
population and community dynamics, and spatial ecology of the 27 
species that breed in the vernal pools of the northeast, along with 
the conservation implications of these parameters. Although only 
Scaphiopus holbrookii and Rana sylvatica (as well as Pseudacris 
triseriata in parts of its range) use vernal pools as their principle 
breeding habitats, nine of ten salamanders, including eight am-
bystomatids, Hemidactylium, and Notophthalmus viridescens, 
use them commonly. 

In “The Importance of Vernal Pools to Reptiles, Birds, and Mam-
mals,” Joe Mitchell and colleagues report on the uses, mostly facul-
tative, of vernal pools made by amniotes. Although as many as half 
of regional reptiles occasionally make use of these wetlands, only 
Clemmys guttata, Emydoidea blandingii, and, to a lesser extent, 

Glyptemys insculpta among the turtles, and Nerodia erythrogaster 
and Thamnophis sauritus among the snakes, can be considered to 
commonly use vernal pools and their edges for activities such as 
foraging, thermoregulation, nesting, and aestivation. 

In “Population and Genetic Linkages of Vernal Pool-Associated 
Amphibians” by Gibbs and Reed, drift, inbreeding, extinction, and 
migration distance relative to the clustering of vernal pools are 
considered. Because of low population sizes and local fl uctuations 
inbreeding and drift may be particularly important. The authors 
highlight the general lack of population structure data, which are 
necessary in order to develop intelligent conservation strategies. 

The remaining herpetological chapters, “Conserving Vernal Pool 
Amphibians in Managed Forests” and “Spatial Tools for Conserv-
ing Pool-Breeding Amphibians,” are grouped in the conservation 
section of the book. The fi rst of these highlights the importance 
of forest management practices for conserving amphibians. It 
stresses the need for a high percentage of canopy cover to maintain 
amphibian abundance and the importance of complex life cycles 
and philopatry in planning tree harvesting operations in areas with 
vernal pools. This is particularly critical in areas such as Maine 
and New Brunswick, where forests cover more than 85% of the 
landscape. 

The second chapter advocates a landscape species approach to 
conservation. Landscape species are those that require habitats in 
multiple ecosystems within a landscape in order to survive. Using 
the example of Rana sylvatica in Maine, the authors demonstrate 
how gap analysis can be used to identify focal landscapes of 
conservation concern where landscape elements of high value to 
amphibians intersect with human landscape elements that threaten 
amphibians. 

Other chapters in this section of the book include those on conser-
vation policy, chemical contamination, conservation in urbanizing 
environments, vernal pools as outdoor laboratories for education, 
and community-based conservation initiatives. The book concludes 
with a detailed subject index that also includes taxa discussed, but 
only by common name (except in the case of certain key plants, 
such as Sphagnum).

Vernal pools are disproportionately signifi cant in ecological 
terms because of the high diversity of organisms they support. Their 
small size is a double-edged sword; their ubiquity in the glaciated 
landscape, as well as their manageable dimensions makes them 
especially amenable to study, but also leaves them vulnerable to 
destruction and in particular need of conservation. Amphibians, 
because of both their varied uses of vernal pools and associated 
habitats during the course of their complex life cycles and their 
sensitivity to environmental perturbations, have been particularly 
valuable in the interpretation of complex ecological interactions in 
vernal pools and infl uential in the practical implementation of con-
servation strategies in the glaciated landscapes of the Northeast. 

Collectively, the contributions in this volume present the physical 
and biological data that explain the structure of vernal pool com-
munities and explore the ways in which an understanding of vernal 
pools can inform land, water, and wildlife management decisions 
and guide conservation priorities. Although of broad relevance 
to herpetologists, ecologists, and other biologists working in the 
northeastern United States and eastern Canada, the high cost of the 
book may limit its distribution. However, it will be of particular 
value to natural resource managers and conservation biologists, 
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for whom the investment may well be justifi ed.
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Frogs and Toads of Big Bend National Park, by Gage H. Dayton, 
Raymond Skiles, and Linnea Dayton. 2007. Texas A&M University 
Press, College Station, Texas (www.tamu.edu/upress). xi + 51 pp. 
Softcover. US $12.95. ISBN 1-58544-574-2.
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Big Bend National Park 
(BBNP) is not only the larg-
est national park in Texas, it 
is also located in one of the 
most herpetologically diverse 
regions of the state (Owen 
1989). Available literature 
regarding fi eld identifi cation 
of the amphibians of BBNP 
can be found in two distinct 
categories—locally specific 
and state or national. Locally 
specifi c nature guides appeal 
to naturalists with general in-
terests in the Big Bend region 
but often are not descriptive 
enough with respect to am-
phibian lifestyles and distribu-
tions (e.g., Wauer and Fleming 2002), whereas state or national 
guides lack local appeal and are too generalized to provide relevant 
information regarding regional variation or natural history (e.g., 
Garrett and Barker 1987; Conant and Collins 1998). This leaves 
visitors, biologists, and wildlife enthusiasts to identify what they 
see at Big Bend with suboptimal, or even misleading (e.g., Eifert 
and Eifert, 2007), nature guides. Frogs and Toads of Big Bend 
National Park provides a welcome alternative. 

Few national parks have received such taxon-specifi c attention 
with respect to any group of organisms, let alone amphibians. 
BBNP, and West Texas in general, has lower amphibian diversity 
than eastern portions of the state (Owen 1989). Regardless, the 
species present in BBNP include some interesting and unique 
anurans. Considering the remoteness of this region, the diversity 
of the taxa present in the park, and the book’s applicability to its 
surrounding vicinity, this guide is fully warranted. Specialized 
regional fi eld guides like this one will provide useful information 
to park and regional visitors, naturalists, and herpetologists, and 
have the potential to spur the production of more locally special-
ized fi eld guides.

It is obvious that a great deal of care went into designing the 
layout of this book from cover to cover. The book is fi eld-ready—it 
is extremely easy to handle (it could fi t in a big pocket) and the 
plasticized soft-cover binding can handle the elements. The con-
tents go far beyond those of most other fi eld guides. The authors 
present this guide as a culmination of a seven-year amphibian 
survey in BBNP. Every species account provides identifi cation 
tips and natural history, as well as a brief description of where in 
the park the species has been found. The authors describe 11 of the 
12 known amphibian species from the park in great detail—Hyla 
cinerea, a recent addition to the park checklist (Leavitt et al. 2007), 
is excluded. The traditional fi eld guide format of species accounts 
is abandoned to describe recent population trends and life history 
traits unique to these desert amphibians. 

Many high-quality color photographs are presented for each 
species, although a few are used more than once. Many of these 
species have variable patterns and unique behavioral or ecologi-
cal characteristics, and a few more photographs representing this 
morphological and biological diversity could have been provided. 
The photos work well in conjunction with the authors’ useful 
dichotomous key to the species, greatly facilitating fi eld identifi -
cation of the frogs and toads of BBNP. Specialized terms relating 
to amphibians and the desert environment that are used in the key 
and elsewhere in the book are defi ned in a two-page glossary. It 
is unfortunate that page numbers of species accounts are not pro-
vided in the key, as this would simplify the identifi cation process. 
Another minor issue is that authors refer to Spea multiplicata as the 
Mexican Spadefoot in the text and as the New Mexico Spadefoot 
in the key. Although such minor problems hardly detract from such 
a well-executed book, they should be considered for improvement 
in future editions. The book closes with a literature referenced sec-
tion—for the studious, and an index—for the forgetful.

Overall, Frogs and Toads of BBNP has a very strong appeal for 
both scholars and naturalists. Throughout the species accounts the 
authors integrate their knowledge of, and concern for, conservation 
of BBNP anurans with fi eld identifi cation basics, providing a fi eld 
guide that will be a great addition to the library of anyone interested 
in Big Bend or the frog fauna of the southwest. 
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The Frog-Biting Midges of the World (Corethrellidae: Diptera), 
by Art Borkent. 2008. Zootaxa 1804:1–456. Online publication 
(www.mapress.com/zootaxa/). ISBN 978-1-86977-211-3 [also 
available in paper copy edition]. 

This monograph on dipteran insects is of direct relevance to 
herpetologists because females of corethrellid midges are attracted 
by the calls of male frogs and feed on their blood. Immature 
stages of the midges may be associated with terrestrial habitats 
or phytotelmata. At least some species are known to transmit 
Trypanosoma to the frogs they feed upon. This major treatment 
of the group recognizes 97 extant species—52 of them new, and 
seven fossil forms, of which two are described as new. In addition 
to species accounts and descriptions per se, the work includes a 
cladistic analysis of the Corethrellidae as well as maps and keys 
for all of the recognized taxa. Biogeography of the group should 
be of special interest to herpetologists because of the close associa-
tion between fl y and midge—at least some taxa are host-specifi c 
in their feeding preferences. The author concludes that the frog 
feeding lifestyle of these insects dates from the early Cretaceous 
and considers that some patterns of affi nity and distribution are 
refl ective of Gondwanan origins. Abstracts of this, as well as many 
taxonomic papers and monographs dealing with amphibians and 
reptiles (as well as all other animal groups), can be accessed at 
the Zootaxa website. Some Zootaxa publications are open access, 
others are available for purchase in hardcopy or electronically 
through personal or institutional library subscription. 

Don’t Touch That! The Book of Gross, Poisonous, and Down-
right Icky Plants and Critters, by Jeff Day. 2008. Chicago 
Review Books (available through Independent Publishers Group; 
www.ipgbook.com). [iv] + 108 pp. Softcover. US $9.95. ISBN 
978-1-55652-711-1. 

This book is intended for children aged seven to nine. It presents 
for its young readers an overview of the poisonous, venomous, and 
otherwise dangerous plants and animals of North America (with 
vignettes dealing with some exotic taxa). The book is humorously 
written and illustrated by numerous cartoons depicting the relevant 
wildlife and their effects on humans. The information presented 
is fundamentally sound and clearly presented. The author, who is 
both a pediatrician and cartoonist, has creatively taken advantage of 
children’s love of all things that most adults fi nd disgusting to pres-
ent a quite practical primer. In addition to amphibians and reptiles, 
the book considers plants (poison ivy, stinging nettle, mushrooms, 
etc.), insects (bees, wasps, ants, fl eas, lice, mosquitoes), spiders 
(as well as scorpions and ticks), mammals (porcupines and skunks 
as well as domestic and wild mammal bites and their associated 
complications—rabies, tetanus, etc). The herpetological section of 
the book discusses amphibian skin secretions in general, Salmo-
nella, pit vipers, and gila monsters. It provides basic information 
about the identifi cation of venomous snakes, the venom apparatus, 
effects of venom on the body, snakebite treatment, production of 
antivenin, and tips for avoiding snakebites. The philosophy of the 
book is that learning about potentially dangerous organisms in 
their surroundings will allow kids not only to avoid trouble but to 
confi dently explore and enjoy nature. Don’t Touch That! should 
make a good gift for budding naturalists. 
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