


HERPETOLOGICAL REVIEW

THE QUARTERLY BULLETIN OF THE

SOCIETY FORTHE STUDY OF AMPHIBIANS AND REPTILES

Editor
ROBERT W. HANSEN
16333 Deer Path Lane
Clovis, California 93619-9735 USA
HerpReview@gmail.com

Associate Editors
MICHAEL E. BENARD
Case Western Reserve University, USA

JESSE L. BRUNNER
Washington State University, USA

FELIX B. CRUZ
INIBIOMA, Rio Negro, Argentina

RAUL DIAZ
La Sierra University, California, USA

ROBERT E. ESPINOZA
California State University,
Northridge, USA

SCOTT M. BOBACK
Dickinson College,
Carlisle, Pennsylvannia, USA

GUNTHER KOHLER
Forschungsinstitut und Naturmuseum
Senckenberg, Germany

PETER V. LINDEMAN
Edinboro University, USA

DEANNA H. OLSON
USDA Forestry Science Lab,
Corvallis, Oregon, USA

DANIEL SAENZ
USDA Forest Service, Nacogdoches,
Texas, USA

Index Editor
RUTHE SMITH

Section Editors

Book Reviews
AARON M. BAUER
Villanova University, USA
aaron.bauer@villanova.edu

Conservation
PRIYA NANJAPPA
Association of Fish & Wildlife Agencies,
USA
pnanjappa@fishwildlife.org

Current Research
JESSE L. GRISMER
University of Kansas, Lawrence, USA
grismer@ku.edu

BEN LOWE
University of Minnesota, USA
lowe0160@umn.edu

Geographic Distribution
INDRANEIL DAS
Universiti Malaysia Sarawak, Malaysia
idas@ibec.unimas.my

JERRY D.JOHNSON
The University of Texas at El Paso, USA
Jjohnson@utep.edu

ALAN M. RICHMOND
University of Massachusetts, USA
alanr@bio.umass.edu

GUSTAVO J. SCROCCHI
Fundacién Miguel Lillo, Argentina
soniak@webmail. unt.edu.ar

DAVID C. BLACKBURN
California Academy of Sciences, USA
david.c.blackburn@gmail.com

STEPHEN RICHARDS
South Australia Museum, Australia
steve.richards@samuseum.sa.gov.au

Zoo View
JAMES B. MURPHY
Smithsonian National Zoological Park,
USA
Jjbmurphy222@gmail.com

Nomenclature
JAY M. SAVAGE
San Diego State University,
California, USA
savyl@cox.net

Herpetoculture
ROBERT HILL
Zoo Atlanta, USA
rhill@zooatlanta.org

WULF SCHLEIP
Meckenheim, Germany
wschleip@leiopython.de

Natural History Notes
JAMES H. HARDING
Michigan State University, USA
hardingj@msu.edu

SEAN P. GRAHAM
Pennsylvania State University, USA
grahasp@tigermail. auburn.edu

CHARLES W, LINKEM
University of Washington
Seattle, USA
herprev.ltc.nhn@gmail.com

JOHN D.WILLSON
University of Arkansas, Fayetteville, USA
hr.snake.nhn@gmail.com

DAVID A. STEEN

Auburn University,
Auburn, Alabama, USA
hr.snake.nhn@gmail.com

CRYSTAL KELEHEAR GRAHAM
University of Sydney and Smithsonian
Tropical Research Institute,

Republic of Panama
crystal.kelehear@hotmail.com

Copy Editors
DREW R. DAVIS
University of South Dakota, USA

KYLE MILLER HESED
University of Maryland, USA

DANIEL PORTIK
University of California, Berkeley, USA

ELIZABETH TIMPE
University of Connecticut, USA

RUTHE SMITH
Santa Cruz, California, USA

Herpetological Art & Illustration
Coordinator
JACKSON D. SHEDD
TNC Dye Creek Preserve,
California, USA
Jackson.Shedd@gmail.com

SOCIETY FOR THE STUDY OF AMPHIBIANS AND REPTILES

The Society for the Study of Amphibians and
Reptiles, the largest international herpetological
society, is a not-for-profit organization established
to advance research, conservation, and education
concerning amphibians and reptiles. Founded in
1958, SSAR is widely recognized today as having the
most diverse society-sponsored program of services
and publications for herpetologists. Membership is open to
anyone with an interest in herpetology—professionals and
serious amateurs alike—who wish to join with us to advance

the goals of the Society.

All members of the SSAR are entitled to vote by mail
ballot for Society officers, which allows overseas members

Future Annual Meetings

www.ssarherps.org

to participate in determining the Society's activi-
ties; also, many international members attend the
annual meetings and serve on editorial boards and
committees.

All members and institutions receive the Soci-
ety’s primary technical publication, the Journal of
Herpetology, and its bulletin, Herpetological Review;
both are published four times per year. Members also receive
pre-publication discounts on other Society publications,
which are advertised in Herpetological Review.

To join SSAR or to renew your membership, please visit

the secure online ZenScientist website via this link:
http://www.ssarherps.org/pages/membership.php

2014 — Chattanooga, Tennessee, 30 July—3 August (JMIH with ASIH, HL, and AES)
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ABOUT OUR COVER: Eurycea cirrigera

Salamanders of the genus Eurycea
are a diverse and widespread group in the
eastern and central United States. They
vary significantly in natural and life histo-
ry, including several groups which exhibit
paedomorphosis. Bonnett et al. (2014.
Evolution 68(2]:466-482) examined the
evolutionary history of metamorphosis in
spelerpine salamanders and demonstrat-
ed a positive correlation between the evo-
lution of paedomorphosis and both cave-
dwelling and arid surface environments. In Eurycea, several
lineages have independently evolved paedomorphosis, includ-
ing a clade of subterranean species from the Edwards Plateau of
Texas, multiple populations of E. tynerensis in the Ozark Plateau,
the aquifer-dwelling E. wallacei of the Southeast, and the recent-
ly described E. subfluvicola of the Ouachita Mountains (Bonnet
et al. 2014, op. cit.; Steffen et al. 2014. Zootaxa 3786[4]:423-442).
The Two-lined Salamanders (E. bislineata complex) are a wide-
spread clade with five described species. Generally, their life
history is characterized by a several-year aquatic larval phase
followed by metamorphosis into semi-terrestrial adults. Mount
(1975. The Amphibians and Reptiles of Alabama. Univ. Alabama
Press. 268 pp.) reported that neoteny was “not uncommon” in
E. cirrigera in Alabama, and Rose and Bush (1963. Tulane Stud.
Zool. 10:121-128) described a form of expedited sexual maturity

in E. aquatica as it approached metamorphosis, but true paedo-
morphosis is otherwise unreported in the E. bislineata complex
until now. Pictured here is a paedomorphic E. cirrigera contain-
ing 51 ova that was found in Athens, Georgia. Return trips to the
site of collection revealed gravid, metamorphosed female E. cir-
rigera and many non-mature larvae of a smaller size, but no ad-
ditional paeodmorphs.

The cover image was captured by Todd W. Pierson, an incom-
ing PhD student to Dr. Ben Fitzpatrick’s lab at the University of
Tennessee. His research interests largely encompass the ecol-
ogy, evolution, and conservation of plethodontid salamanders.
He currently works in Dr. Travis Glenn’s lab at the University of
Georgia, where he helps develop genomic and environmental
DNA tools.

The cover image is a composite of two photographs taken
from directly above and directly below a shallow aquarium sus-
pended off the ground—a photo-
graphic style adapted from Danté
Fenolio. Dust and scratches in the
glass were later removed in Photo-
shop. The image was recorded using
a Canon 7D, 100mm Canon macro
lens, and two off-board flashes fired
through LumiQuest SoftBoxes. The
photograph was captured at ISO
200, 1/200-second shutter speed,
and f/20 aperture.

SSAR BUSINESS

Roger Conant Grants-in-Herpetology Program:
Guidelines for Proposal Submission

Proposals will be accepted for the 2015 SSAR Roger Conant
Grants-in-Herpetology Program starting on 15 September 2014.
This program is intended to provide financial support for de-
serving individuals (with a primary emphasis on student re-
searchers) or organizations involved in herpetological research,
education, or conservation.

Important Updates

In Summer 2013, the SSAR Board of Directors allocated ad-
ditional funds to support this program. As a result, a total of 12
awards, rather than the traditional six awards, will be granted
(based on merit) in a given year, starting with the 2014 grant
cycle. A new grant category was also approved for the 2014 grant
cycle: Undergraduate Research in Herpetology. See the descrip-
tion of this new category below.

Updated criteria and outcomes have been posted for the
grant proposals in the Herpetological Education Category. Please
see those below.

Reminder: a liability waiver must be submitted with all grant
requests. See further details on the SSAR website.

Who Can Apply?

All applicants must be students AND members of SSAR with
the following exceptions:
> Those applying for the International category must be stu-
dents but DO NOT have to be SSAR members.
> Those applying for the Herpetological Education category
DO NOT have to be a student or SSAR member.
> Those applying for support of regional herpetological society
projects DO NOT have to be SSAR members.

In keeping with the Society’s goal of encouraging participa-
tion by the broadest possible community of applicants, prefer-
ence may be given to individuals who might not have access to
other funding sources. Applications must be submitted by indi-
viduals only (but see special considerations for education cat-
egories below).

Grant Amounts and Deadlines

Successful applicants in each of the categories listed below
will receive an award in the amount of US $500. It is possible that
two grant proposals will receive funding per category if review-
ers feel this is warranted. The deadline for submission is 15 De-
cember 2014 (see special note on membership dues below). The
awards will be announced by May or early June 2015.

Herpetological Review 45(2), 2014
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Grant Proposal Categories

* Conservation of Amphibians and Reptiles—Proposals should
outline a conservation-oriented research project. This project
may focus on species endangered or threatened at the state,
national, or international level, or address research on poten-
tially threatened habitats or species, or on introduced injurious
species.

The Andrew H. Price Field Research Grant-in-Herpetology.—
Proposals may address needs for field station fees or equip-
ment and materials in field oriented projects, or the field work
portions of broader studies. This might include in-situ behav-
ioral studies, ecological, life history, or sexual selection studies.
Survey work by individuals or regional societies may be sub-
mitted here or in TRAVEL below depending on how the funds
are to be used.

Laboratory Research.—Proposals may address needs for
equipment or materials in laboratory projects or laboratory
portions of broader projects. This might include studies in
behavior, biochemistry, molecular biology, biomechanics, or

physiology.

Travel—Proposals may address support for travel to field study
sites near or far, or to utilize distant collections or facilities. If
funding is sought to get from one place to another, proposals
should be submitted in the TRAVEL category. Proposals nor-
mally submitted in the CONSERVATION or FIELD RESEARCH
categories should be submitted here if travel funding is being
sought.

International—Proposals may address needs in any of the
above five categories. The applicant must be a student, but not
necessarily a SSAR member. Preference will be given to stu-
dents with limited access to research funds and in countries
where herpetological research has historically been under-
funded. Note Regarding Eligibility in the International Catego-
ry: In 2011, the SSAR Board of Directors decided that proposals
in this category would only be accepted if they were submit-
ted from institutions OUTSIDE of the United States. Proposals
from students who are primarily affiliated with United States
institutions are not eligible for this category.

Herpetological Education.—Proposals may address an educa-
tional project or start up support for an educational program
in a zoo, museum, park, nature center, regional herpetological
society, etc. The project must focus on a herpetological topic.
Note: Although proposals for institutional projects are accept-
ed, education proposals must be submitted by an individual
(either sole applicant or principal contact person for the proj-
ect). Applicants need not be students or SSAR member.

Undergraduate Research in Herpetology.—Proposals in this
category can outline any research project focused on questions
related to amphibian or reptile taxonomy, biology, ecology or
conservation. Funding can be used to purchase equipment,
materials, or as re-imbursement for travel to conduct research
(i.e., offset the cost of gas for trips to field sites, museums to
investigate specimens, etc.). Applicants must be currently
seeking a Bachelor’s Degree at an institution of higher learn-
ing. Applicants need not be affiliated with US institutions, and
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international applicants need not be SSAR members. Students
that apply for this award must be working directly with a re-
search advisor at an academic or professional institution (i.e.,
University, Regulatory Agency, Zoological Garden, Museum,
etc.). This advisor must submit the letter of support for the stu-
dent’s work. This letter of support must explicitly confirm that
the applicant is currently a student and has the time, ability
and guidance to successfully complete the proposed project.
Strong preference will be given for applicants that have limited
funding from other sources.

Additional information and requirements are posted on the
SSAR website at: ssarherps.org/pages/GIH.php. All proposals
must be submitted electronically to kapferj@uww.edu as a single
PDF file named “lastname-category.pdf” no later than 15 De-
cember 2014 to be considered (letter of support may be included
with the proposal or sent separately). Exceptions to electronic
submission and file format may be allowed for special cases with
prior approval by SSAR-GIH Chair.

Failure to meet these guidelines may result in elimination of a
proposal from consideration.

Successful applicants are encouraged to submit the results
of their research for publication in the Journal of Herpetology or
Herpetological Review, and/or to present their findings at the an-
nual meeting of SSAR. Submit proposals or questions regarding
application procedures to: Joshua M. Kapfer, Chair, SSAR Grants
in Herpetology, Department of Biological Sciences, University of
Wisconsin-Whitewater, Whitewater, Wisconsin 53190, USA (e-
mail: kapferj@uww.edu).

Grants-in-Herpetology Donor Information

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

SSAR wishes to thank the many grant reviewers and do-
nors that have instrumental in the success of the Roger Conant
Grants-in-Herpetology program for the last several decades. In
particular, we would like to thank Tom Beauvais for his generous
financial support of this program. We would also like to thank
Rebecca Christoffel, whose comments and suggestions greatly
improved the guidelines for grant submissions in the Education
Category.

Metter Memorial Award, 2014

This year’s Dean E. Metter Memorial Award goes to Brenna For-
ester, a PhD student at Duke University in the Nicholas School
of the Environment. Her dissertation advisor is Dean Urban.
Forester’s proposal is entitled: Evaluating the Implications of Lo-
cal Adaptation, Habitat Connectivity, and Gene Flow for Terres-
trial Salamanders under Global Change. She will use molecular
techniques to detect adaptation, habitat connectivity, and levels
of gene flow in natural populations of the eastern plethodontid

Herpetological Review 45(2), 2014
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salamanders Plethodon cinereus and P. welleri, both of which
inhabit areas in fragmented and warming habitats. One impor-
tant general goal of the study is to determine actions that will be
effective in conserving salamander biodiversity under a global
change regime.

Like many other Metter Award winners, this proposal
has clearly identified research questions, developed working

hypotheses to test during the course of the research, and involves
both laboratory and field work. Congratulations to Brenna!

Proposals for the Metter Award are due on 30 March each
year. Information about the Metter Award, including application
details, may be found on the SSAR website: ssarherps.org/pages/
metter.php.

NEWSNOTES

SSAR Members Elected to American Academy

Among the zoological disciplines, herpetologists are un-
usually well represented in the American Academy of Arts and
Sciences, one of the nation’s oldest and most prestigious hon-
orary societies, headquartered in Massachusetts. This spring,
in the most recent round of inductions, two more of our most
outstanding brethren were selected: Harry W. Greene (Cornell
University) and Eric R. Pianka (University of Texas at Austin).
Their careers developed with some striking parallels. They both
attended small, private colleges in then relatively unpopulated
parts of the country: Texas Wesleyan in Forth Worth and Car-
leton in Northfield, Minnesota, respectively. Both men became
professional ecologists—Harry in behavioral ecology and Eric
in population ecology—and today are among our most notable
writers of serious natural history. Perhaps most significantly,
their interest in reptiles began at a very early age. Both joined
the Society in the early 1960s (see photos) when it was still called
The Ohio Herpetological Society. As the Society matured and be-
came SSAR, they both published in its principal scientific jour-
nal, Journal of Herpetology.

Harry, moreover, made a signal contribution to SSAR and to
our field when, as a graduate student, he had an idea to publish
short natural history notes on herps, and wrote to the then-ed-
itor of Herpetological Review, Herndon Dowling. SSAR has long
prided itself on a willingness to try out good ideas, including
those of students and serious amateurs, and the result of Harry’s
idea is today’s “Natural History Notes” section. Still running after
more than 40 years, it is now greatly expanded and in full color,
and it has been imitated in numerous herpetological journals lit-
erally around the world.

Harry Greene (left) and Eric Pianka (right), as budding herpetolo-
gists in the early 1960s.

SSAR congratulates Harry and Eric on this great honor, which
they have so richly earned for their lifetime of work on the ecol-
ogy of reptiles.

Greene, admiring a freshly tubed Eastern Diamondback Rattlesnake,
Little Saint Simon Island, Florida.

Eric Pianka in the field in Western Australia, 1996.

Herpetological Review 45(2), 2014
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Haskell Award 2014

PHOTO BY JEFFREY P. BONNER

The Alison Haskell Award for Excellence in Herpetofaunal
Conservation is presented by Partners in Amphibian and Reptile
Conservation (PARC), in memory of Alison Haskell (1956-2006).
This award is intended to recognize an individual from North
America who exemplifies extraordinary commitment to herpe-
tofaunal conservation, has thus far been an unsung hero, and
has shown exemplary commitment to building or strengthening
partnerships.

We are proud to announce that the 2014 recipient of the Ali-
son Haskell Award is Dr. Jeffrey T. Briggler. Jeff is currently the
Herpetologist / Resource Scientist for the Missouri Department
of Conservation. He has an unwavering commitment to hell-
bender conservation, which involved development of a head-
starting and captive propagation program for Ozark Hellbenders
at the Saint Louis Zoo as well as creation and design of artificial
nest boxes used by hellbenders. Jeff also employed use of regula-
tory mechanisms, collaboration with land managers, and public
outreach to enhance hellbender conservation. His leadership
roles, innovative contributions to herpetofaunal conservation,
and skill in building effective partnerships make him a very de-
serving winner of this award. Jeff is not only committed to hell-
bender conservation, but displays a continued commitment to
further conservation of all other herpetofauna throughout the
state of Missouri and beyond. SSAR congratulation Jeff on this
well-deserved recognition.

EE Williams Research Grant

The Herpetologists’ League is pleased to announce competi-
tive grants for graduarte student research for 2015. These awards
are named in honor of the late Ernest E. Williams, the first Distin-
guished Herpetologist of The Herpetologists’ League. Awards of
up to US $1000 will be presented to one winner in each of the fol-
lowing categories: Behavior, Conservation, Ecology, Physiology,
Morphology/Systematics. Full details, including the application
form and rules, are available on the HL web site at: http://www.
herpetologistsleague.org/dox/eewilliamsgrant.pdf.

Note that the deadline for the 2015 award cycle is 15 Decem-
ber 2014.

385

Landers Student Research Award

The]. Larry Landers Student Research Award is a Gopher Tor-
toise Council competitive grant program for undergraduate and
graduate students. Proposals can address research concerning
Gopher Tortoise biology or other relevant aspects of upland hab-
itat conservation and management. The amount of the award is
variable but has averaged approximately US $1,000 per recipient
over the last few years.

The proposal should be limited to four pages and include a
description of the project, a budget, and a brief résumé of the
applicant. This is an excellent opportunity for students to access
funding for their project. Awards are typically recognized at the
annual meeting to the Gopher Tortoise Council. Deadline for the
application is 15 September 2014. Electronic submission is pre-
ferred. Please submit proposals to Bob Herrington (e-mail: bob.
herrington@gsw.edu).

Reptile Database Update

A new version of the Reptile Database (http://www.reptile-
database.org) was released in April 2014. This brings the total
to 9952 species (including 30 described this year), up from 9789
noted here in June 2013. There are now 33,558 references (in-
cluding 281 published this year), up from 31,315 a year ago.

Note that the 30 new species this year were described in 27
papers, of which an astonishing 25 were published in Zootaxa.
By comparison, the 123 new species of 2013 were described in 90
papers of which only 49 were published in Zootaxa.

Selected Taxonomic News and Changes

Subspecies vs species.—In this release we have again elevated
a number of subspecies to species level as these new “species”
become more widely accepted (hence we have added more
species to this release than were described as “new”). Shannon
Torstrom and colleagues (2014. Mol. Phylog. Evol. 76:134-143)
discussed the impact of genetics and species concepts in their
recent paper, “Shedding subspecies: The influence of genetics
on reptile subspecies taxonomy.” While it is generally accepted
that genetics should help to define species boundaries, Torstrom
et al. “found that the midpoint genetic distances used for eleva-
tion ranged from 1.0% to 19.4%. However, the large difference
between the median genetic distances used to elevate a subspe-
cies (6.4%) compared to collapsing a subspecies (1.0%)” shows
that genetic differences have been applied on a case-by-case ba-
sis rather than by using absolute numbers. Torstrom et al. also
remind us that both mammals and birds have about two subspe-
cies per species, a ratio that is dramatically different from rep-
tiles which have less than 0.3 subspecies per species. It is unlikely
that this reflects a biological difference but rather a “sociologi-
cal” or philosophical one. In any case, we will reach the 10,000
species mark later this year. Notably, Australia will reach its own
landmark with 1000 species shortly (currently at 996).

Boas and pythons.—Reynolds et al. (2014. Mol. Phylog. Evol.
71:201-213) proposed some signficant changes to the tax-
onomy of boas and pythons, including a rearrangement of the
genera Bothrochilus, Liasis, Morelia, and Sanzinia. They also
described a new genus, Malayopython (including M. reticula-
tus, M. timoriensis) and resurrected the genus Simalia for S.

Herpetological Review 45(2), 2014
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amethistina, S. boeleni, S. clastolepis, S. kinghorni, S. nauta, S.
oenpelliensis, and S. tracyae.

Blindsnakes.—Hedges et al. (2014. Carib. Herpetol. 49:1-
61) proposed a new classification of the blindsnakes (Typhlopi-
dae), currently containing 258 species. They erected a number of
new subfamilies as well as eight new genera: Indotyphlops, Ma-
layotyphlops, Sundatyphlops, Xerotyphlops, Madatyphlops, Am-
erotyphlops, Antillotyphlops, and Cubatyphlops. Note that some
common species are also affected, e.g., Ramphotyphlops brami-
nus has been renamed to Indotyphlops braminus.

Turtles.—Iverson et al. (2013. Mol. Phylog. Evol. 69:929-
939) erected the genus Cryptochelys for a subset of Kinosternon.
However, Spinks et al. (2014. Mol. Phylog. Evol. 76:254-260) re-
jected this genus based on phylogenetic gounds and revalidat-
ed Kinosternon for the six species of Cryptochelys.

Thomas et al. (2014. Zootaxa 3786(2]:141-165) described two
new species of Macrochelys, or rather split up the Alligator Snap-
ping Turtle, M. temminckii, into three species. A similar split has
been previously suggested by Raymond Hoser although this was
rejected by Thomas et al. See the Taxacom mailing list and other
online fora for a debate about priority and related issues in this
case.

Skinks.—Blair Hedges (2014. Zootaxa 3765[4]:317-338) pro-
posed a new classification of skinks using a system of nine fami-
lies: Acontidae (26 species), Egerniidae (58), Eugongylidae (418),
Lygosomidae (52), Mabuyidae (190), Sphenomorphidae (546),
and Scincidae (273) as well as the two new families Ristelli-
dae fam. nov. (14 species) and Ateuchosauridae fam. nov. (2 spe-
cies). Members of the Ristellidae (Lankascincus, Ristella) have
been considered as members of the Mabuyidae (or Mabuyinae)
while the family Ateuchosauridae is composed of only one ge-
nus, Ateuchosaurus, previously included in Scincinae/Scin-
cidae. The seven other skink families suggested by Hedges are
equivalent to the current skink subfamilies in the Reptile Data-
base (Acontidae = Acontinae, etc.). A survey among skink spe-
cialists revealed some skepticism about the new arrangement
and recommended to wait for more data to support the two
new families, hence we haven't adopted them yet. However, we
did make a few adjustments following Hedges as a few genera
were still in the wrong (sub-) family, such as Ablepharus and Lo-
bulia (previously in Sphenomorphinae, now in Eugongylinae).
Note that skink taxonomy remains in flux. For instance, the
classification used by Pyron et al. (2013. BMC Evol. Biol. 13:93;
doi 10.1186/1471-2148-13-93) included only three subfamilies
(Acontinae, Lygosominae, Scincinae), with the large subfamily
Lygosominae encompassing most of the Sphenomorphinae as
currently listed in the database.

Diploglossidae.—We finally implemented the family Diploglos-
sidae as separate from the Anguidae (Anguinae, Gerrhonotinae)
as suggested by various authors (e.g., Vidal and Hedges 2009. C.
R. Biol. 332:129-139) but as early as 1890 in Bronn’s “Klassen und
Ordnungen des Thier-Reichs”). The Diploglossidae contain the
genera Celestus, Diploglossus, and Ophiodes.

New Database Features

NCBI database.—The Reptile Database now displays links to
the NCBI taxonomy database in its species entries, which lead

you directly to GenBank entries. You can find an example at the
bottom of Acanthodactylus blanfordii. Currently 5039 species
have NCBI taxon IDs, a number that will be updated (and thus
increase) shortly. Also, in the example you can also see that we
have broken out the etymologies of species names into a sepa-
rate field.

Photos.—We have a large number of new photos (>1500). How-
ever, they are added to the database independently of text, and
thus have not been updated. This will probably take another few
weeks or so, just in case you do not see the photos that you have
submitted. Hint: more photos are always welcome.

Global checklist.—An updated global checklist of all reptiles with
their higher taxa is now available as an Excel spreadsheet: http://
www.reptile-database.org/data/reptile_checklist_2014_04.xls.

zip

Database downloads.—You can now download older versions of
the database as tab-delimited text files from

Figshare (via our Download page, <http://www.reptile-database.
org//data/>). Only a few older versions from 2008-2010 are cur-
rently available but more recent ones will follow shortly. These
archives may come in handy if publications have cited older
versions of the Reptile Database and you try to reproduce their
results.

Other Notable Recent Publications

Reptile pet trade statistics.—Herrel and van der Meijden (2014.
Herpetol. J. 24[2]:103-110) just published an interesting analysis
of the reptile and amphibian trade in the USA and other parts
of the world. They found that an average of 7 million individual
animals have been imported into the US from 2001 to 2008 while
an average of 14 million individuals have been exported during
the same time. Of the top-exported species, Trachemys scripta,
48 million individuals were exported by the US from 2001 to
2009. For some popular species, captive-bred specimens provide
the majority of individuals (e.g., Iguana iguana) but for others
(such as Python regius) the vast majority are from the wild. An-
other study arrives at somewhat different estimates for exported
turtles from the US; Mali et al. (2014. PLoS ONE 9[1]:e86478) es-
timate that the two top-exporting states (Louisiana and Califor-
nia) exported about 10 million turtles per year from 2002 to 2013.

More details on changed names, etc. are listed on our news
page: http://www.reptile-database.org/db-info/news.html.

—Submitted by Peter Uetz & Jiri HoSek

New Online Presence for CaribPARC

Caribbean Partners in Amphibian and Reptile Conservation
(CaribPARC), a sub-chapter of Southeastern Partners in Am-
phibian and Reptile Conservation (SEPARC) is now on Facebook.
Check out their new page: https://m.facebook.com/CaribPARC
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MEETINGS

Meeting announcement information should be sent directly to
the Editor (herpreview@gmail.com) well in advance of the event.
We also welcome brief reports of meetings; please consult the Edi-
tor for details.

16-20 July 2014 — International Herpetological Symposium,
Riverside, California, USA. Information: https://www.facebook.
com/InternationalHerpetologicalSymposium

30 July-3 August 2014 — Joint Meeting of Ichthyologists and
Herpetologists (SSAR, HL, ASIH), Chattanooga, Tennessee, USA.
Information: http://www.dce.k-state.edu/conf/jointmeeting/

2-8 August 2014 — International Symposium Amphibians &
Reptiles, Sarapiqui and Costa Ballena, Costa Rica. Information:
reservaciones@selvaverde.com

13-15 August 2014 — Northeast Partners in Amphibian and
Reptile Conservation (NE PARC) annual meeting, Allegany State

Park, Salamanca, New York, USA. Information: http://northeast-
parc.org/meetings/index.htm

22-24 August 2014 — Midwest Partners in Amphibian and Rep-
tile Conservation (MW PARC) annual meeting, Loretto, Minne-
sota, USA. Information: www.mwparc.org

30 September—4 October 2014 — XIII Iberian Congress of Her-
petology, Universidade de Aveiro, Aveiro, Portugal. Information:
http://herpe2014.biologiaatua.net/

1-5 October 2014 — 50™ Annual Meeting of the German Society
for Herpetology and Herpetoculture, Bonn, Germany. Informa-
tion: www.dght.de

19-23 November 2014 — Herpetological Association of Africa
2014 Conference, Gobabeb Research & Training Centre, Namib
Desert. Information: http://www.africanherpetology.org/

OBITUARIES
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Dr. rer. nat. Uwe Norbert Hiller (1942-2008):
Pioneer of Experimental Investigation of the Molecular Basis of Adhesion in Geckos

Although expressed in relation to issues of public health and
insect control, rather than adhesive capabilities, Loveridge (1947)
noted that, “Itis probable that we are only on the threshold of dis-
covering the importance of geckos to mankind.” That prophetic
utterance was made when Uwe Hiller was five years old. By the
time of Uwe’s death in 2008, geckos had become a major focus of
research, not only in the context of their own fascinating biology,

PHOTO COURTESY OF BARBARA HILLER

Uwe Hiller, 2007, at home.

but also as inspiration for biomimetic and bioengineering ap-
plications. Now physicists, chemists, computer scientists, and
engineers, as well as biologists, are avidly studying these diverse
lizards with an eye to revealing the secrets of their phenomenal
clinging abilities, and to adapting the underlying principles to a
wide array of perceived applications. Such efforts have, at their
heart, the elucidation of the mechanisms, at the molecular level,
that permit geckos to stick to surfaces, using their keratinous se-
tal arrays carried on the underside of their digits. As Henkel and
Schmidt (1995) noted, “Mankind has always been fascinated by
this ability” and there have been many attempts to determine
how such a mechanism operates. Uwe Hiller played a major, if
relatively brief, role in solving these mysteries and in paving the
way to making this modern research bonanza possible.
Attempts to address how attachment is brought about in
geckos stretch back to the latter decades of the 19" century.
Throughout this history, the ability to test the ideas set forth
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JIEY i e 2
Karola Hiller, Nurit Werner, and Uwe Hiller, Late Jurassic dinosaur
exhibit, Melle, Germany.

often lagged behind theory, largely as a result of a lack of appro-
priate technology that could be applied to the problem. Although
the presence of setae, the ultimate agents of adhesion, had been
established relatively early (Cartier 1872), their structure, mor-
phology, and composition was not particularly well understood
until almost one hundred years later. With the advent of scan-
ning electron microscopy, studies of setal morphology (Ruibal
and Ernst 1965) and elucidation of the details of their hierarchi-
cal structure (Maderson 1964, 1966) led to new theories about
the ways in which they may function. This tantalizing backdrop
provided Uwe Hiller, a physics-minded herpetologist, the oppor-
tunity to move these studies in new and exciting directions.

Born on 23 August 1942 in Hopfental, Germany, Uwe Hiller
attended School in Hagen (northern Westfalia), and matriculat-
ed from high school [Abitur] in 1963. He studied biology at the
Westf. Wilhelms-Universitdt Miinster, and completed his PhD.
dissertation in the Zoologisches Institut of that institution. Its
title was: “Untersuchungen zum Feinbau und zur Funktion der
Haftborsten von Reptilien“ [Investigations of the detailed struc-
ture and function of the adhesive setae of reptiles]. His doctoral
examination was held on 3 May 1968 and his specialization sub-
jects were Zoology, Botany, and Inorganic Chemistry. The find-
ings of his PhD investigations were published, in German, very
shortly thereafter (Hiller 1968).

The seminal contributions that Uwe Hiller made to advanc-
ing the theory and experimental observation of gecko adhesion
were undertaken when this subject seemed to reside purely
within the domain of curiosity-driven research. Dr. Hiller will
be remembered, above all, for conducting the first modern,
and carefully controlled, experiments on the role of molecu-
lar forces in gecko clinging. Following in the footsteps of a line
of German researchers who had made major contributions to
elucidating this phenomenon (Cartier 1872; Haase 1900; Weit-
laner 1902; Tandler 1903; Schmidt 1904, 1912; Dellit 1934), Uwe
was introduced to the topic by his PhD advisor, Dr. Rudolf Al-
tevogt. Altevogt, whose main academic interests focused upon
the physiology and ecology of crabs, published a short review
article in Kosmos (Altevogt 1954) entitled Probleme eines Fufses,
his only contribution to the phenomenon of gecko adhesion. In
that brief article he indicated that new technologies were making
novel approaches possible, and published what is likely the first
scanning electron micrograph of gecko setae (Altevogt 1954: fig.
3). The species studied in that paper was Tarentola mauritanica

(the Moorish Gecko), and it was this same species that served as
the subject of the majority of Hiller’s (1968, 1969a, 1970, 1972)
pioneering investigations into the basis of gecko adhesion. Hiller
(2000) summarized his contributions to this area, but essentially
published no more experimental work on gecko adhesion after
the early 1970s.

Uwe Hiller was inspired by the work of Haase (1900), who had
first suggested that molecularly-based adhesion forces were re-
sponsible for clinging in geckos. Until the 1960s there were no
practical ways to test this theory. Uwe was able to exploit new
technologies to investigate Haase’s (1900) hypotheses. In do-
ing so, he explored the physical nature of surface forces, basing
this on recent work on the concept of free surface energy and
the molecular polarity of surfaces, and found ways of measur-
ing and manipulating the surface energy of specific substrata
(polytetrafluoroethylene films) and of recording the clinging
ability of geckos under varying free surface energy conditions.
Hiller’s (1968, 1969a) experiments revealed that a gecko’s ability
to adhere was directly related to the surface energy of the sub-
strate, as measured by its water contact angle. He discovered
that setae could stick to hydrophilic surfaces (those with a low
water contact angle), but were less capable of adhering to hy-
drophobic surfaces (those with a high water contact angle). This
suggested that the adhesive force generated by setae increases
with increasing surface energy. Based on this, Hiller (1968, 1969a,
2000) concluded that attachment in geckos occurs by way of in-
termolecular forces, although he was not able to conclusively de-
termine which type of intermolecular forces dominated.

These explanations remained the most compelling for the
understanding of these phenomena for the following 30 years,
until the next great technological advances were made, us-
ing microelectromechanical sensors (Autumn et al. 2000, 2002;
Autumn and Peattie 2002) and newly available and highly con-
trollable materials (Autumn 2006). Through measurement of at-
tachment forces generated by individual setae, it was found that
these were consistent with the forces expected to be produced
by intermolecular attachment via van der Waals forces, and were
inconsistent with other possible mechanisms of attachment, in-
cluding suction, friction, and micro-interlocking (Autumn et al.
2000). The potential differential ability of setae to attach to hy-
drophilic versus hydrophobic surfaces was refuted, with Hiller’s
(1968, 1969a) observations relating to this being attributed to
the experimental conditions rather than preferential capability.
Later the importance of certain types of frictional forces in at-
tachment were also reassessed (Autumn et al. 2006; Tian et al.
2006). These more recent findings led to the explosion of interest
in gecko adhesion that pervades the literature today, but they are
firmly founded on Uwe Hiller’s insightful studies. Because most
of Dr. Hiller’s work on this subject was published in German, it is
not as well known as it might otherwise have become.

Following his PhD, Uwe Hiller was quickly hired (his position
began on 1 June 1968) by Prof. Dr. Rudolf Altevogt, as a technical
assistant at the Zoologisches Institut in the department of Zoo-
physiology and Ecology. During his time in Dr. Altevogt’s labora-
tory his research was very productive and he continued to work
on gecko adhesion along with venturing into the integumentary
sensory mechanisms associated with modulating attachment.
He worked in Dr. Altevogt’s group until 30 September 1980, at
which time he moved to the Institut fiir Anatomie der Westf. Wil-
helms-Universitit Miinster, to join the group of Prof. Dr. Hans-
Jost Dieterich as a scientific assistant. Dr. Dieterich’s group fo-
cused on human anatomy. He was hired specifically for his skills
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in scanning electron microscopy. This position provided Uwe
with greater academic opportunities and he was able to teach as
well as conduct his technical duties.

Associated with this change of position came a hiatus in the
output of Uwe’s curiosity-driven research. From the late 1970s
to the early 1990s he published relatively little related to his own
agenda, and during this time his research focus shifted. He was
afforded the opportunity to prepare a Habilitationsschrift, and
for this worked on the eyelids and conjunctive membranes of
reptiles. In 1992 he completed his habilitation thesis, “Die Au-
genlider und Membrana nictitans der Reptilien,” but was not in-
vited to defend his work at a formal oral examination because
the reviews from his external examiners were mixed. In the face
of this potential setback, Uwe decided to opt for occupational
security rather than continue the pursuit of a professorship, and
thus never formally undertook his habilitation examination.

Many of his major herpetological contributions thus pro-
ceeded from his PhD work and from his still-born habilitation
thesis. He was driven by a curiosity about how animals worked,
and was fascinated by structural mechanisms, a trait also reflect-
ed in one of his hobbies, watchmaking and horology, for which
he maintained a workshop in the basement of his home. He con-
tinued to work in his technical position in Dr. Dieterich’s group
until his retirement on 31 August 2007, at the age of 65. Uwe
Hiller thus spent his entire academic career (as undergraduate
student, graduate student, and technicial assistant) at the same
institution.

For his herpetological contributions, Uwe Hiller seldom
strayed far from aspects of the integument, and employed his
expertise with SEM to investigate various anatomical problems.
Fascinated by how the adhesive mechanism was controlled and
how contact with the surface was modulated, he ventured into
conducting anatomical and physiological studies of the cutane-
ous sensilla of reptiles (Hiller 1971, 1976a, 1976b, 1976¢c, 1977,
1978).

His explorations of various aspects of eye anatomy (Hiller
and Dieterich 1986; Dieterich et al. 1988; Hiller 1995, 1998) had
their foundations in the research conducted for his ultimately
unfulfilled habilitation thesis. At the time of his death he had
developed collaborative partnerships to pursue this further,
and was working on a major synthesis of what is known about
the form and function of reptilian eyelids and their associated
glands with Susan Rehorek and Yehudah Werner.

Sometimes happenstance led to new and intriguing studies.
While one of us (YIW) was investigating foraging modes in geck-
os, individuals were marked with adhesive tags to facilitate ob-
servations. For introduced populations of Phelsuma in Hawai'i,
it was found that the adhesive tags, able to be successfully ap-
plied to all other geckos investigated, would not stick. Uwe was
consulted for his knowledge of squamate skin structure, and this
investigation led to the discovery of unicellular skin glands in
Phelsuma (Hiller and Werner 2008).

His last two published contributions were made in areas that
are very topical, the water repellence of gecko skin (Hiller 2009)
and feather regeneration in birds (Maderson et al. 2009). Scat-
tered through his publishing career were technical and clinical
contributions that focused on methodology (e.g., Hiller and
Blacksche 1968; Hiller, 1969b) and on applications related to his
work in Dr. Dieterich’s group (e.g., Konig et al. 1987, 1993). He
was very respectful of amateurs keen on reptiles, and cooperated
with them to encourage their interests. Uwe Hiller enjoyed at-
tending conferences and presenting his work, and was able to
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communicate widely at European meetings because of his fluen-
cy in German, English, and Spanish (as well as Latin!). One pre-
sentation that gave him particular satisfaction was delivered in
1993 at the Hebrew University, Jerusalem. On this occasion Uwe
spoke in English to a general audience, captivating them with
his knowledge and demonstration of gecko adhesion, and using
a Teflon®-coated frying pan to reveal the limits of the adhesive
capabilities of these lizards. The reason for the satisfaction was
that Uwe’s father had resisted the policies of the Third Reich in
Germany, and this presentation provided Uwe with the occasion
to honor that family legacy.

Uwe Hiller died suddenly on 8 Spetember 2008 in Miinster,
Germany. He is survived by his wife, Karola, three children, Bar-
bara, Martin, and Norbert, and five grandchildren. To those who
visited him to conduct collaborative research (including one of
us, YIW), Uwe was a welcoming and caring host who willingly
made space available in his own home for visitors. There they
were able to enjoy Uwe and Karola’s passion for gardening, and
to partake of the wine Uwe made, often produced from grapes
grown in the conservatory attached to their house, a structure
also known for its resident population of Moorish Geckos. At the
end of a busy day, visitors were also encouraged to join the Hill-
ers in watching a “Krimmi,” a slang term referring to the German
detective story movie genre.

Acknowledgments—We are indebted to Dr. med. Reinhard Hil-
debrand, director of the Institut fiir Anatomie der Westf. Wilhelms-
Universitdit Miinster at the time that Uwe Hiller was working there,
for providing biographical details gleaned from his employment file,
and to Karola and Barbara Hiller for providing family and personal
information and photographs.
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The purpose of Current Research is to present brief summa-
ries and citations for selected papers from journals other than
those published by the American Society of Ichthyologists and
Herpetologists, The Herpetologists’ League, and the Society for
the Study of Amphibians and Reptiles. Limited space prohibits
comprehensive coverage of the literature, but an effort will be
made to cover a variety of taxa and topics. To ensure that the cov-
erage is as broad and current as possible, authors are invited to
send reprints to the Current Research section editors, Jesse Gris-
mer or Ben Lowe; e-mail addresses may be found on the inside
front cover.

Reassessment of Crocodilian Species
Diversity in Africa

In 2011, a cryptic species of African crocodile, Crocodylus
suchus, was revealed with the aid of molecular data, indicating
that other cryptic species might have been overlooked. To fur-
ther elucidate African crocodile diversity, Shirley et al. report
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RESEARCH

their findings from an investigation into the morphological and
genetic diversity of the Slender-snouted Crocodile, Mecistops
(formerly Crocodylus) cataphractus, a species distributed across
tropical West and Central Africa. Genetic samples were accu-
mulated from across the species’ distribution, and eleven genes
were sequenced. These data were incorporated into an analysis
employing recently developed Bayesian species delimitation
methods (BP&P), as well as other genetic clustering analyses
that have previously been used to identify crocodilian species.
These analyses offered categorical support for Mecistops com-
prising two parapatric species, one including populations in the
West African countries Cote d’'Ivoire, Ghana, and the Gambia,
and one consisting of populations spanning Central Africa. An
exhaustive morphological analysis of 91 Mecistops skulls found
13 characters that in combination serve to differentiate the two
species, including two for which each species exhibits a fixed dif-
ference. These diagnostic characters and the results of a multidi-
mensional scaling analysis allowed the researchers to interpo-
late the species’ ranges where molecular sampling was lacking.
Importantly, skulls from Nigeria were identifiable as the western
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species while Cameroon samples fell out with the eastern spe-
cies, suggesting a possible geographic feature separating these
two species—the Cameroon Volcanic Line (CVL), a mountain-
ous and geologically active plateau that runs perpendicular to
the coast. A fossil-calibrated phylogeny including all recognized
crocodilian species places the split between the two Mecistops
species somewhere between five and ten million years ago. In-
terestingly, this estimate is temporally congruent with the split
inferred for the two previously identified lineages of West African
Dwarf Crocodile (Osteolaemus tetraspis). The O. tetraspis split
may also be coincident with the CVL; unfortunately, conserved
morphology precludes inferring clade membership of Nigerian
Osteolaemus. The CVL has long been recognized as an important
biogeographic feature for montane organisms, and this study
suggests this may be true for lowland taxa as well. This study also
highlights regions of conservation priority in West Africa.

SHirLeYy, M. H., K. A. VLIET, A. N. CaRR, AND J. D. Austin. 2013. Rigorous
approaches to species delimitation have significant implications
for African crocodilian systematics and conservation. Proceedings
of the Royal Society B 281:20132483.
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Lungless Salamanders Thermoregulate
Behaviorally

Salamanders have long served as textbook examples of ther-
moconformers, organisms that use neither metabolic activity nor
behavior to modify their body temperatures and instead passive-
ly reflect the temperature of their environment. However, com-
mon sense indicates there are limits to this—many amphibian
species incapable of surviving freezing temperatures neverthe-
less live in regions that experience freezing winter temperatures.
Furthermore, laboratory studies have shown that plethodontid
salamanders actively choose optimal temperatures. To investi-
gate this phenomenon in nature, the authors of this study gath-
ered data on two North American plethodontids (Plethodon glu-
tinosus, Eurycea lucifuga) in the laboratory and in nature. These
species are frequently associated with caves (but lack troglobitic
characteristics such as reduced eyes and pigmentation) and only
distantly related, offering an interesting opportunity to test hy-
potheses regarding thermal ecology. The authors attempted to
survey six caves in northwestern Georgia every spring, summer,
and fall for 13 years. Specifically, the researchers surveyed for sal-
amanders outside and far enough into the caves where external
climate had limited influence (the twilight zone), and took tem-
perature readings at these points. Representatives of these spe-
cies were also brought into the laboratory and subjected to trials
where they were offered a gradient of temperatures ranging from
10 to 40°C. Finally, locality data for these species were gleaned
from museum records, and with temperature, precipitation, and
land cover data, ecological niche modeling analyses were con-
ducted to evaluate whether the distributions of these species are
defined by different abiotic variables. Consistent across all caves,
the twilight zones were always cooler than the area outside, with
the greatest temperature differential occurring in the summer.
Densities within the caves fluctuated seasonally for both species,
with P glutinosus reaching maximum density in the summer and
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E. lucifuga being most abundant in the spring and fall (while P
glutinosus is presumably outside the cave). This finding suggests
E. lucifuga has a lower preferred temperature than P glutinosus,
and the laboratory trials confirmed this. The niche modeling ex-
ercise showed the factors limiting P glutinosus distribution in-
volve moisture, while five of the six most important variables for
E. lucifuga pertained to temperature. While the abiotic variables
predicted the distribution of E. lucifuga with high precision, they
overpredicted the range of P, glutinosus, suggesting biotic inter-
actions may be important in limiting the range of this species.
Taken together, these findings show that these species move
around in response to temperature fluctuations, and therefore
thermoregulate through behavioral means.

Cawmp, C. D., J. A. WooTEN, J. B. Jensen, aND D. E Bartek. 2013. Role of
temperature in determining relative abundance in cave twilight
zones by two species of lungless salamander (family Plethodon-
tidae). Canadian Journal of Zoology (in press) doi: 10.1139/cjz-
2013-0178.
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sity of Findlay, 1000 North Main Street, Findlay, Ohio 45840, USA; e-mail:
wooten@findlay.edu

Snake Spectacles Modulate Blood Flow
to Minimize Obstruction of Vision

In lieu of eyelids, snakes and several other squamate lineages
possess a clear structure called a spectacle over their eyes. This
structure is similar to the vertebrate cornea (which snakes also
have), but unlike a typical cornea, the spectacle contains blood
vessels. These vessels are transparent, but the blood is not and
likely obscures vision. The authors of this paper conducted a
study of snake spectacle vascular physiology to identify adapta-
tions that mitigate potentially impaired vision. The spectacles of
snakes were observed with near-infrared (NIR) light and a NIR-
sensitive video camera capable of resolving individual blood
cells. Three Coachwhips (Coluber [= Masticophis] flagellum) a
diurnal, visually oriented species, were subjected to seven tri-
als each, wherein an eye was recorded for 70 minutes. The trials
employed the following protocol: 30 minutes undisturbed, eight
minutes of threat (experimenter moving in the vicinity of the
snake), 16 minutes undisturbed, eight minutes of threat, eight
minutes undisturbed. Snakes were not tested when their spec-
tacles were clouded due to an impending shed, as preliminary
observations revealed that during shed preparation, blood flows
continuously across the spectacle. Statistical analysis (ANOVA)
of the trial data revealed that when at rest and undisturbed, the
flow of blood across snake spectacles is discontinuous, alternat-
ing between short periods of flow and long periods of no flow.
When snakes detect a potential threat, the duration of the flow
periods is reduced further, allowing unperturbed vision. Within
trials, patterns of flow did not change between the two threat ep-
isodes, indicating threat habituation was not occurring. Though
they could not make out the translucent capillaries, the authors
posit that capillary constriction is responsible for flow cessation.
They also suggest future studies should examine the vascular
dynamics of other spectacled squamates and whether vascular
responses to a perceived threat are simultaneously occurring in
other parts of the dermis.
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VAN Doorn, K., aND J. G. Sivak. 2013. Blood flow dynamics in the snake
spectacle. Journal of Experimental Biology 216:4190-4195.
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Blue Tails Elicit Attacks from Potential Predators

Aposematism, the presence of conspicuous colors or pat-
terns on an organism that grab the attention of the viewer, is a
feature seen in many species of reptiles and amphibians. Often,
aposematism serves to alert a potential predator to an other-
wise hidden defense (such as a toxin). However, different lizard
lineages have independently evolved brightly colored tails, pre-
sumably serving to draw a predator’s attention to the tail. Most
lizards with aposematic tails have the ability to autotomize their
tail, and therefore attracting predators to the tail facilitates es-
cape. For those that do not exhibit tail autotomy, an attack to the
tail is less life-threatening than an attack to the body or head.
To test the hypothesis that aposematic tails serve to attract at-
tacks, the authors of this study made clay models with brown
bodies, half with blue tails (aposematic) and the other half with
brown tails (non-aposematic), and placed them in the field at the
Archbold Biological Station, Florida, USA. These models approx-
imated the Southeastern Five-lined Skinks (Plestiodon inexpec-
tatus), a common species at the site. Models were checked daily
and scored for predation attempts (rodent vs. bird, location on
body of attack). In all, 65 attempted predation events were ob-
served, 92.3% of which could be attributed to birds (likely Florida
Scrub Jays, Aphelocoma coerulescens). Analysis revealed that the
aposematic models received more predation attempts than the
non-aposematic models. Furthermore, the proportion of attacks
aimed at the tail was significantly higher for the aposematic
models. Indeed, most attacks on the non-aposematic models
were directed at the head or body, while those on the aposematic
models were most frequently aimed at the tail. These findings
support the hypothesis that at least in this system, aposematic
tails are “risky decoys” that serve to draw attacks to the tail, not
discourage potential predators from attacking. The authors hint
that the ontogenic change in tail color seen in many of these liz-
ard species reflects foraging style divergence between juveniles
and adults.

Bareman, P.W., P. A. FLEMING, AND B. RoLek. 2014. Bite me: Blue tails as
a risky-decoy’ defense tactic for lizards. Current Zoology (in press;
no doi)
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New Estimate of Origin of Lepidosauria

Recent fossil discoveries and advances in phylogenetics have
provided an unprecedented understanding of the history of life
on earth. Unfortunately, precise estimates of the timing of Lepi-
dosauria (squamates and rhynchocephalians) origin and diver-
sification have remained elusive. This is due in part to the pau-
city of early crown lepidosaur fossils. The authors of this paper

describe a recently unearthed, 240 million years old (Middle
Triassic) fossil rhynchocephalian from the vicinity of Vellberg
in southern Germany. This new fossil predates the next oldest
lepidosaur fossil by twelve million years. The material consists
of two dentaries that exhibit distinctively rhynchocephalian
features and closely resemble those of a previously described,
younger rhynchocephalian, Diphydontosaurus. Morphological
phylogenetic analyses corroborate this assignment. Along with
other known reptile fossils, the authors incorporated this new
fossil as a calibration point in a time-calibrated molecular phy-
logenetic analysis of nuclear DNA sequence data for Sphenodon
punctatus, 65 squamate taxa, and eleven outgroup taxa. While
previous analyses have placed the origin of Lepidosauria in the
Permian, these analyses yield a younger date of 242 million years
(range: 238-249.5; Early to Middle Triassic). This finding suggests
Lepidosauria diversification occurred subsequent to the Perm-
ian extinction event. Furthermore, these analyses find Squamata
diversification occurred in the Jurassic in the wake of an extinc-
tion event that occurred at the end of the Triassic. These dates
suggest these groups may have diversified as they filled vacated
niches. The authors contend that this fossil bed spans an impor-
tant time in the history of life on earth, and that it may hold ad-
ditional important finds.

Jones, M. E. H., C. L. ANDERSON, C. A. HIPSLEY, J. MULLER, S. E. EvaNs, AND
R. R. ScHoch. 2013. Integration of molecules and new fossils sup-
ports a Triassic origin for Lepidosauria (lizards, snakes, and tua-
tara). BMC Evolutionary Biology 13:208.
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Suction-Feeding Turtle Unearthed in Morocco

While suction feeding has evolved in most lineages of ma-
rine vertebrates, turtles have been considered an exception. This
is remarkable, as suction feeding has evolved independently in
two freshwater testudine lineages (Chelidae and Chelydridae).
The authors of this paper announce the discovery of a new, ap-
parently suction-feeding turtle from Morocco. They erect a new
genus for this turtle and name it Ocepechelon bouyai. The fossil
bed contains marine fauna and dates to the Maastrichtian, the
last age of the Mesozoic. The material consists of one complete
skull (no mandible) 70 cm long, ranking among the largest turtle
skulls ever recorded. Strikingly, the snout is narrow and tubular,
the external nares are positioned dorsally and far back from the
anterior margin of the snout (just anterior to the bony orbits),
and shearing, crushing, and prey-manipulation structures are
lacking. The morphology of the hyoid is not known, though this
would serve as a good indicator of feeding strategy. However, the
pterygoid possesses large ventral plates and the squamosals flare
outlaterally in dramatic fashion, providing large attachment sur-
faces for the musculature required for suction feeding. Together
these findings strongly suggest O. bouyai was a small-gape suc-
tion feeder, similar to living beaked whales and syngnathid fishes
(seahorses, etc.). A phylogenetic analysis of a morphological da-
taset places O. bouyaiin Dermochelyoidae, a clade that contains
several extinct taxa as well as the Leatherback Turtle (Dermochel-
ys coriacea) and is sister to the family Cheloniidae. The authors
speculate that like Dermochelys, O. bouyai may have possessed
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buccopharyngeal papillae that would have allowed excess water
to escape while maintaining prey items. This study adds to our
understanding of phylogenetic and morphological diversity of
marine reptiles at the close of the Mesozoic.

Barper, N., N.-E. JaLiL, E DE LApPARENT DE BroIN, D. GERMAIN, O. LAMBERT,
AND M. AmaGHzAz. 2013. A giant chelonioid turtle from the Late
Cretaceous of Morocco with a suction feeding apparatus unique
among tetrapods. PLoS ONE 8: e63586.
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Histoire de la Terre, Muséum National d'Histoire Naturelle, Paris, France; e-
mail: bardet@mnhn.fr

Famous Frog-Jumping Competition Lends
Insights into Estimating Performance

California’s annual Calavaras County Fair and Jumping Frog
Jubilee features a world-famous frog-jump competition, inspired
by an 1865 short story by Mark Twain. In this festival, held in the
town of Angel’s Camp in the foothills of the Sierra Nevada, causal
visitors and competitive hobbyists alike enter frogs into contests,
with the winners being those whose frog manages the most pro-
digious leap. Visitors are allowed to “rent” frogs for these contests
(these days, American Bullfrogs, Lithobates catesbeiana). The au-
thors of this paper decided this event would be a great oppor-
tunity to collect data that could be used to evaluate our ability
to estimate a species’ maximum capacity for some act, which in
this case was a single leap. In 2012, they attended the festival and
recorded jumping trials, from which distance measurements
were extracted. In the competition, the first three jumps are re-
corded, and the researchers collected jump-distance data for
these and any subsequent jumps. From these data, the research-
ers generated histograms of jump distance, and used t-tests to
determine if there was a jump-distance difference between
rented and hobbyist-supplied (“pro”) frogs. Overall, 3124 jumps
were recorded, investigations of which revealed that most jump
measurements exceeded the maximum published distance for
L. catesbeiana (1.295 m), and the longest distance they recorded
was 2.2 m. The distance jumped differed significantly between
rented and pro frogs, with pro frog jumps averaging 0.4 m lon-
ger than those of rented frogs, indicating either the competitive
hobbyists were actively selecting the most prodigious jumpers
or their technique for prompting a jump was superior. Interest-
ingly, while the distances jumped by rental frogs were normally
distributed, the pro frog jumps were skewed toward short jumps,
indicating that the longer jumps were likely approaching a real
performance limit. Even with the left-skewed distribution, sub-
sampling of the data revealed that large sample sizes are neces-
sary for consistently observing maximum jump distances. This
finding is certainly germane to researchers studying physical
performance.

AstLry, H. C., E. M. ABBOTT, E. Az171, R. L. MARSH, AND T. J. RoBERTS. 2013.
Chasing maximal performance: a cautionary tale from the cele-
brated jumping frogs of Calaveras County. Journal of Experimen-
tal Biology 216:3947-3953.
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Pelagic Sea Snakes Tolerate Drought
in a Dehydrated State

The pelagic Yellow-bellied Seasnake, Hydrophis (formerly Pe-
lamis) platurus is the most widely distributed squamate, occur-
ring from Africa’s east coast, across the temperate and tropical
stretches of the Indian and Pacific Oceans, to the west coasts of
the Americas. This remarkable distribution is a consequence of
this species adopting a pelagic lifestyle, not found in other sea
snakes. Nevertheless, like all snakes, H. platurus require fresh
water to stay hydrated. The primary source of fresh water in the
open ocean is a thin freshwater film that exists on the ocean sur-
face following rain, the frequency of which fluctuates with the
seasons. To determine if these snakes survive dry periods with
an unusual tolerance of dehydration, the authors of this paper
collected in excess of 500 snakes from the vicinity of Golfo de
Papagayo, northwestern Guanacaste, Costa Rica. These snakes
were brought into the lab and evaluated for body condition
(weight relative to length) and willingness to drink fresh water.
Those that drank water were subsequently weighed to calculate
the volume of water consumed. Furthermore, twenty snakes col-
lected at the end of the dry season and 20 collected at the end of
the wet season were desiccated in an oven after death or eutha-
nasia to determine water content. These experiments demon-
strated that H. platurus do indeed experience considerable de-
hydration during dry spells. Snakes caught after a significant dry
period and/or exhibiting poor body condition were more likely
to drink, and the quantity of water drunk was inversely propor-
tional to body condition. Total water content of the snakes was
significantly lower at the end of the dry season than at the end
of the wet season. The percent water content of hydrated H.
platurus (~80%) is considerably higher than recorded for other
snakes (69-77%) and sea turtles (64-66%), indicating a possible
adaptation for dealing with droughts. These studies indicate that
sea snakes experience wide fluctuations in water content across
seasonal changes, and are able to tolerate severe states of dehy-
dration.

Liurywnrtg, H. B., C. M. Sueeny III, E BriscHoux, AND A. GRecH. 2014. Pe-
lagic sea snakes dehydrate at sea. Proceedings of the Royal Society
B 281:20140119.
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Ambystoma Salamander Found with
Developing Eggs in its Oviduct

Amphibians exhibit diverse reproductive strategies, includ-
ing egg-laying and live birth, internal and external fertilization,
and direct development and metamorphosis from a larva. De-
spite this diversity, it has been assumed that for all egg-laying
species that practice internal fertilization, fertilization occurs
immediately prior to egg laying. The authors of this paper report
an observation of an Ambystoma salamander in Massachusetts,
USA, with fertilized eggs containing partially-developed embry-
os in its oviduct. The salamander was encountered deceased on
the road during the spring migration. DNA sequence data from
the salamander revealed it to be a unisexual triploid (LJJ geno-
type), which are common at the site. Despite being unisexual,
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these salamanders require sperm from a male of one of the pa-
rental species to initiate egg development (in this process, the
sperm does not contribute genetic material). The eggs were in-
vestigated using florescent microscopy and were revealed to be
approaching or undergoing gastrulation (developmental stage
10). Given the air temperature and our understanding of Am-
bystoma embryological development, the authors posit that the
eggs had been developing for two or three days, long before the
salamander met its demise and probably before it initiated its
reproductive migration. They suggest development was likely
initiated in the absence of sperm or with the assistance of stored
sperm. This discovery adds to the list of fascinating reproductive
biology exhibited by amphibians.

CHARNEY, D. C., J. J. CastoriNo, M. J. DoBRO, AND S. L. STEELY. 2014. Em-
bryo development inside female salamander (Ambystoma jefferso-
nianum-laterale) prior to egg laying. PLoS ONE 9:e91919.
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River-Dwelling Painted Turtles Not Affected
by Extreme Flooding

With climate change threatening more dramatic and more
frequent weather events, understanding how species cope
with extreme weather scenarios is critically important. To in-
vestigate how different spring flooding scenarios affect Painted
Turtle (Emydidae: Chrysemys picta) populations in the American
Midwest, the authors of this study collected 16 years of mark-
recapture data for females belonging to a Mississippi River pop-
ulation. During this time the site experienced four intense flood-
ing events, where water levels were two meters higher and flow
rates were as much as six times greater than in non-flood years.
Analyses of these data did not recover a significant effect of flood
intensity on survivorship, recruitment, detectability or popula-
tion growth. Indeed, the only period where a population decline
was observed was during an unusually long stretch without sig-
nificant flooding (2003-2008). The authors suggest that this spe-
cies may have behavioral adaptations that mitigate the potential
effects of intense flooding events, despite being more typically
associated with ponds and lakes which do not experience such
floods. They also caution that their findings have little bearing on
the effects of flooding on male and juvenile Painted Turtles or the
species’ resilience to other severe weather events such as heat
waves or flooding outside of the spring season.

JERGENSON, A. M, D. A. W. MILLER, L. A. NEUMAN-LEE, D. A. WARNER, AND E
J. Janzen. 2014 Swimming against the tide: resilience of a riverine
turtle to recurrent extreme environmental events. Biology Letters
10:20130782.
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Salamander Size Reduction Linked to
Climate Change

The southern Appalachian Mountains are a center of diver-
sity for salamanders of the family Plethodontidae. As montane
plethodontid salamanders are limited in their capacity for niche
evolution and tracking suitable climates, they are expected to
suffer disproportionate affects due to climate change. One hy-
pothesized consequence of climate change is a change in body
size due to an altered energy budget. To determine if the effects
of climate change are already apparent, the authors of this paper
surveyed for and collected morphometric data from 15 Plethod-
on species along the main axis of the southern Appalachian
Mountains from Maryland through Tennessee and North Caro-
lina. Importantly, they collected data from 64 sites from which
Plethodon have been collected at various times across the sec-
ond half of the 20" century. Together with measurements from
historically collected specimens, the authors fit linear models
to the data with the purpose of identifying shifts in body size
across the study period. These analyses revealed a statistically
significant 8% reduction in body size averaged across the fifteen
species; this finding remained significant even when the con-
temporary measurements of live salamanders were removed.
Of the fifteen species investigated, six showed significant reduc-
tions in size while one species increased in size across the study
period. Several possible correlates of body size reduction were
evaluated, and the best predictor was found to be latitude. The
authors suggest this can be explained by the lower latitudes hav-
ing experienced disproportionate increases in temperature and
decreases in precipitation, and those two phenomena are driv-
ing changes in energy expenditure. To test this, they modeled
activity time and metabolic energy expenditure for three latitu-
dinally distinct sites and found that while annual activity time
has not changed appreciably across the study period, energy
expenditure has increased significantly, providing a mechanism
for body size reduction. The authors suggest that future research
could reveal whether their findings represent a plastic response
to increased energy costs or selection acting on body size.

Caruso, N. M., M. W. Sears, D. C. Apawms, anp K. R. Lips. 2014. Wide-
spread rapid reductions in body size of adult salamanders in
response to climate change. Global Change Biology (in press)
d0i:10.1111/gcb.12550.
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ERRATUM —The natural history note by Bovo et al. (2014. Her-
petol. Rev. 45:115) for Rhinella ornata was accompanied by an
incorrect common name, when none should have been listed.
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Cover Images for Herpetological Review

We are looking for photographic images to appear on future covers of HR. To be considered, preferred images should
have the following qualities:

e Should be technically superior photographs (e.g., composition, lighting, etc., should be excellent; subject must be
in focus).

e Should be taken in vertical format, or, if in landscape format, permit cropping to achieve a vertical orientation
(2550 x 3300 ppi).

¢ Should be based on film or digital media; if the latter, the native resolution must be sufficiently high to permit
cropping and/or enlargement to print publication quality.

* Preference will be given to images that depict poorly known species. These could include recently described taxa
or species for which a color illustration has never been published.

* Preference will be given to images that communicate some aspect of the biology of the organism (e.g., predation,
feeding, courtship, crypsis).

e Images should not have been published previously nor concurrently submitted for publication elsewhere (print or
electronic media).

Images for consideration should be submitted as low-resolution jpg or pdf files. Do not send full resolution images
unless requested to do so. All submissions or questions should be directed to the Editor (herpreview@gmail.com).
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